Case Study: Etude Annotation
Welkin Pope

Oct 2010,
revised Oct 2011 for DNA Master Annotation Guide

This is a step-by-step guide as to how I would annotate the practice genome Etude.
This is not meant to replace any of the more detailed annotation guides, but is instead
supplemental material to see how an experienced annotator assembles the necessary data
and approaches the analysis. If any of the mechanics of any of the steps below seem
unclear, please refer to the appropriate pages in your more detailed annotation guide.

[t is also important to note that many of the bioinformatic decisions [ make below
are “best guesses” based on the information that I have at the time. Another annotator
might make a different decision than I do (or [ might make a different decision on a
different day), and that is OK. Since I originally wrote this document last year, we’ve
submitted another 140ish genomes to GenBank, and therefore there is a lot more data
available at the time of this revision than there was last year. I've taken the new data into
account and made a few comments specific to its analysis in italics in a few places
throughout the case-study. Otherwise, only the instructions and the screenshots that
pertain to DNA Master should have changed from last year’s version.

Whole Genome Assessment
First, BLAST Etude against phagesdb.org.

Go to the phagesdb.org BLAST page. Paste in the Etude sequence or browse to the
FASTA file on your computer. Turn off the low complexity filter. Press BLAST.
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When Etude is BLASTed against phagesdb.org, it appears that there is similarity to the
Cluster L1 phages, and to the Cluster A3 phages.



Query= etude
(14,998 letters)

Distribution of 392 Blast Hits on the Query Sequence

Mouse-over to show defline and scores. Click to show alignments
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Sequences producing significant alignments: (bits) Value
UPIE Complete Sequence, 73784 bp including 10 bp 3' overhang (TC... 1.314e+04 0.0
LeBron 1.178e+04 0.0
JoeDirt Final Sequence, 74914 bp including 10 bp 3' overhang (TC... 1.169e+04 0.0
Microwolf Final Sequence, 50864 bp including 10 bp 3' overhang, ... 4022 0.0
Vix Complete Sequence, 50963 bp including 10 bp 3' overhang (CGG... 3998 0.0
JHC117 Final Sequence, 50877 bp including 10 bp 3' overhang, Clu... 3998 0.0
Bxz2 3998 0.0
Faithl Complete Sequence, 75960 bp including 10 bp 3' overhang (... 1388 0.0
Rockstar Complete Sequence, 47780 bp including 10 bp 3' overhang... 232 2e-59
Peaches 212 2e-53
Eagle 204 4e-51
LHTSCC Complete Sequence (51813bp, including 10bp 3' overhang: C... 196 le-48
George Final Sequence, 51578 bp including 10 bp 3' overhang, Clu... 137 8e-31

Now we pull up Etude in phamerator, next to its closest matches. I will use LeBron and
Bxz3 for now, because these two phages have annotations in GenBank already—which
means that when I look for individual genes using BLAST on the NCBI website, I should see
these genes, and they will be genes that have already been curated and well-examined by
the annotators. I will also check UPIE, JoeDirt, and Microwolf’s draft annotations in
phamerator.

(Note: these phages all have final GenBank versions now 10/10/11—WP)
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Notice how the purple between the two genomes indicates that the nucleotide sequence
similarity is very high between Etude and LeBron for the first seven genes in both genomes.

[ will start with calling these seven genes.

Next, I open DNA master, and load the Etude sequence from its fasta file.

-> File ->Open -> FastA Multiple Sequence File

=

FastA Sequences from etude.fasta

I Pairwise Alignment ] Multiple Alignment I

CEX

| Length

14938

|dx | Description
etude

Sequence »Complement| Hide | Annotation

Insert Sequence
Delete Sequence
Update Sequence

[ Verify updates

Save Fast File
Export Summary

AGCCACACTTCTCTCTCTGCAAATTCAGGCAAGAACATGAGGGGGET A
TAGCGCCCCTAAAACCCCTGGTAGCAGGCTAAMATCGTGOOTAGAGGA —
CGTGGTAAGGACCCGTCAAGCCCTOGTGGGCGGTCTCGGGACAGTCG
TCCCGGCACGCGCTCOGCCTGOGAGGCCAAGGTTGCCOCCARACCGA
ACAACGCGCAGGAATACGCGGTGCAGATGGCCCAAMAGCCTCGOTTGE
GAGGTTGAGAAGCCGAACCTTTGGACCAATCAGGGGATGCACGCCGE
TGETATCGAGACTTTCGACCATGCGCAAGGGCGATGCGTACGTGTATG
CGACGTTCACCTGGCCTAATGGCCGCATTCGTACTGTTGACGTGLGE
GTTAACGGCTTTCACGAGGACATGTTTGGGTCTCAGCGTAAGGACAL
ACGCAAGGCCATGAAGCAAATTCTTCAGAAGTACGGCAAGTAGGGGE
ATTTATGOGGCATACGOTTAALAACCGCTCGTTCCACCTGGCCTTATGG
CGGCTGOTAAGGAGCTTTGGGAGAGTGTCGCGTCCGARAGGGAACTT
GACGCTCCGTCGAGGGTCCTTTTGTTGAACGCTTGCCGTATCGCTGA

1 Sequences 14,938 bp

GC| B) Export| 2

[ then click “export” in the lower right corner, and “Create sequence from this entry only”

from the menu that appears.

A DNA Master sequence file will be created:



% Extracted from FastA Library etude.fasta

Genome
Organism :
GenomelD : 0
Length: 0
Replicons : 1
Features : 0
CAl Table :

Replicon

PrototypelD : 0

Date Created : 10/4/2011
Genome Date : 10/4/2011

GC Content : 0.00

Directory : DMTemp 40826.58633174%

Features] Hefelencesl Sequence] Documentation]

EBX

Taxonomy Notes
Domain : Notes on the Genome
Division - Notes and Taxonomy are only available
. when sequences are loaded from the
Family : database

Replicon

NCBI Date : 10/4/2011
Topology : Linear
Length : 14938
Features : 95

ORFs: 94

RNas: 1

GC Content : 0.00
ORFGC:59.8+6.8
GC3:77.8+10.3
Cal: 0.5978 £ 0.1095

NCBI Genome :
Accession :

Wersion :
Gl
Status : Current

Deletion : Yulnerable
Qrigin: 1
Teminus : 29836

Translation Table : Unspecified: default to standard code

Notes on the Replicon

RURIEYEN

[[1-14338

0 Features

_ Live

Position : 3881 v Controls >> Map ¥ Map >> Controls

14338

[3 2

This file is empty other than the imported sequence (viewable if you click the “Sequence”

tab above.

Now I auto-annotate this file to generate and import the information from Glimmer,
GeneMark, and Aragorn into the file. Click Genome->Annotation-> Auto-Annotate

@ Auto-Annotate
Gene Calling

Autosave

[~ Export Frames map

|v Document tRNAs found with Aragorn
Jv Document ORFs found with...
¢ Glimmer 3.02 analysis
" GeneMark HMM analysis
(¢ Both analyses, combining them as follows:
& Favor Glimmer calls
" Favor GeneMark calls
[~ Exclude genes called by only one method
™ Exclude genes called only by second method

M aximum wait time |1 minute <

|v Examine and leamn gene features

B
BLAST Searches

™ Perform BLAST search on nr database
Save hits with E-values less than 10E- m
|v Regardless of their E-values, save m
[v Limit number of hits to be saved to ﬂ

[~ Remember these settings

No BLAST scheduled

Tiers |2 =

Height [200 3| widh [533 3]

v Autosave DNAMS file as lExllacked from Fast4 Library etude.fasta_&nnotated.dnam5
[~ Export alternative start codons
[ Export a summary of BLAST hits
[~ Export a GC-Content map

[~ Export a Profile of features

[~ Export a list of Gray Holes and gene overlaps
[ Export a Six-Frame map

[~ Export an ORF map

Scale [1/2"/kb
Sizeto |25 ] kb per tier

Analysis
¢ Current Replicon
(o

All Analyses

Export Directory IZ:'\Mycophages\

Browse...

[~ Export log file
Annotate

Status : |dle

2

DNA master that I will need to review the auto-annotation.

Uncheck all the analyses
buttons if necessary (click No
Analyses)and then click
“annotate”. As Etude is a
relatively short piece of DNA, I
will check the “BLAST” box at
the upper right.

Once my genome is annotated
and BLASTed, I will save it as
Etude_annotated.dnamb.

Now I will generate the data
from the programs outside of



GeneMark TB:

GeneMark is located at http://exon.gatech.edu/genemark/genemark prok gms_plus.cgi

There is also a link from the phagesdb website. Upload the etude.fasta file and use the
Mycobacterium tuberculosis coding model (either strain is fine).

Sequence File upload:e
1U: Ikin/Documents, EA ph; de.fasta ( Browse...)

Running Options

Species: @/ _tuberculosis_H37Rv ) Window size:e{ 96 [3]bp

RBS model:e( ecoli [+ Step size:o 12 [#)bp

Use alternate genetic code:e Threshold:e 05 )%

O Eukaryote (e.g. Yeast, ATG = only start)

[ Mycoplasma (TGA = Tryptophan)

Output Options

Graphical output optionse Text output optionse

@ Generate PDF graphics (screen) [ List open reading frames (ORFs) predicted as coding sequences
) Generate PostScript graphics (email) (CDSs)

@ Mark orfs on graph [ List regions of interest

# Mark regions on graph [ List putative eukaryotic splice sites

™ Mark stop codons on graph ) Write protein translations of ORFs

™ Mark start codons on graph ) Write nucleotide transcripts of ORFs

™ Mark frameshifts on graph O Write protein translations of regions

O Mark putative exon splice sites [ Write nucleotide transcripts of regions

# Print graph in landscape format ) Write protein translations of putative exons

) Write nucleotide transcripts of putative exons
Email address (required for PostScript email output)

Run
Start GeneMark )(_ Default

Opening the .pdf of the GeneMark output should show you a 5 page document that begins
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Here are the first four and start of the fifth genes in Etude as called by GeneMark. Each tier
represents a different reading frame, with upticks from the center horizontal in each tier



representing start codons in that frame and downticks representing stop codons in that
frame. ORFs of significant length are shown as horizontal lines in each tier. Coding potential
is shown by the wiggly trace lines. Areas that GeneMark has designated “regions of
interest” are shown with gray bars through the coding potential. Sometimes these regions
are actually genes, sometimes not. I find it easier to just ignore the gray bars completely.

Aragorn:

Aragorn is found at: http://130.235.46.10/ARAGORN /or linked to from phagesdb.org.

Upload your FastA file, and change the default to “tRNA and tmRNA”.

Bjorn Canbéck Bioinformatics ARAGORN | ARWEN | BRUCE | optalign | RA

Home Projects Publications Online services

Online services W

ARAGORN ARAGORN, tRNA (and tmRNA) detection in nucleotid

ARWEN

Dean Laslett, an Australian specialist in stable RNAs, is the developer of ARAGORN. There is a version for download which requires
BRUCE compilation with a C-compiler (for example with gcc -O3 -ffast-math -finline-functions -o aragorn aragorn1.2.33.c; ignore any warnings about
optalign trigraphs).
RAMI

Input sequence (both strands will be searched, max. 15 MB)
External links
tRNAscan-SE
Sprinzl compilation

Upload a fasta file with one or several sequences:
JUsers/welkin/Documents/Mycophages/SEA phages/SEA2010/etude.fasta Browse. ..

or select a genome from the list: | j i (NC_000909) Q
Select options (see here for all i in the dal

Search for (default tRNA): [ tRNA & tmRNA r‘B

Search allowing introns, 0-3000 bases (default no): |_no »B‘

Sequence topology (default linear): | linear rB‘

Strand(s) (default both): (both %)

Output format (default standard): (standard  [3)

Then click “Submit”. The output will look like:

etude
14998 nucleotides in sequence
Mean G+C content = 60.2%

1.

The web-based Aragorn output shows a single
. tRNA that has a correctly-trimmed 3’ end. [ will
gt come back to this when I get to the tRNA in my

g-c .
toa draft annotation.
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tRNA-Leu(caa)
75 bases, %GC = 56.0
Sequence [6240,6314)

Primary sequence for tRNA-Leu(caa)

1 . 10 . 20 . 30 . 40 . 50
ggtcctgtaggcaaattggcaaagccgegtcactcaaaatgacgtgtetyg

tgggttcgagtecce qgactac 7




tRNAscan-SE:

tRNAscan-SE is available at: http://lowelab.ucsc.edu/tRNAscan-SE/ or linked to from
phagesdb.org

I change the source to “bacterial”, and browse to my file:

Search Mode: | Default D Source: [ Bacterial [

Format:

O Raw Sequence
Sequence name (optional): (no spaces)

@ Other (FASTA, GenBank, EMBL, GCG, IG)

—_—
Paste your query sequence(s) here: ("Run tRNAscan-SE )

el ) S

(Queries are limited to a total of less than 5 million nucleotides at any one time)

e
( Clear Sequence )

or submit a file: /Users/welkin/Documents/Mycophages, (‘Browse... )

—

@ Show results in this browser.
O Receive results by e-mail instead:

(Run tRNAscan-SE ) ( Clear Form )

Now I click “Run tRNAscan-SE.

The results are similar to Aragorn, however tRNAscan SE has called the tRNA with different
start/stop coordinates:

Results

Sequence tRNA Bounds tRNA Anti Intron Bounds Cove
Name tRNA # Begin End Type Codon Begin End Score
etude 1 6240 6313 Leu CAA 0 0 58.66
(View tRNA )

— )

[ will evaluate these when I reach the tRNA in the genome sequence.

At this point, I might also make a genome map, however, this genome is so small I can

visualize the entire thing at once in the interactive map in DNA Master, so [ am going to
skip the additional map.



Whole Genome overview:

Overview Features I Heferencesl Sequencel Ducumentalionl
SortBy [Index | 4| [Name  [stat_ [Stop || Description| Sequence | Product | Regions Blast IContexll
Select Features IDi;ectsuLl LU ................... 83 466 Score |Talgel Description I &
Al — 475 843 » 578 gp1 [Mycobacterium phage LeBron]
2 * - 13 883 1053 ] 560 gp1 [Mycobacterium phage JoeDirt]
Name like 4 1059 2636 8 ;
- 167 gpl [Mycobacterium phage Faith1] L3
GenelD = | |5 2626 4236
Locus ke | | B 4318 5373
7 5427 6038 v
Start — -
. | |8 E136 6243 BLAST Hit
Lengh B | 6233 6317 Accession YP_003857132 Eget
Regions Bl g 6344 6607 Gl 304360950 Export All
o B < Length 127 Delete
% 10 EE47 E736
£ < BET £902 2360 Max Score 578 Date 10/10/2011 Delete Al
Eal . B 12 8315 9187 High-Scoring Pairs [HSP]
ECH ke H . i
113 9411 [10855 HSP Data Algnment |
It |14 11265 11486 1 MGRGROKXXK XOCCCCOOK KXKTRSAUEAK VAAKPKNAQE YAVQ A
Function like 15 11588 12100 1 Frrrrrrerr reerrrrrrr rerrrreerr rererrrrer vl
BEG 12299 12637 1 MGRGRGKDPS SPGGRSRDSR PGTRSAWEAK VAAKPKNAQE YAVQ
FeaturelD = -
Tag ke | Ak 13031 [13438 51  WEVEKPNVUT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT
™ 51 Frrrrrrerr reeerrrrrr reerrerrrr reerrrrrer vl
[~ Hide Ignored Features < > 51  WEVEKPNVWT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT
Gelart &1l Foshras | Insert | Delete| Post | Validate pe
M|« 4[@] =] » [p]»i]1- 14988 Position: 4755 |V Contiols >> Map [ Map >> Conlrols
DL I B BCRD DY |1 || EPJE S KGR
21 Features | Live |

My auto-annotation has 21 called genes and 1 tRNA. If [ click on the BLAST tab for gene 1, |
can see the scores of the alignments from GenBank and the actual alignment.

[ can tell from the interactive map at the bottom of my Etude sequence file that there are
some large gaps in my genome between genes 11 and 12 and 13 and 14. [ will take a closer
look at these areas when I reach them in my annotation. There is also a gene overlap with
gene 8 and the tRNA. This will also need to be resolved.

Refining my annotation
[ now open the Frames window:
Click >DNA->Frames

—>Toggle on the features listed in my features table by clicking the “ORFs” button in the
lower right-hand corner.



% orRF Analysis for Etude_annotated g\i@
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B I‘III 0 TRV
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||I‘|IHlIM‘I‘II‘I MI MJHI‘ 11 IHIHII LI

1999 2998 3997 4996 5995 6994 7993 8992 9991 10990 11989 12988 13987 14998

' [l
: )

gD
1000

1
bp: 5351 @ ORF 1| G| 8| Window: [EE 2] bp
e @) Res| Tl %l 2
e 13 9411|1055 HGP Data_AMGrmer | y y y
Froduct ke | [14 11265 i 1 HMGRGROKOXK 300000000 XXTRSAVEAK VAAKPKNAQE YAVQ A
Function like 15 11588 1 FEUERREEEE Err e errerrerer verrrrreer et
BEE 12299 1 MCRGRGKDPS SPGGRSRDSR PGTRSAVEAK VAAKPKNAQE YAVQ
FeatuelD = | '° ce
Tag ke 117 13031 51 WEVEKPNVUT NQGMHAAGIE TLTMRKGDAY VYATFTUPNG RIRT
b 51 FEVERREEEE PEErrrr e ter e verreereer el
| Hide lgnored Features < > 51  WEVEKPNVWUT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT
y Gelert &ll Foshume | Insert | Delete | Post | Validate
[« « @]z » [pp]pi]1- 14998 Poston: 2725 |I¥ Controls >> Map [ Map >> Controls
2 N s & o[ 7o Rl (a2 | {13 Gs | 15 1718 ) [19)[20
2 Fazhwac liva 14902 2 9

As you mouse over the Frames window, the lower left box will display in real-time the base
pair coordinate of your cursor.

My screen isn’t quite big enough to comfortably display both the frame window and my
sequence window, so I will be flipping back and forth between the windows.

In the Frames window, [ see my forwards transcribed ORFs in green, the reverse in red, and
my tRNA in blue. The 6 horizontal tiers represent the six-translational frames, and the full
vertical lines within the tiers are stop codons while the half-vertical lines are start codons.

Note about GeneMarkTB vs the DNA Master frames window: while both of these
programs display data in six tiers representing the six-translational frames, they are not in
the same order. The top three forwards frames match between program, the bottom three
reverse frames do not. If we label the tiers in each program 1-6 from top to bottom, then
1:1 DM to GTB; 2:2 DM to GTB; 3:3 DM to GTB; 4:5 DM to GTB; 5:6 DM to GTB; and 6:4 DM
to GTB.

Before | start going through the genes one by one, I am going to validate the gene calls and
renumber the genes. The auto-annotation function of DNA Master does not assign gene
numbers to tRNAs, however, we do count them in our genbank files. To keep everything
consistent, it is easiest to renumber genes initially and then again at the end of the gene
identification process. As you grow more confident in your annotation ability, you may
also want to renumber periodically as you add and delete genes from the annotation.

To renumber (and assign locus tags):

Click - Validate (at the bottom of the central column)

10



EE Etude_annotated E]@

Overview Features IHefe!encesl Sequencel Documentationl

Sort By |Index LI 4 [Name  [Stat  [step ~ Descriplion] Sequencel Produc!l Flegionsl Blast I Context Validalion]
Select Features I DirectSQL | | 1 83 466 All ORFs appear valid
. ] DE 475 |g4a
Tope s =3 883 1053
Name ke | |4 1059 2636
GenelD = | | 5 2626 4296
f Locus like | | B 4318 5373
| 7 5427 6038
Start —
o s §136 6249
Lengh Bl | 6239 6317
Regions |3l HE B344 BEO7
%6C < 10 B847 6798

" | — §302 7380 Control | Numbering

’ ) 12 8315 9187
| EC# like BEE a411 10655 [V Assign Names by order of appearance
| Product ke : 14 11265  |11486 [v Assign Products by order of appearance
Function like | | 15 11588 12100 v Overwrite existing values
FeatuelD = | |18 12233 12637 [~ Ovenwite default Names & Products only
Tag like - 17 13031 [13438 IV Assign new Locus Tags by order of appearance
] Locus Tag Prefix |[ETUDE Search NCEB| database ...
[~ Hide Ignored Features <l (i vl ) —
' oot 8l Fommnne | rsett I Deletel Post | Vali datel Reassign Gene Data | Locate Gray Holes > | 300 .] bp
M| <4| «|@ 2 » [pr| ] 1- 14998 Posiion: 5315 | W Controls >> Map [ Map >> Controls
D I s A s OloHeliD Gl Chall
21 Features
—_—

Check the box marked “Overwrite existing values”

Write the phage’s name in the Locus Tag Prefix field. GenBank uses locus tags to assign a
unique id to every gene in the database. We prefer to create our GenBank submission files
with locus tags comprised of the phage’s name and gene number already assigned, to
prevent GenBank from assigning every gene a random number.

Click->Reassign Gene Data
QA“E Etude_annotated Q@@

Overview Features I Heferences| Sequencel Documentation|

Sort By |Index LI d |Name |Slart ISIDD ~ Descriplionl Sequencel Producll Hegionsl Blast I Context Validation I
Select Features | Direct SQL] 11 83 466 All ORFs appear valid

T b2 475 849
Tope ks =3 883 1053
HEnepite 4 1059 2636
GenelD = | | 5 2626 4296
Locus ke | 16 4318|5373

7 5427 6038

Start —

- g 6136 6249

Length - BE £239 6317
Regions B[ |10 6344|6607
T | e BEE B647 6796
o m——H®° B902  |7360 Contral | Numbering |

13 8315 9187

ECH like: 14 2811 10855 v Assign Names by order of appearance
Product  like (15 11265 11486 [V Assign Products by order of appearance
Function like | |16 11588 12100 v Overwiite existing values
FeaturelD = |17 12293 12637 [~ Ovenwrite default Names & Products only
Tag Iike‘ li L 18 13031 13438 v Assign new Locus Tags by order of appearance
v )
— Locus Tag Prefix |[ETUDE Search NCE| database ...
I~ Hide Ignored Features &3 (| > —
Gelort &1l Fastimas | Insert | Delete | Post | Validate | Locate Gray Hales > | |300 :I' bp

{]1-14338 Position : 7248 v Controls >> Map ¥ Map >> Controls

FOMER el Ehaa

21 Features

11



The genes have been renumbered (notice the tRNA is now gene 9, whereas before it didn't
have a number), and the locus tags have been adjusted on the description tab.

[ will now start with Gene 1.
Gene 1:

We need to decide: if this gene is a gene, if it is really gene 1, and where its start is. To do
this, I will examine five pieces of data: coding potential in GeneMark TB,
Glimmer/GeneMark auto-annotation calls, ribosome binding site (RBS) scores, gene
gap/overlap with preceding gene, and BLAST alignment with previously annotated genes.

Coding Potential: From looking at the GeneMark TB output, it appears that the coding
potential starts in this genome around 200 or so bp. There aren’t any ORFs upstream of the
called Gene 1 with coding potential, so [ am confident that this gene is, in fact, Genel.

Glimmer/GeneMark: From the Notes field in my auto-annotation, I can tell that both
GeneMark and Glimmer have called this gene; Glimmer starting at bp 83, and GeneMark
starting at bp 215. This means that the GeneMark call does not encompass all of the coding
potential as shown by the GeneMark TB output. However, both programs called the gene,
and there is good coding potential in the GeneMark TB output. So I am confident that this
ORF is a gene, and now just need to resolve what the start coordinate should be.

@ Etude_annotated Q@@
Overview Features I Referencesl Sequencel Documenlalion]
Sort By Ilndex ﬂ 4 [Name Start Stop |4 Description ISequencel Product[ Hegions] Blast [ Contextl Validalion]
Select Features | DiectsQL| [Pil.......j83 468 Name [1 GenelD
2 475 843
Tope is A =l iE @83 1053 Type |CDS =l &
Name  like 4 1059 2636 Start 83 Locus Tag |ETUDE_1
GenelD = s 2626 4296 Stop 466 Regions | 1
Locus ke |16 48 |5373 Length 384 Tag [
7 5427 6038
Start . — i — Direction Forward g
8 6136|6249 i
Length B s 6233 6317 Translation Table |Undefined |
Regions . 10 6344 5607 EC Number
%GC < | B647 6796
— 12 6302|7360 Product
e . 13 8315|9187 a1
ECH ke 14 9411 10885
Product  like s 11265 11486 Function
Function like | |18 11588 12100
Feaweld = [[ |77 12099 12637
. e [ 1303113438 Notes =
a9 e | |Original Glimmer call @ bp83 has strength 7.02; GeneMark calls start at 215
[~ Hide Ignored Features < >
Gelort &l Fashas | Insert | Delete | Post Validatel
[« <@z [p] 1] 1-14398 Posiion: 14320 | @ Controls >> Map ¥ Map > Controls
o2« s s o[ 7o Rai= {az | (a4 46 | (17> 183 19 ) [20321
21 Features Live 14938 | @ ?

RBS scores: Click on the first highlighted green bar in the “Frames” window (you may want
to zoom in by clicking the magnifying glass with the + icon at the lower left in the window).
A thin green line will appear:

12



@ ORF Analysis for Etude_annotated
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Then click the “RBS” button at the lower right of the Frames window. A new window will

pop-up.
BE Choose ORF start @@@
Starts : 10 ORF Start : 83 Cdn1 Cdn2 Cdn3 Length
Selected : 1 ORF Stop : 466 SEnd 667 667 630 126
ORF Length : 384 J'End 384 706 541 256
1 [ 1T T [ 1 I ] 275
Shine D |algarno [Sequence of the Region |Start|Start ORF »
# Score Space Upstream of the Start Codon|Position [Length
IEL AAAAAAAA 525 8 ACCCCTGGTAGGAGGCTAAATC GTG 3 384
2 345 9 GCAAGAACGCGCAGGAATACGCG GTG 209 258
3 420 8 CGCGCAGGAATACGCGGTGCAG ATG 21§ z5z
4 441 7 GAACGTTTGGACCAATCAGGGG ATG 272 1395
v
< >
B2

The start at position 83, the one called by Glimmer, has a higher Shine-Dalgarno (RBS)
score (525) than the GeneMark start at position 215 (420). The start at position 83 is yields
the longest possible gene as well.

Gap/Overlap: Since it is gene 1, we can omit determining the gap or overlap with the
upstream gene (as there isn’t one!)

BLAST data: If I click on the BLAST tab (see below), I can see that the genes in GenBank that
align well with my gene. Our top hit is (as expected from our Phamerator view) to LeBron
gene 1. More importantly, when we look at the alignment, we see that “Query 1” aligns with
“Sbjct 1”. This means that we selected the same start codon that was chosen in the LeBron
annotation. While it is not necessary to pick the same start codon as another closely related
previously curated phage, it is necessary to examine all possible start codons, weigh the
data, and make the best choice. Knowing that we have selected the same start codon as a
similar phage makes it more likely that we have not accidentally missed a more
appropriate start codon and that our reasoning is supported by previous examination of
other annotators.
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= Ftude_annotated E]@

"} Overview Features I Flefelencesl Sequencel Documenlationl
Sort By Ilndex LI 4 |Name |Slarl ISlop o] Descriptionl Sequencel Productl Regions Blast IContexlI Validalionl
Select Features IDirectSQLI 41 j83 468 Score ITargelDescrip!ion I
Type s lal ,I - i ;;g 18323 ! 578 gp1 [Mycobacterium phage LeBron]
. - 560 gp1 [Mycobacterium phage JoeDirt]
Name like 4 1059|2636 i i
- 167 gp1 [Mycobacterium phage Faith1]
GenelD = | 15 2626 4296
1 Locus like | |6 4318 5373
7 5427 6038
Start —
- 18 6136 6243 ~ BLAST Hit
Length - s 6233 6317 Accession YP_003857132 s £#P0T |
Regions B 10 B34 BED7 Gl 304360950 | Leratiat]
e B Length 127 Delete
% 11 EE47 6796 J Bl |
6 < s cas 0 Max Score 578 Date 10/10/2011 T
£ - BEE @15 9167 ~ High-Scoring Pairs (HSF)
g ECF R [ w11 1065 HSP Data Alignment
Fete e 115 11265 11486 1 MGRGRGKXKX XCOOCOOCKK XXTRSAWEAK VARKPRNAQE YAVQ A
Function like 16 11588 12100 1 FERREEEEEE PEREEE i b e e
17 12299 12637 1 MGRGRGKDPS SPGGRSRDSR PGTRSAWEAK VAAKPKNAQE YAVQ
FeaturelD = -
Tag Iike‘ |18 13031 [13438 §1  WEVEKPNVWT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT
™ 51 Lrrrrrrerr reerrerrrr reeerrrerr rerererrrr reet
[~ Hide Ignored Features <8 (i) b §1  WEVEKPNVWT NQGMHAAGIE TLTMRKGDAY VYATFTWPNG RIRT
I Gelont &1l Fashas | Insert | Dele!el Post Validatel v
M| «4| <|@=] > [»] 1] 1-14008 |Position:8830 ¥ Controls >> Map ¥ Map >> Contrals
R = s e DBEIR G G
1 Features

At this point, I am ready to make my decision. The BLAST data, RBS score, GeneMark TB
coding potential, and Glimmer output all suggest that the best start for this gene is bp83.

Now we need to decide if this gene has a function. Click the “product” tab

@ Etude_annotated

DEX

Overview Features | References] Sequence] Documentalionl
Sort By IIndex ~| 4 [Name  [stat  [stop |~ Description | Sequence Product I Regions | Blast | Context | Validation |
Select Features | Direct 50L | 2! 83 488 128 Residuss MW/ =1436kd  Kyte Hydio = -0.0983
2 475 849 | = 8.47 OMH Hydro = -0.0246
Type s |al vI — . e
) ME 883 1053 MGRGRGKDPSSPGGRS RDSRPGTRS AVEAKVAAKPRNAQEYAVQMAESLCUEVER
Name  lke 4 1059|2636 PNVUTNQGHMHAAGIETLTHRKGDAYVYATFTWPNGRI RTVDVRVNGFHEDHF GSE
GenelD = | g 2626 429 REDRREAMKEILEKYGRZ
Locus ke 15 4318 5373
7 5427 6038
Start —
i s 6136|6243
tength B s 6239 B317
Regions Bl [0 6344 G607
%GC < L £647 6796
| — R 6302 7380
Cal -
EcH E ﬁ |13 8315 9187
e | [14 3411 |10655
Froduct " like 115 11265 [11486
Function like | |16 11588 12100
Feaweld = [ |17 12299 12637
T ik 18 13031 13438
ag ke — v
[~ Hide Ignored Features <3| 2>
Cotort 8 Emntnme | Insert | Delete | Post| Vaidate| L | Vv P M C U GA ST DEKRHONG GQWEFY
1-14338 ‘Position: 14708 “7 Controls >> Map ¥ Map >> Controls
[ Gl el
21 Features
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Copy this sequence and paste into NCBI’'s BLASTP page:
http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&BLAST PROGRAMS=blastp&PA
GE_TYPE=BlastSearch&SHOW DEFAULTS=on&LINK LOC=blasthome

BLAST
Home RecentResults Saved Strategies  Help

o

-

» NCBU/ BLAST/ blastp suite
blastn | blastp | blastx | tblastn | tblastx |
BLASTP rams search protein databases using a protein query. more...
Enter Query Sequence e ~ e e
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
qp:83-466 (amino acid sequence): 127 residues FE
SL From
To

Or, upload file

@

Job Title

Enter a descriptive title for your BLAST search &

[ Align two or more sequences &
Choose Search Set
D N

Organi
Optional

o0 13) ©

protein

OExclude '+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &
Exclude
Optional

Entrez Query
Optional

[ Models (XM/XP) (J L sample

Enter an Entrez query to limit search &

Program Selection
Algorithm @ blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)
O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm &

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

By pressing the “BLAST” button at the bottom of the page, we get the following result:

Color key for alignment scores

<40 40-50 80-200 >=200

G u e ry I ——

[} I 1 [l I 1 I
1 20 40 60 80 100 120

¥ Descriptions
Legend for links to other resources: 1 UniGene I3 G0 [€ Gene B structure [ Map Viewer Bil PubChem BioAssay

Accession | Description ‘ e o o |4 e | tnes
YP_003857132.1 gp1 [Mycobacterium phage LeBron] >gb|ADL70968.1| gp1 [Mycobact; 263 263 100% 7e-69 [G]
XP_001528612.1 of loop protein 1 [L isporus NRRLT 362 36.2 77% 1.4 [G]
ZP 03489925.1  hypothetical protein EUBIFOR_02530 [Eubacterium biforme DSM 398¢ 339 33.9 32% 7.5
NP 1475952 | putative onithine inase [Aeropyrum pernix K1] >dbj|BAA7¢ 331 33.1 63% 2.9 G}

¥ Alignments

() Select All Get selected Distance tree of results Multiple alignment

>Oref |YP 003857132.1 G} gpl [Mycobacterium phage LeBron]

gb| ADL70968.1 gpl [Mycobacterium phage LeBron]
Length=127

GENE ID: 9711717 1 | gpl [

ium phage LeBron]

Score = 263 bits (671)

Expect = 7e-69, Method: Compositional matrix adjust.

Identities = 127/127 (100%), Positives = 127/127 (100%), Gaps = 0/127 (0%)

Query 1 W 60
sbjct 1 NVHT 60
Query 61  NQGMHAAGI 120

NQGMHAAGT

Our top hit is (as expected from our Phamerator view) to LeBron gene 1. LeBron is the only
hit listed above that has an acceptable E value, and therefore we discount the other hits and
their possible functional assignments.
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HHPred: (http://toolkit.tuebingen.mpg.de /hhpred)

Copy the amino acid sequence into HHPred'’s sequence field. Make sure to remove the “Z” at
the end (DNA Master represents stop codons with a Z in the product field).

HOME Login | PDBalert

Personal Databases | Contact | Imprint | Disclaimer Help

Bioinformatics Toolkit Quickfinder ~
Max-Planck Institute for Developmental Biology

Lot ntgvmens Y soqencesmasie J 2y strcure Y 2y srcurs Y ClastctonJ e

CS-BLAST HHblits | HHpred | HHsenser HMMER3 PSI-BLAST PatternSearch ProtBLAST SImShiftDB

HHpred - Homology detection & structure prediction by HMM-HMM comparison

Show results NEW: Official server results for CASP9 structure prediction benchmark
Input
8237908 |HHPR Paste protein sequence or multiple HERL
3443134 HHPR alignment
2933052 HHPR
8633021 HHPR
8646597 HHPR < < __RALa P
1309395 |HHPR or upload a local file |
5901234 HHPR
9503792 |HHPR Select input format | FASTA <
2220754 |HHPR
6939899 HHPR Reset form Submit job
1341118 |HHPR -
5777435 HHPR Search Options
1616175 HHPR
1208530 [HHPR Select HMM databases Standard Genomes
6741199 | HHPR (hold Ctr to select several) | pdb70_80ct11 0 Arabidopsis_thaliana 0
8088012 |HHPR pdb_on_hold_60ct11 Caenorhabditis_elegans
F—— 5c0p70_1.75 L Drosophila_melanogaster |
inter 4. . me Il .
N =
8324397 HHPR
8188366 |HHPR MSA Generation Method @ HHblits O psiblast
5150140 HHPR
Frcomms . Max. HHblits iterations |3 7|
s706071 0 EES Score secondary structure @ yes O no O predicted vs predicted only
7668194 HHPR
9704715 |HHPR Alignment mode @ local O global

Click “Submit job” (at the far right, just above the beige bar labeled “Search Options”)
Eventually, you will see a results that look like this:

80 127

T T T T T T T L 2 T T T

1
100
Resubmit

1)
13
3
)
E

2hBe_A

2e04_A
2b7v_A

1d12_A
Jedh_|
2b7t_A

Query Tue_Oct_11_17:53:21 _+0200_2011 (seq=MGRGRGKDPS...MKEILEKYCK Len=127 Neff=1.0 Nsegs=1)
Parameters score SS:iyes search:local realign with MAP:ino

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
() 1 3adg_A F21M12.9 protein; HYLl, B84.0 3.4 0.00013  24.7 5.9 48  80-127 23-73  (73)
() 2 1r91_A Glycine betaine-binding 79.9 0.69 2.7E-05 31.9 1.8 44 40-89 25-68  (309)
(] 3 2cpn_A TAR RNA-binding protein 72.0 4.2 0.00016 25.4 3.8 37 88-124 45-82  (89)
(] 4 luhz_A Staufen (RNA binding pr 66.8 7.3 0.00028 24.4 4.0 40 88-127  35-75 (89)
(J 5 31q0_A Proastacin; metallopept 65.8 2.7 0.00011 30.7 2.1 60 58-124 11-74 (235)
(J 6 2dix_A Interferon-inducible do 65.1 7.6 0.00029 23.8 3.8 37 88-124 36-73 (84)
() 7 2h0e_aA Transthyretin-like prot 59.9 5.5 0.00021 27.1 2.7 33  60-92 18-50 (121)
[ 2 1m01 2 DHAT_IAUT  mukakiwa h1n &G 3 &9 nn0AA%2 219 2 & 11 77-111 -1 s1nay

Only one of these alignments has a Probability score of above 80, and it from a small
portion of our query to a protein in Arabidopsis thaliana. We will consider this not a match.

1
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Finally, the Hatfull-labeled maps also suggest that there is no known function for gene 1 in
LeBron.

Gene 1 has no known function (NKF).
Our last task is to add our annotation rationale to the Notes field for this gene.

In the Click on the Description tab in the right-hand section of the Features tab.

In the Notes field, add your notes.

Things to include: The gene coordinates for your gene call. Is this the longest possible gene
for this gene call? s this the Glimmer/GeneMark call? What is the gap or overlap between
this gene’s start and the previous gene’s stop? Does this start have the best RBS score? Does
this gene match anything in GenBank when you BLAST it? If so, what? What is the
alignment between the start that you chose and the closest GenBank match? Is there a
known function?

@ Etude_annotated Q@@

Overview Features I Referencesl Sequencel Documenlalion]
SortBy [Index | 4| [Name  [stat _ [Stop |4 Description I Sequence | Product | Regions | Blast | Context | Validation |
Select Features I DirectSQLI LI 83 466 Name |1 GenelD
. Al | | 2 475 843
Type is =3 883 1053 Type  |CDS | &
Name  like |4 1059 2636 Start 83 Locus Tag IETUDE_1
GenelD = s 2626 429 Stop 466 Regions | 1
Locus ke ﬁ ML 4318 5373 Length 384 Tag I
7 5427 6038
Start . —. o1 ».é 249 Direction Forward g]
) Bla} 4
Length . : 9 6233 B317 Translation Table |Undefined ~|
Regions |31 10 B34 BEO7 EC Number
% GC < AL 6796
| 12 7360 Product
el . BEE 9187 ap1
R |14 10855
Product  like 15 11496 Function
Function like | |16 12100
FeaturelD = 17 12637
T ik ,7 18 13438 Notes R4
a9 e V| |83-466. Glimmer call. Longest possible ORF. Includes all coding potential. Best
[~ Hide Ignored Features < > REBS score (525). Aligns 1:1 with LeBron gene 1. NKF
Calart &ll Fastirae | Insert | Delete| Post Validalel
1-143993 Position : 8830 v Controls >> Map [V Map >> Controls
7y Al [ {1z | ¢ aa a6 | iy [18y] 19 |20 (2
21 Features Live 14998 =3

It is important that you physically type in the gene coordinates into your comments, as in
some cases | have received files in which people believed they had changed their start
coordinates and were not actually able to. In case there are any discrepancies between the
gene coordinates that you think you are choosing and the gene coordinates that are
actually saved into the file, it is important that you write what your gene coordinate choices
are into the notes here.

[t is also important that you report the BLAST alignments here, for two reasons: It is
possible to generate spreadsheets of the gene data fields, including the notes, that can be
very useful for genome checking. These spreadsheets will not include data from the BLAST
tab. And if you ever accidentally lose your BLAST data (say, from parsing your
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documentation, or from corrupting your file) you'll have a record of what the alignment
was without having to BLAST your entire genome again.

Post your changes to the notes field, either by clicking “Post”, or by moving to gene 2 by
clicking on the corresponding row in the central column.

Gene 2:
On the feature tab, click “2” in the central column.

In the Notes for gene 2, we can once again see that Glimmer and GeneMark have disagreed
on the start for the gene (475 for Glimmer and 514 for GeneMark). However, as with gene
1, we can see that both programs have called the gene, and that there is good coding
potential for the gene in the GeneMark TB output. So we will agree that this is a gene, and
now just need to resolve its start.

Now we check our three criteria for start selection: coding potential, gene gap/overlap and
RBS scores.

Coding Potential: the trace for the GeneMark TB coding potential doesn’t start to rise until
about bp 600 or so, so both the Glimmer and GeneMark start codons encompass all the
coding potential.

Look at the Frames window for gene gap/overlap:
QE ORF Analysis for Etude_annotated

H3

H-2 H

I
" ”‘IIIIIIII I Ll [

|| I |1
I RN | Ll
° L Ll L L]l I

1 188 375 562 749 936 1123 1310 1497 1€
bp: 82 @S] » |»»| M| ORF 83 - 465

-1

2] 1| G+C| 5| Window: |E

We can see here that the called start (the Glimmer start) represents the longest possible
start for this gene—any extension would run into the upstream stop codon. There is no
gene overlap, and there is a 9bp gap.

The RBS scores: Click in the box with the second green highlighted bar, and then click the
RBS button on the lower right side of the frames window.
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Starts : 9 ORF Start : 475 Cdn1 Cdn2 Cdn3 Length
Selected : 1 ORFStop :843  5'End|385 692 462 33
ORF Length: 375 3'End 411 B85 622 334
[ Il [ I 1 | 795
Shine D |algarno |Sequence of the Region |[Start|Start ORF ﬁ
# Score Space Upstream of the Start Codon|Position [Length —
IEl ________ 378 3 AGTACGGCAAGTAGGGGGATTT | ATG 475 375
4 150 9 ABACGCTGTTCCACCTGGCCTT  ATG 514 336
3 z10 7 TGACGCTCCGTCGAGGGTCCTT TTG 586 264
4 504 7 CGCTCCGTCGAGGGTCCTTTTG TTG 589 428 7
c  ece - FRATTAARATATAARTRACACT  TTR £ 224 >
< >
i B 2

Again, the Glimmer call at bp475 has a higher score than the GeneMark call at bp514.
@ Etde_annntated ‘ v ‘ B@@

Overview Features I Helerencesl Sequencel Documenlaliun]
Sort By |Index ‘j 4 |Name Start Stop | A Description] Sequencel Pwduct] Regions Blast IContext] Validalionl
Select Features | Direct SOL | L 468 Score [ Target Description [
Type i Al = L*»a a5 ?323 14 572 gp2 [Mycobacterium phage JoeDirt]
. ke ,— -l L 560 gp2 [Mycobacterium phage LeBron]
|14 1059 1263 | 437 gp2[Mycobacterium phage Faith]
GenelD = ME 2626 42% L 193 hypothetical protein SYEN_3985 [Streptomyces *
Locus  like -l 6 4318 5373 191 gp10 [Mycobacterium phage Omega]
7 5427 6038 [~
Start —
u s 6136 (6243 BLAST Hi
Lengh B NE 6233 8317 || Accession AEKO7043 ]
Regions B 10 6344|6607 Gl 339781215 Export Al
| - Length 124 Delete
% 1 6647 6796 9
GE < H Max Score 572 Date 10/10/2011 Delete Al
cal . ,— | [12 6302 7360 - : . —_—
High-Scoring Pairs [HSP)
, | [13 8315 9187
BH ke[ 9411 10855 HSP Data Alignment |
Product  like | 115 11265  |11486 1 MCDTVKNAVP PGLMAAGKEL VESVASEREL DAPSRVLLLN ACRL A
Function like 16 11588  |12100 1 PEEERRREEE Brrir b b b e rererrrrer e
BEE 1 MGDTVKNAVP PGLMAAGKEL WESVASEREL DAPSRVLLLN ACRL
Feawed =|[ |1V 12299 12637
Tag  lke 118 13031 13438 51 LDQEIDGRLL SYNQRGDEVI NPLISEHRQQ YTTLANILGK MGLG
¥l sy PEEERRREEE BErrr bbb b e rererrrrer e
I™ Hide lgnored Features <3| ) > 51 LDQEIDGRLL SYNQRGDEVI NPLISEHRQQ YTTLANILGK MGLG
Gelert 81l Eotres | Insert | Delete | Post| Validate =
(|| 4 Q ) | 1-14933 Position : 13780 [V Controls >> Map [V Map >> Controls
[ IBE 4 5 s o[ Relq2 Caa] (e 1 [18)] 19 [20)21
Examine the BLAST tab: [z eaue v g2

Once again, the best match aligns 1:1 with JoeDirt and LeBron.

So we will pick the Glimmer call at 475 as our gene start, and enter the appropriate
description into the notes. Now that we have an upstream gene, we will also write the
gap/overlap in bp of this gene with the previous one.

Functional assignment: If we BLASTP this gene outside of DNA Master on the NCBI website,
or examine Phamerator, or the Hatfull-approved genome maps with functions, we will see
this gene is the small subunit of the terminase.

Click on the product tab in DNA Master (or on the gene in Phamerator

Overview Features ] Heferences] Sequence] Documentationl
SotBy |Index < IName |5larl ISlop L Descriptionl Sequence Product | Regionsl Blast ] Contextl Validationl
Select Features | Direct SOL | 466 125 Residues  Mw = 13.76 kd Kyte Hydro = -0.0587
843 | =7.75 OMH Hydro = -0.0230

Type is Al v P! [y

) 1053 MGD TVKNAVPPGLMAAGKELYESVASERELDAPSRVLLLNACRIADRLDQLDQEID
Name ke 2636 GRLLSYNQRGDEVINPLISEHRQQYTTLANILGKMGLGELPKAKQENSRUDELAKK
GerelD = I_ 4296 RAERAAKAAQASZ
Locus  like 5373
A~ - 6038
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As in gene 1, copy and paste the amino acid sequence into the NCBI BLASTP page. The
BLAST result show more hits this time, not only LeBron, but multiple other phages. This
gene is the small subunit of the terminase, and so we must add the function into our
annotation. The LeBron alignment is still “query 1 to sbjct 1”7, indicating that gene 2 of
LeBron and our gene 2 of Etude use the same start codon.

Sequence
Nouse over o see the Gefine, cick 1o show algnments ]

Color key for alignment score

<40 4050 0 80-200 >=200
e —

Descriptions
Legend for links to other resources: [T] UniGene I3 6EO [E Gene E structure [T Map Viewer Bl PubChem BioAssay

‘Sequences producing significant
Accession | | Maxscore Total score uer e | Evalue Links.
YP_003857133.1 gp2 [Mycobacterium phage LeBron] >gb|ADL70969.1| gp2 [Mycobacterium phage LeBroi 246 246 100% Se-64 [G]
NP 11 gp10 [Mycobacterium phage Omega] >gb|AAN12654.1| gp10 [Mycobacterium phage Om 87.8 872.8 89% 4e-16 (G}
2P_06825094.1 hypothetical protein SSBG_02573 [Streptomyces sp. SPB74] >gb|EDY44611.1| hypothet 224 724 59% 2e-11
YP_002882537.1 hypothetical protein Beav_2527 [Beutenbergia cavernae DSM 12333] >gb|ACQ80775.1] 52.0 57.0 55% 7e-07 ]
YP_002781224.1 hypothetical protein ROP_40320 [Rhodococcus opacus B4] >dbj|BAH52279.1] hypothetic 56.2 56.2 75% 1e-06 G}
YP_003162104.1 hypothetical protein Jden_2164 [Jonesia denitrificans DSM 20603] >gbJACV09801.1| hyg 535 s3.5 69% 8e-06 6]
YP_706493.1 hypothetical protein RHA1_ro06562 [| jostii RHA1] 35.1| hypoth 50.1 56% 9e-05 G
2P_06501003.1 phage terminase, small subunit, P27 family [Micrococcus luteus SK58] >gb|EFD51948.1| 48.5 66% 2e-04
2p_07714862.1 conserved protein [Cory ATCC 33035] >gb|EF 416 83% 0.020
YP_655890.1 gp25 [Mycobacterium phage Wildcat] >gb|ABE67630.1| gp25 [Mycobacterium phage Wil 404 40.4 82% 0.074 G}
ZP_06832385.1 conserved hypothetical protein [Rhodococcus equi ATCC 33707] >gb|EFG59276.1| conse 327 377 65% 0.43
2P 03646336.1 hypothetical protein BbifN4_04215 [Bifidobacterium bifidum NCIMB 41171] >ref|YP_003¢ 377 377 73% 0.43
YP_885333.1 serine 3- [Mycobacterium str. MC2 155] >gb|ABK70390.1] ser 377 7.7 5% 0.44 G}
YP_003886949.1 sodium/hydrogen exchanger [Cyanothece sp. PCC 7822] >gb|ADN13674.1| sodium/hydr 347 347 37% 4.4 G]
2P _04402134.1 MSHA biogenesis protein MshM [Vibrio cholerae TMA 21] >gb|EEO15293.1] MSHA biogen 343 343 6% 5.1
XP_864435.1 PREDICTED: similar to sterile alpha motif domain containing 4 isoform 4 [Canis familiaris 339 39 61% 5.9 ju G m|
YP_002894263.1 transketolase [Tolumonas auensis DSM 9187] >gb|ACQ94677.1] transketolase [Tolumoni 335 335 71% 2.0 [G]
2ZP_06399327.1 acyl-CoA domain protein [Micromonospora sp. L5] >ref|YP_003833223.1 335 335 41% 9.7
¥ Alignments
() Select All Get selected sequences Distance tree of results Mulitiple alignment
> Jref |[YP 003857133.1 G gp2 [Mycobacterium phage LeBron]
b|ADL70969.1 gp2 [Mycobacterium phage LeBron]
Length=124
GENE ID: 9711608 2 gp2 [Mycobacterium phage LeBron]
Score = 246 bits (629), Expect = 5e-64, Method: Compositional matrix adjust.

Identities = 122/124 (99%), Positives = 122/124 (99%), Gaps = 0/124 (0%)

Query 1 MGDTVKNAVPPGLMAAGKELWESVASERELDAPSRVLLLNACRIADRLDQLDQEIDGRLL 60
MGD VKN VPPGLMAAGKELWESVASERELDAPSRVLLLNACRIADRLDQLDQEIDGRLL
Sbject 1 MGDGVKNTVPPGLMAAGKELWESVASERELDAPSRVLLLNACRIADRLDQLDQEIDGRLL 60

Query 61 SYNQRGDEVINPLISEHRQQYTTLANILGKMGLGELPKAKQENSRWDELAKKRAERAAKA 120
SYNQRGDEVINPLISEHRQQYTTLANILGKMGLGELPKAKQENSRWDELAKKRAERAAKA
Sbjct 61 SYNQRGDEVINPLISEHRQQYTTLANILGKMGLGELPKAKQENSRWDELAKKRAERAAKA 120

Query 121 AQAS 124
AQAS
Sbjet 121 AQAS 124

We are confident enough with the BLASTP and map assignments that it is not necessary to
run HHPred.

Add detailed annotation notes as in gene 1. Make sure that you include the gene
gap/overlap, the functional assignment, and the source of your functional assignment.
Since this is a Hatfull Map approved function, we will add it to the Function field as well:
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@ Etude_annotated

Dverview Features I Heferencesl Sequencel Documentalionl

Sort By Ilndex v 4 |Name |Stalt IStop |~ Description I Sequencel Producll Hegionsl Blast I Contextl Validation]
Select Features I Directs0L| I 83 466 Name |2 GenelD,
-om Xz 475 843
Type is v 3 852 1053 Type |CDS v| Gl
Name like 4 1059 2636 Start | 475 LocusTag |ETUDE_2
GenelD = | |5 2626 4296 Stap 849 Regions | 1
Locus  like | |B 4318 5373 Length 375 Tag l
7 5427 6038 =

Start — irection Fi

al - 3 % 6219 Direction Forward g

Length . | 6239 6317 Translation Table |Undefined |
Regions Bl | 6344  BEO7 IEC Number
%GC < BE647 6796
cal -‘ — | 6302|7360 Product

| 8315 9187 ap2
ECH# like —

| 9411 10655
Product  like 11265 11486 Function

Function like | 11588 12100 Terminase, small subunit

- w
o

J
Mo =

Jury pury pury
L5 B S ]

pury
L=

FeaturelD = 17 12293 12637
T ik : I— |18 13031 13438 Notes |
a9 -9 V¥ | |475-849. Gene gap 9bp. Glimmer start. Longest possible ORF, all coding potential
. < > included. RBS score 375 [much higher than GeneMark start). BLAST alignment
[l anored Foshres L — 1:1 with JoeDirt. Terminase, small subunitBLAST, GFH Map)
Gelort &l Foahmes | Insert | Delete | Post | Validate |

Position : 9992 “7 Controls »>> Map v Map >> Controls

O Gl

21 Features

Gene 3: Look at the coding potential trace in the GeneMark TB output. The coding potential
after Gene 2 shows a smaller peak in the top tier following the gene 2 peak.

=i

. ‘—|I '1‘—:—‘—:—| ‘:—'—'—:ﬁ"—!ﬁh' |§|“—|%| 1 |::| ||; I‘_E'H"Hglhll'

i P R T |

Glimmer has decided to call this ORF a gene, GeneMark has decided to omit it.
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Overview Features ] Refelencesl Sequencel Documentalion]
SortBy [Index | 4 [Name Stat  |Stop |~ Description ISequenceI Product | Regions | Blast | Context | Validation |
Select Fealurelei;ectsQLl |11 3 466 Name '37 GenelD
849
Type is |al v - 1053 Type |CDS v| GI
Name ke 4 1059 2636 Start | 889 Locus Tag IETUDE_3
GenelD = e 2626 4236 Stop | 1053  Regions l 1
Locus ke |6 4318|5373 Length 165 Tag [
7 5427 6038
Start - — Direction Forward 3‘
g 6136 6249 -
Length . : 9 6239 6317 Translation Table IUndeimed LI
Regions . 10 6344 6607 EC Number
%GC < | n EE47 6796
— A 6302 7360 Product
w M 13 8315 9187 an3
ECH# like H
i 11 10855
Product  like |15 11265 11486 Function
Function like | |18 11588 12100
Feawed = | |17 12293 12637
T ik ﬁ 18 13031 13438 Notes |
2 e B ~ | |Original Glimmer call @bp 883 has strength .25 ** not called by GeneMark
[~ Hide lgnored Features <8 (] >
Celort &ll Faares | Insert | Delete| F'ost| Validate|
| 4| «|@]=]» [pp|pi]1- 14938 Posiion: 14708 |V Controls >> Map [ Map >> Controls
| 1>|2>}| s s 8 7>ﬁ<@|{| 12 (s | (s 17y (183 19 % [205[21
21 Features Live 14338 | @ ?

Since we see some coding potential in this frame and not in any others, and this ORF nicely
fills a gap in the genome between gene 2 and gene 4, we are going to call this gene.

Now we need to pick a start codon. Examine the frames window:

% ORF Analysis for Etude_annotated

2 Ll [ I I I | |

2 | I I | L] | | Il

B (L g L1 | [ u‘h
o LIl |

2 [ | [ | [
¢ | | | |
2 95 188 281 374 467 S60 653 746 839 932 1025

bp: 46 4| <4 4|2 > | »| M| ORF 475 - 843 2 x| G+c| 5| Window: [E8 4] bp

Hints shown here

There are at least four possible starts for gene 3 that will not overlap with gene 2 (we can’t
overlap gene 2 at all in this case, as genes 2 and 3 are in the same frame. Gene 2’s stop
codon would prevent translation of gene 3 from any earlier start.)

Now we use our five pieces of data to determine which start of the four possible starts we
like the best.

Coding Potential: the earliest blip in the GeneMark TB coding potential trace is about 900
bp, so all four starts encompass all the coding potential.

Gene gap/overlap: The best start with regards to gene packing is the longest start, which
leaves no gap between genes. However, the tandem starts (start 2 and start 3) leave a fairly
small gap as well, either 10 or 13 bp.
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RBS scores:
& Choose ORF start M=) According to DNA master, starts 1 and 2
S g5 ORF S : 850 Cdn1 Cdn2 Cdn3 Length . .
St 1 e e semiono oy s || have exactly the same score, which is only
At Corer 20 SR T v 49 2o S G OIS very slightly lower that start 4 (the Glimmer

I1 [ [ 1838
Shine D |slgatno |Sequem:e of the Region |Scsr:|s:az: IDRF | Start)_ Star‘t 3 haS the beSt SCOre Of 312_
# Score |Space |Upstream of the Start |Codon|Position ILength |
1 247 & TAMBAGCCGCTCAGGCGTCCTAG (GTG 850 z04
z 247 6 TCAGGCGTCCTAGGTGCCGGGG | ATG 8539 135
3 31z 3 GGCGTCCTAGGTGCCGGGGATG  ATG 862 192
4 252 7 GTCCATTCGTTCGGGCCGGGGT (GTG 883 165
S 399 ? CTACTGGTATAGGCGCGCTCAT  ATG 1006 48

At this point, we need to weigh whether we
minimize the gap (start 1 at bp 850) or pick the best RBS score (start 3 at bp 862). An
interesting biological discussion!

[ will check the BLAST results, too:

% Etude_annotated Q@@

Overview Features I References] Sequence] Dncumentelion]
Sort By ||"1de’< ﬂ 4 |Name Start Stop | A Descviption] Sequence] F‘roduct] Regions Blast IEonlextI Validation]
Select Features I Direct SOL [ |11 a3 468 Target Description |
2 475 843 "
Type is |al - F 3 Oég 1053 ap3 [Mycobacterium phage UPIE]
. -~ b 275 gp3 [Mycobacterium phage JoeDirt]
Name ke 4 63
' 14 1053 2636 274 gp3 [Mycobacterium phage LeBron]
GenelD | = — 5 2626 43?8 175 gp3 [Mycobacterium phage Faith1]
Locus like | |6 4318 5373
7 (
o WP oo
- BLAST Hit
Lengt |5 s 6239 6317 Accession AEKO7547 EEH
Regions . 10 6344 07— |Gl 339781718 Export All
o B 6647 6798 Length 63 Delete
% 1Ll 6647 6736
St < BT 5 o Max Score 282 Date 1041072011 Delete Al
cal . [— | |12 6302 7360 : : : —_—
- 13 2315 9187 High-Scoring Pairs (HSP)
ECHET ik |14 9411 10855 HSPDats Alignment |
Product ke | [15 11265 11486 1  MVCPCCDEWT GTRAKEKRQW RREAGAELAE YDYWYRRAHM RDYLD A
Function like 16 11588 12100 1 FELELEEEEE PR vererr e e e
117 10 VVCPCCDEWT GTRAKEKRQW RREAGAELAE YDYWUYRRAHM RDYLD
FeawelD = [[ |7 12299 12837
Mg ke [— | |18 13031 13438 3 :t I:ITTII)
™ Hide Ignored Features < | > 60 NGDD
Gelort 8l Fashras | Insert | Delete| Past Validate| =
[« «]@fz]» || pi]1-14998 Position: 4445 |V Controls >> Map [V Map >> Conlioks
off ¢ s O s SRl (az ] (s 16| 17 |18y 12 ) [203]i
21 Features Live 14393 22

This indicates that we are 9 amino acids short of the called start in the best BLAST hit, that
of UPIE. 9 amino acids is 18 bp, or equivalent to the start at 862.

Without wet lab evidence, we can’t really say. So at this point, I will choose the best RBS
score at (bp 862) and the BLAST alignment. [ could just as easily choose to minimize the
gap, as the RBS score is not too terrible for start 1 and we frequently see phage genes that
start and stop practically on top of each other in this manner. Both are valid choices.

Change the gene start in the description tab:

—>Write the new coordinate in the start field, and then click the calculator icon (the button
directly under the field labeled “Stop”) to change the gene length and post the change to the
database.
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EE Etude_annotated Q@

Overview Features |Heferences| Sequencel Documenlationl

SortBy [index | [Name  [Stat  [Stop Description I Sequence | Product | Regions | Blast | Context | Validation |

Select Features I Direct SIJLI | 1 83 466 Name |3 GenelD

-
|2

2 475 843
Typel s Al =y g2 1053 Type  |CDS > 61
Name  like :4 1059 2636 Start 862 Locus Tag IETUDE_3
GenelD = _5 2626 4296 Stop 1053 Regions | 1
Locus  like 16 4318|5373 Length 192 Tag |
7 5427 6038
Start . — Direction Forward g
8 6136 6249 .
Length Bl : q 6239 6317 Translation Table |Undefined ~|
Regions Bl 10 6344 ge07 — ECMNumber
%GC < n 6647|6796
12 6302 7360 Product
cal -
- E 13 8315|9187 ap3
e |14 9411 10655
Product  like N 15 11265 11486 Function
Function like | |18 11588 12100
Feawed = [ |17 12293 12837
T ik li | |18 13031 13438 Notes k|
2 ad ~ | |Original Glimmer call @bp 889 has strength £.25 ** not called by GeneMark
[~ Hide lgnored Features <8 ) >
Gelort &Il Fashmee | Insert | Deletel Validatel

1-14993 Position : 4445 v Controls >> Map ¥ Map >> Controls

R Gl @l

21 Features

Now reBLAST the gene: click the BLAST tab.

Click “Delete all”. Click yes in the box that pops up that asks you if you really want to do
this. This should empty the tab of BLAST data.

From the empty tab click “BLAST this gene”

@ Etude_annotated

‘| Overview Features IReferences| Sequencel Documentation |

Sort By Ilndex _ﬂ
Select Features I Direct SAOL [

Name Start Stop A Descfiplion] Sequencel Product] Regions Blast IConlexll Validationl

)
@
S
@
@

- There are no BLAST results for this feature

Type is Al v Eg ;Z: 18323 Blast this gene | Blast ALL Genes | Clear &l |
Name like 14 1053|2636
GenelD = HE 2626|4296
lows ke |  |IE 4318 5373
7 5427 6038
Start |
« W B 6136 6243
Length B s 6233 6317
Regions Bl 1o 6344 6807
%GC < X 6647 6736
12 6302|7380
cal |
- E HiE 5315|9187
e [ 14 9411 10655
Product like 15 11265 11486
Function like BB 11588 12100
Feaweld =|[ 17 12293 |12637
. o 18 13031 13438
ag like: — v
[ Hide lgnored Features &8 ) >
Gelart 81l Faatiras | Insert |%ﬂ| Validate|
| «| <@ » [ wi]1- 14908 Postion: 14920 |V Conliols >> Map [ Map >> Contiols
Dl H s O s Ol el Cel] (e
21 Features

Note: If you click “Clear All” in the empty BLAST tab, you will delete the BLAST data for ALL
of your genes.

A new window will appear, showing your BLAST request status. When it finishes, it will
load your data and look like this:
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W BLAST search for 862 - 1053 (3) (=13

Retrieve Text Results | Save to Database I
Score Description | ~ BLAST Hit
gp3 [Mycobacterium phage UPIE] = Accession  AEK07547

324 ap3 [Mycobacterium phage JoeDirt] Gl 339781718

323 gp3 [Mycobacterium phage LeBron] Length 63
223 gp3 [Mycobacterium phage Faith1] Max Score 330

74 hypothetical protein [Plasmodium vivax Sal-1] [
73 hypothetical protein SCHCODRAFT_237055 [Schizophyllum commune b I
72 hypothetical protein Mnod_2475 [Methylobacterium nodulans ORS 2060 HSP Coverage Map
70 Iyase family protein [&chromobacter sylosoxidans A8]
70 hypothetical protein Osl_19228 [Oryza sativa Indica Group] 3
EValue High-Scoring Pair (HSP)
% BitScore  131.721 Query 1-63 Positives 63

= Score 330 Target 1-63 Identity 63

E¥alue 5.2E-40 Length 63 Similarity  100.0
% Aligned 100.0 Gaps 0

1 MQSIRSGRGY VCPCCDEWTG TRAKEKRQWR REAGAELAEY DYWYRRAHMR
PEREREEREE Frrrr e rrer e e rereereetd
1  MQSIRSGRGV VCPCCDEWTG TRAKEKRQWR REAGAELAEY DYWYRRAHMR

=

51 DYLDSLEIGN GDD
SLoLihrrrrrrer
51 DYLDSLEIGN GDD

Click the tab that says “Save to Database”

W BLAST search for 862 - 1053 (3)
Retrieve | XML Results | TextResuls Save to Database ]

Maximum E-Value of HSPs to save Ignore Definitions including the following terms

1.2E-23 v

Save 4 Values

Only the top four hits have reasonable E values, so we will only save those four to our
genome database. [ will click “save 4 values”. Then I close the window.

Back in my main genome window, the BLAST data has been altered for gene 3 (I had to
click gene 2 and then back to gene 3 for it to load into the window):

r@ Etude_annotated Q@@

Overview Features IHelerences] Sequencel Documentation]
Sort By IIndex LI 4 |Name Start Stop N Desc:ipliun' Sequence] Product] Regions Blast IContext] Validalionl
Select Features ] Direct SOL I 468 Score |Targek Description | ~
Type is AN +| = ?3:3 L 330 gp3 [Mycobacterium phage UPIE]
" 324 gp3 [Mycobacterium phage JoeDirt]
Name like 2636 — -
| 323 gp3 [Mycobacterium phage LeBron]
GenelD = 42% | 223 gp3 [Mycobacterium phage Faith1]
Locus ke 5373
Start . ggjg v
BLAST Hit
Lengh |5 n 6317 Accession AEKO7547 7Bt
Regions [l 6607 |Gl 339781718 Export Al
<, Length 63 Delete
% E796 L Blaad |
2 < Max Score 330 Date 10/11/2011 Delete All
cal . l— 7360 - : : —
9187 High-Scoring Pairs [HSP)
EC# ke 10655 HSPData Alignment |
e Lo 11486 1 MQSIRSGRGV VCPCCDEWTG TRAKEKRQWR REAGAELAEY DYWYR A
Function like 12100 1 PERRREEEEE FERrrerr brrrreerrr errererrer et
12637 1 MQSIRSGRGY VCPCCDEWTG TRAKEKRQWR REAGAELAEY DYWYR
FeaturelD =
= 13438
Tag ke || S1 DYLDSLEIGH GDD
Molse ot B
[~ Hide Ignored Features <3 i) > 51 DYLDSLEIGN GDD
Gelect &1 Fashres | Insert | Delete| Post Validalel —
M|« <l » |2 ] 1-143%8 Position : 4813 v Controls >> Map ¥ Map >> Controls
o= el
21 Features
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Now when we BLAST the amino acid sequence of gene 3, it matches the UPIE annotation
gene 3, with the “query 1” aligning with the “sbjct 1”. This makes me feel better about the
start that I chose, for even though both starts were good choices, it is nice to be consistent
with a similar genome. That way, in the future, any wet bench data that we get about this
gene from one phage will be easily applied to similar genomes.

Check for functions via BLAST, Phamerator, HHPred, and the Hatfull Maps. None of these
return a known or likely function (the best HHPred match is to a zinc-finger protein in
Homo sapiens).

Add detailed annotation info to the notes on the Description tab:

@ Etude_annotated Q@@

Overview Features I Helerences] Sequence | Documentation |
SortBy [index | 4| [Name  [stat  [Stop || Desciiption ] Sequence | Product | Regions | Blast | Context | Validation |
Select Features I Direct SQL | _12 335 ;ig Name |3 GenelD
7
TéneRRisAl =5 g2 1053 Type |CDS | Ll
Name like 4 1059 2636 Start 862 Locus Tag |ETUDE_3
GenelD = | Is 2626 429 Stop 1053 Regions | 1
Locus ke | |® 4318 5373 Length 192 Tag |
7 5427 6038
Start . = 5136 5249 Direction Forward
Length . 1 9 5239 5117 Translation Table |Undefined LI
Regions |3 10 6344 6607 EC Number
%GC < 1 B647 E796
cal . ,7 12 6302 7360 Product
o e[ BiE 8315 | 9187 a3
e e 9411 10855
Product  like 115 11265 11486 Function
Function like | |16 11588 12100
Feaweld = |[[ 17 12299 12637
T e [ | |18 13031 13438 Notes >
aa ke | |862-1053. previous gene gap 13bp. Gene called by Glimmer not GeneMark,
. < > neither program chose start. Includes all coding potential. Not longest possible
| i lpreeines gene. Start has best RBS score. Aligns 1:1 with UPIE gene 3. NKF.
Gelort &Il Fashmee | Insert | De|ele| Post Validatel
| 44| «|@f=» [pp]»]1-14998 Position: 4813 | Controls >> Map ¥ Map >> Contrals
| 1>|2>}3}[ 4 5 s > 7}%& 12 (s | (e 17 [183] 13 3 [203(21
21 Features Live 14998 2 ?
—

Gene 4:

Back to the coding potential trace in GeneMark TB. Gene four is in frame three. It looks like
the coding potential starts around bp ~980 or 990. According to the frames window, there
are two possible starts for this gene:

E ORF Analysis for Etude_annotated

' o o e T

B ‘I I 1 A
B H||I [ N ‘ ‘I I‘ HH ‘ | l |I | [
L | : | ]

‘ ‘ Ll I‘III‘IIHI | I‘Ill ‘ Hl H
H | | | ‘I| ” || L | |

2 95 188 251 374 467 560 653 746 839 932 1025 1118 1211 1304
bp: 561 LIRUK] » [»»| M| ORF 850 - 1053 Zd X 5| Window: [EE 2 bp

~

&

1053 and 1059 (the start called by both Glimmer and GeneMark).
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We already know that both starts encompass all the coding potential, and that both have
minimal gaps. The final piece of data is the RBS score:

Ei'i Choose ORF start

Starts : 43 ORF Start : 1059 Cdn1 Cdn2 Cdn3 Length
Selected : 1 ORFStop : 2636  §'End 500 100.0 500 &
ORF Length: 1578  3'End 466 663 539 1576
[ 11 L 11 I O O 1 O
Shine D |algarno |[Secquence of the Region [Start|Start ORF »
# Score Space Upstream of the Start Codon|Position |Length
1 . 357 8 AGATTGGTAATGGTGATGATTA GTG 1083 1584
z 4383 g8 GCTAATGCTGATGATTAGTGGCA ATG 1053 1578
3 318 8 TACATCCCTAGAAGACGACGGG ATG 1230 1407
4 294 7 TCTGGGCCGCACTAAAGAGGGT TTG 1317 1320 a2
c AN 2 cOCTTTOTOCTOCN OO CCr A, ~Tc 1299C 12907 —
<1 >
T B 2

Here we come to one of those gray areas in annotation. The RBS score of the first start is
lower, but not much lower. The gap between genes is smaller with the first start, but not
much smaller. And both algorithms selected the second start.

BLAST: The data from the BLAST tab indicates that the algorithms have selected the same
start as the genes already in GenBank.

So I am going to pick the Glimmer/GeneMark start.
Functional assignment:

Copy and paste the amino acid sequence into a BLASTP pane at NCBI.

¥ Graphic Summary
W Show Conserved Domains

Putative conserved domains have been detected, click on the image below for detailed results.
: ™ i 7 on s “ s
Query seq. et —

Superfanilies C Terminase_1 superfamily

Distribution of 101 Biast Hits on the Query Sequence 4

[Mouse-over to show defline and scores, click to snow alignments ]

Color key for alignment scores

<40 4050 80-200 >=200
Qe ry |
| | | | I |
1 100 200 300 400 500

¥ Descriptions
Legend for inks to other resources: [ UniGene [3 ¢ [ cene I structure [T Map Viewer B pubChem BioAssay

4

quences producing significant ali

Accession | | Maxscore | Totalscore Query coverage | Evalue Links.
YP_003857:135.1  gp4 [Mycobacterium phage LeBron] >gb|ADL70971.1] gp4 [Mycobacterium phage LeBroi 1083 1083 100% 0.0 [G]
YP_655691.1 gp26 [Mycobacterium phage Wildcat] >gb|ABE67631.1| gp26 [Mycobacterium phage Wil 242 22 85% 8e-62 [S]
Y 0027812251 hypothetical protein ROP_40330 [Rhodococcus opacus B4] >dbj|BAH52280.1] hypothetic 221 221 82% 2e'55 G}
2p 03927248.1 phage Terminase [ DSM 15434] >gb] 74.1] phage Termir 216 26 91% 8e-54
YP_001800806.1 hypothetical protein cur_1412 [Corynebacterium urealyticum DSM 7109] >emb|CAQ053: 211 211 88% 2e:52 G]
2P 06185208.1 putative phage terminase, large subunit [Mobiluncus mulieris 28-1] >gb|EEZ90351.1] pu 197 197 85% 3e48
2zp_07452355.1 possible phage-related terminase [Mobiluncus mulieris ATCC 35239] >gb|EFM46107.1] p 195 195 84% 1e-47
YP_003490422.1  putative phage terminase [Streptomyces scabiei 87.22] >emb|CBG71879.1| putative phz 194 194 8% 2047 G}
v 07608233.1 Terminase [Streptomyces violaceusniger Tu 4113] >gb|EFN16280.1| Terminase [Streptor 191

191 91% 3e-46
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¥ Alignments
) Select All Get selected sequences Distance tree of results Muitiple alignment

>Jref |YP 003857135.1 E gpé [Mycobacterium phage LeBron]
gb ADL70871.1 gpé4 [Mycobacterium phage LeBron]

Length=525

GENE ID: 9711610 4 gpé4 [Mycobacterium phage LeBron]

Score = 1083 bits (2801), Expect = 0.0, Method: Compositional matrix adjust.
Identities = 525/525 (100%), Positives = 525/525 (100%), Gaps = 0/525 (0%)

Query 1 MTVIPSIPTDRT WTPIDEKAREWSDKGLIGAQKPRLSNYPTFFTSLEDDGMDF 60
MTVIPSIPTDRTVESESDLWTPIDEKAREWSDKGLIGAQKPRLSNYPTFFTSLEDDGMDF
Sbjet 1 MTVIPSIPTDRTVESESDLWTPIDEXAREWSDKGLIGAQKPRLSNYPTFFTSLEDDGMDF 60

Query 61 IEAYGYNLLPWQEALFRASLGRTKEGLWSARQVCLIVPRQQGKTELLE,
IEAYGYNLLPWQEALFRASLGRTKEGLWSARQVCLIVPRQQGKTELLE.
Sbjct 61 IEAYGYNLLPWQEALFRASLGRTKEGLWSARQVCLIVPRQQGKTELLE.

120

120

Query 121 RIFETSQQAKTNTQAWQSLTAKIDSFPDLEELMM IRLKKTGSNPEPGFVR 1B0

Gene 4 is the large subunit of the terminase, which is part of the DNA packaging machinery
(helps to stuff the DNA into the new phage head). We got a conserved domain hit and
numerous phage hits. Once again, our best match is to LeBron, and we once again align
perfectly, with the Query 1 matching the Sbjct 1. The assignment is supported by the
Hatfull Maps, and running HHPred is not necessary.

[ will make the appropriate notes in the Notes field and Function field.

Gene 5:

Gene 5 is the easiest gene by far that we have looked at. Both Glimmer and GeneMark call
this gene, the GeneMark TB coding potential starts around ~2650, and there is only one
start codon (at 2626) that neither overlaps gene 4 too much and encompasses all the
coding potential. In fact, there is only one start codon in the correct frame for this gene.
Notice there is a small 10bp overlap between genes now. This is OK, overlaps need to be
much larger before we discount them.

“HN ||“||||| LELTWL il 0 il
o TR 1 A T
S | TN
| | I A 1

e L el |

1874 1967 2060 2153 2246 2333 2432 2525 2618 2711 2804 2897 2990 308
b 2686 14|44 4|2 > [pH| M| ORF 1083 - 2636 242 5| window: [E %] bp

)

BLAST tab results indicate that this gene is a perfect match 1:1 with LeBron gene 4.
Done!
Paste the amino acid sequence into a BLAST p pane at NCBI.

This protein is a phage portal protein and forms a dodecameric ring at the vertex of the
capsid that the DNA is threaded through and that the tail then joins to. We once again
match the LeBron gene call perfectly. The Hatfull Maps support this assignment.
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[ will write the appropriate notes in the Notes field and Function field.

Gene 6:

Again, both the Glimmer and GeneMark calls agree on a single start that does not have any
close starts near it in the same frame and is the longest possible start for this gene.

Ll L) | [
& T I T
o [T |
Q1 || |
: | N |
3 N |

3746 3839 3932 4025 4118 4211 4304 4397 4490 4583 4676 4769
bp:3795 M|« 4|22 » [ M| ORF 1053 - 2636 ¢ 5| window: [EB 2] bp

2] 1| G+C

The BLAST tab data shows a 1:1 alignment with LeBron’s gene 6. The Hatfull Map shows
that this gene is the capsid maturation protease (frequently found after the portal gene in
phage genomes). This protease cleaves the scaffolding protein in the immature capsid (also

called the procapsid) and allows the phage capsid to expand to its mature size during
assembly and DNA packaging.

[ will write the appropriate Notes in the Notes field, and Function field.

BLASTing the sequence at NCBI shows that we once again match LeBron gene 6’s start
exactly.

Gene 7:

Coding potential: The coding potential for this gene begins around 5450.
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Gene 7 has two possible start choices: . ‘
L I L L | L
" I | -
i | LIl I
! I | L |1
i | I
L || | |

4682 4775 4868 4961 5054 5147 5240 5333 5426 5519 5612 S570%
bp: 4834 M|« /2] [»| M| ORF 1053 - 2636 2 x| G+C| 8| window: [E  #{ bp
Hints shown here

The start that Glimmer and GeneMark have selected at 5427 and the TTG start at 5400.
Both starts include all the coding potential. GeneMark never calls TTG starts and Glimmer
undercalls them, so we must take that into consideration when deciding which start to pick
(not a good time to say, “well, all things being equal, we will take the algorithms’ call,”
because TTG starts are NOT equal from the point of view of the programs.)

, , , , When we look at the two starts in
context of gap closing and RES

Starts : 7 ORF Start : 5352 Cdn1 Cdn2 Cdn3 Length scores,
Selected : 1 ORFStop : 6038  5'End 222 333 444 27 4I

ORF Length : 687 3'End|337 631 B65 610

| T T | the TTG start at 5400 has a score of
Shine D |algarno |Sequence of the Region |[Start|Start ORF - 378 and the ATG start has a RBS

# Score Space Upstream of the Start Codon|Position [Length .
1378 7 CGGGACAGTCACGCGTTTTCAA TTG 5400 639 score of 462. HOWGVGI‘, the size of the
2 462 7 TGGCTTAAGTGAAGGAAAATTA ATG 5427 612 gap left between the StOp codon of
3 294 7 GAAGCTGTCTAAGGCTGAGCGC | ATG 5742 297 . .
4 435 ] GTCTAAGGCTGAGCGCATGGAG ATG 5748 291 o gene 6 is either 24bp or 54‘bp
2 avn a  eereecccaceTaceTeAeea e ame oo 2en -
a2

BLAST data: The BLAST tab shows that the longer gene start has been called for the genes
already in GenBank (our alignment has a mismatch of 1:10).

Given that 24bp is already a sizable gap for a phage genome and the other GenBank phages
use the longer start, we will pick the TTG start at 5400.

Change the gene start on the Description tab, and click the calculator button to recalculate
gene length and to post the change to the database.

ReBLAST the gene through DNA Master to make sure that you see the correct alignment.

Functional assignment: the NCBI results indicated that this is a likely scaffolding protein in
another phage and this is supported by synteny and by the Hatfull Maps.
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Gene 8:

Gene 8 is a very small gene (38 res) that exactly matches the beginning of LeBron gene 8 in
the BLAST tab alignments. Normally, [ would include this gene in an annotation, even
though it is very small because it shows that a gene has been truncated and therefore is a
good example of genome mosaicism and recombination. Unfortunately, gene 8 also
overlaps a tRNA. Generally we do not see coding sequence (CDS) and tRNA overlaps, except
for possibly a few bases at the 3’ end of both of them when they are transcribed in opposite
directions. The positioning of the tRNA, and the truncation of gene 8 suggests that the tRNA
interrupted the original gene 8 during some kind of recombination event. I will therefore
delete the called gene 8 from the auto-annotation by clicking “Delete” at the bottom of the
center column, and then “yes” in the confirmation box.

[ am not going to renumber the genes again until | am done with the annotation.

Now we know from our Phamerator alignment that Etude no longer has a high degree of
similarity to LeBron after gene 8. But there are some lines in the phamerator map
indicating that gene 9 of Etude is similar to something farther to the right in the LeBron
genome. Slide the Etude map to the right in relation to LeBron and you will see:

Etude

LeBron is still the bottom genome, but you can’t see the title any more because it is all the
way over at the left end of the genome. From the map above, it looks like the next 8kbp are
very similar to LeBron, with the final two kbp having no similarity.

Gene 9 (the tRNA):

Click on the product tab:
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%@ Ftude_annotated

EEX

Overview Features IReferences] Sequencel Documentationl
Sort By |Index LI 4 |Name Start Stop A Descviption] Sequence Product IHegionsl Blast ] Contexll Validaliunl
Select Features I Direct SOL l | |1 83 466 Anticodon : Complement of TTG
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If you check the box at the top marked “Show Aragorn v1.1 Structure” the folded view of
the tRNA will appear. Examine the top stem and 3’ end of the tRNA: does the stem have
seven base pairs? No, it has eight. Is the 3’ end sequence after the stemloop NCCA? No, It is
NGCT. This means that we will need to look at the tRNA outputs from the other programs

and trim the tRNA appropriately.

etude

14998 nucleotides in sequence

Mean G+C content = 60.2%
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Web-Based Aragorn:

The output for Web-based Aragorn is much better:
a seven-base pair top stem, and on the 3’ end there
is a discriminator base (the A), followed by a single
C from the CCA. This follows our tRNA rule: the
trimming of the CCA part of the sequence once it
deviates from CCA.

tRNA-Leu(caa)
75 bases, %GC = 56.0
Sequence [6240,6314)

Primary sequence for tRNA-Leu(caa)

1 . 10 . 20 . 30 . 40 . 50
ggtcctgtaggcaaattggcaaagccgegtcactcaaaatgacgtgtetyg
tgggttcgagtcccaccgggactac
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The tRNAscan SE output is:

etude

Gey
Gec
uesa
ceg
ceg
ueg

u B oA u Gec

Results

Sequence tRNA Bounds tRNA Anti Intron Bounds Cove
Name tRNA # Begin End Type Codon Begin End Score
etude 1 6240 6313 Leu CAA 0 0 58.66
e

(_View tRNA )

Here the tRNA sequence begins in the same place as the
web-based Aragorn output, and ends one base before it
does, generating a slightly different secondary structure.

In this case, | prefer the web-based Aragorn, that has the
beginning of the CCA sequence that is found at the end of
canonical tRNAs. So I will adjust the tRNA coordinates to
those and click the calculator button to recalculate the

gene length. | will also add the tRNA amino acid and anti-

codon to the function and notes fields:
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tRNA Leu [caa)-web-based Aragorn call.
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Gene 10: It seems pretty clear from
GeneMark TB coding potential, from
our Phamerator alignment, and from
DNA Master that the next gene is a
reverse gene, rather than a forward
gene like all the previous ones.



There are actually three separate ORFs in the fourth tier in the GeneMark TB output, the
first two corresponding to two different auto-annotated genes, with the final ORF
overlapping with the forward ORF in the second frame. Both algorithms decided to call the
forward ORF as a gene instead of the third reverse ORF (you can’t pick both; they overlap
almost completely). The coding potential of the forwards ORF is much better than the third
reverse ORF—as shown by the higher, more extensive peaks, so we will also pick that gene
when we get to gene 12.

Back to gene 10: when a forward gene and reverse gene meet stop codon to stop codon (or
end of tRNA to stop codon as genes 9 and 10 do), it is not necessary to leave much space
between the two ends of the genes. Several bases is sufficient. However in the opposite
case, when the forward and reverse genes meet start codon to start codon, it is necessary to
leave at least 50-60 bases between the two starts. This is because there will be a promoter
for the RNA polymerase preceding the start codon of each gene. Since gene 10’s stop codon
has plenty of room after the tRNA transcript ends, we don’t need to worry about this here
(See below). We will need to worry about it when we select the starts for both gene 10 and
gene 11.
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In the frames window, the deleted gene is still highlighted. Click the green “refresh” arrow
at the lower right side (next to the ORFs button) to update the frames window.
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Gene 10 only has one real choice for a start codon, and it was selected by both the
GeneMark and Glimmer aligorthms.
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No putative conserved domains have been detected
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[Vouse over o ses e define cick o show aignments ]
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We still are similar to LeBron, only now we are similar to gene 124. We still align perfectly
with the same start codon as selected in the LeBron annotation.

In the annotation notes, when you are calculating the “gap/overlap” number, you should
still look at the start codon of gene 10, only now you should compare to the stop codon of
gene 11, because we are going in the reverse direction. The reason why we include these
gap or overlap numbers is to see how well the start we chose fills out the genome from this
gene to the neighboring one. Since we can’t change the stop codon, the only way to fill the
genome is by changing the start codon. This number provides an extra reference as to how
closely the genes are called in your annotation. LeBron gene 124 has no known function.

Genes 11 and 12: As mentioned above, gene 11 is a reverse gene while gene 12 is a forward
gene. As they will be “head to head” (so to speak), we need to take care in choosing the
starts for each of them that we leave at least 50-60 bases between the two genes.
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Currently, if we accept the two GeneMark calls for the genes, we will just barely squeak by
with our minimum of 60 bases (6841 to 6902). Notice, however, in the above figure, that it
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is not possible to extend gene 12 to start any closer to gene 11 (there aren’t any more start
codons in the same frame any closer to gene 11 than the one already called). On the other
hand, Gene 11 has four possible start codons, including the one used in the Glimmer call,
which is way back at position 6796. From looking at the GeneMark TB coding potential
trace, it is pretty clear that the Glimmer start does not encompass all the coding potential,
so we will eliminate this choice as a possible start. We do still have three more starts to
check: the one selected by GeneMark and the two immediately after it. If we check the RBS
scores for all three starts; we find that the GeneMark start also has the highest RBS score.
So we will accept the GeneMark call for gene 11. Gene 12 really only has one possiblility for
a start, and it is the one called by both programs above.

BLAST check: gene 11 aligns with LeBron gene 125 query 1 to sbjct 1. Gene 12 aligns with
LeBron gene 126 query 22 to sbjct 22 (which still counts as picking the same start, just the
beginnings of the genes are not as similar as the later portions.)

Gene 13: While there are some blips in the GeneMark TB coding potential, none of them
align well within an open reading frame (if the peaks did fit better into an ORF [ would be
likely to include them as genes). So we will leave a fairly large gap between gene 12 and
gene 13. This is also what the algorithms suggest.

Both the Glimmer and GeneMark calls suggest that gene 13 begins at postion 9187, but this
start leaves a huge gap between gene 14 and 13 (gene 13 is reverse, so we compare its
start to the upstream gene). The BLAST alignment suggests that this gene is same length as
LeBron (1:1), but shorter than (UPIE 1:59).

There are five more possible starts for gene 13 between 9300 and 9400.
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# Score Space Upstream of the Start Codon|Position [Length
|E1 ________ 357 8 GCTAGGACCCCGTACCGAAGCG | GTG 9373 10838
2 5z8 8 TACCGAAGCGGTGCGGGGTCCT TTG 9361 1047
3 420 8 GGTGCGGGGTCCTTTGCTTTGC GTG 93852 1038
4 143 3 GCGGGGTCCTTTGCTTTGCGTG GTG 9349 1035
13 z1l0 ? AGGCCCCGCTAACCGCGTCGGT TG 9253 939
3 4383 7 ACACCACACCAGGAGGAACACC ATG 2187 873
? 315 8 AALCCGACACTGATATTCAGTAC GTG 9148 834
8 357 8 GCTTCGAMAGCTTCGCGGAATTC GTG 9124 810
9 273 7 GGCCAGCGTCAAGGCTAAGGGC  ATG 8938 624
10 399 ? CAGCGTCAAGGCTAAGGGCATG (GTG 8935 621 Vi
it J=lkd
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BLAST check: while we now match UPIE, we are substantially longer than LeBron,(Query
59 aligns with Sbjct 1)—which is interesting. The two phages seem very similar according
to phamerator (all that purple between the genomes), so why wouldn’t the LeBron
annotators have chosen the longer start that we did? While it is not necessary to match the
starts for all genes 1 to 1 with a similar phage in genbank, I was still puzzled. To solve this, I
actually loaded the LeBron sequence into the web-based GeneMark TB coding potential
site, and examined the two outputs side by side. It turns out that LeBron has a point
mutation in this area which causes an extra stop codon in this frame, and the start that we
chose for Etude is not a possibility in LeBron. The point mutation is not a large enough
sequence difference to show up as another color in phamerator. I am happy to proceed
with our start selection.

(Revision note: In the year since I first wrote this case-study, we have annotated and
submitted many more Cluster L phages. While the BLAST data a year gave me only two
choices to pick from with regards to this start, the current BLAST data from 10/10/11 seems
to suggest that the shorter start is more likely. The current BLAST data also reveals
something else:

@ Etude_annotated Q@@

Dverview Features ] References ] Sequence ] Documentation I
SotBy [Index ~| 4| [Name  [Stat  [Stop |~ Description | Sequence | Product | Regions Blast I Context | Validation |
Select Features I Direct50L| | 83: iE'E Score | Target Description [ ~
i Y -1 1= 2 475 ;42 1773 gp127 [Mycobacterium phage UPIE]
3 862 053 I i ;
N like ﬁ T 65 et | 1515 gp130 [Mycobaclerfum phage JoeDirt]
== - = L 1506 gp127 [Mycobacterium phage LeBron]
GenelD = - :‘ ZEZE 4f?s L 524 gp135 [Mycobacterium phage Faith1]
Locus ke |16 4"]2‘ ?‘fj 443 gp127 [Mycobacterium phage Faith1]
Start . — ; EZ:E] ;;;: 4 gp120 [Mycobacterium phage UPIE]
Length . ,7 Bt caud ) 440 gp123 [Mycobacterium phage JoeDirt]
] - - 2oue 434 gp120 [Mycobacterium phage LeBron)
Regions . 10 6647 B796 v
%GC < L B302  |7380 —

Something that aligns with this gene appears multiple times in the same phage: twice each in
UPIE, JoeDirt, LeBron, and Faith1. This is the sign of either a recent recombination and
duplication event or of a parasitic element of DNA in a phage genome. There are several types
of parasitic elements; the most common being a HNH homing endonuclease encoded by an
intein or intron. The easiest way to positively ID an HNH endonuclease is through HHPred. In
the case of our gene above, HHPred does not indicate the presence of the HNH domain, and
therefore this is more likely the sign of a recombination-duplication event.
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Query Wed Oct_ 12 17:40:40_+0200_2011 (seg=MLCVVPWPVA...REALRELGLL Len=348 Neff=2.6 Nsegs=9)
Parameters score SS:yes search:local realign with MAP:no

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
:,' 1 3iwl_A Copper transport protei 57.6 10 0.0004 27.5 4.0 26 196-231 40-65 (68B)
0O 2 2xmw_A PACS-N, cation-transpor 43.8 12 0.00048 26.7 2.5 16 216-231 55-70 (71)
[] 3 2roe_A Heavy metal binding pro 41.1 14 0.00053 26.5 2.3 15 216-230 50-64 (66)

Gene 14: Is another reverse gene, this time in the fifth tier in the GeneMark TB coding
potential view. We will ignore the peak in the forward third tier because we can’t call both
of them and the reverse one is larger and lovelier. There is only one possible start codon for
gene 14.

BLAST Check: we match LeBron gene 128, with the start codons aligning perfectly.

Gene 15: while there is a teensy little peak in the forward direction in the second tier
GeneMark TB coding potential trace nicely centered in an ORF, | am more inclined to omit it
for simply being too small. It is also important to get a feel for you phage genome—are all
the genes very tightly packed? Do multiple genes have very small blips of coding potential?
You need to think about these things when you are making your decision. There is also a
trend in most phage genomes for clusters of genes to be transcribed in the same direction,
and Etude is no exception. And since we are going from a reverse gene 14 to another
reverse gene --supported by the algorithms calls-- we will skip the teeny blip in the second
tier.

However, the best way to really be sure would be to add this gene into your annotation,
and BLAST the protein sequence to see if there are any similar genes in GenBank.

Gene 16 is the larger peak in the fourth tier after the smaller peak in the fifth tier, then gene
17 is forward again in the second tier(the peak in the top tier does not align well with an
ORF).

Back to Gene 15:

There are really only two choices for a start for gene 15; either the GeneMark call or the
Glimmer call. The GeneMark call has a higher RBS score so we will pick the GeneMark
call—both for RBS score and for being a longer gene.

When we do the BLAST check, we match LeBron gene 130 perfectly at the start.
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At this point, it is worth revisiting whether or not we want to include the little forward ORF
with the blip of coding potential to see if it aligns with LeBron gene 129. Our gene 15
matches LeBron 128, and our gene 16 matches LeBron 130. Our phamerator alignment
indicates that there is still the highest level of sequence similarity between these genomes
in this region, but again, a point mutation resulting in the loss of a start or stop codon
would not be enough to change the nucleotide identity color in phamerator. And again, it is
not necessary to make the genome annotations match, but it is worth looking at the data.
When in doubt, BLAST the potential gene to see if there are any matches in GenBank. [ will
leave it as a exercise to see if LeBron gene 129 exists intact in Etude, and if so, should it be
included in the annotation.

Gene 16:

Gene 15 has a stop codon almost immediately to the right the start codon called by
Glimmer and Genemark ( remember, we are in the reverse direction, so the gene is
transcribed right to left). This means that the start codon selected by the two algorthms is
already the longest possible start that can be selected for this gene.

The RBS score is nice and high, and the start encompasses all the GeneMark TB coding
potential. I am happy to accept the call as is.

BLAST check: we match gene 131 from LeBron with a perfect start codon alignment.

Gene 17: Gene 17 is the peak shown in the fourth tier of the GeneMark TB coding potential.
Since we are once again switching from reverse to forward, we need to make sure that we
leave at least 60 bases between the two gene calls.

There are three possible starts for gene 17 before a stop codon appears in the frame,
including the Glimmer start:

All three start encompass all the coding potential shown in the GeneMark TB trace;
however, the RBS score is best for the second of the three starts; plus this gene call fills our
genome gap a bit better without getting in the way of promoter sites. We will pick the
second start, at 12242.

BLAST check: this gene aligns with UPIE, but not with LeBron. Even though phamerator
shows that this sequence is still similar to LeBron, and the LeBron annotation does not call
this gene, we are going to rely on our own data and Glimmer calls. It is possible that LeBron
has another point mutation in this region, eliminating this ORF. We can check on the
LeBron genome’s coding potential in the GeneMark program again, if we want to.
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Genes 18-21 The remainder of the genes are no longer similar to LeBron, but instead
appear to match the A3 cluster phages.

Gene 18: There is a fairly big (400bp) gap between the end of gene 17 and the beginning of
the Glimmer/GeneMark calls for gene 18. While unusual in phage genomes, this is OK.
There is no coding potential blips anywhere in the GeneMark TB coding potential traces
between the two genes, and while there is an earlier alternate start codon at 12827, its RBS
score is low, while the RBS score for the Glimmer/GeneMark call is very high! So we will
pick the Glimmer/GeneMark call.

BLAST check: when we BLAST the amino acid sequence using BLASTp, we find that we
align perfectly with Bxz2 gene 22, with the Query 1 aligning with Sbjct 1.

Gene 19: We know from the GeneMark TB coding trace that gene 18 and gene 19 are in the
same frame, so the stop codon of 18 precludes any start codon for gene 19 earlier in the
genome. The start codon selected by Glimmer and GeneMark is already the longest possible
gene call for the gene, encompasses all the coding potential, and has a RBS good score. We
will accept the algorithms’ calls.

BLAST check:
We match the Bxz2 gene 23 perfectly, with a Query 1 aligning to Sbjct 1.
Functional assignment: This is the major tail subunit of the phage.

Gene 20: There are two possible starts to Gene 20, the one called by Glimmer and
GeneMark, and the one upstream at 14116 (another TTG). If you check the coding potential
GeneMark TB output, you will see that the Glimmer and GeneMark calls do not encompass
all the coding potential. When we check the RBS scores, we get a higher score for the TTG
start than the Glimmer/GeneMark start. We will pick the 14116 start.

BLAST check: This gene matches Microwolf gene 25 perfectly (aligns Query 1 to Sbjct 1).

Functional assignment: this is the first of the two tail assembly chaperones (the equivalent
of G in phage lambda).

Gene 21: The GeneMark call for this gene overlaps with the end of gene 20, while the
Glimmer call leaves a large gap. The GeneMark call encompasses all the coding potential
while the Glimmer call does not. This is quite a large overlap.
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BLAST check: This gene matches Bxz2 gene 24 perfectly, but begins in the middle of the
equivalent gene for Peaches and Eagle. This is because of its function: this is the second of
the two tail assembly chaperones, and actually begins at 14116 and then frameshifts into
the remainder of this gene, creating the G-T fusion.

Note about this function:

Bxz2 gene 23 is a tail assembly chaperone, (gene “G” in phage lambda), and with its partner
gene 24 (gene “T” in lambda) makes a fusion protein that helps assemble the tail of the
phage correctly. Both the first protein, the “G” like protein, and the fusion “G-T” like protein
are produced, however, the second gene product, the “T”-like protein, is not made on its
own but only as part of the fusion. In the flexible tailed phages, the tail assembly
chaperones frequently precede the tapemeasure gene (generally the longest gene in the
genome), and are characterized by a “slippery sequence” that allows the ribosome to shift
translational frame during protein synthesis. The ribosome will “slip” back a base, causing
a -1 frameshift. Another way to think about it is that the ribosome reads the same base
twice. The slippery sequence is generally rich in As but can begin with Gs as well. There are
numerous examples of the G-T frameshift in phamerator (look for any phage genome that
has two genes that begin at the same start codon, with one of them being longer than the
other and followed by the longest gene in the genome). Notice I put it in the Etude
annotation in phamerator already. In the phages that we have studied, the G-T slippery
sequence almost always occurrs at the end of the G gene (in our case Etude 20).

To find the coordinate of the frameshift, the easiest way is to find a closely related
phage that already has the frameshift correctly annotated. If we look in our BLAST hits, you
will see that phage Peaches is similar to Etude, and has the frameshift already correctly
annotated in phamerator. While Peaches and Etude do not have a ton of nucleotide
sequence similarity between them, notice the tail assembly proteins are in the same pham.

ATGTCAAACGTATTCACCCTCGACAGCCTCCGAGAGGAAGCCGACAAGCAGTTCGCTCCGTTCAA MSNVFTLDSLREEADKQFAPFKVRLSDGTEVVLRNLLRLNKNDRKTVLASIEALKTEDESEEGRTLDD
GGTGCGGCTCAGCGACGGCACGGAGGTCGTGCTCCGCAACCTGCTGCGGCTTAACAAGAATGA IDRMVDTVSKILELAAGKDSRKLLKELDGDLGLLMGVLEGWLEATSPGEAQNSPA
CCGCAAGACGGTACTCGCGAGCATCGAGGCACTCAAGACCGAAGACGAATCGGAAGAGGGTCG

CACCCTCGATGACATCGACCGCATGGTCGACACCGTCTCGAAGATTCTGGAGCTGGCAGCGGGTA

AGGACTCCCGCAAGCTGCTCAAGGAGCTCGACGGCGACCTCGGTCTGCTGATGGGCGTGCTGG

AAGGTTGGCTGGAGGCCACCTCACCGGGGGAAGCGCAGAACTCGCCGGCCTGA

In the picture above, | have clicked on the first, shorter of the two purple Peaches genes
(the G equivalent), and then highlighted the C-terminal portion of the protein sequence
where frameshifting is likely to occurr.

In this next picture, | have clicked on the longer, correctly annotated frameshifted G-T
fusion protein, and highlighted the same amino acids as in the shorter previous gene. We
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can see that the the sequence matches perfectly until the glycine following SPG.

Etude

omant s0x 0 e e wom s s

ATGTCAAACGTATTCACCCTCGACAGCCTCCGAGAGGAAGCCGACAAGCAGTTCGCTCCGTTC  « MSNVFTLDSLREEADKQFAPFKVRLSDGTEVVLRNLLRLNKNDRKTVLASIEALKTEDESEEGRTLDD
AAGGTGCGGCTCAGCGACGGCACGGAGGTCGTGCTCCGCAACCTGCTGCGGCTTAACAAGAA, |IDRMVDTVSKILELAAGKDSRKLLKELDGDLGLLMGVLEGWLEATSPGGSAELAGLIDRYGEHLVPDL
TGACCGCAAGACGGTACTCGCGAGCATCGAGGCACTCAAGACCGAAGACGAATCGGAAGAGG | - |[KHYYGIDLRELFSEVNPLSPQYVLIHIKHLPIESAFVAAIRGGQEFRGWNADRYALAAIINSIRAGNYMF
GTCGCACCCTCGATGACATCGACCGCATGGTCGACACCGTCTCGAAGATTCTGGAGCTGGCAG | [VMANSDPRKGKPPLPSPWPVPQENKAEKKYAPNSFAGIVAAQVIAARKRKQQKKEAEWQAQEASK
CGGGTAAGGACTCCCGCAAGCTGCTCAAGGAGCTCGACGGCGACCTCGGTCTGCTGATGGGC — SAGFLSGSSQTSTGSTES
GTGCTGGAAGGTTGGCTGGAGGCCACCTCACCGGGGGAAGCGCAGAACTCGCCGGCCTGAT

CGACAGGTACGGCGAGCATCTCGTCCCAGACCTCAAGCACTACTACGGGATTGACCTCCGGGA

GTTGTTCTCGGAGGTCAACCCGCTCAGCCCCCAGTACGTCCTGATCCACATCAAGCATCTCCCG ¥

Finally, I look for the equiavlent area in Etude:

TTGGCGGGCCTTCCCCTCCCCCCATCACACATCGGCCCGCCCAACTTTCACGAAAGGTCCGCTAT MAGLPLPPSHIGPPNFHERSAMSNVFTLDSFREEADREFAPVKLELGGDDAVVLRNVLRIQKTRREE
GTCAAACGTATTCACTCTCGACTCGTTCCGCGAAGAGGCCGACCGCGAGTTCGCGCCTGTCAAGC VFQLLEKLDSIAKDDEGKQREEDDLDASEMEAMGDIALRMIELVADNDALGSRLVDELRDDLALTLK
TGGAGCTGGGAGGCGACGACGCCGTCGTGCTCCGCAACGTGCTCCGCATTCAGAAGACGCGCC VFEAWMNATQPGEAERSPA
GCGAAGAGGTGTTCCAGCTCTTGGAGAAGCTGGACTCCATCGCGAAGGACGACGAGGGCAAGC

AGCGCGAAGAGGACGACCTCGACGCCAGTGAGATGGAAGCGATGGGCGACATCGCGCTGCGGA

TGATCGAACTTGTCGCAGACAACGACGCTCTCGGGAGCCGGTTGGTCGATGAACTCCGCGACGA

CCTCGCGTTGACCCTCAAGGTCTTCGAGGCGTGGATGAACGCGACCCAGCCGGGGGAAGCCGA

GCGCTCGCCCGCCTGA

Again, above I have clicked on the first of two tail assembly genes, and then looked at the C-
terminal end where frameshifting is likely to occurr. Now, we go back into our six-frame

translation of the sequence.

2 KR 1L L » » 1 4 » L 2 A4 KR F L K N I » » » K 2 » K 4 N ¥V K L I K » &4
Q P H D F KD CWV WV VYV 5 E P AL P QD I F E A V YV EROQGEL D E L I
L4 5 5 RV Q R L CRUREURUSGT?PURHYVY GRRGRT S G * P R R P

L ® ¥ T A4 T & * 3 L T 5 G R R T A W I 5 G T !
5 R G K P 35 L R P PD * * I R RL P S R * P L G D V R R G S5 Q G H
P L G G 5 R A L A RVL I D E Y G D CUL ¥V oA DL W ETY G ¥ D L R D I
CCAGCCGGGGGAAGCCGAGCGCTCGCCCGCCTGATTGATGAATACGGCGACTGCCTAGTCGCTGACCTCTGGGAGACGTACGGCGTGGATCTCAGGGACL”

GGTCGGCCCCCTTCGGCTCGCGAGCGGGCGGACTAACTACTTATGCCGCTGACGGATCAGCGACTGGAGACCCTCTGC ATGCCGCACCTAGAGTCCCTGT
w ¢ P 35 AL 35 R E G A QN I F V A V oA * D 5 V E P L RV 4L HIE P V
G L R P F G L A R G G S Q HIURU RS GL ROQGURP 3 TZRURP D * P C
G L. P P L R AL 35 A RRI S S Y P S QR T LS R QS V Y P TS R L 5 1

P A 5 P P 5 5 P W S5 35 5 R S Y R S A R G 3 T OQUR S5 A A A 5 5 5 G D G

The dark blue bar above above is from gp 20, the first tail assembly protein; while the
purple start codon is from the gp 21 call. You can also see here that gene 20 is in the first
translational frame while gene 21 is in the third translational frame. (a -1 shift). Now we
look for our Peaches-like sequence towards the C-terminal end of gene 20—and it is seven
bp from the right-hand end of the picture. The nucleotide sequence for those amino acids is
GGGGGAA—a slippery sequence if ever there was one. Now to go from the top frame, gene
20; into the bottom frame to gene 21; we pick a nucleotide that will be included twice: once
as the third base in a triplet codon for gene 19; and once as the first base in a triplet codon
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for gene 20. If we use the Peaches annotation as a guide, the amino acid sequence in the
fusion protein should go from P-G-E-A to P-G-G-S. This means that the nucleotide that gets
counted twice is the third G in the glycine codon of PGEA (and the first G of the second
glycine codon in PGGS). This is nucleotide number 14553.

In DNA Master, on the description tab for gene 21, change the number in the regions field
from 1 to 2:

Overview Features I F!efetences] Sequencel Documentationl
Sort By |Index ~| 4l [Name  [stat  [Stop A Description ]Sequence] Product | Regions | Blast | Context | Validation |
Select Features I Direct SOL | |1 83 466 Name |21 GenelD

i ] | |2 475 849
Type is v 3 a6 1053 Type |CDS | GI
Name  like 4 1059 2636 Start 14628  Locus Tag |ETUDE_2‘I
GenelD = |5 %626 429 Stop 14975 Regions  [4
Locus like _8 4318 5373 Length 348 Tag |

7 5427 6038
Start . Direction Forward 5]
9 6240 6314 n
Length . 10 6344 6607 Translation Table |Undehned LI
Regions . BE 6647 6796 EC Number
%GC < 12 6302 | 7360
Product

cal . li 13 8315 9361 '02:“3
T e 9411 | 10855 ap:

e |15 11265 11486
Product  like 16 11588 12100 Function
Function like | |17 12293 12637
Featweld = [ [118 1303 13438
T ik li | |19 13469 14065 Notes v

e e 20 14179 14577 Original Glimmer call @bp 14628 has strength 2.90; GeneMark calls start at 14529
™ Hide Ignored Features T 2 14628 14975 o
Select All Features | <3 ) >

Now click the Regions tab:

Enter in the coordinates for the upstream regions, followed by any number you like in the
lengths field. Click “Insert” at the bottom of the regions tab, and then enter the coordinates
of the second region in the fields that appear (they will first appear on top of the first
region, but will later be correctly reordered):

| Overview Features I Relerences] Sequencel Documenlalionl
Sort By IIndex ﬂ 4 |Name Start Stop A Descriplinnl Sequencel Product Regions IBIasl I Conlextl Validalionl
Select Features | DirectsOL| |11 83 455 Start [stop [Length |
2 475 849
Type  is |Al 115 o o B 14553 14375 1|
- - 14179 14553 1
Name like g 1059|2636
GenelD = | |5 2626 4296
Locus like | |6 4318 5373
7 5427 6038
Start —
. ME! 6240 6314
Length B 10 B344 6607
Ao, W I Py pr——
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click “assign lengths” | ~

QE Etude_annotated

Overview Features |Hefevences| Sequence] Documenlationl

Sort By |Index j 4 |Name Start Stop \: Descriplion] Sequence] Product Regions | Blast ] Conlexl] Validationl
Select Features | Direct SGL | | 83 466 Start |Stop [Length | ]
Tpe is JAl = —.g ;;g ?3:3 I 375
) -l ) 14553 14375 423
Neme ke 14 1053 2636 B
GenelD = 15 2626|4296
Locus  like L 6 4318 5373
7 5427|6038
Start -
S | HE! 6240 6314
Length B |10 6344 6607
Regions |3l [ 6647  |6796
%60 < 112 6302|7360
mr——— [ 8315|9361

The correct numbers will be calculated. Now return to the description tab, and adjust the
start coordinate accordingly.

EJE Etude_annotated

Overview Features IRefelences] Sequencel Documentalion]

SoitBy [index | 4 [Name  [stat  [Stop || Description I Sequence | Product | Regions | Blast | Context | Validation |
Select Features | Direct SQLI 111 335 gig Name |21 GenelD
Type is Al v : 3 862 1053 Type CDS v| Gl
Name  like 4 1059 2636 Start 14179 Locus Tag IETUDE_21
GenelD =] g 2626 4296 Stop 14975 Regions | 2
Locus  like | 6 4318 5373 Length 798 Tag I
7 5427 6038

Start - s 6200 l6314 Direction Forward g
Length - : 10 5344 6607 Translation Table |Undefined LI
Regions - 1 BE47 5796 EC Number
xec  [RI[ e 6302|7360
cal i [— 13 8315 9361 Product
T e 14 3411|1085 9021

e 15 11265 11486
Product  like 16 11588 12100 Function
Function like | |17 12293 12637
Feaweid = |[[ |18 13031 [13438
o o e 19 13469 14065 otes J

29 e 20 14179 14577 Original Glimmer call @bp 14628 has strength 2.90; GeneMark calls start at 14529
|~ Hide Ignored Features ; 2 14179 14975 o
Select All Features < >
Insert | Delete | Post Validalel
Position : 2241 ‘IV Controls >> Map ¥ Map >> Controls

Enter your gene Notes.

= @l

(ORERN (ORI

Finally, validate and renumber all your genes.
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@ Etude_annotated

| Overview Features ]Helerencesl Sequencel Ducumenlation]
Sort By IIndex LI 4 [Name Start Stop | A Description Sequencel Producl] Regionsl Blast l Context  Validation |
Select Features | Direct 5GL | | 83 |68 Il ORFs appear valid
) 2 475|849
2 Dl = HE @2 |1053
Name Sk 4 1053|2636
GenelD = | |5 2626 4296
Locus ke | |6 4318 5373
| —
Lengh B HE 6344|6607
Regions 3 o 6647 6796
%GC < |1 6302 7360
cal . l— | [12 8315 9361
; 13 11 10655 =
ECH# like: 14 1265 11486 Control | Numbering |
Product  like | 15 11588 12100 [V Assign Names by order of appearance
Function  like |18 12233 12637 [V Assign Products by order of appearance
FeaturelD = - 1; 133218 13322 [v Ovenwite existing values
T liks — = u} ite default N & Products onl
ag ke s s 45T l_ verwiite default Names & Products only
[~ Hide lgnored Features ¥ 20 14173 14975 » |V Assign new Locus Tags by order of appearance
= — Locus Tag Prefix |ETUDE Search NCBI database ...
Select All Features 3 ) > L Gray Hol BT
Insert | Deletel Post Validalel 'M’ >l bp
f >]| | { |®,| [ L | ) | | 1-14398 Position : 9539 v Controls >> Map ¥ Map >> Controls
ER s e MR Gk
eatures

If you have not been reBLASTing all your genes, now is a good time to delete all the BLAST
hits from your file and do a new complete genome BLAST. Then start your QC.

-Review your notes (correct format? All the information?)

-check those gene gaps and overlaps one last time. Did you miss any?

Finally save your final file (yourphagename_final.dnam5 is a good name), and -if this was
your real genome--send it off to Pitt for review.
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