
Yucky Genome Annotation 
File



Feature 1- Stop 547



Glimmer/GeneMark

What feature number is this?  1
What is the stop site? 547

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? both

What is the autoannotated start? 98

Gap: ____N/A____ or overlap: 
___N/A____ (with gene in front of it) for 
the autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Strong coding potential through 
about half of the feature in 
reading frame two with some 
dips, particular at the beginning. 

• Some coding potential, 
particular in frames -1 and -3, 
but not enough to overtake 
coding potential in reading 
frame 2  



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 25 other highly similar genes 
with E-values close to zero



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene.  Called by both glimmer and genemark, strong coding 

potential and many similar matches in BLAST



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 3 1:1 hits for start at start 98
• >12 1:1 hits at start 56
• No info available for hits starting 

at 2 – not a location of a start 
according to RBS chart



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Z value for start at 56 is 3.289 
with a FS of -2.016

• Z value for start at 98 is 1.833 
with a FS of -5.646.

• Z value and final score for start 
56 preferred.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start at 56 has 24 MA’s while 
start at 98 has 5, indicating that 
start at 56 is preferred.  In 
addition, the start at 56 is the 
first start noted in starterator, 
maximizing coding potential



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• More coding potential will be cut 
off at 98 than at 56



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• This is the first feature, so there 
is no Gap/Overlap evidence



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• BLAST, coding potential, starterator, and RBS Scores all favor a start at 
56.  I am calling the start at 56, because it maximizes coding potential, 
has better RBS scores and also BLAST data favors the 56 start site.  



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Other highly similar genes have 
assigned functions of terminase
small subunit and a few have 
minor tail protein.  Those most 
closely related (PotPie, Elinal, 
and SheckWes) have the 
function of terminase small 
subunit.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• Several hits greater than 90% 
probability indicate the function 
is a terminase small subunit.   



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• No conserved domain noted in 
Phamerator, but Feature 1 in 
Phamerator is in the same pham
as those in other phages, 
including SheckWes, which lists 
the function as a terminase
small subunit.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• I am calling this a terminase

small subunit, therefore Deep 
TMHMM evidence is not 
applicable. 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I am submitting the function as a terminase, small subunit as feature 
five is identified as a terminase, large subunit.  Both HHPRED and 
BLAST indicate that this is a terminase, small subunit, even though 
there is no conserved domain indicated in Phamerator.



Feature 2 – Stop 1389



Instructions

Fill this out for each gene you annotate. This should be thought of as
the minimum amount of information that needs to be provided for
each gene. You can always add more slides or information as necessary

• Is it a gene?
• Yes!

• Where does it start?
• 544

• What is the function?
• PAPS reductase-like domain

• This PowerPoint is for feature 2.



Glimmer/GeneMark
What feature number is this?  DNAM_2
What is the stop site? 1389

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, 
or neither? Glimmer

What is the autoannotated start? 544

Gap: ________ or overlap: _______ (with gene 
in front of it) for the autoannotated start
Overlap from 544-547, there is an overlap of 4 
nucleotides

• GeneMark called the gene starting at 997
• Gap from 547-997, gap of 449 nucleotides



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• GeneMark called the feature 
running from 997 to 1389

• The GeneMark file shows strong 
coding potential from around 
544 to around 700 where it 
drops to weak coding potential 
until around 980 where it 
increases back to strong until it 
drops off around 1380.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There were 25 BLAST hits for this 
feature that all have an e-value 
of almost zero.

• There was 1 1:1 alignment with 
SEA_POTPIE_2



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene!
• GeneMark shows coding potential running throughout where 

glimmer and GeneMark shows the feature running. There were also 
several BLAST hits showing similar features all having e-values close to 
zero.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• GeneMark called the start at 997
• Coding potential starts off strong 

at 544 then tapers off to weak 
coding potential around 750 
until around 997 where it peaks 
again to strong coding potential 
until 1389

• If the start was at 997 then a lot 
of the coding potential would be 
cut out, but if it stated at 544 
then all of it would be included.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• At 544, the z-value is 2.901 
and the final score is -3.293.

• At 997, then z-value if 0.763 
and the final score is -7.291

• Based on the RBS values 544 
is the favored start



BLAST alignment evidence. How does the start of this predicted gene align with the 
start of other highly similar genes?  How many 1:1 Alignments are there for the 
predicted start?  How many 1:1 Alignments are there for any alternative starts?  
Answer the question:  Which start is favored based on BLAST alignment evidence.

• There is only 1 1:1 alignment for starting at 544 
(PotPie)

• All the BLAST hits have e-values that are close to 
zero

• At 997 there is a 1:152 alignment



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start at 544 has 1 MA (PotPie)
• There are no manual 

annotations for starting at 997



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Starting at 544:
• Previous gene ended at 547 and 

this gene starts theoretically starts 
at 544

• Overlaps by 4 nucleotides

• Starting at 997:
• Previous gene ended at 547 and 

this gene theoretically starts at 
997

• Gap of 449 nucleotides



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

Start @ 544 Start @ 997

Glimmer/GeneMark Glimmer GeneMark

Coding Potential Includes all coding potential 
beginning at a strong peak at 544

Cuts of a large amount of coding 
potential and instead starts at a 

strong peak occurring at 997

RBS Z-value = 2.901
Final score = -3.293

Z-value = 0.763
Final score = -7.291

BLAST 1 1:1 hit with PotPie 1:152 alignment

Starterator 1 MA – PotPie 0 MA

Gap/Overlap Overlap of 4 nucleotides Gap of 449 nucleotides

The start site is 544! This start site was called by Glimmer and includes all of the coding potential of the gene. This starting 
point also has the largest z-value sitting at 2.901 and a final score of -3.293. There was only 1 1:1 alignment on BLAST with 
PotPie, but the other possible start had no 1:1 alignment. There was one manual annotation according to Starterator for 
starting at 544 (PotPie). There is an overlap of 4 nucleotides for starting at 544, but this is favorable in comparison to starting 
at 997 with a gap of 449 nucleotides.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• >17 similar genes have the 

assigned function of 
“hypothetical protein”

• The highest match was the 
phage PotPie which was the only 
Gordonia phage in the group



HHpred evidence. Does HHpred data support a function assignment for this gene?  
Describe the functions of highly similar matches.  Is most of the gene homologous, 
or just a region? Are there conserved domains? A screenshot here of HHPRED 
results is desired.

• There were several highly similar 
matches with probabilities over 
99 with a function labeled as 
phosphoadenosine 
phosphosulfate reductase that is 
homologous with about 2/3 of 
the gene.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Phamerator does show phages 
with genes in the same pham 
having conserved domains 
labeled as PAPS-reductase, but 
there is no labeled function.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• Not applicable since it likely has 

the function of PAPS reductase-
like domain



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Official Function List assignment → PAPS reductase-like domain
• The BLAST hits for this gene all show their functions being labeled as 

hypothetical protein, but upon putting the protein sequence into 
HHpred several results show up with probabilities over 99 with 
functions labeled as phosphoadenosine phosphosulfate reductase. 
Phamerator also shows that phages with genes in the pham having a 
conserved domain labeled as PAPS-reductase which provides 
evidence supporting the function of this gene being labeled as a PAPS 
reductase-like domain.



Removed Reverse Feature with 
Stop 568



Glimmer/GeneMark

What feature number is this?  Removed
What is the stop site?568 (reverse gene)

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? 1002 Called by 
Genemark, not called by glimmer

What is the autoannotated start? 1002

Gap: __496_ with feature 4_ or overlap: 
_______ (with gene in front of it) for the 
autoannotated start – However, this feature 
completely overlaps with feature number 2



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Strong coding potential in 
reading frame -3, however fully 
overlaps with coding potential of 
feature two in reading frame 1



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• Only one BLAST hit with an e-
value of 5.  No close matches 
with e-values close to zero.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• No, this isn’t a gene.   The feature stands alone as a reverse gene, 

which does not agree with guiding principles.  There are no close 
matches in BLAST.   Even though it is called by Genemark, it is not 
called by Glimmer.  In addition, it completely overlaps with feature 2, 
which is in reading frame 1.



Feature 3 – stop 1675



Glimmer/GeneMark
What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer 
only, GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature: 3
• Stop site: 1675

• Called by both Glimmer and 
GeneMark 

• Autonannotated start: 1499

• Gap: 109



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Coding potential found in 
frame 2

• Not the only frame with coding 
potential 

• Includes all coding potential at 
start site 1499



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• Has 25 highly similar genes 
• Anything smaller than E-7 is 

what we want to include as a 
similar gene 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene because both Glimmer and GeneMark call it at 

1499. The start site at 1499, includes all coding potential, and the 
BLAST evidence displays 25 highly similar genes. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start is 
favored based on BLAST alignment evidence.

• Has 0 1:1 alignments 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS values?

• 1499
• Z value: 3.146 
• Final Score: -2.253



Starterator evidence. How many manual annotations (MAs) are there for 
the proposed start? How does the proposed start align with starts for 
other pham members?  Comment on data for all proposed starts.

Yucky start 36 @1499 has 5 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• At start 1499, none of the 
coding potential is cut off

• There is no listed alternative 
start site 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Gap: 1499-1389 (feature 2) = 
110-1 =109



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

1499

GeneMark Glimmer & GeneMark 

Coding potential Includes all cp

RBS Z value: 3.146 
Final score: -2.253

BLAST 0 1:1 alignments

Starterator 5 MA’s

Gap 109

Yes, 1499 is the start site because both Glimmer and GeneMark call it. Frame 2 
includes all coding potential, and it has a high z value. The start site also 
includes 5 manual annotations. Starterator evidence did not reveal an 
alternative start, so the auto annotated start found in the DNAM file is the 

  i  



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

Has 25 similar genes with 
assigned function 
“hypothetical protein”



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

Has 1 alignment 
However, that alignment has an 11.55% 
probability and an E value of 540. The 
probability should be higher than 90% 
and have an E-value less than 1 to assign 
a function

So, the HHpred evidence does not assign 
a function to Yucky 



Phamerator evidence. Do closely related phages with genes in the same 
pham predict a function for this gene?  Are there conserved domains?

Yucky feature 4: No conserved domain and no 
function
BillDoor Feature 4: Has no function and no 
conserved domain 
PotPie feature 3: Has no function and no 
conserved domain 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

# of Unnamed Number of predicted 
TMRs: 0 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)
There is no function, so it is a hypothetical protein because 
Hhpred evidence shows 1 alignment. However, that alignment is 
not considered because it has a low probability and an E value 
that is not less than 1. 

The Phamerator evidence for highly similar genes (PotPie and 
BillDoor), also have no conserved domain or function assigned 
to Yucky. The Deep TMHMM evidence has zero Unnamed 
Number of predicted TMRs.



Feature 4 – Stop 3438



Glimmer/GeneMark
What feature number is this?  4
What is the stop site? 3438

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, or 
neither? 
It is called by both, but Glimmer and GeneMark 
disagree. 
What is the autoannotated start? 
Glimmer called the start site at 1762. GeneMark 
called it at 2086,

Gap: ___86/410_____ or overlap: _______ (with gene 
in front of it) for the autoannotated start

• Glimmer and GeneMark disagree on the start 
site.

• There is no overlap
• Glimmer gap: 86
• GeneMark gap: 410



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is a strong peak at 
approximately nucleotide 1800, 
which quickly drops and weakly 
peaks again around nucleotide 
2000. There are many wavering 
strong and weak peaks 
throughout the rest of the feature, 
getting particularly strong and 
consistent from about nucleotide 
2650-3000. There is a peak of 
coding potential in reading frame 
6 as well, which is a reverse 
reading frame.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 24 1:1 alignment hits. 
• All 25 close matches have an 

E-value close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene. Both Glimmer and GeneMark 

autoannotated it as a gene, despite disagreeing on start site. 
BLAST found at least 25 close matches containing an E-value 
close to 0. Lastly, there is a lot of strong peaks in coding potential 
near the start site, and throughout the sequence of the 
autoannoted gene.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start is 
favored based on BLAST alignment evidence.

• Glimmer call (1762): There are 
24 1:1 alignments on BLAST

• GeneMark call (2086): There 
are several 1:109 alignments, 
several 2:11 alignments, and 
one 1:92 alignment



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS values?

• Glimmer call (1762): Z-value= 
1.974. Final score=-4.842

• GeneMark call (2086): Z-value= 
1.444. Final score= -7.112

• There was another start site 
(1834) with good RBS 
numbers. Will be looked 
further into in Starterator: Z-
value=2.259. Final score= -
4.167



Starterator evidence. How many manual annotations (MAs) are there for 
the proposed start? How does the proposed start align with starts for 
other pham members?  Comment on data for all proposed starts.

• Glimmer call (1762): Has 70 
MAs, called 95.8% of the time 
when present.

• GeneMark call (2068): 0 MAs, 
never called before

• Potential alternative start site 
(1834): 0 MAs, never called 
before, also not 
autoannotated.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Glimmer call (1762): Small 
strong coding potential peak 
cut off at roughly nucleotide 
1600. Many strong peaks 
throughout. 

• GeneMark call (2086): More 
coding potential cut off: 3 
strong peaks. Many strong 
peaks throughout, similar to 
the Glimmer call. 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Glimmer gap: 1762- 1675= 87-
1 for gap= 86

• GeneMark gap: 2068-1675= 
411-1 for gap= 410



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

1762 2068
GeneMark Glimmer GeneMark
Coding Potential Cuts off slight coding potential at 

1600, strong coding potential 
throughout

Cuts off 3 strong peaks. Contains 
strong coding potential 
throughout. 

RBS Z-value: 1.974
Final score: -4.842

Z-value: 1.444
Final score: -7.112

BLAST 24 1:1 alignments Several 1:109 alignments, several 
2:111 alignments, one 1:92 
alignment

Starterator 70 MAs 0 MAs
Gap/Overlap 86 410

Based on this evidence I believe 1762 to be the true start site. It cuts off less coding potential, has better 
RBS members, has more manual annotations, and has less gap between the previous gene.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• All 25 highly similar genes 
shown by BLAST have been 
assigned a terminase large 
subunit function.

• BLASTing on NCBI yielded the 
same result.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• Hhpred shows at least 25 
excellent hits as terminase 
large subunits. For the 25 
shown, most of the gene is 
homologous. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• PotPie, Elinal, and BigChungus 
shows this gene as being a 
terminase large subunit.

• PotPie and BigChungus have a 
conserved domain as a 
terminase.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• This gene has a function of a 
large terminase subunit so 
deep TMHMM is not 
applicable.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The official function I am assigning to this gene is terminase, large  
subunit. On both DNA master and NCBI there were at least 25 
BLAST hits saying this gene is a large terminase subunit. Hhpred 
backs this information, showing many excellent hits as a large 
terminase subunit. Lastly, Phamerator showed 3 phages with a 
similar gene in the same cluster and pham that had that function.



Feature Removed - Stop 1777



Glimmer/GeneMark

What feature number is this?  Removed
What is the stop site? 1777 (reverse)

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? Called by 
GeneMark at 2085, not called by Glimmer

What is the autoannotated start? 2085

Gap: ____1349 with feature 7____ or 
overlap: _______ (with gene in front of it) 
for the autoannotated start   - Overlaps 
completely with feature 5



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Overlaps with feature 5 in 
reading frame 1.   Fair amount of 
coding potential, but appears as 
single reverse gene in many 
forward genes, going against 
guiding principles.  



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are no BLAST hits.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• No, this isn’t a gene.   The feature stands alone as a reverse gene, 

which does not agree with guiding principles.  There are no close 
matches in BLAST.   Even though it is called by Genemark, it is not 
called by Glimmer.  In addition, it completely overlaps with feature 5, 
which is in reading frame 1.



Feature 5 – Stop 4868



Glimmer/GeneMark

What feature number is this? 5
What is the stop site? 4868
Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Glimmer and GeneMark
What is the autoannotated start?
3435
Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start
Overlap of 4

• Previous ends at 3438



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is strong coding potential 
throughout where the feature is 
called to be with a few small dips 
into weak coding potential 
throughout the feature.

• The initial peak of potential 
starts before the feature is called 
to being, but a majority of the 
potential is included.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are at least 25 BLAST hits 
of highly similar genes from 
other phages that all have e-
values extremely close to zero.

• 6 1:1 alignments



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene! There is strong coding potential throughout 

where the feature is called to be and there are at least 25 BLAST hits 
of highly similar genes from other phages that all have e-values close 
to zero.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• There are 6 1:1 alignments for 

starting at 3435



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Starting at 3435:
• Z-value = 2.238
• Final score = -5.453

• There was only one start site 
that had slightly better RBS 
scores than 3435, but it cut off a 
significantly larger amount of 
coding potential and was not 
mentioned in the starterator 
report.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start 3435 was the only start site 
that had manual annotations, 
and it had 54 total.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Starting at 3454 would cut off 
part of the initial peak of coding 
potential, but most of the 
possible coding potential for the 
feature would be included.

• This is the earliest start possible, 
so any start after this one would 
cut off a larger amount of coding 
potential.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 3435 → overlap of 4



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 3435, and this was the only proposed start site 
possible based off all the evidence collected. There were 6 1:1 
alignments with highly similar genes for starting at this position, and 
it includes the most coding potential possible. There were 54 manual 
annotations for starting at 3435, and it had the best RBS scores 
possible other than a really late start site that would cut off a large 
amount of coding potential. There would only be an overlap of 4 
nucleotides with the previous gene starting at here which is a 
favorable condition as well.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• At least 25 BLAST hits had their 

functions listed as portal protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• There were several hits with 

probabilities over 90 (and 
several with 100) that suggested 
the function of portal protein as 
well.

• These hits were also 
homologous for a majority of the 
gene.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Phamerator showed that phages 
with genes in the same pham as 
this one had functions listed as 
portal protein and conserved 
domains of Phage_prot_Gp6.

• This supports the function of 
this gene being labeled as a 
portal protein.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• Not applicable since there is a 

probable function



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Official function → portal protein
• The function of this gene should be labeled as a portal protein. At 

least 25 BLAST hits show that highly similar genes to this one have 
been listed as portal proteins. Hhpred also show several hit with high 
probabilities suggesting that the function of this gene should be 
labeled as a portal protein. Phamerator showed that phages with 
genes in the same pham as this one were also listed as portal 
proteins, and they showed conserved domains listed as 
Phage_prot_Gp6. Since this gene had a probable function a Deep 
TMHMM graph was not necessary.



Feature 6 Stop 5451



Instructions

Fill this out for each gene you annotate. This should be thought of as
the minimum amount of information that needs to be provided for
each gene. You can always add more slides or information as necessary

• Is it a gene?
• Yes!

• Where does it start?
• Gene starts at 4858!

• What is the function?
• Hypothetical Protein



Glimmer/GeneMark
What feature number is this?  6
What is the stop site? 5451

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, 
or neither?
Glimmer only
What is the autoannotated start? 4828

Gap: ________ or overlap: _______ (with gene 
in front of it) for the autoannotated start
For the autoannotated start there would be an 
overlap of 41 nucleotides

• GeneMark called the feature starting at 4858
• The previous gene stopped at 4868
• If the start was 4858 then there would be an 

overlap of 11 nucleotides.



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• The coding potential of this feature starts off strong at around 4828 
and remains that way until around 5100 where it dips until right after 
5200 where it peaks back to strong. It dips again around 5300, but it 
peaks again right after and ends at 5451.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 2 1:1 alignments (Vine & Lauer)
• There are at least 25 hits on 

BLAST
• All BLAST hits have e-values 

close to zero



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes! This feature is a gene as there is strong coding potential 

throughout it with only a couple dips. There are also several BLAST 
hits that all have e-values close to zero as well as two 1:1 alignments.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Starting at 4828 (Glimmer call)
• If the gene starts at nucleotide 

4828, then all the coding potential 
would be included.

• Starting at 4858 (GeneMark call)
• If the gene starts at nucleotide 

4858, then nearly all the coding 
potential would be included 
except for the first small peak.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Starting at 4828:
• Z-value = 2.122
• Final score = -4.391

• Starting at 4858:
• Z-value = 1.909
• Final score = -6.141

• Based on the RBS values the 
favored start would be 4828.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• Starting at 4828:

• 2 1:1 Alignments
• Starting at 4858:

• Over 10 1:1 alignments

Based off this evidence the 
favored start would be 4858!



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 2 MA’s for starting at 
4828.

• There are 34 MA’s for starting at 
4858.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Starting at 4828
• There would be an overlap of 41 

nucleotides.

• Starting at 4858
• There would be an overlap of 11 

nucleotides.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

Start at 4828 Start at 4858

Glimmer/GeneMark Glimmer GeneMark

Coding Potential Includes all coding potential of the 
gene

Cuts out a little of the first peak

RBS Z-value =2.122 
Final score =  -4.391

Z-value = 1.909
Final score = -6.141

BLAST 2 1:1 Alignments Over 10 1:1 alignments

Starterator 2 MA’s 34 MA’s

Gap/Overlap Overlap of 41 nucleotides Overlap of 11 nucleotides

The gene starts at 4858! Starting at 4858 cuts of a small portion of the first peak, but it includes nearly all the coding potential. 
The z-value of 1.909 and final score of -6.141 were not as preferable as the z-value and final score given by starting at 4828 
(2.122 and -4.391), but due to the overlap of nucleotides these numbers do not hold as much value. Starting at 4828 would end 
up with an overlap of 41 nucleotides, and starting at 4858 would only leave an overlap of 11 nucleotides. Over these possible 
overlaps having an overlap of 11 nucleotides would be preferable. Starting at 4858 there were over 10 1:1 alignments which was 
better than the 2 1:1 alignments that there were starting at 4828. The final piece of evidence that supports 4858 being the start 
site is that there were 34 MA’s of that being the start site according to Starterator.



BLAST function evidence. 
What assigned functions 
do other highly similar 
genes have? 

• BLAST hit functions:
• Head maturation protease – at 

least 10 hits (not on Official 
Function List)

• Capsid maturation protease – at 
least 3 hits

• Hypothetical protein – at least 4 
hits

• MuF-like minor capsid protein – at 
least 7 hits (not usable according 
to Official Function List)

• All BLAST hits were Gordonia phages



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
- Matches with gp15 of D29, the 
example for capsid maturation 
protease from the function list.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• There were no conserved 
domains.

• Other genes in the same pham 
called for functions of capsid 
maturation protease and MuF-
like minor capsid protein.

• PotPie has been a gene that is 
highly similar in the past and it 
was listed as capsid maturation 
protein as the function.



Deep TMHMM evidence. If there is no known function for the gene, 
search for transmembrane domains.  Screenshot and describe 
DeepTMHMM evidence below.

• According to Deep TMHMM, there were no 
transmembrane domains.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• capsid maturation protease
• Matches D29_gp15 in HHPRED, the example for capsid maturation 

protease.



Feature 7 Stop 5930



Glimmer/GeneMark

What feature number is this? 7 
What is the stop site? 5930

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? Glimmer and 
GeneMark both call the start at 5496.

What is the autoannotated start? 5496

Gap: _______ or overlap: _44_none_____ 
(with gene in front of it) for the 
autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is strong cp until the 
stopping point from about 5450-
5890. Start 5496 excludes about 
50 nucleotides. The bottom 
shows one other reading frame 
with very weak cp except for at 
the very end (5930) there is a 
very strong peak. The reading 
frame I chose to base cp off is 
the top picture. 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There is an E Value of 
0.0E0 for > 25 similar 
genes. 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, feature 9 is a gene because there is strong CP, there are over 25 

genes with similar BLAST hits with an E Value of 0.0E0, and Glimmer 
and GeneMark both call it a gene. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• Starting site 5496 has at least 7 
1:1 alignments. ( Vine, 
SummitAcademy,PotPie) 

• Starting site 5427 has 2 1:1 
alignments (Fabs8)

• The top screenshot is from 
BLAST in DNA Master while the 
bottom screenshot is from 
Blast from NCBI



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?
• 5496: The z value is 2.958 and The fs is -2.645
• 5427: The z value is 1.766 and the fs is –5.485
• Based only RBS values start site 5496 is favored because the z value is closer to 3 compared to 

the z value of start site 5427 and the fs is closer  to 0 than the fs of start site 5427.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• At starting point 5496 there are 
26 MAs 

• At starting point 5427 there are 
3MAs



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Starting Point 5496 cuts off 
about 50 nucleotides. 

• Starting Point 5427 includes all 
nucleotides.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is a gap off 44 with no 
overlap for starting site 5496

• There is an overlap of 25 for 
starting site 5427 



5496 5427

GeneMark/Glimmer Both GeneMark and 
Glimmer call this the 
start.

Glimmer nor GeneMark 
called this as astart

Coding Potential There is strong cp , but it 
cuts off about 50 
nucleotides

Includes all nucleotides

RBS The z value is 2.958
The fs is -2.645

The z value is 1.766
The fs is –5.435

Blast There are >10 1:1 
alignments

There are 2 1:1 
alignments

Starterator 26 MAs Starteratror called this 
starting point.
3MAs

Gap/Overlap There is a gap of 44 There is an overlap of 25 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site of feature 9 is 5496 as both Glimmer and GeneMark 
agreed upon this start site. There is a strong cp but starting at 5496 
cuts off about 50 nucleotides. The RBS values are also in the range 
they are supposed to be. The z value is 2.958 and the fs is -2.645. 
Blast also called for >10 1:1 alignments. Starterator also stated that 
there was 26 MAs. There was a gap of 44. Start site 5427  does 
include all cp and has a gap of 25 but Glimmer and GeneMark did not 
call it a gene, there are only 2 1:1 alignments compared to 5496 
which has more than 10 1:1 alignments, and only 3 MAs compared to 
5496 which has 26s MAs. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There are 19 “Scaffolding 

proteins” and 6 “Head 
scaffolding proteins”



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are 24 hits
• The first hit is an assembly Scaffold protein
• Probability is 99.36
• E value is 6.5e^-10
• Score is 84.34
• SS is 18.6
• Aligned Cols 132
• Target Length 185



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Gene 9 is the same with 
SummitAcademy and Vine. 

• When looking at conserved 
domains there is one called 
Phage_capsid. 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• Not a hypothetical protein so 

this evidence is not applicable. 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Gene #9 is a scaffolding protein. Blast and Hhpred indicated this as a 
scaffolding protein while Phamerator gave one conserved domain 
which was Phage_capsid. 



Feature 8 Stop 6913



Glimmer/GeneMark
What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer 
only, GeneMark only, or neither?

What is the autoannotated start?

Gap: ___23____ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature 8

• Stop site: 6913

• Both Glimmer and 
Genemark call it @bp 5954

• Gap of 23



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Coding potential occurs at 
5954

• The coding potential starts at 
5954 and cp potential ranges 
from 5954-6895

• The coding potential is found in 
reading frame 2 and extends to 
frame 2 on the next page 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 1:1 Alignment with Vine

• 1:1 Alignment with SummitAcademy

• 1:1 Alignment with Lauer 

• 1:1 Alignment with BigChungus

• 1:1 Alignment with Pons

• 1:1 Alignment with SheckWes

• 1:1 Alignment with MAnor

• 1:1 Alignment with CherryonLim

• 1:1 Alignment with GTE2

9 1:1 alignments

Screenshot of Vine that has a 1:1 alignment 
with Yucky and has an E-value of 0.0E0 
making it a highly similar gene to Yucky as 
well

25 highly similar genes with 0E0: 
- Vine
- SummitAcademy
- Lauer
- BigChungus
- Pons
- SheckWes
- MAnor
- CherryonLim
- GTE2
- Amok
- Emalyn
- SteamedHams
- AndPeggy
- AikoCarson
- BillDoor
- Nodigi
- Yakult
- Orla
- Yummy
- Cozz
- Troje
- Button 
- GiKK
- Margaret
- MunkgeeRoachy



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Feature 10 is definitely a gene, because both Glimmer and 

Genemark agree on the start site to be 5954. Feature 10 has a gap 
of 23 with feature 9, and there is strong coding potential from 
5954-6895. 

• Feature 10 also has 100% alignment with Vine, SummitAcademy, 
Lauer, BigChungus, Pons, SheckWes, Manor, CherryonLim, and 
GTE2 and matches 0E0 value with 25 other highly similar genes. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start is 
favored based on BLAST alignment evidence.

In DNAM file at start site 5954, 
there was a 1:1 alignment with 9 
other genes. *Start site 5954 is 
favored*
However, on the NCBI website 
for start site 6005, I counted that 
15 genes had a 1:18 alignment 
with feature 10 of Yucky 
6 genes had a 1:15 alignment 
with feature 10 of Yucky on NCBI 
website for start site 6005



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS values?

• Start site 5954
• Z value: 3.192 
• Final score: -2.507
*Start site 5954 is favored*

• Start site 6005
• Z value: 1.088
• Final score: -6.691 



Starterator evidence. How many manual annotations (MAs) are there for 
the proposed start? How does the proposed start align with starts for 
other pham members?  Comment on data for all proposed starts.

• At start 7 @ 5954 Yucky has 36 
MA's

• At start 25 @ 6005 Yucky has 
105 MA's



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• At start 7 @5954, all the coding potential is included 
while at start 25 @6005, the coding potential is cut off 
but cp still exists. The frame is extended to other page.  
As discussed in class, there is not that much of a 
significant difference for cp between the 2 potential 
starts. 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start at 5954:
• Has gap of 23

• Start at 6005:
• Has gap of 74



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

5954 6005

Genemark Glimmer & Genemark Nothing

Coding potential Includes all cp Cuts off peak of cp

RBS Z value: 3.192
Final score: -2.607

Z value: 1.088
Final score: -6.691

BLAST 9 1:1 alignments 6 1:15 alignments
15 1:18 alignments

Starterator 36 MA 105 MA

Gap 23 74

While it was a close call for 5954 and 6005, 5954 is considered the best start as it was called by both 
Glimmer and Genemark. The start site 5954 also includes all coding potential.  The Z score was also 
greater than 1 and had a final score closer to 0. The 5954 start also had the highest number of 1:1 
alignments and has the smaller gap. The only evidence to support the 6005 start was that it had the 
highest number of manual annotations at 105.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Has 25 highly similar genes 
with “major capsid protein”



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• Highly similar matches: all 
major capsid protein 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?
• Yucky feature 10 conserved domain: 

Phage_capsid function: none 

• Yummy feature 9 conserved 
domain: prophage_Lp3_protein_18 
and Phage_capsid function: major 
capsid protein 

• BillDoor feature 10 conserved 
domain: prophage_Lp3_protein_18 
and Phage_capsid function: major 
capsid protein 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

The function of this Yucky gene is major capsid protein, because the BLAST evidence had 
25 similar matches with “major capsid protein”. The Hhpred evidence also had highly 
similar matches with function as major capsid protein. The Phamerator evidence also 
gave Yucky its function as two of its highly similar genes, Yummy and BillDoor had the 
function major capsid protein. 



Feature 9 – Stop 7558



Glimmer/GeneMark
What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer 
only, GeneMark only, or neither?

What is the autoannotated start?

Gap: ___117_____ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature 9
• Stop site: 7558
• Both Glimmer and GeneMark call 

@bp 7031 
• Gap: 117



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

At start site 7031,  some of the 
coding potential is cut off. Coding 
potential is found in frame 2. No 
other forward frames include cp 
from 7031-7558



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 1:1 alignment with Vine
• 1:1 alignment with 

SummitAcademy 
• 1:1 alignment with 

BigChungus
• 1:1 alignment with 

Lauer
• 1:1 alignment with Pons

TOTAL: 5 1:1 alignments 

BillDoor
AndPeggy
Troje
SweatNTears
SketchMex
GTE2
Yummy
Fribs8
Gibbous
Cleo
Azira
Survivors
HippoPololi

24 highly similar 
genes:
SteamedHams
Vine
SummitAcademy
BigChungus
Lauer
Pons
AikoCarson
Emalyn
Quasar
Cozz
Nina



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene, because at start site 7031, all coding potential is 

included.
• It is also a gene because both Glimmer and GeneMark call @bp 

7031. And the gene has 5 1:1 alignments based on BLAST 
conservation evidence and 24 highly similar genes. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start is 
favored based on BLAST alignment evidence.

• In DNAM file, for start site 7031, there was a 1:1 
alignment with 5 other genes 

• It is the favored start site, because it was the only start 
site found in Starterator evidence and had 1:1 alignments 
which is ideal. And the NCBI website is only used for 
alternative starts, which does not apply to feature 11. 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS values?

• Start 7031
• Z value = 2.399
• Final score = -3.894



Starterator evidence. How many 
manual annotations (MAs) are 
there for the proposed start? How 
does the proposed start align with 
starts for other pham members?  
Comment on data for all 
proposed starts.

• Yucky only has one listed start 
site of 23 @7031 which has 20 
MA’s

• Yucky _11 does not have the 
“Most Annotated” start like Pons_9 
and PotPie_9



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• At and past start 23 @7031 all 
coding potential is included. 
Some coding potential is cut 
off before the start site. 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Gap: 117 at start site 7031



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

7031

GeneMark Glimmer & GeneMark

Coding potential Includes some coding potential

RBS Z value: 2.399 final score: -3.894

BLAST 5 1:1 alignments 

Starterator 20 MA’s

Gap 117

While gap is greater than 100,  the start site of 7031 is the best and only choice as the start site, 
because both Glimmer and GeneMark call it, it includes coding potential in frame 2, has a z 
value greater than 2, and has 5 1:1 alignments. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

24 head-to-tail adaptor 
1 hypothetical protein 
(Gordonia terrae)



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

Yes, the HHpred evidence supports the function head-to-tail 
adaptor, but also the function hypothetical protein. 

For it to have the function head-to-tail adaptor, HHPRED 
alignment had to be with crystal structures: SPP1 15 or 
HK97 gp6 or Bacillus protein yqbG. I found one gene that 
had the structure yqBG and function head-to-tail adaptor.  



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

Yucky feature 11 conserved domain: none 
function: none 

HippoPololi feature 11 conserved domain: 
none function: head-to-tail adaptor 

Azira feature 11 conserved domain: none 
function: head-to-tail adaptor 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function of the gene is head-to-tail adapter because there 
were 24 highly similar genes from BLAST that had the head-to-tail 
adapter. Hhpred evidence also showed highly similar genes with 
above a 90% probability and an E value less than 1 that had the 
function head-to-tail adapter. The Phamerator evidence displayed 
similar genes, HippoPololi and Azira alongside Yucky. While the 
similar genes did not have a conserved domain their functions 
were both the same being the head-to-tail adapter. 



Feature 10 – Stop 7899



Glimmer/GeneMark
What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer 
only, GeneMark only, or neither?

What is the autoannotated start?

Gap: ____0____ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature 10
• Stop site: 7899

• Auto-annotated start is called by 
both Glimmer and GeneMark

• Both call @bp 7558



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

The start site 7558 includes all the 
coding potential. None of the 
coding potential is cut off. The 
coding potential ranges from 7558-
7900. It is the only forward reading 
frame with cp from 7558-7899.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 1:1 alignment with Elinal 

• 1:1 alignment with Lauer

• 1:1 alignment with 

SummitAcademy

• 1:1 alignment with Vine

• 1:1 alignment with BigChungus

• 1:1 alignment with SheckWes

• 1:1 alignment with Pons

• 1:1 alignment with Manor

• 1:1 alignment with CherryonLim

• 1:1 alignment with Mayweather

• 1:1 alignment with Cozz

• 1:1 alignment with AikoCarson

• 1:1 alignment with Quasar

• 1:1 alignment with Emalyn 

• 1:1 alignment with Nina

• 1:1 alignment with SteamedHams

• 1:1 alignment  with Yummy

• 1:1 alignment with  GTE2

• 1:1 alignment with  SketchMex

• 1:1 Alignment with  Troje

• 1:1 alignment with Margaret

21 1:1 alignments with Feature 12!
ALSO 21 highly similar genes to 
feature 12



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene because both Glimmer and GeneMark call it at 

start site 7558. The start site at 7558 also includes all coding 
potential (nothing is cut off). 

• According to BLAST conservation evidence, feature 12 has 21 1:1 
alignments with other genes such as Nina, Cozz, Yummy, and 
GTE2.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start is 
favored based on BLAST alignment evidence.

• Start 7558 had 21 1:1 
alignments 

• There were no alternative 
starts 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS values?

• Start site 7558
• Z value: 2.013 
• Final score: -4.699



Starterator evidence. How many manual annotations (MAs) are there for 
the proposed start? How does the proposed start align with starts for 
other pham members?  Comment on data for all proposed starts.

• Yucky Feature 12 was one of 
the genes that did not have the 
“Most Annotated” start. Other 
genes a part of this section 
were Ziko_44, Zombie_10, and 
PotPie_10. 

• Only one start was listed which 
was 67 @7558 which had 56 
MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• For start site 7558, all coding 
potential was included. 
Nothing was cut off.  



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Overlap of 1
• Previous feature ends at 7558, 

this feature starts at 7558



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

7558

Genemark Glimmer & GeneMark

Coding potential All coding potential is included

RBS Z value: 2.013 Final score: -4.699

BLAST 21 1:1 alignments

Starterator 56 MA’s

Overlap 1

The start site is 7558 because both Glimmer and GeneMark call it at 7558 and all coding 
potential is included within the frame. The Z value is greater than 1 and it has 21 1:1 
alignments with other genes. It agrees with the auto-annotated start site. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• Head-to-tail stopper: 14 highly 

similar genes 

• Head-to-tail adapter: 11 highly 
similar genes 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• For head-to-tail stopper, must 

have HHPRED alignment to 
following structures: SPP1 16 
or Bacillus protein yqbH 

• Did have 2 similar alignments 
with crystal structure SPP1 16.

• 0 alignment for crystal 
structure Bacillus protein yqbH 

• Both of the 2 alignments for 
SPP1 16 had function of head-
to-tail stopper. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?
• Yucky feature 12 conserved 

domain: none function: none
• Quasar feature 10 conserved 

domain: none function: head-
to-tail stopper 

• Nina feature 11 conserved 
domain: none  function: head-
to-tail stopper 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is head-to-tail stopper because the BLAST evidence 
had 14 highly similar genes with function head-to-tail stopper. 
Also, the Hhpred evidence had certain crystalline structures that 
had the function head-to-tail stopper. The Phamerator evidence 
also supported the function as two highly similar genes to Yucky 
(Nina and Quasar) had the function of head-to-tail stopper.  



Feature 11 – Stop 8164



Glimmer/GeneMark
What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer 
only, GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: ___14____ 
(with gene in front of it) for the 
autoannotated start

• Feature 11
• Stop site: 8164 

• Both Glimmer and GeneMark call 
the autoannotated start

• The autoannotated start is called 
@bp 7892

• Overlap: 14



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Start site 7892, starts before 
cp and includes all coding 
potential. It is the only frame 
with cp from 7892-8164 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 1:1 alignment with 
Pons

• 1:1 alignment with 
CherryonLim

3 highly similar 
genes (0E0):
Lauer
Pons
CherryonLim



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene, because both Glimmer and GeneMark call it at 

7892. The start site 7892 also starts before the coding potential 
and includes all the coding potential. The feature 13 also has 2 1:1 
alignments according to BLAST conservation evidence and 3 
highly similar genes as well. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start is 
favored based on BLAST alignment evidence.

• The BLAST evidence for start 
site 7892 had 2 1:1 alignments 

• There were no alternative 
starts



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS values?

• Start site 7892
• Z value: 3.146
• Final score: -2.334 



Starterator evidence. How many manual annotations (MAs) are there for 
the proposed start? How does the proposed start align with starts for 
other pham members?  Comment on data for all proposed starts.

• Yucky_13 had start 52 @7892 
with 53 MA’s

• Yucky was a part of the genes 
that did not have the “Most 
Annotated” start along with 
ChilliPepper_10, Floral_12,  
and Emalyn_10. 



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

All coding potential is included 
at start site 7892. 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Overlap for start site 7892 is 
14.  



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

7892

GeneMark Glimmer and GeneMark

Coding potential All coding potential

RBS Z value: 3.146
Final score: -2.334

BLAST 2 1:1 alignment

Starterator 53 MAs

Overlap 14

The start site is 7892 because both Glimmer and GeneMark call it at 7892 and the coding 
potential was within the start site 7892. The z value for start site 7892 is greater than 1 and 
the start site aligned 1:1 with two other genes Pons, and CherryonLim. The starterator 
evidence also showed that at start site 7892 there were 53 manual annotations. While 
there was no gap, feature 13 did overlap with feature 14 and the overlap was 14. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 7 genes with function neck 

protein 
• 18 genes with function 

hypothetical protein 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• HHpred data does not support the 
function as while it has two hits with a 
probability higher than 90 and an E 
value less than one, their functions are 
unknown. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky feature 13 conserved 
domain: none function: none 

• Quasar feature 11 conserved 
domain: none function: none 

• AndPeggy feature 10 
conserved domain: none 
function: none 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• # of unnamed predicted TMRs: 
0 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• There is no function, so it is a hypothetical protein, because the 
Hhpred evidence does not show any matches with a known 
function and an E value less than 1, and the Phamerator evidence 
does not show any function for the two highly similar genes; 
Quasar, AndPeggy. Since no function was defined, I turned to 
DeepTMHMM evidence, which did not determine the function as 
there were zero unnamed number of predicted TMRS. 



Feature 12 – Stop 8561



Glimmer/GeneMark

What feature number is this?  12
What is the stop site? 8561

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by Glimmer and GeneMark

What is the autoannotated start? 
8151

Gap:  or overlap: 14 (with gene in front of 
it) for the autoannotated start

• Overlap of 14
• Called by both



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is a strong peak of coding 
potential briefly, before it falls 
and respikes into another strong 
peak. Reading frame 3 is the 
only frame with coding potential 
for this subsequence of 
nucleotides.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 16 BLAST hits with an 
E-value close to 0.

• There are 8 1:1 alignments.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• I believe this is a gene. Both Glimmer and GeneMark called it a gene. 

There is some coding potential in the sequence of nucleotides of this 
gene. There are also several highly similar BLAST results. This 
evidence leads me to believe this feature is a gene.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 8 1:1 alignments in the 
BLAST data. There are many 
other close alignments, such as 
8:9 or 8:10. 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• When looking at RBS values, the 
autoannotated start site was the 
only site that looked possible as 
the true start site. It had a Z-
value of 2.161 and a final score 
of -4.451. These numbers are 
better than most of the other 
available starts. The ones that 
are better are too far along the 
sequence to be the start.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 64 MAs for the 
autoannotated start of 8151. It is 
the only start site to have any 
manual annotations, and it is 
called 98.8% of the time when 
present.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The only start site that makes 
sense, 8151, cuts off no coding 
potential. The coding potential 
looks like it bgins at around 
8160.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is an overlap of 14 for the 
autoannotated start site. This is 
within the 30 or less range we 
consider acceptable. 

• 8164-8151=13+1 for overlap= 14



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 8151. My call agrees with the automated start site. 
This site has 8 1:1 alignments. It also has good RBS numbers: Z-value 
of 2.161 and a final score of -4.451. It is the only site to ever be 
manually annotated, and it has 64 Mas. It cuts off no coding potential 
and has an acceptable overlap. It is the only start site that makes 
sense based on this evidence, and its placement in the sequence.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• DNA master BLAST showed 22 
similar genes with the function 
tail terminator, and 3 with 
hypothetical proteins.

• BLASTing on NCBI revealed that 
the best matches were labeled 
as tail terminators, however 
there were still some 
hypothetical proteins and a 
couple tail completion proteins, 
however these were not as good 
of matches.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are 24 good hits with a 
couple of functions, mostly tail 
terminator. Out of the 24 red 
colored hits they were all mostly 
homologous, some were less 
homologous at the beginning.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• PotPie, BigChungus, and Elinal all 
have this gene and in all 3 it is a 
tail terminator. There are no 
conserved domains in any of the 
phages.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• I would like to call this gene a tail 
terminator.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I believe this gene to be a tail terminator. The majority of DNA master 
and NCBI BLAST hits show this. HHpred also has many hits showing a 
tail terminator. Lastly, Phamerator shows that other phages in the 
same cluster have this gene and that tail terminator is the function on 
these genes.



Feature 13 – Stop 9403



Glimmer/GeneMark

What feature number is this?  13
What is the stop site? 9403

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by both Glimmer and GeneMark

What is the autoannotated start?
8564

Gap: 2 or overlap:  (with gene in front of it) 
for the autoannotated start

• Called by both
• Gap of 2 



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Reading frame 2 contains a 
massive, strong spike of coding 
potential that lasts for a very 
long time. Reverse reading frame 
4 contains 1 weak peak of coding 
potential. Reverse reading frame 
6 contains 1 weak peak and one 
strong peak, neither sustained.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are at least 25 similar 
genes with an E-value close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This is a gene. Both Glimmer and GeneMark call it a gene, it has a 

massive strong peak of coding potential that is sustained through the 
entire feature, and it has at least 25 BLAST hits with an E-value close 
to 0. This evidence makes it clear that this is a gene.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are at least 25 1:1 
alignments revealed by BLAST. 
There are no known alternate 
starts yet, as Glimmer and 
GeneMark agreed.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The Z-value of the automated 
start is 3.192. The final score of 
the automated start is -2.219. 
No other RBS numbers are even 
close to good.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The automated start site has 56 
MAs. No other start site has ever 
been manually annotated. 8564 
is called 100% of the time when 
present.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• 8564 does cut off a slight bit of 
coding potential. It seemingly 
cuts off the beginning of a peak, 
however it cuts very little.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 8564-8561=3-1 for gap =2 • There is a gap of 2 with the 
previous gene.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 8564. It has at least 25 BLAST hits with 1:1 alignments, 
great RBS numbers, especially when compared to other start sites, it 
is the only site to ever be manually annotated for this gene, it cuts off 
very little coding potential, and it has an acceptable gap with the 
previous gene. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• DNA master BLAST shows at 
least 25 hits as a major tail 
protein.

• BLASTing on NCBI yielded the 
same results.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are 4 strong Hhpred hits, 
only 2 of them showed as being 
a major tail protein. The strong 
hits are largely homologous 
throughout.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• BigChungus, Elinal, and PotPie all 
show have this gene and have it 
called as a major tail protein.

• PotPie has 3 conserved domains.
• Elinal has the same 3 conserved 

domains.
• BigChungus has 2 conserved 

domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• I would like to call this gene as a 
major tail protein.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I officially call this gene as a major tail protein. Both DNA master and 
NCBI BLAST showed many highly similar phages with this feature 
being a major tail protein. Phamerator also showed 3 phages very 
similar to ours as having this gene being a major tail protein. The 
Hhpred evidence is the best, but the 2 strongest hits are still showing 
the gene as a major tail protein. Thus, I believe this gene to be a 
major tail protein.



Feature 14 – Stop 9775



Glimmer/GeneMark

What feature number is this?  14
What is the stop site? 9775

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? Called by 
glimmer and GeneMark

What is the autoannotated start? 9500

Gap: _____96 with feature in front of 
it___ or overlap: _______ (with gene in 
front of it) for the autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Good coding potential in 
Forward frame 2.  Some coding 
potential in reading frame -1, 
but reverse reading frame not 
called.  



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• At least 25 genes with E values 
at 0 indidicating close matches 
with similar genes.  



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, this is a gene.  Good coding potential.  25 blast matches with e 

values close to zero.   Called by both glimmer and genemark.  



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 24 1:1 alignments for predicted 
start of 9500.  This start is 
favored based on BLAST 
alignment evidence.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• 9500 has 36 Manual annotation.  
The proposed start aligns well 
with other pham members, as it 
is the most annotated start and 
called 98% of the time when it is 
present.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• 9500 is the earliest start 
available, maximizing coding 
potential.  Later starts would cut 
of coding potential. 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• This feature has a 96 bp gap with 
the previous feature, which ends 
at 9403.  However, no earlier 
start exists, leaving us with a 
gap.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 9500.  This is the first start available.  It agrees with 
the automated start site.  Even though it does not have the best RBS 
values, it maximizes coding potential inclusion, as well as has many 
1:1 BLAST hits with highly similar features.  This start is called 98% of 
the time when it is present.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Highly similar genes all call the 
function of a tail assembly 
chaperone. 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• 3 hits over 90% probability 
indicate similarity to tail 
assembly protein with the top 
two indicating similarity to GP24 
and GP25 of Mycobacterium 
phage L5.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Other features in the same 
pham in closely related phages 
such as elinal, potpie and 
SheckWes are annotated as tail 
assembly chaperones



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• This has a putative function of 

tail assembly chaperone, so the 
Deep TMHMM evidence is not 
applicable. 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Tail Assembly Chaperone. Both BLAST evidence as well as HHPRED 
and Phamerator support Tail Assembly Chaperone as official function.

•  Recoding site from Baranov, et al. 2006 GGGGGAA found in L5 phage 
found beginning at 9766.  The shared nucleotide is G found at 9769.



Feature 15 – Stop 10248



Glimmer/GeneMark

What feature number is this?  15
What is the stop site? 10248

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? N/A

What is the autoannotated start? N/A

Gap: __96______ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Only reading frame with coding 
potential.  Overlaps with coding 
potential in frame 2.  Mostly 
strong with one dip near 10,100



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• Many hits with e value close to 
zero



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it has coding potential, Is called to be a gene by both Glimmer 

and Genemark, and has many blast hits



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• This is the tail assembly chaperone.  See evidence in feature 14.  Start 
at 9500, as directed in the genomics guide



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Other similar genes call it a tail 
assembly chaperone



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• Topmost hit corresponds with 
Tail Assembly protein in phage 
L5.  



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Closely related genes have a 
gene in a different pham called a 
tail assembly chaperone (bottom 
row for Yucky, features 16/17 on 
phamerator, but I fully expect 
the phams to change to be 
congruent with elinal, vine and 
potpie in the top three genomes.  



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• N/A since function will be called 

a Tail Assembly Chaperone



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Tail Assembly Chaperone.  Many BLAST hits called a tail assembly 
chaperone and slippery sequence found in feature 14.  



Feature 16 – Stop 15340



Glimmer/GeneMark
What feature number is this?  16
What is the stop site? 15340

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, 
or neither?
Called by both Glimmer and GeneMark and they 
agree on start site.

What is the autoannotated start? 
10241

Gap: ________ or overlap: 8 (with gene in front 
of it) for the autoannotated start

• Glimmer and GeneMark agree
• Overlap of 8



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• This gene is particularly long, 
5100 nucleotides in length. 
Despite this, there are consistent 
strong peaks of coding potential 
throughout the entire nucleotide 
sequence. Reading frame 2 
contains the most coding 
potential for this feature. There 
is also overlapping coding 
potential on frames 3,4,6, and 
one strong peak on frame 5.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are at least 25 highly 
similar genes as revealed by 
BLAST, all containing an E-value 
of close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene. I believe this because both Glimmer and GeneMark 

called it a gene, there is coding potential throughout the entire 
sequence of nucleotides, and there are least 25 BLAST hits for similar 
genes with an E-value close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are at least 25 1:1 
alignments shown by BLAST. No 
alternative starts are known at 
this time since Glimmer and 
GeneMark agree on the start 
site.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The Z-value is 2.143.
• The final score is -4.347
• I see no other RBS values 

indicating a start site better than 
the autoannotated one.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The proposed start has 29 MAs. 
It is the only proposed start site 
with any MAs. It is called 97.7% 
of the time when present.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The beginning of a peak of 
coding potential is cut off, 
though I would estimate it cuts 
off less than 10 nucleotides of 
coding potential.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is an overlap of 8 with the 
previous gene. As this is not a 
large overlap it is still an 
acceptable start site.

• 10248-10241=7+1=8



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is the same as the automates start site of 10241. There 
are at least 25 BLAST 1:1 alignments, it has a good Z-value (2.143) and 
Final score (-4.347), it is the only start site to ever be manually 
annotated and it is called very frequently when present, it cuts off 
minimal coding potential, and it has an acceptable overlap value.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• DNA master BLAST showed 17 
hits as a tape measure protein 
and 8 hits as a tail length tape 
measure protein.

• BLASTing on NCBI yielded similar 
results, showing results for both 
tape measure protein and tail 
length tape measure protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• Hhpred evidence points towards 
this being a tape measure 
protein. There are many strong, 
some homologous hits showing 
this gene as a tape measure 
protein.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• PotPie, BigChungus, and Elinal all 
have this gene and in all 3 it is a 
tape measure protein. 

• PotPie has 6 conserved domains.
• Elinal has 7 conserved domains.
• BigChungus has no conserved 

domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• I would like to call this a tape 
measure protein.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I officially call this a tape measure protein. Both DNAmaster and NCBI 
BLAST showed many strong hits of similar genes with this gene as a 
tape measure protein. HHpred also showed many strong hits of this 
gene being a tape measure protein. Lastly, Phamerator showed 3 very 
similar phages with this gene, and it was called a tape measure 
protein in all of them.



Feature 17 Stop 16293



Glimmer/GeneMark

What feature number is this?  17
What is the stop site? 16293

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Glimmer and GeneMark both called it.

What is the autoannotated start?
15337

Gap: ________ or overlap 4 (with gene in 
front of it) for the autoannotated start

• Called by both
• Overlap of 4



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is a consistent, strong 
peak of coding potential on 
reading frame 2 that tapers off 
before returning to a strong 
peak. It then completely drops 
off before returning for one 
more strong peak. There is a 
singular weak peak of coding 
potential on the 6th reading 
frame.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are at least 25 highly 
similar genes with an E-value 
close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene. I believe this because both Glimmer and GeneMark 

called it a gene, there are many strong peaks of coding potential 
throughout the sequence of nuceltodies, and there are least 25 BLAST 
hits for similar genes with an E-value close to 0



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 24 1:1 alignments and 
1 16:1 alignment. No alternative 
starts are known at this time 
since Glimmer and GeneMark 
agree on the start site.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The Z-value is 2.901.
• The final score is -3.116
• No other RBS numbers indicate 

and alternative start



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The proposed start has 76 MAs. 
No other start site has ever been 
manually annotated. It is called 
98.9% of the time when present.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• I do not believe the start site 
cuts off any coding potential, if it 
does it is very minimal.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 15340-15337=3+1=4 • There is an overlap of 4 with the 
previous gene. This is an 
acceptable overlap. 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is the same as the automated start site of 15337. I 
believe this because it has a lot of 1:1 alignments, 24 to be exact. It 
also has very good RBS numbers with a Z-value of 2.901 and a Final 
score of -3.116. It is the only start site to ever be manually annotated, 
and it is called very frequently when present. It also has an acceptable 
overlap value. Lastly, it cuts off very little, if any, coding potential.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• DNA master BLAST shows at 
least 25 highly similar genes with 
the function minor tail protein.

• NCBI BLASTing showed the same 
results.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• HHpred shows results for many 
different functions including 
many for minor tail proteins. The 
hits are largely homologous 
throughout.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• PotPie, BigChungus, and Elinal all 
have this gene and in all 3 it is a 
minor tail protein in all 3 phages.

• None of the phages have a 
conserved domain.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• I would like to call this gene a 
minor tail protein.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is a minor tail protein. BLAST evidence on both DNA 
master and NCBI shows very strong evidence for this being a minor 
tail protein. HHpred’s evidence isn’t as strong as I would like it to be, 
but it is strong enough for me to be confident in calling it still. HHpred 
shows a couple hits for a minor tail protein. Lastly, BigChungus, Elinal, 
and PotPie contain this gene and has it called as a minor tail protein.  
Also, synteny indicates this as a minor tail protein.



Feature 18 – Stop 17984



Instructions

Fill this out for each gene you annotate. This should be thought of as
the minimum amount of information that needs to be provided for
each gene. You can always add more slides or information as necessary

• Is it a gene?
• Yes

• Where does it start?
• 16290

• What is the function?
• Minor tail protein



Glimmer/GeneMark

What feature number is this?  18
What is the stop site? 17984

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Glimmer and GeneMark
What is the autoannotated start?
16287
Gap: ________ or overlap: _______ (with 
gene in front of it) for the autoannotated 
start
Overlap of 7



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is strong coding potential 
throughout where the feature is 
called to be. The potential does 
start slightly before where the 
feature is called to start, but 
16287 was the earliest possible 
start site.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• At least 25 BLAST hits of highly 
similar genes from other phages

• All e-values are extremely close 
to zero

• 14 1:1 alignments for auto 
annotated starts



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene! There is strong coding potential throughout 

where the feature is called to be, and there are at least 25 BLAST hits 
of highly similar genes from other phages that all have e-values 
extremely close to zero.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• 16287 - 14 1:1 alignments
• 16290 - 9 1:1 alignments
• 16287 is favored based off this 

evidence alone



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• 16287
• Z-value = 2.446 
• Final score = -3.776

• 16290
• Z-value = 2.446
• Final score = -4.366

• 16287 is the favored start based 
off this evidence alone



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• 16287 – 8 MA’s
• 16290 – 46 MA’s

• 16290 is favored off this 
evidence alone



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• 16287 – cuts off the initial peak 
of coding potential, but a 
majority of the coding potential 
is included

• 16290 – includes about the 
same amount of coding 
potential as 16287, but it does 
cut of a bit more

• 16287 would be the favored 
start based off this evidence 
alone



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 16287 – overlap of 7
• 16290 – overlap of 4

• 16290 would be favored based 
off this evidence alone



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

Starting 16287 Starting 16290

Glimmer/GeneMark Glimmer & GeneMark Starterator

Coding potential cuts off the initial peak of coding 
potential, but a majority of the 
coding potential is included

includes about the same amount of 
coding potential as 16287, but it 
does cut of a bit more

BLAST 14 1:1 alignments 9 1:1 alignments

RBS Score Z-value = 2.446
Final score = -3.776

Z-value = 2.446
Final score = -4.366

Starterator 8 MA’s 46 MA’s

Gap/Overlap 7 overlap 4 overlap

The start for this gene is likely 16290. 16287 and 16290 are tandem starts, so both potential start include about the same 
amount of coding potential, but based of the guiding principles the second start should be used. The RBS scores for both start 
sites were also similar. They had the same z-value and 16287 had a slightly better final score. 16290 had 46 manual annotation 
whereas 16287 only had 8. 16290 also a the more favorable overlap of 4 over 7.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There were at least 25 BLAST 

hits that called the function of 
minor tail protein for highly 
similar genes to this one.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• Hhpred showed several hits with 

over 90 and e-values close to 
zero. These hits labeled the 
function as a minor tail protein 
as well and were homologous 
for a majority of the gene. There 
were no conserved domains 
shown.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Phamerator showed that phages 
with genes in the same pham as 
this one called the function as a 
minor tail protein and they did 
not have any conserved 
domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• Not applicable since there is a 

probable function



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Official function → minor tail protein
• The function for this gene should be labeled as a minor tail protein. 

There were at least 25 BLAST hits that showed highly similar genes 
from other phages having the designated function of minor tail 
protein, and all the e-values for those hits were extremely close to 
zero. Hhpred also showed several hits with probabilities above 90 
that suggested the function of this gene should be labeled as a minor 
tail protein. Phamerator showed that phages with genes in the same 
pham as this one called their function as a minor tail protein without 
the presence of conserved domains. Since there was a probable 
function for this gene a graph from Deep TMHMM was not necessary.



Feature 19 – Stop 18373



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature: 19 
• Stop site: 18373

• Called by both Glimmer & GeneMark 

• Autoannotated start: 17984 

• Overlap: 4 



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Start site: 17984
• CP in reading frame 2 

• Cuts off some coding potential 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 25 highly similar genes 
• All with a 0.0E0 value 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes it is a gene, because both Glimmer and GeneMark call the same 

start, includes strong coding potential within the reading frame, and 
has 25 highly similar genes.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

Start: 17984 
• 24 1:1 alignments 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Start 17984:
• Z Value: 2.754 
• Final score: -4.678 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start: 49 @ 17984 has 26 MA’s 



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start site: 17984  
Coding potential is cut off



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start site: 17984
Overlap: 1

Previous feature ends at
17984 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

17984

GeneMark Both Glimmer and GeneMark call it 

Coding potential Includes some cp

RBS Z value: 2.754   Final score: -4.678

BLAST 24 1:1 alignments 

Starterator 26 MA’s

Overlap 1

Start site is 17984, because both Glimmer and GeneMark call the same start site, the frame includes some 
coding potential, the z value is greater than 1, and the overlap is 1 which is ideal. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 20 minor tail protein 
• 5 hypothetical protein 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• Top two hits based on protein of 

unknown function 

• For it to have function minor tail 
protein, requires collagen-like or 
glycine-rich proteins which these 
hits do not have 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky feature 21 conserved 
domain: DUF2744  function: 
none

• Button feature 20 conserved 
domain: DUF2744 function: 
minor tail protein 

• Pons feature 19 conserved 
domain: DUF2744 function: 
minor tail protein 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is minor tail protein because the genes around feature 
21 all have the function minor tail protein.  Call minor tail protein 
based on synteny.



Feature 20 – Stop 18957



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature 20
• Stop site: 18957

• Both Glimmer and GeneMark call the 
same start site

• Autoannotated start: 18370 

• Overlap: 4



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

Start 18370
• Reading frame 1
• Includes all coding potential



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 25 highly similar genes 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene because both Glimmer and GeneMark call it at the 

same start site, the frame includes all coding potential, and there are 
25 other highly similar genes.  



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

Start 18370

• 11 1:1 alignments 

• Lauer
• Vine
• PotPie
• SummitAcademy
• Mayweather
• CherryonLim
• BigChungus
• SheckWes
• Pons
• Emalyn
• AikoCarson



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Start site: 18370
Z value: 3.055
Final score: -2.505 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start: 22 @18370 has 76 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start site 18370 
• Includes all coding potential
• None of the coding potential is 

cut off 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start site 18370  - previous end 
sight 18373

• Overlap: 4 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

18370

GeneMark Called by both Glimmer & GeneMark 

Coding potential Includes all cp

RBS Z value: 3.055 Final score: -2.505

BLAST 11 1:1 alignments 

Starterator 76 MA’s

Overlap 4

The start site is 18370 because it is called by both Glimmer and GeneMark, the frame includes all 
coding potential, the Z value is greater than 1, and it has an overlap of 4 which is ideal.  



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 9 endolysin 
• 11 lysin A
• 5 M15 family metallopeptidase



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

Function list does not include 
function M15 family 
metallopeptidase. 

It is also not endolysin A as the 
phage does infect Mycobacterium, 
so it is lysin A with conserved 
domain L-Ala-D-Glu_peptidase_



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky feature 22 conserved 
domain: L-Ala-D-Glu_peptidase_, 
Peptidase_M15_4 function: none 

• Pons feature 20 conserved domain: 
L-Ala-D-Glu_peptidase_, 
Peptidase_M15_4 function: lysin A, 
L-Ala-D-Glu peptidase domain

• Emalyn feature 19 conserved 
domain: L-Ala-D-Glu_peptidase_, 
Peptidase_M15_4 function: lysin A, 
L-Ala-D-Glu peptidase domain 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• None



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is lysin A with conserved domain L-Ala-D-
Glu_peptidase_ because it has the highest amount of hits in BLAST 
evidence, it is the function for highly similar genes Pons and Emalyn 
on Phamerator



Feature 21 – Stop 19925



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature: 21 
• Stop site: 19925

• Both Glimmer and GeneMark call it 
but at different start sites 

• Glimmer call @bp 18954 
• GeneMark calls start at 18957 

• Overlap: 4



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

Start  18954 
Some of the coding potential is cut off before the 
start site. Located in frame 3.

Start 18957
Some of the coding potential is cut off before the 
start site. Located in frame 3. 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 25 highly similar genes 
25 E-value 0.0E0 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene because both Glimmer and GeneMark call it, includes 

a large majority of coding potential, and there are 25 other highly 
similar genes with an E value of 0.0E0. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

Start 18948: (NCBI)
2 1:1 alignments
Start 18954: (DNAM)
2 1:1 alignments 
Start 18957: (NCBI)
6 1:1 alignments



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

Start 18948 
Z value: 2.555
Final score: -4.316

Start 18954
Z value: 2.555 
Final score: -3.839

Start 18957 
Z value: 2.555
Final score: -4.589 *Preferred start*

 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• 43 @18948 has 5 MA’s
• 45 @18954 has 4 MA’s 
• 46 @18957 has 37 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start 18948
Some cp is cut off *preferred 
start*

• Start 18954
Some cp is cut off

• Start 18957
Some cp is cut off 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start 18948
Overlap of 10

• Start 18954
Overlap of 4 

• Start 18957
Overlap of 1



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

18948 18954 18957

GeneMark None Glimmer GeneMark

Coding potential Includes some cp Includes some cp Includes some cp

RBS Z value: 2.555
Final score: -4.316

Z value: 2.555 
Final score: -3.839

Z value: 2.555
Final score: -4.589 

BLAST 2 1:1 alignments 2 1:1 alignments 6 1:1 alignments

Starterator 5 4 37

Overlap 10 4 1

Start site is 18957 because it was called by GeneMark, it had the best z value and final 
score out of all the possible start sites and had the most manual annotations. It also had 
the most 1:1 alignments out of all the possible start sites. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
11 endolysin 

14 lysin A



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• Numerous hits for lysin A. To be lysin A, must have a 

lysin B if mycobacteriophage is not present.  
Otherwise, it is endolysin. 

• Multiple hits for the domain: glycosyl hydrolase 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky feature 23 function: none 
conserved domain: none

• SheckWes feature 20 function: lysin 
A, glycosyl hydrolase domain 
conserved domain: none

• Mayweather feature 22 function: 
lysin A, glycosyl hydrolase domain 
conserved domain: none 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• None



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is lysin A with glycosyl hydrolase domain because it had 
the highest amount of hits in BLAST, was the given function and 
conserved domain for two other highly similar genes and had the 
highest probability with lowest E values on Hhpred. 



Feature 22 – Stop 20275



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 22
• 20275

• Both and they are the same

• 19922

• There is an overlap of 4



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is strong coding potential 
for this feature. There is a gap in 
between 20100 and about 
20125. It is the only direct frame 
with coding potential but some 
of the complementary frames do 
have coding potential



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There is 9 1:1 hits
• There is also about 9 E-values 

that are close to zero
• Vine, PotPie, Lauer



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes this feature is a gene dur to the multiple 1:1 blast hits and having 

strong coding potential with multiple peaks through the length of the 
feature. It was also called by glimmer and genemark.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• Start 19922 had 9 1:1 blast hits 

with others like PotPie, Lauer, 
and Vine



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Z-value:2.958
• Final: -2.708
• These are great values to have 

since the z-value is close to 3 
and the final score is the closest 
to zero out of all of these



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start 19922 has 13 Manual 
Annotated starts which has the 
best numbers out of all the 
others since the only other 
proposed (19952) only has 1 MA



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The start at 19922 includes all of 
the coding potential of the 
entire length of the feature 
which makes it the best 
candidate here.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start 19922 has an overlap of 4



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• My only proposed start was 19922 which has great RBS scores. Has 13 
MA in starterator. Includes all of the coding potential for the entire 
feature length. And also, has 9 1:1 blast hits. So, with that evidence 
I’m going to say that 19922 is the best start for feature 24.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There is no hits that support 
there being a function of this 
gene. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• There was no function predicted 
for either of the genes and there 
was no conserved domains 
provided

• In phamerator it is next to an 
endolysin which gives proof it 
may be a holin 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• This shows that there are 4 
distinct transmembrane 
domains. This helps lead me to 
believe this could be a holin due 
to the number of TMDs being 4 
which is what you need for it to 
be considered a holin.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function of this feature is a holin. This is due to it being adjacent 
to an endolysin in phamerator. It has numerous blast hits with other 
features that are holins in DNA master and in ncbi blast. It has 4 
transmembrane domains which is more than the minimum holin 
requirement of 2. The only issue is there is no evidence for a function 
in HHPRED but the evidence from the other resources make up for 
this.  Alternatively, this would be a membrane protein.



Feature 23 – Stop 20584



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 23
• 20584

• Glimmer:20438 Genemark: 20360

• 20438

• 20438 has a gap of 162
• 29360 has a gap of 84



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is strong coding potential 
for this feature dur to the strong 
peak it has that goes for the 
majority of its length. There is 
proposed pieces of the feature 
that have little to no coding 
potential at all. Complementary 
frames have coding potential in 
this place in their frames.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There is only 2 blast hits for this 
feature both 1:32 and they have 
e-values that go to 10^-25



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene because it was called by both glimmer and gene mark, 

it is shown to have strong coding potential throughout, and it has 2 
blast hits that have e-values of 10^-25 which is way below the 
required 10^-7.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• Start 20345 has 6 blast hits with 

1:1 alignments with 
• Start 20438 has 2 blast 

alignments both at 1:32 
• Start 20360 has 3 blast hits  of 

1:6 and 1 blast hit of 1:1 with 
CherryonLim

• Start 20360 is favored here since 
it has the 1:1 blast hit



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• 20345 Z value 2.034 and FS -
4.654

• 20438 has 
• Z-value: 1.720
• FS: -5.372
• 20360 has
• Z-value: 1.903
• FS: -4.911



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are no manual 
annotations proposed for any 
start



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• 20345 includes all coding 
potential

• Start 20438 cuts off a tiny piece 
of starting coding potential but it 
is not very strong

• Start 20360 includes all of the 
coding potential in the feature



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 20438 has a gap of 162
• 29360 has a gap of 84
• 20345 has a gap of 69
• Start 20345 would have the 

better stats here since it has a 
smaller overall gap than the 
other two considered starts



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

20345 20360

Glimmer/Genemark Genemark

Blast 6 1:1 hits 1 1:1 hit 3 1:6 hits 

RBS Z value 2.034 and 
FS -4.654

Z-value: 1.903
FS: -4.911

Genemark Includes all coding 
potential

Includes all coding potential 

Starterator No MA No MA

Gap/Overlap Gap of 69 Gap of 84

• 20345 would be the better starting site here because it has it 
has 6 1:1 Blast hits, has a better RBS Scocres, includes all coding 
potential and has a smaller gap of 69.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• The only evidence this has due 
to blast is that it’s just a 
hypothetical protein which 
matches with other phages like 
Lauer and BigChungus.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• None of these hits provide any 
evidence that there is a function 
for this gene



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• For Lauer and BigChungus the 
features that relate both do not 
have any function that is 
announced on the conserved 
domain list of phamerator



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• There are 2 transmembrane 
domains for this gene, so this 
gives evidence that it is most 
definitely a membrane protein is 
not anything else



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I believe that this feature is just a membrane protein due to there 
being almost no evidence that this could have a function other than 
the 2 transmembrane domains that only provide evidence for the 
function of membrane protein.



Feature 24 – Stop 21144



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature 24
 
• Stop site: 21144

• Called by both Glimmer and 
GeneMark 

• Autoannotated start: 20581

• Overlap: 4



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Start 20581

Found in forward frame 1
Includes all coding potential 
 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 13 highly similar genes 
• Vine
• Lauer
• KayGee
• Elinal
• BigChungus
• Pons
• CherryonLim
• Manor
• SummitAcademy
• SheckWes
• Stormageddon
• SEA_SUMMITACADEMY_24
• SheckWes



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because it is called by both Glimmer and GeneMark, the 

reading frame includes all coding potential, and the feature has 13 
highly similar genes. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

Start 20581 

• 10 1:1 alignments



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Start 20581
Z Value: 2.159
Final Score: -4.395



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start: 1 @20581 has 13 MAs



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start 20581

Found in forward frame 1
Includes all coding potential 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start site: 20581

• Overlap: 4 (Previous feature 
ends at 20684)



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

20581

Genemark Glimmer & GeneMark

Coding potential Includes all cp 

RBS Z Value: 2.159
Final Score: -4.395

BLAST 10 1:1 alignments

Starterator 13 MAs

Overlap 4

Start site is 20581 because it includes both Glimmer and GeneMark, the frame includes all 
coding potential, the z value is greater than 2, and there are 10 1:1 alignments. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 8 membrane protein 
• 5 hypothetical protein 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• No hits as all probabilities are 

less than 90%. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky feature 26 conserved 
domain: none function: none

• Elinal feature 25 conserved 
domain: none function: none

• MAnor feature 24  conserved 
domain: none function: none



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• # Unnamed Number of 

predicted TMRs: 2



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is membrane protein because while no function was 
determined by Hhpred or Phamerator,  BLAST did include 8 hits for 
membrane protein, and Deep TMHMM had 2 unnamed number of 
predicted TMRs.  



Feature 25 – Stop 22131



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 25
• 22131

• Both 

• 21145

• There is no gap or overlap they are 
adjacent. (Previous feture ends at 
21144)



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• The coding potential for this 
graph is spread out but it has 
several peaks throughout it with 
areas that have none. 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 25 blast hits that have 
an e-value that is zero.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, this feature is a gene because it has a lot of coding potential, has 

over 25 blast hits that have an e-value of zero, and it was called by 
both genemark and glimmer.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• For the start of 21145 there are 

5 1:1 blast hits which make this a 
great start site. There is no other 
compelling evidence for any of 
the other start sites so far



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The start of 21145 has
• Z-value:2.321
• FS:-3.977
• These are by far the best scores 

of all the other RBS values 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The start of 21145 has 6 MA’s 
and is the only start site with 
MA’s so this is the best option 



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The start site of 21145 includes 
all of the coding potential of the 
feature



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There was no gap overlap for 
this feature as it and the feature 
before it are adjacent to each 
other.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start for feature 27 is 21145 because of it having 5 1:1 blast 
alignments, the start including all of the coding potential, having no 
gap/overlap being adjacent to the feature before, and having 6 MA’s 
in starterator.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Blast shows evidence that this 
may be a minor tail protein 
because a lot of other similar 
genes like Vine have this as a 
function for this feature



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• HHPRED gave evidence that this 
may be a minor tail protein. The 
coding with also rich with glycine 
which gives further evidence 
that it could be a minor tail 
protein



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Phamerator gives no evidence of 
a function for this gene due to 
no conserved domains popping 
up and it doesn’t have a name 
corresponding to the colored 
block that it relates to. This gene 
is close to another gene that has 
the function of minor tail protein 
which is 29 on the top (Vine) 
which gives evidence it may be a 
minor tail protein.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• There is no evidence that 
supports a function here since 
there are no transmembrane 
domain hits



This feature is a hypothetical protein

• There is no compelling evidence that this has a function, and it is not 
a transmembrane domain



Feature 26 – Stop 22367



Instructions

Fill this out for each gene you annotate. This should be thought of as
the minimum amount of information that needs to be provided for
each gene. You can always add more slides or information as necessary

• Is it a gene?
• Yes!

• Where does it start?
• 22128!

• What is the function?
• Hypothetical Protein



Glimmer/GeneMark What feature number is this?  26

What is the stop site?  22367

Is auto-annotated start called by 
both Glimmer and GeneMark, 
Glimmer only, GeneMark only, or 
neither? Called by both Glimmer 
and GeneMark

What is the autoannotated start? 
22128

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

Overlap of 4 nucleotides



GeneMark evidence. Screenshot the coding potential graph for the 
predicted ORF.  Answer these questions:  Is it the only reading frame 
with cp? Describe the coding potential… is it strong or is it weak?   How 
do you know?

• There is coding potential throughout 
where the gene is supposed to be starting 
off weak at 22128 and then peaking to 
strong potential around 22150 before 
dropping of a small amount. The coding 
potential then remains strong until it 
drops off at the stop of 22367.

• Another reading frame has some coding 
potential, but it is not consistent 
throughout where the gene is supposed 
to be.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There were 5 1:1 Alignments
• There were seven BLAST hits of 

phages with genes highly similar 
to this feature.

• All BLAST hits had e-values that 
were relatively close to zero or 
zero.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene! There is strong coding potential throughout 

where the gene is called to be, and there are several BLAST hits of 
phages with genes that are highly similar to this feature with e-values 
close to zero.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding 
potential here is required to support your statement.

• Starting at 22128:
• If the gene starts at 22128, then a small part of the 

initial peak would be lost. A majority of the coding 
potential would be included based on this starting 
point.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

Starting at 22128:
 z-value = 2.477
 final score = -3.730

• This is the only proposed start 
based of the evidence, so it is 
favored.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• Starting at 22128:

• There are 5 1:1 alignments of 
other highly similar genes with the 
start of this predicted start based 
of the 7 BLAST hits.

This is the only proposed start 
based of the evidence, so it is 
favored.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Yucky has the Most Annotated 
start for this pham and it is 
called 49.2% of the time when 
present

• 33 MA’s for this start (only start 
for this gene that has manual 
annotations)

• 22128 is the only proposed start 
suggested by the Starterator 
report.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Starting at 22128 would leave an 
overlap of 4 nucleotides with the 
previous feature.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

Start 22128

Glimmer/GeneMark Glimmer & GeneMark

Coding Potential Starting at 22128 would result in the 
loss of a small portion of the initial 
small peak of coding potential

RBS z-value = 2.477
Final score = -3.370

BLAST 5 1:1 Alignments

Starterator 33 MA’s

Gap/Overlap Overlap of 4 nucleotides

The start is 22128! This was; however, the only proposed start based off all the evidence. 22128 was called as the start of this 
gene by Glimmer and GeneMark, and by starting at this nucleotide only a small portion of the initial peak of coding potential is 
lost. At this starting point a z-value of 2.477 and a final score of -3.370 were given. There were 5 1:1 alignments according to 
BLAST of phages with highly similar genes, and the Starterator report showed 33 manual annotations for starting at 22128. There 
would be an overlap of 4 nucleotides with the previous gene



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There were 7 BLAST hits that all 

had functions labeled as 
hypothetical protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• The highest probability hit 

according to HHpred was labeled 
as 84.2 with function labeled as 
“uncharacterized protein”, and 
none of the hits regardless of 
their probability value matched 
up with more than a small 
portion of the gene.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• None of the closely related 
phages with genes in the same 
pham predict a function for this 
gene and there are no conserved 
domains.

• This evidence supports the 
function of this gene being 
labeled as hypothetical protein.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• According the results from Deep 

TMHMM there are no 
transmembrane domains.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function for this gene should be labeled as hypothetical protein 
which is also the official SEA-PHAGES function that should be 
assigned to this gene. All of the 7 BLAST hits for this gene had 
functions labeled as hypothetical protein, and the HHpred results do 
not support this gene having any alternative function to being labeled 
as a hypothetical protein as the highest probability hit was 84.2 and 
was also labeled as having an unknown function. The Phamerator 
map of phages with genes in the same pham as this one have no 
conserved domains or official function assigned.



Feature 27 – Stop 22689



Instructions

Fill this out for each gene you annotate. This should be thought of as
the minimum amount of information that needs to be provided for
each gene. You can always add more slides or information as necessary

• Is it a gene?
• Yes!

• Where does it start?
• 22128!

• What is the function?
• Hypothetical Protein



Glimmer/GeneMark What feature number is this?  27

What is the stop site?  22367

Is auto-annotated start called by 
both Glimmer and GeneMark, 
Glimmer only, GeneMark only, or 
neither? Called by both Glimmer 
and GeneMark

What is the autoannotated start? 
22128

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

Overlap of 4 nucleotides



GeneMark evidence. Screenshot the coding potential graph for the 
predicted ORF.  Answer these questions:  Is it the only reading frame 
with cp? Describe the coding potential… is it strong or is it weak?   How 
do you know?

• There is coding potential throughout 
where the gene is supposed to be starting 
off weak at 22128 and then peaking to 
strong potential around 22150 before 
dropping of a small amount. The coding 
potential then remains strong until it 
drops off at the stop of 22367.

• Another reading frame has some coding 
potential, but it is not consistent 
throughout where the gene is supposed 
to be.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There were 5 1:1 Alignments
• There were seven BLAST hits of 

phages with genes highly similar 
to this feature.

• All BLAST hits had e-values that 
were relatively close to zero or 
zero.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene! There is strong coding potential throughout 

where the gene is called to be, and there are several BLAST hits of 
phages with genes that are highly similar to this feature with e-values 
close to zero.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding 
potential here is required to support your statement.

• Starting at 22128:
• If the gene starts at 22128, then a small part of the 

initial peak would be lost. A majority of the coding 
potential would be included based on this starting 
point.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

Starting at 22128:
 z-value = 2.477
 final score = -3.730

• This is the only proposed start 
based of the evidence, so it is 
favored.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• Starting at 22128:

• There are 5 1:1 alignments of 
other highly similar genes with the 
start of this predicted start based 
of the 7 BLAST hits.

This is the only proposed start 
based of the evidence, so it is 
favored.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Yucky has the Most Annotated 
start for this pham and it is 
called 49.2% of the time when 
present

• 33 MA’s for this start (only start 
for this gene that has manual 
annotations)

• 22128 is the only proposed start 
suggested by the Starterator 
report.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Starting at 22128 would leave an 
overlap of 4 nucleotides with the 
previous feature.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

Start 22128

Glimmer/GeneMark Glimmer & GeneMark

Coding Potential Starting at 22128 would result in the 
loss of a small portion of the initial 
small peak of coding potential

RBS z-value = 2.477
Final score = -3.370

BLAST 5 1:1 Alignments

Starterator 33 MA’s

Gap/Overlap Overlap of 4 nucleotides

The start is 22128! This was; however, the only proposed start based off all the evidence. 22128 was called as the start of this 
gene by Glimmer and GeneMark, and by starting at this nucleotide only a small portion of the initial peak of coding potential is 
lost. At this starting point a z-value of 2.477 and a final score of -3.370 were given. There were 5 1:1 alignments according to 
BLAST of phages with highly similar genes, and the Starterator report showed 33 manual annotations for starting at 22128. There 
would be an overlap of 4 nucleotides with the previous gene



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There were 7 BLAST hits that all 

had functions labeled as 
hypothetical protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• The highest probability hit 

according to HHpred was labeled 
as 84.2 with function labeled as 
“uncharacterized protein”, and 
none of the hits regardless of 
their probability value matched 
up with more than a small 
portion of the gene.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• None of the closely related 
phages with genes in the same 
pham predict a function for this 
gene and there are no conserved 
domains.

• This evidence supports the 
function of this gene being 
labeled as hypothetical protein.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• According the results from Deep 

TMHMM there are no 
transmembrane domains.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function for this gene should be labeled as hypothetical protein 
which is also the official SEA-PHAGES function that should be 
assigned to this gene. All of the 7 BLAST hits for this gene had 
functions labeled as hypothetical protein, and the HHpred results do 
not support this gene having any alternative function to being labeled 
as a hypothetical protein as the highest probability hit was 84.2 and 
was also labeled as having an unknown function. The Phamerator 
map of phages with genes in the same pham as this one have no 
conserved domains or official function assigned.



Feature 28 – Stop 24124



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 28
• 24124

• Both Glimmer and GeneMark call it.

• Nucleotide number 22691.

• There is 1 nucleotide gap.



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• The reading frame 2 has a strong 
coding potential.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 25 highly similar genes 
with E value of 0 or less than 
1x10-7 (Vine, BigChungus).



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
• Both Glimmer and GeneMark called it a gene.
• Coding potential is strong.
• There are many highly similar genes with E value of 0 or less than 

1x10-7.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Reading frame 2 has a coding 
potential where feature 30 
starts. So, included.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 10 1:1 alignments.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The z value is the greatest with 
2.496.

• The final score is less negative 
than most of them. But it is not 
the least negative.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• 13 MA’s for starting site 22691.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 22691-22689 = 2
• 2-1 = 1 gap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

22691

GeneMark Both Glimmer and GeneMark.

Coding potential Included

RBS Z value: 2.496
Final Score: -4.137 (Not least negative)

Blast 10 1:1 alignments

Starterator 13 MA’s

Gap/overlap 1 gap

Both Glimmer and GeneMark call it a start site. Coding potential is included. RBS score does not completely, 
just a little bit, favor it with the final score that is not the least negative. But Blast information with 1:1 
alignemtns and the MA’s favor this starting site. So, 22691 is a start site of feature 30. Gap of 1 is negligible.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• This gene is suggested with 3 
functions.

- Tail protein (Vine, BigChungus)
- Minor tail protein (Vine, Potpie)
- Hypothetical protein 

(BigChungus, Feastonyeet)



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

There are many hits that have higher probability than 90. Many of them 
call it collagen-like protein.

The correct name for collagen-like protein is minor tail protein.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

Other genes from same pham are minor tail protein.

Gene 30 of Yucky share one conserved domain: 
collagen.

Other genes from same pham have collagen but also 
PHA03169.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• It looks like it is a minor tail 
protein, so don’t need to do this 
part.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Gene 30 is a minor tail protein because
- One of the suggestion that BLAST provided was minor tail.
- Hhpred gave a strong evidence with many hits that call it minor tail 

protein with higher probability than 90.
- Phamerator shows that other genes in same pham are minor tail 

protein.



Feature 29 – Stop 24552



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 29
• 24552

• Both Glimmer and GeneMark

• 24121
• RBS score has one more suggestion 

for start site: 24109.

• 4 overlap



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Coding potential in reading 
frame 1 is strong in the area of 
feature 31.

• 24109:
• Coding potential is strong as 

well.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 13 highly similar genes 
with E value of 0 or less than 
1x10-7.

• 24109:
• There are highly similar genes 

with E value that’s less than 
1x10-7.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:

• Both Glimmer and GeneMark called it a gene.
• Coding potential is strong.
• There are 13 highly similar genes with favorable E value.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Coding potential in reading 
frame 1 starts around 24120.

• Feature 31 starts at 24121.
• Therefore, all coding potential is 

included.

• 24109: 
• coding potential is included in 

reading frame 1.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

The z value is not the greatest 
with 1.997 but close to 2.000.
Final score is the least negative 
number with -4.652.

24109:
Z value: greatest with 2.201.
Final score: -5.276 not least 
negative.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• Six 1:1 alignments.

• 24109:
• No 1:1 alignments.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• 24121 has 8 MA’s

• 24109
• No MA’s



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 24124-24121 = 3
• 3+1 = 4 overlap

• 24109:
• 24124-24109: 15
• 15+1=16 overlap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

24121 24109

GeneMark Both Glimmer and GeneMark NA

Coding potential Included Included

RBS Z value: 1.997
Final score: -4.652

Z value: 2.201
Final Score: -5.276

Blast 6 1:1 alignments 0

Starterator 8 MA’s 0

Gap/overlap 4 overlap 16 overlap

24121 is a start because both Glimmer and GeneMark called it. Coding potential is included. There are some 
number of 1:1 alignments and manual annotation. Since there are 4 nucleotides overlap, RBS score is 
considered important. Z value is not the greatest but close enough to 2.000, and the final score is least negative. 
So, RBS score favors the start site 24121.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• BLAST call it a hypothetical 
protein (Vine).



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

There are 2 hits with probability greater than 90.

One is uncharacterized protein, and one is 
collagen-like protein (Minor tail protein).

There should be many hits with minor tail protein 
in order to call it a minor tail protein.

Since there is only one, it is not likely to be a 
minor tail protein.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

Only vine has the same gene as gene 31 of Yucky.

No function is provided.

There is no conserved domain.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• The graph does not seem to 
cross the membrane axis. 

• So it is a hypothetical protein.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• It is a hypothetical protein because
- BLAST called it a hypothetical protein.
- Hhpred called it hypothetical protein and minor tail protein. But there 

is no strong evidence for minor tail protein.
- Phamerator show that there is no function assigned in the same gene 

in the same pham.
- Deep THMHH gave a graph that do not cross membrane axis.



Feature 30 – reverse – stop 
24617



Glimmer/GeneMark

What feature number is this?  30
What is the stop site? 24617

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by both.

What is the autoannotated start? 25036

Gap: ________ or overlap: __4_____ (with 
gene in front of it) for the autoannotated 
start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Reading frame 4 has a lot of 
strong coding potential. It is the 
only frame with coding 
potential.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• All 5 BLAST hits have an E-value 
close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This is a gene, it is called by Glimmer and GeneMark, has 5 BLAST hits 

with E-values close to 0 and has strong coding potential.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There is 1 1:1 alignment. No 
other start is known yet.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The Z-value is 3.213 and the final 
score is -2.253. No other site has 
decent RBS numbers.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The automated start has 1 MA 
and it is the only site to ever 
receive MA’s. 



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• This start does not cut off any 
coding potential. 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 25036-25033=3+1 for overlap of 
4 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The automated start is the true start. The BLAST evidence shows a 1:1 
alignment, it is the only site with good RBS numbers, it is the only site 
to ever receive MA’s, it cuts off no coding potential, and it has a 
overlap of 4 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• All 5 BLAST hits are hypothetical 
proteins. 

• NCBI BLAST yielded the same 
results.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• Hhpred shows many hits for a 
ribosomal protein. I don’t 
believe this to be strong enough 
evidence to overwrite the other 
evidence.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• None of the phages I’ve been 
looking at have this gene.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• It is not an intermembrane 
protein and it functions outside 
of the membrane.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I am assigning this as a hypothetical protein. BLAST via both DNA 
Master and NCBI yield only results for hypothetical proteins. Hhpred 
shows results for a ribosomal protein, but I don’t believe this to be 
enough evidence. None of the similar phages I have been looking at 
have this gene. Lastly, it is not a transmembrane protein.



Feature 31 – reverse – stop 
25033



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature 31
• Stop Site: 25033

• Start is called by both Glimmer and 
GeneMark

• Auto-annotated start site: 25188 

• Start 25188 has a 4 bp overlap with 
feature 34



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Weak coding potential

• There is another reading frame 
with very weak coding potential



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are hits to 3 other highly 
similar genes in Gordonia CT 
cluster phages



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene.
• Glimmer and GeneMark called the gene
• There is coding potential
• Has BLAST hits to 3 other Gordonia CT cluster phage



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 3 Q1:S1 alignments 
with other Gordonia CT cluster 
phage

• 94-100% alignment, good E-
values

• There are no alternative starts
• Start 25188 is favored



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Z-Value: 2.500
• Final Score: -3.603

• 25188 is the favored and only 
start



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 11 manual 
annotations for the proposed 
start

• The proposed start aligns with 
all other pham members

• There are no other possible 
starts



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• A tiny amount of CP is cut off, 
but there are no other possible 
starts to include the cut off CP



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is a 4 bp overlap with the 
with the stop of the downstream 
gene



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• Start Site: 25188
• This agrees with the auto-annotated start. It is the only possible start 

for this feature
• There are 11 manual annotations for this start from other Gordonia 

CT cluster phage



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Other Gordonia phage assigned 
the function Hypothetical 
Protein



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• NKF, there are no hits with a 
probability >90%



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• 12 other Gordonia CT phages 
have this gene; all are 
hypothetical proteins

• There are no conserved domains



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• There are no predicted TMRs



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Hypothetical Protein

• All BLAST hits are to Hypothetical Proteins
• HHPred had no hits with probability >90%
• The 12 other Gordonia CT phages in the pham have assigned the gene 

funcation as hypothetical protein. There are no conserved domains.



Feature 32 – reverse – stop 
25185



Glimmer/GeneMark

What feature number is this?  32
What is the stop site? 25185

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by both Glimmer and GeneMark

What is the autoannotated start?
25446

Gap:  58 or overlap: _______ (with gene in 
front of it) for the autoannotated start

• Called by both 
• Gap of 58



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is a consistent peak of 
strong coding potential on 
reading frame 5. No other frame 
has coding potential



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 2 BLAST hits E-values 
close to 0. 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• I believe this to be a gene. It is called by both Glimmer and 

GeneMark. There is a strong peak of coding potential throughout the 
nucleotide sequence. There are 2 BLAST hits wit E-values close to 0. 
These pieces of evidence lead me to believe this is a gene.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There is one 1:1 alignment and a 
5:6 alignment. No alternative 
starts are known at this time 
since Glimmer and GeneMark 
agree on the start site.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Z-value: 2.142
• Final score:-4.429
• No other RBS values indicate a 

start site



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The autoannotated start has 1 
MA. It is the only proposed site 
to receive a manual annotation. 
It is called 100% of the time 
when present.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• There is a slight bit of coding 
potential cut off at the start site, 
seems to be the beginning of a 
peak.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is a gap of 78, this is not 
ideal but it is acceptable.

• 25525-25466= 59-1= 58



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The autoannotated start site is the start site (25466). There is a 1:1 
alignment on BLAST. The RBS numbers are good with a Z-value of 
2.142 and a final score of -4.429. It has a MA and is called 100% of the 
time when present. It only cuts off a slight piece of coding potential, 
and it has a big, but acceptable gap.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• DNA master BLAST results show 
only 2 hits, and both are as 
hypothetical proteins.

• NCBI only shows hits as a 
hypothetical protein. 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• HHpred shows hits as mostly 
hypothetical proteins, definitely 
not enough evidence to call a 
function.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• BigChungus, PotPie, and Elinal all 
do not contain this gene.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• This is not a transmembrane 
protein as it never crosses the 
membrane.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• This is a hypothetical protein. All shown BLAST hits on DNA master 
and NCBI are only hypothetical proteins. Hhpred shows a couple 
proteins with other functions but enough hypothetical proteins and 
nothing definitive enough to assign a different function. 



Feature 33 – reverse – end 25525



Glimmer/GeneMark

What feature number is this?  33
What is the stop site? 25525

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by both Glimmer and GeneMark

What is the autoannotated start?
25788

Gap: 95 or overlap: _______ (with gene in 
front of it) for the autoannotated start

• Called by both
• Gap of 95



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There are 2 strong peaks of 
coding potential separated by a 
weak peak in reading frame 6.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 8 BLAST hits with an E-
value close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This is a gene. Both Glimmer and GeneMark called it. There is coding 

potential throughout the nucleotide sequence. There are also 8 
BLAST hits with an E-value close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 7 1:1 alignments and 1 
1:23 alignment. 

•  No alternative starts are known 
at this time since Glimmer and 
GeneMark agree on the start 
site.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Z-value: 2.178
• Final score: -4.355
• It is the only available start.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The proposed start site is the 
only one listed by Starterator, it 
has 3 Mas.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• This start site cuts off a slight bit 
of coding potential, particularly 
the start of a peak.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is a gap of 95. This is not 
ideal, but it is acceptable.

• 25884-25788=96-1=95



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 25788. It has multiple 1:1 alignments. A z-value of 
2.178 and a Final score of -4.355. RBS also lists it as the only available 
start. It has 3 MAs and Starterator lists it as the only available start as 
well. It cuts off minimal coding potential. Lastly, it has an acceptable 
gap size.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• DNA master BLAST shows only 8 
hits, all of which are hypothetical 
proteins.

• NCBI BLAST shows the same 
results.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• Hhpred shows hits for a couple 
of true functions, but mostly 
hypothetical proteins. The hits 
are mostly homologous for just a 
region.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• BigChungus, PotPie, and Elinal all 
contain this gene, however all 3 
of them have it called as a 
hypothetical protein.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• This is not a transmembrane 
protein as it never crosses the 
membrane.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• This is a hypothetical protein. BLAST on both DNA master and NCBI 
show hits for only hypothetical proteins. Hhpred shows some hits for 
true functions but not enough for it to be solid evidence. Lastly, 
Phamerator shows the 3 similar phages I have been looking at have 
the gene, but none of them have assigned functions.



Feature 34 – reverse – stop 
25884



Glimmer/GeneMark
What feature number is this?  34
What is the stop site? 25884

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, 
or neither?
Called by both, they disagree

What is the autoannotated start? 
Glimmer: 26153
GeneMark: 26189

Gap: ____95____ or overlap: _______ (with 
gene in front of it) for the autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Reading frame 5 contains a 
strong peak of coding potential 
that tapers off before peaking 
again.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• Glimmer: all 4 BLAST hits had an 
E-value close to 0.

• GeneMark: all 5 BLAST hits had 
an E-value close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This is a gene. It is called by both Glimmer and GeneMark, despite 

their disagreement on the start site, it has strong coding potential, 
and BLAST showed multiple hits with an E-value close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• Glimmer: 3 1:1 alignments
• GeneMark: 5 1:1 alignments



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Glimmer: Z-value: 3.055, Final 
score: -2.443

• GeneMark: Z-value: 1.946, Final 
score: -4.899

• Glimmer site is stronger



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Glimmer: 3 MA’s, most of any 
start

• GeneMark: Never been 
manually annotated.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Glimmer: cuts off some coding 
potential

• GeneMark: includes all coding 
potential 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Glimmer: 26342-26153 for gap= 
188

• GeneMark: 26342-26189= 153-1 
for gap= 152



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

26153 26189

BLAST 3 1:1 alignments 5 1:1 alignments

RBS Z-value: 3.055, Final 
score: -2.443

Z-value: 1.946, Final 
score: -4.899

Starterator 3 MA’s 0 MA’s

Coding potential Cuts off slight piece Includes all

Gap/overlap 188 152

Despite there being one more piece of evidence in favor of 26189, I feel as though I can’t call 
it that due to how bad the RBS numbers are and that it has never been manually annotated. 
Because of this I believe the start site to be 26153.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• All 4 BLAST hits have a 
hypothetical protein function.

• NCBI BLAST shows 5 hits with a 
hypothetical protein function. 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are no Hhpred hits with a 
probability above 90.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Only Elinal has this gene and it is 
a hypothetical protein. No 
conserved domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• This is not an intermembrane 
protein and it likely functions 
outside of the membrane.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I am assigning this as a hypothetical protein. This is consistent with 
the BLAST hits on both DNA Master and NCBI. Hhpred did not have 
any viable hits. Phamerator showed another similar phage had this 
gene as a hypothetical protein. Lastly, It was determined that this was 
not an intermembrane protein.



Feature 35 – Reverse – Stop 
26105 



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 36_37  REVERSE
• Stop Site:  26105
• Start Site:  26269

• No Auto-annotated Start

• 72 bp gap with downstream feature 
37

• 49 bp overlap with upstream feature 
36 (assuming the start is the auto-
annotated start of 26153)



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is some weak CP in the 
frame below that was not 
included in the auto-annotation 
of feature 36

• Weak to Moderate CP
• The CP only briefly spikes above 

the middle line.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• Elinal and Lauer are both CT 
cluster phage

• Elinal_36 is an orpham



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes!

• It has a BLAST hit to another CT cluster phage
• Has moderate CP



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 26269 start is Q1:S1 with 
Elinal_36 which is an orpham. 
Elinal is a CT cluster phage.

• Only this 1 Q1:S1 alignment hit 
for 26269 start

• Q1:S1 hit with Lauer for start 
26209



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

Start 26269 has the slightly better 
RBS scores

Start 26269
• Z-Value: 1.903
• Final Score: -6.164

Start 26209
• Z-Value: 0.964
• Final Score: -6.466



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• No Starterator Evidence



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• 26269 ~30 bp of weak CP cut off

• 26209  No CP included

• 26203  No CP included



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 26269  72 bp gap  
• 26209  132 bp gap
• 26203  138 bp gap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• 26269 Start

• There was not an auto-annotated start for this feature
• This start includes most CP
• Has the better RBS scores
• Has Q1:S1 BLAST hit to CT cluster phage Elinal



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Hypothetical Protein



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• NKF, there are no hits 
with a probability >90%



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• No Phamerator Evidence



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• No predicted TMRs



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Hypothetical Protein

• All BLAST hits were hypothetical proteins
• There were no HHPred hits with a probability >90%
• Deep TMHMM did not predict any TMRs



Feature 36 – reverse – stop 
26342



Glimmer/GeneMark

What feature number is this?  36
What is the stop site? 26342

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by both

What is the autoannotated start? 26848

Gap: ____75____ or overlap: _______ (with 
gene in front of it) for the autoannotated 
start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Reading frame 4 contains 2 
strong peaks of coding potential 
separated by a weak peak.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• All 25 hits have an E-value close 
to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• I believe this to be a gene. It was called by both glimmer and 

GeneMark, has strong coding potential, and has at ;east 25 hits with 
an E-value close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 7 1:1 alignments



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Z-value: 3.055, Final score: -
2.443



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• 28 MA’s, most of any site. 
Another site has 3 but no other 
evidence points towards it so I 
am disregarding it.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• This start cuts off a slight piece 
of coding potential.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 26924-26848= 76-1 for gap=75



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is the automated start 26848. It has 7 1:1 alignments, 
the best RBS numbers, the most MA’s by a lot, only cuts off a little 
coding potential, and has a large, but not unacceptable gap.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• All 25 hits are hypothetical 
proteins.

• All NCBI hits are also 
hypothetical proteins. 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are no Hhpred hits with a 
probability of 90+.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Elinal, PotPie, and BigChungus all 
contain this gene and it is 
labeled a hypothetical protein.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• This is not an intermembrane 
protein and it function outside 
of the membrane.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I am assigning this a hypothetical protein. All BLAST hits showed this 
as the function, Hhpred didn’t have any viable results, phamerator 
showed that all similar phages I have been looking at had this gene 
listed as a hypothetical protein. Lastly, it was determined that it was 
not an intermembrane protein.



Feature 37 – reverse – stop 
26924



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 37
• 26924

• Both

• 27610

• There is a gap of 218 nucleotides



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is very strong  coding 
potential for this graph with it 
having a very strong peak that 
continues for several hundred 
nucleotides



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 13 blast hits that have 
an e-value of zero



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes this feature is a gene because it was called by both genemark and 

glimmer, it has very strong coding potential, and it has 12 blast hits 
that have an e-value of zero.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• There are 8 1:1 blast hits with 

other phages like PotPie and 
Elinal for start 27610

• There is 1 1:1 blast hit with the 
phage Vine for start 27712



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Start of 27610 has
• Z-value:2.806
• FS:-3.104
• These are the best rbs scores of 

the ones proposed on the page
• Start 27712
• Z-value:2.730
• FS:-3.201



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start of 27610 has 3 MA’s and 
start 27712 has 1 MA making 
the start of 27610 the best



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The start site of 27610 includes 
all of the coding potential in the 
feature

• The start of 27712 includes all 
the coding potential also but it 
makes for a very long area 
before the feature having no 
coding potential at all.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is a gap of 218 nucleotides 
which isn’t great for 27610

• There is a gap of 116 nucleotides 
for the start of 27712 making 
this start the better choice here

• I BLAST some potential start 
sites inside of the gap but there 
was no other proposed features 
that could be inserted in the gap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

27610 27712

BLAST 8 1:1 hits 1 1:1 hit

RBS Z-value:2.806
FS:-3.104

Z-value:2.730
FS:-3.201

Starterator 3 MA’s 1 MA

Coding Potential Includes all coding potential Includes all coding potential 

Gap/Overlap 218 116

• The start site is 27610 because although it has a bigger gap it has 
better blast hits, better RBS scores, and more MA’s. Start 27712 also 
has a great chance since the gap is so big. I will have to see if I can 
find any genes that could be inserted between to see if it can get a 
clear choice. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• BLAST proposes that it may be a 
SprT –like protease and this has 
the majority of hits on the page



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• The longest chain on the top 
gives evidence that this is a SprT  
-like protease. I’m not 
considering the others because 
their chains are so short.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Phamerator gives evidence that 
this is a SprT –like protease 
because it matches perfectly 
with the same gene in PotPie



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• Since this has a possible 

function, Deep TMHMM not 
needed here. 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function for this gene is a SprT –like protease due to it being 
called by HHPRED and having a very long chain being the strongest 
out of all of them called. It was called by phamerator and matched 
with the same gene in PotPie. It was also called numerous times in 
blast.



Feature 38 – Reverse – Stop 
27829



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 38
• 27829

• Both

• 28200

• It has a gap of 165 nucleotides



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• This graph has very great coding 
potential with it peaking the 
majority of the length of the 
feature



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are seven blast hits that 
have e-values from 10^-37 and 
10^-38



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes this feature is a gene because it was called by both glimmer and 

genemark, it has strong coding potential, and has seven blast hits that 
are at 10^-38.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• There are 8 1:1 blast hits with 

phages like Elinal for start 28200



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The start of 28200 had a
• Z-value:3.055
• FS:-2.443
• This is the only start site that has 

decent RBS values 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start 28200 has 38 MA’s which is 
the only start that has any



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The start of 28200 includes 
almost all the coding potential it 
cuts off a tiny piece at the start



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is a gap of 165 nucleotides



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site for feature 39 is 28200 because it is the only proposed 
site by genemark and glimmer, it has 38 MA’s, it has 8 1:1 alignments 
with phages like Elinal, and it includes the majority of coding 
potential.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• It is called hypothetical protein 
by every single blast hit



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• The strongest hit in HHPRED 
called this to be an 
Ethanolamine utilization protein 
which is not on the official 
function list.  It also doesn’t have 
a probability greater than 90%



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• There is no proposed functions 
in other genes phamerator and 
phamerator didn’t call the gene 
anything



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• There are no transmembrane 
domains called



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I believe this function to be a hypothetical protein because every 
single blast hit said that it was. HHPRED evidence was thrown out due 
to the function being unknown of the function it called. Phamerator 
didn’t call any function and there are no transmembrane domains.



Feature 39 Stop 28734



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 39
• 28734

• Both

• 28366

• Gap of 165



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is some strong coding 
potential in this graph. It falls off 
almost to zero for about 50 
nucleotides, but it does have 
another peak near the end



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 9 hits with an e-value of zero



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes this feature is a gene because it was called by both glimmer and 

genemark while also having strong coding potential and several e-
values that were zero. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There’s 21 1:1 hits in blast which 
makes this a very good start  

• The second proposed start at 
28558 has only alignments of 
1:65



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• 28366
• Z-value:2.736
• FS:-3.761
• 28558
• Z-value:2.901
• FS:-3.867
• The scores proposed a new start 

at 28558



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The original start has 13 manual 
annotations with the secondary 
start having none making the 
original start preferred



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The original start includes all of 
the coding potential for this 
graph while the second 
proposed start cuts off about 
100 nucleotides



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is a gap of 165 with 
feature 39



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start is 28366 which is the original called start for this feature. It 
has 21 1:1 alignments, 13 manual annotations, includes all coding 
potential, and is called by both glimmer and genemark as the start.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Blast proposes MerR-like helix-
turn-helix as the most likely 
function of this gene



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• All of the HHPRED hits suggest 
that it is in the MerR family 
which makes me want to believe 
it is a MerR-like helix-turn-helix 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• In other phages like vine and 
elinal this feature was called a 
merR-like helix-turn-helix and 
just helix-turn-helix



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function of this gene is a helix-turn-helix DNA binding domain, 
MerR-like because in HHPRED the hot hits all suggested that it was 
part of the MerR  family and blast and phamerator also suggested the 
same thing



Feature 40 – Stop 28826



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 40
• 28826

• Genemark

• 28731

• Overlap of 4



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is strong coding potential 
for this feature, but it only 
includes some of it at the 
current start as it cuts off about 
a fourth of it.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There is only one blast hit and 
the e-value for it is past the 
acceptable amount at 1.7^-10 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• I think this feature is a gene because it is called by genemark, it has 

high coding potential, and it has a blast hit that is close to zero



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There is only one blast hit for 
this feature and it has a blast hit 
of 1:1

• For 28752 there are multiple hits 
but they are 2:9 alignments



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• RBS scores show multiple new 
proposed starts that this gene 
could have one at 28752 and 
one at 28821 which I’m going to 
automatically boot out since 
that would only make the 
feature 5 nucleotides long 
although it has the best scores. 
For now 28731 z-value:1.909 
FS:-4.916 28752 z-value:1.914 
FS:-5.654



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The start of 28731 has 37 
manual annotations and the 
start of 28752 has none



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The first start of 28731 does cut 
off about a fourth of the coding 
potential shown in the graph 
while the second start of 28752 
cuts off over half of the coding 
potential and most of the 
strongest coding potential is 
included in this area.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Overlap of 4 for 28731 
• Gap of 17 for 28752



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start for this gene is 28731 because the other start of 28752 only 
has rbs scores going for it while the first start includes most of the 
coding potential, 37 manual annotations, and a 1:1 alignment in blast. 
The overlap is 4.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• The only proposed function for 
this feature is a hypothetical 
protein



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• HHPRED calls this a membrane 
protein which makes sense since 
it has a transmembrane domain.  
However, the probability is less 
than 90%. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• In Vine which is the only other 
phage that has an alignment 
there is no proposed function 
which could mean it’s a 
hypothetical protein



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• There is one transmembrane 
domain for this feature which 
could make it a membrane 
protein 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Even though this has what appears to be a large transmembrane 
domain, we are going to call this a hypothetical protein.  We are 
unsure of the transmembrane domain as it takes up the majority of 
the sequence.



Feature 41 – reverse – stop 
28884



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 41 Reverse Gene
• 28884

• Both Glimmer and GeneMark

• 29168
• Starterator suggested 29102.

• 3 gap



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Coding potential in reverse 
reading frame 2 is strong.

29102
Coding potential is strong.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 25 highly similar genes 
with E value of 0 or less than 
1x10-7.

• There are many highly similar 
genes with E value that’s less 
than 1x10-7.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
• Coding potential is strong.
• Both Glimmer and GeneMark called it a gene.
• There are highly similar genes.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 23 1:1 alignments.

• 29102
• One 1:1 alignment



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• 29168
• Z value: 2.754 (Greatest)
• Final Score: -3.422 (Least 

negative)

• 29102
• Z value: 2.621
• Final socre: -3.428



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• 47 MA’s

• But there are also 1 MA at 
29102.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start site 29168 includes all 
coding potential.

• 29102:
• Coding potential is cut off.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 29172-29168 = 4
• 4-1 = 3 gap

• 29102:
• 29172-29102 = 70
• 70-1=69 gap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

29168 29102

GeneMark Both Glimmer and GeneMark NA

Coding potential Included Cut off

RBS Z score: 2.754
Final Score:-3.422

Z score: 2.621
Final Score: -3.428

Blast 23 1:1 alignments 1 1:1 alignment

Starterator 47 1

Gap/overlap 3 gap 69 gap

All evidences support that the start site is at the nucleotide number 29168. Both Glimmer and GeneMark agree 
the start site. Coding potential is included as well. RBS score, number of alignment and the number of manual 
annotation support 29168 as a start site. 3 gap is also better than 69 gap.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• BLAST call it an 
endonuclease(Vine), holliday 
junction resolvase(SheckWes), 
nuclease(SummitAcademy), 
hydrolase(Feastonyeet), VRR-
Nuc domain protein(Elinal), and 
a hypothetical protein (Axym).



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

There are many hits with nuclease
There are also many hits with Holliday Junction
There are some hits with VRR-Nuc



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

Same genes in the same pham call it differently.

PotPie – VRR-Nuc domain protein

Vine – nuclease

BigChungus – hydrolase

It shares three conserved domains with PotPie (2 VRR-Nuc and 
1 VRR Nuc like).
It shares two conserved domains with Vine and BigChungus.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• Some functions are given.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I will call it a VRR-Nuc protein because
- It is one of suggestion from BLAST
- There are some hits in Hhpred even though other functions were 

suggested more.
- Phamerator show that Potpie’s gene is VRR-Nuc protein, and it shares 

the most conserved domain with gene 42 of Yucky (This was the 
strongest evidence that I considered).



Feature 42 – reverse – stop 
29172



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

42 reverse gene
29172

Both Glimmer and GeneMark

29378

1 overlap



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

Strong coding potential



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There is only one highly similar 
gene with an E value of close to 
0 (BigChungus).



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
• The coding potential is strong.
• There is one highly similar gene with an E value of close to 0.
• Both Glimmer and GeneMark called it a gene.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There is only one 1:1 alignment 
(BigChungus).



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

Z value: 2.318
Final score: -4.124

It is favored because the Z value is 
the greatest and the final score is 
least negative.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 12 MA’s.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Coding potential is included at 
between the start site and stop 
site of feature 43.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 29388-29388 = 0
• 0+1=1 overlap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

29378

GeneMark Both Glimmer and GeneMark

Coding potential Included

RBS Z value: 2.314
Final score: -4.124

Blast 1

Starterator 12

Gap/overlap 1

29378 is a start site because all factors support it. Especially, gap of one is favored. Though, only one 1:1 
alignment does not support strongly.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• There is only one highly gene. 
• It is a hypothetical protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

There are 2 hits with probability greater than 90.

Both call it a transmembrane protein.

Though there are no functions called 
transmembrane.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

BigChungus – hypothetical protein
PotPie – hypothetical protein
Vine – hypothetical protein

There are no conserved domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• I was not sure about 
transmembrane protein even 
though it was suggested by 
Hhpred.

• So I looked at Deep TMHMM.
• The graph shows a horizontal 

line on the Outside axis, 
meaning we cannot know its 
function.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I decided to call it a hypothetical protein because.
- BLAST call it a hypothetical protein.
- Hhpred gives function that does not exist in the official function list.
- Phamerator show that same genes in the same pham do not have 

functions as well.
- Deep THMHH gave a graph with a horizontal line on the outside axis.



Feature 43 – Reverse – Stop 
29378



Glimmer/GeneMark
What feature number is this?  43
What is the stop site? 29378

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, 
or neither?
Called by both Glimmer and GeneMark

What is the autoannotated start?
29968

Gap: ___3_____ or overlap: _______ (with gene 
in front of it) for the autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is a strong peak of coding 
potential that persists 
throughout the entirety of the 
features sequence. Reading 
frame 4 is the only frame with 
coding potential.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 25 BLAST hits with E-
values close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This is a gene. It is called by both Glimmer and GeneMark and it has a 

very strong peak of coding potential throughout the feature 
sequence. Also, BLAST shows 25 highly similar phages with an E-value 
close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 21 1:1 alignments and 
4 3:4 alignments. There are no 
known alternate starts yet.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The z-value is 2.143 and the final 
score is -4.698. These are the 
only good RBS numbers.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• This start site is found within 
100% of the genes in the Pham 
and is called the manually 
annotated start 100% of the 
time when present. The 
autoannotated start has 54 
MA’s, no other site has ever 
received an MA



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The start site does not cut off 
any coding potential.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 29972-29968= 4-1 for gap=3 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is the manually annotated start of 29968. There are 21 
1:1 BLAST alignments with other highly similar phages. It is the only 
start with acceptable RBS numbers. It is called 100% of the time when 
present and it is the only start site to ever receive MA’s. The start site 
does not cut off any coding potential and it has an optimal gap of 3. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• There are 21 BLAST hits with a 
function of hypothetical protein 
on DNA master, the other 4 are 
DNA polymerase.

• BLASTing on NCBI showed the 
top 13 hits to be a hypothetical 
protein. The 14th was the first 
DNA polymerase.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• Hhpred shows 4 hits with 90% 
probability or better. One hit is a 
hypothetical protein, the other 3 
have a listed function.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• PotPie, BigChungus, and Elinal all 
contain this gene and have it 
called as a hypothetical protein. 
There are no conserved 
domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• This is not an intermembrane 
protein as it never crosses the 
membrane.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I am assigning this gene the function of hypothetical protein. BLAST 
via both NCBI and DNA master show several hits as a hypothetical 
protein. The Hhpred evidence is not as strong as I would prefer, but I 
believe it to be strong enough, showing 1 hit as a hypothetical 
protein. Phamerator shows that 3 highly similar phages all have the 
gene and call it a hypothetical protein with no conserved domains. 
Lastly, it was determined to not be an intermembrane protein.



Feature 44 – Reverse – Stop 
29972



Glimmer/GeneMark
What feature number is this?  44
What is the stop site? 29972

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, 
or neither?
Called by both Glimmer and GeneMark

What is the autoannotated start?
30778

Gap: ____0____ or overlap: _______ (with gene 
in front of it) for the autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Throughout the sequence there 
are many strong and weak peaks 
of coding potential on reading 
frame 4. It is the only frame with 
coding potential.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• All 25 highly similar phages have 
an E-value close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This is a gene. There is a lot of coding potential throughout the 

sequence of the gene and BLAST shows 25 highly similar phages with 
an E-value close to 0. It is also called by Glimmer and GeneMark.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 19 1:1 alignments. 
One 1:7 alignment. One 4:3 
alignment. One 3:1 alignment. 
Two 2:3 alignments and one 1:2 
alignment. 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The Z-value of the 
autoannotated start is 3.055 and 
the final score is -2.443. There is 
an alternate start with the same 
Z-value, but a worse final score. I 
will look into it in starterator. All 
other values are not ideal.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Automated start: 39 MA’s, called 
81.2% of the time when present.

• Alternate start (30772): 3 MA’s, 
called 15.2% of the time when 
present.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Both starts cut off a slight peak 
of coding potential, however the 
autoannotated start cuts off less 
by about 6 nucleotides.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 30779-30778=1-1 for gap= 0



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is the autoannotated start of 30778. There are 19 1:1 
alignments on BLAST. The RBS numbers showed that the automated 
start had the best numbers, but there was another good start so I 
looked into it in starterator. Starterator showed that the automated 
start had more manual annotations and was called more often. Both 
starts cut off some coding potential, but the automated start cut off 
less so I stopped considering the possible alternate start. The 
automated start also had a gap of 0, which is optimal. The start is 
30778.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• DNA master BLAST shows many 
possible functions. The most 
abundant is a RecA-like DNA 
recombinase. There are also some 
results for a hypothetical protein 
and ASCE ATPase and a SAK4-like 
ssDNA annealing protein.

• BLASTing on NCBI yielded results 
for all of the above listed functions, 
the most abundant being a RecA-
like DNA recombinase.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are many strong hits. 
Primarily for a RecA like protein.

• After discussion with Dr. 
Rueschhoff, this gene does not 
meet the requirements to be 
called a RecA like protein. 

• I was advised to call it an ASCE 
ATPase, but more evidence is 
needed, likely to call it that.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Elinal, PotPie, and BigChungus 
have this gene and it is called an 
ASCE ATPase by Elinal and 
PotPie.

• Called a RecA-like DNA 
recombinase. 

• Elinal and PotPie have a AAA 
conserved domain. 

• BigChungus has 3 conserved 
domains, as pictured. 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• I would like to call this an ASCE 
ATPase.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I am calling this an ASCE ATPase. BLAST had numerous hits for this 
function and Hhpred showed it could not be called a RecA-like 
protein. HHPred also contained hits for an ASCE ATPase. Phamerator 
also showed that 2 of the 3 highly similar phages observed had this 
gene with the ASCE ATPse function. 



Feature 45 – Reverse – Stop 
30079



Glimmer/GeneMark
What feature number is this?  45
What is the stop site? 30779

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, 
or neither?
Called by both Glimmer and GeneMark

What is the autoannotated start?
31828

Gap: ________ or overlap: ____11___ (with 
gene in front of it) for the autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

There are many strong peaks throughout the sequence of 
coding potential, that taper off to weak peaks before 
repeaking strongly.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are at least 25 highly 
similar phages with an E-value 
close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This is a gene. It is called by both Glimmer and GeneMark, has a lot of 

strong coding potential throughout the sequence, and has at least 25 
highly similar phages with an E-value close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There is one 1:1 alignment. 
There are 13 3:2 alignments and 
6 2:5 alignments. There are a 
handful of a couple others, 
including a 4:7, a 2:26, and a 
3:17



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The automated starts Z-value is 
2.525 and the final score is -
3.613. There is another start 
with decent numbers, but it cuts 
off too much CP to be 
considered. 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• The automated start has 1 MA, 
however it is the only start to 
ever receive a manual 
annotation. 



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The automated start includes all 
coding potential. 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 31828-31818= 10+1 for 
overlap=11



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is the automated start of 31828. It has one 1:1 
alignment, and the best RBS numbers that make sense as a possible 
start site. The starterator evidence isn’t as good as I’d like, but it is 
compelling enough to call with the start site being the only possible 
start to receive an MA. It also cuts off no coding potential and has an 
acceptable gap.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• All 25 highly similar genes shown 
by DNA master BLAST have an 
exonuclease function. After 
discussing with Dr. Rueschhoff, it 
is likely a Cas4 exonuclease. 

• NCBI BLAST showed largely the 
same results.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• After viewing Hhpred evidence, 
a helicase domain was found. 
This means this is likely a RecB-
like exonuclease. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• PotPie, BigChungus, and Elinal all 
have this gene. PotPie calls it a 
Cas4 exonuclease. BigChungus 
and Elinal call it a RecB-like 
exonuclease due to having a 
helicase domain. 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• I would like to call this a RecB-
like exonuclease. 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I call this a RecB-like exonuclease/helicase. BLAST showed many hits 
for this function, at the time I thought it was a Cas4 exonuclease due 
to a lack of a helicase domain. However, multiple helicase domains 
were found on Hhpred and Phamerator showed that 2 of the 3 similar 
phages I have been looking at call a RecB-like exonuclease. Due to it 
having a helicase domain I believe this to be a RecB-like exonuclease.



Feature 46 – Reverse – Stop 
31818



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 46
• 31818
• Reverse

• Both glimmer and genemark

• 32099

• 14 overlap



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• 32099-31818

• Coding potential in reading 
frame 2 is 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• One highly similar gene with E 
value of 0 (SheckWes).



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
- Both Glimmer and genemark called it a gene.
- Coding potential is strong.
- There is one highly similar gene with E value of 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 1 1:1 alignment (SheckWes).



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• RBS score favors.
• Z value is the greatest with 3.146
• Final score is the least negative 

with -2.394



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

There is 1 MA for the autoannotated start site.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Reading frame 2 show that 
coding potential is included.

• There is a really small coding 
potential if look close.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

32099-32086 = 13
13+1 = 14 overlap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

32099

GeneMark Both Glimmer and GeneMark

Coding potential Included

RBS score Z-value: 3.146
Final score: -2.394

BLAST 1

Starterator 1

Gap/overlap 14 overlap

Nucleotide number 32099 is the start site because all of the factors favor it. Both Glimmer and GeneMark 
agree. Coding potential is included. RBS score favor the start site. There are 1 1:1 alignment and MA, which 
are better than nothing. Overlap is not huge.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Hypothetical protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

There are no hits with probability greater 
than 90.

Therefore, it is a hypothetical protein.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

There is only one highly similar gene in the same 
pham.

There is no assigned function either there.
There is no conserved domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• It is located outside the cell.
• Therefore, it is a hypothetical 

protein.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• It is a hypothetical protein because:
- BLAST function list shows a highly similar gene is a hypothetical 

protein.
- Hhpred does not show the hits with the probability greater than 90.
- Highly similar gene in the same pham does not have an assigned 

function.
- Deep TMHMM tells this gene is located outside the cell.



Feature 47 – Reverse – Stop 
32086



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 47
• 32086
• Reverse

• Both Glimmer and genemark

• 34461
• 4 overlap



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

Coding potential is strong.

It starts around at 34470 and ends at 32090.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 25 highly similar genes 
with E value of 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
Both glimmer and genemark called it a gene.
Coding potential is strong.
There are 25 highly similar genes with E value of 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 11 1:1 alignments.

• 33960:
- There are 11 1:1 alignments.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Autoannotated start site is 
favored by the RBS evidence.

• Z value is the greatest with 
2.811.

• Final score is the least negative 
with -3.033

33960:
Z value of 2.064
Final score of -4.564



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

There are 13 MA’s at the autoannotated start site.

Starterator proposed start site at 33960 has 5 MA’s.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

All of the coding potential is included at 
the autoannotated start site.

Coding potential is cut off for the 
starterator proposed start site.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Autoannotated start site:
34461-34458 = 3
3+1 = 4 overlap

33960:
34458-33960 = 498
498-1 = 497 gap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

34461 33960

GeneMark Both Glimmer and GeneMark NA

Coding potential Included Cut off

RBS score Z-value: 2.811
Final score: - 3.033

Z-value: 2.064
Final score: -4.564

BLAST 11 11

Starterator 13 5

Gap/overlap 4 overlap 497 gap

Start site at 34461 is favored because all evidence favor it. Also, it only has 4 overlap.
33960 has too many nucleotides gap. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Similar genes are DNA 
polymerase.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

There are many hits with probability 
greater than 90.

Parts of hits suggest that it is a DNA 
polymerase I.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

All highly similar genes within the same pham are 
assigned a function of DNA polymerase I.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• No



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• It is a DNA polymerase I because:
- BLAST suggest it is a DNA polymerase, close to DNA polymerase I.
- Hhpred suggests part of the hits call it a DNA polymerase I.
- Phamerator calls other similar genes in the same pham DNA 

polymerase I.



Feature 48 – Reverse – Stop 
34458



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 48
• Reverse 
• 34458

• Both Glimmer and GeneMark

• 34763

• 134 gap



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Coding potential in reading 
frame -2 is strong.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 25 highly similar genes 
with E value of 0 or less than 10-
7.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
- Both Glimmer and GeneMark call it a gene.
- Coding potential is strong.
- There are 25 highly similar genes with E value of close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are three 1:1 alignments.

34967: 
There are 2 1:1 alignments.

Autoannotated start site is 
favored



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The z value of autoannotated start 
site is 2.323 (second greatest) and 
the final score is -4.879 (not close 
to the least negative).

• A new start site has suggested: 
34967.

• Z value is the greatest with 2.901 
and the final score is the least 
negative with -2.845

• New start 34967 site is favored



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 4 MA’s for the 
autoannotated start site 34763

34967:
No MA



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• 34763 Coding potential is cut off.

34967:
Coding potential is included. 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Autoannotated start site: 
34898 – 34763 = 135
135-1 = 134 gap

34967:
34967-34898 = 69
69+1 = 70 overlap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

34763 34967

GeneMark Both Glimmer and GeneMark NA

Coding potential Cut off Included

RBS Score Z-value: 2.323
Final score: -4.879

Z-value: 2.901
Final Score: -2.845

BLAST 3 1:1 alignments 2 1:1 alignments

Starterator 4 0

Gap/overlap 134 gap 70 overlap

Start site at nucleotide 34967 is supported by coding potential and the RBS score evidence. Number of 1:1 
alignments and the MA’s of the autoannotated start site and the proposed start site are just different by 
small number. 70 overlap is smaller than having 134 gap.  Calling 34967 is the start we are calling as we 
feel a 70 bp overlap is preferred. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Other highly similar genes are 
dCMP deaminase, 
deoxycytidylate deaminase, 
nucleoside deaminase, 
hypothetical protein.

• There are deoxycytidylate 
deaminase.

• dCMP deaminase is the wrong 
name for deoxycytidylate 
deaminase.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are many hits with 
deoxycytidylate deaminase.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

The highly similar gene is a deoxycytidylate deaminase.
They share 9 conserved domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• No



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• It is a deoxycytidylate deaminase because:
- Most of highly similar genes shown in BLAST were deoxycytidylate 

deaminase.
- There are many hits with deoxycytidylate deaminase in Hhpred.
- One highly similar gene with 9 conserved domains is a 

deoxycytidylate deaminase. 



Feature 49 – Reverse – Stop 
34898



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 49
• Reverse
• 34898

• Both Glimmer and GeneMark

• 35701

• 4 overlap



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Coding potential is strong.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 25 highly similar genes 
with E value close to 0 (Vine).



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
- Both glimmer and genemark called it a gene.
- Coding potential is strong.
- There are 25 highly similar genes with E-value of 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 23 1:1 alignments.
• It is favored.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The z-value is 2.376 (the 
greatest) and the final score is -
4.767 (the least negative).

• It is favored.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 55 manual annotation 
on this start site.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Coding potential is a little bit cut 
off.

• The start site is at 35701, but 
GeneMark S file show the coding 
potential starts around at 35715.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 35701-35698 = 3
• 3+1 = 4 overlap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

35701

GeneMark Both Glimmer and GeneMark

Coding potential Cut off a little bit

RBS score Z-value: 2.376
Final score: -4.767

BLAST 23 1:1 alignments

Starterator 55 MA’s

Gap/overlap 4 overlap.

This gene starts at 35701 because it is the only proposed start site with most of evidence supporting it. Both 
Glimmer and GeneMark agree. There are many 1:1 alignments and MA’s. With overlap of 4, RBS becomes more 
important. Even though coding potential is cut off by a little bit, other evidence support the autoannotated start 
site.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Other highly similar genes are 
endolysin, lysin B.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

Many call it a lysin B or endolysin. Because there 
are lysin B, it can not be called as an endolysin.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

Other highly similar genes in the same pham are lysin B.

There are no conserved domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• No



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• This gene is a lysin B because
- Many highly genes are lysin B protein.
- There are many hits with lysin B or endolysin (it is a lysin B, more 

specific).
- Other highly similar genes in the same pham are lysin B.



Feature 50 – Reverse – Stop 
35698



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 50
• Reverse
• 35698
• Both Glimmer and GeneMark

• 35859

• 4 overlap



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Reading frame 3 shows a strong 
coding potential.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 13 highly similar genes 
with E value of close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
- Both Glimmer and GeneMark called it a gene.
- Coding potential is strong.
- There are 13 highly similar genes with E value of close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

•  There are 6 1:1 alignments. 
(Elinal)

• No 1:1 alignments for RBS 
suggested start site.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The z value is 2.189, not the 
greatest.

• Final score is -4.603, not the least 
negative.

• There is a better start site at 35775 
with RBS value, but it has too much 
gap of 83. 

• Z value of 2.600, the greatest.
• Final score of -4.222, the least 

negative.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 13 MA’s for the 
autoannotated start site.

• There are no MA’s for the RBS 
suggested start site.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

Autoannotated start site:
Includes all.

RBS start site:
Cuts off most of coding potential.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 35859-35856 = 3
• 3+1 = 4 overlap for 

autoannotated start site.

• 35856 – 35775 = 84
• 84-1 = 83 gap for RBS suggested 

start site.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

35859 35775

GeneMark Both Glimmer and Genemark NA

Coding potential Included Cuts off most parts

RBS score Z-value: 2.189
Final score: -4.603

Z value: 2.600
Final score: -4.222

BLAST 6 1:1 alignments NA

Starterator 13 MA’s NA

Gap/overlap Overlap of 4 Gap of 83

Gene 51 starts at 35859 because all evidence except RBS score support it. Its RBS score also slightly lower 
than the ones 35775. So, this difference does not affect it. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Hypothetical protein (Lauer)



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There is only one hit with 
probability greater than 90.

• Though, there are no functions 
like that.

• So hypothetical protein.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

Other highly similar genes in the same pham are not assigned a 
function.

So, hypothetical protein.

There are also no conserved domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• It is located on the outside of 
the cell.

• So, there is no way to know its 
function

• Therefore, hypothetical potein



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Gene 51 is a hypothetical protein because:
- All highly similar genes in BLAST are hypothetical protein.
- There is only one hit with probability greater than 90, but its function 

is not in official function list.
- Other highly similar genes in the same pham do not have a function 

assigned.
- This gene is located on the outside of the cell.



Feature 51 – Reverse – Stop 
35856



Glimmer/GeneMark

What feature number is this?  51
What is the stop site? 35856

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by Glimmer and GeneMark
What is the autoannotated start?
36644
Gap: ________ or overlap: _______ (with 
gene in front of it) for the autoannotated 
start
There is an overlap of 4



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• The coding potential starts off 
weak a little bit before the 
feature is called to start at 36644 
and continues to alternate until 
dropping off around 35810.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are at least 25 BLAST hits 
of highly similar genes from 
other phages

• All BLAST hits have e-values 
extremely close to zero

• There are 3 1:1 alignments



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene. The is strong coding potential throughout 

where the feature is called to run, and there are at least 25 BLAST hits 
of phages with highly similar genes that all have e-values extremely 
close to zero. Three of these hits were 1:1 alignments.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• There are at least 25 BLAST hits 

of phages with highly similar 
genes that all have e-values 
extremely close to zero

• There are 3 1:1 alignments



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Starting at 36644:
• Z-value = 1.688
• Final score = -5.649

• There are some starting sites 
that have better RBS scores but 
they cut off a much larger 
amount of coding potential and 
do not show up in starterator.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Calls the “Most Annotated” start
• The only start site that has any 

manual annotation is 36644, and 
it has a total of 48 MA’s.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Starting at 36644 cuts off a small 
amount of coding potential, but 
none of it is strong. A majority of 
the coding potential is included 
with this start site.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Starting at 36644 would leave an 
overlap of 4 nucleotides. 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site for this gene is 36644 and it was the only proposed start 
site based off all the evidence. There were 3 1:1 alignments for 
starting at this position with highly similar genes from other phages 
according to BLAST. The RBS scores for starting here came to a z-value 
of 1.688 and a final score of -5.649. There were better scores, but 
they cut out a significant portion of coding potential. 36644 was the 
only start site that had manual annotations according to the 
starterator report for which it has 48. 36644 cuts off a small amount 
of coding potential, but a majority of it is included. Starting here 
would leave an overlap of 4 nucleotides with the previous reverse 
gene.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There are at least 25 BLAST hits 

of highly similar genes that all 
have the function labeled 
thymidylate synthase



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• There were several HHpred hits 

with probabilities of 100 that 
had functions labeled as 
thymidylate synthase and 
extremely small e-values.

• Some had functions labeled as 
hydroxymethylase.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Phamerator showed that closely 
related phages with genes in the 
same pham had functions 
labeled as thymidylate synthase 
and conserved domains labeled 
TS_Pyrimidine_HMase



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• Not applicable since there is a 

probable function



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Official function list assignment → thymidylate synthase
• The function of this gene should be labeled as thymidylate synthase. 

At least 25 BLAST hits of highly similar genes with functions labeled 
thymidylate synthase and had extremely small e-values that were 
close to zero. HHpred showed several hits with probabilities of 100 
and e-values close to zero that had functions labeled as thymidylate 
synthase. Phamerator also shows that phages with genes in the same 
pham as this one have functions labeled as thymidylate synthase as 
well as conserved domains labeled TS_Pyrimidine_HMase.



Feature 52 – Reverse – Stop 
36641



Glimmer/GeneMark

What feature number is this? 52
What is the stop site? 36641

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by Glimmer and GeneMark
What is the autoannotated start?
37516
Gap: ________ or overlap: _______ (with 
gene in front of it) for the autoannotated 
start
There is a gap of 10



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• The coding potential for this 
feature starts off slightly before 
the feature is called to start at 
37550 and peaks to strong until 
dropping to weak around 37210. 
The potential then peaks back to 
strong around 37050 before 
dropping off to nothing at 
36690.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are at least 25 BLAST hits
• 9 1:1 alignments
• All hits have e-values that are 

extremely close to zero



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene! There is strong coding potential running 

throughout where the feature is called to be based off the GeneMark 
file, and there were at least 25 BLAST hits of phages with genes highly 
similar to this one that had e-values extremely close to zero. Nine of 
those hits were also 1:1 alignments.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
Starting at 37516:
• There were at least 25 BLAST 

hits that all have e-values 
extremely close to zero.

• There are 9 1:1 alignments



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Starting at 37156:
• Z-value = 1.984
• Final score = -5.985

• There were a couple other start 
sites that had better RBS scores, 
but they cut of a lot more coding 
potential and were not 
recognized by Starterator.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Yucky does not have the “Most 
Annotated” start

• Starting at 37516, the 
autoannotated start, has 20 
MA’s

• It is the only start site with manual 
annotations



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Starting at 57516:
• A small amount of coding 

potential is cut off by starting at 
this position, but it is also the 
earliest possible start site.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Starting at 57516 would leave an 
gap of 10 with the previous 
gene.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site for this gene is 57516! There was at least 25 BLAST hits 
of highly similar phages that all have e-values extremely close to zero. 
Nine of these hits were 1:1 alignments. The z-value for this start site 
was 1.984 and the final score was -5.585. There were some start sites 
with better RBS scores, but they cut off a much larger portion of 
coding potential. 57516 was the only start site from the starterator 
report that had any manual annotations for which it had 20. Starting 
at 57516 would leave a gap of 10 nucleotides with the previous gene.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There were at least 25 BLAST 

hits that had functions labeled 
as hypothetical protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• Hhpred did not show any hits 

with probabilities above 90, and 
any hits that were there only 
matched with portions of the 
gene.

• There were no conserved 
domains present.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Closely related phages with 
genes in the same pham as this 
one do not have a designate 
function or conserved domains.

• No evidence to support 
predicting a function for this 
gene.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• There were no transmembrane 

domains.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Offical function → hypothetical protein
• The function for this gene should be labeled as a hypothetical protein. 

There were at least 25 BLAST hits of highly similar genes from other 
phages that had functions of hypothetical protein, and Hhpred did 
not show any hits with probabilities above 90. Phamerator also did 
not predict a function for this gene as phages with genes in this pham 
did not have assigned functions and there were no conserved 
domains present. Deep TMHMM did not predict any transmembrane 
domains, so the function cannot be labeled as a membrane protein 
either.



Feature 53 – Reverse – Stop 
37527



Glimmer/GeneMark

What feature number is this?  53
What is the stop site? 37527

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Glimmer and GeneMark
What is the autoannotated start?
37775
Gap: ________ or overlap: _______ (with 
gene in front of it) for the autoannotated 
start
There is an overlap of 8



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is coding potential call 
throughout where the feature is 
called to be. A majority of it is 
weak with periodic peaks into 
strong coding potential.

• The earliest start site is the 
autoannotated start of 37775, 
but it does cut off part of the 
initial peak of coding potential 
for this feature.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There was only one BLAST hit for 
this feature, but it was 1:1 
alignment and had an e-value 
extremely close to zero.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• I would call this feature a gene! There is coding potential running 

throughout where the feature is called to be alternated between 
strong and weak. There was also a BLAST hit with an e-value 
extremely close to zero that was also a 1:1 alignment.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There was only 1 BLAST hit for 
this gene with the phage 
SheckWes that had an e-value 
extremely close to zero. This hit 
was a 1:1 alignment.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Starting at 37775:
• Z-value = 3.055
• Final score = -2.584

• The autoannotated start site had 
the best RBS scores.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• 37775 was the only start site 
that had manual annotations. 
There were 6 MA’s for this start 
site.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• 37775 is the earliest possible 
start site, but it does cut off part 
of the initial peak of coding 
potential. A majority of the 
coding potential is included.

• Any start site after 37775 would 
cut off a larger amount of coding 
potential.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Starting at 37775 would leave an 
overlap of 8 with the previous 
gene.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site for this feature is 37775. There was only one BLAST hit 
for this start site with the phage SheckWes and it was a 1:1 alignment 
with an e-value extremely close to zero. This start site also had the 
best RBS values of all the possible start sites (z-value of 3.055 and a 
final score of -2.584). 37775 was the only start site that had manual 
annotations according to the starterator report (6 manual 
annotations). This start site does cut off part of the initial peak of 
coding potential, but a majority of it is included. There would be an 
overlap of 8 with the previous feature, but this is not an unfavorable 
condition. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There was only one BLAST hit 

and it had hypothetical protein 
as the function.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• Hhpred did not have any hits 

with probability above 90 (the 
highest was 51.27), so the 
results did not support the 
assignment of a function for this 
gene.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Phages with genes in the same 
pham do not predict a function 
for this gene. There were no 
conserved domains or specific 
functions assigned to them.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• Deep TMHMM showed evidence 

of transmembrane domains, so 
the function of this gene can be 
categorized as a membrane 
protein over a hypothetical 
protein.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Official function → membrane protein
• There was only one BLAST hit for this gene, and it had the function of 

hypothetical protein. Hhpred did not show any hits with probabilities 
over 90, so it did not support the assignment of a specific function. 
Phamerator showed that phages with genes in the same pham do not 
have designated functions or conserved domains, so it also did not 
support an assignment of a specific function for this gene. The Deep 
TMHMM graph for this gene showed transmembrane domains, so the 
function should be labeled as a membrane protein.



Feature 54 – Reverse – Stop 
37768



Glimmer/GeneMark

What feature number is this?  54
What is the stop site? 37768

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Glimmer
What is the autoannotated start?
37923
Gap: ________ or overlap: _______ (with 
gene in front of it) for the autoannotated 
start
There would be an overlap of 1

• Genemark called start at 37929 (there 
would be an overlap of 7)



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Coding potential starts at 37900 
immediately peaking to strong 
and staying that way until falling 
off 37820.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There were 9 BLAST hits for 
highly similar genes to this one 
that all have e-values extremely 
close to zero.

• 6 of these hits were 1:1 
alignments



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene! There were 9 BLAST hits of highly similar genes 

that have e-values extremely close to zero. Six of these hits were 1:1 
alignments. There is also strong coding potential throughout where 
the feature is called to be.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• Starting at 37923:

• There were 9 BLAST hits
• 6 1:1 alignments

• Starting at 37929:
• Need to look into this one



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Starting at 37923:
• Z-value = 2.467
• Final score = -3.733

• Starting at 37929:
• Z-value = 2.467
• Final score = -4.976



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Starting at 37923:
• 9 manual annotation

• Starting at 37929:
• 4 manual annotations



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Starting at 37923:
• Doesn’t cut off any coding 

potential

• Starting at 37929:
• Doesn’t cut off any coding 

potential.
• The extra few nucleotides added 

with this start site don’t include 
any more coding potential than 
the autoannotated start site.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Starting at 37923:
• There would be an overlap of 1

• Starting at 37929:
• There would be an overlap of 7



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

Starting at 37923 Starting at 37929

Glimmer/GeneMark Glimmer GeneMark

BLAST 6 1:1 alignments Haven’t been able to look at it

RBS scores Z-value = 2.467
Final score = -3.733

Z-value = 2.467
Final score = -4.976

Starterator 9 MA’s 4 MA’s

GeneMark All coding potential included All coding potential included

Gap/Overlap Overlap of 1 Overlap of 7

The start site is 37923! This start site was called by Glimmer only, and it had 9 MA’s whereas the start site called by glimmer 
only had 4. It also has 6 1:1 alignments according to BLAST. The z-value for both start sites was 2.467, but 37923 had the better 
final score of -3.733. Both start site included all the possible coding potential for the gene, but 37923 had a smaller overlap of 
only 1 nucleotide.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• All 9 BLAST hits showed the 

function of hypothetical protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• There were no Hhpred hits with 

probabilities over 90, so it does 
not support the assignment of a 
function for this gene.

• There were no conserved 
domains present.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Phages with genes in the same 
pham do not predict a function 
for this gene. They do not show 
assigned function or the 
presence of conserved domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• There is no presence of 

transmembrane domains.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Official function → hypothetical protein
• The function for this gene should be labeled as hypothetical protein. 

All 9 of the BLAST hits showed functions of hypothetical protein. 
Hhpred did not show any hits with probabilities over 90, so it doesn’t 
support the assignment of a specific function of this gene. 
Phamerator showed that phages with genes in the same pham do not 
have designated function or show the presence of conserved 
domains. The Deep TMHMM graph showed that there were no 
transmembrane domains, so it cannot be labeled as a membrane 
potein.



Feature 55 – Reverse – Stop 
37923



Glimmer/GeneMark

What feature number is this?  55
What is the stop site? 37923

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by Glimmer and GeneMark
What is the autoannotated start?
38153
Gap: ________ or overlap: _______ (with 
gene in front of it) for the autoannotated 
start
There is an overlap of 1

• Previous feature end at 38153



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• The coding potential starts by 
peaking to strong at 38110 and 
staying that way until it peters of 
to weak around 38050 before 
dropping off at 37980.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There were 10 BLAST hits for this 
feature with highly similar genes 
of other phages, and all hits had 
e-values that were extremely 
close to zero.

• Nine of these hits were 1:1 
alignments



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene! There were 10 BLAST hits for this feature with 

highly similar genes of other phages that had e-values extremely close 
to zero. Nine of these hits were 1:1 alignments. There is also strong 
coding potential running throughout where the feature is called to be.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• There were 9 1:1 alignments 

with start at 38153



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• 38513 has a good Z value at 
3.055 and the best FS at -2.505



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

Coding potential is not cut off



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 38153 has an overlap of 1
• 38516 has a overlap of 4



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• 38513 is the start.  It is a tandem start and is the second start in the 
sequence.  It has sufficiently good evidence.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• Functions annotated previously 

are hypothetical protein



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• There are no HHPRED hits above 

90% probability



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Closely related protein in 
BigChungus does not call a 
function and there were no 
conserved domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• There are no transmembrane 

domains



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• This is a hypothetical protein since there is no indication of a known 
function and there are no transmembrane domains.



Feature 56 – Reverse – Stop 
38513



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature: 56
• Stop site: 38153 

• Called by both Glimmer and 
GeneMark @bp 38416

• Gap: 1



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

Reverse frame 1 includes all coding 
potential. It is the only reverse frame 
with coding potential. 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• Highly similar genes:
0 highly similar genes (None have E 
value: 0E0)

7 1:1 alignments: 
BigChungus
Pons
SheckWes
Mayweather
SummitAcademy
Elinal
PotPie



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes it is a gene because both Glimmer and GeneMark call it at the 

same start site 38416. The start site 38416 also includes all coding 
potential within the reverse frame, and the gene has 1:1 alignment 
with 7 other genes. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

7 1:1 alignments: 
BigChungus
Pons
SheckWes
Mayweather
SummitAcademy
Elinal
PotPie

Image shows 1:1 alignment with gene 
SummitAcademy 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• For start site 38416 

Z value = 1.351
Final score = -6.062



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start: 12 @38416 has 11 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• At start site 38416, all coding 
potential is included, none is cut 
off. 

• The start site 38416 is the only 
start side mentioned in 
Starterator evidence 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Gap: 1 
• 38418 – 38416 = 2 -1 = 1 gap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

38416

GeneMark Glimmer & GeneMark 

Coding potential Includes all cp

RBS Z value = 1.351
Final score = -6.062

BLAST 7 1:1 alignments

Starterator 11 MA’s

Gap 1

The start site is the auto annotated start site 38416. The reason for this is because the 
start site was called by both Glimmer and Genemark, the reverse frame contained all 
coding potential (and none of it was cut off), there are 7 1:1 alignments, and 11 MA’s 
based on Starterator evidence. Starterator evidence also did not suggest another start 
site. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 7 assigned function as 

hypothetical protein 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• Hhpred evidence:
2 hits listed function as Alpha-
aminoadipate carrier protein. 
Other hits were considered 
“domain of unknown”, or 
“uncharacterized protein”. 

However, Alpha-aminoadipate 
carrier protein is not on the 
function list so we cannot call it. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

Yucky feature 57 conserved domain: 
none function: none

Pons feature 55 conserved domain: 
none function: none

BigChungus feature 53 conserved 
domain: none function: none



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• Has 0 unnamed number of 

predicted TMRs 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is hypothetical protein because it has no conserved 
domain or function seen in Phamerator evidence.  Hhpred also shows 
no function as the possible function that it could be (Alpha-
aminoadipate carrier protein) is not on the function list. The 
DeepTMHMM evidence also has 0 unnamed number of predicted 
TMRs, so the function is automatically considered a hypothetical 
protein. 



Feature 57 – Reverse – Stop 
38418



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature: 57
• Stop site: 38418

• Called by Glimmer @bp 38879 and 
called by GeneMark @bp 38888

• Overlap: 11



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Start site: 38879
• Includes all cp
• Start site: 38888
Includes all cp 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 25 highly similar genes (0.0E0)
Lauer

Mayweather

SheckWes

Pons

CherryonLim

Cleo

BillDoor

SteamedHams

Survivors

HippoPololi

Tolls

Gibbous

Azira

AndPeggy

Troje

Fribs8

Emalyn

Cozz

Nina

Maargaret

Yakult

Orla

GiKK

Button 

Jamzy



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes it is a gene because it is called by Glimmer and then GeneMark, 

both start sites include coding potential, and it has 25 highly similar 
genes. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 13 1:1 alignments for start site 38879 
Lauer

Mayweather

SheckWes

Pons

CherryonLim

BillDoor

SteamedHams

Survivors

Tolls

Azira

Yarn

Troje 

Orla

 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

Start site 38879
• Z value: 2.555
• Final score: -3.839



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start: 13 @38879 has 50 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start site: 38879 
Includes all coding potential. None 
of the coding potential is cut off. 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start 38879: 
Overlap 11

38879-
38869=10 + 
1= overlap 11



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

38879

GeneMark Glimmer 

Coding potential All cp

RBS Z value: 2.555
Final score: -3.839 

BLAST 13 1:1 alignments

Starterator 50 MA’s

Overlap 11

The start site is 38879 because it was the only start site called by 
Starterator evidence. It also has strong coding potential, a z score 
greater than 2 (the only one on the list), 13 1:1 alignments, and 
50 manual annotations. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 8 nucleotide 

pyrophosphohydrolase
• 16 dUTPase
• 1 MazG-like nucleotide 

pyrophisphohydrolase



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• Hhpred evidence supports the function dUTPase

• On function list, dUTPase has to be deoxyuridine triphosphatase



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky 58 conserved domain: 56 and 
NTP-PPase_dUTPase function: none

• Troje 53 conserved domain: 56 and 
NTP-PPase_dUTPase function: 
dUTPase

• SheckWes 58 conserved domain: 56 
and NTP-PPase_dUTPase  function: 
dUTPase



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• None



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is dUTPase, because there are 16 dUTPase functions for 
BLAST evidence, multiple hits of dUTPase with the requirement of 
deoxyuridine triphosphatase in Hhpred, and highly similar genes 
(Troje and SheckWes) have the function, dUTPase in Phamerator. 



Feature 58 – Reverse – Stop 
38869



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature 58 
• Stop site: 38869

• Called by both Glimmer and 
Genemark at start site 39396

• Gap: 1



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

Reverse frame 3 includes all 
coding potential 

It is the only reverse frame with 
coding potential 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 6 highly similar genes:
Vine
Lauer
Pons
Mayweather 
CherryonLim 
SheckWes



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene, because both Glimmer and GeneMark call it at start 

site 39396. The reverse frame includes all coding potential, and 
feature has 6 highly similar genes (0.0E0). 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 25 1:1 alignments for start site 
39396 

• No alternative start 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Start site: 39396
• Z value: 3.192
• Final score: -2.236 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start site: 5 @39396 has 58 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

At start site 39396 all coding 
potential is included 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Gap: 1 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

39396 

GeneMark Glimmer & GeneMark

Coding potential Includes all cp 

RBS Z value: 3.192  final score: -2.236 

BLAST 25 1:1

Starterator 58 MA’s

Gap 1

The start site is 39396 because both Glimmer and GeneMark call it, the 
reverse frame includes all coding potential, it has a z value greater than 2 and 
has 25 1:1 alignments. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 16 thymidylate kinase
• 9 polynucleotide kinase



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• Multiple hits for function 

thymidylate kinase
• No function list requirements 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky 59 conserved domain: 
TMPK, tmk, and Thymidylate_kin 
function: none

• Vine 58 conserved domain: 
TMPK, tmk, and Thymidylate_kin 
function: polynucleotide kinase 

• Lauer 51 conserved domain: 
TMPK, tmk, and Thymidylate_kin 
function: polynucleotide kinase 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• None



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

The function is thymidylate kinase because it has the highest function 
count for BLAST evidence, has the highest number of hits in Hhpred 
with 90% probability and an E value less than 1. The conserved domain 
for Yucky and highly similar genes is also Thymidylate_kin.



Feature 59 – Reverse 39398



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature 59 
• Stop site: 39398

• Called by both Glimmer and 
GeneMark at 40876 

• Overlap: 4 



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Start site 40876 
Is a continuation of coding 
potential in reverse frame 1 
above. 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 25 highly similar genes (0.0E0)



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene because both Glimmer and GeneMark call it, the 

reverse frame includes a continuation of coding potential and has 25 
highly similar genes. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• Start site 40876:
Has 12 1:1 alignments
Jamzy
Hexbug
Margaret
Nodigi
Orla
SheckWes
Pons
CherryonLim
Lauer
Vine
BigChungus
SummitAcademy
 

• Start site 40759:
• Has 7 1:492 alignments



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

Start site 40876:
Z value: 2.979 
Final score: -2.742
• Start site 40759:
Z value: 1.549
Final score: -5.729
Start site 40759:
Z value: 1.549
Final score: -5.729



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start: 58 @40876 has 35 MA’s
• Start: 88 @40759 has 1 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start: 58 @40876 

• Start: 88 @40759

Includes all coding potential 

Cuts off coding potential – strong peak



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

Start 40876 
Overlap of 4 

Start 40759 
 Gap of 113



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

40876 40759

GeneMark Glimmer and Genemark None

Coding potential Includes all cp Includes all cp 

RBS Z value: 2.979 
Final score: -2.742

Z value: 1.549
Final score: -5.729

BLAST 12 1:1 alignments 7 1:492 alignments 

Starterator 35 MA’s 1 MA’s

Gap/overlap Overlap of 4 Gap of 113

The best start site is 40876 because it is called by both Glimmer and Genemark. The z value is 
also greater than 2 and has the highest manual annotations of 35. The overlap is also 4 which is 
ideal. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 23 DNA helicase function 
• 2 helicase function 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• Found hits for function DNA 

helicase
• According to function list, had to 

be ATP-dependent helicase 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• SheckWes 60 conserved domain: Helicase_C, 
DEXHc_CHD3, DEXHc_CHD7

function: DNA helicase 

• Pons 58 conserved domain: DEXHc_CHD6, 
DEXHc_CHD5, Helicase_C

function: DNA helicase 

• Yucky 60 conserved domain: DEXDc, HELICc, 
DEXHc_ATRX-like  function: none



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• None



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is DNA helicase, because BLAST function evidence found 
that there were 23 highly similar genes with function DNA helicase. 
Also, Hhpred evidence found hits with function at 100% probability 
and an E value less than 1. Highly similar genes (Pons and SheckWes) 
also had the function DNA helicase. 



Feature 60 – Reverse – Stop 
40873



Glimmer/GeneMark

What feature number is this?  60
What is the stop site? 40873

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? Glimmer 
called the auto-annotated start
What is the autoannotated start? 41274

Gap: ________ or overlap: ___1___ 
(with gene in front of it) for the 
autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Is it the only reading frame with 
cp? Frame 6 was the only one 
with cp.

• Describe the coding potential… 
is it strong or is it weak?   How 
do you know? This is strong cp 
because its height is close to 1.0. 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 6 highly similar genes 
such as BigChungus, Manor, and 
Elinal. The first 4 have an E value 
of 0 and the 5th and 6th highly 
similar genes have an E value of -
42.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This function is a gene! Both Glimmer and GeneMark call it a gene, 

there is strong cp, and there are 6 1:1 alignments with E values of 0. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 6 1:1 alignments with 
E values smaller than 10^-7. 
Some similar genes are Elinal, 
BigChungus, and Manor. 



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• All cp that can be included is 
included from 41,274-40,873. 
There is a decrease in cp at 
about 41,170 then the cp 
increases again. 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• What is the z-value and final 
score? Z-value: 3.192 FS:-2.236

• How does the RBS compare to 
that of other available starts? 
The RBS values for start 41274 
are the best RBS value that fall 
into the ranges we are looking 
for. 

• Screenshot RBS Values here.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start?Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is an overlap of 1



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 12 MAs for start 
42,274.  There are no other 
starts with Manual Annotations.



Gene 61

• 1024

40,274

GeneMark/Glimmer Both call start 40,274 a gene

Coding Potential All cp that can be included is included. Very strong. 
About 50 nucleotides short

RBS

Blast There are 6 1:1 blast alignments with an E value of 
less than 10^-7

Starterator There are 12 MAs

Gap/Overlap Overlap of 1



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 40,274. Both Glimmer and GeneMark call this the 
start site, there is strong cp that is included ( short about 50 
nucleotides), the RBS values are Z-value: 3.192 FS:-2.236, there is an 
overlap of 1, there are 6 1:1 blast alignments with an E value of less 
than 10^-7, and there are 12 MAs for start site 40,274. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There are 9 highly similar genes 

with the function of hypothetical 
proteins. Such as BigChungus, 
Elinal, and Manor.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• Hhpred assigns this to a family of 

unknown function. This is the 
only probability above 90%. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• There are no conserved 
domains or known 
functions. 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• There are no transmembrane 

domains.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function of this gene is a hypothetical protein. BLAST calls this a 
hypothetical protein, Hhpred assigns this to a family of unknow 
function, Phamerator calls no conserved domains or functions, and 
TMHMM shows that there are no transmembrane domains. 



Feature 61 – Reverse – Stop 
41274



Glimmer/GeneMark

What feature number is this?  61
What is the stop site? 41,274

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? Glimmer 
called the auto-annotated start
What is the autoannotated start? 
41,472

Gap: ________ or overlap: _1______ 
(with gene in front of it) for the 
autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Is it the only reading frame with 
cp? Reading frame 5 is the only 
frame with cp.

• Describe the coding potential… 
is it strong or is it weak?   How 
do you know? This has strong 
reading potential as the height is 
almost 1.0. 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 8 highly similar genes 
with 1:1 alignments and E values 
smaller than 10^-7. 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes this is a gene because both Glimmer and GeneMark call it a gene, 

there is strong cp, and there are multiple highly similar genes with 8 
1:1 alignments.  



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 8 1:1 alignments for 
this start. The E values are all 
less than 10^-7. The highly 
similar genes include 
CherryonLim, Mayweather, and 
ShackWes.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• All cp that can be included but 
there is no cp from 41,274- 
41,300 and no cp from 41,400-
41,472. It is short about 30 
nucleotides on the side it stops 
and it is short about 70 
nucleotides from when it starts. 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• What is the z-value and final 
score? Z Value: -2.976 FS: -3.751

• How does the RBS compare to 
that of other available starts? 
These scores are within the 
range we want them to be and 
are the best out of all the other 
RBS scores. 

• Screenshot RBS Values here.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is an overlap of 1



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 13 MAs for start site 
41,474



Gene 62 

Start Site 41,472

Glimmer/GeneMark Both Glimmer and GeneMark call it a Gene 

Coding Potential All cp that can be included is. Short about 100 
nucleotides 

RBS Z Value: -2.976 FS: -3.751

Blast There are 8 1:1 alignments for this start. The E 
values are all less than 10^-7

Starterator There are 13 MAs

Gap/Overlap Overlap of 1



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 41,472. Both Glimmer and GeneMark call it, all cp 
that can be included is, Z Value: -2.976 FS: -3.751, there are 8 1:1 
alignments for this start, the E values are all less than 10^-7, there are 
13 Mas and an overlap of 1



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There are 8 highly similar genes 

assigned with the function of 
hypothetical proteins 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• There are no probabilities over 

90% so this evidence is 
conclusive.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• There are no conserved 
domains and no known 
functions. 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• There are no transmembrane 

domains



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function of this protein is a hypothetical protein. Blast calls it a 
hypothetical protein, there is no conclusive evidence form Hhpre, 
there are no known functions or conserved domains, and the gene 
has no transmembrane domains.



Feature 62 – Reverse – Stop 
41474



Glimmer/GeneMark

What feature number is this? 62  
What is the stop site? 41,474

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? Glimmer 
called the auto-annotated start
What is the autoannotated start? 
41,668

Gap: ________ or overlap: __4_____ 
(with gene in front of it) for the 
autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Is it the only reading frame with 
cp? Yes, this is the only reading 
frame with cp.

• Describe the coding potential… 
is it strong or is it weak?   How 
do you know? This cp is strong 
because the height of it is mostly 
a 1.0. 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 2 highly similar genes 
with 1:1 alignments and E-values 
less than 10^-7. 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Is there more than one feature called in this coding region? Yes, this 

feature is a gene as both Glimmer and GeneMark call it, there is cp, 
and there are highly similar genes. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

There are 2 1:1 alignments with E 
values less than 10^-7 for start 
41,668.
For start 41,806 there are 0 1:1 
alignments but there are 12 highly 
similar genes.
For start 41, 815 there are 0 1:1 
alignments but there are 12 highly 
similar genes.
  



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• All cp that can be included is 
included for start 41,668. There 
is no cp from 41,474-41,510. Cp 
is short about 150 nucleotides.

• All cp that can be included is 
included for starts 41,806 and 
41,815 but there is very little to 
no cp from about 41,700-
41,815.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• What is the z-value and final 
score? Z-score: 2.328 FS:-4.102

• How does the RBS compare to 
that of other available starts? 
Which start is favored based on 
RBS values? Other starts like 
41,806 have a Z-score: 2.356 and 
a FS: -3.902 and start 41,815 
have a Z-score: 2.348 and FS: -
4.00. 

• Screenshot RBS Values here.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is an overlap of 4 for start 
41,668 

• There is an overlap of 151 for 
start 41,815

• There is an overlap of 142 for 
start 41,806 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 13 MAs for start 
41,668 and no MAs for starts 
41,815 or 41,806



Gene 63 
41,668 41,815 41,506

GeneMark/Glimmer Glimmer/GeneMark 
call this the start

Coding Potential All cp that can be 
included is. Short 150 
nucelotides from the 
ending

All cp that can be 
included is. Little to 
no cp towards the 
start 

All cp that can be 
included is. Little to 
no cp towards the 
start 

RBS Z-score: 2.328 FS:-
4.102

Z-score: 2.356 a FS: -
3.902

Z-score: 2.348 FS: -
4.00. 

Blast 2 1:1 alignments 0 1:1 alignments 0 1:1 alignments

Starterator 13 MAs 0 MAs 0 MAs 

Gap/Overlap Gap of 4 Overlap of 151 Overlap of 142



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• Start site is 41,668. Both Glimmer/GeneMark call this as the start site, 
all cp that can be included is,  2 1:1 alignments, 13 MAs, and a gap of 
4. The RBS Values were best for start site 41,815 Z-score: 2.356 a FS: -
3.902 compared to start 41,668 Z-score: 2.328 FS:-4.102



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There are 9 highly functional 

genes assigned the function of 
hypothetical protein. 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• The two genes with probabilities 

over 90% are both assigned to 
the uncharacterized protein 
family DUF2059 meaning they 
are hypothetical proteins. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• There are no conserved domains 
or known functions 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• The gene has no transmembrane 

domains.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• This is a hypothetical protein. There are no conserved domains or 
functions, Hhpred assigns the two most similar genes to the 
uncharacterized, BLAST assigns the most highly similar genes as 
hypothetical proteins, and the gene has no transmembrane domains.



Feature 63 – Reverse – Stop 
41665



Glimmer/GeneMark

What feature number is this?  63
What is the stop site? 41,665

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? Glimmer and 
GeneMark called this the auto-annotated 
start
What is the autoannotated start? 42,114

Gap: __17______ or overlap: _______ (with 
gene in front of it) for the autoannotated 
start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Is it the only reading frame with 
cp? Yes this is the only reading 
frame with cp

• Describe the coding potential… 
is it strong or is it weak?   How 
do you know? The cp is strong as 
it has large peaks that reach a 
height of 1.0 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are more than 10 highly 
similar genes. There are 5 1:1 
alignments with E-Values of 0 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Is there more than one feature called in this coding region? Yes, this is 

a gene because there is cp, there are more than 10 highly similar 
genes, and both Glimmer and GeneMark call it a gene. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 5 1:1 alignments with 
E-values of 0. Some include 
BigChungus, Pons, and 
Feastonyeet

• There is 1 1:1 alignment for 
start 42,102

• There are no 1:1 alignments for 
start 42,197



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• For start site 42,114-41,665 all 
cp that can be included is 
included.It is short about 90 
nucleotides at the stop. 

• For start sites 42,102 and  
42,197 all cp that can be 
included is included .



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• What is the z-value and final 
score? The ZV: 1.508 FS: -6.174

• Starterator called two other start 
sites. 42,102 ZV: 0.996 FS:-6.742 
and 42,197 ZV: 1.580 FS:-6.049

• Screenshot RBS Values here.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

•  Start site 42,114 has a gap of 17
• Start site  42,102 has a gap of 29
• Start site 42,197 has a gap 134



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start site 42,114 has 12 MAs 
• Start site 42,102 has 1 MAs
• Start site 42,197 has 1 MAs 



Gene 64

42,114 42,102 42,197

GeneMark/Glimmer Both Glimmer and 
GeneMark call this the 
start 

Coding Potential All cp that can be 
included is included 

All cp that can be 
included is included 

All cp that can be 
included is included 

RBS ZV: 1.508 FS: -6.174 ZV: 0.996 FS:-6.742 ZV: 1.580 FS:-6.049

Blast There are 5 1:1 
alignments 

There is 1 1:1 alignment There are 0 1:1 
alignments

Starterator There are 12 MAs There is 1 MAs There is 1 MAs

Gap/Overlap There is a gap of 17 There is a gap of 29 There is a gap of 134



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 42,114. GeneMark and Glimmer call this as the start 
site, all cp that can be included is, the RBS  for all 3 start sites are very 
out of range so they are not being considered, there are 5 1:1 
alignments, 12 MAs, and a gap of 17.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• All highly similar genes are 

assigned the function of 
hypothetical protein. 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• The highly similar matches have the 

assigned functions of 
Hydrogenase/unrease nickel 
incorporation protein, Trpanosome, 
Probable lysine biosynthesis, and 
DNA-directed RNA polymerase 
2,4,and 5 subunit.

• There are 250 hits, 41 of which 
have a probability of 90 or higher.

• There are at least 1 conserved 
domains. 

• Organism of the top function was : 
Helicobacter pylori 26695

https://www.rcsb.org/search?q=rcsb_entity_source_organism.taxonomy_lineage.name:Helicobacter%20pylori%2026695


Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• There are no conserved domains 
and no known functions. 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• The gene has no transmembrane 

domains.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function of this gene is a hypothetical protein because there is no 
phamerator evidence( No conserved domains and no known 
functions, Blast calls all highly similar genes hypothetical proteins, 
Hhpred does call the highly similar genes as different things, but they 
are not listed on the functional assignments list, and the gene has no 
transmembrane domains.



Feature 64 – Stop 44213



Glimmer/GeneMark
What feature number is this?  64
What is the stop site? 44213

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, 
or neither?
Called by both Glimmer and GeneMark.

What is the autoannotated start?
42132

Gap: ____17____ or overlap: _______ (with 
gene in front of it) for the autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There are many strong and weak 
peaks throughout the sequence, 
but the coding potential is 
uninterrupted. The potential is 
on frame 3. There are some 
small peaks in frames 4 and 6, 
but they are revers frames and 
very small peaks.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• At least 25 highly similar phages 
with an e-value close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• I believe this is a gene. It is called by both Glimmer and GeneMark 

and has consistently strong coding potential throughout the sequence 
of the gene. Lastly, it has at least 25 BLAST hits with an E-value close 
to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 10 1:1 alignments, 9 
12:5 alignments, and 6 13:6 
alignments. No alternate start 
sites are known.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Automated start: Z-value 2.393, 
Final score -3.888

• New RBS introduced start site 
(42219): Z-value: 3.300, Final 
score: -3.032.

• There is another site with good 
RBS numbers, but it cuts off too 
much coding potential.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Automated start site: called 
100% of the time when present,  
only site to ever receive an MA 
(13)

• Alternate start: never called, 0 
MA’s 



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• The automated start site cuts off 
no coding potential.

• Alternate start cuts off about 
100 nucleotides of coding 
potential.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 42132-42114= 18-1 for gap= 17
• 42219-42114=105-1 for gap= 

104
• This made me decide against the 

alternate site.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is the automated site of 42132. It has 10 1:1 BLAST hits. 
It has very good RBS numbers, has more manual annotations than 
any other possible start and is the only site to ever receive an MA. It 
cuts off no coding potential and it has a much smaller gap than the 
potential alternate start. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• Highly similar genes on DNA 
master had the functions of DNA 
primase/helicase and RecA-like 
DNA recombinase.

• NCBI BLAST yielded the same 2 
functions for results.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• HHpred shows strong hits in the 
N-terminal side to primase (hit 
#4) and strong hits in the C-
terminal side to helicase (hits 
#1-3)



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• BigChungus, Elinal, and PotPie all 
have the gene. PotPie and Elinal 
have it called as a DNA 
primase/helicase, BigChungus 
has it called as a RecA-like 
recombinase.

• All 4 phages, including Yucky, 
have a RecA conserved domain. 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• I would like to call this a DNA 
primase/helicase



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I am assigning this as a  DNA primase/helicase. BLAST via both DNA 
master and NCBI show hits for this function, HHpred also shows hits 
for this function, including both a N-terminal side primase domain 
and a C-terminal side helicase domain. Phamerator also showed that 
similar phage had assigned it this function. 



Feature 65 – Stop 44785



Glimmer/GeneMark
What feature number is this?  65
What is the stop site?
44785

Is auto-annotated start called by both Glimmer 
and GeneMark, Glimmer only, GeneMark only, 
or neither?
Both Glimmer and GeneMark
What is the autoannotated start?
44399

Gap: ___185_____ or overlap: _______ (with 
gene in front of it) for the autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There are many strong and weak 
peaks throughout the sequence.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• All 4 BLAST hits have an E-value 
close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• I believe this is a gene. It is called by both Glimmer and GeneMark 

and has fairly strong coding potential. It also has 4 BLAST hits with an 
E-value close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There is one 1:1 hit, one 1:4 
alignment, one 5:2 alignment, 
and one 8:6 alignment.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Automated start: Z-value: 2.806, 
Final score: -3.314

• Alternate start (44432): Z-value: 
2.703, Final Score: -3.830



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Alternate start 1 (44390): 2 
MA’s, called 71% of the time 
when present. 

• Automated start (44399): 3 MA’s
• Alternate start 2 (44432): 0 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Alternate start 1 (44390) cuts off 
no coding potential.

• Automated start (44399) cuts off 
no coding potential.

• Alternate start 2 (44432) cuts off 
a strong peak of coding 
potential. Likely not the start 
given current evidence.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Alternate start 1 (44390): 44390-
44213= 177-1 for gap= 176

• Automated start (44399) 44399-
44213= 186-1 for gap= 185

• Alternate start 2 (44432) 44432- 
44213= 219-1 for gap= 218



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• I believe the start site to agree with the automated start of 44399. It 
has a 1:1 alignment and the best RBS numbers of any possible start. It 
also has the strongest Starterator evidence, having the most MA’s of 
any start. Lastly, it cuts off no coding potential and has the 2nd largest 
gap of possible alternate starts, but only by 9 nucleotides. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• On both DNA Master and NCBI 
there are only 4 BLAST hits and 
they are all as hypothetical 
proteins.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are 0 Hhpred hits with 
90%+ probability. 

• Many of these hits are called 
“forkhead” something, which is 
not in the official function list.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• PotPie and Big Chungus both 
have this gene and it is called a 
hypothetical protein in both. 
There are no conserved 
domains. 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• There are no transmembrane 
domains



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• I am assigning this as a hypothetical protein. BLAST via both NCBI and 
DNA Master showed this as being the function. Hhpred showed no 
hits with a high enough probability to be considered, and phamerator 
showed that some similar phages contain this gene, but do not have it 
called as anything. There are no transmembrane domains.



Feature 66 Stop 45185



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 66
• 45185

• Both Glimmer and GeneMark

• 44901

• 115 gap



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Reading frame 3 has a strong 
coding potential.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 20 highly similar genes 
with E value of close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
- Both Glimmer and GeneMark call it a gene.
- Coding potential is strong.
- There are 20 highly similar genes with an E value of close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 18 1:1 alignments.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Z value is the greatest with 
3.146.

• Final score is the least negative 
with -2.253.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 13 manual 
annotations.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Coding potential is included.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 44901-44785 = 116
• 116-1 = 115 gap



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

44901

GeneMark Both Glimmer and GeneMark

Coding potential Included

RBS score Z value: 3.146
Final score: -2.253

BLAST 18 1:1 alignments

Starterator 13 MA’s

Gap/overlap 115 gap

There are no other start site suggestions. All evidence support for the autoannotated start site, except the gap. 
Gap is too much.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• They are all hypothetical protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are 2 hits with probability 
greater than 90.

• One is a coiled-coil domain.
• One is a putative protein.
Though there are nothing called 
like that in the official function list.
Therefore, hypothetical protein.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

There are no functions assigned to highly 
similar genes in the same pham.
Therefore, hypothetical protein.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• Gene 67 has no transmembrane 
domains

• So hypothetical protein.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

Gene 67 is a hypothetical protein because:
- All highly similar genes in BLAST are hypothetical protein.
- Two hits with probability greater than 90 are assigned a function, but 

the functions are not in the official function list.
- Highly similar genes in the same pham are not assigned a function.
- This gene has no transmembrane domains.



Feature 67 – Stop 45583



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 67
• 45583

• Both Glimmer and GeneMark

• 45182

• 4 overlap.



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Reading frame 2 shows a strong 
coding potential in the proximal 
of the autoannotate start site.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 11 highly similar genes 
with e value of close to 0.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• It is a gene because:
• Both Glimmer and GeneMark call it a gene.
• The coding potential close to the autoannotated start site is strong.
• There are 11 highly similar genes with E value of close to 0.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 5 1:1 alignments.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• The z value is the greatest with 
2.138

• The final score is the least 
negative with -4.437

• RBS score favors the 
autoannotated start site.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 6 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Coding potential is included.

• Autoannotated start site: 45182



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 45185-45182 = 3
• 3+1 = 4 overlap.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

45182

GeneMark Both Glimmer and GeneMark

Coding potential Included

RBS score Z value: 2.138
Final score: -4.437

BLAST 5 1:1 alignments

Starterator 6

Gap/overlap 4 overlap

Autoannotated start site at 45182 is a start site because all evidence support it with a favorable overlap. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 

• All highly similar genes ae 
hypothetical protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• There are no hits with 
probability greater than 90.

• So, hypothetical protein.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• The other highly similar genes in 
the same pham do not have a 
function assigned.

• There are no conserved 
domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• It has no transmembrane 
domains.

• So hypothetical protein.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• This gene is a hypothetical protein because:
- All highly similar genes in BLAST are hypothetical gene.
- There are no hits with probability greater than 90.
- The highly similar genes in the same pham are not assigned a 

function.
- This protein has no transmembrane domains.



Feature 68 – Stop 46002



Glimmer/GeneMark

What feature number is this? 68
What is the stop site?
46002
Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?
Called by Glimmer and GeneMark
What is the autoannotated start?
45583
Gap: ________ or overlap: _______ (with 
gene in front of it) for the autoannotated 
start
There would be an overlap of 1



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• There is strong coding potential 
throughout where the feature is 
called to be with a dip into weak 
coding potential occurring 
between 45890 and 45840.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are at least 25 hits of 
phages with genes highly similar 
genes to this one.

• All e-values are extremely close 
to zero

• 4 of those hits are 1:1 
alignments



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• This feature is a gene! There is strong coding potential running 

throughout where the feature is called to be, and there are at least 25 
BLAST hits of highly similar genes to this feature from other phages 
that all have e-values extremely close to zero.



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.
• There are at least 25 BLAST hits 

of highly similar genes from 
other phages that all have e-
values extremely close to zero.

• There are 4 1:1 alignments for 
the gene starting at 45583



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Starting at 45583:
• Z-value = 2.600
• Final score = -3.535

• This start has the best 
RBS scores of all possible 
start sites.



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are 17 MA’s for the gene 
starting at 45583.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Starting at 45583 would include 
all the possible coding potential 
of the gene.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Starting at 45583 would leave an 
overlap of 1 with the previous 
gene.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 45583! This was the only proposed start site based off 
all the evidence collected. There were 4 1:1 alignments according to 
BLAST with highly similar genes from other phages with this start site, 
and it also had the best RBS scores (z-value = 2.600 & final score = -
3.353). The starterator report showed that 45583 is the only start site 
that had any manual annotation for which it had 17. Starting at 45583 
would include all the possible coding potential of the gene, and there 
would by an overlap of only 1 nucleotide between this gene and the 
previous one which is favorable.



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• There were at least 25 BLAST 

hits showing the function 
labeled as hypothetical protein.



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
There were hits with probabilities 
over 90 showing functions of 
ribosome biogenesis protein as 
well as another type of protein

• The e-values for these hits were 
relatively large and they were 
only homologous for a small part 
of the gene.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Closely related phages with 
genes in the same pham did not 
predict a function assignment 
for this gene.

• They did not have assigned 
functions or conserved domains.



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• The graph produced did not 

show any evidence of 
transmembrane domains.



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Official function → hypothetical protein
• The function for this gene should be labeled as hypothetical protein. 

There were at least 25 BLAST hits that showed functions labeled as 
hypothetical protein. Hhpred did show hits of suggested functions 
that had probabilities over 90, but they had high e-values and were 
only homologous for a small portion of the gene which did not justify 
the assignment of a specific function to the gene. Phamerator 
showed that phages with genes in the same pham did not have 
labeled functions or conserved domains which also did suggest a 
function to be assigned to this gene. The graph produced by Deep 
TMHMM did not show evidence of any transmembrane domains, so 
the function could not be labeled as a membrane protein either.



Feature 69 – Stop 46388



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature: 69 

• Stop site: 46388 

• Called by both Glimmer and 
GeneMark

• Autoannotated start: 45999 

• Overlap: 4



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Start 45999

• Includes all cp 

• Reading frame 3 



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 9 highly similar genes
PotPie
Vine
SummitAcademy
Mayweather
MAnor
SheckWes
Pons
Lauer
CherryonLim



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes it is a gene because both Glimmer and GeneMark call the same 

start site, the frame includes all coding potential and it has 9 highly 
similar genes. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 4 1:1 alignments 
PotPie
Vine 
Lauer
SummitAcademy 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Start 45999
Z value: 2.621
Final score: -4.256 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start: 1 @45999 has 8 MAs



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start 45999
Includes all cp  



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

Start 45999 – Previous gene ends 
at 46002
Overlap: 4



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

45999

Genemark Glimmer and GeneMark

Coding potential Includes all cp 

RBS Z value: 2.621
Final score: -4.256 

BLAST 4 1:1 alignments

Starterator 8 MAs

Overlap 4

The start site is 45999 because it is called by both Glimmer and GeneMark, 
the frame includes all coding potential, the Z value is greater than 2, and 
the overlap is 4 which is ideal. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 9 hypothetical protein 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• No hits as no probabilities are 

greater than 90% 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky feature 70 conserved 
domain: none function: none

• Vine feature 69 conserved 
domain: none function: none

• Mayweather feature 70 
conserved domain: none 
function: none



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• # of predicted TMRs: 0



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is hypothetical protein because it is the only function 
listed in BLAST, there is no function labeled for highly similar genes in 
Phamerator, no hits in Hhpred, and 0 predicted TMRs for 
DeepTMHMM  evidence. 



Feature 70 Stop 46465



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• 70
• Stop site: 46465
• Start Site: 46385

• Not an auto-annotated start

• It would have a 4 bp overlap with both 
the adjacent upstream and 
downstream genes.



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Moderate to strong CP
• Some of the weaker CP is cut off 

at the start where it overlaps 
with the adjacent upstream 
gene.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• Hits to several other CT cluster 
phage including 
SummitAcademy, PotPie, Vine, 
Feastonyeet, BigChungus, 
Mayweather, Pons, and MAnor.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes!

• It has coding potential and BLAST evidence



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 46385 start is favored • There are 8 Q1:S1 alignments for 
the 46385 start. All are CT 
cluster phage.

• There is a Q1:S1 start with the 
phage Lauer at bp 46298 but 
that start would create a 91 bp 
overlap with upstream feature 
70.



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• RBS data is okay, but this gene 
would have 4 bp overlap on 
both sides. It is likely in an 
operon which does not 
necessarily need to exhibit 
excellent RBS scores.

• Z-Value: 1.944
• Final Score: -5.671



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• No Starterator evidence since 
this wasn’t an auto-annotated 
gene.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• 46166  Includes all CP
• 46172  Includes all CP
• 46256  Includes all CP
• 46265  Includes all CP
• 46289 Includes all CP
• 46298  Cuts off just a few bp
• 46385  Cuts off ~ 100 bp of CP
• 46451  Doesn’t include any CP



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• 46166  223 bp overlap
• 46172  217 bp overlap
• 46256  133 bp overlap
• 46265  124 bp overlap
• 46289  100 bp overlap
• 46298  9 bp overlap
• 46385  4 bp overlap
• 46451  62 bp gap

The 46385 starts would have a 4 
bp overlap on both the upstream 
and downstream sides.



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• Start site is 46385
• There was not an auto-annotated start for this gene
• This start site has 8 Q1:S1 BLAST hits with other CT cluster phage
• This start site has a 4 bp overlap with the upstream feature



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• All other highly similar genes 

have a function of Hypothetical 
protein



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

• NKF, no hits with a probability 
>90%



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• No Phamerator Data due to it 
not being an auto-annotated 
feature



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.

• No predicted TMRs



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• Hypothetical Protein

• All BLAST hits were hypothetical proteins
• There were no HHPred hits with a probability >90%
• Deep TMHMM did not predict any TMRs



Feature 71 – Stop 46632



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature 71
• Stop site: 46632

• Called by both Glimmer and 
GeneMark 

• Autoannotated start is 46462

• Overlap of 4



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Coding potential is cut off at start 
site 46462 and goes onto next page

• However, all coding potential is 
included at stop site 46632 and 
stops before 46632



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 4 highly similar genes:
• Lauer 
• Vine
• Pons
• MAnor



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene because both Glimmer and GeneMark agree at the 

start site. There are also 4 highly similar genes based on DNAM file 
BLAST evidence, and there are two frames that include coding 
potential for this feature. 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• Alignments for start site: 46462
4 1:1 alignments 
• Alignments for start site: 46468
4 1:17 alignments 
1 1:19 alignments



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Start: 2 @46462
Z value: 2.754 
Final Score: -3.979
46462 Favored
• Start: 3 @46468
Z value: 1.981
Final Score: -5.990



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• Start: 2 @46462 has 10 MA’s
• Start: 3 @46468 has 2 MA’s



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start: 2 @46462 

• Start: 3 @46468

Cuts coding potential 

Cuts coding potential 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start: 2 @46462
Gap of 73
 
• Start: 3 @46468
Gap of 79 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

46462 46468

Glimmer Called by both Gimmer & 
GeneMark

None

Coding potential Cut off Cut off

RBS Z value: 2.754 
Final Score: -3.979

Z value: 1.981
Final Score: -5.990

BLAST 4 1:1 alignment 4 1:17 alignments 
1 1:19 alignments

Starterator 10 MA’s 2 MA’s

Gap Overlap of 4 Gap of 79

The start site is 46462 because both Glimmer and GeneMark call it the start site, 
the z value is greater than 2, has 10 manual annotations, and its gap is the lowest 
of 73. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 6 genes list its function as 

hypothetical protein



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.

- 1 hit

- Would not consider hit because 
it has less than 90% probability 
and an E-value that is greater 
than 1



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky feature 71 conserved 
domain: none function: none

• Pons feature 72 conserved 
domain: none function: none

• Lauer feature 63 conserved 
domain: none function: none



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• # Unnamed Number of 

predicted TMRs: 0 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is hypothetical protein, because all 6 genes showed 
function as hypothetical protein, the Hhpred evidence had 1 
insufficient hit, Phamerator evidence showed no similar genes with a 
conserved domain or function, and Deep TMHMM evidence had 0 
unnamed number of predicted TMRs.



Feature 72 – Stop 46906



Glimmer/GeneMark

What feature number is this?  
What is the stop site?

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither?

What is the autoannotated start?

Gap: ________ or overlap: _______ 
(with gene in front of it) for the 
autoannotated start

• Feature: 72

• Stop site: 46906 

• Called by both Glimmer and 
GeneMark 

• Autoannotated start: 46625 

• Overlap: 8 



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Start site 46625
• Some of the coding potential is 

cut off at the start site 
• In forward reading frame 2
• No other cp in other frames



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• 1 highly similar gene 
Vine 1:1 alignment  E-value: 0.0E0



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Yes, it is a gene because both Glimmer and GeneMark call it. It 

includes coding potential even though it cuts some of it off and it has 
1 highly similar gene (Vine) and it has 1 1:1 alignment 



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• 1:1 alignment with Vine 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• Start 46625:
Z value: 3.055
Final score: -2.584 



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

Start 3: @46625 has 12 MA’s  - there are no 
other manual annotations



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• Start 46625:
• Cuts off some coding potential 

before start site 



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start 46625 (previous gene stop 
is 46632) 

Overlap: 8 



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

46625

GeneMark Glimmer & GeneMark 

Coding potential Cuts off some cp

RBS Z value: 3.055
Final score: -2.584 

BLAST 1 1:1 alignment 

Starterator 12 MA’s

Overlap 8 

Start site is 46625 because it is called by both Glimmer and GeneMark. It includes some coding 
potential. It has a high z value score (greater than 2 is ideal). And it has 12 manual annotations 
based on starterator evidence. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• 9 genes assign function as 

hypothetical protein 



HHpred evidence. Does HHpred data support a 
function assignment for this gene?  Describe the 
functions of highly similar matches.  Is most of the gene 
homologous, or just a region? Are there conserved 
domains? A screenshot here of HHPRED results is 
desired.

• No hits found with probabilities greater than 90 or E 
value less than 1

• No determined function



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• Yucky feature 72 conserved 
domain: none function: none

• Lauer feature 64 conserved 
domain: none  function: none

• CherryonLim feature 71 
conserved domain: none  
function: none



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
# sequence Number of predicted 
TMRS: 0 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function is hypothetical protein because all 9 genes in DNAM file 
list function as hypothetical protein. There are no hits in Hhpred 
evidence with probability greater than 90 or E value less than 1, and 
Phamerator evidence assigns no function and no conserved domain 
for genes Lauer and CherryonLim. DeepTMHMM evidence also has 0 
sequence number of predicted TMRs. 



Feature 73 – Stop 47180



Glimmer/GeneMark

What feature number is this?  73
What is the stop site? 47,180

Is auto-annotated start called by both 
Glimmer and GeneMark, Glimmer only, 
GeneMark only, or neither? Only 
GeneMark called this as the start site.
What is the autoannotated start? 
46,893

Gap: ________ or overlap: _14____ 
(with gene in front of it) for the 
autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Is it the only reading frame with 
cp? This is the reading frame 
with the most reading potential. 
Frame 2 has very little potential. 

• Describe the coding potential… 
is it strong or is it weak?   How 
do you know? This cp is strong 
as it has mostly has a height of 
1.0.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are 5 highly similar genes. 
They all have 1:1 alignments 
with E values less than 10^-7. 



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Is there more than one feature called in this coding region?. Ye 

function 73 is a gene because GeneMark calls it a gene, there is cp, 
and there are 5 highly similar genes.  



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are 5 highly similar genes. 
They all have 1:1 alignments with 
E values less than 10^-7. Some 
include SummitAcademy, Vine 
and Elinal.

• For start 46,977 there are no 1:1 
alignments but 5 highly similar 
genes which include: 
SummitAcademy, Vine and Elinal.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• For start site 46,893 all cp that 
can be included is included. 

• For start 46,977 all cp that can 
be included is included. 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• What is the z-value and final score? 
ZV: 1.969 FS: -4.851

• How does the RBS compare to that 
of other available starts? The RBS 
values are not the best ones but 
there are worse scores. Start 
46,977 has a better ZV: 2.083 but a 
worse FS:-5.000

• Which start is favored based on 
RBS values? This is a toss up and I 
would rely on other information to 
make this call. 

• Screenshot RBS Values here.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• There is an overlap of 14
• Start 46,997 has an gap of 72



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• For start 46,893 there are 9 
MAs.

• For start 46,997 there are no 
MAs



Gene 73 
46,893

46,997 

GeneMark/Glimmer GeneMark calls this the start N/A

Coding Potential There is strong cp and all cp 
that can be included is 

There is strong cp and all cp 
that can be included is 
included. 

RBS ZV: 1.969 FS: -4.851 ZV: 2.083  FS:-5.000

Blast There are 5 highly similar 
genes. They all have 1:1 
alignments with E values less 
than 10^-7. 

There are 5 highly similar 
genes but no 1:1 alignments.

Starterator 9 MA N/A

Gap/Overlap There is an overlap of 14 Gap of 72



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• The start site is 46, 893 because GeneMark calls it as the start, there 
is strong cp and all cp that can be included is, there are 5 highly 
similar genes that have 1 1:1 alignments, 9 MAs and an overlap of 14. 
The RBS scores are ZV: 1.969 FS: -4.851 which are not great but there 
are no other starts that have a better FS. Start 46,977 has a better 
ZValue: 2.083 but a worse Final Score:-5.000. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• All 5 highly similar genes are 

assigned the function of 
hypothetical protein. 



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• There are no probabilities above 

90% therefore the Hhpred 
evidence is N/A.



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• There are no conserved domains 
or known functions 



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• The gene has no transmembrane 

domains



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function of gene 73 is a hypothetical protein because BLAST 
assigned all 5 highly similar genes are assigned the hypothetical 
protein function, Hhpred has no probabilities above 90%, Phamerator 
had no conserved domains or known functions, and the protein has 
no transmembrane domains.



Feature 74 – Stop 47799



Glimmer/GeneMark

What feature number is this? 74
What is the stop site? 47,799
Is auto-annotated start called by 
both Glimmer and GeneMark, 
Glimmer? Only Glimmer called the 
start site. 
What is the autoannotated start? 
47,578

Gap: __397______ or overlap: 
_______ (with gene in front of it) for 
the autoannotated start



GeneMark evidence. Screenshot the coding potential graph for the predicted 
ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the 
coding potential… is it strong or is it weak?   How do you know?

• Is it the only reading frame with 
cp? This is the reading frame 
with the most cp. Frame 1 has 
very little cp but is very strong 
but goes to the stop so this 
frame will be used. Frame 2 has 
more cp and is very strong. 

• Describe the coding potential… 
is it strong or is it weak? How do 
you know?  The cp is strong as it 
has a height of 1.0.



BLAST conservation evidence. Are there other highly similar genes? 
How many? Screenshot BLAST evidence from DNA Master.

• There are more than 10 highly 
similar genes but there are no 
1:1 alignments for start 46,578.



Answer:  Is it a gene?  Give evidence 
why you think this is a gene or not.
• Is there more than one feature called in this coding region? Yes 

function 74 is a gene because Glimmer calls it a gene, there is cp, and 
there are more than 10 highly similar genes.  



BLAST alignment evidence. How does the start of this predicted gene 
align with the start of other highly similar genes?  How many 1:1 
Alignments are there for the predicted start?  How many 1:1 Alignments 
are there for any alternative starts?  Answer the question:  Which start 
is favored based on BLAST alignment evidence.

• There are more than 10 highly similar 
genes but there are no 1:1 alignments. 
SummitAcademy and PotPie have a 1:34 
alignment and Mayweather has a 1:41 
alignment. 

• For start  47,485 there are 6 1:1 
alignments such as PotPie, 
SummitAademy, and Mayweather

• For start 47,509 there are no 1:1 
alignments but more than 10 highly 
similar genes. PotPie and 
SummitAcademy have a 1:9 alignment 
and Mayweather has a 23:40 alignment.



GeneMark evidence:  Comment on each start site and whether or not 
coding potential is included or cut off.  A screenshot of coding potential 
here is required to support your statement.

• For start sites 47,578, 47,485, 
and 47,509 all cp that can be 
included is. 



RBS evidence. What is the z-value and final score? How does the RBS 
compare to that of other available starts? Screenshot RBS Values 
here.  Answer the question:  Which start is favored based on RBS 
values?

• What is the z-value and final score? 
ZV: is 2.754  FS: -4.173

• How does the RBS compare to that 
of other available starts? Two 
other starts have better RBS scores. 
Start 47,485 ZV: 2.615 FS:-3.888 
and start 47,509 ZV: 2.143 FS:-
4.999

• Which start is favored based on 
RBS values? Start 47,485 would be 
favored based on RBS scores. 

• Screenshot RBS Values here.



Gap/overlap evidence. What is the gap or overlap between the start of this gene and 
the start or stop of the gene closest to this start? Calculate either the gap or the 
overlap for all proposed starts.  Indicate whether the value is a gap or overlap.

• Start 47,578 has a gap of 397
• Start 47,485 has a gap of 304
• Start 47,509 has a gap of 328



Starterator evidence. How many manual annotations (MAs) are there 
for the proposed start? How does the proposed start align with starts 
for other pham members?  Comment on data for all proposed starts.

• There are no MAs for any of the 
potential starts. 



Gene 74
47,578 47,485 47,509

Glimmer/GeneMark Only Glimmer called 
this the start 

N/A N/A

Coding Potential all cp that can be 
included is included. 

All cp that can be 
included.

All cp that can be 
included is 
included. 

RBS ZV:2.754  FS: -4.173 ZV: 2.615 FS:-3.888 ZV: 2.143 FS:-4.999

Blast There are no 1:1 
alignments but 10 
highly similar genes 

There are 6 1:1 
alignments 

There are no 1:1 
alignments but 
more than 10 
highly similar genes 

Gap/Overlap Gap of 397 Gap of 304 Gap of 328

Starterator No MA No MA No MA



What is the start site?  Answer the following questions:  What are you 
calling the start site.  Does it agree with the automated start site.  What 
evidence do you have to support the manually annotated start site?

• Start site is 47,485 because all cp that can be included is included, the 
zv: 2.615 and FS:-3.888, 6 1:1 blast alignments, and a gap of 304. 



BLAST function evidence. What assigned 
functions do other highly similar genes have? 
• All highly similar genes gave the 

function as HNH endonuclease 
such as PotPie, SummitAcademy, 
and Mayweather. They all have 
1:1 alignments.  



HHpred evidence. Does HHpred data support a function assignment for 
this gene?  Describe the functions of highly similar matches.  Is most of 
the gene homologous, or just a region? Are there conserved domains? A 
screenshot here of HHPRED results is desired.
• The most similar match has the 

assigned function of HNH 
endonuclease. This has a 
probability of 95.9%. For this to 
be an endonuclease it must have 
H-N-H over a 30 aa span in 
which it does. Pointing to this 
gene being an HNH 
endonuclease. 



Phamerator evidence. Do closely related phages with genes in the 
same pham predict a function for this gene?  Are there conserved 
domains?

• There are 5 conserved domains 
such as 2 HNHc (nucleases), 
McrA (restriction endonuclease), 
HNH_5 (endonuclease), and 
HNH (endonuclease). No known 
functions.  



Deep TMHMM evidence. If there is no known function for the 
gene, search for transmembrane domains.  Screenshot and 
describe DeepTMHMM evidence below.
• N/A as this is not a hypothetical 

protein. 



What is the function? What official SEA-PHAGES function are you 
assigning to this gene? Justify your rationale for this function choice 
(include BLAST, Hhpred, and Phamerator evidence)

• The function of Gene 74 is a HNH Endonuclease because blast calls all 
highly similar genes HNH Endonucleases, Hhpred calls highly similar 
genes endonucleases and the 1st  similar gene is an HNH 
endonuclease, and Phamerator has 5 conserved domains which are 
mainly HNH endonucleases. 
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	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
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	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
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	Slide Number 120
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	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
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	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 9 – Stop 7558
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 10 – Stop 7899
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 11 – Stop 8164
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 12 – Stop 8561�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 13 – Stop 9403�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 14 – Stop 9775�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 15 – Stop 10248�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 16 – Stop 15340
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 17 Stop 16293�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 18 – Stop 17984�
	Instructions��Fill this out for each gene you annotate. This should be thought of as�the minimum amount of information that needs to be provided for�each gene. You can always add more slides or information as necessary
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 19 – Stop 18373
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 20 – Stop 18957
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 21 – Stop 19925
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 22 – Stop 20275
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 23 – Stop 20584
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 24 – Stop 21144�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 25 – Stop 22131
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	This feature is a hypothetical protein
	Feature 26 – Stop 22367
	Instructions��Fill this out for each gene you annotate. This should be thought of as�the minimum amount of information that needs to be provided for�each gene. You can always add more slides or information as necessary
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 27 – Stop 22689
	Instructions��Fill this out for each gene you annotate. This should be thought of as�the minimum amount of information that needs to be provided for�each gene. You can always add more slides or information as necessary
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 28 – Stop 24124��
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 29 – Stop 24552
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 30 – reverse – stop 24617
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 31 – reverse – stop 25033
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 32 – reverse – stop 25185
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 33 – reverse – end 25525
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 34 – reverse – stop 25884
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 35 – Reverse – Stop 26105 
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 36 – reverse – stop 26342
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 37 – reverse – stop 26924
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 38 – Reverse – Stop 27829
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 39 Stop 28734�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 40 – Stop 28826�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 41 – reverse – stop 28884�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 42 – reverse – stop 29172�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 43 – Reverse – Stop 29378�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 44 – Reverse – Stop 29972�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 45 – Reverse – Stop 30079�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 46 – Reverse – Stop 31818�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 47 – Reverse – Stop 32086�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 48 – Reverse – Stop 34458�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 49 – Reverse – Stop 34898�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 50 – Reverse – Stop 35698�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 51 – Reverse – Stop 35856�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 52 – Reverse – Stop 36641
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 53 – Reverse – Stop 37527
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 54 – Reverse – Stop 37768
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 55 – Reverse – Stop 37923
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 56 – Reverse – Stop 38513
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 57 – Reverse – Stop 38418
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 58 – Reverse – Stop 38869
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 59 – Reverse 39398
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 60 – Reverse – Stop 40873
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gene 61
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 61 – Reverse – Stop 41274
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gene 62 
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 62 – Reverse – Stop 41474
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gene 63 
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 63 – Reverse – Stop 41665
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gene 64
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 64 – Stop 44213
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 65 – Stop 44785
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 66 Stop 45185
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 67 – Stop 45583�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 68 – Stop 46002�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 69 – Stop 46388�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 70 Stop 46465
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 71 – Stop 46632�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 72 – Stop 46906�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 73 – Stop 47180�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gene 73 
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)
	Feature 74 – Stop 47799�
	Glimmer/GeneMark
	GeneMark evidence. Screenshot the coding potential graph for the predicted ORF.  Answer these questions:  Is it the only reading frame with cp? Describe the coding potential… is it strong or is it weak?   How do you know?
	BLAST conservation evidence. Are there other highly similar genes? How many? Screenshot BLAST evidence from DNA Master.
	Answer:  Is it a gene?  Give evidence why you think this is a gene or not.
	BLAST alignment evidence. How does the start of this predicted gene align with the start of other highly similar genes?  How many 1:1 Alignments are there for the predicted start?  How many 1:1 Alignments are there for any alternative starts?  Answer the question:  Which start is favored based on BLAST alignment evidence.
	GeneMark evidence:  Comment on each start site and whether or not coding potential is included or cut off.  A screenshot of coding potential here is required to support your statement.
	RBS evidence. What is the z-value and final score? How does the RBS compare to that of other available starts?	Screenshot RBS Values here.  Answer the question:  Which start is favored based on RBS values?�
	Gap/overlap evidence. What is the gap or overlap between the start of this gene and the start or stop of the gene closest to this start?	Calculate either the gap or the overlap for all proposed starts.  Indicate whether the value is a gap or overlap.�
	Starterator evidence. How many manual annotations (MAs) are there for the proposed start? How does the proposed start align with starts for other pham members?  Comment on data for all proposed starts.
	Gene 74
	What is the start site?  Answer the following questions:  What are you calling the start site.  Does it agree with the automated start site.  What evidence do you have to support the manually annotated start site?
	BLAST function evidence. What assigned functions do other highly similar genes have? 
	HHpred evidence. Does HHpred data support a function assignment for this gene?  Describe the functions of highly similar matches.  Is most of the gene homologous, or just a region? Are there conserved domains? A screenshot here of HHPRED results is desired.
	Phamerator evidence. Do closely related phages with genes in the same pham predict a function for this gene?  Are there conserved domains?
	Deep TMHMM evidence. If there is no known function for the gene, search for transmembrane domains.  Screenshot and describe DeepTMHMM evidence below.
	What is the function? What official SEA-PHAGES function are you assigning to this gene? Justify your rationale for this function choice (include BLAST, Hhpred, and Phamerator evidence)

