GOODGRACES – CLUSTER FD FULL ANNOTATION NOTES
Gene 1: Both Glimmer and GeneMark call it a gene. There is coding potential. This gene is present in other annotated genomes, present in phages, Tillums, Anjali with an e – 57. Glimmer and GeneMark disagree. Glimmer suggests 977, GeneMark suggest 980. Start site 977 has Z-score of 2.566 and final score-3.368. Start site 980 has Z-score of 2.566 and final score of -3.368.  The predicted start codons are not the longest ORF. Starterator supports start site 977. Start: 7 @977 has 2 MA's. There is protein alignment in BlastP, PhagesDB: Anjali, Dunamis, Swim, and Tillums to methyltransferase, NCBI: Anjali, Swim, Tillums through methyl transferase. HHPRED alignment of greater than 97% probability match to , DNA Methyl transferase
Gene 2: Both Glimmer and GeneMark call it a gene. There is coding potential This gene is present in other annotated genomes: Swim, Dunamis_Draft, Anjali, Tillums, Mendel, Seldom_Draft . Glimmer and GeneMark agree and suggest start site 1141. The Z-score is 2.56, and the final score is -3.39  Starterator supports this start site (Start: 7 @1141 has 3 MA'). Start site is conserved in other phage genomes: Mendel (E = 2e-19), Anjali (E = 2e-21), and Swim (E = 2e-22) all have a 1 to 1. No function is detected via Phagesdb, NCBI Blast or HHPRED 
Gene 3: Both Glimmer and GeneMark call it a gene. There is coding potential.  This gene is an orpham with no known function. No starterator data or significant homology to other members in the cluster. No functional data. 
Gene4: Only Glimmer calls it a gene. There is coding potential. Starterator supports this data with (Start: 1 @1442 has 3 MA's. The Z-score is 2.541, and the final score is -4.269. Out of all suggested start sites, this is the best score as its the smallest final score for the ORF. 1:1 alignment with Mendel and Anjali 1e – 5. Phagesdb, NCBI and HHRPED give no significant functional matches
Gene 5: Both Glimmer and Genemark call it a gene but do not agree. There is coding potential. The Genemark start at 1723 is not the longest ORF but has the best Z score and final scores of 2.78 and -3.3 respectively. Starterator supports the Genmark call (Start: 18 @1723 has 4 MA's). There is significant homology to several members in the cluster with a 1:1 alignment with Tillums and Mendel with e – 80. Phagesdb, blast predicted a function of SSB with e -81. HHRED hit was to Phi29 as a single strand DNA binding protein with 100% probability and e value of 6.2 e-36. Function: SSB 
Gene 6: Both Glimmer and Genemark call it a gene. There is coding potential. This gene is present in Tillums with an e-value of 1e-149. It doesn't violate any major guiding principles. Glimmer and Genemark both start it at 2280. 2280 has a Ribosome Binding Site with a high score. It also has 9 manual annotations. This start site is conserved by Tillums in both NCBI and Phages DB with e-scores of 0.0 and e-149 respectively. This gene has a high alignment with Tillums as previously stated which is also a DNA terminal protein. HHPRED  gives a 100% probability hit to a Phi 29 DNA terminal protein. In a closely related annotated gene Swim, the upstream gene is an SSB protein and the downstream gene is a DNA polymerase. The gene is not a possible transmembrane protein. This gene should be a DNA terminal protein.
Gene 7: Both Glimmer and Genemark call it a gene. There is coding potential. This gene is present in Anjali with an e-value of 0. It doesn't violate any major guiding principles. Glimmer starts it at 3157 and Genemark starts it at 3112. 3112 has a Ribosome Binding Site with a high score and has the longest ORF. It also has 4 manual annotations. This start site is conserved by Anjali in both NCBI and Phages DB with e-scores of 0.0. This gene has a high alignment with Anjali as previously stated which is also a DNA polymerase. HHPRED give a 100% probability hit to a Phi 20 DNA polymerase with an e value of e -37. In a closely related annotated gene Swim, the upstream gene is an DNA terminal protein and the downstream gene is a ribbon-helix-helix binding domain. The gene is not a possible transmembrane protein. This gene should be a DNA polymerase.
Gene 8: Both Glimmer and Genemark call it a gene. There is coding potential. This gene is present in Mendel with an e-value of 2e-41. It doesn't violate any major guiding principles. Glimmer and Genemark both start it at 4950. 4950 has a Ribosome Binding Site z-score of 2.738 and final score of -2.940. It also has 4 manual annotations. This start site is conserved by Mendel in both NCBI and Phages DB with e-scores of 2e-41 and e-50 respectively. This gene has a high alignment with Mendel. Phagesdb blast and NCBI state a function to ribbon helix helix DNA binding protein. HHPRED also predicts a similar function with a 98% probability and an e value of 2.7 e – 8. gene should be a ribbon-helix-helix DNA binding domain.
Gene 9: Both Glimmer and Genemark call it a gene. There is coding potential. This gene is present in Mendel with an e-value of 7e-53. It doesn't violate any major guiding principles. Glimmer and Genemark both start it at 5379. 5379 has a Ribosome Binding Site z-score of 3.211 and final score of -1.931. It also has 4 manual annotations. This start site is conserved by Mendel in both NCBI and Phages DB with e-scores of 7e-66 and 7e-53 and e-50 respectively. Neither Phagesdb and NCBI blast nor HHPRED predicts a function.
Gene 10: Both Glimmer and Genemark call it a gene. There is coding potential. This gene is present in Tillums with an e-value of 0.0. It doesn't violate any major guiding principles. Glimmer starts it at 5703 and Genemark starts it at 5709. 5709 has a Ribosome Binding Site z-score of 2.223 and final score of -5.140. It also has 3 manual annotations. This start site is conserved by Tillums in both NCBI and Phages DB with e-scores of 0.0. Phagesdb and NCBI blast predict a function of a major capsid protein with an e value of 0. HHRED calls a 100% match to the Phi 29 major capsid protein with an e value of 0.
Gene 11: Both glimmer and genemark suggest the start site of 1563. Genemarks shows coding potential for the gene. The start site of 1563 was called bt both programs glimmer and genemark, and this start site had the final score of -1.931 and a z-score of 3.211 these are the best score of any of the potential starts, and this gene has the longest open reading frame with a length of 258. This gene is not present in other reading frames as it is an orpham gene. No starterator or meaningful functional data. 
Gene 12: Both glimmer and genemark assign this gene as a gene with a start site at 7817 base pairs. This gene has coding potential, and this gene is present in the genomes of Mendel, Tillums, and Anjali all with an e value of 0. Glimmer and genemark call the start site of 7817, this start site has a z-score of 2.955 and a final score of -3.386. This is the best score for both. This start site also has the longest open reading frame with a length of 2199, with only a 4 basepair overlap with the previous gene. As shown by starterator this start site is conserved in other genomes and is called 100% of the time when present, with 4 manual annotations. In blastp this start site is conserved in Anjali 2:3 with an e-value 0, in Tillums 1:1 with an e value of 0, and in Anjali 1:1 with an e value of 0. When using blastP on phagesDB the protein sequence matches with a major tail protein in Mendel 2:3 with an e value of 0. Using blastp on NCBI matches the protein sequence with a major tail protein in Tillums 1:1 with an e value of 0. in HHPred this sequence matches with a major tail protein in Staphylococcus phage Andra with a probability of 100%, a coverage of 96%, and an e value of 0. All of the evidence points towards this gene having the function of a major tail protein.
 Gene 13: Both genemark and glimmer call this gene a gene. There is coding potential. Both glimmer and genemark suggest the start site of 10015 for this gene. This start site has a z-score of 2.876 and a final score of 3.298. The z-score isnt the best of all start sites however the final score is. This start site has the longest ORF with a length of 957 base pairs and no overlap with the previous gene. This start site is conserved in other phage genomes as indicated by starterator. this start site is conserved in 17 of 30 of the phages in the pham and is called 100% of the time when present, and has 13 manual annotations.  In NCBI blastp this start site is conserved in Tillums 1:1 with an e value of 0, in Swim 1:1 with an e value of 1e-169, and in Anjali 1:1 with an e value of 2e-169. In blastp on phagesDB this start site is conserved in Tillums 1:1 with an e value of 1e-175, in swim 1:1 with an e value of 1e-123, and in Anjali 1:1 with an e value of 1e-123.. 
The protein this gene codes for aligns with a known portal protein in Tillums 1:1 with an e value of 1e-175 when using blastp on phagesDB. In blastp on NCBI this protein matches a portal protein in Tillums 1:1 with an e value of 0. In HHpred this protein matches a head-tail connector (portal protein) with a probability of 100%, an e value of 2.1 e-60, and a coverage of 91%.. This protein is not a possible transmembrane protein as no data is dhown by DeepTMhMM. The assigned function of a portal protein is present on the official function list. All evidence points towards this protein being a portal
Gene 14: This gene is called a gene by both glimmer and genmark. There is coding potential for this gene as indicated by genemarkS. This gene is present in Tillums as gene 18 with an e-value of 1e-123.  Both glimmer and genmark suggest the start site of 10971. This start site has a final score of -3.36, and a z score of 2.965. This z score is the best out of all possible start sites, however better final scores are observed in other start sites. This start site has the longest ORF with a length of 2199 basepairs, and has no significant overlap with the nearest upstream gene. This start site is conserved in other genomes as indicated by starterator. This gene is found in 80% of genomes in the pham, and is called 91.7% of the time when present, and has 14 manual annotations. This start site is conserved in NCBI blastp in Tillums 1:1 with an e value of 4e-148, Anjali 1:1 with an e value of 7e-143, and in Mendel 1:1 with an e value of 8e-137. In blastp in phagesDB this start site is conserved in Tillums 1:1 with an e value of 1e-123, in Mendel 1:1 with an e value of 1e-120, and in Anjali 1:1 with an e value of 1e-119. All evidence points towards the suggested start site of 10971. 
In blastP on phages DB this protein sequence matches with a lower collar protein in tillums 1:1 with an e value of 1e-123. In blastp on NSBI this protein sequence matches with a lower collar protein in Tillums 1:1 with an e value of 1e-148. On HHPred this protein aligns with a proximal tail tube connector protein with a probability of 100%, a coverage of 89.5%, and an e value of 0. gene having the function of a lower collar protein or proximal tail tube connector, however this proposed function isnt present of the SEA-PHAGES approved function list. This gene with be assigned NFK until the SEA-PHAGES approved function list is updated.
Gene 15: This gene was called a gene by both genemark and glimmer. This gene does have coding potential. This gene is present in other phages as shown by PhagesDB . It is present in Tillums, Mendel and Anjali an e value of 0. Both glimmer and genemark suggest the start site of 11626. This start site has a final score of -3.311 and a z-score of 2.564. This start site is conserved in other phage genomes as indicated by starterator. This start site is in 100% of genes in the pham, has 4 manual annotations, and is called 100% of the time when present. In phagesDB blastp this start site is conserved in Tillums 1:1 with an e value of 0, in Anjali 1:1 with an e value of 0, and in Mendel 1:1 with an e value of 0. In NCBI blastp, this start site is conserved in Tillums 1:1 with an e value of 0, in Anjali 1:1 with an e value of 0, and in Mendel 1:1 with an e value of 0. All evidence points towards the start site of this gene being at 11626 basepairs.  
The protein sequence from this gene aligns with a minor tail protein in Anjali 1:1 with an e value of 0 when ran on Blastp on phagesDB. On blastp on NCBI this protein aligns with a minor tail protein in swim 1:1 with an e-value of 0. This protein has no quality HHpred match, with its best match being a Deoxynucleotidyl transferase with 71.8% probability and an e value of 43. The proposed function of minor tail protein is present on the SEA-PHAGES approved function list.
Gene 16: 
-BOTH Glimmer and Genemark call it a gene .Shows coding potential (arthrobacter spp). This gene is present in phages, Mendel, Tillums, and swim with e-values 1e-128, 1e-125, and 1e-123. We also see similar genes in phamerator. Start Site :Glimmer and GeneMark both support the same start site, 13169, Starterator supports this=Start : 5 @ 13169 has 3 MA’s -Z-score of predicted start site is 0.972 and Final RBS score is -6.847-This start site is not the longest ORF but the most supported . From phagesdb blast: Mendel and Tillums have a 1:1 query, subject with the start site of goodgraces with an evalue of 1e-128 and 1e-125. 
Function of the protein:
-Phagesdb: Phages, Mendel and Anjali call this gene lysin A, (Endolysin) M23 peptidase domain with evalues of e-128 and e-123. NCBI:  Swim and Tillums call this gene, “protease M23 domain with e values of 5e-136 and 2e-135. Anjali and Mendel call this gene “peptidase” with e values of 2e-135 and 8e-132.  -Hit: 8TZL_E has a description of peptidase M23 membrane protein with a probability of 99.1 with an e value of 7.8e-9.  No endolysin B therefore The function of the protein is, Endolysin M23 domain Need to add to list 
- 17: Start: 
Glimmer and Genemark both called this a gene.Shows coding potential (arthrobacter spp).This gene is present in phages, Swim, Mendel, and Anjali with e-values of 0. Glimmer and GeneMark both support the same start site, 13839 Starterator supports this=Start : 4 @ 13389 has 14 MA’s . Z-score of predicted start site is 1.994 and Final RBS score is -5.354. This start site, 13839, is the longest ORF and the most supported. From phagesdb blast: Swim, Mendel, Tillums, and Anjali all have a 1:1 query, subject with the start site of goodgraces with an evalues of 0. Function of the protein:P hagesdb: Phages, Mendel and Anjali call this gene a “terminase” with e values of 0. NCBI: Phages, Mendel and Anjali call this gene a “terminase” with e values of 0.  HHPRED Hit: DNA terminase with a 99.5% probability and an e value of e -18: 
Gene 18: 
-Glimmer and genemark both call this a gene -Shows coding potential (arthrobacter spp)-This gene is present in phages, Swim, Mendel, and Anjali with e-values of 3e-32 and Anjali having 8e-30. 
-Glimmer and GeneMark both support the same start site, 14924 Starterator supports this=Start : 4 @ 14924 has 3 MA’s -Z-score of predicted start site is 2.056 and Final RBS score is -4.456-This start site, 14924, is the longest ORF and the most supported -Starterator supports the same start site. Start: 4 @14924 has 3 MA's. From phagesdb blast: Swim, Mendel, Tillums, and Anjali all have a 1:1 query, subject with the start site of goodgraces with an evalues of 3e-32, 3e-32, 3e-32, 3e-29, and 8e-30. 
Evidence for function of the protein
-Phagesdb: All similar phages on phagesdb call this function unknown including Mendel and Anjali with e values of 3e-32.-HHPRED: Hit: PF14012.11 has a description of “protein of unknown function” with a probability of 88.6 and an evalue of 3.7. TMMHMM suggest- a transmembrane protein

Gene 19:
-Glimmer and Genemark both call this a gene-Shows coding potential (arthrobacter spp)-This gene is present in phages, Swim, Mendel, and Anjali with e-values of 4e-43 and Anjali having 3e-43. We also see similar genes in phamerator. -Glimmer and GeneMark both support the same start site, 15130 Starterator supports this=Start : 18 @ 14924 has 5 MA’s -Z-score of predicted start site is 0.733 and Final RBS score is -7.866 -Starterator supports the same start site, 15130. Start: 21 @15130 has 4 MA's
Evidence for a function of the protein
-Phagesdb: All similar phages on phagesdb call this function unknown including Anjali and Mendel with e values of 3e-43 and 4e-43
NCBI: Anjali, and Mendel call this gene “membrane protein” with e values of 6e-49 and 1e-48.
-Hit (PECANN): PF09879.14 has a description of “predicted membrane protein” with a probability of 37.4 with an e value of 180.  TMMHMM and -Sosui predicts a 4 membrane protein
Gene 20:
-Both Glimmer and Genemark call this a gene-Shows coding potential (arthrobacter spp)-This gene is present in phages, Swim, Mendel, and Anjali with e-values of 7e-18. We also see similar genes in phamerator. -Glimmer and GeneMark both support the same start site, 15554 Starterator supports this=Start : 44 @ 15554 has 31 MA’s -Z-score of predicted start site is 1.48 and Final RBS score is -6.530-This start site,15554, is the longest ORF and the most supported -From phagesdb blast: Mendel and Anjali have a 1:1 query, subject with the start site of goodgraces with an evalue of 7e-18 and 7e-18. 
-Evidence for function of the protein-Phagesdb: All similar phages on phagesdb call this function unknown including Mendel and Anjali with e values of 7e-18.NCBI: Anjali and Tillums call this gene “hypothetical protein” with e values of 2e-19.-Hit (PECANN): PF06667.15  has a description of “Phage shock protein B” with a probability of 93.8 with an e value of 0.021.  HHPRED: No significant hits. TMMHMM and Sosui predict a membrane protein
Gene 21: Really small0 120 bp . Iffy on predicition. Tillums has one which is shorter 
Only glimmer has a start. There is coding potential. This gene was present in phages leo Jr with an e of 0.073 and we see a similar gene on phamorator, all the functions are unknown and the sequence length is 40aa. The sequence is very short, no function is listed, glimmer and genemark do not agree on the start. This is a gene. Do not agree glimmer supports 15817, genemark has no start. z-score of 1.978 and a final score of -4.641. The start site is the longest ORF but, not the best fit. Staterator does not supports the same start as, there are no Manual starts. No, there is no (1:1) query the closest is (11:4) with tillums. Start site is 15817. Phagesdb shows no known function for similar genes with tillums with an evalue of 4e-11. WNT44596 had 87.8% alignment for a hypothetical protein. Hit: 84% chance it is a zinc finger protein with e-value of 0.42. 
Gene 22: 
Both glimmer and gene mark had the same start at 15936. it shows coding potential. It is present in phages Anjali at 1e-22. It does not violate any major guiding principles. It is a gene. Both state the start site is 15936.  Startator supports this start: 9 @ 15938 has 4 MA’s. Z score=2.112 with an f-value of -4.275. This start site is the longest ORF and the most supported.  For function: Phagesdbblast and NCBI blast suggest the function of lysin A, amidase domain. HHPRED hit: N-acetylmuramoyl-L-alanine amidase amiD; ZINC AMIDASE, PGRP, Peptidoglycan Recognizing Protein, with 99.5% probability and e value of 3.5 e -12. No lysin B therefore it is an Endolysin with N-acetylmuramoyl-L-alanine amidase domain

Gene 23
Both glimmer and gene mark have a start. It shows coding potential. Phages DB shows seldom, mendel, tilums and Anjali all in the same clutser with e-value ranging from 7e-51 to 6e-42. All of these genes show have the function of a minor tail protein. Does not violate any major guiding principles. It is a gene. Glimmer start: 16580. Genemark: 16580. Startertor does not supports this start: (8, 16580, no MA's). z- score predicted of predicted start site is 372 with an e-value of 1e-103 and pham of 214806. This start site is the longest ORF and the most supported. No other start sites indicated by blast p. Start site is 16580. All similar phages from phagesdb state the function is unknow/ is a minor tail protein including seldom and mendel with an e-value of 1e-103. NCBI states similar genes found in tillums is a hypothetical protein, most other proteins have low identiy in NCBI blast. With 51% coverage and 1:92 query and e:value of 1.80. HHPRED has not significant hits. Hypothetical protien

Gene 24
Both glimmer and genemark support the same start. There is coding potential. There are no related, annotated phages in the same cluster.. Start site of both glimmer and genemark is 17116. z-score of predicted start site is 1.92 with a final score of -4.685. The start site is the longest ORF and the most supported. Gap of -4. Starterator does not support any start sitePhagesbd and NCBI blast: calls this a “hypothetical protein” with an e-value of 2.457. No significant HHPRED hit


Gene 25 
Only glimmer calls a start site. There is coding potential. There are several phages in the same cluster that are annotated and may show the same gene. All pham 15982. Tillums, dunamis, Anjali  with e-value of 3e-44.  Does not violate any major guiding principals. It is a gene. Glimmer start: 18639. ham 15982.Predicted ORF is longest and is most supported.).Starterator: supports the site and has 3 MA’S. Phages db blast (1:1) with tillums, ajali_22 and swim_27. NCBI: 100%query with Anjali, tillums, and swim with e value of 4e-50. 18639 based on results from starterator and glimmer. PhagesDB says in function unknown for similar genes in tilums and dunamis with an e-value of 1e-44. This gene does not have a known function. 
Gene 26
Both Glimmer and GeneMark called it a gene, GeneMark-host trained coding potential map showed coding potential. Glimmer and GeneMark disagreed on start sites, The Glimmer Start Coordinate was 18881 and GeneMark Start Coordinate was 18806. Start Coordinate 18881 has RBS final score of -2.939 and z-score of 2.776, Start Coordinate 18806 has RBS final score of -6.081 and z-score of 1.265. Neither of the proposed start sites are the longest ORF. The longest ORF is 372 bp and has excessive overlap of -250. The start site 18881 has 123 bp and -1 gap ,start site 18806 has 198 bp and -76 gap. Start at 18881 matches the consensus start site predicted from the starterator. The start site of 18806 does not match the consensus start site predicted from the starterator. Start site 18881 is conserved in other phage genomes indicated by BlastP. Due to information collected, the gene should start at 18881. This protein does not align with probability of 90% or greater, No quality match, the best match is only 63.5 and 40% coverage. Gene is not located adjacent to genes of known function, however other phages also show regions at the end with genes that do not have any known function. This gene had No Known Function.

Gene 27 - Orpham
Both Glimmer and GeneMark call it a gene. GeneMark-host trained coding potential map showed coding potential map. This gene is not present in other annotated genomes. No significant violations of the gilding principles of Genome Annotation with the gene call. There is no significant overlap with other genes, and the genes before and after are in the same direction. Therefore it is a gene.Glimmer and GeneMark agree and suggest start site 19017. The Z-score is 2.653, and the final score is -3.121. Out of all suggested start sites, this is the best score as its the smallest final score and the z-score is higher than 2 giving it significance. The ORF length is 351 with the predicted start and the gap gap is 13bp. The predicted start codon is not the longest ORF, The longest ORF is 435bp however it has excessive gene overlap (71 bp).  Starterator was not informative; the gene is believed to be a orpham. Start site is not conserved in other phage genomes. There were no matches from phagesDB. This is an orpham genes that do not have any known function. 

Gene 28 
Both Glimmer and GeneMark called it a gene. It showed coding potential. This gene is present in other annotated genomes with good coding potential. Glimmer and Genemark suggest start site 19369. The final RBS score is -3.422 and the z-score is 2.677.  Staretator supported this start (Start: 7 @19369 has 4 MA's). NCBI and Phagesdb blast and HHRED gave no significant hits. Gene has No Known Function




Gene 29 – Orpham 
Both Glimmer and GeneMark called it a gene.GeneMark-host trained coding potential map showed coding potential. Gene is not present in other annotated genomes..Glimmer and GeneMark suggest start site 19536. This start site has a RBS final score of -5.132 and a z-score of 1.776. This is not the longest ORF, due to the longest ORF being 243 however it has excessive overlap of 112. This start site is not conserved in other phage genomes, there is no 1:1 alignment. Start site should be 19536There were no matches from phagesDB. Protein does not align with probability of 90% or greater, No quality match, the best match is only 83.5% and 87.2% coverage. Gene is not located adjacent to genes of known function, however other phages also show regions at the end with orpham genes that do not have any known function. No Synteny Observed. This gene is not a possible transmembrane protein. Gene has No Known Function. It is an orpham


Gene 30 – Orpham
Both Glimmer and GeneMark call it a gene. GeneMark-host trained coding potential map s. There is no significant overlap with other genes and the genes. The gene is also long enough at 333. Therefore it is a gene. Both Glimmer and GeneMark suggest start site 19756. The Z-score is 2.498, and the final score is -4.280. Out of all suggested start sites, this is the best score as it's the smallest final score and the z-score is higher than 2 giving it significance. Starterator was not informative; the gene is believed to be a orpham. This start site is not conserved in other phage genomes, there is no 1:1 alignment. Gene should start at 19756. There were no matches from phagesDB. Protein does not align with probability of 90% or greater, No quality match, the best match is only 84.6% and 38.18% coverage. Gene is not located adjacent to genes of known function, however other phages also show regions at the end with orpham genes that do not have any known function. No Synteny Observed. Gene is not a possible transmembrane protein. Gene has No Known Function.
