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Abstract: [Objective] The emergence of the multidrug resistant bacterial pathogens is posing great
threats to food safety. Phages are the important bactericidal factors different from antibiotics. The
evidence of phage application can be provided by analyzing the phage biological characteristics and
genome. [Methods] In this study, one lytic phage phiP4-7 specific to the strain Plesiomonas
shigelloides P4-7 was investigated on its biological characteristics, genome annotations, and taxonomic
analysis. [Results] The images of transmission electron microscopy (TEM) showed that the phage has an
icosahedral head with a diameter of (50.59+1.68) nm, a noncontractile tail with a length of (76.534+4.90) nm,
belonging to the family of Siphoviridae. One-step growth curve suggested that phiP4-7 has a latent
period of 25 min and its burst size was about 63 PFU/infection center. Additionally, phiP4-7 can
effectively inhibit the growth of the host bacteria. The genome of phiP4-7 has been sequenced,
assembled, and curated. It has a total of 39 825 bp with the GC content of 48.67%. Bioinformatic tools
reveals that the phiP4-7 genome has 72 protein encoding genes, and no tRNA genes, antibiotic
resistance genes, or virulence genes were identified. Comparative genomic and taxonomic analyses
indicated that the genome of phiP4-7 showed little homology to any known viruses, and it can be
classified as a member of a new genus of the Siphoviridae family. [Conclusion] A new Plesiomonas

shigelloides phage was isolated, and its biological characteristics and genome were analyzed.

Keywords: Plesiomonas shigelloides; phage; genomics; comparative genomic; taxonomy
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WA phiP4-1 F phiP4-7, ‘EATI01E 3390 FEl 4
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1.1 Bk EEAMEKEH

AL R 7R TR 2 A B 4R B TR P4-7 T
BRI 1A phiP4-7 53 i TR BE IR K f il N st
LB (Luria-Bertani)$5 57 5 . [E{& LB }iFr i
(1.5% W/V agar)Fl1>F:[E &G 37 3E(0.5% WV agar)
AT s R AR R P4-7 FIE IF 1K
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I BT AR SR P 7 48 DA R 4l Ak 2 2 LA i ) 52
By U B R R B XU (0D600=0.6)
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of infection, MODNZAJ%5F 0.1, ZRZEHGHF 46 h
Jei A5 30 e PR R AR . I AZYRIE S 0.1 mol/L
i NaCl, VK# 1 h, 4 000 r/min &.0> 10 min,
bR 2: 2 A O 20 B RE - LA & i 32 1 DNA AT RNA
] EIE WP IMAZHEE S 5 ug/mL 1) DNase 1
1 RNase A, 37 °C 7K 1 ho Sl A PEG6000
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(Merck, USA)idyE, I 0.1 mol/L i) LR E ¥
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XA SO 3 B FigTree V1.4.3 T )5, Al 4=
o PSS B v RN

2 BERXR504

2.1 EEAREYFEE

P B RS TR Tk, G 2 AR 4 i
PR TR A phiP4-7, 67 G 68 J5 1) 132 569 i - 2 4k
BN EIAIES . WK 1A Fin, WIE
Hh 3 7R 221 TR A G 1 2 6 A7 4 L s 9 3
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The characteristics of phage phiP4-7. A: transmission electron microscopy (TEM) image of phage

phiP4-7; B: one-step growth curve of phage phiP4-7; C: growth inhibition curve of phage phiP4-7.

2.2 phiP4-7 B FHEKFFE

Wt X phiP4-7 B4 3L R A 7 DA Je 4 2
Jei 8 HE R4 R XUE DNA, K4 39 825 bp,
GC%Jy 48.67%. ¥ phiP4-7 (L4 F 4] |
£ % NCBI By GenBank ¥(#)E, #U 5N
MG696115.1, 38 1 A= W15 2 22 B 0 S R 4
TR, KB phiP4-7 fFERI 2 Hegmbid 72 4>
FFHCRASHE , R4 tRNA K, REABE A
TR 24 35 PR RN 2 7 IR 76 9 B ORF K &
T 105-2 892 bp, FEXELSLAH, £ 28 4
DR 2 58 5 ] S TE T
2.3 phiP4-7 £ FH A INIK DNA F

PR A R L[N 41 DNA, 4351 4 Fh R
il N U LL e AL A TR, A
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Hind 1Il, BamH 1, Xho 1., Xba 1, Xho I/BamH 1,
Xho 1/Hind 111, Xba 1/Xho 1., Xba I/BamH 1,
Xba 1/Hind T Al BamH UHind 111, B 2E1 7 HL
WK HT . WL B DNA Master 43 #2125 19 J
PUZH P 91, BP0 AR B PR 20 1l 1) 245 R (181 2A)
55 52 B i) B DR 2 D) 25 2R (8] 2B) B — %,
) A5 1 7E phiP4-7 [ 56 K 20 S PR XUEE DNA
Uins R
2.4 phiP4-7 EFBINEEFRE

Fie BB 5 B iR | R Wt T AR e PR 20 301 7
DRk, LR 25 SHACHIIRERE A L
B 47 ME B AR GRS S RESEA T 02K,
£ $5 %5 5 (phage regulatory protein Rha), DNA &
M E ) dam H 3E{L i (putative dam methylase),
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Figure 2 Physical map of the phage phiP4-7 genomic DNA. A: genomic restriction map simulated by DNA
Master; B: genomic restriction map. Lane 1: DNA Marker; Lane 2—11: Hind III, BamH 1, Xho 1, Xba 1, Xho
I+ BamH 1, Xho 1+Hind 111, Xba 1+Xho 1, Xba 1+BamH 1, Xba 1+Hind 111, BamH 1+Hind III.

H 3L R I (methyltransferase), A€ AN
WilRRf(putative exodeoxyribonuclease), 55 IR
N Y] i (putative  endonuclease) , 1B & ) = 4 25
(putative recombination protein)]. 15 3= 2 [
T R 2L /% 25 11 (Rz-like phage lysis protein), Z¢fi#
fiti (endolysin)] . &5ty A [ & ® B EH
(putative tail protein), i€ 18 HR I (putative
tail subunit), fEE 09998 T UL 45 14 25 1 (putative
virion structural protein), {5 ) 3B LHE A
(putative major head protein), 5 i)k EREE M
e m ez &n
(putative tail fiber protein)]PA &2 DNA 1238 [ &
B oK iy B K P (putative large terminase
subunit), &5 A9 IH 4% R N Y (putative homing
endonuclease) , & & 1 A i il /)N 7 J (putative
terminase small subunit), 15 [ ]2 [ (putative
portal protein) (&l 3).

SRS  phiP4-7 FER 41T 2 TR 1A
Y8178 H Rha (regulatory protein Rha)Zfih 5 [A]
orf013 F orf026, WEEAKFTIE I Rha AR

(putative head protein) ,

& TR 3 S T 1 AR g T A4S LA B iy e T 1 B PRI 21
FRBA . Rha A ZESHE ERNF
(integration host factor, THF)@E#EH, ZBH (W&
BRI AR e 1) A P8

DNA {Rifff : phiP4-7 Zmf 5 Fh5 DNA X5}
DI AB MR AHOCE H, A3 BUE RY dam B JEAE
iti (orf059) . BUE IRZIR N VIR (0rf063) | BUE BIH%
WHZBR B (0rf065) . 18 E 1Y B 4L EE 1 (orf066) .
HACEFLHE (0rf072). fBER dam H LAk AT
1E GATC Jy¥ 8l RIS N6 A8 E 5| AH
FE fHA5 — S 2R W A A 1 B TR P9 DD i B
% 31 Ak X 7 A e HEY 3 Ak A 67 50T o 6
B, & orf065 J&T exodeoxyribonuclease
VIII superfamily, BEWZFEMEZIR dsDNA, X2k
AR ssDNA A WG P . X B IT A RE G5 R g PRIk
i) dsDNA LA}z ssDNAP? exodeoxyribonuclease
VI & —Fp 2AG 5781 377K i i 1 i A% B D g
B ATP $2fERERE, AT ZAE DNA
B F B AR, A (R 7 SR 25 Y 5'-OH
FHAPY, orf068 HE WA Erf 41145+ 35
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DNA modification
Lysis ) . )
. Methyltransferase Rz-like phage lysis protein
Morphogenesis . o ] i
Putative recombination Endolysin
M GC content . _\ — "
B GC skew + ‘ protein o 2224
skew Exodeoxyribonuclease~, o2

B GC skew — / Phage regulatory protein Rha
B CDS Putative endonuclease ~ , @,

Putative ATP-dependent
helicase

Putative DNA primase

Putative dUTPase —
Putative dam methylase—

Putative terminase small subunit
Putative homing endonuclease

Putative terminase large subunit
Putative tail fiber protein

Putative portal protein

3 EEE{K phiP4-7 EEEB T EETR
Figure 3 Genome annotation of phage phiP4-7.
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BRI orf072 R IEAT Dam H AL
(N-6adenine-specific DNA methylase) 1 45 #J 3k
(EC:2.1.1.72), XAEEMESRIET Type 1 LK
Type 1 C 1 RM FHi(restriction systems)” ) _RM
RGUR— MR A AN FUAMNE DNA ARk
B, B R K ki = Rk LS I Z IR DNA . Type
[ RBIR) RGN E 2400 RM REE, (8 3 fi
KL R (restriction domain, BRHIZER N VIEGELE RS
). M (modification domain, DNA H JEAb 45
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Putative tail subunit

Putative virion structural protein
Putative major head protein
Putative head protein

)L K S (specificity domain, PHAZEREL), XEE
IR R T XA RGEREEIET DNA HIZKARLL
SRR 3K AN SO # i ZEH FE ATP I HKfif
AL AR S I B R R I . S S SLRERS i Y
il A TN R LA BRI A

15 F 2% . phiP4-7 3Lgfd 2 2 5 4 L
B, 291N Rz (orf001)FI RzI (orf002).
Rz Ml Rz1 193 5 7= W) BE A5 e At o >4 EQ PR TR 1Y
SR . TEXFHEOLT, W Rz o Rzl Bk
—A, Ko PR AR I S EERIE R IE R
Rz1 REME K fif N- 5k i ¥ R F1 N - £ T ) 7 ARk i
ZIE) A B-1,4 MitFEE. Rz A1 Rzl Z I8 RERSTE K,
Rz-Rzl EHY), HHixE G WREW A 1E 11
M4 (outer membrane, OM), MIMAE #EFAL
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I P A 1 R B

SEFYEE A phiP4-7 JLgm 6 Flvi 5 J0k: 45
FEE I AR EOE R EREE 1 (orf018) . fBE 1Y
FE TR EE (0rf029) . AR AE 195 75 UKL 25 14 25 1
(orf034) . € 1Y F 2L TBE I (orf036) . RAE
F) 3K BB 1 (0rf038) . MR E B & 2235 H (0rf040)

DNA f%% . @it R4l R, FATHERE
T 3 /4~5 DNA %M S L B, A df s e 1ok
Ui il R (orf041) B ZE 19 U B 4% 1R 9 1) il
(0rf042) VL B AR E 1)K i i /NI (0rf043)
2.5 phiP4-7 LI EFEHFE S

V5 I TR A L R 21 7 4 #E NCBI 1 548 T2
GenBank HHEAT [A]JEPERE R EL XS, 45 R A
phiP4-7 3 K 41 )7 41 5 B A7 2 0105 TR 14 5 TR 41
FE A wa R ARMK, ST <2%, [FIUE A B
— HE IR T 80%. PEHR 9 MR PR I K 41 7
H, AT SR phiP4-7 BLDR 40 )79 738 35 %y
1%2%, — B E R 66%—75%. #k—H %t phiP4-7
SR 5 At 9 e v 44 S DR 2 2 ] 4 3 1]
ZRWAT N, WFE S OBRK R W kR

(A) T5

64795 sal3

<%,
0/. /\\,?&\_\Cage

Lambda Helicase ~{ ) / Heli El
- ~===-Helicage
ae X~ N /el
T1 A ’g LPST10
(“ZO,
%

22.6 92.7 162.8 232.9 303.0
Bitscore

4 [EE{K phiP4-7 WL R B R BFM S L FE

(Salmonella phage IME207, Aeromonas phage
pIS4-A, Salmonella phage El, Enterobacteria
phage Cajan, Escherichia phage Seurat), 1 Ff%
FE W B AR Bl (Enterobacteria phage CUS-3)LL K
3 kR A 2 B W T8 1K (Salmonella phage LPST10,
Vibrio phage pYD38-A ,
64795 sal3). Z5HANE 4B iR, 10 BRMEF A
AT LAY 4 DN o WERR A 28 U 5
FEAL 40% ) DR W T A2 () TR Wk T 4. TR
4 MHWER 4 DWREIAE . MBEE K phiP4-7
5 H A 9 BRI AR Z [R50 6.94%-20.83 %11
B TR, MRS E T A R T
AR TR —AJ& . i Circoletto 7EZR A4
AT 4 R R, TERRE R phiP4-7 BT 4 i (4
S, E 2 N (orf002, orf060)8E
e AL LI H F R 3 (K 4A).
2.6 phiP4-7 B LR

PHE—A i 8 Mega 7.0 L FigTree v1.4.3,
o DNA REGH, AWML, FEAGEEN
DA AN B ZRGE A, 408l 5 B

Salmonella phage

(B) %% 358
o, P &g <
%2R E 28T &
5 X o 3 H\I@Qm’
R ' RS

[
0 100

Genes share/%

Figure 4 Comparative genomics and taxonomy of phage phiP4-7. A: comparative genomics of phage
phiP4-7; B: percentage of shared genes between phage phiP4-7 and other phages.
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Subfamily Genus Family
(A) Escherichia phage TLS F Tunavirinae 3 Tlsvirus (B) 0.383 . )
Citrobacter phage Stevie b h s Acinetobacter nectaris Moraxellaceae
Salmonella phage 36 0081) 2 gfzﬁlz)::x . 43B GOM-46m J Alcanivoracaceae
0,004 .3%:;{;/:;1’/;?&;]?2 %IFSIEZ —Unclassified +Unclassified 8529 Gilliamella apicola F Orbaceae
0.064 B IS'] ioell h p’ gsf 1 —RYL’Hd()m()I’la.Y ex[remau.\‘tra/i.y }Pseudomonadaceae
o1r2lbzo K;"Zt’ 713 p?:;ig Pl_(P126 = = 0830.038= Enterobacter phage phiEap-2
3 3 ebsie o ; 0.013 S 0| -03 ] i
Enterobacter phage F20 - Tunavirinae } Kp36virus ;Z;gzzzxz gﬂ:g: {lls.ll\‘lSZP 031 Siphoviridae
Escherichia phage e4/1c J Roguelvirus 0166 | Saimonella phage ST4 Unclassified
Salmonella phage 64795_sal3 7 0.0728 Suimonella phage BPS11Q3
0 3(1'7153 Salmonella phage ]ME207 0.013} Salmonella phage SETP7

- Salmonella phage Vi 1I-E1 ~Unclassified {~Unclassified Salmonella phage vB SenS-Ent2 Siphoviridae
Vibrio phage pYD38-A 0.464 Salmonella phage Entl
Plesiomonas phage phiP4-7 J - Plesiomonas phage phiP4-7

0.50 0.50
> | I |
C Famil D .
© 02181851 Jongat amty D) 0975 plesiomonas phiP4-7
.2 lalomonas elongata 0.015 .
X Halomonas axialensis 5;200@3‘752130206 0015 Serratia marcescens CAV 1492
——Serratia phage Eta g ’ i -
0.023 Salmoneﬁu phage 3/49 }Myovma’ae Se”’at{a marcescens N12-0620
Brevundimonas diminuta FCaulobacteraceae Serratia marcescens N10-0408
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Figure 5 Phylogenetic relationships of phage phiP4-7. A: phylogenetic tree of the DNA polymerase; B:
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phylogenetic tree of the phage phiP4-7 genome.
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