LilTerminator Annotation Notebook

Gene 1
SSC: start 1, stop 519; CP: yes; SCS: Both called start at 1; ST: SS; Blast Start: matches Zepp_1 Query 1 to Subject 1 100% 7e-92; Gap: NA; LO: yes; RBS: -4.299, 1.792, 39945, -6.600, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/Zepp_1, MN908686/100%/7e-92; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Most annotated start not found in LilTerminator. Other phage call start 1 in Starterator, and there is strong evidence form the GeneMark output. All evidence suggests NKF and no membrane domains.
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Gene 2
SSC: start 512, stop 1960; CP: yes; SCS: Glimmer called more conserved start of 512, GeneMark called start at 521; ST: SS; Blast Start: matches QuadZero_2 Query 1 to Subject 1 100% 0.0; Gap: overlap of 8; LO: NA; RBS: -2.976, 2.413, 11, -3.733, no; F: terminase; SIF-BLAST: terminase/PhageDB BLAST/ QuadZero_2, /100%/0.0; SIF-HHPred: terminase, large subunit, several matches with a probability of 100%; SIF-Syn: terminase
Notes: Went with more conserved Glimmer start of 512 as it yields a longer ORF was called more frequently than the GeneMark start in Starterator. 
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It also yielded more 1:1 in BLAST. Terminase for function is well supported by all data, though HHPred calls it Terminase large subunit. 
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The Official Function list says to call it large subunit only if there is also a small subunit, so we’ll have to wait to see if we find that. However, other EA5 phage only have terminase.
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Gene 3
SSC: start 1963, stop 2109; CP: yes; SCS: Both called start at 1963; ST: SS; Blast Start: matches Zepp_3 Query 1 to Subject 1 100% 3e-22; Gap: 2; LO: NA; RBS: -2.984, 2.409, 12, -3.820, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zepp_3, MN908686/100%/3e-22; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Small gene with nothing ambiguous.
Gene 4
SSC: start 2113, stop 3543; CP: yes; SCS: Both called start at 2113; ST: SS; Blast Start: matches GreenIvy_4 Query 1 to Subject 1 99% 0.0; Gap: 3; LO: yes; RBS: -1.559, 3.077, 13, -2.605, yes; F: portal protein; SIF-BLAST: portal protein/PhageDB BLAST/ GreenIvy_4, PP978818/99%/0.0; SIF-HHPred: portal protein, several matches with a probability above 99%; SIF-Syn: portal protein
Notes: Start is conserved, has best RBS values and yields longest ORF. Function well supported as portal protein.
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Gene 5
SSC: start 3546, stop 3764; CP: yes; SCS: Both called start at 3546; ST: SS; Blast Start: matches QuadZero_5 Query 1 to Subject 1 100% 8e-41; Gap: 2; LO: yes; RBS: -4.875, 1.522, 9, -5.650, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ QuadZero_5, MZ150787/100%/8e-41; SIF-HHPred: NKF, one partial match for zinc ribbon with a probability of 91%; SIF-Syn: NKF
Notes: Start is not most annotated but called 100% of time when present and in many EA5 phages. For function, there is one partial hit (38 of 477 AAs) for a zinc ribbon. 
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But synteny doesn’t support this and there is little other evidence to call this anything other than NKF.
Gene 6
SSC: start 3764, stop 4477; CP: yes; SCS: Both called start at 3764; ST: SS; Blast Start: matches QuadZero_6 Query 1 to Subject 1 100% e-134; Gap: overlap of 1; LO: NA; RBS: -2.812, 2.490, 11, -3.569, no; F: NKF; SIF-BLAST: MuF-like minor capsid protein /PhageDB BLAST/ GreenIvy_6, PP978818/99%/e-133; SIF-HHPred: NKF, one partial match to MuF phage protein at 99% and one hit for minor capsid protein at 99%, but there is not the specified HHpred UniProt hit to gp 15 in D29 like in the Forum ; SIF-Syn: NKF
Notes: Start is most annotated in Starterator. For function, there was a hit for Mu-F like and a hit for minor capsid. Both were partial, but 99%:
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In BLAST, other phage call this Mu-F-like minor capsid but the Official List says to no longer call it this. You can call it a capsid maturation protease, but the forum suggests doing this only if the HHPred hits to UniProt gp 15 in D29. 
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Neither of the two HHpred hits do. Given the lack of necessary evidence to call it that, and since MuF-like minor capsid is no longer called, I’m going with NKF. 
[bookmark: _GoBack]Plot twist! In looking over this again, the same forum post said to include the Uniprot database in HHpred. When I did that, I got the gp15 in D29 that Deb mentions above:
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[image: ]
However, this is only for a partial hit (<100 BP). In the forum, someone got a similar partial hit and Deb said to call it NKF:
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So even with including the Uniprot database in HHPred and getting that hit, I’m still inclined to call it NKF. 
Gene 7
SSC: start 4592, stop 5158; CP: yes; SCS: Both called start at 4592; ST: SS; Blast Start: matches GreenIvy_7 Query 1 to Subject 1 100% e-104; Gap: 114; LO: yes, but there is another small ORF before this that has no evidence of coding potential; RBS: -3.014, 2.395, 10, -3.709, no; F: NKF; SIF-BLAST: scaffolding protein/PhageDB BLAST/ GreenIvy_7, PP978818/100%/e-104; SIF-HHPred: NKF, no matches to scaffolding protein (see additional notes below); SIF-Syn: scaffolding protein
Notes: Start is most annotated in Starterator and yields longest ORF. However, there is a large gap of 114 BPs and just before this gene is a separate small ORF with no evidence of coding potential. Noah checked the gap and there was no evidence of a protein.
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Also, for function, all BLAST hits and synteny suggest scaffolding protein. BUT, there is no evidence for this in HHPred. The HHpred hits for LilTerminator 7 are nothing like the hits for the example in the Official List, D29_16:
LilTerminator hits:
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D26_16 hits:
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I asked about this issue with Mopey in the forum!
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Based on that exchange, I wouldn’t call this scaffolding protein, but everyone else does… 
When I included the UniProt database, I do get the hit Deb mentions above (Q38580), but it is partial and barely above 90%. 
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Gene 8
SSC: start 5197, stop 6177; CP: yes; SCS: Both called start at 5197; ST: SS; Blast Start: matches Zepp_9 Query 1 to Subject 1 100% 0.0; Gap: 38; LO: yes; RBS: -1.259, 3.218, 12, -2.095, yes; F: major capsid protein; SIF-BLAST: major capsid protein/PhageDB BLAST/Zepp_9, MN908686/100%/0.0; SIF-HHPred: major capsid protein, several matches with a probability of 100%; SIF-Syn: major capsid protein
Notes: Start is most annotated. Function well-supported by all data.
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Gene 9
SSC: start 6180, stop 6470; CP: yes; SCS: Both called start at 6180; ST: SS; Blast Start: matches Zepp_10 Query 1 to Subject 1 97% 5e-46; Gap: 2; LO: NA; RBS: -3.422, 2.203, 12, -4.258, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zepp_10, MN908686/100%/7e-47; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. Function is NKF and not ambiguous.
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Gene 10
SSC: start 6546, stop 6971; CP: yes; SCS: Both called start at 6546; ST: SS; Blast Start: matches QuadZero_10 Query 1 to Subject 1 100% e-77; Gap: 75; LO: yes; RBS: -1.951, 2.894, 11, -2.708, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/QuadZero10, MZ150787/100%/e-77; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF  
Notes: Doesn’t have most annotated start in Starterator, but 6546 is called by other phage in EA5, yields 1:1 hits in BLAST and the longest ORF. Function unambiguous and NKF.
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Gene 11
SSC: start 6943, stop 7353; CP: yes; SCS: Both called start at 6943; ST: SS; Blast Start: matches Zayuliv_11 Query 1 to Subject 1 100% 5e-70; Gap: overlap of 29; LO: NA; RBS: -2.976, 2.413, 12, -3.812, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zayuliv_11, MT889377/100%/5e-70; SIF-HHPred: NKF, one match with a probability above 90% for NKF; SIF-Syn: NKF
Notes: Most annotated start not present, but this start is conserved in EA5. NKF and unambiguous.
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Gene 12
SSC: start 7350, stop 7694; CP: yes; SCS: Both called start at 7350; ST: SS; Blast Start: matches Zepp_13 Query 1 to Subject 1 100% 1e-58; Gap: overlap of 4; LO: NA; RBS: -1.748, 2.989, 12, -2.584, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zepp_13, MN9086867/100%/1e-58; SIF-HHPred: NKF, a few partial matches with a probability above 90% for minor capsid or minor tail protein; SIF-Syn: NKF or minor capsid
Notes: Start is most annotated. For function, BLAST suggests NKF. There is minimal evidence for either minor capsid or minor tail in HHPred and synteny.
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Gene 13
SSC: start 7691, stop 8041; CP: yes; SCS: Both called start at 7691; ST: SS; Blast Start: matches Zepp_14 Query 1 to Subject 1 98% 8e-62; Gap: overlap of 4; LO: yes; RBS: -2.757, 2.515, 12, -3.593, yes; F: tail terminator; SIF-BLAST: tail terminator/PhageDB BLAST/Zayuliv_13, MT889377/98%/1e-61; SIF-HHPred: tail terminator, a match to 5A21-G, as required in the Function List, with a probability above 96%; SIF-Syn: tail terminator
Notes: Most annotated start is not present, but this start is most conserved across cluster and yields longest ORF. For function, the HHPred hits are what is needed to call this tail terminator according to the Official Function List:
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Synteny and BLAST also supports this function call. 

Gene 14
SSC: start 8041, stop 8373; CP: yes; SCS: Both called start at 8041; ST: SS; Blast Start: matches GreenIvy_14 Query 1 to Subject 1 100% 5e-58; Gap: overlap of 1; LO: yes; RBS: -1.748, 2.989, 11, -2.505, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ GreenIvy_14, PP978818/100%/5e-58; SIF-HHPred: NKF, a no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. NKF is conserved and unambiguous.
Gene 15
SSC: start 8376, stop 8870; CP: yes; SCS: Both called start at 8376; ST: SS; Blast Start: matches Zayuliv_15 Query 1 to Subject 1 100% 2e-91; Gap: 2; LO: yes; RBS: -2.814, 2.489, 12, -3.649, yes; F: major tail protein; SIF-BLAST: major tail protein/PhageDB BLAST/ Zayuliv_15, MT889377/100%/2e-91; SIF-HHPred: major tail protein, a partial match with a probability of 74%, but ok with synteny data; SIF-Syn: major tail protein
Notes: Start is most annotated. Synteny supports this function as it is just upstream of the tail assembly chaperone and in a similar place in other EA5 phage. Despite there not being much evidence for this in HHPred, the Official Function List says synteny is enough to call this.
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Gene 16 first gene in translational frame shift!
SSC: start 8900, stop 9469; CP: yes; SCS: Both called start at 8900; ST: SS; Blast Start: matches QuadZero_16 Query 1 to Subject 1 99% e-106; Gap: 29; LO: yes; RBS: -1.748, 2.989, 12, -2.584, yes; F: tail assembly chaperone; SIF-BLAST: tail assembly chaperone /PhageDB BLAST/ QuadZero_16, MZ150787/99%/e-106; SIF-HHPred NKF, no matches with a probability above 90%; SIF-Syn: tail assembly chaperone
Notes: Most annotated start, this is definitely the frameshift tail assembly chaperone. This is the first of the two fusion genes. Looks like a -1 frame shift because the next forward gene is in the +1 frame, and gp16 is in +2. There is a reverse gene in between, but this will likely be deleted as there is no coding potential and not supported by synteny in other phage.

Gene 17 reverse gene that will be deleted!
SSC: start 9639, stop 9478; CP: yes; SCS: Both called start at 765; ST: SS; Blast Start: matches Neptune_3 Query 1 to Subject 1 88% 7e-67; Gap: overlap of 4; LO: NA; RBS: -3.178, 2.352, 14, -4.525, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/Neptune_3, OK318957/88%/7e-67; SIF-HHPred: NKF, a few partial matches with a probability above 90%; SIF-Syn: NKF
Notes: No coding potential… This gene is only found in 4 other phage and all are drafts. This tiny reverse gene also now completely overlaps with the fusion tail assembly chaperone gene. We will have to delete this gene.
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Gene 17 second gene in translational frame shift! Frameshift annotated in DNAMaster on 1/21
SSC: start 8900, stop 9858; CP: yes; SCS: Start changed because of frame shift; ST: NA; Blast Start: matches QuadZero_17 Query 1 to Subject 1 99% 0.0; Gap: 29; LO: yes; RBS: -1.748, 2.989, 12, -2.584, yes; F: tail assembly chaperone; SIF-BLAST: tail assembly chaperone /PhageDB BLAST/ QuadZero_17, MZ150787/99%/0.0; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: tail assembly chaperone
Notes: Most annotated start, as with gene 16 (the other gene in the fusion tail assembly chaperone). When I BLAST the entire product of the fusion gene, all hits are for tail assembly and 1:1.
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No support from HHPred, but all other data strongly suggests tail assembly chaperone. I changed the annotated file to reflect this frame shift and fusion gene on 1/21. 
Looks like a -1 frame shift because the next forward gene is in the +1 frame, and gp16 is in +2. There is a reverse gene in between, but this will likely be deleted as there is no coding potential and not supported by synteny in other phage.
The slip is at bp 9430, where the C is read twice (a -1 shift). This causes the amino acid to change from D to R. 
The slippery sequence is one listed in the guide: GGGGGCGA

Gene 18
SSC: start 9879, stop 12320; CP: yes; SCS: Both called start at 9879; ST: SS; Blast Start: matches Zepp_19 Query 1 to Subject 1 99% 0.0; Gap: 20; LO: yes; RBS: -1.259, 3.218, 10, -1.954, yes; F: tape measure protein; SIF-BLAST: tape measure protein /PhageDB BLAST/ Zepp_19, MN908686/99%/0.0; SIF-HHPred: tape measure protein, several matches with a probability above 99%; SIF-Syn: tape measure protein
Notes: Start is not most annotated but called 100% of time when present. Function is well-supported as tape measure protein.
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Gene 19
SSC: start 12313, stop 14556; CP: yes; SCS: Both called start at 12313; ST: SS; Blast Start: matches Zepp_20 Query 1 to Subject 1 99% 0.0; Gap: overlap of 8; LO: yes; RBS: -2.976, 2.413, 13, -4.022, no; F: minor tail protein; SIF-BLAST: minor tail protein/PhageDB BLAST/ Zepp_20, MN908686/99%/0.0; SIF-HHPred: NKF, several matches with a probability above 90%, but for proteins other than minor tail; SIF-Syn: minor tail protein
Notes: Start is most annotated and yields longest ORF. BLAST and synteny strongly support minor tail protein:
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Also, the Bioinformatics Guide says this about assigning this function:
Minor tail proteins: These are the components of the tail that form the tip of the tail. These proteins are low in copy-number per virion (only two to six copies or so per protein per tail) but identified due to their length and location: downstream of the tape measure protein, and ranging in size from 1kb-3kb depending on the phage. These proteins are quite modular and it is difficult to sort them into more specific roles, so we call them all "minor tail proteins". There are usually between 4 to 6 per genome that can be identified easily. Two exceptions to the genome location rule are the Cluster A phages, in which one to two minor tail proteins are upstream of the lysins and terminase genes; and the Cluster S phages, in which several minor tail proteins are located in the far right arm, away from the other ones. These proteins are diverse, modular, long and extended, and as such can be difficult to crystallize or identify using HHPred or BLAST. Some of them also have an enzymatic domain; this activity is used by the phage to get through sugars, or the cell wall, etc, on the outside of the cell to help deliever the DNA. We primarily make this assignment based on synteny, and the four largest proteins immediately following the tape measure will usually be given this label.
Rank: 1

HHPred results suggest all kinds of other proteins, but not minor tail.
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However, the official function list says that hits to collagen-like proteins are ok. There are several hits to fibronectin.

Gene 20
SSC: start 14556, stop 15728; CP: yes; SCS: Both called start at 14556; ST: SS; Blast Start: matches Quadzero_20 Query 1 to Subject 1 99% 0.0; Gap: overlap of 1; LO: NA; RBS: -2.903, 2.447, 12, -3.739, yes; F: minor tail protein; SIF-BLAST: minor tail protein /PhageDB BLAST/ Quadzero_20, MZ150787/99%/0.0; SIF-HHPred: tail protein, several matches with a probability above 99%; SIF-Syn: minor tail protein
Notes: Start was most annotated with yielded best RBS values. Function supported by synteny being just after tape measure protein, and well supported by HHPred data:
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Gene 21
SSC: start 15725, stop 16492; CP: yes; SCS: Both called start at 15725; ST: SS; Blast Start: matches Librie_21 Query 1 to Subject 1 99% e-142; Gap: overlap of 4; LO: yes; RBS: -1.418, 3.144, 15, -3.020, yes; F: NKF; SIF-BLAST: minor tail protein/PhageDB BLAST/ Librie_21, ON970570/99%/e-142; SIF-HHPred: Phage tail-like, one partial match (58 of 108 AAs) with a probability of 97%; SIF-Syn: minor tail protein or NKF?
Notes: Start is most annotated. For function, there is a mix of evidence. Several BLAST hits and phage in Phamerator call this a minor tail protein. Synteny would support this as it is 3 genes downstream of the tape measure protein.
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However, the Bioinformatics guide says these proteins are usually 3KB-5KB bases in length and this is under 800 bps. HHPred has one 97% hit to a partial tail-like protein:
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I’m not sure if this is compelling enough to call this. 

Gene 22
SSC: start 16508, stop 16765; CP: yes; SCS: Both called start at 16508; ST: SS; Blast Start: matches Zepp_23 Query 1 to Subject 1 98% 2e-44; Gap: 15; LO: yes; RBS: -1.748, 2.989, 11, -2.505, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zepp_23, MN908686/98%/2e-44; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Most annotated start is not present in this gene, but start selected is called 100% when present. It also yields longest ORF. Function is NKF and not ambiguous.

Gene 23
SSC: start 16765, stop 17634; CP: yes; SCS: Both called start at 16765; ST: SS; Blast Start: matches Hasitha_23 Query 1 to Subject 1 99% e-169; Gap: overlap of 1; LO: NA; RBS: -3.178, 2.352, 14, -4.525, no; F: endolysin; SIF-BLAST: endolysin/PhageDB BLAST/GreenIvy_23, PP978818/99%/e-168; SIF-HHPred: endolysin, at least one match with a probability above 99%; SIF-Syn: endolysin
Notes: Start conserved and yields longest ORF. For function, all data suggest endolysin:
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However, if we have another lysin, then we will need to call this Lysin A and the other Lysin B, per the Bioinformatics Guide:
Endolysins: Actinobacteriophages have at least one, if not two, endolysins that aid in the disruption of the cell wall upon completion of the lytic cycle. Lysin A is present in nearly every Actinobacteriophage genome, and is quite modular with multiple domains, including a peptidoglycan binding domain. In some Gordonia phages, lysin A is split along domain boundaries into two separate adjacent genes. Lysin B is present in some, but not all, Mycobacteriophages, and some, but not all Gordonia phages. If present, there is only one copy of lysin B. Lysin B is identifiable by alignment to cutinase domain proteins. In annotations of actinobacteriophages that are not mycobacteriophages and only have a single lysin, we use the term "endolysin" in our annotations, rather than designating the single lysin as "lysin A".
lysin A 
Rank: 1
lysin B
Rank: 3

Gene 24
SSC: start 17697, stop 18245; CP: yes; SCS: Both called start at 17697; ST: SS; Blast Start: matches QuadZero_24 Query 1 to Subject 1 100% e-103; Gap: 62; LO: yes; RBS: -2.770, 2.509, 9, -3.545, yes; F: membrane protein; SIF-BLAST: NKF/PhageDB BLAST/ QuadZero_24, MZ150787/100%/e-103; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Though there is a large gap, this start yields the longest ORF, is the most annotated and has the best RBS values. All evidence for this points to NKF EXCEPT the DeepTMHMM output! This is a membrane protein!
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Gene 25
SSC: start 18242, stop 18604; CP: yes; SCS: Both called start at 18242; ST: SS; Blast Start: matches QuadZero_25 Query 1 to Subject 1 100% 9e-64; Gap: overlap of 4; LO: yes; RBS: -2.736, 2.525, 13, -3.782, no; F: membrane protein; SIF-BLAST: NKF/PhageDB BLAST/ QuadZero_25, MZ150787/100%/9e-64; SIF-HHPred: membrane protein, one match for a membrane pore with a probability above 90%; SIF-Syn: NKF
Notes: Start not most annotated but is called 100% of time when present. It also yields longest ORF. For function, this is another membrane protein! BLAST and Phamerator suggest NKF, but Deep TMHMM shows membrane protein:
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Also there is one HHPred hit with 94% probability for an CRISPR accessory protein that is a membrane pore protein:
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Gene 26
SSC: start 18608, stop 18955; CP: yes; SCS: Both called start at 18608; ST: SS; Blast Start: matches Zepp_27 Query 1 to Subject 1 100% 3e-58; Gap: 3; LO: yes; RBS: -1.748, 2.989, 10, -2.443, yes; F: membrane protein; SIF-BLAST: holin/PhageDB BLAST/Zayuliv_26, MT889377/100%/3e-58; SIF-HHPred: NKF, though there is one hit to holin with probability of 88%; SIF-Syn: membrane protein, given there are two other membrane proteins upstream
Notes: Start is called 100% of time when present and yields longest ORF. For function, most call this NKF, but there is one BLAST hit for holin. However, the Function List says that:
evidence needed to call a holin can include biochemical data (1), seqeunce similarity to genes with biochemical data (2), at least 2 transmembrane domians found and the gene be adjacent to the endolysins (s), conderved domain hits (4), and the abscence of additional transmembrane domains in the area. The literature suggests that some phages have more than one holin, for now when we seem multiple possibilities for a holin gene, let's call them membrane proteins.
There are more than 2 membrane domains in this protein but there are additional membrane proteins in the area. So I think we should call this a membrane protein and not holin:
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Gene 27 reverse!
SSC: start 19305, stop 19120; CP: yes; SCS: Both called start at 19305; ST: SS; Blast Start: matches QuadZero_27, Query 1 to Subject 1 100% 4e-28; Gap: 12; LO: yes; RBS: -1.236, 3.229, 12, -2.072, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ QuadZero_27, MZ150787/100%/4e-28; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Most annotated start not present but this start is called 100% of time when present. It also yields the longest ORF and has best RBS values. NKF is unambiguous.

Gene 28 – reverse!
SSC: start 19503, stop 19318; CP: yes; SCS: Both called start at 195035; ST: SS; Blast Start: matches Fulton_28 Query 1 to Subject 1 100% 1e-27; Gap: 19; LO: yes; RBS: -4.737, 1.586, 9, -5.512, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/Fulton_28 PQ559670/100%/1e-27; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated and yields longest ORF. NKF is unambiguous.
Gene 29 – reverse!
SSC: start 19705, stop 19523; CP: yes; SCS: Both called start at 19705; ST: SS; Blast Start: matches Zayuliv_29 Query 1 to Subject 1 100% 6e-31; Gap: overlap of 1; LO: yes; RBS: -4.663, 1.621, 13, -5.709, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zayuliv_29, MT889377/100%/6e-31; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start called 100% of time when present and yields longest ORF. Function NKF and not ambiguous.

Gene 30 – reverse!
SSC: start 20217, stop 19705; CP: yes; SCS: Both called start at 20217; ST: SS; Blast Start: matches Librie_30 Query 1 to Subject 1 99% 2e-98; Gap: 77; LO: yes; RBS: -1.748, 2.989, 10, -2.443, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Librie_30, ON970570/99%/2e-98; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start was most annotated and yielded longest ORF. NKF well supported.

Gene 31 -reverse!
SSC: start 21962, stop 20295; CP: yes; SCS: Glimmer called more conserved start at 21962, GeneMark called start at 21893; ST: SS; Blast Start: matches Zepp_32 Query 1 to Subject 1 99% 0.0; Gap: overlap of 25; LO: yes; RBS: -1.597, 3.059, 12, -2.433, yes; F: DNA primase/helicase; SIF-BLAST: DNA primase/helicase /PhageDB BLAST/Fulton_31, PQ559670/99%/0.0; SIF-HHPred: DNA primase/helicase, hits to both DNA primase and DNA helicase with probability above 99%; SIF-Syn: DNA primase/helicase
Notes: Went with Glimmer start as it was most conserved. For function, this was hard!! There are calls for RecA-like DNA recombinase and DNA primase/helicase. For the former, there is a whole ppt in the Function List explaining what this call needs in the HHPred output (link: file:///C:/Users/hnance/Downloads/How%20to%20call%20a%20RecA%20recombinase_8.3.23.pdf). Based on this, I do not think we have a RecA-like recombinase, or the ASCE ATPase. 
LilTerminator output:
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Here is the output for Spud_205 (example in ppt from Function List):
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To call this DNA primase/helicase, the Function List says you have to have both hits in HHPred. The example phage given is Schubert_31. Here is that HHPred output:
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I think this is what we should call it given the hits are closer to Schubert’s and the alignment looks more like it than RecA-like DNA recombinase. 

Gene 32 - reverse
SSC: start 22231, stop 21938; CP: yes; SCS: Both called start at 22231; ST: SS; Blast Start: matches Zepp_33 Query 1 to Subject 1 100% 1e-51; Gap: overlap of 1; LO: yes; RBS: -5.906, 1.038, 10, -6.601, no; F: nuclease; SIF-BLAST: nuclease/PhageDB BLAST/ Zepp_33, MN908686/100%/1e-51; SIF-HHPred: nuclease or VRR-Nuc domain protein, several matches with a probability above 99%; SIF-Syn: nuclease
Notes: Start is conserved and yields longest ORF. For function, most BLAST hits are for nuclease. The top hits in HHPred are also for nuclease or VRR-Nuc domain protein. 
[image: ]
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The Function List doesn’t have any additional info or an example for nuclease. For VRR-Nuc domain protein, there is only an example: Zeina-89. Here is Zeina-89 HHpred output:
[image: ]
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Gene 33 - reverse
SSC: start 23094, stop 22231; CP: yes; SCS: Both called start at 23094; ST: SS; Blast Start: matches QuadZero_33 Query 1 to Subject 1 98% e-159; Gap: 31; LO: yes; RBS: -1.462, 3.123, 13, -2.507, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ QuadZero_33, MZ150787/98%/e-159; SIF-HHPred: NKF, a few partial matches with a probability above 90%, but for proteins not found in phage or bacteria, or for NKF proteins; SIF-Syn: NKF
Notes: Start is most annotated in Starterator. For function, BLAST and synteny support NKF. HHPred had several partial hits above 90%, but all were either for NKF and/or proteins not found in either phage or bacteria. There is one partial hit for a DNA binding protein. This is in the Official Phage Functions list and there are a few examples but not much else specific:
[image: ]
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Gene 34 - reverse
SSC: start 23821, stop 23126; CP: yes; SCS: Both called start at 23821; ST: SS; Blast Start: matches Zayulive_34 Query 1 to Subject 1 100% e-128; Gap: overlap of 4; LO: NA; RBS: -4.875, 1.522, 9, -5.650, no; F: ASCE ATPase; SIF-BLAST: AAA ATPase/PhageDB BLAST/ Zayuliv_34, MT889377/100%/e-128; SIF-HHPred: ASCE ATPase;, several matches with a probability above 90% for RecA, AAA, recombinase… asked on forum; SIF-Syn: AAA ATPase
Notes: Start is conserved and unambiguous. Function is not! Nearly all BLAST hits are for AAA ATPase, but the function list says not to call this anymore and provides the link to Sally Malloy’s ppt on when to call RecA recombinase and when to call ASCE ATPase. 
https://www.dropbox.com/scl/fi/llayt62i51ogautc5sgul/How-to-call-a-RecA-recombinase_8.3.23.pptx?rlkey=kg1y5j5kifdi2ooajuj4k1ekg&e=1&dl=0
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I don’t see all features needed to call RecA recombinase based on the ppt, but it doesn’t seem like ASCE ATPase’s are in cluster EA? The Cluster Annotation Report (can’t locate it again on Forum) implied that these phage had both AAA ATPase and RecA recombinase? 
Debbie just said to call it ASCE ATPase!
[image: ]

Gene 35 - reverse
SSC: start 24996, stop 23818; CP: yes; SCS: Both called start at 24996; ST: SS; Blast Start: matches Zayuliv_35 Query 1 to Subject 1 100% 0.0; Gap: overlap of 1; LO: NA; RBS: -4.228, 1.825, 13, -5.274, no; F: Cas4 family exonuclease; SIF-BLAST: Cas4 family exonuclease /PhageDB BLAST/Librie_35, ON970570/100%/0.0; SIF-HHPred: Cas4 family exonuclease, several matches with a probability above 99% that better align and are supported with forum post on this; SIF-Syn: Cas4 family exonuclease
Notes: Start is conserved. For function, there were some hits for nuclease, RecB-like exonuclease/helicase, and Cas4 family exonuclease:
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Here’s what the function list said
[image: ]
HHPred had hits to both helicase and nuclease domains, AND hits to what is needed to call Cas4:
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I read thru all the info on this call in the forum – there was a lot!
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Here is the screenshot referenced:
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When I look at the alignments for the helicase domains, they are similarly at the C-terminus of the gene:
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But the Cas4 domains align with the whole protein:
[image: ]
Based on this and the lengthy forum post, I’m going to call this the Cas4 family exonuclease! 

Gene 36 – reverse – changed start to 25160 on 2/7/25!
SSC: start 25160, stop 24996; CP: yes; SCS: Glimmer called start at 25172, GeneMark called 25106, but I changed start to 25160 as this was most annotated; ST: SS; Blast Start: matches Zepp_37 Query 1 to Subject 1 98% 1e-26; Gap: overlap of 14; LO: NA; RBS: -3.861, 1.998, 10, -4.555, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/Zepp_37, MN908686/98%/1e-26; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Function was NKF and unambiguous. Start on this was tricky. Neither GeneMark or Glimmer called the most conserved start in Starterator. GeneMark’s call yielded a large gap of 40 BP, and only 3 other phage called it. Glimmer’s call yielded an overlap of 26 BP and was only called in the LilTerminator draft. 
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Neither of these yielded 1:1 Q:S in BLAST:
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Also, there wasn’t coding potential for the Glimmer start:
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I went with the most conserved start in Starterator that yielded the most 1:1 Q:S in BLAST. This start is 25160. 
[image: ]
There is an overlap of 14 BP with this start, but all phage in EA5 have a slight overlap with this gene.
[image: ]

Gene 37 - reverse
SSC: start 27012, stop 25147; CP: yes; SCS: Both called start at 27012; ST: SS; Blast Start: matches Zepp_38 Query 1 to Subject 1 100% 0.0; Gap: 169; LO: yes; RBS: -1.748, 2.989, 13, -2.794, no; F: DNA polymerase I; SIF-BLAST: DNA polymerase I /PhageDB BLAST/Zepp_38, MN908686/100%/0.0; SIF-HHPred: DNA polymerase I, several matches with a probability of 100%; SIF-Syn: DNA polymerase I
Notes: Start was most conserved and yielded longest ORF. There is a large gap of 169 BP, however. This gap is conserved in other phage in EA5. [image: ]
Also, in Phamerator there is a gap in other phage, but some have this weird gray box that is not a gene…
[image: ]
For function, all data suggests DNA polymerase I. 
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Gene 38 - reverse
SSC: start 27577, stop 27182; CP: yes; SCS: Both called start at 27577; ST: SS; Blast Start: matches Librie_39 Query 1 to Subject 1 99% 1e-66; Gap: 88; LO: yes; RBS: -1.748, 2.989, 10, -2.443, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/Librie_39, ON970570/99%/1e-66; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated and function of NKF well supported. Nothing ambiguous!

Gene 39 - reverse
SSC: start 29093, stop 27666; CP: yes; SCS: Both called start at 29093; ST: SS; Blast Start: matches GreenIvy_40 Query 1 to Subject 1 100% 0.0; Gap: overlap of 4; LO: yes; RBS: -2.654, 2.564, 15, -4.256, no; F: DNA helicase; SIF-BLAST: DNA helicase /PhageDB BLAST/GreenIvy_40, PP978818/100%/0.0; SIF-HHPred: NKF, several matches with a probability of 100%; SIF-Syn: DNA helicase
Notes: Start is conserved and yields longest ORF. For function, all data supports DNA helicase:
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Gene 40 - reverse
SSC: start 29365, stop 29090; CP: yes; SCS: Both called start at 29365; ST: SS; Blast Start: matches Zepp_41 Query 1 to Subject 1 98% 5e-49; Gap: overlap of 1; LO: NA; RBS: -3.225, 2.296, 10, -3.920, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zepp_41, MN908686/98%/5e-49; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. Function of NKF supported by all data.

Gene 41 - reverse
SSC: start 29589, stop 29365; CP: yes; SCS: Both called start at 29589; ST: SS; Blast Start: matches Zayuliv_42 Query 1 to Subject 1 97% 9e-37; Gap: overlap of 1; LO: yes; RBS: -3.079, 2.364, 9, -3.854, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zayuliv_42, MT889377/97%/9e-37; SIF-HHPred: NKF, a few partial matches with a probability above 90%, but some are for NKF or human proteins; SIF-Syn: NKF
Notes: Start is most annotated. Function is supported as NKF. There are a few bits above 90%, but all are  partial and for NKF, human proteins, anchor proteins or chitin synthesis – not expected to be in phage.
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Gene 42 - reverse
SSC: start 30449 stop 29589; CP: yes; SCS: Both called start at 30449; ST: SS; Blast Start: matches Librie_43 Query 1 to Subject 1 96% e-162; Gap: overlap of 4; LO: yes; RBS: -1.620, 3.049, 13, -2.666, yes; F: MazG-like nucleotide pyrophosphohydrolase; SIF-BLAST: MazG-like nucleotide pyrophosphohydrolase /PhageDB BLAST/Librie_43, OK318957/96%/e-162; SIF-HHPred: MazG-like nucleotide pyrophosphohydrolase, several partial matches with a probability above 90%; SIF-Syn: MazG-like nucleotide pyrophosphohydrolase
Notes: Start is most annotated. For function, all BLAST hits are calling this MazG-like nucleotide pyrophosphohydrolase. It’s in the Official Function List. Here are the HHPred hits:
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Here is the example phage’s hits (Che12_40):
[image: ]
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In the forum, there is a post on calling this function, and adding others to the Official List:
[image: ]
There isn’t an example for a MutT-like nucleotide pyrophosphohydrolase, so I’m sticking with Maz-G-like, as this is in a few of the HHPred hits.

Gene 43- reverse
SSC: start 31228, stop 30446; CP: yes; SCS: Both called start at 31228; ST: SS; Blast Start: matches Zepp_44 Query 1 to Subject 1 100% e-147; Gap: overlap of 23; LO: NA; RBS: -2.791, 2.499, 11, -3.548, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zepp_44, MN908686/100%/e-147; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Most annotated start is not present in this gene, but the start is most conserved. Function is NKF and not ambiguous.
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Gene 44 - reverse
SSC: start 31799, stop 31206; CP: yes; SCS: Both called start at 31799; ST: SS; Blast Start: matches Zepp_45 Query 1 to Subject 1 100% e-114; Gap: 9; LO: yes; RBS: -2.245, 2.756, 9, -3.020, yes; F: thymidylate kinase; SIF-BLAST: thymidylate kinase /PhageDB BLAST/Zepp_45, MN908686/100%/e-114; SIF-HHPred: thymidylate kinase, several matches with a probability above 99%; SIF-Syn: thymidylate kinase
Notes: Start is most annotated. Function is supported by BLAST and HHPred as thymidylate kinase. This is on the official function list, so I’m going with that.
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Gene 45 - reverse
SSC: start 32747, stop 31809; CP: yes; SCS: Both called start at 32747; ST: SS; Blast Start: matches Hasitha_46 Query 1 to Subject 1 100% 0.0; Gap: overlap of 4; LO: yes; RBS: -2.071, 2.837, 9, -2.845, yes; F: glycosyltransferase; SIF-BLAST: glycosyltransferase/PhageDB BLAST/Hasitha_46, MZ622182/100%/0.0; SIF-HHPred: glycosyltransferase, several matches with a probability above 99%; SIF-Syn: glycosyltransferase
Notes: Start is most annotated. Support from BLAST and HHPred that this is glyosyltransferase. 
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Gene 46 - reverse
SSC: start 33718, stop 32744; CP: yes; SCS: Both called start at 33718; ST: NI; Blast Start: matches Zepp_47 Query 1 to Subject 1 100% 0.0; Gap: overlap of 8; LO: NA; RBS: -3.261, 2.279, 13, -4.307, no; F: glycosyltransferase; SIF-BLAST: glycosyltransferase /PhageDB BLAST/Zepp_47, MN908686/100%/0.0; SIF-HHPred: glycosyltransferase, several matches with a probability above 99%; SIF-Syn: glycosyltransferase
Notes: This gene occurs twice in the genome of LilTerminator and other phages in EA5. 
[image: ]
Therefore, this gene shows up twice in Phamerator. Gene 46 has the most annotated start, while gene 47 obviously has a start further downstream. So the Starterator data is not that informative. 
For function, BLAST, HHPred and synteny support this function as glycosyltransferase:
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[image: ]
[image: ]

Gene 47 - reverse
SSC: start 33956, stop 33711; CP: yes; SCS: Only GeneMark called this gene and start at 33956; ST: SS; Blast Start: matches GreenIvy_47 Query 1 to Subject 1 100% 6e-46; Gap: 59; LO: no; RBS: -1.748, 2.989, 9, -2.523, no, but same values as other start I was considering; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/GreenIvy_47, PP978818/100%/6e-46; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most conserved in Starterator, but yields a 59bp gap. There is another start of 34019 that would yield an overlap of 4bp. This start is called 35% of the time when present and there were 5 MAs for it. The GeneMark output doesn’t support this start with coding potential:
[image: ]
Also, it looks like this large gap is conserved in some EA5 phage, while the gene looks a little longer in others:
[image: ]
For function, there is support for NKF
[image: ]

Gene 48 - reverse
SSC: start 34156, stop 34016; CP: yes; SCS: Both called start at 34156; ST: SS; Blast Start: matches Zepp_49 Query 1 to Subject 1 100% 2e-18; Gap: overlap of 4; LO: yes; RBS: -5.656, 1.155, 6, -7.401, no; F: membrane protein; SIF-BLAST: NKF/PhageDB BLAST/Zepp_49, MN908686/100%/2e-18; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. For function, all data suggests NKF EXCEPT the DeepTMHMM data:
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We have to call this a membrane protein!!

Gene 49 - reverse
SSC: start 34908, stop 34153; CP: yes; SCS: Both called start at 34908; ST: SS; Blast Start: matches GreenIvy_49 Query 1 to Subject 1 99% e-146; Gap: 72; LO: yes; RBS: -1.748, 2.989, 12, -2.584, yes; F: thymidylate synthase; SIF-BLAST: thymidylate synthase /PhageDB BLAST/ GreenIvy_49, PP9788187/99%/e-146; SIF-HHPred: thymidylate synthase, several matches with a probability above 100%; SIF-Syn: thymidylate synthase
Notes: Most annotated start is not present, but start called by Glimmer and GeneMark is called 95% of the time when present. For function, there is support for thymidylate synthase:
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Gene 50 - reverse
SSC: start 35160, stop 34981; CP: yes; SCS: Both called start at 35160; ST: SS; Blast Start: matches GreenIvy_50 Query 1 to Subject 1 100% 2e-25; Gap: 11; LO: yes; RBS: -1.439, 3.134, 11, -2.196, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ GreenIvy_50, PP978818/100%/2e-25; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. NKF for function well-supported:
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Gene 51 - reverse
SSC: start 35378, stop 35172; CP: yes; SCS: Both called start at 35378; ST: SS; Blast Start: matches Zayuliv_52 Query 1 to Subject 1 100% 2e-29; Gap: 9; LO: yes; RBS: -5.348, 1.300, 13, -6.394, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zayuliv_52, MT889377/100%/2e-29; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Most annotated start is not present, but the start called by Glimmer and GeneMark is called 100% of time when present. Function is NKF and unambiguous.
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Gene 52 - reverse
SSC: start 35543, stop 35388; CP: yes; SCS: Both called start at 35543; ST: SS; Blast Start: matches Zayuliv_53 Query 1 to Subject 1 100% 2e-26; Gap: overlap of 4; LO: yes; RBS: -5.106, 1.413, 15, -6.708, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zayuliv_53, MT889377/100%/2e-26; SIF-HHPred: NKF; no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. Function is NKF and unambiguous:
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Gene 53- reverse
SSC: start 36406, stop 35540; CP: yes; SCS: Both called start at 36406; ST: SS; Blast Start: matches Zayuliv_54 Query 1 to Subject 1 100% e-167; Gap: overlap of 4; LO: yes; RBS: -1.748, 2.989, 9, -2.523, yes; F: 5-hmU DNA kinase; SIF-BLAST: NKF/PhageDB BLAST/ Zayuliv_54, MT889377/100%/e-167; SIF-HHPred: 5-hmdU DNA kinase, one match with a probability of 100%; SIF-Syn: NKF
Notes: Start is most annotated. For function, most BLAST hits are for NKF, MuF-like minor capsid, minor capsid or DNA helicase. However, the HHPred hit 5-hmU DNA kinase with 100% probability:
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This function is in the Official List with no extra data except an example phage, Wooper_4. 
The Pfam entry for this HHPred hit supports that this would be found in a phage:
This entry represents an alpha-helical domain found in 5-hmdU DNA kinase (HMUDK), a P-loop nucleotide kinase that phosphorylates 5-hydroxymethyluracil (5hmdU) into 5-phosphomethyl-2'-deoxyuridine (5-PmdU) on DNA as a step in the pathway leading to thymidine hypermodifications in the viral genome HMUDK also transfers glutamate to 5-pyrophosphoryloxymethyldeoxyuridine (5-PPmdU) to produce 5-Nalpha-glyutamylthymidine (Nalpha-GluT)  These modifications probably prevent degradation of viral genome by the host restriction-modification antiviral defense system. Members of this entry (formerly known as aGPT-Pplase1) are found in phages with hypermodified bases and eukaryotes such as fungi and stramenopiles.

Gene 54 - reverse
SSC: start 36654, stop 36403; CP: yes; SCS: Both called start at 36654; ST: SS; Blast Start: matches Zayuliv_55 Query 1 to Subject 1 97% 3e-41; Gap: overlap of 8; LO: NA; RBS: -2.611, 2.584, 11, -3.368, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zayuliv_55, MT889377/97%/3e-41; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. Function is NKF and unambiguous:
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Gene 55 - reverse
SSC: start 36994, stop 36647; CP: yes; SCS: Both called start at 36994; ST: SS; Blast Start: matches QuadZero_56, Query 1 to Subject 1 100% 2e-60; Gap: overlap of 4; LO: yes; RBS: -4.234, 1.822, 9, -5.009, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ QuadZero_56, MZ150787/100%/2e-60; SIF-HHPred: NKF; no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. NKF is unambiguous:
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Gene 56 - reverse
SSC: start 37239, stop 36991; CP: yes; SCS: Glimmer called most annotated start of 37239, GeneMark called start of 37242; ST: SS; Blast Start: matches GreenIvy_56 Query 1 to Subject 1 97% 4e-40; Gap: overlap of 1; LO: NA; RBS: -2.903, 2.447, 10, -3.598, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/GreenIvy_56, PP978818/97%/4e-40; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Glimmer start was most annotated and had same RBS values as the GeneMark start. GeneMark start had an overlap of 4 while the Glimmer start had an overlap of 1. I went with the more conserved Glimmer start.
Function is NKF and unambiguous:
[image: ]


Gene 57 - reverse
SSC: start 37889, stop 37239; CP: yes; SCS: Both called start at 37889; ST: SS; Blast Start: matches QuadZero_58 Query 1 to Subject 1 86% e-103; Gap: overlap of 4; LO: yes; RBS: -1.748, 2.989, 11, -2.505, yes; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ QuadZero_58, MZ150787/86%/e-103; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. NKF is unambiguous:
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Gene 58 - reverse
SSC: start 38362, stop 37886; CP: yes; SCS: Both called start at 38362; ST: SS; Blast Start: matches GreenIvy_58 Query 1 to Subject 1 76% 2e-60; Gap: overlap of 1; LO: yes; RBS: -6.282, 0.862, 13, -7.327, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ GreenIvy_58, PP978818/76%/2e-60; SIF-HHPred: NKF, a few partial matches with a probability above 90%, but not for functions found in phages; SIF-Syn: NKF
Notes: Start is most annotated. Function is NKF. There are a few of hits above 90% in HHpred, but they are for a nematode binding protein and a protein linked to ALD in humans:
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[image: ]

Gene 59 - reverse
SSC: start 38634, stop 38362; CP: yes; SCS: Glimmer called most annotated start at 38634, GeneMark called start at 38652; ST: SS; Blast Start: matches Zayuliv_60 Query 1 to Subject 1 100% 2e-46; Gap: 405; LO: no; RBS: -1.748, 2.989, 9, -2.523, no, but better than other two starts that yield a longer ORF; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ Zayuliv_60, MT889377/100%/2e-46; SIF-HHPred: NKF, one match with a probability above 90%, but for NKF; SIF-Syn: NKF
Notes: Glimmer start is most annotated, although there are two other starts that yield a longer ORF. However, either of those starts will still have a large gap (100s of BPs) between the next gene. This large gap is conserved across other phage in EA5. Also, in the DNAMaster Frames view, there aren’t any large ORFs that we could check for a missing gene in any of the possible reading frames.
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The GeneMark output shows coding potential for start 38652 (obviously):
[image: ]
Function is NKF. There was one hit with a high probability, but it was for NKF:
[image: ]

Gene 60 
SSC: start 39040, stop 39240; CP: yes; SCS: Both called start at 39040; ST: SS; Blast Start: matches Zayuliv_61 Query 1 to Subject 1 90% 1e-32; Gap: 405; LO: yes; RBS: -4.013, 1.926, 13, -5.059, no; F: membrane protein; SIF-BLAST: NKF/PhageDB BLAST/ Zayuliv_61, MT889377/90%/1e-32; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated. All data suggests NKF for function, except DeepTMHMM!
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Gene 61
SSC: start 39240, stop 39647; CP: yes; SCS: Both called start at 39240; ST: SS; Blast Start: matches QuadZero_62 Query 7 to Subject 10 64% 3e-39; Gap: overlap of 1; LO: no; RBS: -4.623, 1.640, 10, -5.318, no; F: NKF; SIF-BLAST: NKF/PhageDB BLAST/ QuadZero_62, MZ150787/64%/3e-39; SIF-HHPred: NKF, no matches with a probability above 90%; SIF-Syn: NKF
Notes: Start is most annotated in Starterator and both Glimmer and GeneMark called it. But there are no 1:1 hits in BLAST with this start. Odd. However, this start yields an overlap of 1 and the other start that would yield the longest ORF would also yield an overlap of 82bps. Based on this, I think the best start is what is most annotated and what both called in DNA Master.
For function, all data suggests NKF. 
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7404171 HHPR X

7763188 HHPR X Aligned | Target
Nr Hit Name Probability ~ Evalue ~ Score  sS  cols Length

1 Qoenig GSTG_BPT6 Beta-glucosy-HMC-alpha-  99.94 1.4e25 208 181 249 280

glucosyltransferase OS=Enterobacteria
phage T6 OX=10666 PE=4 SV=1

2 PR206912 ; TAGT; TET-Associated 99.32 4110 9924 176 87 226
Glycosyltransferase

3 3BOVA Putative glycosyltransferase protein; 98.91 1.9e7 8151 159 86 240
Glycosyltransferase, Protein Structure
Initiative II, PSL-1, 120593, NYSGXRC,
str

4 ePeIC Glycosyltransferase; SSGCID, Structural ~ 98.81 00000018 7547 183 213 228
Genomics, Seattle Structural Genomics
Center for Infectious Disease,
TRANSFERASE

5 SHEAA Putative glycosyltransferase (GalT1); 98.67 95e7 803 127 24 206
Glycosyltransferase, helix binding
domain, TRANSFERASE; 2.003A
{Streptococcus para

6 QSURI4 YR139_MIMIV Uncharacterized 98.66 00000037 7629 162 203 248
glycosyltransferase R139
0Os=Acanthamoeba polyphaga
mimivirus OX=212035 GN=MIMI_R139
PE=35)

7 SCOP.dixhba2  C68.1.17 (A95-422) Polypeptide N- 98.64 0000019 7335 205 233 228
acetylgalactosaminyltransferase 1, N-
terminal domain {Mouse (Mus
musculus) [Taxld: 10

ATP synthase subunits region ORF 6; 0.0000042
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LilTerminator_Draft_47, function unknoun, 324 s 0.0
Zepp_47, glycosyltransferase, 324 &9 e

Zzayuliv_47, glycosyltransferase, 324 &9 e

Librie 47, glycosyltransferase, 324 &9 e

Hasitha_47, glycosyltransferase, 324 &9 e

Fulton_47, glycosyltransferase, 324 &9 e

CaptainRex 47, glycosyltransferase, 324 &9 e

BaronJohn_Draft_49, function unknown, 324 59 6.0

Wardwill Draft_2s, function unknown, 329 &7 6.0

GreenIvy 46, glycosyltransferase, 324 6 e.0

Quadzero_47, glycosyltransferase, 320 a6 0.0

TwoBits_Draft_4s, function unknown, 329 581 e-166
Mercedes_42, glycosyltransferase, 322 535 e-152
Schubert_45, glycosyltransferase, 317 w272
SJay_48, glycosyltransferase, 310 251 2e-66
Nagen_48, glycosyltransferase, 310 251 2e-66
MacLinda 48, glycosyltransferase, 310 251 2e-66
Acosta_56, glycosyltransferase, 311 251 2e-66
Schnapsidee 48, glycosyltransferase, 310 250 4e-66
Redfield_as, glycosyltransferase, 310 250 4e-66
Peppino_a, glycosyltransferase, 317 250 4e-66
Jasond_Draft_52, function unknown, 311 250 4e-66
BeeBees_49, glycosyltransferase, 317 250 4e-66
Balsa_47, glycosyltransferase, 310 25 4e-66
Raccoon_4, glycosyltransferase, 317 289 se-66
Leafus_48, glycosyltransferase, 317 289 se-66
Jenos_51, glycosyltransferase, 311 289 se-66
Garey2s_45, glycosyltransferase, 310 289 se-66
HairyMan Draft_a4, function unknown, 312 289 7e-66
CarisSwetlik_Draft_51, function unknown, 311 229 7e-66
Endor_49, glycosyltransferase, 310 289 9e-66
Winzigespinne 47, glycosyltransferase, 310 288 2e-65
Tenda_47, glycosyltransferase, 310 288 2e-65
TeddyBear_47, glycosyltransferase, 310 288 2e-65
StingRay_47, glycosyltransferase, 310 288 2e-65
Son0fLevi_48, glycosyltransferase, 310 288 2e-65
RosieMae_Draft_49, function unknown, 310 228 2e-65
Rogl41 47, glycosyltransferase, 310 288 2e-65
Pocket_47, glycosyltransferase, 310 288 2e-65
Oats_a7, glycosyltransferase, 310 288 2e-65
Nattles 47, glycosyltransferase, 310 288 2e-65
ManRay_47, glycosyltransferase, 310 288 2e-65
Klimt_3s, glycosyltransferase, 310 288 2e-65
Kale 47, glycosyltransferase, 310 288 2e-65
Gubbabump_47, glycosyltransferase, 310 288 2e-65
Gershwin_47, glycosyltransferase, 310 288 2e-65
Gelo_a7, glycosyltransferase, 310 288 2e-65
Exploradora_Draft_49, function unknown, 310 228 2e-65
Etta 47, glycosyltransferase, 310 288 2e-65
Espinosa_47, glycosyltransferase, 310 288 2e-65
Erla_47, glycosyltransferase, 310 288 2e-65
ChriStoph_47, glycosyltransferase, 310 288 2e-65
Chanuel 47, glycosyltransferase, 310 288 2e-65
Calix_47, glycosyltransferase, 310 288 2e-65
Bonino_47, glycosyltransferase, 310 288 2e-65
Baines_47, glycosyltransferase, 310 288 2e-65
Aubergine 47, glycosyltransferase, 310 288 2e-65
Asta_a7, glycosyltransferase, 310 288 2e-65
Zada_49, glycosyltransferase, 310 288 2e-65

3

Tinsulphur 49, glycosyltransferase, 310
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Aligned | Target
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1 4Gsc Protein prgH; FHA domain, CELL 61.82 4 257 36 28 m
INVASION; 1.858A {Salmonella
enterica subsp. enterica serovar
Typhimurium}

2 sGM9A Glycoside hydrolase family 45 protein;  44.1 %0 2581 34 28 23
substrate binding, cellulase, inhibitor,
HYDROLASE; HET: GLC, BGC; 1.36A
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12 3KGBA Thymidylate synthase 1/2; SSGCID, 100 71e37 26054 205 24 294
NIH, NIAID, SBRI, UW, DECODE,
ENCEPHALITOZOON CUNICULL,
THYMIDYLATE SYNTHASE, Methyitr

D Date Tool

9707212 HHPR X
3801031 HHPR X 13 SCOP.d4wsa_  d117.1.1 (A) Thymidylate synthase 100 16e36 26336 22 221 264
{Escherichia coli [Taxid: 5621} | CLASS:
8399349 HHPR X Alpha and beta proteins (a+b), FOLD:
Thymid
7404171 HHPR X
7763188 HHPR X 14 4xspC Thymidylate synthase; Vzv, 100 22e36 26812 22 24 E|

thymidylate synthase, herpesvirus,
viral protein; HET: UMP; 2.9A {Varicella-
zoster virus (str

15 4FQSA Thymidylate synthase; Transferase, 100 41e37 26687 182 220 263
Folate binding, TRANSFERASE-
TRANSFERASE INHIBITOR complex;
HET: UMP, LYA; 1.8A {Mycob

@16 70oPaA Thymidylate synthase; THYMIDYLATE 100 18e36 26843 212 232 306
SYNTHASE, NUCLEOTIDE SYNTHASE,
TRANSFERASE, METHYLTRANSFERASE;
HET: MTX, BME, UMP; 1.5

17 Q89940 TYSY_EHV2 Thymidylate synthase 100 1e36 26793 192 224 289
0s=Equine herpesvirus 2 (strain 86/87)
OX=82831 GN=70 PE=3 SV=1

@18 oNNRA Thymidylate synthase; nucleotide 100 17e36 26324 203 218 264
synthesis, hydride transfer, methyl
transfer, cancer drug target,
TRANSFERASE; HET: UMC

@1 o8B Thymidylate synthase; PROTEIN 100 22e36 26883 211 226 Ei
DIMER, DEOXYNUCLEOTIDE
BIOSYNTHESIS, TRANSFERASE; HET:
504; 1.13A {Caenorhabditis elegans}

@20 4«mA Thymidylate synthase; 100 6e-37 mar 173 24 307
methyltransferase, ternary complex,
dihydrofolic acid, Transferase-
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8275373 HHPR X
@'  Pros27417 ; YjdM_Zn_Ribbon ; PhnA Zinc-Ribbon ~~ 91.1 075 255 21 23 EY
2 cdiosn Zn-ribbon_TFS; C-terminal zinc ribbon ~ 83.29 62 761 26 30 a7
domain of archaeal Transcription
Factor S (TFS). TFS is an archaeal
protein that s
3 PRSI + 2FTFIIB; Transcription factor zinc- 801 27 23 14 % 2
finger
4 7AELI DNA-directed RNA polymerase Ill 816 a5 22 21 2% 108
subunit RPC10; HUMAN,
TRANSCRIPTION, SHORT RNAS; 2.84
{Homo sapiens}
5  8QSBA Small CPxCG-related zin finger 7573 59 601 16 15 56
protein; zinc-finger, METAL BINDING
PROTEIN; NMR {Haloferax volcanii
D52}
6 PF22109. ; TFIIB_Zn-ribbon_Tryp ; Transcription 7563 16 1725 28 38 40
factor 11B, zinc ribbon, Trypanosome
7 GRULI DNA-directed RNA polymerase I 75.56 65 26 16 28 125
subunit RPA12; RNA Polymerase I, Pre-
initiation complex, PIC, Open Complex,
0, Core Facto
8 8HIML DNA-directed RNA polymerases 1L,V 73.73 8 1838 28 28 51

and V subunit 12; DNA-dependent RNA
polymerase V, TRANSCRIPTION; 2.8A
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LilTerminator Draft_50, function unknoun, 251 519 e-147
GreenIvy_49, thymidylate synthase, 251 514 e-145
Wardwill Draft_51, function unknown, 251 513 e-1ss
BaronJohn_Draft_52, function unknown, 251 512 e-1as
Quadzero_56, thymidylate synthase, 251 512 e-14s
Librie_so, thymidylate synthase, 270 299 e-141
Hasitha_s6, thymidylate synthase, 270 299 e-141
Fulton_50, thymidylate synthase, 270 299 e-141
CaptainRex 56, thymidylate synthase, 276 299 e-141
Zayuliv_se, thymidylate synthase, 266 a2 e-139
Zepp_Se, thymidylate synthase, 266 a2 e-139
TwoBits_Draft_48, function unknown, 253 286 e-137
Alakazam 49, thymidylate synthase, 271 a4 e-116
Nebulous_47, thymidylate synthase, 254 a3 e-11s
Clock_48, thymidylate synthase, 254 a3 e11s
Neferthena_50, thymidylate synthase, 288 a2 e11s
Tinymans_45, thymidylate synthase, 274 306 e-113
Scissor2624_Draft_a7, function unknown, 274 206 e-113
Schinmels22_46, thymidylate synthase, 305 206 e-113
Herculesxi_47, thymidylate synthase, 274 306 e-113
WestPi_a5, thymidylate synthase, 274 a0a  e-112
Ixel 56, thymidylate synthase, 262 399 e-1m1
Morrigan_se, thymidylate synthase, 301 362 e-100
Juicer_s0, thymidylate synthase, 264 357 1e-98
Jemerald 50, thymidylate synthase, 264 357 1e-98
Lunals_s0, thymidylate synthase, 289 355 se-98
KatChan_49, thymidylate synthase, 289 355 se-98
Chepli 50, thymidylate synthase, 289 355 se-98
Mercedes_45, thynidylate synthase, 279 35 1e-97
WillianStrong_49, thymidylate synthase, 262 353 2e-97
Yuuy_29, thymidylate synthase, 260 338 6e-%6
Nucci_a8, thymidylate synthase, 265 332 se-s4
Mandalorian_8, thymidylate synthase, 271 339 3e-93
Juanyo_49, thymidylate synthase, 264 339 3e-93
Quartz_49, thymidylate synthase, 271 33 6e-93
Carostasia 48, thymidylate synthase, 271 37 292
saratos_se, thymidylate synthase, 254 329 4e-%0
Psirce_Draft_49, function unknown, 252 320 4e-00
Glamour_56, thymidylate synthase, 254 329 4e-%0
ColaCorta_56, thymidylate synthase, 254 329 4e-%0
Andromedas_56, thymidylate synthase, 254 329 4e-%0
Zenitsu_se, thymidylate synthase, 252 329 se-%0
Shamu_S1, thymidylate synthase, 254 329 se-%0
Phanita Draft_49, function unknown, 252 320 se-90
HonChoix 48, thymidylate synthase, 255 329 se-%0
MCubed 56, thymidylate synthase, 254 329 se-%0
Finny 51, ThyX-like thymidylate synthase, 252 329 se-%0
Eleri_so, thymidylate synthase, 254 329 se-%0
Peppino_s0, thymidylate synthase, 255 328 6e-%0
Gardens_51, thymidylate synthase, 255 328 1e-89
Endor_s2, thymidylate synthase, 255 328 1e-89
Chikpic_se, thymidylate synthase, 254 328 1e-89
Agente0ds_51, function unknown, 255 327 1e-s9
Acosta_53, thymidylate synthase, 255 327 2e-89
StirfryIv_se, thymidylate synthase, 255 327 2e-89
Balsa 49, thymidylate synthase, 255 327 2e-89
Stormbreakers_49, thymidylate synthase, 255 326 3-89
Schnapsidee_5, thymidylate synthase, 255 326 3-89
Kinglulien Draft_5e, function unknown, 255 326 3-89

Jas0nD_Draft_S2, function unknown, 255 2
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protein 05=Orgyia pseudotsugata
multicapsid polyhedrosis virus
OX=262177 GN=ORF8 PE=
2 Paaese Y004 NPVAC Uncharacterized 17.6 kDa  82.26 a9 951 31 44 151
protein in CTL-LEF? intergenic region
Os=Autographa californica nuclear
polyhedrosis
3 3:HGSB VbhA; AMPylation, adenylylation, toxin-  53.79 7 1741 34 38 61

antitoxin complex, Fic fold, AMP
transfer, TRANSFERASE-PROTEIN
BINDING complex; H

nistratior





image117.png
P GooseRac © x | B yroral x| (R Mal-HolyNe X | & PramsisRep X | @ TheActinobac X | @ BLASTSearchi X | @ TheAdinobsc X  © Hepred|Bor X @ Phamewtor X | O DUDectM: X | G SEAPHAGESF X

c toolkittuebingen.mpg.de/jobs/2936547 3

G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

D Date Tool

Visualization

2036547 HHPR Resubmit Section

3976370 HHPR L 2

9707212 HHPR

3891031 HHPR

8399343 HHPR

7404171 HHPR

x
x
x
x
x
x
x

7763188 HHPR

Hitlist
Show = 25 ¢ Entries Search:
Aligned _  Target
Nr Probability *  Evalue = Score S5 cols Length
1 6TDMA Beta-ketoacyl synthase Beta-ketoacyl  77.65 " 01 34 29 64
synthase; docking domain, polyketide
synthase, PROTEIN BINDING; NMR
{Burkholderia a
2 PRO451017 ; DUFS77 ; Family of unknown function  77.59 76 253 26 28 72
(DUFs77)
3 PR229281 + INTS1_Rd4; Integrator complex 4821 140 1893 5 56 102
subunit 1, R4 domain
4 Po3720 VPIP_BPT4 Prehead core component  48.16 200 2062 51 4 80

PIP OS=Enterobacteria phage T4

H L Type here to search 61°F Sunny




image118.png
v P GooseR © x | B MyPoral x| (R Mal-Holy X | & Pramggisi X | @ TheAdinob X | @ BLASTSesrc X | @ TheAcinob X | @ TeAcinor X @ Hpred|Bc X © Phamertor X | O DIUDeept x | [ SapHAGE X | + =

<« c toolkit.tuebingen.mpg.de/jobs/4673099 * (@ verify its you

88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

D Date Tool

Visualization
w0 mER X Resubmit Section
2936547 HHPR x 17 25
3976370 HHPR x
o712 HHRR X Snga S enan
o
3891031 HHPR X ST
R — T ——
39549 e x SCOP_dinexbl 3K7C_C
oo Trote
7404171 HHPR x
L e ——
7763188 HHPR x A 2
g
T ETbasone
Hitlist
Show 25 $+  Entries Search:

Aligned | Target
Nr Name Probability ~  Evalue = Score S5 cols Length
1 PRSIZZI ; SMAKAP ; Small membrane Akinase  65.44 12 556 15 9 94
anchor protein
2 exa4A ACrIF25; type 1-F CRISPR-Cas system, 6341 E 77 35 2 153
anti-CRISPR (Acr) proteins, VIRAL
PROTEIN; 2.834A {Acinetobacter
baumannii}
3 7WBNA RevCC; PROTEIN, ANTIVIRAL PROTEIN;  57.29 13 2439 05 9 98
NMR {Human immunodeficiency virus
1
4 PROSI3416 ; clll; il protein family 5581 40 2041 23 Ed

61°F Sunny





image119.png
v P GooseR ® x | B MyPoral x| (R Mal-Holy X | & Pramge0rz X | @ TheAdinob X | @ BLASTSesrc X | @ TheAdinob X O HHpred[Bi X ShmdUDN X | © Phametor X | © DIUDeept x | M SeapHAGE X | + =

<« c toolkit.tuebingen.mpg.de/jobs/5478214 * (@ verify its you

88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

Visualization

D Date Tool

Resubmit Section

5478214 HHPR x
4673099 HHPR x
2936547 HHPR x
3976370 HHPR x HMUDK_hel ; 5-hmdU DNA kinase, helical domain
or0m212 PR X —— T
T
3801031 HHPR X
8300349 HHPR X
S R
740471 HHPR X ST
7763188 HHPR x
Hitlist
Show 25 % Entries Search:
Aligned Target
Nr Name Probability = Evalue = Score ~ SS cols Length
- PF18723.6 s HMUDK _hel ; 5-hmdU DNA kinase, 100 4.3e-69 495.62 276 256 278
helical domain
2 PF18746.6 ; aGPT-Pplase3 ; Alpha- 96.64 023 2861 148 183 280
glutamyl/putrescinyl thymine
pyrophosphorylase clade 3
3 PF18724.6 ; ADDT ; Amino acid:DNA transferase 96.4 03 46.54 138 185 238
4 sMA Glycinyitransferase; DNA 9459 0.48 4675 84 106 292

hypermodification, phage, 5-Pmdu,
glycinyltransferase, Pseudomonads
PaMx11, TRANSFERASE; HET: S





image120.png
v P Goose ® X | B MyPoral x | @ Mai-Hol X | X Pramegsc x | @ Teacine x | @ BASTSe: X | @ TheAdine X | @ BLASTSe: X | @ TheAdine X O Hepred|t X @ Phament X | © DIUDeer X | [ SeABHAC X

<« c

toolkittuebingen.mpg.de/jobs/9445123 3

88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

D Date Tool

Visualization
sz R X Resubmit Section
5478214 HHPR x 63 75
4673099 HHPR x
2936547 HHPR X HeyA_C__Hid L scop_d3dexa_2
DUPCaoy —ranT Trtion
3976370 HHPR X I T
AN
GusaR GLLT x DUF2698__Protein
ST
3891931 HHPR x
E—Stor-Tckeos 4
8399349 HHPR x 2 L
7404171 HHPR x
7763188 HHPR x Hitlist
Show 25 $+  Entries Search:

Aligned _  Target
Nr Name Evalue  Score 55 cols Length
1 SCOP.d3dexa  c47.1.0(A)automated matches 57.7 2 2166 18 13 7

{Streptomyces avermitiis [Taxid:
33903]} | CLASS: Alpha and beta
proteins (a/b), FOLD:
2 o7 P6_GLRV3 Uncharacterized 6 kDa 5202 20 2467 08 M 51
protein OS=Grapevine leafroll-
associated virus 3 (isolate United
States/NY1) OX=651354 GN
3 SCOP.déovba3  b.18.1.0 (A451-593) automated 50.24 35 2435 18 13 143

matches {Bacillus thuringiensis
[Tax1d: 1428]} | CLASS: Al beta
proteins, FOLD: Galactos





image121.png
v P GooseR © x | B MyPoral X | (R Mal-Holy X | & Pramiggre X | @ TheAdinob X | @ BLASTSearc X | @ TheAcinob X | @ TeAcinor X @ Hpred|Bc X © Phamersor X | O DIUDeepl x | M SeApHAGE X | + =

<« c toolkittuebingen.mpg,de/jobs/4502031 3

(@ verify its you
88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore
Q Vs His A SelectAll  Forward  Forward QueryASM  Modelusingselection  Download HHR  ColorSeqs  Wrap Seqs

Visualization

D Date Tool

Resubmit Section

1 43
4502031 HHPR x
9445123 HHPR x
— i —
sa7s214 HHPR X
4673098 HHPR X S R—
203547 HHPR X
3976370 HHPR X e ——SEel
— R
2 LR
—————
GEER 3 E T tUr oo ——
HHPR x
Ll e
Page 10f2
B

S T T T
S
St dipiea2
TRBAE.
SooR
"SCOP dotkar
D
"SCOF dnzpat

Hitlist

Show 25 +  Entries Search;

Aligned _  Target
s cols

61°F Sunny





image122.png
v P GooseR © x | B MyPoral x| (R Mal-Holy X | & Pham27igi X | @ TheAdinob X | @ BLASTSesrc X | @ TheAcinob X | @ TeAcinor X @ Hpred|Bc X © Pameror X | O DIUDeepl x | M SapHAGE X | + =

<« c toolkit.tuebingen.mpg.de/jobs/5777049 * (@ verify its you

88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore
Q Vs His A SelectAll  Forward  Forward QueryASM  Modelusingselection  Download HHR  ColorSeqs  Wrap Seqs

Visualization

D Date Tool

Resubmit Section

20 70

5777049 HHPR x
4502031 HHPR x
Wt RP-suntD
omsiz3 HHR X
5478214 HHPR x CCG__Cysteine-ri
Prob=58.0% E=35 PF02754.21; CCG ;
4673099 HHPR x
Cysteine-rich domain
2036547 HHPR X —1 ) R
3976370 HHPR X
9707212 HHPR x
3891931 HHPR x
8399349 HHPR X Hitlist
Page 10f2
e Show 25 +  Entries Search:
Aligned Target
Nr Name Probability ~ Evalue ~ Score  SS  cols Length
1 PFOS873.17 ; Mt_ATP-synt_D ; ATP synthase D chain, ~ 71.53 32 2481 46 51 153
mitochondrial (ATPSH)
2 2RAWB Borealin; Cell cycle, DasraB, 67.55 34 2031 35 57 68
chromosomal passender complex, IAP,
BIR, Apoptosis, Cell division,
Centromere, Chromosomal
3 20vE ATP SYNTHASE D CHAIN, 6315 68 2339 49 56 160

MITOCHONDRIAL; MITOCHONDRIA,
MITOCHONDRION, ION TRANSPORT,
CF(0), STATOR, TRANSPORT,
ACETYLATION,

61°F Sunny





image123.png
v P GooseR ® X | B Myponsl X | @& Mai-Holy X

<« c

8 GGl @ vouTue

R Meps [ SeAPHAGES

toolkittuebingen.mpg,de/jobs/2048084

£ QUBES Nanopore

D Date

2048084

5777049

4502031

9445123

5478214

4673099

2936547

3976370

9707212

3891031

A phame7511

Tool

HHPR

HHPR

HHPR

HHPR

HHPR

HHPR

HHPR

HHPR

HHPR

HHPR

Page 1 of 2

x
x
x
x
x
x
x
x
x
x

x

@ Theadinos X | @ BLASTSeorr X | @ TheAdinob X | @ TeAdinor X @ Hpred|Bc X © Phamersor X | © DIUDeep x | [ SeA-pHAGE

Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

Visualization

Resubmit Section

145 186
SR

< | ST
e SCOrdo oo
SCOP=Jio0ta

p
7VEE

Hitlist
Show = 25 ¢ Entries Search:
Aligned _  Target
Nr Hit Name Probability *  Evalue = Score 55 cols Length
1 6DNLA Thiol:disulfide interchange protein 5651 38 268 27 4 15
DsbD; disulphide reductase, Dsb
proteins, OXIDOREDUCTASE; HET:
ACT; 1.7A {Neisseria
2 2puaC Thioredoxin F-type, chloroplast; 5436 62 2191 34 40 m

Thioredoxin, protein-protein complex,

x

*

+

(@ verify its you

1:41PM

2025




image9.png
VB MyRota x| @ Meil-Holy N

<« c

88 G Gmail @ YouTube RBY Maps [ SEAPHAGES

x | P Grateful D ® X

toolkittuebingen.mpg.de/jobs/8266377

D Date

8266377

9687272

4749758

2274277

8275373

3 QUBES Nanopore

Tool

HHPR

HHPR

HHPR

HHPR

HHPR

@ Phomenier

x
x
x
x
x

X | @ The Actnobac

Vis  Hits A

Visualization

FESD_oontral - ou

X | @ The Actnobac

X | @ BLASTSearch! X | @ TheActinobac X  (/ HHpred|Bioir X O DIU/DeepTM

SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

1 38

Prob=91.1% E=0.75 PF08274.17 ;
YjdM_Zn_Ribbon ; Phna Zinc-Ribbon

TFTIB n-ribbon Tr

'ST10505.
TIFLR
TTUE ST

7 S
“SECTTET

Resubmit Section

DUF4170_Donain
T R

x

sea-pHAGES

x





image124.png
v P GooseR © x | B MyPoral x| (R Mal-Holy X | & Pham2i297 X | @ TheAdinob X | @ BLASTSesrc X | @ TheAcinob X | @ TeAcinot X @ Hpred|Bc X © Pamertor X | O DIUDeept x | M SeapHAGE X | + =

<« c toolkit.tuebingen.mpg.de/jobs/5147906 * (@ verify its you

88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

D Date Tool

Hitlist
5147906 HHPR X
Show = 25 ¢ Entries Search:
2048084 HHPR X
5777040 HHPR X Aligned | Target
Nr Hit Name. Probability Evalue = Score 55 cols Length
4502031 HHPR X
9445123 HHPR X @ 1 PFOS823.17 ;Gp-FAR-1;Nematodefattyacid retinoid 9211 a2 208 79 60 149
binding protein (Gp-FAR-1)
5478214 HHPR X
467309 HHPR X 2 eMs ‘Apolipoprotein E; proteolysis, Alzheimers, 9148 a7 2757 69 52 £
lipid, lipoprotein, lipids, disease, LIPID
203547 HHPR X TRANSPORT; 2.04 {Homo sapiens}
3976370 HHPR X
B3 onsEA Apolipoprotein A-J; nanodisc, HDL, 90.11 61 3048 72 69 167
9707212 HHPR X lipoproteins, cardiovascular disease, LIPID
BINDING PROTEIN; NMR {Homo sapiens}
Page 10f 2
4 sK9CA Caprin-2; Wt signaling, homodimer, 89.52 93 3395 88 8 254
SIGNALING PROTEIN; HET: MSE; 2.32A
{Homo sapiens}
5 2r8B diphosphate-fructose-6-phosphate 1- 85 as 942 67 74 555
phosphotransferase; phosphotransfer,
TRANSFERASE; HET: FBP; 2.11A {Borrelia
burgdorf
6  8EQSD ‘Apolipoprotein A1; Membrane protein, 88.48 89 308 73 74 m
SARS-CoV, SARS-CoV-2, VIRAL PROTEIN;
HET: PEE; 3.1 {Severe acute respiratory
synd
7 3RPA Apolipoprotein A-; amphipathic alpha- 88.38 77 3044 68 64 185

helix, major protein of high density
lipoprotein (HDL), lipid binding, plasma,
up





image125.png
v P GosseR ® X | B Wyrora

< c

8 GGl @ vouTue

R Maps

x| B Mail-Holy x

[ SEAPHAGES

toolkittuebingen.mpg.de/jobs/5147906

£ QUBES Nanopore

A pham21297

D Date Tool
5147906 HHPR
2048084 HHPR
5777049 PR
4502031 HHPR
9us123  HHPR
sa78214  HHPR
4673099 HHPR
2936547 HHPR
3976370 HHPR
9707212 HHPR
Page 1 0f2

x
x
x
x
x
x
x
x
x
x

x

@ The Actino. x

Vis  Hits A

Visualization

@ BUASTSeore x | @ TheAdino X | @ TheAcinot X @ Hipred|Bc X © Phamersor X | © DIU/DeeT

SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

Resubmit Section

50 109

Gp-FRR=1_Nenato
BUTE.

Prob=91.5% E=4.7 6V7M_B
Apolipoprotein E; proteolysis,
Alzheimers, lipid, lipoprotein, ipids,
, LIPID TRANSPORT; 2.0

{Homo sapiens}

Phoce—CPzo—Fho; (RS
S R
ST I

S

e ———ET e

BETRR.
TESoR.
TFCRR.
VPEBN - Yob Note
BLIBR

e ——t R

B ——E T

< |

| R

ST

7 ¥ R

— i R

S

T R
ST T TR N O
— |
—
S A S T
S R

S
TR0
ST
YVIRT Do CiFase: DUFS068 - Froteln
S T
TORSR.
ST S

x

sea-pHAGE

x

*

+

(@ verify its you




image126.png
v P Goose ® X | B MyPoral x | @ Mai-Hol X | X pram203 x | @ Teacine x | @ BASTSe: X | @ TheAdine X | @ TheAdine X | @ TheAdine X | @) Hepred|t X © Phamert X © DIUDesr x | G seaBHAC X | + = x

<« c ( Jphamerator.org/phages|

88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

@ Googletens %) @ vertyitsyou

Home  Domains  GenomeMaps  Holly Nance M Chat Sign Out

o2 199)

[T S ————— E—

AAAATPase

1T

21281 (160)

RecB-lke exonuclease/elicase DNA polymerase | dlycosyluansferase thymidylate synthase

73 | 5T 6T EA 25T 25T B0 T E— | Eca| . 35T E]
LULLIL LI T L] "UﬂH\ \Hi\H 1L (NN LI

el w W ] e Wl e T s B
g

s

g 5| g g
g E B B
H 2omee g 210848 1917) _ _E ey a7 (139 w0 F Sk B . B oo -
s g g = =8 g g £ s g
nucsse AaATPase § ONansicase 5 Sycosyiransirase Bymioyste synased 5 H £ g
LilTerminator_Draft (EA5) s
case. (Casd family exonuclease DNA polymerase | MazG-iike nucleotide pyrophosphohydrolasthymidylate kinase ftransferase.
T El 37 El 139

T
il L1l \HHHHH

@02 - 210111 @81) . 210848 (1917) - 212243 281) . - 208585 (199) - 182018 (190)

28 8)

2121 mn)
1T

_ 2t0ass 199 _ _ _E wmem os7 (199) 12013 (150) _ sl _ _ _
QuadZerd (EA5) e 3936/4347 (91%) .
H
|
T 22 | ] e 26 I 28 ] 20T -] o K] ] -] K] -] ] 39
LI LU LULLIL LI \HHHHHHH\HHHHHHH (IRNNEA | 1111 HH\HH\ 11 11 11 HHHHHHHH\

H L Type here to search 0°F Sunny




image127.png
A\

LilTerminator Annotation Holly Nance

B4 DNA Master
File Tools Window _Help
2% ORF Analyssfor LifTrminator Annotated2.7 =E~
o
N 11 N | | | L1 | ||
2L [ I L1 | Ll |
G2
. L L1 [T L il I | R S e |
B3 = S
Ul | | W [ | | |
S = % 57 ®
h 11 | L et || |
% B
[ W I I | | 0 R | | ||
E TR T R TR Y 7] B e weis  wBs s s w4 m amas  mim  mse  WWe Mees  WeB  mod  mo s s 97 9
b 33612 4|44 @S> 3] bi[ORF 24 xcec|s] 3 b
o g e ) 2
\‘ Fucion e | |16 |s0 |50 7 7 7 7 7 7 ; ; ; ;
N fewon <[ [ wm e
N T —— e e wm Notes =l
=0 ke [ 19 9879 2442 Driginal Glimmer call @bp 1 has strength 3.07
I Hidelgnored Featues | o0 12313 |22ed
Select All Features | |21 1455|173
(e | TR
| 12 16508 |258 + + + + + + - - - -
Moo 15 a0
Ms e (sas
N TE )
NER W)
NI
NI
Moo s 1w 5 5 5 5 5 5 5 5 5 5
NERNC T 7 7 7 7 7 7 7 7 7 7
TENE =
IERNEE e
Mo 21 (ot
(s om s
M ze s
Mo s |15
IR ; ; ; ; ; ; ; ; ; ;
NERETNE )
M s s
NN WO
< >
Inset | Delee | Post| Vaidae |
1-33%3 Position : 26443 ¥ Controls >> Map ¥ Map >> Coniols
62 Footures  [LVE

Accession 1| Favorte Genome| Recent Genomel RecentFie! L
B 1230PM
=]

O Type here to search 81°F Sunny 157005




image128.png
v ‘ =menn ¥ genemarksLieminato. X | + Creste

< Alltools  Edit  Convert

3
§
3.
§
k]
2
a

LilT
3
§
g
§
E

7 i
£
g
8

Qu

=

Ll

b

H P Type here to search

Esign
i
05 T 0o !
il
M
P T O S R R N I R VA H R B R AT R
10 38400 38800 40000
05— b L= ‘—"—r—‘—“—‘—r‘-\‘—‘—\ —
| | | | | | |
38800 39600 40000
" [ o o ey [
| | | | | | | | 1 | | | | | | |
38800 39200 39600 40000
05 [ e o
0ol | | | | | | | L | | 1AM | | | |
38400 38800 39200 40000
10 m
05r L ‘ e i I ooar
| |
ool L. 1 J_‘_‘_ Lo M
38400 38800 39200 39600 40000

Nucleotide Position

Share

" e
[
(s}

LiTerminator Annotation N - Word Nance

bo i oo TR )

» R

As B B 4
L Styles Ediing CreatePDF CrestePDFand Request
gl - = and Share link Share via Outlook Signatures.
o o sies Adobe Actobat

+yes; SCs: Glimmer called most annotated start at 38634, GeneMark
{t Start: matches Zayuliv_60 Query 1 to Subject 1 100% 2e**; Gap: 405;
523, no, but better than other two starts that yield a longer ORF; F: NKF;

|Zayuliv_60, MT889377/100%/2 *; SIF-HHPred: NKF, one match with a
KF; SIF-5yn: NKF

Jotated, although there are two other starts that yield a longer ORF.
illstil have a large gap (1005 of BPs) between the next gene. This large
age in EAS.

Verify its you

Sign Out

zmman)

G
. ]

200900 0)

210520 )





image129.png
v P Goose ® X | B MyPoral x | @ Mai-Hol X | X Pram20z x | @ Teacine x | @ BASTSe: X | @ TheAdine X | @ TheAdinc X | @ TheAdine X  C Hepred|t X @ Phamewt X | © DIUDeer x | [ SeApHAC X

<« c

toolkittuebingen.mpg.de/jobs/7901560 3

88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

Visualization

D Date Tool
Resubmit Section

9 87
7901560 HHPR
5147906 HHPR
DUF6354 Fanily o
2048084 HHPR foCor_docerd
DUF6265 Fant] BRBLR.
5777043 HHPR SOIAEREE TR S

x
x
x
x
02031 HHRR X — e —
susizz meRR X
see weeR X
4673099 HHPR X Hitlist
93547 HHER X
Show | 25 ¢ Entries Search
397670 WHRR X
e Aligned | Target
Nr Name Evalue © Score S5 cols Length
@1 Pricssid ; DUF6354 ; Family of unknown 9794 000014 5382 72 66 122
function (DUF6354)
2 PROG31S16  ;AceK kinase;Isocitrate 7435 19 317 47 4 256
dehydrogenase kinase/phosphatase
(Acek) kinase domain
3 6GLA Isocitrate dehydrogenase 6208 Y 23 39 45 s78
kinase/phosphatase; kinase,
phosphatase, HYDROLASE; HET: ADP,
AMP; 2.5 {Escherichia coli 0157
4 PRIZ79112 ;RsglN;Antisigma factor Nterminus 4545 2 085 15 35 ss
s 7DHPB Endoribonuclease Maz; Toxin- 444 230 006 5 54 137

antitoxin, ribonuclease, TOXIN; HET:
504; 1.3A {Deinococcus radiodurans}

60°F Sunny





image130.png
v P GooseR ® x | B MyPoral X | (R Mal-Holy! X | @ TheAdinob X | @ TheAdinob X | @ BLASTSeorc X | @ TheAcinob X | @ TreActinot X | @ Hpred|Bc X | © Phameior X  © DIUDeepT X M SEAPHAGE X

<« G % dtubiolib.com/results/dffbcB06-75bd-4c0a-897c-e1fec786f047/7token=didCXMdnRol7CQZ9 *

88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

€)  Q search BioLib Docs Explore  Results

© Technical University of Denmark > [E] DeepTMHMM

Clear Result  Logs  Notes Share @ Download @  Viewfiles [

Version DeepTMHMM - Predictions
1.0.42 (9/10/2024)

Predicted topologies can be downloaded in.gff3 format and 3line format

Use from script
DeepTMHMM - Most Likely Topology | Type: alpha TM

@ Python > Terminal outside
tembrare -
Insid
Developer nelde o 10 20 30 40 50 60
Technical University of .
Denmark DeepTMHMM - Posterior Probabilities
10
Cite this application
08

APA  ISO690 BibTeX

Jeppe Hallgren, Konstantinos D.
Tsirigos, Mads D. Pedersen,
305é Juan Almagro Armenteros,
Paolo Marcatili, Henrik
Niclsen, Anders Krogh and Ole
Winther (2022). DeepTHHHN
predicts alpha and beta
transmembrane proteins using 10 20 30
deep neural networks. Sequence

https: //doi.org/10.1101/2022.04

08487609 . i -

DeepTMHMM

A Deep Learning Model for Transmembrane Topolog

Membrane
Inside
Outside

60

H P Type here to search




image131.png
v P Goose Radio-NowPlaying 9 X | B My Portal X | G Mail-HollyNance -Outock X | M Inbox(17) - holynance@gmail X | @ The Actinobacterophage Datai X @ Hifpred [ BomformaticsToolkt X+

< c

toolkittuebingen.mpg,de/jobs/5561857 3

88 G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

Visualization

D Date Tool

Resubmit Section

93 126
sse1887  HHPR X
asees7l  HHPR X
sserass HHPR X
g
7901560 HHPR X
s147906  HHPR X
2008088 HHPR X A ET
s777049  HHPR X
4502031 HHPR X ;.
Hitlist
ous123 HHPR X
sa721s HHPR X show 25 +  Entries Search:
Page 10f2
s Aligned | Target
Nr Name Probability ~ Evalue = Score S5 cols Length
1 sauna PRECORRIN-8X METHYLMUTASE; 356 180 59 42 34 229
ISOMERASE, PRECORRIN, HBA; HET:
PBX; 1.45A (RHODOBACTER
CAPSULATUS) SCOP: €.23.17.1
2 1ouoc precorrin-8X methylmutase related 3536 200 2505 43 3 207
protein; structural genomics,
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Protein Structure Initi
3 7BZHA Sul7s; Archaea, Crenarchaea, 3256 68 266 1 18 59
Sulfolobus, DNA binding protein; NMR
{Sulfolobus islandicus)
4 SCOPd3e7da. €237 (A)automated matches 334 190 2 36 2 202

{Brucella abortus [Taxid: 2351} |
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Link to this post | posted 14 Mar, 2023 19:01

Hey all, | am working on annotating the phage Culver (CQ1) and | am having a bit of difficulty
confirming the putative function of the gene with the stop codon at 12727 bps.

The BLASTP shows results that have a mix of functions between MuF-like minor capsid protein, head
maturation protease, and hypothetical protein. For the MuF-like minor capsid protein, the official
function lst says that it should be called a hypothetical protein. HHpred only has one match that is
viable which is labeled as “Gene 15 protein” further showing the gene in Culver is likely to have no
known function. For the head maturation protease, none of the other programs used showed
evidence of this function for the Culver gene.

EWisner

1 am leaning towards calling the Culver gene a hypothetical protein but | wanted a second opinion if
possible. Any help will be greatly appreciated!

Link to this post | posted 14 Mar, 2023 19:33

HiEllen,

I have attached a screen shot of my HHPRed.

The significant hits are

1. e-27/ probability score of 99.9 to gp15 of D29 (sometimes there are hits to gp# that do not connect
to a phage, but in this case, hitting the prototypic phage D29, | would recommend paying attention to
it). gp15 of D29 i its capsid maturation protease (CMP).

Additionally, i can be skeptical of any minor capsid hits, because many times it is hitting some
component that i know is structural but can't tell i it is heads or tails. BUT, having said that, hitting
minor capsid doesn't negate it being the CMP.

Any hits to MuF are problematic. It does not appear to be structural (can't be found in come cryo EM
that Simon White has done) and appears to always be part of something else. But never really hits the
something else. But maybe MUF is Mu's version of the capsid assembly protein? Is there an instance of
both MuF and CMP are present?

1 would easily call this gene capsid maturation protease.

debbie

Link to this post | posted 18 May, 2023 16:37

Hi all- 1 am running into the same problem with BearBQ gene 4 (stop coordinate is 4232). | am seeing.

the same mix of MuF-like minor capsid protein (I know to ignore this from the approved functions) and

capsid maturation protease in other phages, but | am just not seeing the evidence for the latter. Our

only HHPRED hits with E values worth anything are both MuF minor capsids. Seems like maybe this
(e should be an NKF in spite of all of the other phages that have a function called?

Link to this post | posted 31 May, 2023 22:01

Hi Dane.

Tapm
£ Type here to search B s
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portal capsid interface, Mg ions, VIRUS;
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5  PF0615216  ;Phage min_cap2;Phage minor capsid  99.56 68e14 11947 109 110 362
protein 2
6  PF0423319  ;Phage MuF;PhageMuproteinFlike  99.56 14e13 9554 103 99 107
protein
7 064208 VG15_BPMD2 Gene 15 protein 97.41 00021 5446 77 73 275
05=Mycobacterium phage D29
0X=28369 GN=15 PE=4 5V=1
8 Quazes VSP1_BPMV4 Structural protein 91.48 032 %29 17 2 123
(Fragment) OS=Lactococcus phage mv4
0X=12392 PE=3 V=1
9 WA NAD(+)-arginine ADP-ribosyltransferase  59.44 16 216 16 2 239
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protein F 0S=Escherichia phage Mu
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debbie

Link to this post | posted 31 May, 2023 22:18

Interesting Debbie- | see what | did wrong. We weren't running UniProt as part of our HHPRED runs,
we were using SCOPE instead. | stildon't see it in PECAAN. We ultimately did call it an NKF but noted it
on our cover sheet. Thanks for the responsel

dane.bowder

Link to this post | posted 31 May, 2023 22:31

What you did was not wrong. It is good we do things different, though it may seem confusing. | look for
the most basic structural genes in every phage and when | am missing what | expect to find, | just look
elsewhere.

debbie
debbie

Link to this post | posted 15 May, 2024 19:03

Another year, another question about this function. We are finishing up HubbaBubba and are looking
at Gene 25 (13776 is the stop site). This time | am seeing our hit to gp15 from D29 again, as well as the
infamous MUF hits. However, with this particular gene, D29 gp15 is only hitting a small part of our gene
(a 288-395), but the E value (2.9-16) and probability (99.75) are incredibly solid. Would you still call
this a capsid maturation protease in this case? Based on this post from last year, | would, but want to
make sure it isn' a situation where not enough of the gene is hitting. | also don't see another capsid
dralEE maturation protease in other CR4 phages, but most of them call this MuF-like minor capsid protein.

Let me know!

Link to this post | posted 15 May, 2024 23:13
Hi Dane.

From the HHPred results, because of the limited nature of the hits, i would not call anything at this
time.

best.

debbie debbie

Link to this post | posted 16 May, 2024 19:50

Similar question here -
PotPie:

Gene 6 start 4858 , some evidence for minor capsid protein but unsure whether to call
The function list states

2590M
£ Type here to search O s
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Neither of the two HHpred hits do. Given the lack of necessary evidence to call it that, and since MuF-
like minor capsid is no longer called, 'm going with NKF. However, a student could perhaps lool
this further!

Gene7

SSC: start 5492, stop 5158; CP: yes; SCS: Both called start at 5492; ST: S5; Blast Start: matches
Greenlvy_7 Query 1 to Subject 1 100% &'®; Gap: 114; LO: yes, but there is another small ORF before
this that has no evidence of coding potential; RBS: -3.014, 2.395, 10, -3.709, no; F: NKF or scaffolding
protein?; SIF-BLAST: scaffolding protein/phageDB BLAST/ Greenivy_7, PP978818/100%/e ' SIF-
HHPred: NKF, no matches to scaffolding protein (see additional notes below); SIF-Syn: scaffolding
protein

Direct Sequence

Notes: start is most annotated in Starterator and yields longest ORF. However, there is a large gap of
114 8Ps and just before this gene is a separate small ORF with no evidence of coding potential.

Genes

SSC: start 765, stop 1196; CP: yes; SCS: Both called start at 765; ST: S5; Blast Start: matches Zepp_8
Query 1 to Subject 1100% e Gap: overlap of 4; LO: NA; RBS: -3.178, 2.352, 14, -4.525, no; F: NKF;
SIF-BLAST: NKF/PhageD8 BLAST/Neptune_3, OK318957/88%/7e; SIF-HHPred: NKF, a few partial
matches with a probability above 50%; SIF-Syn: NKF

Notes: Start 768 was another possible start with the same RBS values, but start 765 was the most

common start in Starterator and yields a longer ORF. For function, there are three partial hits to an MPN
metal-binding domain
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Aligned Target
Nr Name Evalue ~ Score © S5 cols Length
1 PF14265.11 ; DUF4355 ; Domain of unknown function 98.52 0.000011 59.78 123 103 120
(DUF4355)
2 6BOXg Scaffold protein; major capsid protein, 9823 000012 5954 129 109 206
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4 BUBGN DpHF19,Green fluorescent protein 8391 86 3005 123 115 297
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Scaffolding protein
Linkto this post | posted 19 Jan, 2023 1637

Hi, This function s on the Official List and the example to check is D29_16. This gene has no functional
domains and the HHPred match is to 6BOXG (a scaffolding protein), probability 97.98%. In the phage
we're annotating, Mopey, gene 14 has BLAST hits to scaffolding protein and the same HHPred hit to
6BOXG, probability 96.2%. In phage most similar to Mopey in cluster D1, this gene is most often called
NKF. HHPred results for both Mopey_14 and D29_16 seem similar in their alignment to 6BOXG, and it

““ seems the only compelling reason to not call Mopey_14 a scaffold protein is because most other D1

hnance@ccga.edu | Phage call this gene NKF. | guess I'm really considering the Bioinformatics meeting last Friday (1/13)
and trying to not just call a function a certain way because that's what everyone else did. Is there a
compelling reason to not call Mopey_14 a scaffolding protein? Thanks!i

Link to this post | posted 20 Jan, 2023 0324

Hi Holly,

hmmm. | think that Mopey_14 (stop codon 10436), can be called the scaffolding protein because of the
InterPro hit at HHPred (Q38580). It is a 99.5% probability (evalue is e-12) and has protein homology to
the scaffolding protein of SPP1 (evidence is from UniProt database.

Granted that the example used by the approved function list is D29, but your protein doesn't have to
hit the example (and it doesn't, does it?)

Link to this post | posted 20 Jan, 2023 11:52

Hi Debbie,

Thanks for your prompt reply! Mopey_14 doesn't hit D29_16 in HHPred or BLAST, but it hits the same
protein that D29_16 hits if you run D29_16 in HHPred (both Mopey_14 and D29_16 hit 6BOXG, which is
a scaffolding protein).

After asking my question yesterday, I had convinced myself that it was a silly question because
%““ Mopey_14 and D29_16 are not in the same phamilies. But it sounds like despite that, the structural
homology warrants both being scaffolding proteins.

hnance@ccga.edu
So far, Mopey has several genes for which the function callis tricky as there is not consensus in the
cluster. The timing of your meeting last Friday was great!

Thanks again so much for your help - Holly

Link to this post | posted 20 Jan, 2023 15:37

Holly
Exactly! You've got t!
debbie
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£ Type here to search DO s





image19.png
MyPorsl X | @ Mai-HolyN- X | B GooseRsc 4 X | 3 SEAPHAGES| X | [ SEAPHAGESF X | B) Stucturesoft X | 3 SEAPHAGES| X | I TheBasicfur X | % SEAPHAGES| X O Hepred |Bior X @ TheAcinobsc X

toolkittuebingen.mpg,de/jobs/ 1940467 3

G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

D Date Tool

Visualization

Resubmit Section

1940467 HHPR 79 128
9223819 HHPR
9268670 HHPR DUF2750 Protein
GOTTS
9097905 HHPR )
‘Phago Cre0  Fha;

6193013 HHPR
TrIner=CC . Trinc

T55550

7142605 HHPR
Prob=00.8% E=4.5 Q38580 SCAF_BPSPP Capsid assembly.
scaffolding protein OS=Bacillus phage SPP1 OX=10724

GN=11PE=1

5627253 HHPR

6642472 HHPR
BUBEN
(ZIES
BDBR.

7570000 HHPR

X X X X X X X X X x

5654207 HHPR ZOEEE

Page 10f6

AP E
BEYEE.
SEROS
BERTR.
TENFD.

PSSR
SrOR
ARG
LA}
oy
g

TuT0Rg
'BECo AR
7YOCR

BNEIR.
TRE7ZCCL,
e
TUFED.
LI,

80°F Sunny





image20.png
MyPorsl X | @ Mai-HolyN- X | B GooseRsc 4 X | 3 SEAPHAGES| X | [ SEAPHAGESF X | B) Stucturesoft X | 3 SEAPHAGES| X | I TheBasicfur X | % SEAPHAGES| X O Hepred |Bior X @ TheAcinobsc X

toolkittuebingen.mpg,de/jobs/ 1940467 3

G Gmail @ YouTube BY Maps [ SEAPHAGES [ QUBES Nanopore

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

D Date Tool

Aligned | Target
nr Name Probability ~  Evalue = Score S5 cols Length
Erm Lm0 1 PFI0805.13 ;DUF2730; Protein of unknown function  94.04 086 3449 68 50 95
(DUF2730)
9223819 HHPR X
2 qumwe GP25_BPMU Uncharacterized protein 9356 12 447 7 51 99
EI3p R 8 p25 Os=Escherichia phage Mu
s 8 OX=10677 GN=Mup25 PE=2 SV=1
6193013 HHPR X 3 2AKFA Coronin-14; coiled coil, coronin 1, 9322 029 1374 29 A 2
PROTEIN BINDING; 1.24 {N/A}
7142605 HHPR X
sem253 PR X 4 PFOSS10.16  ;Phage GP20; Phage minor structural 923 a7 3265 89 9% 144
protein GP20
6602072 HHPR X
e e 5 PF0S95416  ;Trimer CC; Trimerisation motif 9229 079 3425 42 36 48
5654207 HHPR X 6 Q38580 SCAF_BPSPP Capsid assembly scaffolding ~ 90.77 45 3462 7.8 95 214
FEToE protein O5=Bacillus phage SPP1
- OX=10724 GN=11 PE=15V=1
7 PR3N UF4164 ; Domain of unknown function ~ 88.99 68 3092 69 74 89
(DUF4164)
8 Qo222 SCAF_BPMLS Probable capsid assembly 8759 S| 2037 122 155 173
scaffolding protein OS=Mycobacterium
phage L5 OX=31757 GN=16 PE=1 5V=2
9 eDFPA VCA0883; tripartite toxin, alpha-fold, 87.22 2 28 102 93 Er)
putative membrane protein, Structural
Genomics, Center for Structural
Genomics of
10 6GRKL ARIB; Tripartite pore-forming toxin, 86.77 2 3249 93 86 367
TOXIN; 2.33A {Aeromonas hydrophila}
1 sUBGN DpHF19,Green fluorescent protein 8656 3 38 88 86 497

(Fragment); Filament, pH, designed, DE
NOVO PROTEIN;{synthetic construct}

H R Type here to search 80°F Sunny




image21.png
v B wyRotal X | @ Mal-Hol X | P Gt @ X | © Pramestc X | % phamior x | @ TheAdin X | @ 8USTse: X | @ TheAdine X | @ TheAdine X O Hepred|t X O DIUDeer X | [ SEAPHAC x | B seabHAC x | + =

<« c toolkittuebingen.mpg.de/jobs/2181662 B * & @ verityitsyou
88 | G Gmail @ YouTube B Maps [ SEAPHAGES [3J QUEESNanopore D29 o x
Q Vs His A SelectAll  Forward  Forward QueryASM  Modelusingselection  Download HHR  Color Seqs  Wrap Seqs
Hitlist
D Date Tool
show 25 +  Entries Search
2isi662  HHPR X
6628907 HHPR X iy
Aligned | Target
6iEn2 MR X nr Hit Name Probability ~  Evalue ~ Score S cols Length
SEED  GHEDE3 1 sEBAE Major capsid protein; HK97-fold, T=9, 100 34e32 2361 307 310 324
= 8 tailed bacteriophage, VIRUS; 2.6A
{Gordonia phage Ziko}
987272 HHPR X
2 sDUA Capsid; Bacteriophage, 100 36e31 2301 325 304 B
474758 HHPR X
Mycobacteriophage, HK97-fold, Capsid,
om0 6 VIRUS; 2.7A {Mycobacterium phage
Muddy)
8275573 HHPR X
3 sECOD Major capsid protein; HK97-fold, 100 17e30 2239 335 283 308
tailed bacteriophage, VIRUS; 224
{Microbacterium phage Oxtober96}
4 sEC2F Major capsid protein; HK97-fold, 100 14030 22478 283 297 312
tailed bacteriophage, VIRUS; 2.4A
{Mycobacterium phage Adephagia)
5 3BsG major capsid protein; acne, 100 65030 22107 203 285 315
bacteriophage, HK97-like, VIRUS; 3.7A
{Propionibacterium phage PAG}
6 sECLA Major capsid protein; HK97-fold, 99.97 66020 21583 202 290 327
tailed bacteriophage, VIRUS; 4.0A
{Arthrobacter phage Bridgette}
7 6TSUKa Major capsid protein Rec01687; 99.97 34e20 2228 273 276 386
lly roll”, “spike”, "HK97",
VIRUS; 3.42A {Rhodobacter capsulatus
DE442}
8 BECKC Major capsid protein; HK97-fold, 99.97 36e28 2108 306 292 323

tailed bacteriophage, VIRUS; 2.6A
{Gordonia phage Cozz}





image22.png
v B wyRotal X | @ Mal-Hol X | P Gt @ X | © Pramestc X | % phamior x | @ TheAdin X | @ 8USTse: X | @ TheAdine X | @ TheAdine X O Hepred|t X O DIUDeer X | [ SEAPHAC x | B seabHAC x | + =

<« c toolkittuebingen.mpg.de/jobs/2181662 B *

83 | G Gmail @ YouTube B Maps [ SEAPHAGES [ QUBESNanopore D29 00 x

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

Visualization

D Date Tool

Resubmit Section

2181662 HHPR 1 315

6628907 HHPR

6618112 HHPR
GEBaE

547079 HHPR Prob=100.0% E=3.4E-32 8EB4. E Major capsid protein; HK97-fold, T=9, tailed bacteriophage, VIRUS; 2.6A

{Gordonia phage Ziko}
8266377 HHPR
X
9687272 HHPR
e
4749758 HHPR
2274277 HHPR )
Tone_o
AT
T
TeTA
2
Soore
TR

x
x
x
x
x
x
x
x
x

8275373 HHPR

TRAEE.
Phaco-capstd
SUSYKE
[ T

BTORR.
BOLC.
BVAR,
SIIRE
BRIBC.
BIAE
At
THBC.
BROE.
BET6C.

e Hajor caps1d
TYESE
BCIET
Phoco copsTa s T
EXZIN

62°F Sunny =

o
=
s
3
5
3
5
£
3
b
Q
=
i




image23.png
v B oot X | @ Mai-HolyNe X | P GutefulD: ® X | O Phamerstor X | O PhamGoO06Re X | @ BLASTSearch X | @ TheAcinobsc X ' HHpred|Biorn X O DTUDeepTM X | [ SEAPHAGEST X | b SEAPHAGES| X | + =

toolkittuebingen.mpg,de/jobs/1927892 R *

88 | G Gmail @ YouTube B Maps [ SEAPHAGES [3J QUEESNanopore D29 o x

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

D Date Tool

Visualization
1072 HHR X Resubmit Section
2181662 HHPR x a8 62
6628907 HHPR x
6618112 HHPR x
5427079 HHPR x
8266377  HHPR X -
Hitlist
9687272 HHPR x
4749758 HHPR X Show = 25 % Entries Search:
2274277 HHPR x
8275373 HHPR x " Aligned e
Nr Hit Name Probability = Evalue = Score =SS cols Length
1 8X05_ B Measles virus fusion inhibitor MEK28; Fusion 932 970 15.85 21 15 30
protein, fusion inhibitor, six-helix bundle,
ANTIVIRAL PROTEIN; 1.205A {N/A
Alignments

Template alignment | Template 30 Structure | POBe
8X05.B Measles virus fusion inhibitor MEKS; Fusion protein, fusion inhibitor,six-helix bunde, ANTIVIRAL PROTEIN; 1.205A (N/A}
Probabily: 9.32%, Evalue: 970, Score: 15.85, Aligned cols: 15, Identites: 7%, Similariy: 0481, Terplate Neff: 1

Q ss_pred HHHHHHHHHHHHHHH

0 Q1927892 a5 TEANSKAAQRAKKKA 62 (96)

0 Consensus a5 VealAK~A-AKKKA 62 (36)
[ p—]

T Consensus 2 veenlkkseeklika 16 (30)

T 8058 2 VEENLKKAEEKLKKA 16 (38)

T ss_dssp CHHHHHHHHHHHHHH

T ss_pred CRHHHHHHHHHHHHH





image24.png
v B wyRotal x| G Mal-Holy X | B Guiel © X | © Pramestor X | & PramséiRe X | @ TheAdiob X | @ 8UASTSerc X | @ TheAdinor X @ Hepred|Bc X O DIUDeept x | B SEAPHAGE X | B seapHAGE X | + =

<« c ‘toolkit.tuebingen.mpg.de/jobs/7088144 R *

& @ verityitsyou
88 | G Gmail @ YouTube B Maps [ SEAPHAGES [3J QUEESNanopore D29 o x
Q Vis  His A SelectAll  Forward  Forward QueryASM  Modelusingselection  Download HHR  Color Seqs  Wrap Seqs

Visualization

D Date Tool

Resubmit Section

1 97
J0s1s  HHPR X
12782 HHeR X
ngiee2  HRR X
o207 HHPR X
o112 HHPR X
s WeRR X
6677 HHRR X
%7272 HHPR X Hitlist
auorss e X
Show | 25 ¢ Entries Search
27w X
e Aligned ,  Target
Nr Name Probability ~  Evalue = Score © S5 cols Length
1 PR204493 ; DUF6706 ; Family of nknown function 79 2 2708 59 &7 10
(DUF5706)
2 prsssls  DUFS646 ; Family of unknown function  58.78 35 %78 29 2 6
(DUF3646)
3 SCOP.d2éqa.  d.186.1.1(A)Head-to-tai joining s1.58 180 208 56 st &
protein W, gpW {Bacteriophage lambda
[Taxtd: 10710) | CLASS: Alpha and beta
protein
4 zmsa Hypothetical protein yqbG; ALPHA, GFT  32.36 540 2057 64 % 139
NMR, STRUCTURAL GENOMICS,
PROTEIN STRUCTURE INITIATIVE, PSI,
NESG, SR215, NORTHEAS
s 2A6RA Head-to-tailjoining protein W (GpW)  28.37 470 1867 57 52 &

H L Type here to search 62°F Sunny




image25.png
v B wyRotal x| G Mal-Holy X | B Guiel © X | © Pramestor X | & Pramsize X | @ TheAdimob X | @ BUASTSerc X | @ TeAdinor X @ Hepred|Bc X O DTUDeest x | B SEAPHAGE X | B seapHAcE X | + =

<« c toolkittuebingen.mpg.de/jobs/7885714 B * & @ verityitsyou

88 | G Gmail @ YouTube B Maps [ SEAPHAGES [3J QUEESNanopore D29 o x

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

Visualization

D Date Tool

Resubmit Section

13 119

7885714 HHPR X
7088144 HHPR X
DUFG033 _Fantly o
1027892 HHPR X
218162 HHPR X EEAATEEY
6628907  HHPR X S
6618112 HHPR X
AR
547079 HHPR X
8266377 HHPR X
o272 PR X Hitlist
4749758 HHPR X
Show = 25 +  Entries Search:
Page 10f 2
Aligned _  Target
Nr Name Probability ~  Evalue = Score S5 cols Length
@' PFI9sses ; DUF6093 ; Family of unknown 97.03 00041 4331 46 104 17
function (DUF6093)
2 PRI3gSEN ; Gifsy-2 ; ATP-binding sugar 8224 30 298 65 79 99
transporter from pro-phage
3 PFI%6374 ; DUF6140 ; Family of unknown 67.29 19 %28 27 2 70
function (DUF6140)
4 TG DNA repair protein XRCC1; xrccl 529 36 22832 23 51 161
base excision repar scaffolding
protein, DNA damage, DNA repair,
Nucleus, Phosphoprot
5  SCOPdihcza2  b:842.2 (A168-230) Cytochrome f, 4544 38 255 12 16 63

240PM
2025

62°F Sunny =





image26.png
v B wyrotal x| G Mal-Holy X | B Gutel © X | © Pramestor X | & Pramsize X | @ TheAdiob X | @ 8UASTSearc X | @ TeAcino X | @ Hepred|Bc X O DUDeesm x  [E SEAPHAGE X | B seapHAGE X | +

€ 5 C 2% duubiolibcom/DeepTMHMM *

88 G Gmail @ YouTube B Maps [ SEAPHAGES [ QUBES Nanopore

€)  Q search BioLib Docs Explore  Results

© Technical University of Denmark > [E] DeepTMHMM

Clear Result  Logs  Notes Share @ Download @  Viewfiles [

Version

1.0.42 (9/10/2024)

DeepTMHMM - Most Likely Topology | Type: Globular + SP

outside

Signal - ==

Use from script nside o 20 w0 60 80 00 120 140
@ Python >~ Terminal DeepTMHMM - Posterior Probabilities
10
Developer
08
E Technical University of
Denmark N
Zos
2
Cite this application 2
e £ o4
APA  ISO690 BibTeX
= 02 — nside
— outside
2eppe Hallgren, Konstantinos D. — signal
Tsirigos, Mads D. Pedersen, 00
2036 Jusn Almagro Armenteros, 0 20 0 60 80100120 140
Paolo Marcatili, Henrik Sequence
Nielsen, Anders Krogh and Ole
Winther (2022). DeepThHI You can download the probabilities used to generate this plot here
predicts alpha and beta
transnenbrane proteins using
deep neural networks. Predicted Topologies
https://doi .org/10.1101/2022.04
-68.487605 o

DeepTMHMM

A Deep Learning Model for Transmembrane Topol

H P Type here to search




image27.png
v B wyRotal x| G Mal-Holy X | B Gutel © X | © Pramestor X | & Pramiost X | @ TheAdinob x | @ 8UASTSerc X | @ TeAdinot X @ Hepred|Bc X O DTUDeest x | B SEAPHAGE X | B seapHAGE X | + =

<« c toolkittuebingen.mpg.de/jobs/7534888 B * & @ verityitsyou

88 | G Gmail @ YouTube B Maps [ SEAPHAGES [3J QUEESNanopore D29 o x

Q Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

D Date Tool

7534888 HHPR X
7885714 HHPR X
TR G £
1927892 HHPR X
2181662 HHPR X
628907 HHPR X Hitlist
6618112 HHPR X
Show 25 % Entries Search:
5427079 HHPR X
8266377 HHPR X
Aligned Target
oeam272 HHPR X Nr Hit Name Probability ~ Ewvalue = Score S5 cols Length
Page 1 of 2
. @1 PRI4I3 Minor_capsid_2 ; Minor capsid 99.6 2e-14 82.84 77 89 105
protein
2 PFI73957 DUF5403 ; Family of unknown 9934 11e11 70.05 6 82 922
function (DUF5403)
3 PFO4883.17 HK97-gp10_like ; Bacteriophage 99.1 23e9 61.93 73 73 102
HK97-gp10, putative tail-component
4 PF05069.18 Phage_tail_S ; Phage virion 99.09 1.4e-8 62.05 107 105 144
morphogenesis family
5 PF20039.4 DUF6441 ; Family of unknown 95.52 0.48 31.93 75 81 215
function (DUF6441)
@6 Proe76316 Minor_tail_Z ; Prophage minor tai 94.89 054 3062 62 8 182
protein Z (GPZ)
7 7DEHA Cecropin-P1; cecropin P1, calmodulin- 3631 120 1423 29 21 31

fusion, antimicrobial peptides

62°F Sunny





image28.png
v My Portal X | W Mail-HolyN: X | P GratefulD- ® X | % Pham640Repc X | @@ TheActinobac X | @ BLASTSearch’ X | @ Phamerastor X | (@ HHpred |Bioir X RCSBPDB-5/ X | O DIUDesp™ X [ SEA-PHAGESF X  + - X

c docs.google.com/spreadsheets/d/e/2PACK-1vToasuRfix_yfLa9ECFNA_60kwN|_SAJGWZ3NCy53G20QfoNrhAQUEHNBUSD1hsrY0zUTTNEEPIMGK /pubhtmi?gid=08single=true R * v H
88 | G Gmail @ YouTube B Maps [ SEAPHAGES [3J QUEESNanopore tail terminator ¥ oA v X
SEA-PHAGES FUNCTIONAL ASSIGNMENTS : Sheet1

inthe added to the approved
‘macromolecular function list. You can now
complex) OR must  GageAP_19 Please see the hit other head-to-tail
have an HHPRED  portal and head-o-tal connector adaptor calls that were
alignment to one of  case study at the links provided based on this original data.

we are no longer calling the following crystal  Note: SPP1 gp17 and 17.1 are Ican include some

“head-o-tail connector” structures: HK97  NOT h-t connectors (they are the ‘example genes, but i there

or "head-to-tail connector 9p6 or or Bacilus il terminator and major tail  hitps//seaphages org/meet s a need for more let me.

head-to-tail adaptor ‘complex protein” 3-6-19 protein yabG subunit ings/33/ know.
81123, The prescribe hits
(namely the hits to
PDB5A21) are not as likely
to show up as they did

must have an when this function was
HHPRED alignment added to the approved
to one of the. function list. You can now
following crystal  GageAP_20 Please see the hit other head-to-tail
structures: SPP1 16 portal and head-to-tail connector stopper calls that were
(5A21 chain E or F case study at the links provided based on this original data
inthe Note: SPP1 gp17 and 17.1 are I can include some
macromolecular_ NOT h-t connectors (they are the ‘example genes, but if there.
complex) or Bacillus _ tail terminator and major tail  https//seaphages orglmeet is a need for more let me

head-to-tail stopper protein yabH subunit ings/33/ know.

81123, The prescribe hits
(namely the hits to
PDB5A21) are not as likely
to show up as they did

must have an when this function was
HHPRED alignment added to the approved

to one of the. GageAP_22 Please see the function list. You can now
following: SPP1 17 portal and head-to-tail connector hit other

(5A21 chain G inthe  case study at the links provided calls that were based on
macromolecular  Note: SPP1 gp17 and 17.1 are this original data. |

complex) or Lambda NOT h-t connectors (they are the include some example
U (3FZ2 chains A tail terminator and major tail  https //seaphages org/meet genes, butif there is a
tail terminator through F) subunit) g5/33/ need for more let me know.

Ifyou have a siphovirirdae
but less than stellar hits to
‘major tail. or tail tube
proteins, you can use

‘major tail subunit tail syntey to help make this

major tail protein tube prot call. example: Magritte:
Evidence needed to call TAC
Please see Bioinformatics hitps liseaphagesbioinform
Guide for what evidence is atics helpdocsonline com/a
tail assembly chaperone  Tail scaffolding protein  needed TMA_15; 16
do not call TAC when there is.
Hypothetical Protein tail assembly chaperone  NO evidence cluster EAT
Tape Measure, tmp,
tape measure protein tapemeasure T™A_1T

Ifyou have significant hits to
either collagen-fike or glycine-
rich proteins, and are in the
syntenic region of minor tail

Published by Google Sheets — Report Abuse ~ Updated automatically every 5 minutes

H P Type here to search 42°F Mostl





image29.png
v B ot x| @ Mal-HoiyNe X | P GriehiDe 9 X

toolkittuebingen.mpg,de/jobs/8546744

88 G Gmail @ YouTube B Maps [ SEAPHAGES [ QUBES Nanopore

D Date Tool

846744 HHPR
7534888 HHPR
7885714 HHPR
7088144 HHPR
1927892 HHPR
281662 HHPR
6628907 HHPR
6618112 HHPR
5427079 HHPR
8266377 HHPR
Page 1 0f2

Q. Phamod0Rep

x
x
x
x
x
x
x
x
x
x

x | @ Theactinobac x | @ BLASTSearchi X | © Pramersor X @ Hpred|Bor X - RCSBPDB-5: X | O DIUDeeptM: X | G SEAPHAGESF X

Vis  Hits A SelectAll  Forward  Forward QueryA3M  Model using selection  Download HHR  Color Seqs  Wrap Seqs

Visualization
Resubmit Section

5 89

I
‘DUFS168 - Froteln
BRELC.

Prob=96.4% E=0.087 5A21_G TAIL-TO-HEAD JOINING PROTEIN GP17; VIRAL
PROTEIN, VIRAL INFECTION, TAILED BACTERIOPHAGE, SIPHOVIRIDAE, SPP1,
VIRAL ASSEMBLY, HEAD-TO-TAIL INTERFACE, DNA GATEKEEPER, ALLOSTERIC
MECHANISM; 7.2A (BACILLUS PHAGE SPP1}

‘DUFGE38 - Donaln o
P
"SCOF doeToat

PRogo M toS7 b

Hitlist
Show = 25 +  Entries Search:
Aligned | Target
Nr Name Evalue  Score s  cols Length
1 eTE9F Tail terminator protein Rec01690; 97.56 00021 4196 74 82 135
ail tube”,
VIRUS; 3.58A {Rhodobacter capsulatus}
2 PFI136713  ;DUF3168; Protein of unknown 97.34 00054 3937 71 81 18
function (DUF3168)
3 526G TAILTO-HEAD JOINING PROTEIN GP17;  96.36 0.087 3505 69 77 134

VIRAL PROTEIN, VIRAL INFECTION,
TAILED BACTERIOPHAGE,
SIPHOVIRIDAE, SPP1, VIRAL ASSEM

PROPHAGE LAMBDALMO1, ANTIGEN B;

42°F Mostly cloudy

+





image30.png
v My Portal X | W Mail-HolyN: X | P GratefulD- ® X | % Pham640Repc X | @@ TheActinobac X | @ BLASTSearch’ X | @ Phamerastor X | (@ HHpred |Bioir X RCSBPDB-5/ X O DIU/Desp™ X  [m SEA-PHAGESF X | + - X

resb.org/structure/5A21 * =4 @

88 G Gmail @ YouTube B Maps [ SEAPHAGES [ QUBES Nanopore

RCSB PDB

Find similar proteins by:  Sequence ~ | (by identity cutoff) | 3D Structure

Entity ID: §

Molecule Chains @ Sequence Length Organism Details Image

MAJOR TAIL PROTEIN 17.1 H 177 Bacillus phage SPP1 Mutation(s): 0 @

UniProt

Find proteins for 048443 (Bacilus phage SPP1) Explore Go to UniProtks: [ZF

Entity Groups @

Sequence Clusters (0% igentty ) (0% aentity ) (70% aentty 3 (50 aentity 3] [96% laentty 3] [100% laentty 3]
UniProt Group
Sequence Annotations Expand
Reference Sequence 5A21_5
T = 5 = = o
snars
UNIPROT 048449 HPETPIMGQDVKYLFQSIDAATGSAPLFPAYQTDGSVSGERE LFDEQTKNGRILGPGSVADSGEVTYYGKRGDAGQKATEDAYQNGKQIKF WRVDTVKNENDKYDAQF GFAY TESREYSDGVEGAVETSISLQVIGELKNGEIDT LPEEIVNVSKGGYDF QQPGQTTGEAPGTVARK,
UNMODELED | [N |
HYDROPATHY T T ———————— e e gg——
osoroer | [l P —— enamill
B

H P Type here to search




image31.png
v B oMyRoral X | @ Mal-Hol X | P Gratef ® X | % Phamedst X | @ TheActine X | @ BLASTSe: X | @ TheActine X | © Phamerstc X | @ Hepred|t X | O DTUDeer X G SeA-PHAC X [ HouryWi X | [ TheBasicc X
c docs.google.com/spreadsheets/d/e/2PACK-1vToasuRfix_yfLa9ECFNA_60kwN|_SAJGWZ3NCy53G20QfoNrhAQUEHNBUSD1hsrY0zUTTNEEPIMGK /pubhtmi?gid=08single=true
88 | G Gmail @ YouTube B Maps [ SEAPHAGES [3J QUEESNanopore major tail protein "
SEA-PHAGES FUNCTIONAL ASSIGNMENTS : Sheet1
must have an when this function was
HHPRED alignment added to the approved

head-to-tail stopper

tail terminator

‘major tail subunit tail
tube protei

tail assembly chaperone  Tail scaffolding protein

Hypothetical Protein

tail assembly chaperone

Tape Measure, tmp,
tapemeasure

tape measure protein

‘minor tail protein collagen-like, glycine rich

Evidence needed to call TAC:
Please see Bioinformatics
Guide for what evidence is
needed

do not call TAC when there is
NO evidence

Ifyou have significant hits to
either collagen-fike or glycine-
rich proteins, and are in the
syntenic region of minor tail
proteins, you can call them
‘minor tail proteins.

mustinclude "minor tail" as
‘minor tail protein, D-ala-D- part of the functional
ala carboxypeptidase assingment

tail sheath protein

tailspike has triple beta
coils. make sure you are

‘matching the spike part of
the protein and not the N-

found in contractile tailed
phages

to one of the.
following crystal
structures: SPP1 16
(5A21 chain E or F
inthe
macromolecular
complex) o Bacillus
protein yabH

must have an
HHPRED alignment
to one of the.
following: SPP1 17
(5A21 chain G in the
macromolecular
complex) or Lambda
U (3FZ2_chains A
through F)

cluster EA1

GageAP_20 Please see the
portal and head-to-tail connector
case study at the links provided
Note: SPP1 gp17 and 17.1 are
NOT h-t connectors (they are the
il terminator and major tail
subunit

GageAP_22 Please see the
portal and head-to-tail connector
case study at the links provided
Note: SPP1 gp17 and 17.1 are
NOT h-t connectors (they are the
il terminator and major tail
subunit)

TMA_15; 16

T™A_1T

hitps //seaphages.orgimest
ings/33/

hitps l/seaphages org/meet.
ings/33/

Ifyou have a siphovirirdae
but less than stellar hits to
‘major tail. or tail tube
proteins, you can use
syntey to help make this
call. example: Magritte:

hitps //seaphagesbioinform
ics helpdocsonline com/a
le-54

function list. You can now
hit other head-to-tail
stopper calls that were
based on this original data
I can include some
‘example genes, but if there.
is a need for more let me.
know.

81123, The prescribe hits
(namely the hits to
PDB5A21) are not as likely
to show up as they did
when this function was
added to the approved
function list. You can now
hit other tail terminator
calls that were based on
this original data. | can
include some example
genes, but if there is a
need for more let me know.

Published by Google Sheets — Report Abuse ~ Updated automatically every 5 minutes

H P Type here to search

43°F Mostl





image32.png
MyPoral x| G Mal-Hol X | P Guieh ® X | & pramgsse X | @ TheAcine X | @ BlASTSe: X | @ TeAdine X © Promerstc X @ HHpred| X | O OTUDeer x | G seaprac x | B8 Houywe x | [ TheBasic x | + = x

<« c phamerator.org/phages
88 | G Gmail @ YouTube B? Maps [ SEAPHAGES [ QUBES Nenopore

Sign Out

Home Domains GenomeMaps  Holly Nance B chat

Actino Draft ~ @

LilTerminator_Draft (EA5) g s _
siezs @4 g o33 (08) & sz e 3 H g o semowm B o) e ey g
B g B g a s : z
m..m__-- E: E:E § N I ... N N ..
T 16 7T Nl
L e B \HHHHHHHH i HHHHHHHH Lo e e e
z
e-value: 0.000e+0
mino s prtein

tape measure

QUAZETQUEAS) pspsn rsemcmstnn s -

i terminatoHnajor ta. ..

g 12 $8EH8Y chaperone:
|

T B
L LI

znzm 08y

Tagacios)

srie0 19 endolysin 20288307

o33 (08) 166785 122) g fflding prolein 202550 (344 minor tail protein

. .
:

o T 2T E— E— E— 7
LUIL LI TP DL L UL T LI HH LI

e 29)

mm
. )
i
i

20083 (13

10
NN

it
Zepp (EAD)... e o - . TER st oo
....... |2 s N e B . [l 2 [T 5 [ g _— [ R R -

43°F Mostl

H P Type here to search




image33.png
= men

Alltools

& Yt genemarksLiferminato. x| + Create

Edt  Convert Esign

Direct Sequen

LY

A

Ul

10400

3
2
E]
g

3
z
g
£
2

H
2
£
H

3

\\\\\\L\/‘\“\

8800 9200 9600

Nucleotide Position

L Type here to search

Share

x Tm/ng x | Em seaprs x | BB Houryy x | B Theas x | % SEAPH: X
B %
likerminator ¥ oA v ox

0149), (24, 10206), (26, 10224), (27,
39, 10473), (41, 10491), (45, 10542), (49,
62, 10797), (63, 10806), (68, 10854), (69,
[100, 11073), (110, 11130, (114, 11160),
5,11310), (136, 11322), (140, 11355),
4 11610), (170, 11658), (171, 11664),
2, 11862), (204, 12015), (205, 12018),
7.12216), (249, 12297), (250, 12300),

4

0155), (24, 10212), (26, 10230), (27,
39, 10479), (41, 10497), (45, 10548), (49,
62, 10803), (63, 10812), (68, 10860), (69,
[100, 11079), (110, 11136), (114, 11166),
5,11316), (136, 11328), (140, 11361),
5. 11484), (164, 11616), (170, 11664),
9, 11838), (192, 11868), (204, 12021),
8, 12162), (237, 12222), (249, 12303),

n3

620), (21, 9644), (24, 9701), (28, 9773),
5, 10046), (47, 10106), (51, 10163), (53,
78, 10427), (81, 10439), (84, 10472), (99,
64). (122, 10703), (123, 10712), (124,
82), (148, 10889), (154, 10922), (157,
19), (194, 11267), (200, 11309), (203,
28), (236, 11537), (244, 11594),

2), (20,9923), (21, 9947), (24, 10004), (30,
40,10292), (45, 10349), (47, 10409), (51,

_[62, 10586), (64, 10598), (68, 10643), (76,

43°F Cloudy

+





image34.png
v OB R x (@Mt X | Pae® X | R phamt x | @ Teac x @ BT x @ TheAc x | O Prame x | @ Heprec x | © oupe x | G st x | B Howy x | B These x | % seanr x | [ Amor x

phagesdb.org/blast/results/blast.cgi 3

88 G Gmail @ YouTube B Maps [ SEAPHAGES [ QUBES Nanopore

Score  E
Sequences producing significant alignments: (bits) Value
Quadzero_17, tail assembly chaperone, 319 0 o.0
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DUFSISS —Proteln
D Date Tool

3618840 HHPR X Hitlist
e GRS Show = 25 +  Entries Search:
6896483 HHPR X
5167620 HHPR X Aligned Target
Nr Hit Name. Probability ~  Evalue = Score S5 cols Length
232422 HHPR X
o @ 8 @' sciE Accessory protein Csx28; CRISPR- 94.04 a1 264 96 @2 183
associated protein, ANTIVIRAL PROTEIN;
6316258 HHPR X 3.65A {Prevotella buccae}
EHE0 G ¢ 2 PF220021  ;MTLN; Mitoregulin 91.47 a3 574 56 M 56
2582739 HHPR X
3 KA Tcell surface glycoprotein CD4; Protein,  89.16 48 75 53 3 70
574287 HHPR X Cell membrane, Disulfide bond,
E=TE Glycoprotein, Host-virus interaction,
- Immune re
4 PF0G30516  ;LapA dom; Lipopolysaccharide 8.76 " 261 56 4 66
assembly protein A domain
5 PF0367218  ;UPFO154; Uncharacterised protein 8481 81 678 46 M 59
family (UPFO154)
6 TMITA Hemolysin, contains CBS domains; CorB,  81.88 k) 845 65 7 326
CNNM, DUF21, magnesium transporter,
membrane protein; HET: UMQ, SO4, ATP,
1PE;3
7 A Hemolysin; transporter, TRANSPORT 81.27 20 23 65 7 170
PROTEIN; HET: OLC, EPE; 2.0A {Thermus
parvatiensis}
8  PF203813  ;DUF6676; Family of unknown function  80.92 97 826 41 3 157

(DUF6676)
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RCSB PDB

"This IS Version 1.2 of the entry. See complete history.

Find Similar Assemblies

Biological assembly 1 assigned by authors.
Lierature

Biological Assembly Evidence: electron microscopy
Csx28is a that enhances CRISPR-Cas13b-dependent antiphage defense.

Macromolecule Content EH. O'Connell,

(2023) Science 380: 410-415
« Total Structure Weight: 175.28 kDa @

« Atom Count: 9,704 @ PubMed: 37104586 YR (BT
+ Modelled Residue Count: 1,152 @ DOI: https/doi.org/10.1126/science.abm 1184
« Deposited Residue Count 1,464 @ Primary Citation of Related Structures:
- Unique protein chains: 1 8GI
PubMed Abstract:

Type VI CRISPR-Cas systems use RNA-guided ribonuciease (RNase) Cas13 to defend bacteria against viruses, and some of these systems
encode putative membrane proteins that have unclear roles in Cas13-mediated defense. We show that Csx28, of type VI-B2 systems, is a
transmembrane protein that assists to slow cellular metabolism upon viral infection, increasing antiviral defense. High-resolution cryo-electron

© View More

Organizational Affiliation
Department of Biochemistry and Biophysics, School of Medicine and Dentistry, University of Rochester, Rochester, NY, USA.

Macromolecules

Find similar proteins by:  Sequence ~ | (by identity cutoff) | 3D Structure

Entity ID: 1
Molecule Chains @ Sequence Length Organism Details Image
Accessory protein Csx28 AB.C.DE 183 Segatella buccae Mutation(s): 0 @

© Gene Names: HMPREF6485_0084
Membrane Entity: Yes
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€)  Q search BioLib Docs Explore  Results

© Technical University of Denmark > [E] DeepTMHMM

Clear Result  Logs  Notes Share @ Download @  Viewfiles [

Version DeepTMHMM - Predictions
1.0.42 (9/10/2024)

Predicted topologies can be downloaded in.gff3 format and 3line format

Use from script
DeepTMHMM - Most Likely Topology | Type: alpha TM

% Python >_ Terminal Outside | =y
Hembrane - - -
Inside ]

Developer 0 20 40 60 80 100 120
Technical University of .
Denmark DeepTMHMM - Posterior Probabilities
10

Cite this application
APA  ISO690 BibTeX

Jeppe Hallgren, Konstantinos D.
Tsirigos, Mads D. Pedersen,
José Juan Almagro Armenteros,
Paolo Marcatili, Henrik
Nielsen, Anders Krogh and Ole
Winther (2022). DeepTHHITI
predicts alpha and beta 00
transmembrane proteins using 0 60 100 120

Membrane
nside
Outside
signal

deep neural networks. Sequence
https://doi.org/10.1101/2022.04
.08.457609 . >
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Resubmit Section
amsTis WHPR X 3 £
3618840 HHPR x
e GRS
6896483 HHPR X Prob=88.7% E=14 PF06946.16 ; Phage.holin_5_1 ; Bacteriophage A118-like holin,
Hol118

5167620 HHPR x
2232422 HHPR X Iff S
s6278  HHPR X
6316258 HHPR x SLATT_fungal _SHO
1611516 HHPR x
:m738 HHR X .

Hitlist

Page 1
Show 25 $+  Entries Search:

Aligned |  Target
Nr Name Evalue ~ Score 55 cols Length
@ 1 PF06946.16 ;Phage holin 5.1;Bacteriophage A118- 8875 14 261 97 8 93
like holin, Hol118
2 PFI004314  ;DUF2279; Predicted periplasmic 7994 E:] 2298 104 73 8
lipoprotein (DUF2279)
3 PFI337311  ;Dsc3.C; DSCE3 ubiquitin ligase 728 E:] 2724 53 37 149
complex subunit 3, C-terminal domain
4 PF1382911 ;DUF4191; Domain of unknown function 59 86 2726 54 46 220

(DUF4191)

PF03812.18 ; KdgT ; 2-keto-3-deoxygluconate

1:00PM
2025
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D Dpate Tool Template alignment | Template 30 Structure | POBe

@ 1. !LFARegulatory protein repa; replicative DNA helicase structuralchanges, REPLICATIO
% caran

Probability: 99.86%, E-value: 1.7e-19, Score: 170.68, Aligned cols: 242, Identities: 21%, ~Similarity: 0.25, Template Neff: 11.6

ET: 504; 1.95A {Escherichia coli} SCOP:

6179800 HHPR X
@ ss_pred necennhceeceCCCeeceeCCeceecceEEEEeCCCCCHHHHHHHHHHHHHNCCCCCCCCCCCCCeEEEEECCCHHHH
ae27a HEPR X Q09673108 292 DHATVADFGPVLRKPFKUVLPGTIPEAGCGLIVAAPKVGKTRVATEVALGLATGRRPLGISSQRPKAVGFFSLEDGEYLF 371 (555)
Q Consensus 222 - gk e 1o 371 (555)
073190 HHPR X B e N [ R T ar e ]
T Consensus - £-GKT- 1o 1o 83 (279)
4170609 HHPR X T A 5 KPINILEAFARAPPPLOYVLPN-HVAGTVGALVSPGGAGKSHLALQLARQIAGGPDLLEVGELPTGPVIYLPAEDPPTAL 83 (279)
T ssdssp CCCCHHHHHHSCCCCCCEEETT-EETTSEEEEEESTTS SHHHHAHHHHHHHHTCCCTTCCCCCCCCCEEEEESSSCHHH
7394027 HHPR X T ss_pred CeecHHHHHHECCCChhhceCe - cecCeEEEEECCCCC cHHHHHHHHHHHHHNC ccccCCCCCCCCCEEEERCCCCHHHH
9999756 HHPR X
Q ss_pred HHHHHHHNNC -CCcc-CCCCCCCCCCCCeeCCCCC ceseeccCCCCCCCHHHHHHHHHHHHHCCCCEEEEechHHHC
06652 HHPR X Q 09673108 372 AERLASGLHH-GREKY-HNDGHTKPEGOGTLVWEPPVPHQLFTFAQVDLSTPEDQORLYETIVKHDLKLVIIDTLSHAT 448 (555)
Q Consensus 2 1Dl 249 (555)
4745778 HHPR X Raand L1
T Consensus 5 - - - D 145 (279)
318840 HHPR X T A 88 HHRLHALGAHLSAEERQAVADGLL- 1QPLIGSLPNIHAPEWFOGLKRAE --GRRLIVLDTLRRFH 145 (279)
T ssdssp HHHHHHHHTTSCHHHHHHHHHEE - ECCCTTSCCCTTSHHHHHHHHHHHT --TCSEEEEECGGGGC
EEED  GHE E3 T ss_pred HHHHHHHHCCCHHHHHHHHCCCE - EECCCCCCCCCCHHHHHHHHHHHC --CCCEEEEeCchne
Page 1 0f 4
< Q ss_pred CCCCCCCHHHHHHHHHHHHHHHHHCCEEEEECCCCChNCC-CeccececcenHHHNCCeEEEEEECCCCC-
QQ9673198 450 GKGNVSDQKEMYAVLKPVKDIAKATGCAVLFIHHTRKRVFEK-GESIQESTLGATALHANSDF IHSLAAPAED- 521 (555)
Q Consensus 450 L gs -1 521 (555)
[ERTI— ot
T Consensus 147 g5 225 (279)
T A 147 TE-EENASGPHAQUIGRHEATAADTGCSIVF LHHASKGAAMHGAGDOQQASRGSS VL VDNIRUQSYLSSHTSAEAEENGY 225 (279)
T ssassp S~ CTTCHHHHHHHHHHHHHHHAHHCCEEEEEEEC ~CTGGGCSCEEEEEECCHHHARHTTC
T sspred €€ CCCCRNHHHHHHHHHHHHHHHHCCEEEEE CCCChRHRCCCCCCCCeCC cHAHHNCCCEEEEEeecCCHHHHHHNCC
@ ss_pred ceepEsEEEEecCCCCCCeccceEEeatCece
Q09673108 52 EDFLRUGVQTKRTNTOHYVDNALKVIKRPVLE 553 (555)
Q Consensus 52 553 (555)
T Consensus 26 261 (279)
T A 226 DDDQRRFFVRFG-SKANYGAPFADRUFRRHDGGVLK 261 (279)
T ssdssp CTTSGGGEEEEEE-EECSSSSCCCCEEEEECGRGCEE
T ss_pred ChHnccesEEee-cecccCCCececeEEecCCecte

Template alignment | Template 3D Structure | PDB | NCBI
SCOP dinlfa_€37.1.11 (&) Hexameric replicative helicase repA {Escherichia coll [TaxId: 5621} | CLASS: Alpha and beta proteins (a/b), FOLD:

1:02PM
2472005
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Prob=100.0% E=3.95-41 3HRB_A Protein recA; Alpha and beta proteins (a/b, a+b), ATP-binding, Cytoplasm, DNA
‘damage, DNA recombination, DNA repair, DNA-binding, Nucleotide-binding; 1.95A {Thermotoga maritima}
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™ binding, Nucleotide-binding; 1.95A {Thermotoga maritima} o B

Probability: 100%, E-value:3.9e-41, Score:310.29, Aligned cols: 336, Identities: 28%, Similarity: 0.419, Template Neff: 10.2

D Date Tool

Q ss_pred CHHHHHHHHHHHHHHCCCceeacc e -ccCCceaCC CHHHHHHHCCCCCCCCCEEEEECCCCCCHHHHHHHHHHHAHH
Q Q1462748 4 NPQLAKLLSDVONKYGENAVMMAKDH- - -VTYPPVRSGTLALDFATGVGGLPSDRVIEIGGTEGTGKTTLSLLAMQQFLL 80 (362)
6179800 HHPR X Q Consensus 4 it g1 Do 1 ~~GG- 80 (362)
YEmD  Ea 0 T Consensus s mintgenldenlamgGing: 87 (356)
T 3HRE_A 8 KSVLEKALKRIEENFGKGSIMILGDETQVQPVEVIPTGSLAIDIATGVGGYPRGRIVEIFGQESSGKTTLALHATAEAQK 87 (356)
97310 HHPR X T ss_gssp T TS CCTTCCSCCCCCCEECCS CHHHHHTS SSSEETTEEEEEEESTTSSHHHHHHHHHHHHHH
T ss_pred HHHHHHHHHHHRCCC coEEecCCeCCCCc e cCCCHHHHHHHCCC cecCCeEEEEECCCCCCHHHHHHHHHHHHHH
4170609 HHPR X
e 0 Q ss_pred HOCC o EEEECCCCCCHHHHHHCCCCCCCCCCEEEECCCCHHHHHHHHHHHHNCCCCREEEECCcecchiHHHHhC
Q Q1462748 81 AAQPERFALVLDLEHKMTKDWAVQLVGEEL WDDRVIYAQPDHVEQATNMYSDLVGSGQICFALFDSIGGAAVRAGIEKEAE 160 (362)
am7ss  HHPR X Q Consensus 51 ve-idee el ~lwvinss 160 (362)
[RSRTSPTT o
Jomessz HHPR X T Consensus 8 el ~1vivs1 162 (356)
T 3R8_A 85 HGGV--ARFIDAEHALDPVYAKNL-GVD-LK-SLLTSOPDHGEQAL ETVDELVRSGWDLTWDSVAALVPRAETEGAHG 162 (356)
4745778 HHPR X T ss_dssp TTCC--EEEEESSCCCCHHHHHHH- TCC -GG - GCEEECCSSHHHHHHHHHHHHHTSCCSEEEEECTTTCCCHHHHTTCCC
T ss_pred CCCe- - EEEEECChNCCHHHHHHC -CCC-HH-HeEEECCCCHRHHHHHHHHHHHCCCCCEEEEeChHNCCHRHHCCcce
3618840 HHPR X
Jam0ss  HHPR X Q ss_pred RCCHHHHHHHHHHHHHHHHHHhCCeEEE EECCeacc C-ccCCC-CCCCcehhe CEEEEEEEEERCCecceassectC
Q Q1462748 161 KVQUGGNANAITKF ARLASNFSAKYRCLTVGTNQERVDME - GFRRY -MTPGGNGHKHACILRIRLKASTQDKVETVWNGE 238 (362)
Page 10f4 Q Consensus 161 238 (362)
T Consensus 163 237 (356)
T 3R8_A 163 DHOUGLOARLHSOALRKTAGSVIKSKAVVTFTNQTRIKIGVHFGSPETTTGGLALKFYATHRHEVRRGEP~ 237 (356)
T ss_gssp S CSSHHHHHH TS CEEEE EEESSSCSSSSSCSCSSCTHHHHHHHHCS EEEEEEEEEE -
T ss_pred CCCHHHHHHHHHHHHHHHHHHA R CeEEEE EeacceceCec CCCCecCCCcHHHHNheEEEEEEeCCe-
Q ss_pred Cceeet EEEEEEECCCCCCCCEEEEEEERCCececCCCCCCHHHHHHHHHHNCCEeeCCCeeaCCect-~~CeEeachH
Q Q1462748 239 KMVVGRKTHAQIVKNQLAAPGRSAWIMMYHVPTEEYGFGIDTLDEIVRLATLTGVIKQRVSYYDHPALE - --NGTVKGMT 315 (362)
Q Consensus 239 315 (362)
T Consensus 238 310 (356)
T 3HRE_A 238 D-VIGNVISVKIVKNKVAPPFKTAQTYII -YGKGIDREYELFNIAVNEGIVDRKGSWYYYTTLKGEEVSLGQGSS 310 (356)
T ss_gssp E-EEEEEEEEEEEEESSSCCCCEEEEEEE -~ TTTBSCHHHHHHHHHHHT TSSEEETTEEEEECTTSCEEEEEEHHH
T ss_pred C-eeceEEEEEEEeCCCCCCCCEEREEEE -~~~ sCCCCCRHHHHHHHHHHCCCeBecCceEEcecCCCecassech
Q ss_pred HHHHHHCHHHHHHHHHHHHHC CCchhhc ccCCCCCCC
Q Q1462748 316 SLSKAIGDDEALRNTIVSETLAVLKTDSSLLAEVAPLDDTVP 357 (362)
Q Consensus 315 L 357 (362)
vl [ |t e bt
T Consensus s L 351 (356)

T 3HRE_A 311 NAVOFLKDIPETAGETERRIREKYGLLSVEKEE-QRKEKKSS 351 (356)
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Alignments

Template alignment | Template 3D Structure | PDBe
1. 1NLF_A Regulatory protein repA; replicative DNA helicase structural changes, REPLICATION; HET: SO4; 1.95A {Escherichia coli} SCOP: ¢.37.1.11

GPEED)  GEER E3 Probability: 99.84%, Evalue: 3.6e-19, Score: 16838, Aligned cols: 250, Identities: 21%, Similarity: 0.221, Template Neff: 116
1462748 HHPR X Q ss_pred ceceHnHhhcceCCCCeeeceCeceecCeEEEERCCCCCHHHHHHHHHHHHHNCCCCCCCCCCCCREEEEECCCChhHH
06179500 287 DHATADEFGTVLRTPLIMVVPNIIPEAGCGL LVAAPKVGKTRVAMELALGVATGRRPLGLPVRKKQGVGFFSLEDGEYLF 366 (557)
CHE) (R &3 Q Consensus 287 g~ 366 (557)
Greog GRS T Consensus e 83 (279)
o TNFA 5 KPINILEAFAAAPPPLDYVLPH-MVAGTVGALVSPGGAGKSHLALQLAAQTAGGPDLLEVGELPTGPVIVLPAEDPPTAL 83 (279)
T ss_gssp COCCHHHHHHS CCCCCCEEETT - EETTSEEEEEESTTSSHHHHHHHHHHHHHTCCCTTCCCCCCCCCEEEEESSSCHHHH
o @ 83 T ss_pred CeceHHHHHHCCCCChhheCCe-cceCCEEEEECCCC cHHHHHHHHHHHHHNCC CecCCCCCCCCCEEEERCCCCHHHH
WEE G £ Q ss_pred HiHHAHhC ceCCCeceace ccercecCecCCCCC ecceCCCCCCCCHHHHHHHHHHHHHCCCCEEEEecHHHNCC
= 06179500 367 AHRLSSYLDHDRGRGKYHHDGHITRASDGLIWEPPVPHPFLTAFRPIDL SDEADQORLRETIIRYDLKLVIIDTLSHATG 446 (557)
e Q Consensus 367 ~erle 45 (557)
3618840 HHPR X S
T Consensus xo 147 (279)
= 8 TNFA 84 HHRLHALGAHLSAEERQAVAD LIGSLPNIMAPEHFDGLKRARE --GRRLIVLOTLRRFHT 147 (279)
T ss_gssp HHHHHHHTTSCHAHHHH CTTSCCCTTSHHHHHHHHHHHT - - TCSEEEEECGRAGCC
Page 10f4 T ss_pred HHHHHHHRCCCHAHHHHHH CCCCCCeceCHHHHHHHHHG - -CCCEEEEeCehtincc
Q ss_pred CCCCCCHHHHHHHHHHHHHHHHRCCEEEEE ecCc cchheCC-cchhhhhcChiHHHAC CeE EEEERCCCCCC
Q 06175800 487 KADVSQSKDHYATLKELKETAKSTKCAVHF THHTRKRVFEKG- ESTQEKTLGSTALHGHSDF ILSLADPTEDY- 518 (557)
Q Consensus 227 1 ek 518 (557)
& o e rserserreess] o]
T Consensus 148 1 . 26 (279)
TFA 148 E-EENASGPHAQVIGRHEATARDTGCSTVFL HHASKGAAMHGAGDQOOASRGSSVLVDNTRUQS YL SSHTSAEAEENGYD 226 (279)
T ss_gssp S-CTTCHHHHHHHHHHHHHHHHHHCCEEEEEEEC CTGGRCSCEEEEEECCHAHHHHTICC
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Show = 25 ¢ Entries Search:
6010652 HHPR X Aligned Target
Nr Hit Name. Probability ~  Evalue = Score ~ SS  cols Length
6148357 HHPR X
e L 9 1 6PPUA ATP-dependent DNA helicase (UD/REP),  99.8 61e17 16471 269 178 724
DNA, DNA BINDING PROTEIN, DNA
8488753 HHPR X BINDING PROTEIN-DNA complex; 3.5A
{Mycobacterium sm
911402 HHPR X
o @ 82 2 AwrA Exonuclease V; HYDROLASE; HET: EDO; %98 86e18 15539 177 148 346
2.5A {Homo sapiens}
9004045 HHPR X
3 PFI270512  ;PDDEXK.1;PD{D/EIXK nuclease 99.79 89e17 14548 232 167 309
6179800  HHPR X ST
1462748 HHPR X
4 308 ATP-dependent 99.78 51e17 17375 217 285 1166
9673190  HHPR X helicase/deoxyribonuclease subunit 8;
Helicase, nuclease, Double strand DNA
Page 105
- repair, Protein-DNA complex, H
5 6PRLA ATP-dependent DNA helicase (UVrD/REP),  99.77 23016 167 256 245 1045
DNA BINDING PROTEIN; HET: ANP; 3.5A
{Mycobacterium smegmatis}
6 cdo9eso Casd_1-A; CRISPR/Cas system-associated 9977 1615 13544 256 249 282
protein Casd. CRISPR (Clustered Regularly
Interspaced Short Palindromic Repeats)
7 PF1268412  ;DUF3799; PDDEXK-like domain of 99.77 23e16 13641 209 214 235
unknown function (DUF3799)
8  PFI092613  ;DUF2800; Protein of unknown function  99.76 16e16 14806 192 224 369
(DUF2800)
9 3M0AA Putative exonuclease; RER070207002219, 9975 29e16 13954 191 225 266

Putative exonuclease, Structural
Genomics, Joint Center for Structural
Genomics,
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RecB-like exonuclease/helicase or Cas4 family exonuclease?

RecB-like exonuclease/helicase or Cas4 family exonuclease?

Link to this post | posted 03 Aug, 2022 18:32

Greetings all!

We generated our R2! for Langerak and were pleased to see that we had assigned all functional
assignments correctly except for one: Gene 46 (31633-32562). This gene belongs to pham 37230. On
Phamerator, all of the other most closely related P1 cluster phages (Donovan, FirstPlacePfu, HUHIlltop,
Jebeks and Techage) all have this same pham, and the assigned function is RecB-like
exonuclease/helicase. On the SEA PHAGES function list, we are told the following;

RecB-like exonuclease/helicase: If both a helicase and nuclease domain are present, the RecB label
should be used.

Cas4-family exonuclease: This family of exonucleases is similar to the exonuclease domain of RecB.
The Casé label should be used if the gene includes only the exonuclease region. IF the gene also
includes a helicase domain, the RecB label should be used. Cas4 family nucleases tend to have
alignments to the crystal structure 4R5Q_A, 41C1_A and to the PD-(D/EIXK nuclease superfamily

(PF12705.7, among others)

On HHpred for Langerak, we did get hits to the Cas4 family nucleases mentioned in the above
paragraph. But we also got hits to helicases: 3U4Q_B, 4CEI_A, 6PPU_B, 1W36_E, and others. We decided

keornely to assign the function as the RecB-like exonuclease/helicase because (1) we thought we had fulfilled
the requirement stated on the SEA PHAGES official function list that we should have hits to both
helicases and exonucleases and (2) All of the other P1 cluster phages with the same pham used this
functional assignment on Phamerator.

But we were marked wrong.
1'd like to get this right going forward, so could someone please help me out?
As always, thanks for helping me "review to improvet

Best wishes,
Kathleen

Quote this postina

Link to this post | posted 04 Aug, 2022 19:08

Hi Kathleen,

The exonucleases

126PM
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Link to this post | posted 04 Aug, 2022 19:08
Hi Kathleen,

The exonucleases are confusing! You are correct that Langerak_46 has HHPred hits to
nuclease/helicases as well as the Casa-family exonucleases. However, the nuclease/helicase hits are
only aligning to the C-terminal parts of those proteins (see attached screenshots). My interpretation is
that Langerak_46 is aligning to the exonuclease domains of the RecB-like proteins, but it does not
contain the helicase domain. So | think the best call given the information in the official function list is
Cas4-family exonuclease.

The prototype gene product in the official function list for RecB-like exonuclease/helicase is
RedRock_72, but the HHPred results for that protein show only alignment to the exonuclease
(https://toolkit.tuebingen.mpg.de/jobs/9540395_8), and in fact that gene is currently annotated as Cas4.
exonuclease. | will try to find an example of a RecB-like protein 50 you can see how to identify the two
domains.

Klyczek
1 am also not entirely sure how to distinguish Cas4-family exonuclease from other members of the PD-
(D/EIXK superfamily that show up as HHPred hits, but am looking in to that further

Karen

Quote this postin a repl

654Kb

Link to this post | posted 05 Aug, 2022 14:56

Karen, this s very helpful, thank you. An example of a RecB-like protein would be very helpful. |

understand your thought process and your logic as identifying this protein as a Cas4 endonuclease.

Butwhy do so many other P1 cluster phages assign the function as RecB-like exonuclease/helicase?
‘\ Shouldn't proteins in the same pham all have the same function?

Thanks again for your reply.

Kathleen

keornely
is poscina

Link to this post | posted 05 Aug, 2022 15:45

Kathleen,

1 am going to answer that question. It is because once a function is identified, it gets propagated.
Doesn't matter who said it, o what the supporting evidence is.

For SMART, our focus this year has really been to work through these mis-identifications. So questions
like yours will help s all get there.

The best way to identify where the calls are difficult is to look at phams with multiple functional calls.

126PM
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Template alignment | Template 30 structure | POBe
. G%PU_A ATPdependient DNA helicase (UVrD/REP); DNA, DNA BINDING PROTEIN, DNA BINDING PROTEIN.DNA complex; 3.5A (Mycobacterium
" smegmatis (strain ATCC 700084 / mc(2)155)}
Probabily: 99.8%, Evalue:6.1e-17, Score: 16471, Aligned colss 178,  denties: 20%,  Simiariy: 0.1, Terplate Neff: 108

D Date Tool

6010652 HHPR X
Q ss_pred CCareannHHHHHRACHHHHHHHHHNCCCCCCCCC ChAHHHHHHHHHHHN CCCCCHHHHHHHHHHHNR - CCCRHHHH
class7 HHPR X Q Q1se3976 31 GLVITOSVSGFVNCPRETYYSIVLGLRTKLASRPLTRGTHVHALLEERGNGGDAKAKHQEL IKEAEE - -NTFEEETAG 105 (392)
Q Consensus 51 1555 T G ool 108 (392)
1043976 HHPR X elelo oo
T Consensus an ST 546 (724)
sas753  HHPR X T 6PPUA 471 HUVTLSPSTLOMLTDCPLRULLERHGGDD--GROVRSTVGSLVHALV-SEPG-KTESQLVNELEKVADDLPYDAKWYSDI 546 (724)
T ss_dssp CBCCBCTHHHHTTTTCTTHHHHHS SSCCC - ~CCCGGRSSHHHHHHHH- HCTT -CCHHHHHHHHHHTTSSCCSSTTHHHH
9611402 HHPR X T sspred (CCCEECARHHHHRCCHHHHHHHRC CCCC - ~CCCHHHHHHHHHHHHH-hCCC -CCHHHHHHHHHHHHHACCCCcccenh
90026 HHPR X
Q ss_pred HHHHHHHH N CCCCCc e EEEEEEEEEe-eC- - CCEEEEEEEQEEEECCCCCEEEEECCCCCCCCnnh
9004045 HHPR X Q01943976 109 LAEECYNIVLSYDHLYEQKLHEHLHPVAVELTVERTH-FR----GKVLYRGRIDITWIDDQEDVMLGDHKTHATLPDWRY 183 (392)
Q Consensus 109 183 (392)
6179800 HHPR X
T Consensus 567 625 (720)
1462748 HHPR X T 6PPUA 547 ELARHRAMLETFTRUREDT-RRQLTEVATEIPVEGIWEPGENTPGVRVRGRLORLERDEAGRLVVDLKTGKSPVTKDD 625 (724)
T ss_dssp HHHHTTHHHHHHTTC - C - CEEEEEEECCBSCSCCCB- - - CCBBCCEEEEEECSSSCEEEECCBCCSSCCCTTT
967319  HHPR X T ss_pred HHHHHHHHHHHHHHHHHHC - CCCeeEEeEEEEEEEEECCCCCCCCEEEEEEECEEEECCCCCEEEEECCCCCCCCCRH
Page 1 of 5
~ Q ss_pred CcceHHHHHHHHHH-HhechhHHHHnCC - -~ CCCCCCeeEEEEece
Q Q1se3976 184 RELAFQHYSYLWAC-ETAPTYKALRYKG---KPLPOPKGFIYDYCR 225 (392)
Q Consensus 184 QLYo 25 (392)
RES——
T Consensus 625 QL 659 (720)
T 6PPUA 626 AQUHAQLAMYQLAVAAGL- 659 (724
T ss_dssp SSSCTTHHHHHHHHSSCC -
T sspred HHRCHHHHHHHHHHHCCC

Template alignment | Template 30 Structure | PDBe
2. 7LW7_A Exonuclease V; HYDROLASE; HET: EDO; 2.5A {Homo sapiens}
Probability: 99.8%, Evalue: 8.6e-18, Score: 155.39,  Aligned cols: 148, Idenities: 18%, Similarity: 0078, Template Neff: 10.6

Q ss_pred CCeeeennHHHHHNNCHHHHHHHHHNCCCCCCC -CCRRHHHHHHHHHHHNCCCCCHHHHHHHHHHHRRNCCCRRHHHHH

0 Q1943976 31 GKLVITOSMVSGFVNCPRETYYSIVLGLRTKLA-SRPLTRGTVHALLEERGNGGDHKAKHQEL KEAEENTFEEETAGL 109 (392)

0 Consensus 3 o 18mS L Gl = 109 (392)
PRI P, R ——

T Consensus se e Lo Grnntionenn 116 (346)

T 7007_A 56 HLKYLYVIDLATONHCELQTAYGKELPGFLAPEKAAVLDTGASTHLARELELHDLVTV. -P-VITKEDAW 116 (346)

T ssdssp TCSSEEHHHHHHHHHCHHHHHHHHHCTTCC- CCHHHHHHHTTCCSS -C-cecHHHH

1280
B s
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D Dpate Tool
Template alignment | Template 30 structure | POBe

3U4Q_B ATP-dependent helicase/deoxyribonuclease subunit B; Helicase, nuclease, Double strand DNA repair, Protein-DNA complex,
HYDROLASE-DNA complex; 2.8A {Bacillus subtilis}
Probability: 99.78%, E-value: 5.1e-17, Score: 173.75, Aligned cols: 285, Identities: 14%, ~Similarity: 0.105, Template Neff: 11

6010652 HHPR X
0 55 prea CCeceenHHHHHIRCHHHHHHHFHNCCCCCCCCC - chHHHHFHHHNCCC JT—
st GEERE3 Q Q1943976 31 GKLVITQSMVSGFVNCPRETYYSIVLGLRTKLASR- -PLTRGTWVHALLEERGNG: -GDWKAKHQELIK 95 (392)
= oo 0 0 Consensus 31 L == 95 (392)
s o 8 T Consensus 786 e it 865 (1166)
T3040 B 786 ERIQGSVSRMETFNACPFSHFASHGLHLKERQFFKLEAPDIGQLFHSSLKLISDRLRDEKLDWRDLTKEQCELFSYDAVE 865 (1166)
Grm G 63 T ss_gssp SSBCCBHHHHHHHHHCHHHHCCCCCS CCCCCCCSSCCSHHHHHHHHHHHHHHHHHHTTCCGGCCHHHHHHH
T ss_pred CCCceChnHHHHHCChHHHHHHCCCCCC e ececeCenHHHHHHHHHHHHHHHHHHCCCCHHHCCHHHAHH R
9690024 HHPR X
0 55 prea - ORI CCcCC e EEEEEEE - EeecCc--gEEEE
s el Q Q1943976 96 EAEE-- -NTFEEETAGLAEECYNIVLSYDWLYEQKLHEHLHPVAVELTVE- RTMFRGK--VLYRG 154 (392)
GET  mE R 0 Consensus %6 154 (392)
TEED | W 63 T Consensus 866 = e 941 (1166)
T3040 B 866 RLAPKLQKEILLSSNRHYYVKEKLQKIVTRVSGILSEHAK - - -ASGFVPIGLELGFGGKGPLPPLTFQLK-NGCTMELVG 941 (1166)
97310 HHPR X T ss_gssp GRS TTTHHHHSHHHHHHHHEH T -~ TCCCEEEEEEEEESSSSSSCCEEEEET TTEEEEEBE
T ss_pred HEHHHHAHATANCCHHHHHEHHHEHHHHHH -~ hcCceee EEEEecCCCCCCCCCEEECC-CCCEEEEEE
Page 10f5
Q ss_pred EECEEEECCCCC---EEEEECCCCCCCCeh--NhceccHHHHHHHHHH-Hn -~ ~-cnnFHHHNCCCCCCCCeeEEEE
Q Q1943976 155 RIDITWIDDQGD- - -VWLGDHKTHATL PDI- - RYRELAFQHYSYLWAC-ET-- -APTYKALRYKGKPLPQPKGFIYD 222 (392)
0 Consensus 155 QLYo 222 (392)
Hrlers +.
T Consensus 942 QLYo 1009 (1166)
T 3008 942 RIDRVDKAESSKGLLLRIVAYKSSDKGLOLAEVYYGLALQHLTYLDLSITHSADHLGH: 1009 (1166)
T ss_gssp EEEEEEEEEETTEEEECELEEESSSCCCCHHHHHTTSCCHIHHHHHHHHHCCCCCS
T ss_pred EEEcetEeecCCeetEEEEEecCCCCCCCHHHHHHHHHHHHHIHHHHCNHHHCCC
Q ss_pred eceecc CCCCececCCeeseeecCCCCCHHHHHHHHHH
Q Q1943976 223 YCRTNA- TIKVPTLTQKGKLSRVLKPSGTTYPVFREWLIK 260 (392)
O Consensus 223 26 (392)
T Consensus 1010 1068 (1166)
T 3008 1010 HIHDPHIOSNLPLGLDETEQETFKKFKFHKGLLLGDOEVWRLHDTTLOEGRSNINAGLK - - 1068 (1166)
T ss_gssp ECSCCCEECSSCCCHHHHHHHHHHTTCBEEEEECSHHHHHHHCTTCSSEECSSBSCEEC - =
T ss_pred EccCCcecCCCCCChnHHHHIHHNCCeceeeCCHHHHHHHNCeCCCCecetestec- =
Q ss_pred CCCecccechnrHnCHHHHHHEHHH N CececcecececCCHAHHHHHIHAHIF A HhcccCCCCececC
Q Q1943976 261 NNNLMSVIRGKDLLATEDAEERAYVEEFLMELKHRDYSDTFRRDRLVFSEAQRKRQLKSFYASAARLLNYKWDDPDKVERN 340 (392)

0 Consensus 330 (392)
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D Date Tool

Template signment
. c409655 Cast LA; CRISPRICas system.-assocated proten Casd, CRISPR (Clustered Regulary Interspaced Short Palindromi Repeats) and
associated Cas proteins comprise a syste for heritable host defense by prokaryoticcels against phage and other frelgn DNA.

COOE GNE £3 Probability: 99.77%, E-value: 1e-15, Score: 135.44, Aligned cols: 249, Identities: 12%, ~Similarity: 0.042, Template Neff: 12.5
st GEERE3 Q ss_pred €CceeCCCCCCCCeCecccCCCCCCCCCCCCC. eeeenhHHHHHNNCH- -HHHHHHHHNCCCCCCCCCChhHHHHHHHHH
1943976 HHPR X Q Q1943976 1 MPAKALPATGKKAGSKAWHGPRGTWPTTEDGK . LVITQSMVSGFVNCP--RETYYSIVLGLRTKLASRPLTRGTWVHALL 77 (392)
Q consensus - = = Gl 77 (392)
s o 8 1 sl s e
T Consensus ~Cp- e ~G- 1 78 (282)
Grm G 63 T caeosso GCESRRDLYLKRVLGY-RAEPNGGHKFGAYIHEVF 78 (282)
T ss_pred CCCCCeeceeeCCChHECCCCCCCCCCCCLL  CeeChhANC-CecCehHHHHRHRACC - CCCCCCHHHHHHHHHHHH
9690024 HHPR X
e Q ss_pred —CCRHRHHRRCCCh PR CCCC - -
Q Q1943976 78 ~GDWKAKHQELIKEAEENTFE. EETAGLAEECYNIVLSYDWLYEQKLHEHL-.---- 132 (392)
G @ 53 Q Consensus 7 = - = - n e 132 (392)
DOm0 T Consensus 7 — = = 152 (282)
T cde9ss9 79 KRSLAELRS1TEGGAVKGHELVQSFNA- - -EATAReaaiaaeaeaDPRGVELARYLAIQVAARVDET - - -ASRSSaDSLS 152 (282)
97310 HHPR X T ss_pred HHHHHRC . CCCCCCCHHHHHARHAH- --CCCCC ChHHHHHHHHHHRHRHHR---Hhnce . ccnh
Page 10f5
- Q ss_pred - -CeeEEEEEEEEEeCCCEEEEEEEeEEEECCCCCEEEEECCCCCCCCENCCCCHHHHHHHHHH-HRCCNHH
Q Q1943976 133 -~ .. -HPVAVELTVERTMFRGKVLYRGRIDI IWIDDQGDVWLGDHKTHATLPDWRYRELAFQHYSYLWAC-ETAPTYKAL 206 (392)
Q Consensus 133 206 (392)
JRSTRTITSS
T Consensus FE ik 213 (282)
T caeosso 153 TABCAVPVLAEYVIDGRPL--GLTL-VRADALY--~-VN-VWVEIKVGSYS- ----ERHALALAGYALATEADE ------ 213 (282)
T ss_pred cc. . ceeeEEEeecCCeec--CeEEEEEEEEec---- (CEEEEERCCLCCC-----CcCccHHHHHHHHHHHH.
Q ss_pred HnCCCCCCCCceEEEEecce-CCCCCeceeCleeeesecCCCCCHHHHHHHHHHCCCE CCcechhAHRChHHHHFHH
Q Q1943976 207 RYKGKPLPQPKGF IYDYCRT -NATKVPTLTQKGKLSRVLKPSGTTYPVFREWLIKNNLMSVIRGKDLLATEDAEERAYVE 285 (392)
Q Consensus 207 g~ 285 (392)
T Consensus 24 - 29 282)
T caeosso 204 ---EVPV---DAGLLISVAFIG 29 (282)
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Gene: Fulton_36 Start: 25139, Stop: 24975, Start Num: 5
Candidate Starts for Fulton_36:

(1, 25211), (3, 25151), (Start: 4 @25148 has 1 MA's), (Start: 5 @25139 has 17 MA's), (7, 25085), (8,
25082), (17, 24986),

Gene: Greenlvy_36 Start: 25728, Stop: 25564, Start Num: 5
Candidate Starts for Greenlvy_36:

(1, 25800), (Start: 4 @25737 has 1 MA's), (Start: 5 @25728 has 17 MA's), (7, 25674), (8, 25671), (17,
25575),

Gene: Hasitha_36 Start: 25151, Stop: 24987, Start Num: 5
Candidate Starts for Hasitha_36:

(1, 25223), (3, 25163), (Start: 4 @25160 has 1 MA's), (Start: 5 @25151 has 17 MA's), (7, 25097), (8,
25094), (17, 24998),

Gene: KatChan_39 Start: 26485, Stop: 26321, Start Num: §
Candidate Starts for KatChan_39:
(1, 26557), (2, 26521), (Start: 4 @26494 has 1 MA's), (Start: 5 @26485 has 17 MA's), (9, 26419), (11,
26401), (12, 26398), (17, 26332),

Gene: Librie_36 Start: 25138, Stop: 24974, Start Num: 5
2 Candidate Starts for Librie_36:
(1, 25210), (3, 25150), (Start: 4 @25147 has 1 MA's), (Start: 5 @25138 has 17 MA's), (7, 25084), (8,
25081), (13, 25036), (17, 24985),

Gene: LilTerminator_37 Start: 25172, Stop: 24996, Start Num: 3
Candidate Starts for LiTerminator_37:

(1,25232), (3, 25172), (Start: 4 @25169 has 1 MA's), (Start: 5 @25160 has 17 MA's), (7, 25106), (8,
25103), (17, 25007),

Gene: Luna18_39 Start: 26485, Stop: 26321, Start Num: §
Candidate Starts for Luna18_39:
(1, 26557), (2, 26521), (Start: 4 @26494 has 1 MA's), (Start: 5 @26485 has 17 MA's), (9, 26419), (11,
3 26401), (12, 26398), (17, 26332),

Gene: Mercedes_33 Start: 24121, Stop: 23957, Start Num: 5
Candidate Starts for Mercedes_33:

(1, 24193), (3, 24133), (Start: 4 @24130 has 1 MA's), (Start: 5 @24121 has 17 MA's), (7, 24067), (8,
24064), (17, 23968),

Gene: Morrigan_39 Start: 26506, Stop: 26342, Start Num: 5
Candidate Starts for Morrigan_39:
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>LilTerminator_Draft_37, function unknown, 58
Length = 53

Score = 125 bits (315), Expect = 3e-29
Identities = 58/58 (100%), Positives = 58/58 (100%)

Query: 1 HVKPLPNSSAPCGHVTGKHHYQUVANISGSASILKCANTLCQRHLVVSHEDIVERVAA 55
HVKPLPNSSAPCGHVTGKHHYQUVAWT SGSAS TLKCANT LCQKHLVVSHEDTVERVAA
Sbjct: 1 HVKPLPNSSAPCGHVTGKHHYQUVANTSGSASTLKCAWTLCOKHLVVSHEDIVERVAA 58

sMardwill Draft_38, function unknown, 57
Length = 57

Score = 120 bits (302), Expect = le-27
Identities = 55/57 (96%), Positives = 56/57 (98%)

Query: 2 VKPLPNSSAPCGHVTGKHHYQUVANISGSASILKCAWTLCQKHLVVSHEDIVERVAA 58
+KPLPNSSAPCGHVTGKHHYQUVANTSGSAST LKCANTLCQKHLVVSHEDT ERVAA
Sbjct: 1 MKPLPNSSAPCGHVTGKHHYQUVANTSGSASTLKCAWTLCQKHLVVSHEDIFERVAA 57

>QuadZero_36, function unknown, 57
Length = 57

Score = 120 bits (301), Expect = le-27
Identities = 54/57 (94K), Positives = 56/57 (98%)

Query: 2 VKPLPNSSAPCGHVTGKHHYQUVANISGSASILKCAWTLCQKHLVVSHEDIVERVAA 58
+KPLPNSSAPCGH TGKHHYQUVANTSGSAST LKCANTLCQKHLV+SHEDIVERVAA
Sbjct: 1 MKPLPNSSAPCGHFTGKHHYQUVANTSGSASTLKCAWTLCQKHLVISHEDIVERVAA 57

>Zepp_37, function unknoun, 54
Length = 54

Score = 115 bits (289), Expect = 3e-26
Identities = 52/54 (96%), Positives = 54/54 (166%)

Query: 5 LPNSSAPCGHVTGKHHYQUVAWISGSASILKCAWTLCQKHLVVSHEDIVERVAA 58
+PNSSAPCGHVTGKHHYQUVANTSGSASTLKCAWTLCQRHLVVSHEDIVERVA+
Sbjct: 1 MPNSSAPCGHVTGKHHYQUVAWTSGSASTLKCANTLCQKHLVVSHEDIVERVAS 54
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>Zepp_37, function unknoun, 54
Length = 54

Score = 117 bits (292), Expect = 1e-26
Identities = 53/54 (98K), Positives = 54/54 (166%)

Query: 1 MPNSSAPCGHVTGKHHYQUVAWISGSASILKCAMTLCQKHLVVSHEDIVERVAA 54
HPNSSAPCGHVTGKHHYQUVANTSGSASTLKCANTLCQKHLVVSHEDIVERVA+
Sbjct: 1 MPNSSAPCGHVTGKHHYQUVAWTSGSASTLKCANTLCQKHLVVSHEDIVERVAS 54

>LilTerminator_Draft_37, function unknown, 58
Length = 53

Score = 117 bits (292), Expect = 1e-26
Identities = 53/54 (98K), Positives = 54/54 (166%)

Query: 1 HPNSSAPCGHVTGKHHYQUVAWISGSASILKCAWTLCQKHLVVSHEDIVERVAA 54
+PNSSAPCGHVTGKHHYQUVANTSGSASTLKCAWTLCQKHLVVSHEDIVERVAA
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Length = 54

Score = 116 bits (299), Expect = 2¢-26
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