Region of interest:

Microdon 15329 - 15969

SEA MICRODON 22 [15329-15721]
SEA MICRODON 23 [15820-15969]

Rationale:

There is a large, uncalled region of coding potential in the +3 frame upstream of SEA_MICRODON_23
(downstream of SEA_MICRODON_22). These genes are flanked by the major tail protein gene (upstream of
SEA_MICRODON_22) and the tapemeasure protein gene (downstream of SEA_MICRODON_23). This is the same
syntenic region where tail assembly chaperones involving a programmed frameshift have been routinely called in
Actinobacteriophages. Calling the SEA_MICRODON_22 gene on its preceding start codon would generate a
substantial overlap (55 bp) with SEA_MICRODON_23.
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This same behaviour (non-called coding potential upstream of Gp23) is observed in other members of the BH
cluster, and calling the longer version of the SEA_MICRODON_22 homolog results also in substantial overlap.
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DNA sequence
ATGAGCGGTTTCGACGCAGGCACGGCCGTGGAGCCGATGGACTACGACTTCACCACCGTCCCCGGCGGCGTGGGCAA
GGGCACCGTTCCCGAGCCCTCCACGAAGGAGATGCAGGTCTTCCAGCGCGAGTTCGCCAAGGTCATGCGCAAGGGCC
AGAAGCTCGAAGTCTCCGACGAGGACGCGATGAAGATGTCCGAGAAGGAGTTCGACAAGCTCCAGGCGGACGCGCAG
GCCATCGGTGAGGAGCTGGACGAGCTGATCGGCACCCTGTGCAAGGGCTCCCCGTCCACCGAGGAAGTGGCGACCCT
GCCCTTCCGCGTGAAGACGGCCTTCTCCAAGTGGCTCATGGAGCAGTTTGCCCCGGAAGGCGGGACCTCCGGTACGA
GGCAGTAACCGGAGGCGAGAACCAGCGAGCGATCTACTACCTGGTACGGCGGAAGCTGGGCTACAGCCCGGCCGAGT
GGGACGACCTCCCATGGCATCACCAGCGG

Genetic surroundings

Gpl5 — major capsid protein
Gp2l — major tail protein
Gp24 — tapemeasure protein
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Gp23 protein gene homologs have been called at different lengths (longer genes) on similar phages (BH cluster).

Color key for alignment scores
W <40 [l 40-50 W 50-80 [l 80-200 H>=200

1 100 200 300 400 500 600

BLAST with Microdon gp23




Translation map
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ATGAGCGGTTTCGACGCAGGCACGGCCGTGGAGCCGATGGACTACGACTTCACCACCGTC

o]

R R R 6 9 G H R S RAULHE G DA G L

P A A WA R AP F P S P P R R R C R S8 S
P GG G v G K 6 T Vv P E P S T K EMQ V F
CCCGGCGGCGTGGGCAAGGGCACCGTTCCCGAGCCCTCCACGAAGGAGATGCAGGTCTTC

Q R E F A KV MRZK G Q K L E V S D E D
CAGCGCGAGTTCGCCAAGGTCATGCGCAAGGGCCAGAAGCTCGAAGTCTCCGACGAGGAC

D E DV REGV R OQAUPGGURAG H R *

R *» R C P R R S S T S S R R T R R P S V
A M K M S E K E F D K L Q A DA Q A I G

GCGATGAAGATGTCCGAGAAGGAGTTCGACAAGCTCCAGGCGGACGCGCAGGCCATCGGT

R s w T S * S A P C A R A P R P P R K W
E E L D E L I G T L C K G S P S T E E V
GAGGAGCTGGACGAGCTGATCGGCACCCTGTGCAAGGGCTCCCCGTCCACCGAGGAAGTG

R p C P S A * R R P S P S G S W S S L P
A T L P F RV K T A F S K W L M E Q F A
GCGACCCTGCCCTTCCGCGTGAAGACGGCCTTCTCCAAGTGGCTCATGGAGCAGTTTGCC

R K A G P PV R G S N R RRE P A S D L
P E G G T S G T R Q * P E A R T S E R S
CCGGAAGGCGGGACCTCCGGTACGAGGCAGTAACCGGAGGCGAGAACCAGCGAGCGATCT

L p G T A E A G L Q P G R V G R P P M A
T T w Y G G S W A T A R P S G T T S H G
ACTACCTGGTACGGCGGAAGCTGGGCTACAGCCCGGCCGAGTGGGACGACCTCCCATGGC

s p A DV P GRA P HGA AU E G P R R R L
r T s 6 ¢ s w T G S TR S * R T P T T T
ATCACCAGCGGATGTTCCTGGACGGGCTCCACACGGAGCTGAAGGACCCCGACGACGACT

A G DR S G DU RRUHG QR G RV R Q G P
R R G PV RR©PTA AW P TR TR S T R P
CGCAGGGGACCGGTCCGGAGACCGACGGCATGGCCAACGAGGACGCGTTCGACAAGGCCC

*

E R R Q E A S R G A R H I
*AA P R G V A R S A P H
TGAGCGGCGCCAAGAGGCGTCGCGCGGAGCGCGCCACATAG

A M K M S E K E F
— called gp22 (SEA_MICRODON 22), on frame +1

— called gp23 (SEA MICRODON 23), on frame +3

— potential region of frameshift, on frame +3 (overlaps gp22)

— HHPred hit (P=87.52) to KOG0722 Molecular chaperone (DnaJ superfamily)



Molecular chaperone hit

The region upstream of SEA_MICRODON_23 contains a valid 82 amino acid (246 bp) protein sequence in the +3
frame, extending up to 48 amino acids (144 bp) into the coding sequence of SEA_MICRODON_22 (frame +1). A
segment of this SEA_MICRODON_23 upstream sequence, before the overlap with SEA_MICRODON_22, maps to a
‘molecular chaperone Dnal’ domain using HHpred (P=87.52). Refinement of the HHpred search using MSA of this
conserved stretch of sequence from all 6 BH phages returns a ‘molecular chaperone DnaJ’ hit with P=90.7.

HHPred hit (P=90.7) to KOG0722 Molecular chaperone (DnaJ superfamily) using MSA

>Crosby
LVRRKLGYSPAEWDDLPWHHQRMFLD
>Henoccus
LVRRKLHYSPADWDALPWHHQRMFLE
>JackieB
LVRRKLHYSPADWDALPWHHQRMFLE
>LazerLemon
LVRRKLGYGPDDWDALPWHHQRMFLD
>Microdon
LVRRKLGYSPAEWDDLPWHHQRMFLD
>UNTPL
LVRRKLGYSPAEWDDLPWHHQRMFLD

Template alignment

KOG0722 Molecular chaperone (Dna) superfamily) [Posttranslational modification, protein turnover, chaperones]

Probability: 90.7 E-value: 0.08 Score: 32.87 Aligned Cols: 26 Identities: 31% Similarity: 0.426
Q ss_pred CCccccCCChHhhhhCccHhhhheceC
Q Seg@(translate 1 RRKLGYSPAEWDD_PWHHQRMFLD 26 (26)
Q Consensus 1 lvrrkl~y~p~dwd~lpwhhqrmfld 26 (26)
[ N 1 Y P PO s
T Consensus 255 B 280 (329)
T K0Go722 255 RRY_GVSQMEFDQKTDEDIDDLFE 280 (329)

T ss_pred

HHHHHhCCCHHHRh cCCHHHHRAAHH



Alignment

Crosby
Henoccus
JackieB
LazerLemon
Microdon
UNTPL

Crosby
Henoccus tctccgacg:
JackieB tctccgacg:
LazerLemon
Microdon
UNTPL

210 220 230 240 250 260 270 280 290 300

Crosby
Henoccus
JackieB
LazerLemon
Microdon
UNTPL

Crosby
Henoccus
JackieB
LazerLemon
Microdon
UNTPL

410 420 430 440 450 460 470 480 490 500

Crosby cGAEAASCAGEGRGCGRATCTACTACCTEGCTACGGCEEAAGETCEZeTACRGCCT CGAETGGGACGYSCTCCCATGGCABCACCAINEGGATGTTCCT!
Henoccus lcgatlaalecagtlgl gcgtctactacctlagtle cggegleaagetgleEletactigeec glecgalstgggacgtictececcletggcalacaccatfliggatgttectg
JackieB cgatlaalicagtElglgegl tetactacctiigtiicggegliaagetgliEtetactigeectgecgalstgggacglticteccitggealicaccalFlggatgt tectg
LazerLemon [sleflacEltieEle clealsfele gifalLlel £lleligegsalelslefele grEle tide gggpLlegieleleleclsialele Flcide e s Elale cglefdalele tide (e [eEICleETeleEIg Clo[s R ote A AaTed oo
Microdon lcgalraalecagegtigegtitctactacctl gttlcggeglaagletgislefetactigeec glecgal tgggacgtlecteectitggcadcaccasfeggatgttectg
UNTPL cgalsaalicaglegtigegiitctactaccetigtilcggeglaagietglislstactlgececkglscgaltgggacgelectecctlitggealiicaccalFlggatgt tectg
E N Q R A I Y ¥ L VRRI KUILGY S PAEWT DT DTULPWUHUHGQRMTF L

510 520 530 540 550 560 570 580 590 600

Crosby ARGCECTECARANEGAGCTCRAGGACCCEGCATEACENETCRCCHeACCCEECCAGAGACEGACGGRATCCEAACGAGGACGCGTTCCAAGCCHY
Henoccus ga ggl-ctidcal actlgagetgiaggacectgaliBlaclllitcl L Elgglleaccggiscct gagackgacggra tggel aacgaggacgegt tetls caagged
JackieB lgalsggectidcalactlgagctgaggaccciegalEiacldede tclfe Eiggldedaccggpdccle gagackgacggeatggelsaacgaggacgegt tctlyicaaggcias
LY AS . Wgalag. ctl-calact. gagetolaggacee. ga-- ack cleteid I gacieaceggl-ee. gagac-gacga-atgg-aacgaggacgeg t tect- caagge; L]
Microdon galsggl ctiscalsaligagetgrlaggacecgalidiachElatc Elggllsaccggpsccl gagaclsgacgglsa tggllsaacgaggacgegt tctflcaaggclll
UNTPL lgaleggpsictiecalsalds gagctgtlaggacccligaldsaclele tctledaggll accggpdccl gagacligacggla tgglddaacgaggacgcgt tciElcaaggclls]
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Crosby
Henoccus
JackieB
LazerLemon
Microdon
UNTPL
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A MSA of the DNA encompassing SEA_MICRODON_22 and SEA_MICRODON_22 with DNA from other BH cluster
phages shows no substantial evidence of more non-synonymous substitutions in the putative frameshifted region
(including that encoding the putative chaperone domain) than in the ‘proper’ gp23 region. This suggests that the
region may be actively translated.

Conclusion

Multiple lines of evidence (synteny, HHpred, GeneMark coding potential, MSAs) point towards warranting a larger
gene call for SEA_MICRODON_22 and its homologs. The fact that the extended SEA_MICRODON_22 region
matches a chaperone domain, together with the syntenic location of these genes, strongly suggests that these are
tail chaperones. Multiple attempts to locate possible slippage sequences have been performed using known



references (PMC5009743, PMC3711429) have not been successful, but given the evidence we suggest that the
longer version of the SEA_MICRODON_22 should be called, and that these genes be annotated as tail chaperones.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5009743/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3711429/

