Mulc Explorer Annotation Notes, La Salle BIO 250

The first two lines of notes for each gene are auto-filled by PECAAN from the New SEA Format (the second line uses the abbreviations below).  The bullet-pointed notes are manually written. 
· SSC: Start/ stop coordinates. (This may seem redundant because there are “Start” and “Stop” field s that already contain this information, but it serves as a double -check that all changes you made are actually contained in the final file.)
· CP: Whether or not your start includes all the coding potential identified by GeneMark.
· SCS (Start choice source): Whether or not the gene w as called by Glimmer and GeneMark, and if the start was called by same.
· ST: Starterator 
· Blast-Start: The best BLAST match, and the alignment of the gene start with that BLAST match. (For example, “Matches KBG gp32, Query 1 to Subject 1”, or “Aligns with Thibault gp45 q3:s45”.)
· Gap (or overlap): Any significant gap or overlap with preceding gene (in basepairs).
· LO (Longest ORF): Whether or not the coordinates you have chosen yield the longest possible gene for that ORF.
· RBS: Models, z-score, final score, whether or not the start has the best SD score of all this ORF’s possible starts.
· F (Function): Gene Function

Notes of interest:
Gene deletions are highlighted in red.
Gene additions are highlighted in green.
Start site changes from the Glimmer or GeneMark annotations in DNA Master or choices between conflicting auto-annotations are highlighted in blue.
Start site annotations of interest or uncertainty are highlighted in yellow.
Function annotations of interest or uncertainty are highlighted in grey.  

Notes on the 104 genes in MulchExplorer:

CDS 41 – 373 F
  /function="HNH endonuclease"
  /locus tag="MulchExplorer_1"
  /note=Original Glimmer call @bp 41 has strength 3.5; Genemark calls start at 41
  /note=SSC: 41-373 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 0 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.275, -4.133270333136946, no F: HNH endonuclease 
· /note=Start Site Evidence:  The auto-annotated start site from DNA Master is unchanged (41).  This start site is called 98.6% of the time when it exists, has a high z score, and the coding analysis supports it.
· /note=Function: A very large pham size with only HNH endonuclease coding genes, the closest genes match up and were marked endonuclease protein coding genes

CDS 445 – 699 F
  /function="terminase, small subunit"
  /locus tag="MulchExplorer_2"
  /note=Original Glimmer call @bp 445 has strength 8.9; Genemark calls start at 445
  /note=SSC: 445-699 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 71 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.626, -3.4219145408355454, yes F: terminase, small subunit 
· /note=Start Site Evidence: The auto-annotated start site from DNA Master is unchanged (445).  It is called 99% of the time when it exists, has the biggest orf, and has the highest RBS score
· /note=Function Evidence: a larger Pham size with most phages being small terminase subunits, and Kimberlium and Juice456 marks this gene as such.

CDS 671 – 2158 F
  /function="terminase, large subunit"
  /locus tag="MulchExplorer_3"
  /note=Original Glimmer call @bp 671 has strength 12.32; Genemark calls start at 671
  /note=SSC: 671-2158 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -29 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.288, -4.5705937525326155, no F: terminase, large subunit 
· /note=Start site evidence: The auto-annotated start site from DNA Master is unchanged (671).  Can eliminate 3rd start site because it cuts off too much coding potential.  Can eliminate 1st because it makes an unnecessarily large overlap.  Second start site is good with respect to coding potential, conservation, consensus (within F1), and a good z-score. 
· /note=Function evidence: Synteny with Kimberlium, QuickMath, and Juice456.  Pham shows terminase and terminase, large subunit (difference being is there a small subunit in genome).  Significant HHpred hit to terminase large subunit.

CDS 2200 – 3621 F
  /function="portal protein"
  /locus tag="MulchExplorer_4"
  /note=Original Glimmer call @bp 2200 has strength 13.16; Genemark calls start at 2200
  /note=SSC: 2200-3621 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 41 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.468, -3.8116689268127657, no F: portal protein 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (2200).  Genemark and Glimmer both estimate the start codon to be here. GeneMarks indicates a very high coding potential after 2200 and any other start site would cut off coding potential, so my confidence is high
· /note=Function: Synteny from Phamerator, HHpred, and PhagesBD each show a high likelihood of portal protein.

CDS 3605 – 4330 F
  /function="capsid maturation protease"
  /locus tag="MulchExplorer_5"
  /note=Original Glimmer call @bp 3632 has strength 5.66; Genemark calls start at 3605
  /note=SSC: 3605-4330 CP: yes SCS: both-gm ST: NI BLAST-Start: [head maturation protease [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 3.41147E-176 GAP: -17 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.449, -3.7091199845487814, yes F: capsid maturation protease SIF-BLAST: ,,[head maturation protease [Mycobacterium phage Kimberlium] ],,YP_009198109,100.0,3.41147E-176 SIF-HHPRED:  SIF-Syn: 
· [bookmark: _Hlk217324357]/note=Start site: Changed from DNA Master auto-annotation 3632 to 3605.  Original Glimmer called 3632 has strength 5.66; GeneMark called 3605.  3605 cuts off as little coding potential as possible (first 3 start sites are TTGs). It is a site that is called and conserved in most of the other genes in the pham and called in all of the F1s. When site 3605 is used for BLAST alignment it shows a high similarity to other annotated genes. 3605 also has a higher z-score than 3632.  The only reason I am somewhat worried is because of the 16 bp upstream overlap.
· /note=Function:  HHpred was not a particularly enlightening source of  information and due to this my main evidence is the strong synteny presented between this gene and others in the pham. They all have a gene here of similar construction so I believe this gene is our capsid maturation protease

CDS 4409 – 4945 F
  /function="scaffolding protein"
  /locus tag="MulchExplorer_6"
  /note=Original Glimmer call @bp 4409 has strength 5.51; Genemark calls start at 4409
  /note=SSC: 4409-4945 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 78 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.165, -4.440057856863077, yes F: scaffolding protein 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (4409).  This start site is the only one in the gene that includes all of the coding potential. Additionally the z-score is the highest in the RBS tab and throughout the other genes that contain start 43 (4409) conserve and utilize it, calling this start 100% of the time when it appears.
· /note=[DNA Master and PECAAN auto-annotation included a reverse gene starting at 5009 and stopping at 4896 that overlapped with this gene and was deleted.]
· /note=Function: A combination of synteny and alignment with scaffolding proteins in HHpred.

CDS 5008 – 5916 F
  /function="major capsid protein"
  /locus tag="MulchExplorer_7"
  /note=Original Glimmer call @bp 5008 has strength 14.27; Genemark calls start at 5008
  /note=SSC: 5008-5916 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 62 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 3.197, -2.2186743274732437, yes F: major capsid protein 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (5008).  Only start site that doesn’t cut off coding potential and has an okay z-score 
· /note=Function:  There was full alignment on HHPred. PDB; 14/14 entities were major capsid protein. Pham domain match to major capsid protein.

CDS 5929 – 6300 F
  /function="head-to-tail adaptor"
  /locus tag="MulchExplorer_8"
  /note= 5929 in Phamerator 
  /note=SSC: 5929-6300 CP: yes SCS: neither ST: NI BLAST-Start: [head-tail adaptor Ad1 [Mycobacterium phage Boomer] ],,NCBI, q1:s1 100.0% 2.78303E-81 GAP: 12 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.285, -4.190451406743478, no F: head-to-tail adaptor SIF-BLAST: ,,[head-tail adaptor Ad1 [Mycobacterium phage Boomer] ],,YP_002014224,100.0,2.78303E-81 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (5929).   Starterator, and BLAST all point to this start.  Cuts off the least coding potential (which continues from previous gene and is in the same reading frame).
· /note=Function:  Vast majority of the members of this pham (336 members) are called head-to-tail adaptor.  There is a high-probability (99.8%) and high coverage (95.9%) HHPred hit to the 9D94_Ga protein structure, a Head-to-tail adaptor.

CDS 6297 – 6626 F
  /function="head-to-tail stopper"
  /locus tag="MulchExplorer_9"
  /note=Original Glimmer call @bp 6297 has strength 7.65; Genemark calls start at 6297
  /note=SSC: 6297-6626 CP: no SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.685, -3.2200995065294116, no F: head-to-tail stopper 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (6297).  RBS, Starterator, and BLAST all point to this start site. Cuts off the least amount of coding potential.  
· /note=Function: Based off BLAST, the majority of genes in the same pham, and comparing from HHpred.

CDS 6633 – 6959 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_10"
  /note=Original Glimmer call @bp 6633 has strength 11.19; Genemark calls start at 6678
  /note=SSC: 6633-6959 CP: yes SCS: both-gl ST: NI BLAST-Start:  GAP: 6 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.623, -3.6993702887586135, yes F: hypothetical protein 
· /note=Start site:  In DNA Master, Glimmer called 6633 and GeneMark called 6678.  All start sites other than 6633 would cut off coding potential. The previous gene is in the same frame.
· /note=Function: Only 6 of the of the 399 members of the pham have a functional annotation (minor tail protein).

CDS 6949 – 7353 F
  /function="tail terminator"
  /locus tag="MulchExplorer_11"
  /note=Original Glimmer call @bp 7030 has strength 8.99; Genemark calls start at 6949
  /note=SSC: 6949-7353 CP: yes SCS: both-gm ST: NI BLAST-Start: [head-tail adaptor [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 8.75094E-90 GAP: -11 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.23, -6.240767779459404, no F: tail terminator SIF-BLAST: ,,[head-tail adaptor [Mycobacterium phage Kimberlium] ],,YP_009198115,100.0,8.75094E-90 SIF-HHPRED:  SIF-Syn: 
· [bookmark: _Hlk217324908]/note=Start site: In DNA Master, Glimmer called 7030 and GeneMark called 6949.  Only the first start site (6949) suggested by GeneMark avoids cutting off coding potential.  This is requires a change from the DNA Master auto-annotation.  
· /note=Function: Based off BLAST and comparing from HHpred. It all leads towards the function tail terminator

[bookmark: _Hlk217333124]CDS 7463 – 8272 F
  /function="tail tube"
  /locus tag="MulchExplorer_12"
  /note=Original Glimmer call @bp 7463 has strength 14.76; Genemark calls start at 7463
  /note=SSC: 7463-8272 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 109 bp gap LO: no RBS: Kibler 6, Karlin Medium, 3.139, -2.338663114094478, yes F: tail tube 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (7463).  All start sites but second and third eliminated by coding potential.  Very strong consensus around the second start site, 7463, which is an ATG rather than a TTG.
· [bookmark: _Hlk217333182]/note=Function: Based off BLAST and comparing from HHPRED.  High probability (99.8%) HHPred hit with 80% coverage to 9D94_Jf (Bxb1_19), the major tail protein in Bxb1.  The AlphaFold structure this protein superposed in Chimera with Bxb1_19 has an RMSD between 66 pruned atom pairs of 1.163 angstroms (want 50 atom pairs or above and 2 angstroms or below according to Krista Freeman).  The Approved Function List now suggests using "tail tube" instead of "major tail protein."  This gene also has synteny with Violac_11, annotated as a tail tube protein.  (I’m not sure why the Approved Function List lists both "tail tube" and "tail tube protein," which leads to uncertainty as to which we should use.)

CDS 8391 – 8942 F
  /function="tail assembly chaperone"
  /locus tag="MulchExplorer_13"
  /note=Original Glimmer call @bp 8391 has strength 9.43; Genemark calls start at 8391
  /note=SSC: 8391-8942 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 118 bp gap LO: no RBS: Kibler 6, Karlin Medium, 3.208, -2.1958114445137396, yes F: tail assembly chaperone 
· /note=Start Site Notes: This is the "short" version of the TAC, without the programed frameshift.  The start site is unchanged from DNA Master auto-annotation (8391).  GeneMarks shows strong coding potential starting at roughly nt 8400.  Coding potential eliminates all but the second and third start sites (even though there is enough gap after the end of the upstream gene to start at the first start site (TTG), the first start site is about 100 bp too early for the start of the coding potential).  The second (an ATG at 8391) and third (a GTG at 8397) are two codons away from each other and have a similar z-score.  Consensus supports the ATG start site (called 95% rather than 32% of the time when present).  However, the ATG is slightly less well conserved (found in 30% rather than 41% of genes in the pham)
· /note=Function Notes: HHpred hit PF17388.7, tail assembly protein (95% prob, E-value 0.1).  Synteny with other tail assembly chaperones.  
· /note=Frameshift: There may be a frameshift with this gene and the next. The end of the sequence "RAESDSK" is where the frameshift possibly occurred. This was determined by aligning the sequence from gene 13 and 14 of  Kimberlium and Marivista, which show a +1 frameshift. The long sequence then picks up with VMEA.  The slippery sequence is therefore AAA_A.GTG.  Ribosomal slippage: CDS Join (8391..8888; 8890..9327)

CDS join(8391..8888,8890..9327) F
  /function="tail assembly chaperone"
  /locus tag="MulchExplorer_14"
  /note=
  /note=SSC: 8391-9327 CP: no SCS: neither ST: NI BLAST-Start:  GAP: -552 bp gap LO: no RBS: Kibler 6, Karlin Medium, 3.208, -2.1958114445137396, yes F: tail assembly chaperone 
· /note=Frameshift: We are annotating this gene as being the result of ribosomal slippage.  The end of the sequence "RAESDSK" is where the frameshift possibly occurred. This was determined by aligning the sequence from gene 13 and 14 of  kimberlium and Marivista, which show a +1 frameshift. The long sequence then picks up with VMEA.  The slippery sequence is therefore AAA_A.GTG.  CDS Join (8391..8888; 8890..9327)

CDS 9345 – 12830 F
  /function="tape measure protein"
  /locus tag="MulchExplorer_15"
  /note=Original Glimmer call @bp 9345 has strength 15.22; Genemark calls start at 9345
  /note=SSC: 9345-12830 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 18 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.468, -3.8116689268127657, no F: tape measure protein 
· /note=Start Site Notes: The auto-annotated start site from DNA Master is unchanged (9345).  The spike in GeneMark coding potential eliminates all but the first three start sites, spiking somewhere around nt 9450. The codons for these three starts are GTG, ATG, and GTG.  Of these, only the second start site (ATG) has a z-score above 2.  According to Starterator, the ATG is also the most called start site in the pham and it is highly conserved (found in 99.6% of genes in the pham).  
· /note=Function Notes: PhagesDB was used to determine the clusters and subclusters that were found in the pham. Phamerator was used to establish synteny then NCBI to determine alignment with local phages. HHpred and DeepTMHMM was also used for determining this function.  The tape measure protein is the longest gene in the genome.

CDS complement (12831 - 14051) R
  /function="transposase"
  /locus tag="MulchExplorer_16"
  /note=Original Glimmer call @bp 14051 has strength 8.57; Genemark calls start at 14060
/note=SSC: 14051-12831 CP: no SCS: both-gl ST: NI BLAST-Start:  GAP: 109 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.9, -5.756015422186926, no F: transposase yes but functions of those are unknown
· /note=Start site: In DNA Master, Glimmer called 14051 (second start site) and GeneMark called 14060 (first start site).  Only the first two start sites avoid cutting off coding potential.  The Starterater report states that the most called start number is at 12, which is the second start site at 14051; the start codon used at 1451 (GTG) is also stronger than TTG at 14060. The 2nd start GTG is located closer to the spike in coding potential. Additionally, the Z-score at the 2nd start is closer to 2 (1.920).  Due to change in gene direction, the starts of this gene and the next are near each other -- all available start sites give the necessary 50 bp gap.  
· /note=Function: HHpred gave hits with transposase, phageDB also had a lot of transposase, blast gave hits with e-value of 0, which were transposases

CDS 14161 – 15870 F
  /function="Dit"
  /locus tag="MulchExplorer_17"
  /note=Original Glimmer call @bp 14161 has strength 12.91; Genemark calls start at 14161
  /note=SSC: 14161-15870 CP: no SCS: both ST: NI BLAST-Start:  GAP: 109 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.609, -5.804770546430132, no F: Dit 
· /note=Start site notes:  Start site auto-annotated from DNA Master is unchanged (Glimmer and GeneMark agreed on 14161).  Only the first start site (ATG, 14161) avoids cutting off coding potential. Due to change in gene direction, the starts of this gene and the previous are near each other -- all available start sites give the necessary 50 bp gap.  
· /note=Function notes: All genes within a pham who had a named function were minor tail proteins.  More specifically, HHpred gives a strong partial hit to 9D93_Mf from Krista Freeman`s Bxb1 structure.  This is the tail tip cage connected to Dit.  According to Krista Freeman`s presentation "Minor tail no more," Dit can exist separate from the tail tip cage and has a pinwheel structure when folded alone.  AlphaFold folding of this protein as a hexamer shows the pinwheel shape associated with Dit without a tail tip cage.  Chimera matchmaker shows a good alignment with the Dit portion of the 9D93_Mx protein hexamer.

CDS 15928 – 17637 F
  /function="baseplate hub"
  /locus tag="MulchExplorer_18"
  /note=Original Glimmer call @bp 15928 has strength 13.26; Genemark calls start at 15928
  /note=SSC: 15928-17637 CP: no SCS: both ST: NI BLAST-Start:  GAP: 57 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 3.295, -2.606079664606164, yes F: baseplate hub 
· /note=Function: The best HHpred hits are minor tail proteins, then the synteny also pointed on minor tail protein.  More specifically,  HHpred gives a strong, full-coverage hit to 9D93_Oa from Krista Freeman`s Bxb1 structure.  9D93_Oa is the baseplate hub. According to Krista Freeman’s presentation "Minor tail no more," the baseplate hub exists as a trimer that looks like  a funnel (or I would say a bird`s nest build on top of a funnel).  AlphaFold folding of this MulchExplorer protein as a trimer shows the bird`s nest of top of a funnel shape associated with the baseplate hub.  Chimera matchmaker shows a good alignment with the 9D93_Ox protein trimer.
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (15928).  The coding potential in GeneMark graph started before 1600, the closes strong start site like ATG or GTG is far away from the start of coding potential, the start site that I chose is TTG, which is not shown on the graph, but it would give us the longest ORF.  The first start site is the only one that would avoid cutting off coding potential.

CDS 17692 – 18522 F
  /function="minor tail protein"
  /locus tag="MulchExplorer_19"
  /note=Original Glimmer call @bp 17692 has strength 13.67; Genemark calls start at 17692
  /note=SSC: 17692-18522 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 54 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.869, -2.979545903895001, yes F: minor tail protein 
· /note=Function: Based on Phamerator synteny, which had the same function and order with Kimberlium, Quickmath. There was mostly minor tail protein function for the BlAST results. Had a very good E-value and high probability.
· /note=Start Site: The auto-annotated start site from DNA Master is unchanged (17692).  Start sites other than the first 3 cut off coding potential (GTG, ATG, then TTG).  Both consensus and conservation from Starterator point to the second start site (ATG).  Location of spike in coding potential is a good fit.  The second start site (17692) is the only one of the first three start sites with RBS z-score above 2.

CDS 18519 – 21056 F
  /function="tailspike protein"
  /locus tag="MulchExplorer_20"
  /note=Original Glimmer call @bp 18519 has strength 14.15; Genemark calls start at 18519
  /note=SSC: 18519-21056 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.412, -4.694587342996602, no F: tailspike protein 
· /note=Start Site: The auto-annotated start site from DNA Master is unchanged (18519).  Starterator - both consensus and conservation suggest second start site (18519, ATG).  Location of spike in coding potential (first two start sites are only good fits).  A couple start sites with a RBS z score above 2 -- the first start site (TTG) does not and the second (ATG) does.
· /note=Function: Pham Comparisons all had a " minor tail protein." There was a synteny with comparing Juice456 and QuickMath. BLAST results had similar functions. High probability and Good E-value from HHPred hit to 9D93_Pc (tail spike from Krista Freeman`s Bxb1 structure).. According to Krista Freeman`s presentation "Minor tail no more," the spike protein exists as a trimer that looks like an arrow (or I would say like a micro-pipette or a syringe).  It is also often the second longest gene in the genome after tape measure (which fits with this gene).  AlphaFold folding of this MulchExplorer protein as a trimer shows the elongated shape associated with the baseplate hub.  Chimera matchmaker shows a good alignment between the AlphaFold model with with the 9D93_Px tailspike protein trimer.

CDS 21053 – 22939 F
  /function="tail wing base, D-ala-D-ala carboxypeptidase"
  /locus tag="MulchExplorer_21"
  /note=Original Glimmer call @bp 21053 has strength 7.71; Genemark calls start at 21053
  /note=SSC: 21053-22939 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.803, -3.6262617209640267, yes F: tail wing base/D-alanyl-D-alanine carboxypeptidase 
· /note=Start Site: The auto-annotated start site from DNA Master is unchanged (21053).  Starterator - both consensus and conservation support the second start site at 21053.  Location of spike in coding potential (first two start sites are only good fit, GTG and ATG).  And the ATG at 21053 is the only early start sites with an RBS z-score above 2.
· /note=Function: Based on the Pham comparisons there was a consensus of the "minor tail protein, D-ala-D-ala carboxypeptidase" function. There was a synteny from Phamerator with the genes, Kimberlium_21 (D-alanyl D-alanine carboxypeptidase) and Juice456_21 (minor tail protein). BLAST had the same results and a good E-value. HHpred hits 1YQS_A (a D-alanyl-D-alanine carboxypeptidase).  
· /note=Proposed modification to function:  However, more specific than "minor tail protein, D-ala-D-ala carboxypeptidase," there is 100% probability and 66% coverage from HHPred to 9D93_Sa from Krista Freeman`s new Bxb1 structure ("tail wing base"). In Bxb1, there are three copies of the tail wing base, but they do not interact.  AlphaFold folding of this MulchExplorer protein as a monomer yields a structure that aligns well with a Bxb1 tail wing base using Chimera (RMSD between 247 pruned atom pairs is 1.106 angstroms).  The MulchExplorer protein has an extra beta-sheet rich feature at the C-terminus end of the protein relative to Bxb1.  I suggest replacing the "minor tail protein" text within the function "minor tail protein, D-ala-D-ala carboxypeptidase" with the "tail wing base" annotation copied from the Bxb1 PDB structure.

CDS 22936 – 24102 F
  /function="minor tail protein"
  /locus tag="MulchExplorer_22"
  /note=Original Glimmer call @bp 22942 has strength 6.0; Genemark calls start at 22936
  /note=SSC: 22936-24102 CP: no SCS: both-gm ST: NA BLAST-Start: [minor tail protein [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 0.0 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.139, -6.429175136906564, no F: minor tail protein SIF-BLAST: ,,[minor tail protein [Mycobacterium phage Kimberlium] ],,YP_009198126,100.0,0.0 SIF-HHPRED:  SIF-Syn: There was synteny between similar genes. They all had the similar gene in a similar position in phamerator
· [bookmark: _Hlk217324436]/note=Start site: In DNA Master, the original Glimmer call was bp 22942 and GeneMark called 22936.   We changed the start site from 22942 auto-annotated by DNA Master to 22936.  The GeneMark graph showed conflicting possible start sites. It appeared on the graph that the coding potential may have started shortly after 28,000 mark. The signal is present but variable until after 2290.  [Another F1 phage -- Polka14 -- has a gene in the pham where the coding potential starts more neatly near the third start site]  I decided to go with GeneMark`s decision (22936, the third start site) because of the start codon being ATG, that was the stronger option for me.  Also 22936 is the most called start site in the pham (but at 69% conserved it is not the most conserved).  However, the second start site, 22900, is more conserved (98%) and also has coding potential.
· /note=Function:  Called minor tail protein in the closely related Kimberlium but not in QuickMath (both have synteny) and 8 out of 10 of the top BLAST hits.  Within a tail-protein operon.  Called in 52 of the 225 genes in the pham.  However, HHpred doesn`t give any significant hits.

CDS 24120 – 24461 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_23"
  /note=Original Glimmer call @bp 24120 has strength 5.41; Genemark calls start at 24120
  /note=SSC: 24120-24461 CP: yes SCS: both ST: SS BLAST-Start: [head protein [Mycobacterium phage Omega] ],,NCBI, q1:s1 100.0% 1.4141E-69 GAP: 17 bp gap LO: no RBS: Kibler 6, Karlin Medium, 3.197, -2.156361006712914, yes F: hypothetical protein SIF-BLAST: ,,[head protein [Mycobacterium phage Omega] ],,NP_818342,100.0,1.4141E-69 SIF-HHPRED:  SIF-Syn: There was synteny between similar genes. They all had the similar gene in a similar position in phamerator
· /note=Start: The auto-annotated start site from DNA Master is unchanged (24120).  I used the GeneMarkS Graph to determine my start site. The graph shows two possible starts in coding potential -- there is some coding potential signal that starts round 24080 and then a clean signal of coding potential starting around 24130.  The start site I chose (24120) is actually the 3rd one on the list. However, I have concluded that it would make the most sense for my start site to be 24,120 because there will be no overlaps.  The 24120 start site is called 99.6% of the time when present and is better conserved than the second start site.  
· /note=Function: Everything in the pham that is called are minor tail proteins (13 calls out of 765 pham members).  The homologous gene is not called in the closely related Kimberlium or QuickMath. HHpred shows two good hits -- one in the neck of the phage and one in the tail fiber.  A tail protein makes more sense based on the nearby genes, but not enough direct evidence.

CDS 24484 – 24738 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_24"
  /note=Original Glimmer call @bp 24484 has strength 9.78; Genemark calls start at 24484
  /note=SSC: 24484-24738 CP: yes SCS: both ST: SS BLAST-Start:  GAP: 22 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.011, -4.698691165234176, no F: hypothetical protein There was synteny between similar genes. They all had the similar gene in a similar position in phamerator
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (24484).  After looking through the GeneMarkS data as well as the RBS window in DNA master, 24,484 makes sense as a start site.  It has the highest z-score and later start sites cut off coding potential.
· /note=Function:  The pham has 239 members.  All are annotated as having an unknown function other than three which call tail collar and one call for a minor tail protein (these are relatively recent, so there could be something interesting here that we didn’t find.  The top HHpred hit has slightly less than 50% coverage.

CDS 24752 – 25390 F
/function="minor tail protein"
  /locus tag="MulchExplorer_25"
  /note=Original Glimmer call @bp 24752 has strength 8.62; Genemark calls start at 24752
  /note=SSC: 24752-25390 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 13 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.488, -3.6907860541164537, no F: minor tail protein 
· /note=Start Site Evidence: The auto-annotated start site from DNA Master is unchanged (24752).  24752 (ATG) is the second earliest start site, and is called 96.4 percent of the time when present. It also best encapsulates the coding potential.  The first (GTG) comes too early and the third (TTG) comes to late.  
· /note=Function Evidence: HHPred supports this conclusion.  Hit to a Tail collar fiber in Bxb1 tail tip structure (9D93).  Good hit to tail collar fiber on HHpred.  Doesn’t fold in AlphaFold the way it should based on known structure in Bxb1, but neither does the Bxb1 protein sequence.  Called minor tail protein for 16/230 genes in pham.

CDS 25387 – 26211 F
  /function="tail wing brush"
  /locus tag="MulchExplorer_26"
  /note=Original Glimmer call @bp 25387 has strength 2.6; Genemark calls start at 25387
  /note=SSC: 25387-26211 CP: no SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.042, -4.6353190821692705, no F: tail wing brush 
· [bookmark: _Hlk217330095]/note=Function:  NCBI BLAST matched with proteins annotated minor tail protein and unknown function, HHPred had a hit with a tail tip protein.  More specifically, there is 99.5% probability and 99.6% coverage via HHPred to 9D93_Qc (tail wing brush) from Krista Freeman’s new Bxb1 structure. In Bxb1, there are three copies of the tail wing brush, but they do not interact.  AlphaFold folding of this MulchExplorer protein as a monomer yields a structure that aligns well with a Bxb1 tail wing brush using Chimera (RMSD between 229 pruned atom pairs is 0.596 angstroms).  The function given is copied from that of Bxb1 (not in approved function list).
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (25387, second start site).  Second start site has 4 bp overlap and better aligns with spike in coding potential.

CDS complement (26217 - 26414) R
  /function="helix-turn-helix DNA binding domain"
  /locus tag="MulchExplorer_27"
  /note=Original Glimmer call @bp 26414 has strength 10.08; Genemark calls start at 26414
  /note=SSC: 26414-26217 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 149 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.46, -7.069272764120796, no F: helix-turn-helix DNA binding domain 
· /note=Start: The auto-annotated start site from DNA Master is unchanged (26414).  This start site is conserved throughout the entire Pham (99.7%) and has an incredibly high annotation consensus level in the pham, it has the highest z score available and includes all coding potential.
· /note=Function: Other genes in pham are called helix-turn-helix DNA binding domain.  HHpred gives a number of hits with HTH DNA binding domains.  For example, UniProt protien P15238 has a HTH motif seen in the feature viewer that covers amino acids 26-45 of the hit. The HHpred alignment aligns amino acids 8 - 51 of the hit with our protein.  SSpred shows a HHHHHHHhCCCHHHHHHHHh within this segment that matches with a similar secondary structure in the hit.

CDS 26564 – 26860 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_28"
  /note=Original Glimmer call @bp 26564 has strength 5.8; Genemark calls start at 26564
  /note=SSC: 26564-26860 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 149 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 3.218, -2.253377680616507, yes F: hypothetical protein 
· /note=Start sites: The auto-annotated start site from DNA Master is unchanged (26564).  Starterator - both consensus and conservation.  Location of spike in coding potential (only good fit).  And only the early start sites with RBS z-score above 2.
· /note=Function: NKF. There were no notes in the pham comparisons, no synteny, and a low probability of 80% in HHpred.

CDS 26867 – 27013 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_29"
  /note=Original Glimmer call @bp 26867 has strength 1.54
  /note=SSC: 26867-27013 CP: yes SCS: glimmer ST: NI BLAST-Start:  GAP: 6 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.121, -4.4536196888290105, yes F: hypothetical protein 
· /note=Start Site: The auto-annotated start site from DNA Master is unchanged (26867, not called by GeneMark).  Starterator - both consensus and conservation.  And only the early start sites with RBS z-score above 2. Genemark didn’t call the start site.  GeneMarkS only has second-order coding potential and a small blip of forth-order coding potential.  However it does have GeneMark TB coding potential.  
· /note=Function: There are no functions listed for pham comparisons, unknown results for BLAST, no function listed while doing synteny search.

CDS 27010 – 27150 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_30"
  /note=Original Glimmer call @bp 27010 has strength 6.37; Genemark calls start at 27010
  /note=SSC: 27010-27150 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 3.229, -2.0895162839948163, yes F: hypothetical protein 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (27010).  Start site is heavily conserved and always called. The coding potential is high and this start site captures while overlapping 4 with the previous gene, a green flag.
· /note=Function: Synteny and BLAST say NKF.  HHpred gives no significant alignments.  The transmembrane domain appears to be a signal peptide.

CDS 27224 – 27457 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_31"
  /note=Original Glimmer call @bp 27224 has strength 11.13; Genemark calls start at 27224
  /note=SSC: 27224-27457 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 73 bp gap LO: no RBS: Kibler 6, Karlin Medium, 3.197, -2.297359520375101, yes F: hypothetical protein 
· /note=Start: The auto-annotated start site from DNA Master is unchanged (27224).  Start site is called and conserved across the pham, includes all coding potential, and all previous start sites have very poor z scores or heavily overlap with the previous gene.
· /note=Function:  Synteny and BLAST suggest NKF, as does HHpred

CDS 27454 – 28644 F
  /function="lysin A"
  /locus tag="MulchExplorer_32"
  /note=Original Glimmer call @bp 27454 has strength 8.22; Genemark calls start at 27454
  /note=SSC: 27454-28644 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.199, -4.229395370396053, no F: lysin A 
· /note=Start: The auto-annotated start site from DNA Master is unchanged (27454).  The start site is both conserved in other members of the pham and called 100% of the time in other genes. This start site hold the entirety of the coding potential and overlaps by 4 base pairs with the previous gene which is a green flag. 
· /note=Function: The evidence suggests that this protein is lysin, the presence of lysin B means that this protein is labeled as lysin A

CDS 28644 – 29645 F
  /function="lysin B"
  /locus tag="MulchExplorer_33"
  /note=Original Glimmer call @bp 28644 has strength 10.32; Genemark calls start at 28644
  /note=SSC: 28644-29645 CP: yes SCS: both ST: NI BLAST-Start: [endolysin [Mycobacterium phage QuickMath] ],,NCBI, q1:s1 100.0% 0.0 GAP: -1 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.573, -3.5925599723783583, yes F: lysin B SIF-BLAST: ,,[endolysin [Mycobacterium phage QuickMath] ],,YP_009961755,100.0,0.0 SIF-HHPRED:  SIF-Syn: 
· /note=Start Site Notes: The auto-annotated start site from DNA Master is unchanged (28644).  DNA Master was used to establish RBS information such as the Z-score (highest for the 1st start site, 2.5), and spacer distance. Starterator was also used to help determine the consensus and conservation.  The MulchExplorer gene does not have the most called start, but visual inspection of Starterator diagrams show that start 28644 is the most called start site in the F1 subcluster.  GeneMarkS shows strong coding potential roughly from nt 286xx to 29645. All of the start sites but the first cut off coding potential.  
· /note=Function Notes: Phamerator was used to establish synteny then NCBI to determine alignment with related phages Kimberlium, QuickMath, and Juice456 which all annotate the homologous gene as lysin B. HHPred was also used for determining this function (hit 3HC7, lysin B from Mycobacteriophage D29, 100% prop, 72% coverage).

CDS 29659 – 29892 F
  /function="holin"
  /locus tag="MulchExplorer_34"
  /note=Genemark calls start at 29659
  /note=SSC: 29659-29892 CP: no SCS: genemark ST: NI BLAST-Start: [holin [Mycobacterium phage Hamulus] ],,NCBI, q1:s4 100.0% 2.86567E-43 GAP: 13 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.89, -3.1452892479852843, yes F: holin SIF-BLAST: ,,[holin [Mycobacterium phage Hamulus] ],,YP_008409097,96.25,2.86567E-43 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The first start site can be eliminated since it occurs significantly before the peak in coding potential and would cause a 134 overlap with the upstream gene.  The second (ATG) and third (TTG) start sites have the same z-score (2.89) and are in consecutive codons that are equally supported by their position relative to the spike in coding potential.  I chose the ATG because it had more human consensus and ATG is more common than TTG but all the other results were the same except a larger gap and smaller orf length.  However, this call is inconsistent with Guiding Principle #12, which suggests that the second of two consecutive start sites is likely correct.
· /note=Function:  HHpred hits a Pfam Putative lactococcus lactis phage r1t holin domain with 99.9% probability and 89% coverage.  Has two transmembrane domains.  Genes in the pham are commonly called holins.

CDS 29889 – 30263 F
  /function="membrane protein"
  /locus tag="MulchExplorer_35"
  /note=Genemark calls start at 29889
  /note=SSC: 29889-30263 CP: no SCS: genemark ST: NI BLAST-Start: [minor tail protein [Mycobacterium phage Saal] ],,NCBI, q1:s1 100.0% 2.59537E-80 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.661, -5.4858509637772555, no F: membrane protein SIF-BLAST: ,,[minor tail protein [Mycobacterium phage Saal] ],,YP_009007500,100.0,2.59537E-80 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (29889, the first start site).  First start site has most conserved (37%) and most human consensus (called 92% of the time when present), DNA Master z-score above 3, 4 bp overlap, & starts right before the curve on Starterator Only the first two start sites avoid cutting off any coding potential.  The second start site has a 1 bp overlap, but is less conserved (12%), and called 19% of the time when present.  Selected the first start site due to Starterator, however this is low confidence between the first and the second since the Guiding Principles of Annotation (12f.) state that "[s]ometimes the best start leads to the choice between 2 tandem start codons.... From a small amount of mass spec data and some basic biology principles, always choose the second start codon."  [Juan deleted a reverse gene that would stop at 29634 that conflicts with this and the next and has less coding potential.]
· /note=Function:  Most of pham is NKF.  Some members of pham have been called minor tail proteins, but not any of the top BLAST hits.  No HHpred evidence.  Also, the gene is separated from the tail protein operon by an HTH DNA binding protein that is in the reverse direction and the lysins.  However, DeepTHHMM does show a transmembrane domain starting after the 21st amino acid.

CDS 30287 – 30520 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_36"
  /note=Original Glimmer call @bp 30287 has strength 3.86; Genemark calls start at 30287
  /note=SSC: 30287-30520 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_36 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 2.29966E-49 GAP: 23 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.781, -3.081776789475849, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_36 [Mycobacterium phage Kimberlium] ],,YP_009198140,100.0,2.29966E-49 SIF-HHPRED:  SIF-Syn: yes
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (30287, not called by GeneMark).  The first start (GTG) site has a 4 bp overlap, but it is only present in 44% of the genes in the pham as opposed to the second start site (ATG) which is found in 100% of the genes in the pham and called 83% of the time.  
· /note=Function: After running through all the different programs and looking through the Pham none of the genes in the Pham showed any functions so I think it was safe to say that this gene has no function.  HHpred hits HTH DNA binding protein 7PC1_A  and the AlphaFold structure is believable for a HTH.  However the structure has 3 helix regions, and although the hit is annotated as an HTH DNA binding protein, the hit does not have an HTH DNA binding domain annotated within the protein.  So it isn`t clear which part of the hit this protein would have to match in order to also have an HTH DNA binding domain.  That said, the SSpred alignment shows the helix-coil-helix pattern aligns between the hit and this protein.  The 5C8H_A hit is weak (73%) but is primarily made up of a winged-helix DNA binding domain.  Not quite enough evidence to call.

CDS 30507 – 31328 F
  /function="DnaQ-like (DNA polymerase III subunit)"
  /locus tag="MulchExplorer_37"
  /note=Original Glimmer call @bp 30507 has strength 10.56; Genemark calls start at 30507
  /note=SSC: 30507-31328 CP: yes SCS: both ST: NI BLAST-Start: [DNA polymerase exonuclease subunit [Mycobacterium phage Tweety] ],,NCBI, q1:s1 100.0% 0.0 GAP: -14 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.806, -3.0478325568523097, yes F: DnaQ-like (DNA polymerase III subunit) SIF-BLAST: ,,[DNA polymerase exonuclease subunit [Mycobacterium phage Tweety] ],,YP_001469268,100.0,0.0 SIF-HHPRED:  SIF-Syn: yes
· /note=Function:  After looking through the databases all the results that I got lead to the decision of having this gene be the DNAQ-like (DNA polymerase III subunit).  The approved function list gives Sisi_35 as the example of a known DnaQ-like (DNA polymerase III subunit).  Sisi_35 is in the same pham as this gene.
· /note=Start: The auto-annotated start site from DNA Master is unchanged (30507).  This start site was called by Glimmer and is easily shown in the staratorer that it was the best option.  The first start site (ATG, 30507) is the most called start in the pham.  The second start site (GTG, 30534) is poorly conserved in the subluster.   The ATG also gives us the longest ORF and is the only one that doesn’t cut off coding potential in the GeneMarkS graph.

CDS 31401 – 31634 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_38"
  /note=Original Glimmer call @bp 31401 has strength 5.92; Genemark calls start at 31344
  /note=SSC: 31401-31634 CP: no SCS: both-gl ST: NI BLAST-Start: [hypothetical protein SEA_YORICK_36 [Mycobacterium phage Yorick]],,NCBI, q1:s1 100.0% 4.89171E-47 GAP: 72 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.211, -5.3048475382439095, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_YORICK_36 [Mycobacterium phage Yorick]],,UTN93629,100.0,4.89171E-47 SIF-HHPRED:  SIF-Syn: suntan was found within neighbor phages, but there were no function stated
· /note=Start: The auto-annotated start site from DNA Master is unchanged (31401), but it is a challenging call with uncertainty.  The first four or five start sites avoid cutting off coding potential.  The coding potential does not go all the way to the end of this gene, so the gene is lacking in coding potential in some regions that are translated.  The first four start sites are a GTG and the fifth is a TTG.  The third start site (31401) has the highest z-score in DNA Master (2.211).  The fourth start site has a z-score of 1.76.  The third start site also gives a smaller gap (72 bp rather than 84 bp).  However the 31401 start site is only about half as conserved (53%) relative to the 100% conservation of the 31413 start.  The third start site is also called less often (18% of the time when present) than the fourth (42% of the time).  The first start site would give the smallest gap (15 bp), is conserved in 55% of the genes, and is called 33% of the time when present, but has a lower z-score.
· /note=Function: No significant hits on HHpred, and all "good" hits on blast functions of the genes were unknown.

CDS 31627 – 31719 F
  /function="membrane protein"
  /locus tag="MulchExplorer_39"
  /note=Genemark calls start at 31627
  /note=SSC: 31627-31719 CP: yes SCS: genemark ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_39 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 4.28283E-10 GAP: -8 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.279, -4.969919768807473, no F: membrane protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_39 [Mycobacterium phage Kimberlium] ],,YP_009198143,100.0,4.28283E-10 SIF-HHPRED:  SIF-Syn: 
· /note=Function: No known function based off BLAST and comparing from HHpred.  Deeptmhmm and SOSUI predict a transmembrane domain.  
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (31627).  Coding potential peak is narrow on both ends (does not go all the way to the stop site).  The first three start sites avoid cutting off coding potential.  The first two start sites are consecutive ATGs and the third is a TTG.  According to the 12th principle in the guiding principles of annotation suggests picking the second start site when deciding between two consecutive start sites.  The second start site is the most called (the third is never called) in the pham and is conserved in 99% of the genes in the pham.

CDS complement (31829 - 32035) R
  /function="membrane protein"
  /locus tag="MulchExplorer_40"
  /note=Original Glimmer call @bp 32035 has strength 7.11; Genemark calls start at 32035
  /note=SSC: 32035-31829 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_40 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 1.3881E-41 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.907, -4.897971560974249, no F: membrane protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_40 [Mycobacterium phage Kimberlium] ],,YP_009198144,100.0,1.3881E-41 SIF-HHPRED:  SIF-Syn: 
· /note=Function: phamerator and BLAST show NKF.  No HHpred hits with a probability above 90%.  DeepTMHMM and SOSUI predict a transmembrane domain.
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (32035).  Only the first start site (32035) gives a gap below 50 bp. There is a narrow peak of GeneMarkS coding potential before the second start site.

CDS complement (32032 - 32154) R
  /function="hypothetical protein"
  /locus tag="MulchExplorer_41"
  /note=Genemark calls start at 32172
  /note=SSC: 32154-32032 CP: yes SCS: genemark-cs ST: NI BLAST-Start: [hypothetical protein I5H16_gp040 [Mycobacterium phage BobaPhett] ],,NCBI, q1:s4 100.0% 4.05447E-21 GAP: -1 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.551, -5.574346888390875, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein I5H16_gp040 [Mycobacterium phage BobaPhett] ],,YP_009954828,93.0233,4.05447E-21 SIF-HHPRED:  SIF-Syn: 
· /note=Is it a gene?  Yes, add this gene.  This gene was auto-annotated in Phamerator/phagesDB, but not called by DNA Master.   After looking at this gene, there was an overlap with a gene in the forward direction that ends in 32190.  Have to pick one.  This gene has a 91.9% prob hit with PF06170.17.  (Conversely the forward gene only has a 43% probability best HHpred hit with a Pfam domain).  Both Kimberlium and Quckmath called this gene and deleted the forward gene ending at 32190.  Neither gene has strong coding potential.  Only second-order coding potential in GeneMarkS, but has some coding potential in GeneMark TB.  Deleted a forward gene that conflicts with this gene.  
· /note=Deleted a forward gene that conflicted with this one that would stop at 32190.  The deleted gene has a small pham heavy with draft genomes but not limited to.  This candidate gene is oriented in the opposite direction of the surrounding genes and is deleted in closely related phages Kimberlum and QuickMath.
· /note=Start site:  Phamerator`s auto-annotation selected the start site 32172 (the 3rd start site) -- we changed this to 32154 (the 5th start site).  First two start sites give too much overlap.  The third, fourth, and fifth genes are all within 20 bp of each other.  The fifth start site (ATG, 32154) is the most called and has a 1 bp overlap (may cut off a tiny bit of GeneMark TB coding potential?). -Dandan

CDS complement (32154 - 32321) R
  /function="hypothetical protein"
  /locus tag="MulchExplorer_42"
  /note=Original Glimmer call @bp 32321 has strength 4.54
  /note=SSC: 32321-32154 CP: yes SCS: glimmer ST: SS BLAST-Start: [hypothetical protein M184_gp44 [Mycobacterium phage WIVsmall] ],,NCBI, q1:s1 100.0% 3.92028E-31 GAP: -1 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.952, -5.3934175870462076, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein M184_gp44 [Mycobacterium phage WIVsmall] ],,YP_008059945,100.0,3.92028E-31 SIF-HHPRED:  SIF-Syn: 
· /note=Is it a gene?  Yes:  I did not make this call based solely off the GeneMarkS graphs because it showed very little coding potential -- only a small bump of coding potential early in the ORF. Instead, I checked Phamerator and Starterator as well as different GeneMark graphs (TB) to determine the coding potential and provide evidence that this is a real gene.  The homologous gene is called in Kimberium and Quickmath.  
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (32321, not called by GeneMark in DNA Master). The first start is most called (in 26% of genes and called 87% of the time when present), although the second start site is better conserved.(99% conserved, called 12% of the time when present).  32321 gives a 1 bp overlap with the previous gene and was also the first start site that gives the longest ORF.  The first two start sites have an ATG codon.
· /note=Function: All but one of the 179 genes in the pham call NKF.

CDS complement (32321 - 32557) R
  /function="hypothetical protein"
  /locus tag="MulchExplorer_43"
  /note=Original Glimmer call @bp 32557 has strength 10.66; Genemark calls start at 32557
  /note=SSC: 32557-32321 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein PBI_CHE8_43 [Mycobacterium phage Che8] ],,NCBI, q1:s1 100.0% 1.0568E-47 GAP: 394 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.756, -3.899580331731527, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein PBI_CHE8_43 [Mycobacterium phage Che8] ],,NP_817381,100.0,1.0568E-47 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (32557).  Coding potential peak starts slightly before the first start site (32557).   This is the only good start site; highest evidence by far.  Most called start in (small) pham.
· /note=Function: None of the 54 members of this pham call a function.

CDS 32952 – 34241F
  /function="tyrosine integrase"
  /locus tag="MulchExplorer_44"
  /note=Original Glimmer call @bp 32952 has strength 10.44; Genemark calls start at 32952
  /note=SSC: 32952-34241 CP: yes SCS: both ST: NI BLAST-Start: [endonuclease [Mycobacterium phage DillTech15] ],,NCBI, q1:s1 100.0% 0.0 GAP: 394 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.391, -4.358093050197135, no F: tyrosine integrase SIF-BLAST: ,,[endonuclease [Mycobacterium phage DillTech15] ],,YP_009955961,99.0762,0.0 SIF-HHPRED:  SIF-Syn: 
· /note=Start Site Evidence: The auto-annotated start site from DNA Master is unchanged (32952).  According to Starterator, when this start is present it is called 100% of the time.  There is a HUGE gap between this gene and the gene before it, and this start makes the largest open reading frame.  The upstream gene is a reverse gene and arranged start site to start site with this gene so a gap of at least 50 bp is needed; the smallest gap possible is 394 bp.  The first start site also encapsulates all the coding potential after it.
· /note=Function: Every other member is tyrosine intergrase, also HHpred has 100% probability hit to integrase.

CDS complement (34317 - 34769) R
  /function="hypothetical protein"
  /locus tag="MulchExplorer_45"
  /note=Original Glimmer call @bp 34769 has strength 6.79; Genemark calls start at 34769
  /note=SSC: 34769-34317 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_45 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s12 100.0% 7.97354E-103 GAP: 265 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.733, -6.297748182802086, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_45 [Mycobacterium phage Kimberlium] ],,YP_009198149,93.1677,7.97354E-103 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (34769).  All but the first two start sites would cut off coding potential (TTG and ATG).  RBS, Starterator, and BLAST all point to this ATG start site.
· /note=Function: Genes in the same location for other phages have been identified with NKF

CDS complement (35035 - 35565) R
  /function="immunity repressor"
  /locus tag="MulchExplorer_46"
  /note=Original Glimmer call @bp 35643 has strength 3.64; Genemark calls start at 35595
  /note=SSC: 35565-35035 CP: no SCS: both-cs ST: NI BLAST-Start: [transcriptional repressor [Mycobacterium phage Mutaforma13] ],,NCBI, q1:s1 100.0% 5.46362E-122 GAP: 290 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.371, -4.524646412938351, no F: immunity repressor SIF-BLAST: ,,[transcriptional repressor [Mycobacterium phage Mutaforma13] ],,YP_009591354,100.0,5.46362E-122 SIF-HHPRED:  SIF-Syn: 
· /note=Function:  Shares synteny but not pham ID with the Sisi_45, the example gene given on the approved function list for "immunity repressor."  The proteins have 44% identity when aligned.  On HHpred, both hit 7JVT_C (C1 protein in lambda) as mentioned by the "immunity repressor" entry in the approved function list (96%).  Both this gene and Sisi_45 hit 7TZ1_A (Mycobacteriophage Cluster A2 Immunity Repressor) with 96% prob and E-val 0.01.  (Top HHpred hit is to ComR.)  Most of the pham members are immunity repressors.  
· [bookmark: _Hlk217324513]/note=Start site:  Changed the start site from 35643 (the first start site) selected by Glimmer in DNA Master to 35565 (the sixth start site).  Not called by GeneMark in DNA Master.  Not a clear-cut call.  The first 6 start sites all avoid cutting off coding potential.  Only see coding potential in first half of gene.  The gene does not have the most annotated start in the pham.  35565 is the most selected start site of those present, according to Starterator.  It has a z-score above 2, is visually supported by coding potential and is an ATG.

CDS 35856 – 36056 F
  /function="Cro (control of repressor's operator)"
  /locus tag="MulchExplorer_47"
  /note=Original Glimmer call @bp 35856 has strength 4.29; Genemark calls start at 35835
  /note=SSC: 35856-36056 CP: no SCS: both-gl ST: NI BLAST-Start: [HTH DNA binding protein [Mycobacterium phage Bubbles123] ],,NCBI, q1:s1 100.0% 1.13219E-38 GAP: 290 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.9, -4.84860406141234, yes F: Cro (control of repressor`s operator) SIF-BLAST: ,,[HTH DNA binding protein [Mycobacterium phage Bubbles123] ],,YP_009955055,100.0,1.13219E-38 SIF-HHPRED:  SIF-Syn: 
· /note=Start:  The auto-annotated start site from DNA Master is unchanged (35856; GeneMark called 35835 in DNA Master).  The spike in coding potential is near the two GTG start sits (35835 and 35856, the fifth and sixth start sites).  The most called start site in the pham does not exist in the MulchExplorer gene.  The genemark curve starts closer to 35835, but Z-value is is higher for 35856 (1.9).   Based on human consensus the best start site according to Starterator is 35856 (The pham is small.  Start sites matching 35856 have been called 6 times -- 35856 is the only start present in MulchExplorer that has ever been called in the pham). 
· /note=Function: Top hits, pham, and synteny showed HTH DNA binding and cro protein functions.  Hhpred gave the same best hit of 5FD4_A for this protein and for the example cro gene listed in the approved function list (Che9c_47).  This gene is also in the same pham as Che9c_47.

CDS 36117 – 36983 F
  /function="antirepressor"
  /locus tag="MulchExplorer_48"
  /note=Original Glimmer call @bp 36117 has strength 12.79; Genemark calls start at 36117
  /note=SSC: 36117-36983 CP: yes SCS: both ST: NI BLAST-Start: [antirepressor KilAC domain-containing protein [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 0.0 GAP: 60 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 3.042, -2.6197685047743655, yes F: antirepressor SIF-BLAST: ,,[antirepressor KilAC domain-containing protein [Mycobacterium phage Kimberlium] ],,YP_009198152,100.0,0.0 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (36117, the first possible start).  The 1st start is near spike in coding potential (other start sites would cut off coding potential), gives largest ORF, conserved, most popular start site, has the highest z-value and a 4 bp overlap.
· /note=Function:  HHpred hit to phage antirepressor protein KilAC domain (PF03374.19, e-val 0.00048).  Top BLAST hits are antirepressor.  Shares some synteny with Sisi_47, which is the example antirepressor gene.

CDS 36980 – 38074 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_49"
  /note=Original Glimmer call @bp 36980 has strength 3.84; Genemark calls start at 36980
  /note=SSC: 36980-38074 CP: no SCS: both ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_49 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 0.0 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.912, -4.887586077132851, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_49 [Mycobacterium phage Kimberlium] ],,YP_009198153,100.0,0.0 SIF-HHPRED:  SIF-Syn: yes with kimberlium and quickmath
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (36980).  This start site has a 4 base pair overlap.  Any other start site would cut off significant coding potential.   Small pham (5 members) but clearly a gene (good coding potential, short but otherwise good HHpred hits, 1 kb length ORF).
· /note=Function:  NKF.  None of the 5 members in the pham currently have a functional annotation.  HHpred shows it contains DUF1670 at its C-terminus end.  There is a short partial hit to 2JSP_A, a bacterial transcriptional regulatory protein at its N-terminus end.

CDS 38071 – 38370 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_50"
  /note=Original Glimmer call @bp 38071 has strength 6.04; Genemark calls start at 38071
  /note=SSC: 38071-38370 CP: no SCS: both ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_50 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 5.74827E-66 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.789, -5.160958035523474, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_50 [Mycobacterium phage Kimberlium] ],,YP_009198154,100.0,5.74827E-66 SIF-HHPRED:  SIF-Syn: yes with quickmath and kimberlium
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (38071).  The second start site has a 4 base pair overlap, very well conserved start site, all websites agree on this start site, human consensus. Occurs right before spike in coding potential.  Z score is only sub par.  Can eliminate the first start site -- would lead to a 136 bp overlap and comes significantly before the peak in coding potential.
· /note=Function: None of the 94 members of the pham have a functional annotation.

CDS 38367 – 38582 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_51"
    /note=Genemark calls start at 38367
  /note=SSC: 38367-38582 CP: yes SCS: genemark ST: NI BLAST-Start: [hypothetical protein PBI_CHE8_51 [Mycobacterium phage Che8] ],,NCBI, q1:s1 100.0% 1.3348E-43 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.218, -6.265068630540404, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein PBI_CHE8_51 [Mycobacterium phage Che8] ],,NP_817389,100.0,1.3348E-43 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (38367).  Start site 38367 (second start site, ATG) gives a 4 bp overlap. Human consensus in Starterator (most called), well conserved amongst most tracks.  The third start (GTG) site cuts off second order coding potential, but not forth order.
· /note=Function: None of the 238 members of the pham have a functional annotation.

CDS 38579 – 38671 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_52"
    /note=Genemark calls start at 38579
  /note=SSC: 38579-38671 CP: no SCS: genemark ST: NI BLAST-Start: [hypothetical protein PBI_BUZZLYSEYEAR_54 [Mycobacterium phage BuzzLyseyear] ],,NCBI, q1:s1 100.0% 1.19714E-10 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.637, -3.31900957015528, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein PBI_BUZZLYSEYEAR_54 [Mycobacterium phage BuzzLyseyear] ],,YP_009125047,100.0,1.19714E-10 SIF-HHPRED:  SIF-Syn: 
· /note=Is it a Gene?  Yes, add this gene.  Gene not included in original DNA Master auto-annotation, but was included in the Phamerator auto-annotation (38579 to 38671).  The gene is short but it has good coding potential.  The pham has 102 members.  -Jonah
· /note=Delete conflicting gene:  DNA Master and Phamerator auto-annotated a reverse gene candidate here that conflicts with this gene and the previous (would end at 38436).  The deleted gene also has coding potential, but is removed from Kimberlium and Quickmath annotations and the only BLAST hits were in draft genomes.  
· /note=Start site: Short gene.  Only the first start avoids cutting off coding potential.  Has a 4 bp overlap. -Justin
· /note=Function: None of the 102 members of the pham have a functional annotation.

CDS 38668 – 38865 F
  /function="excise"
  /locus tag="MulchExplorer_53"
  /note=Original Glimmer call @bp 38668 has strength 6.31; Genemark calls start at 38668
  /note=SSC: 38668-38865 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein VC69_gp045 [Mycobacterium phage Inventum] ],,NCBI, q1:s31 100.0% 2.66719E-39 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.756, -3.1513923047253267, yes F: excise SIF-BLAST: ,,[hypothetical protein VC69_gp045 [Mycobacterium phage Inventum] ],,YP_009125326,68.4211,2.66719E-39 SIF-HHPRED:  SIF-Syn: HHpred, BLAST, uncertain
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (38668).  Selected start site is near spike in coding potential, gives largest orf, is conserved, is the most popular start site, has the highest z-value and coding potential.
· /note=Function: Homologous genes in Kimberlium and QuickMath annotated as xis and excise.  In order to call as an excise we must have a tyrosine integrase -- which we do. The example excise gene in the approved function list is D29_36.  PhagesDB pages don`t seem consistant on this gene: The pham view for pham 240304 shows that the D29 gene in the pham is D29_34.  But if you go to the page for gene D29_36, it says it is in pham 240304 and do D29_34 is listed in the pham.  This MulchExplorer gene is in pham 240304.  The approved function list says to use excise rather than xis or excisionase -- I assume this implies an HHpred hit to an excisionsase is evidence this should be called an excise.  Both this gene and D29_36 have a strong hit to RdfS Excisionase (8DGL).  
· /note=Also hits recombination directionality factor (not clear on how to differentiate excise and RDF except that we have a tyrosine integrase).  Both also have a conserved domain from CDD (RPS-BLAST): Probable_excisionase.

CDS 38862 – 39050 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_54"
  /note=Original Glimmer call @bp 38862 has strength 5.95; Genemark calls start at 38928
  /note=SSC: 38862-39050 CP: yes SCS: both-gl ST: NI BLAST-Start: [hypothetical protein M040_gp50 [Mycobacterium phage SiSi] ],,NCBI, q1:s1 100.0% 6.27958E-35 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.982, -5.507500699639458, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein M040_gp50 [Mycobacterium phage SiSi] ],,YP_008051176,100.0,6.27958E-35 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (38862; not called by Genemark).  Some uncertainty in this start call.  The first start site (38862) gives a 4 bp overlap.  This is the most called start.  However coding potential starts near the third start site, which is also the most conserved (96%) relative to the first start (86%).  The coding potential ends prior to the stop site.
· /note=Function: None of the 250 members of the pham have a functional annotation.

CDS 39047 – 39625 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_55"
  /note=Original Glimmer call @bp 39047 has strength 9.01; Genemark calls start at 39047
  /note=SSC: 39047-39625 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein M040_gp51 [Mycobacterium phage SiSi] ],,NCBI, q1:s1 100.0% 6.42847E-137 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.109, -4.496270967456145, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein M040_gp51 [Mycobacterium phage SiSi] ],,YP_008051177,100.0,6.42847E-137 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  In DNA Master, Glimmer called the second start site, 39047; GeneMark called the fourth start site, 39086.  Selected the second start site, which did not change the DNA Master auto-annotation.  Starterator seems to give the selected start (second start, GTG, 39047) two different numbers in Starterator, but the starts look identical (e.g. in MulchExplorer vs Polo2Bam_59).  High consensus for this/these start sites.  The first start site starts before the peak in coding potential and would lead to a 34 bp overlap.  The second start has a 4 bp overlap and matches the peak in second order coding potential -- selecting this start due to the 4 bp overlap.  The third start (TTG) matches the peak in forth-order coding potential and would give a 14 bp gap and the fourth start site would lead to a 35 bp gap.
· /note=Function: None of the 252 members of the pham have a functional annotation.

CDS 39643 – 39924 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_56"
  /note= 39643 in Phamerator
  /note=SSC: 39643-39924 CP: no SCS: neither ST: NI BLAST-Start: [hypothetical protein PBI_CHE9D_61 [Mycobacterium phage Che9d] ],,NCBI, q1:s1 100.0% 3.55735E-60 GAP: 17 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.733, -4.171058203059556, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein PBI_CHE9D_61 [Mycobacterium phage Che9d] ],,NP_818034,100.0,3.55735E-60 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (39643).  All but the first start site cuts off coding potential.  The first start is an ATG whereas the second is a TTG.  
· /note=Function:  Low probability hit to a HTH DNA-binding domain, but don`t see helix-coil-helix pattern in the alignment when looking at SSpred of the MulchExplorer gene.  None of the 39 members of the pham have a functional annotation.

CDS 40000 – 40281 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_57"
  /note=Original Glimmer call @bp 40000 has strength 9.35; Genemark calls start at 40000
  /note=SSC: 40000-40281 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_57 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 4.66219E-60 GAP: 75 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 3.306, -2.0720764396375664, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_57 [Mycobacterium phage Kimberlium] ],,YP_009198161,100.0,4.66219E-60 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (40000; GeneMark called 40084).  For the MulchExplorer genome, the most called start site tends to be the one that avoids cutting off second order coding potential (red line in GeneMarkS) in addition to avoiding cutting off forth order coding potential (black line).  Here the first start site avoids cutting off either coding potential and the second cuts off second order coding potential and overlaps with the spike in forth order coding potential.  The first start site also has significantly higher z-score than the second.
· /note=Function: None of the 252 members of the pham have a functional annotation.

CDS 40278 – 40625 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_58"
  /note=Original Glimmer call @bp 40278 has strength 8.46; Genemark calls start at 40278
  /note=SSC: 40278-40625 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_58 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 1.02703E-78 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.391, -3.9718914447963414, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_58 [Mycobacterium phage Kimberlium] ],,YP_009198162,100.0,1.02703E-78 SIF-HHPRED:  SIF-Syn: Synteny with most phages but not all
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (40278, first start site).  The first start site has a 4 bp overlap.  Only the first start site avoids cutting off coding potential.  
· /note=Function:  it is hard to find a function for this gene is.  Kimberlium and QuickMath orthologs have NKF.  Contains a domain of unknown function, DUF732.  Most of the 351 members of a pham do not have a function called (there are three members of the pham that call WhiB).

CDS 40625 – 41119 F
  /function="WhiB family transcription factor"
  /locus tag="MulchExplorer_59"
  /note=Original Glimmer call @bp 40625 has strength 4.11; Genemark calls start at 40625
  /note=SSC: 40625-41119 CP: no SCS: both ST: NI BLAST-Start: [WhiB transcriptional factor [Mycobacterium phage Doug] ],,NCBI, q1:s2 100.0% 5.88017E-118 GAP: -1 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.087, -4.601664605840989, no F: WhiB family transcription factor SIF-BLAST: ,,[WhiB transcriptional factor [Mycobacterium phage Doug] ],,YP_009956198,99.3939,5.88017E-118 SIF-HHPRED:  SIF-Syn: yes
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (40625, the third start site).  The second start site (GTG) has a 4 bp overlap and the third (ATG) has a 1 bp overlap.  Guiding principle of annotation #12 suggests that when you are deciding between two consecutive codons that are both potential starts sites, it is better to pick the second.  All of the first three cut off a tiny smidgen of GeneMarkS coding potential (but not GeneMark TB coding potential).  40625 is the most called start site.
· /note=Function: I think that this gene has the function of the WhiB family transcription factor because most other genes in this Pham were annotated as WhiB.  The example WhiB family transcription factor gene according to the Approved Function list is Jasmine_32.  The top 3 HHpred hits for Jasmine_32 are 8CYF_A (Redox- and pH-responsive transcriptional regulator WhiB3), 7KUF_A (Probable transcriptional regulator WhiB7), and 7KUG_A.  All of these are also strong hits for this gene.

CDS 41116 – 41463 F
  /function="helix-turn-helix DNA binding domain"
  /locus tag="MulchExplorer_60"
  /note=Original Glimmer call @bp 41116 has strength 8.42; Genemark calls start at 41116
  /note=SSC: 41116-41463 CP: yes SCS: both ST: NI BLAST-Start: [DNA binding protein [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 1.80835E-76 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.703, -3.1816499351312086, no F: helix-turn-helix DNA binding domain SIF-BLAST: ,,[DNA binding protein [Mycobacterium phage Kimberlium] ],,YP_009198164,100.0,1.80835E-76 SIF-HHPRED:  SIF-Syn: yes
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (41116).  Coding potential starts almost exactly at the third start site (ATG).  The third start site has a 4 bp overlap with the upstream gene.   
· /note=Function: I feel like I can conclude that this gene is the helix-turn-helix binding protein because other genes in the Pham have the same function as well as there is a ton of support from phamerator and BLAST.  The Conserved Domain Database search with NCBI shows two consecutive cl46859 (HTH_CRP Superfamily) domains.  The top HHpred hit (2LVS) has a HTH DNA-binding domain spanning AA 57 - 100.  This region is included in the alignment with this protein and SSpred shows a similar pattern of alternating between helix and coil regions.  Possibly a transposase.

CDS 41460 – 41813 F
  /function="helix-turn-helix DNA binding domain"
  /locus tag="MulchExplorer_61"
  /note=Original Glimmer call @bp 41460 has strength 4.96; Genemark calls start at 41460
  /note=SSC: 41460-41813 CP: no SCS: both ST: NI BLAST-Start: [DNA binding protein [Mycobacterium phage Che9d] ],,NCBI, q1:s1 100.0% 3.74261E-77 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.803, -2.9754816289569264, yes F: helix-turn-helix DNA binding domain SIF-BLAST: ,,[DNA binding protein [Mycobacterium phage Che9d] ],,NP_818040,100.0,3.74261E-77 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (41460).  Second start site (ATG) has a 4 bp overlap and sits just prior to spike in coding potential.  
· /note=Function.  Same pham as upstream gene.  However, NCB’s Conserved Domain Database (CDD) RPS-BLAST does not recognize a HTH domain in this protein.  They indeed hit 2-3 alpha helices in the sequence separated by small spacer (turn) regions of 3-4 amino acids.  Has the same top HHpred hit (2LVS) as upstream gene, which has a HTH DNA-binding domain spanning AA 57 - 100.  This region is included in the alignment with this protein and SSpred shows a similar pattern of alternating between helix and coil regions.

CDS 41810 – 42091 F
  /function="WhiB family transcription factor"
  /locus tag="MulchExplorer_62"
  /note=Original Glimmer call @bp 41810 has strength 5.86; Genemark calls start at 41810
  /note=SSC: 41810-42091 CP: no SCS: both ST: NI BLAST-Start: [WhiB [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 1.01321E-60 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.536, -4.437399426804801, no F: WhiB family transcription factor SIF-BLAST: ,,[WhiB [Mycobacterium phage Kimberlium] ],,YP_009198166,100.0,1.01321E-60 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (41810, the second start site).  The spike in coding potential is just after the second start site.  The second start site has a 4 bp overlap.  
· /note=Function: The example WhiB family transcription factor gene according to the Approved Function list is Jasmine_32.  The top 3 HHpred hits for Jasmine_32 are 8CYF_A (Redox- and pH-responsive transcriptional regulator WhiB3), 7KUF_A (probable transcriptional regulator WhiB7), and 7KUG_A.  All of these are also strong hits for this gene.  Has the Pfam domain PF02467.21 (Whib).  Most members of the pham are annotated as Whib family transcription factor.

CDS 42088 – 42453 F
  /function="helix-turn-helix DNA binding domain"
  /locus tag="MulchExplorer_63"
  /note=Original Glimmer call @bp 42088 has strength 5.8; Genemark calls start at 42088
  /note=SSC: 42088-42453 CP: no SCS: both ST: NI BLAST-Start: [DNA binding protein [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 5.33599E-84 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.848, -3.0228743540871426, yes F: helix-turn-helix DNA binding domain SIF-BLAST: ,,[DNA binding protein [Mycobacterium phage Kimberlium] ],,YP_009198167,100.0,5.33599E-84 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (42088, the first start site).  Either of the first two start sites (ATG and GTG) would work relative to the spike in coding potential.  The first start site has a 4 bp overlap.
· /note=Function:  NCBI`s Conserved Domain Database (CDD) RPS-BLAST does not recognize a HTH_Hin_like domain (cd00569).  Same pham as the HTH DNA-binding proteins two and three genes upstream. Also same top HHpred hit (2LVS_A).

CDS 42608 – 42838 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_64"
  /note=Original Glimmer call @bp 42608 has strength 8.64; Genemark calls start at 42608
  /note=SSC: 42608-42838 CP: no SCS: both ST: NI BLAST-Start: [hypothetical protein I5H98_gp059 [Mycobacterium phage Whouxphf] ],,NCBI, q1:s1 100.0% 1.31253E-44 GAP: 154 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.573, -3.5925599723783583, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein I5H98_gp059 [Mycobacterium phage Whouxphf] ],,YP_009963344,98.7013,1.31253E-44 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (42608).  The first start site (ATG) has a strong consensus whereas the second start site (GTG) is never called in the pham.  This is another gene where the second order coding potential starts a bit before the 4th order coding potential and in this genome it seems to be worth counting the second order coding potential to arrive at the most called starts.  
· /note=Function:  No gene in the pham is assigned a function.

CDS 42835 – 43101 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_65"
  /note=Original Glimmer call @bp 42835 has strength 5.63; Genemark calls start at 42835
  /note=SSC: 42835-43101 CP: no SCS: both ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_66 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s4 100.0% 2.09776E-57 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.782, -3.017679308751381, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_66 [Mycobacterium phage Kimberlium] ],,YP_009198170,96.7033,2.09776E-57 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (42835, the second start site).  The second start site (ATG, 42835) has a 4 bp overlap.  The coding potential starts a bit after both unless you count the second order coding potential (red line) in which case the second start site is in the best position.  42835 is the most called start.  
· /note=Function: No member of the pham has a function annotated and there are no significant hits in HHpred.

CDS 43094 – 43342 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_66"
  /note=Original Glimmer call @bp 43157 has strength 5.59; Genemark calls start at 43157
  /note=SSC: 43094-43342 CP: yes SCS: both-cs ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_67 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 4.44135E-50 GAP: -8 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.726, -5.27259541663274, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_67 [Mycobacterium phage Kimberlium] ],,YP_009198171,100.0,4.44135E-50 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: In DNA Master GeneMark called 43094 (ATG) and Glimmer called 43157 (TTG).  Based on coding potential alone, the second start (TTG) has the best position relative to the spike in coding potential.  However it leaves a 55 bp gap where the first start site (ATG) would leave a 8 bp overlap.  The closest relatives Kimberlium and QuickMath pick the longest ORF.
· /note=Function: None of the 420 members of the pham have a functional annotation.

CDS 43339 – 43680 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_67"
  /note=Original Glimmer call @bp 43339 has strength 7.16; Genemark calls start at 43339
  /note=SSC: 43339-43680 CP: no SCS: both ST: NI BLAST-Start: [DNA methyltransferase [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 1.26557E-76 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.904, -2.9063687850157054, yes F: hypothetical protein SIF-BLAST: ,,[DNA methyltransferase [Mycobacterium phage Kimberlium] ],,YP_009198172,100.0,1.26557E-76 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (43339).  Only the first start site avoids cutting off coding potential.  The first start site has a 4 bp overlap.  
· /note=Function: All but 3 of the 216 members of this pham are annotated as no known function.  No strong HHpred hits.

CDS 43677 – 44255 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_68"
  /note=Original Glimmer call @bp 43677 has strength 11.66; Genemark calls start at 43677
  /note=SSC: 43677-44255 CP: yes SCS: both ST: NI BLAST-Start: [single strand annealing protein [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 2.32548E-135 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.594, -3.5490877672587735, no F: hypothetical protein SIF-BLAST: ,,[single strand annealing protein [Mycobacterium phage Kimberlium] ],,YP_009198173,100.0,2.32548E-135 SIF-HHPRED:  SIF-Syn: 
· /note=Start Site Notes: The auto-annotated start site from DNA Master is unchanged (43677).  DNA master was used to determine proper start and stop position, and establish RBS information such as the Z-score (highest for the third start site, an ATG), and spacer distance. Starterator was also used to help determine the consensus and conservation of gene 70 (both are highest for 43677), genemarks shows strong coding potential roughly from nt 43677 to 44255.  The start at 43677 gives a 4 bp overlap. 
· /note=Function Notes: PhagesDB was used to determine the clusters and subclusters that were found in the pham (NKF, SSB protein, and HTH DNA binding). Phamerator was used to establish synteny then NCBI to determine alignment with local phages Kimberlium, QuickMath, and Sisi (NKF). HHPred and DeepTMHMM was also used for determining NKF.

CDS 44252 – 44593 F
  /function="HNH endonuclease"
  /locus tag="MulchExplorer_69"
    /note=Genemark calls start at 44252
  /note=SSC: 44252-44593 CP: no SCS: genemark ST: NI BLAST-Start: [HNH endonuclease [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 2.65386E-78 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.303, -4.0761566147142165, no F: HNH endonuclease SIF-BLAST: ,,[HNH endonuclease [Mycobacterium phage Kimberlium] ],,YP_009198174,100.0,2.65386E-78 SIF-HHPRED:  SIF-Syn: 
· /note=Is this a gene?:  Yes.  This gene was auto-annotated in Phamerator but is added relative to what was auto-annotated in DNA Master.  There is a peak of coding potential at the beginning of the gene.  The pham has 447 members.
· /note=Function: Synteny and BLAST suggest the function HNH endonuclease.  The Approved Function list states the gene must have H-N-H over a 30 AA span.  The HMM profile of the PF01844 HNH endonuclease domain entry (on InterPro) is a good fit with this gene.  The sequence CERCNEYASDATAHHRRPRGLGGSRRDDTNLASNGLWACGACH has a CxxC at either end.  There is an HH and an N between them and an H after the final CxxC.  
· /note=Start site: 4 bp overlap.  Either of the other two start sites would leave a large gap and a very short ORF.  Gene was called in Phamerator auto-annotation but not in our DNA Master auto-annotation.  There is a spike of coding potential toward the beginning of the gene that is not sustained through the ORF.  The gene has synteny with a HNH endonuclease in Kimberlium and Quckmath. Pham has 447 members.

CDS 44627 – 44797 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_70"
  /note=Genemark calls start at 44612
  /note=SSC: 44627-44797 CP: no SCS: genemark-cs ST: NI BLAST-Start: [hypothetical protein N850_gp079 [Mycobacterium phage Jabbawokkie] ],,NCBI, q1:s6 100.0% 9.37192E-32 GAP: 33 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.061, -5.565378822875987, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein N850_gp079 [Mycobacterium phage Jabbawokkie] ],,YP_008410752,91.8033,9.37192E-32 SIF-HHPRED:  SIF-Syn: 
· /note=Is this a gene?:  Yes, add this gene.  This gene was auto-annotated in Phamerator with the start site 44612.  It was not auto-annotated in DNA Master.  The pham has 223 members.  Has Genemark TB coding potential.  
· /note=Start site:  The gene has GeneMark TB coding potential and second-order GeneMarkS coding potential.  The coding potential spikes after the third start site.  The first two leave a smaller gap and have a higher z-score.  The third is much more conserved (99.5% rather than 19% for the earlier starts).
· /note=Function: None of the 223 members of the pham have a functional annotation.

CDS 44775 – 44924 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_71"
  /note=
  /note=SSC: 44775-44924 CP: no SCS: neither ST: NI BLAST-Start: [hypothetical protein N850_gp080 [Mycobacterium phage Jabbawokkie] ],,NCBI, q1:s1 100.0% 1.50939E-27 GAP: -23 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.987, -4.731360067354143, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein N850_gp080 [Mycobacterium phage Jabbawokkie] ],,YP_008410753,100.0,1.50939E-27 SIF-HHPRED:  SIF-Syn: 
· /note=Is it a gene?:  Yes, add this gene.  The gene only has a mid-size peak of GeneMarkS coding potential located at the very downstream end of the gene.  GeneMark TB also has a small peak of coding potential further upstream (where there is a peak of second order GenemarkS coding potential).  The gene was not auto-annotated, but is called in closely related phages that have synteny in the region (Kimberlium and Quckmath).  The pham of the homologous genes (pham 269434) has 102 members with no functional annotations.  
· /note=Start site:  In both Kimberlium and Quckmath, the third start site is called and this is the most called start site in the Pham 269434 Starterator report.  Earlier start sites would lead to excessive overlap and would be TTG start sites rather than GTG.

CDS 44924 – 45481 F
  /function="G-I-Y Y-I-G endonuclease"
  /locus tag="MulchExplorer_72"
  /note=Original Glimmer call @bp 44924 has strength 3.02; Genemark calls start at 44924
  /note=SSC: 44924-45481 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -1 bp gap LO: no RBS: Kibler 6, Karlin Medium, 3.139, -2.356391881054909, yes F: G-I-Y Y-I-G endonuclease 
· /note=Start Site Notes: The auto-annotated start site from DNA Master is unchanged (44924).  DNA Master was used to determine RBS information such as the Z-score (the 3rd start has a z-score over 3). Starterator was also used to help determine the consensus and conservation of gene 71, GeneMarks shows strong coding potential (spikes after the 3rd start).  The third start has a 1 bp overlap.  
· /note=Function Notes: PhagesDB was used to determine the functions that were found in the pham (primarily G-I-Y Y-I-G endonuclease). Phamerator was used to establish synteny then NCBI to determine alignment with local phages. Has a conserved GIY-YIG domain.  The gene has a sequence that nicely matches the HMM for the Pfam domain PF01541 (GIY-YIG catalytic domain):  YSATGQLLYVGITMNPPQRFKAH.  The consensus logo shows YxxxxxxxxxxYVGxTxNxxxRxxxH.

CDS 45481 – 46440 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_73"
  /note=Original Glimmer call @bp 45481 has strength 7.33; Genemark calls start at 45481
  /note=SSC: 45481-46440 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -1 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.468, -3.7329837339109084, no F: hypothetical protein 
· /note=The auto-annotated start site from DNA Master is unchanged (45481).  
· /note=Support for the first start site includes the location of spike of coding potential and the RBS score z-score was above 2. There is also consensus and conservation in Starterator.  1 bp overlap.  
· /note=Function: There isn’t enough supporting evidence available to support a function

CDS 46440 – 46703 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_74"
  /note=Original Glimmer call @bp 46440 has strength 5.27; Genemark calls start at 46440
  /note=SSC: 46440-46703 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -1 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.756, -3.2123487306667524, no F: hypothetical protein 
· /note=The auto-annotated start site from DNA Master is unchanged (46440, the second start site).  
· /note=Support for 2nd start site: All but the first two start sites (TTG and ATG) would cut off coding potential, which spikes after the second start site.  There was consensus and conservation of the start site. The RBS score was above 2.  The second start site has a 1 bp overlap.
· /note=Function: I found no correlation to any function.

CDS 46700 – 47080 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_75"
  /note=Original Glimmer call @bp 46934 has strength 5.2; Genemark calls start at 46859
  /note=SSC: 46700-47080 CP: yes SCS: both-cs ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_76 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 7.57168E-86 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.983, -2.66371296573402, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_76 [Mycobacterium phage Kimberlium] ],,YP_009198180,100.0,7.57168E-86 SIF-HHPRED:  SIF-Syn: 
· [bookmark: _Hlk217324591]/note=Start site:  The start site was changed from the auto-annotation.  In DNA Master Glimmer called 46934 (the 8th start site) and the gene was not called by GeneMark.  46934 was also auto annotated in Phamerator.  This short version of the gene is an orpham in Phamerator, but  Kimberlium and QuckMath are annotated with longer versions of the gene, which put the gene into a pham with 60 members.
· /note=The first three start sites avoid cutting off coding potential (GeneMark TB).  All of these 3 have a z-score above 2 and are GTG codons.  The first start codon has a 4 bp overlap.  Auto-annotation had selected an earlier start site making this gene look like an orpham.  However a BLAST shows that the first start site is the same as the start site used in Kimberlium and Quickmath and the gene product shares a 100% sequence identity with these homologs (QuickMath_75 and Kimberlium_76 in pham 1799). There are 60 members of Pham 1799.  .   
· /note=Function: No Pfam domain match.  No functions called in Pham 1799.

CDS 47080 – 47274 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_76"
  /note=Genemark calls start at 47080
  /note=SSC: 47080-47274 CP: no SCS: genemark ST: NI BLAST-Start:  GAP: -1 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.468, -4.021779273157878, yes F: hypothetical protein 
· /note=Is it a gene?  Yes.  This gene was not auto-annotated in DNA Master.  Added. Was auto-annotated in Phamerator.  Has two peaks of GeneMarkS coding potential and a third of second order coding potential.  It has more coding potential then the reverse candidate gene it conflicts with (would end at 47058, deleted) and is in the expected direction for genes in this region.  The pham has 244 members (whereas the reverse gene that conflicts with this gene is an orpham). 
· /note=Start site: The auto-annotated start site from Phamerator is unchanged (470080, third start site).  The third start site has a 1 bp overlap (ATG).  The coding potential is a bit stochastic so none of the start sites cut off coding potential.  
· /note=Function:  None of the 244 members of the pham have a function called.

CDS 47271 – 47402 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_77"
  /note=Original Glimmer call @bp 47271 has strength 10.4; Genemark calls start at 47271
  /note=SSC: 47271-47402 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.274, -4.599515895103776, yes F: hypothetical protein there is synteny prior do the gene when comparing it to kimberlium, juice456, and quickmath
· /note=The auto-annotated start site from DNA Master is unchanged (47271).  
· /note=Evidence for first start site: Starterator - both consensus and conservation; spike in coding potential after first start site.  4 bp overlap.
· /note=Functions: NKF.  None of the 35 members of the pham have a function called.

CDS 47402 – 47863 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_78"
  /note=Original Glimmer call @bp 47402 has strength 3.2; Genemark calls start at 47402
  /note=SSC: 47402-47863 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -1 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.633, -3.4076099559729456, yes F: hypothetical protein no
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (47402).  The first two start sites avoid cutting off coding potential.  They  have a 4 bp and a 1 bp overlap and both have high z-scores.  The 12th guiding principle for annotation suggests selecting the second of two consecutive start codons.  
· /note=Function: no evidence for any function.  The pham only has 6 members including homologs closely-related phages QuckMath78 and Juice456 (QuickMath_78 and Juice456_75), but not in Kimberlium.  There is white-background (no BLAST alignment hits) in the Phamerator alignment between MulchExplorer and QuckMath or Juice456 that begins in the second half of this gene.

CDS 47860 – 48021 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_79"
  /note=Original Glimmer call @bp 47860 has strength 7.73; Genemark calls start at 47860
  /note=SSC: 47860-48021 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.488, -3.769471247018311, yes F: hypothetical protein No when compared to Kimberlium , quicjmath, and juice456
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (47860, first start site).  Only the first start avoids cutting off coding potential.  It is the most called start site and has a 4 bp overlap
· /note=Function: All hits were function unknown and the pham doesn’t have any listed function.

CDS 48018 – 48233 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_80"
    /note=Genemark calls start at 48018
  /note=SSC: 48018-48233 CP: yes SCS: genemark ST: NI BLAST-Start:  GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.806, -4.0178693334748665, yes F: hypothetical protein There is syteny when compared to Kimberlium but not to QuickMath or Juice456
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (48018).  This start site is conserved throughout all the genes in pham, has a 4 bp overlap, this start site was called in 100% of the time in the pham, near spike in coding potential, and gives the longest ORF.
· /note=Function: Phamerator, NCBI, HHPred, and all hits were function unknown.

CDS 48230 – 48505 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_81"
  /note=Original Glimmer call @bp 48230 has strength 6.29; Genemark calls start at 48230
  /note=SSC: 48230-48505 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.567, -3.5268154277366257, yes F: hypothetical protein 
· /note=The auto-annotated start site from DNA Master is unchanged (48230, first start site).  
· /note=Support for the first start site: High RBS, Starterator called this start site the most and is conserved among other sequences, high BLAST results.  4 bp overlap.
· /note=NKF: None of the 188 genes in the pham have a function called.

CDS 48590 – 48922 F
  /function="mycobacteriophage mobile element 1 (MPME 1)"
  /locus tag="MulchExplorer_82"
  /note=Original Glimmer call @bp 48590 has strength 1.52; Genemark calls start at 48551
  /note=SSC: 48590-48922 CP: no SCS: both-gl ST: NI BLAST-Start:  GAP: 84 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.275, -4.422065872383915, no F: mycobacteriophage mobile element 1 (MPME 1) 
· /note=Start site:  In DNA Master Glimmer called 48590 (3rd start site) and GeneMark called 48551 (1st start site). We kept the Glimmer call.  The 2nd and 3rd start sites are three codons away from each other and the coding potential spikes between them, so the coding potential supports either the second or third start site.  The third has a z-score above 3 according to DNA Master, whereas the first two have a z-score of 1.3 according to DNA Master.  The most called start site is the first and the most conserved start site is the third.
· /note=Function:  The percent sequence identity with BPs_58 and Avrafan_57 is 100%. These are both examples of MPME 1 (according to the approved function list and the "MPMEs--which one?" forum post).  The percent sequence identity with Fruitloop_71 is 67%.  Fruitloop_71 is an example of a MPME 2 (according to the approved function list).  HHpred just shows a hit to DUF7183.  To complicate the start site call -- the MPME 1 examples tend to call the first start site, but coding potential better supports the third.

CDS 48909 – 49082 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_83"
    /note=Genemark calls start at 48909
  /note=SSC: 48909-49082 CP: yes SCS: genemark ST: NI BLAST-Start:  GAP: -14 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.281, -4.711479922277682, no F: hypothetical protein 
· /note=Is it a gene?:  Yes, add this gene.  Not auto-annotated in DNA Master, but was auto-annotated in Phamerator with the start site 48909 (3rd start site).  Called in related phages with synteny in the region (Kimberlium, QuickMath, and Juice456) and pham has 46 members.  There is a peak GeneMarkS coding potential that does not cover the length of the gene.  GeneMark TB coding potential is low, but covers length of the gene.  
· /note=Start Site Evidence: No valid start site options besides the one that was selected (third, ATG), either too short of an open reading frame or to much of an overlap with upstream gene. Start site has a high e-value and includes all coding potential. The coding potential spikes shortly before the third start site.
· /note=Function Evidence: No Known Function, HHPred had no suggestions, pham has no functions listed.

CDS 49079 – 49579 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_84"
  /note=Original Glimmer call @bp 49079 has strength 5.68; Genemark calls start at 49079
  /note=SSC: 49079-49579 CP: no SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.806, -4.0178693334748665, yes F: hypothetical protein 
· /note=The first start site was chosen by both Glimmer and GeneMark (49079) in DNA Master.  Only the first start site avoids cutting off coding potential.  It has a 4 bp overlap.  None of the genes in the pham have a function called.

CDS 49576 – 49743 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_85"
    /note=Genemark calls start at 49576
  /note=SSC: 49576-49743 CP: no SCS: genemark ST: NI BLAST-Start:  GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.904, -2.827683592113848, yes F: hypothetical protein 
· /note=The auto-annotated start site from DNA Master is unchanged (49576, first start site). 
· /note=Evidence for first start site: 4 bp overlap, the only ATG.  Only the first start site avoids cutting off coding potential.  
· /note=Function:  Only two of the genes in the pham of 443 members have a function called.

CDS 49796 – 50008 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_86"
  /note=Original Glimmer call @bp 49796 has strength 7.87; Genemark calls start at 49796
  /note=SSC: 49796-50008 CP: yes SCS: both ST: NI BLAST-Start:  GAP: 52 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.713, -3.2409984623528394, yes F: hypothetical protein 
· /note=The auto-annotated start site from DNA Master is unchanged (49796, third start site). 
· /note=Evidence for third start site: High Z Score, placement before spike in coding potential on Gene Mark S Graph, Start Site is conserved and picked most often in Starterator.  
· /note=Function: None of the 155 members of the pham have a function called.

CDS 50005 – 50199 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_87"
  /note=Original Glimmer call @bp 50005 has strength 2.19; Genemark calls start at 50005
  /note=SSC: 50005-50199 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.165, -4.379101430921652, no F: hypothetical protein 
· /note=The auto-annotated start site from DNA Master is unchanged (50005, not called by GeneMark). 
· /note=Start site:  The third start (50005) site has a 4 bp overlap.  A small peak of coding potential that would support the first start site.  The third start site is consistent with the second order coding potential, though this is typically ignored.  The first and third start sites have good z-scores.  Starterator report also picked the third start site the most (99% of the time when present) and never the first.  The thrid start site is conserved in 99% of the members of the pham.
· /note=Function: NKF: None of the 223 members of the pham have a function called.

CDS 50199 – 50462 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_88"
  /note=Original Glimmer call @bp 50199 has strength 5.82; Genemark calls start at 50199
  /note=SSC: 50199-50462 CP: yes SCS: both ST: NI BLAST-Start:  GAP: -1 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.992, -3.2344685946564757, yes F: hypothetical protein no
· /note=Start site:  In DNA Master, Glimmer called 50199 (the tenth start) and GeneMark called 50172 (the ninth start).  The early start sites have too much overlap -- 50119 is the 10th start site and gives an overlap of exactly 1 bp whereas the 9th would give an overlap of 28 bp.  50199 was supported by Starterator with the highest consensus (called 62% of the time when present), and has a high z-score.  This selection did not change the DNA Master auto-annotation.  
· /note=NKF: None of the 48 members of the pham have a function called.

CDS 50459 – 50638 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_89"
  /note=Original Glimmer call @bp 50459 has strength 9.49; Genemark calls start at 50459
  /note=SSC: 50459-50638 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein M040_gp85 [Mycobacterium phage SiSi] ],,NCBI, q1:s1 100.0% 1.27742E-33 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.398, -5.972387497942108, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein M040_gp85 [Mycobacterium phage SiSi] ],,YP_008051211,100.0,1.27742E-33 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (50459). Only two start sites -- the first has a 4 bp overlap, whereas the second has a 122 bp gap and cuts off coding potential.  
· /note=NKF: None of the 386 members of the pham have a function called.

CDS 50643 – 50780 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_90"
  /note=Original Glimmer call @bp 50643 has strength 4.2; Genemark calls start at 50643
  /note=SSC: 50643-50780 CP: no SCS: both ST: NI BLAST-Start: [hypothetical protein N856_gp087 [Mycobacterium phage Daenerys] ],,NCBI, q1:s62 100.0% 6.89926E-22 GAP: 4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 0.457, -7.987357153344686, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein N856_gp087 [Mycobacterium phage Daenerys] ],,YP_008410656,42.4528,6.89926E-22 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (50643, the second start site). The first start is found in 35% and the second start is found in 65% of the genes in the pham.  The second start site is called 92% of the time it is found.  The spike in coding potential occurs between the two start sites, which complicates the call since a bit of coding potential is cut when using by the second start site.  The second start site avoids a 35 bp overlap.
· /note=NKF: Only 2 of the 227 members of the pham have a function called, and those are older annotations.

CDS 50893 – 51129 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_91"
  /note=Original Glimmer call @bp 50893 has strength 3.06; Genemark calls start at 50893
  /note=SSC: 50893-51129 CP: no SCS: both ST: NI BLAST-Start: [hypothetical protein N856_gp089 [Mycobacterium phage Daenerys] ],,NCBI, q1:s1 100.0% 1.94728E-48 GAP: 112 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.809, -3.0248543014571307, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein N856_gp089 [Mycobacterium phage Daenerys] ],,YP_008410658,100.0,1.94728E-48 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (50893, the 3rd start site). The first three start sites avoid cutting off coding potential.  The coding potential spikes after the 3rd start.  The first and third start sites have z-scores above 2 according to DNA Master.  There is strong consensus around the third start site.
· /note=NKF: None of the 74 members of the pham have a function called.

CDS 51122 – 51373 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_92"
  /note=Original Glimmer call @bp 51122 has strength 7.98; Genemark calls start at 51122
  /note=SSC: 51122-51373 CP: no SCS: both ST: NI BLAST-Start: [gp97 [Mycobacterium phage Ramsey] ],,NCBI, q1:s1 100.0% 7.18532E-53 GAP: -8 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.983, -2.66371296573402, no F: hypothetical protein SIF-BLAST: ,,[gp97 [Mycobacterium phage Ramsey] ],,YP_002241884,100.0,7.18532E-53 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (51122, the third start site). The first three (and maybe the forth) start sites avoid cutting off coding potential.  The third (ATG) and forth (GTG) start sites have z-scores above 2 according to DNA Master.  The 3rd but not the 4th has a z-score over 2 according to PECAAN.  The third and forth start sites have the lowest overlap/gap. The third start is called 97% of the time when present according to Starterator. 
· /note=NKF: None of the 147 members of the pham have a function called.

CDS 51370 – 52014 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_93"
  /note=Original Glimmer call @bp 51370 has strength 5.28; Genemark calls start at 51370
  /note=SSC: 51370-52014 CP: no SCS: both ST: NI BLAST-Start: [hypothetical protein N856_gp091 [Mycobacterium phage Daenerys] ],,NCBI, q1:s1 100.0% 3.17533E-157 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 3.132, -3.3931678685635456, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein N856_gp091 [Mycobacterium phage Daenerys] ],,YP_008410660,100.0,3.17533E-157 SIF-HHPRED:  SIF-Syn: 
· /note=Notes: The auto-annotated start site from DNA Master is unchanged (51370, the first start site).  The first start site has a 4 bp overlap.  It is the only start site not to cut off coding potential (though the spike is closer to the second start).  The z-score of the first is over 2 while the z-score of the second is below 0.5.
· /note=NKF: Only one of the 186 members of the pham has a function called.

CDS 52124 – 52348 F
  /function="helix-turn-helix DNA binding domain"
  /locus tag="MulchExplorer_94"
  /note=Original Glimmer call @bp 52124 has strength 3.37; Genemark calls start at 52124
  /note=SSC: 52124-52348 CP: no SCS: both ST: NI BLAST-Start: [MerR-like transcriptional regulator [Mycobacterium phage Daenerys] ],,NCBI, q1:s1 100.0% 8.50173E-45 GAP: 109 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.546, -4.4158953075094765, yes F: helix-turn-helix DNA binding domain SIF-BLAST: ,,[MerR-like transcriptional regulator [Mycobacterium phage Daenerys] ],,YP_008410661,100.0,8.50173E-45 SIF-HHPRED:  SIF-Syn: There was synteny between similar genes. They all had the similar gene in a similar position in phamerator
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (52124). This is the first of two start sites and the other start site would make the gene shorter, gap longer (200 bp), cut off coding potential, and does not seem as ideal as the one I chose.
· /note=Function:  The pham contains "helix-turn-helix DNA binding domain, MerR-like" and "helix-turn-helix DNA binding domain."  As per the Approved Function List, the SSpred alignment shows "2-3 alpha helices in the sequence separated by small spacer (turn) regions of 3-4 amino acids," consistent with a Helix-turn-helix.  The "helix-turn-helix binding domain or protein?" forum post states that "a MerR-like HTH will have 3 helix-coil motifs followed by a `wing` of a coil-coil."  SSpred results do not show a "wing" on in protein.

CDS 52345 – 52509 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_95"
  /note=Original Glimmer call @bp 52345 has strength 7.1; Genemark calls start at 52345
  /note=SSC: 52345-52509 CP: no SCS: both ST: SS BLAST-Start: [hypothetical protein N856_gp093 [Mycobacterium phage Daenerys] ],,NCBI, q1:s1 100.0% 1.99968E-29 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 1.963, -4.719774612079602, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein N856_gp093 [Mycobacterium phage Daenerys] ],,YP_008410662,100.0,1.99968E-29 SIF-HHPRED:  SIF-Syn: There was synteny between similar genes. They all had the similar gene in a similar position in phamerator
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (52345). I selected this first start based off of the GeneMarkS graph and length of the ORF. This start site proved to be the most fitting, it had the highest Z-score and it was one of only two choices in the ORF.  The first start also has a 4 bp overlap.
· /note=NKF: None of the 240 members of the pham have a functional annotation.

CDS 52515 – 52673 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_96"
  /note=Original Glimmer call @bp 52515 has strength 4.11; Genemark calls start at 52515
  /note=SSC: 52515-52673 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein N856_gp094 [Mycobacterium phage Daenerys] ],,NCBI, q1:s1 100.0% 2.41822E-30 GAP: 5 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.983, -2.7423981586358774, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein N856_gp094 [Mycobacterium phage Daenerys] ],,YP_008410663,100.0,2.41822E-30 SIF-HHPRED:  SIF-Syn: 
· /note=Start Site: The auto-annotated start site from DNA Master is unchanged (52515, not called by GeneMark). Four start sites, GTG, TTG, GTG, and TTG.  The first and last start sites have z-scores above 2 based on DNA Master.  GeneMarkS gives a narrow peak of coding potential so difficult to use for differentiating start sites.  The most conserved and called start site on Starterator is the first (found in 98.8% and called 99% of the time when present).
· /note=Function: No synteny, no pham comparison notes, very bad E-value and probability.

CDS 52670 – 52861 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_97"
  /note=Original Glimmer call @bp 52670 has strength 0.84; Genemark calls start at 52670
  /note=SSC: 52670-52861 CP: no SCS: both ST: NI BLAST-Start: [hypothetical protein N856_gp095 [Mycobacterium phage Daenerys] ],,NCBI, q1:s1 100.0% 3.86767E-36 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.865, -5.750424924584594, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein N856_gp095 [Mycobacterium phage Daenerys] ],,YP_008410664,100.0,3.86767E-36 SIF-HHPRED:  SIF-Syn: yes
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (52670, not called by GeneMark). Had to use GeneMark TB to see coding potential.  Start site 52670 is well conserved, has most human consensus and 4 bp overlap. Other then that bad coding potential and z score below 2.
· /note=NKF: None of the 104 members of the pham have a functional annotation.

CDS 52858 – 53259 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_98"
  /note=Original Glimmer call @bp 52858 has strength 6.85; Genemark calls start at 52858
  /note=SSC: 52858-53259 CP: yes SCS: both ST: NI BLAST-Start: [hypothetical protein M040_gp94 [Mycobacterium phage SiSi] ],,NCBI, q1:s1 100.0% 1.97633E-89 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.042, -4.9063858544558085, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein M040_gp94 [Mycobacterium phage SiSi] ],,YP_008051220,100.0,1.97633E-89 SIF-HHPRED:  SIF-Syn: yes
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (52858, the fourth start site). The first four start sites avoid cutting off coding potential.  The fourth start site (ATG) has a 4 bp overlap and a z-score above 3 according to DNA Master.
· /note=Function:  Since there is no supporting evidence that this gene has a function, I think it is safe to say that this gene is NFK

CDS 53256 – 53498 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_99"
  /note=Original Glimmer call @bp 53256 has strength 2.2; Genemark calls start at 53256
  /note=SSC: 53256-53498 CP: yes SCS: both ST: NI BLAST-Start: [gp97 [Mycobacterium phage Pacc40] ],,NCBI, q1:s1 100.0% 3.60042E-51 GAP: -4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.142, -4.408951082954879, no F: hypothetical protein SIF-BLAST: ,,[gp97 [Mycobacterium phage Pacc40] ],,YP_002241681,100.0,3.60042E-51 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (53256, the first start site). The first 3 start sites avoid cutting off coding potential.  The first start site has a 4 bp overlap and a z-score above 2 according to DNA Master.  The first start is the most called start in the pham according to Starterator.
· /note=Function:  NKF: None of the 300 members of the pham have a functional annotation.

CDS 53491 – 53652 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_100"
  /note=
  /note=SSC: 53491-53652 CP: yes SCS: neither ST: NI BLAST-Start: [hypothetical protein N856_gp098 [Mycobacterium phage Daenerys] ],,NCBI, q1:s1 100.0% 4.01335E-30 GAP: -8 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.228, -4.231869867154326, yes F: hypothetical protein SIF-BLAST: ,,[hypothetical protein N856_gp098 [Mycobacterium phage Daenerys] ],,YP_008410667,100.0,4.01335E-30 SIF-HHPRED:  SIF-Syn: yes
· /note=Is this a gene?:  Yes, add this gene.  This gene was not called in DNA Master or Phamerator.  This gene replaces the reverse gene that was auto-annotated in the same position (the reverse gene would use stop codon 53483).  Based on BLAST hits and synteny, this gene is in pham 266250, which has 87 members.  The reverse gene in the same location would be an orpham.  The gene show GeneMarkS coding potential and is in the same direction as the surrounding genes. The gene also could conflict with the downstream gene that ends at 55114 if an earlier start site was selected, however coding potential doesn`t spike until after the ORF for this gene in a different reading frame..  
· /note=Start site:  Fits into beginning of the ORF of the next gene (since the next gene doesn’t start with the first start site).  Has more coding potential that the early part of the following gene. Also conflicts with a potential reverse gene that stops at 53483 -- the coding potential of the reverse gene doesn’t align well with the gene itself and it is an orpham so it is not included (deleted).  Synteny with QuickMath gp 101.
· /note=Function: All hits are function unknown

CDS 53678 – 55114 F
  /function="glycosyltransferase"
  /locus tag="MulchExplorer_101"
  /note=Original Glimmer call @bp 53678 has strength 6.84; Genemark calls start at 53495
  /note=SSC: 53678-55114 CP: yes SCS: both-gl ST: NI BLAST-Start: [glycosyltransferase [Mycobacterium phage Kimberlium] ],,NCBI, q1:s62 100.0% 0.0 GAP: 25 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.406, -4.4521226836255074, no F: glycosyltransferase SIF-BLAST: ,,[glycosyltransferase [Mycobacterium phage Kimberlium] ],,YP_009198206,88.6827,0.0 SIF-HHPRED:  SIF-Syn: 
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (53678). The second and third start sites (ATG and GTG) are very close to each other and the coding potential spikes between them.  The second start site is an a more common start codon with a higher z-score.  High coding potential on Gene Mark S.  Second start site is the most called (79% for the second start site vs 0.9% for the third start site) and conserved in Starterator.  The first start site is about 130 bp earlier and not using it leaves room for the upstream gene.  
· /note=Function:  From other functions in same pham, synteny with glycosyltransferase homologs in close relatives to MulchExplorer, and BLAST results. Phamerator shows a glycosyltransferase domain.  HHPred hits polypeptide N-acetylgalactosaminyltransferases and glycosyltransferases.  According to Wikipedia, polypeptide N-acetylgalactosaminyltransferase enzymes belong to the family of glycosyltransferase enzymes.

CDS 55119 – 55589 F
  /function="kinase"
  /locus tag="MulchExplorer_102"
  /note=Original Glimmer call @bp 55119 has strength 5.79; Genemark calls start at 55119
  /note=SSC: 55119-55589 CP: no SCS: both ST: NI BLAST-Start: [kinase [Mycobacterium phage Boomer] ],,NCBI, q1:s1 100.0% 8.81445E-111 GAP: 4 bp gap LO: yes RBS: Kibler 6, Karlin Medium, 2.478, -5.256358217762054, yes F: kinase SIF-BLAST: ,,[kinase [Mycobacterium phage Boomer] ],,YP_002014319,100.0,8.81445E-111 SIF-HHPRED:  SIF-Syn: 
· /note=Start site: The auto-annotated start site from DNA Master is unchanged (55119). Only the first start site avoids cutting off coding potential. Also gives smallest gap, and ATG start codon, and highest z-score.
· /note=Function: Synteny with serine/threonine kinase in Kimberlium and QuickMath.  Most genes in pham annotated as serine/threonine kinase.  Contains phosphotransferase enzyme family domain according to Phamerator.  HHpred hits to both an E. coli methyltransferase (85% coverage) and a human serine/threonine-protein kinase (30% coverage).  Hits a Serine/Threonine kinase domain (cd14029) but this domain is longer than our gene and the domain is from tetrapods.  InterPro`s domain search shows two domains:  PF01636 (Phosphotransferase enzyme family) and SSF56112 (Protein kinase-like (PK-like)).  Neither of these mention serine/threonine.  Aligns with about 50% of the protein kinase domain (Pkinase) in  6QX9_K.(Serine/threonine-protein kinase PRP4 homolog).  Domains seem to support a kinase function over a methyltransferase function, but the only evidence for Ser/Thr kinase specifically is low coverage hits ti human enzymes.

CDS 55586 – 55798 F
  /function="hypothetical protein"
  /locus tag="MulchExplorer_103"
  /note=Original Glimmer call @bp 55592 has strength 5.9; Genemark calls start at 55592
  /note=SSC: 55586-55798 CP: yes SCS: both-cs ST: NI BLAST-Start: [hypothetical protein SEA_KIMBERLIUM_104 [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 1.29499E-44 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 2.279, -4.8907385227598485, no F: hypothetical protein SIF-BLAST: ,,[hypothetical protein SEA_KIMBERLIUM_104 [Mycobacterium phage Kimberlium] ],,YP_009198208,100.0,1.29499E-44 SIF-HHPRED:  SIF-Syn: yes
· [bookmark: _Hlk217324671]/note=Start site:  Changed the start site from 55592 (the fourth start site) auto-annotated in DNA Master/Phamerator to 55586 (the third start site).  Coding potential is cut off by any start sites after the forth/fifth.  For this phage, the GeneMark TB coding potential tends to match the second-order (red line) GeneMarkS coding potential.  These spike a bit earlier than the GeneMarkS coding potential.  GeneMark TB coding potential spikes between the tightly-spaced third and forth start sites. MulchExplorer does not have the most-called start site, the third start site is located the closes to the most called, is the most called of the start sites present, and more conserved than the forth start site.  The third start site also gives a 4 bp overlap.
· /note=Function:  Since there was no data that could support any function throughout any databases, I think it is safe to say that there is no known function for this gene

CDS 55795 – 56406 F
  /function="glycosyltransferase"
  /locus tag="MulchExplorer_104"
  /note=Original Glimmer call @bp 55795 has strength 6.19; Genemark calls start at 55795
  /note=SSC: 55795-56406 CP: yes SCS: both ST: NI BLAST-Start: [glucosyltransferase [Mycobacterium phage Kimberlium] ],,NCBI, q1:s1 100.0% 1.78821E-146 GAP: -4 bp gap LO: no RBS: Kibler 6, Karlin Medium, 1.8, -5.88628317957017, no F: glycosyltransferase SIF-BLAST: ,,[glucosyltransferase [Mycobacterium phage Kimberlium] ],,YP_009198209,100.0,1.78821E-146 SIF-HHPRED:  SIF-Syn: yes
· /note=Start site:  The auto-annotated start site from DNA Master is unchanged (55795, the fifth start site). The fifth start site has a 4 bp overlap and makes the most sense given the location of the spike in coding potential. 
· /note=Function: Evidence from HHpred supports glycosyltransferase function (strong hit for 8XKD_A, a bacterial Glycosyltransferase family 25 protein).  Annotation of BLAST hits, other genes in the pham, and homologs with synteny in Kimberlium, QuickMath, and Phe8 are all glycosyltransferase.
