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— IR B AR K63 RE M K R B HERIEE R B EE
MEMFH AR R EEEH

B B FR’ aEE’ ESOE° RS REHNZC ORFES ERA
MkE™

1 Wb 2= Bett s AR b 5k 075000

2 fECAE R R BE A AL A T I S S E AR R AE AR Jbat 100071

3 HEHPFEEEF R B E DA TR ST R E Y A E K E A L= Jbat 100071

4 Jbnpifb TR Rl SRR bt 100029

B OE (¥ EdAREAHTFAal, SASFaRNHCEAEEYw. LF R T2
T mE o B I, EERST ERG AT AGRE, [B 6] 3 —H¥FA 2% K3 XA
M K 2 E A H 69 £ H 4K vB_KpnP_IME308 # 47 A ) F 4 AR . WAk ARAF o, [F
1 A—HNE RS BRI K L FEHRA A S LA BERAR, AR E TR E-ATER R RS
# & # (optimal multiplicity of infection). —# 4 K # £ (one-step growth curve). & /& VA& pH &t
KIeME, AL B R GTEIEE S AL AR A& B R AR 69 R Er- A5 R IR 7 RAR A B R
234, %A llumina MiSeq M5 -F & #ATEH AR RN 5, A e Ll A2 E A5 3]
AT . ER. AR RAFE oM. [£R] 223 —HRHFIH BN XALFTHALHKR, &
4 % vB_KpnP_IME308; iR H 44 0001, —FA KB KRLEES T, LREEIHOBRY
294 20 min, ZMEA4 A 80 min, F3HEAE=F 330 PFU/cell; £ #4k vB_KpnP_IME308 & 4-50 °C
F2 pH 5.0-10.0 5& B W A2 ; RAT AR H 8B T 42 B4 | 4K A (Podoviridae). 25 B 200 5 45 R &
B, AR 4K A 43091 bp, (G+C)mol%4-& %4 53.9%, (A+T)mol%4 & # 46.1%. BLASTn
Pt R R, ZAEARDE B AT O 4 B AR A 281X 84% X IR A ARDLE . AR HEAL AR £ R AR 9%
"% # 4K & F Autographivirinae 449 Drulisvirus B#9m . [£#61 NERFKF B 5T T —H
ARG K LT OH LA, REF ST ABHRESARERF], XL R RP LA RLA I
RAT K EMR R RGBS, AERARET S EMAmAREETT A,
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Biological characteristics and complete genomic analysis of a
novel virulent bacteriophage that infects Klebsiella pneumoniae

capsular type K63
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Abstract: [Background] Bacteriophages have a specific bactericidal ability to influence the evolution of
bacteria and ecology. In recent years, due to the global emergence of multidrug-resistant bacterial strains,
phage therapy has received renewed interest. [Objective] Biological characteristics and complete genome
sequence of a novel virulent bacteriophage vB_KpnP_IME308 that infects Klebsiella pneumoniae capsular
type K63. [Methods] A novel lytic phage was isolated from sewage of Chinese general Hospital of the
PLA using a clinical Klebsiella pneumoniae strain as an indicator. The double-layer plate method was
conducted the titer, optimal multiplicity of infection (MOI), one-step growth curve, thermostability and pH
stability. Phage morphology was observed by transmission electron microscopy after purification. Phage
genome was sequenced using the lllumina MiSeq sequencing platform. Complete genome sequence was
used for genome annotation, comparative genomics and evolutionary analyses. [Results] A novel phage,
designated vB_KpnP_IME308, isolated from hospital sewage using a clinical Klebsiella pneumoniae strain
as a host. The optimal MOI of phage vB_KpnP_IME308 is 0.001. One step growth curve showed that the
latent period and the burst period of vB_KpnP_IME308 were 20 min and 80 min, respectively. The burst
size was about 330 PFU/cell. The genome of vB_KpnP_IME308 is 43 091 base pairs (bp) with
(G+C)mol% content of 59.3% and (A+T)mol% content of 46.1%. Electron microscopic observation
showed that the phage belongs to the family Podoviridae. The BLASTn alignment showed that the genome
of the phage had limited similarity with the currently known phages. The evolutionary relationship
between phage vB_KpnP_IME308 and other Podoviridae phages was analyzed by major capsid protein
and large terminase protein of phage vB_KpnP_IME308, which suggest that phage vB_KpnP_IME308
was a member of the genus Drulisvirus of subfamily Autographivirinae. [Conclusion] A lytic phage,
vB_KpnP_IME308, was isolated successfully from hospital sewage, characterization and genome analysis
of a novel bacteriophage vB_KpnP_IME308, which shows its potency to be developed as a novel
alternative for multi-drug resistant Klebsiella pneumoniae infects control and treatment.

Keywords: Klebsiella pneumonia, Bacteriophage, Biological characteristics, Genomic analysis

Jiti % 75 85 A (Klebsiella pneumoniae) A#E 4% FIZRE FEAL, BUAE 2 24 ) J00 1 E 78 28 715 S
FIMEFF IR, S B B At DXORAS M PRI IR B s B B R K WIS 21607 240 T B e 9=
JEOHA, A A AR A LR R A R LAE R TR, B B PUE RN R
K, MR FLEAREIFRERBEBBER MR JEPER, (HEMEEZSMEEREIERY
1R (At DR A A et e s (9 © AE At Tz, 7T B- N IBERL T (extended spectrum
JEEP B, AR, T e R B-lactamase, ESBLS) Y [# ¥k IEZEHG I, X 45 I IR
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RITA R T RIME, [RIL, 3 [ g 4 i A0 7 7
O Tt B 75 B 0 2 WA FF TR 2 Ak AR 1 L%
JaJIEL,

I 7 14 (bacteriophage) 1 A1 — Flt 8 24 B9 I6 97
i, BRI B AT W Ao A0
WEA S —E, WA S I A AL
HIX S B #E . Cao 25T A2 A R
H I 2 2T 2 MR e B AR TR, o O S A A
ils 98 8% G ) /N RS Y B FE R B R I R A
(2x10° PFUI/INR)TATT IS/ IV, 2551 s, R
ARACHLR/NEL 24 b PNERAETS, (AR
ST, HA 20%0)/NRAEIL S 72 h BB, iXFb
BT TGN R, SRR
9 o TR A TR T AR TN R RYR T . Bk Ab,
Manohar £54 15 7K R i Fh 23 B3 HR A 0 D 1R i 25
WA T, ARG AR IS K R 2 h,
20 B 17 9 A 10° CFU/mL [ % 10% CFU/mL, X4
oh L 2% W I T AR RS R R — R AR
B it

FRATTARE Pan S5 ik 45 T 16 1 226 filik
LA AR T Ke3 Jml . feAph, 3
TTLA—Hk K63 JEME Y il 58 7 B3 11 PR R ik 226 s =
B, DNBE e B2 7K R i R AR A — PR Rl 4% e B A1
HVEEA, fir4 i vB_KpnP_IME308, JffFsy Hik
YreE, wfE LRGP, xsest fn ik —
A 0 FRATE 58 AN () 35 5 25 TR 1) i 2% e B AT T
ARTENG RIATT TR AR 2 2 AR i N 24
Fht
LRSI
1.1 ##

111 EHRKRBESEREYE

ifi 9 TR TR K 226 4385 H L R i
S e WP 5 R PR R — 42 Tl AR SR fR 3 I
W, W54 16S-F (5-AGAGTTTGATCCTGGC
TCAG-3)fl 165-R (5-~ACGGCTACCTTGTTACGA
CTT-3), it 16S rRNAZE K PCR Y 1 1w 4
(Rt J8 S R A RS, SRS FHZOR R 25%00H

TR AF 2 45 55 B8 2B 2 e 1 A W i A 7 i 5 e
—80 °C 4l . iR va TR A1 TR E H 7E LB 5575k
HT 37 °C UL R

112 EFERFEAFIANE

LB AR AL (g/L): SAbfh 10.0, BEEEHREL
¥ 5.0, BEF 10.0, T 1x10° Pa K 20 min.
LB Ak (g/L): A1k 10.0, BERHEHW) 5.0,
[ I 10.0, 3% 15.0, 1x10° Pa K4 20 min. LB
AR SR (g/L) . AR 10.0, FEEHERUY 5.0,
[ 10.0, B 7.5, 1x10° Pa K# 20 min,

FE M K. RNase. DNase, Thermo Fisher
Scientific 23] ; By A I (25:24:1, KR HL) |
DNA “FAily, dbat R ERBARAR . MiSeq
WA, 1umina 23w o
12 RBEANSBEE

W PR A 114) 4 5 &l A e B SRR [ 101 BT 538 1 45 9
HEAT o HLARRUL, W AR S B TS OK s R
Pe: ¥ii57K 12 000xg #.0> 10 min, 0.22 um 4 fLuE
fiEi(millipore I, L4% 0.22 pm)dEf g, I 2 mL
AR AR S 10 mL $5%50] (ODeo=0.4-0.6)F5 7~ T
RA. HWIREGYTE 3T CIRE LR, 12000xg &.0»
10 min, W BRI 0.22 um AL T
UELABR R B AN R AL . SR)S, 100 b bV
F1500 pL $87R 5504 1 B1(ODg0o=0.4-0.6)IR A,
REWIMAZ 5 mL FEBHRLB & 0.7%35,
50 °C/Ki)H, BIASH T EBURN LB FAk - (W
2™, 5 2RSS FERE 37 °C R
FEREFRAI . 8 5 YRGS BB 53 2 ARAT Al 1 1A
[£:k7 8
1.3 & E K & F B 3 & & (multiplicity of
infection, MODE

M Li 00k, wA ks, b TR R
fE MOI, HREIEGY LU, hg 5 TR AR i 3 B
MFEHE MOI 24 10, 1. 0.1, 0.01. 0.001 f4#% D%k
LR A, 45200 pb, JnABEER 5 mL LB ;7R3
th, 37 °C. 220 r/min K7 ¥55% 6 h J5, 6 000xg &5
> 15 min BRZAIMDTTE . Y BIEW, (#A 0.22 um
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(10 U8 B Ao i, 3 e X2 S A 0 W T AR Y
. HP WA R MOI &R
B, Yol LR A 3K
1.4 BEBEK—3 4 K i 2 (one-step growth) B9
M E

S8 Wang 25977 M A s IR
Z A K B W R s B R IR B bR 226
(ODg00=0.2-0.6) I 5 Wi ;i {& vB_KpnP_IME308 L)
0.001 [y MOl 1A, FHREYE T 37 °C [Hildk: 5%
FEMFE 10 min, (WSS 200 7000, SRS
TRAILA 10 000xg B0 1 min, BE575 18 £ AY
DUREYI 37 °C rfif LB PRIk 2 Wk, WM GTHIRY:
HAT . SRIEHIRG Y] 20 mL LB BRIt
F£ 37 °C. 220 r/min JRi5 8555, SRIGTERRYL)S 0.
5. 10. 20, 30. 40, 50, 60. 70, 80. 90, 100,
110, 120 min W2 34> 150 pl 25438 kE . HREN L
10 000xg #5.L> 2 min, BRZE BFIHWR, REMHEHIBUZ
TR A W AT B, FRBERE A IR T BV L
W TR AT B . BRI SEIEE A 3 UK
1.5 BEEAGEEF pH SRS E

TR 1.5 mL 20454 900 pl LB k455 5%
JETE 4, 20, 30, 40, 50, 60, 70 180 °C 48 i
HiiE 60 min, FRRETRRES, A 100 pL W
PR (L0° W BT B BA7 PFUIML), JKERE S 2E R 3546
g, BFE 60 min JEUREERES, RIFETNZ
B U AR RE . s E A 3 kL, %)
T pH U, FJ 1 mol/L HCI #1 1 mol/L NaOH ¥
LB 153555995 2 pH 2.0-14.0, # F3€, K 100 pL
W T S (10° W T TR A B2 PFU/mL) i A ]
900 pL 435I%EANIR] pH (A LB %% 1.5 mL EP 4%
th, 37 °C U7 60 min, @3 SUZ BN 7l e me
PR . XA scs R T 3 e,
1.6 MEE{KBE

WETE A vB_KpnP_IME308 F4JE 25 ik — 45 AT #
138 o i B B 2 B8R (transmission  electron
microscope, TEM)WIEE 1 i — il Fy s g

B ERI L, 2% R g 5 1 min 5
S EBR SR Y], 7R 100 KV TEM 106 T
FEERIRIIEA
1.7 BEEAEEHERR

Wik T P4 L A1 281 feff FH SCHR[A8TH 3R A AR R - 54
DiEEBU % . B 600 pl B ali b I8 i mes e A 24 i
W, JMA DNase | (1 pg/mL)F1 RNase A (1 pug/mL),
KRGV M IRIEHAE 37 °C FIRE, WHALER;
80 °C fifE K% 20 min J5 N AZLHLZ il (LR
0.5% SDS, 20 mmol/L EDTA #1150 pg/mL & [
K), BRAEWESRET 56 CiE 1 h; AL
AT DNA T, Sto-imiEdRs 1 min, A5
R4 12 000xg B.0> 10 min, 545 2 KAHF]—
ANHY 1.5 mL EL0AE R, I AFARIATR 28 8
S (25:24:1, (AFREL), A TRIEYRE 1 min,
12 000xg #5.0> 10 min LA LBRE AR MY . ¥
LIRS EHE 15 mL B0, InA
RPN SEINEE, —20 °C J'E 4 h JUiEdtN g
DNA, RIGHEHFESAE 4 °C 4&4F 10 000xg .l
20 min JEIWAETTIEY . FH 75%0 2 (8 Uik I
B DNA JTE, 2T S oA R K E
DNA ViVE, FHtfA7E—20 °C fRAE# o
1.8 REAMESEREBNFREMESFESHT

WA vB_KpnP_IME308 (1) DNA 43 K 4 1]
J¥Ad F Y2 Hlumina MiSeq F°F- 4. DNA SCZER)
7 {di Ff] NEBNext® Ultra™ Il DNA Library Prep Kit

SELRIZ P 45 P (8 Newbler V3.0 #icfH)
(Roche applied science) Al CLC 3.0 # {4, i f{
RAST 7EZ%H EPY (http://www.rast.nmpdr.org)i
A7 FF il ] 52 AE (open reading frame, ORF)#] 5 #ff
5E, JTATY ORF i NCBI BYEE I SEEA SRR ELXT T
H.BLASTp (http://www.ncbi.nlm.nih.gov/BLAST/)F
SAE . BeAh, R IEE A IRNA
scan-SE 2.0 Jiiz (http:/lowelab.ucsc.edu/tRNAscan-SE/)*!
i tRNA, TMHMM Server V2.0 (http://www.cbs.
dtu.dk/services/TMHMM/) H i i Fir 43 RO T TE & A3
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5 MR8 A S8 28 1 5 A B Bl 52 HE o e 4] L X 43 A
1 Mauve 2.3.1%3 & g Jk A 20 181 3% £ 7
SnapGene® V2.6.2 (GSL Biotech ; www.snapg
ene.com), A T EWEE A vB_KpnP_IME308 5 H:
fi, Autographivirinae SWENZ M RS LT KR, ff
il MEGA 6.0PWait R4 R Tmf . dEff BT E
1 (ORF34) 11 5 9 A 3 i A W 5 (ORFA3) 19 il 2
M, M4HTH ICTV (international committee on
taxonomy of viruses)#E 4 F# T 5, RGk
M@l Clustalw 1 Neighbor-Joining F4 77 7
P g,
2 HR54t
21 BEAMIBEELE

o5 FFIITT 2R 5 B (1 TR PR AR 226 1 AT £, MR
B 75 7K H 43 5 I B K vB_KpnP_IME308., I 14
23t 5 etk 2 )5, 37 °C TWEE 12 h, 1TEREF

5 mm

E1 MEER vB_KpnP_IME308 BIF 7S

Figure 1 The morphology of phage vB_KpnP_IME308
HE A: %%ﬁf, B: EE%%E\B‘H-

Note: A: Plaques of phage; B: Transmission electron micrograph.

%1 ME{K vB_KpnP_IME308 SHiE B S5 E

M b, EWEREAR AR 1-2 mm fBREE, Hiduh
1149 375 s T R ] PRl gl = R A B () 1A) . 4 Hughes
SERTIR, B A TE AT RE 3R T ATV 1 kO AR Tl 1
PR, N o p SR,
2.2 BEERHIFRSEIHE

H, IR R S s g TR A B A B AR B — T
IREERFIEEER R, HELAREARZY 2, 601 nm,
B KEZ S, 10£2 nm, X/& Podoviridae
(Caudovirales B)ASEFIE(E 1B). R4 H A7 AYE bR
BARBASHERE, VR ik vB_KpnP_ IME308
#%1434 Autographivirinae VR4 Drulisvirus J& .
23 EEAREDRRELN

Wk TR 44 5 1 3 DAL 4% o T 1 TR TR AR 226 i —
& HBIE A, 2420 MOI 2 0.001 JERULHT, W B {4
vB_KpnP_IME308 7= fi i (% 1), #HH 0.001
WA vB_KpnP_IME308 i#fE: MOI (5% 1),

Table 1 Determination of optimal multiplicity of infection (MOI)

A= BVEEL I TR A4 R W AT 2
No. Numbers of bacteria (CFU/mL) Numbers of phages (PFU/mL) MOI Titer (PFU/mL)
1 10° 10° 10 1.6x10°

2 10° 10° 1 3.0x10°

3 108 10’ 0.1 7.6x10°

4 108 10° 0.01 8.8x10°

5 108 10° 0.001 1.2x10%
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24 BEEEAM—TEKHZ

HEAT — 25 A il k52 DL B e e TR IR
vB_KpnP_ IME308 )&kt (latent period)Fil% &
i (burst size). FHE 2A ATH1, MEREIASXHECAE K
W0 i 98 e TR AR TR A B5 % 20 min i 2 # 0]
WAL, BPWERE ALK 20 ming 15
PR AT SR, 7E24 80 min J5 Hi & 1%
Fa, DI P ARG I A A RI 204 80 min,  FH L AT
15 2% 5l 3.3x10'%1x10°%=330 PFU/cell (%L1
e = 2R AR W TR AT B R ) A T TR )
RIMERE A vB_KpnP_IME308 Bt fg 3 1 1Y 2 i i
£ 330 PFU/cell.,
25 MREREREF pH BSR4

A vB_KpnP_IME308 7£ 4-50 °C i
FINEREA R . 247E 60 °C il & 60 min B, WREA{A
TR Ug; FJS7E 70 °C K&EJRIBTIHE
60 min I B A E U R R ZE 1x20* PFU/ML,
70 °C TH¥H 60 min, MERMAHEE 208 FREZE 0.
X S 2t 3 W I B AR R RIS T A2 SE IR IR 058 T 19 R0
IR (K 2B), WEEA vB_KpnP_IME308 7 pH
5.0-10.0 HY5 FEl A S R B m AE , TiT pH IR T 5.0
BE KT 100 G PE R M, H Ok nT A B A

lgPFU/mL
lgPFU/mL

0

| 1 1 I 1 1 i 0 i 1

vB_KpnP_IME308 /i idi 15 pH Y24 4.0-10.0 (4]
2C). X EEHHE R A NER K vB_KpnP_IME308 1]
FLA I 4% o T A1 TR AR A i v e

26 EEAMESEEAS T

WEBA vB_KpnP_IME308 it 3k Rl 41 Ay Ak 2k
P DNA, H ¥ 5 NCBlI % x5 N
MN176572, FE[K2H41%:f# H Roche Newbler 3.0 i
FEIT A CLC AT, AR, JEESC
JE77 A 170 656 Kb (%, I BEHC By 298 4
B, & ¥ vB_KpnP_IME308 Hy5e# LR KNy
43 091 bp, FEAEE 96.08% 5 57 #& HL K 4 T
Bi(572 472 kb 550 035 1Y), SEXE SRR
3 960, WEpE{A IME308 JEHIZ] A, C. G. T ik
B9 246% . 248% . 29.1% FIl 215% ,
(G+C)mol% 7 & & 53.9% , (A+T)mol% &
g 46.1%.

i RAST % SER AP SRR R, MERR {4
vB_KpnP_IME308 &4 &3t 49 IR bIEHE, H
rh 22 R hfEgRts 24 (coding sequence, CDS),
LA DRI B R A 8 11 B s AR 1 ) R AR 11 o (3R
2). LA FEW K 4 ADIRERE, 55 W
RZUR R G, S5 H DNA fuk, Uit il

lgPFU/mL

1 1 I 1 0 1 1 1 1 1 1 1 | 1 -

0 20 40 60 80 100 120 140
¢t (min)

E 2 MEEK vB_KpnP_IME308 BI4E ¥4

Figure 2 Biological properties of phage vB_KpnP_IME308

W A —ARKIZ; B EEHBURM:; C. pH BUsE.

Note: A: One-step growth curve; B: Thermostability; C: pH stability.

10 20 30 40 50 60 70 80 20 40 6.0 8.0 100 12.0
Temperature (°C) pH
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%2 WBEE{K vB_KpnP_IME308 By ORF I g£ il
Table 2 ORF analysis of the phage vB_KpnP_IME308 genome

ORF Top BLAST hit*

Amino acid identity (%)° E value

Accession No.

1  Hypothetical protein [Klebsiella phage KpV71]

2 Hypothetical protein [Dehalobacter sp. FTH1]

3 Hypothetical protein [Klebsiella phage vB_KpnP_SU503]

4 Hypothetical protein [Klebsiella phage F19]

5 Hypothetical protein [Klebsiella phage vB_KpnP_KpV48]

6 Putative peptidase [Klebsiella phage F19]

7 Hypothetical protein [Klebsiella phage F19]

8 Putative DNA primase [Klebsiella phage vB_KpnP_KpV48]

9 Hypothetical protein [Klebsiella phage KP34]

10 Hypothetical protein [Klebsiella phage vB_Kpn_IME260]

11  Putative DNA helicase [Klebsiella phage KpV71]

12  Hypothetical protein [Klebsiella phage KpV41]

13 DNA polymerase [Klebsiella phage phiKpS2]

14  Hypothetical protein [Klebsiella phage KP-Rio/2015]

15 Putative HNH endonuclease[Klebsiella phage NTUH-K2044-K1-1]
16 Hypothetical protein [Klebsiella phage KP34]

17  Putative HNH endonuclease [Klebsiella phage KP34]

18 Hypothetical protein [Klebsiella phage vB_KpnP_KpV74]

19 Hypothetical protein [Klebsiella phage F19]

20 Hypothetical protein [Klebsiella phage Kp2]

21 Hypothetical protein [Klebsiella phage Kp2]

22  Hypothetical protein [Klebsiella phage AltoGao]

23  Putative 5'-3' exonuclease [Klebsiella phage vB_KpnP_SU552A]
24 Hypothetical protein [Achromobacter phage JWAIpha]

25 Putative DNA endonuclease VI [Klebsiella phage F19]

26  Hypothetical protein [Klebsiella phage Kp2]

27  Hypothetical protein [Klebsiella phage Kp2]

28 RNA polymerase [Klebsiella phage Kp2]

29 Hypothetical protein phiKpS2_34 [Klebsiella phage phiKpS2]
30 Hypothetical protein [Klebsiella phage KP34]

31 Collar protein [Klebsiella phage Kp2]

32  Putative scaffolding protein [Klebsiella phage KpV41]

33  Putative HNH endonuclease [Klebsiella phage vB_KpnP_KpV74]
34 Major capsid protein [Escherichia phage Minorna]

35 Hypothetical protein [Klebsiella phage KP34]

36  Tail tubular protein [Klebsiella phage myPSH1235]

37  Tail tubular protein B [Klebsiella phage F19]

38  Putative internal virion protein [Klebsiella phagev B_KpnP_SU552A]
39 Hypothetical protein [Klebsiella phage Kp2]

40 Putative internal core protein [Klebsiella phage vB_KpnP_SU503]
41 Tail fibers protein [Klebsiella phage Kp2]

42  Putative DNA maturase A [Klebsiella phage vB_KpnP_KpV74]
43  Putative large terminase subnit [Klebsiella phage phiBO1E]

44 Hypothetical protein [Enterobacteria phage J8-65]

45  Hypothetical protein [Klebsiella phage KPV811]

46  Hypothetical protein [Klebsiella phage KpV41]

47  Hypothetical protein [Klebsiella phage Kp2]

48  Endolysin [Klebsiella phage F19]

49  Tail fiber family protein [Klebsiella phage F19]

50 No hit

61/66 (92%)
15/25 (60%)
53/59 (90%)
47/67 (70%)
543/659 (82%)
344/348 (99%)
96/155 (62%)
250/260 (96%)
63/64 (98%)
23/45 (51%)
4221426 (99%)
50/51 (98%)
801/803 (99%)
73/73 (100%)
32/54 (59%)
311/348 (89%)
124/130 (95%)
49/64 (77%)
259/265 (98%)
77184 (92%)
107/124 (86%)
50/53 (94%)
293/309 (95%)
60/148 (41%)
139/140 (99%)
100/152 (66%)
36/42 (86%)
813/822 (99%)
146/146 (100%)
86/87 (99%)
526/531 (99%)
273/280 (98%)
114/153 (75%)
325/338 (96%)
53/59 (90%)
182/186 (98%)
7371759 (97%)
193/195 (99%)
877/894 (98%)
1 205/1 232 (98%)
503/530 (95%)
100/100 (100%)
610/618 (99%)
56/140 (40%)
52/60 (87%)
134/134 (100%)
82/83 (99%)
180/184 (98%)
562/579 (97%)

5.00E-35
0.092
9.00E-33
3.00E-28
0

0
2.00E-57
0
5.00E-38
4.00E-05
0
5.00E-28
0
1.00E-44
1.00E-12
0
5.00E-87
5.00E-17
0
1.00E-44
4.00E-69
5.00E-28
0
8.00E-24
7.00E-96
6.00E-60
4.00E-19
0
5.00E-104
2.00E-50
0

0
5.00E-81
0
7.00E-27
2.00E-133
0
2.00E-135
0

0

0
4.00E-63
0
6.00E-11
6.00E-27
6.00E-88
6.00E-52
4.00E-132
0

NC_031246.1
NZ_AQY'Y00000000.1
NC_028816.1
NC_023567.2
KX237514.1
NC_023567.2
NC_023567.2
KX237514.1
NC_013649.2
NC_041899.1
NC_031246.1
NC_028670.1
KX587949.2
KX856662.1
NC_025418.1
NC_013649.2
NC_013649.2
KY385423.1
NC_023567.2
KT367886.1
KT367886.1
MF612071.1
NC_028870.1
NC_023556.1
NC_023567.2
KT367886.1
KT367886.1
KT367886.1
KX587949.2
NC_013649.2
KT367886.1
NC_028670.1
KY385423.1
MK598851.1
NC_013649.2
MG972768.1
NC_023567.2
NC_028870.1
KT367886.1
NC_028816.1
KT367886.1
KY385423.1
KM576124.1
NC_025445.1
KY000081.1
NC_028670.1
KT367886.1
NC_023567.2
NC_023567.2

W o BHBEISER AL E PR SE B AA R s No hit: B0 FOMBIHBI A UL RRT 45 O

amino acid sequence; ”: Percent identity for top hits in BLASTp searches.
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AT JRI 3 1 A 50 20 e 200 T IR SR O ek A g
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X S A 2 N TR KB PR A P, 7R B
& vB_KpnP_IME308 HH il T 3 4~ 1 {4 B s AH 56
1. ORF36 fil ORF37 (B4 1) ORF49 (B
EH), eMNFEES5 TR IERY G 55
16 EAE A MNE R . ERS RIS E /R T ORF34
(FEAKFHEM)YS Escherichia phage Minorna
(MK598851.1) 1= & #H Ll , [W] — %k & 325/338
(96%), EfE N0, IZASEHE I 4mAS)TH 5 B AR T
T3P0 A g A T R QA 6 2
Fdr, WEEA vB_KpnP_ IME308 gt JLFPZ 1R
LA, 345 4% #2 4P VI i (CDS15, CDS17,
CDS25, CDS33)#1 DNA RN VIfi(CDS23), x4t
T oK i 1E E LN 4H DNA FiT RNA 724 F
K DNA &R AR, ks, ORFS8
(5 |"ylit) F1 ORF11 (/K fif i) 7E DNA il . &5 k%
e HAT TR,

Z HWER AR R E T F 2% T ORF32
(MWFZREH), HYE5 Klebsiella phage Kpv4l
(NC_028670.1) H.A = £ 1 e S AR, Rl —HEh
273/280 (98%), EfEN%; ORF42 (HfixE (1) DNA i
B A)FI ORFA3 (HEE M A it g R E JE) 73 31) 5
Klebsiella phage vB_KpnP_KpV74 (KY385423.1)F
Klebsiella phage phiBO1E (KM576124.1) E. A
100/100 (100%) 771 610/618 (99%)Ft)— =14 .

2.7 EEE{K vB_KpnP_IME308 tbikE FE A5 4y
R A G R B E

fii FI NCBI 1) BLASTn F2 /7 i1 T4 3L K 4751
A3, WERIAVB_KpnP_IME308 i RIZH 5 vB_KpnP_
KpV74 (KY385423.1), phage phiKpS2 (KX587949.2)
phage vB_KpnP_SU552A (NC_028870.1), phage KP34
(NC_013649.2) A AHMEL. K, il Mauve Hrff
TN 4 AN FERA AT T ot Bl 4 s E
LR S5 A6 R DX 38k AR AR 5. ol an
KT CDS15 fil CDS17 fUffi A, P& gmiiEE
) HNH &R N VIR . H g R 1A vB_KpnP_IME308
tiY) ORF14 (REF4EEE ) 518 FE4e e PEAHoC,
L, 7FiXSemg iR 2 [a] R 2 BoR TR RN ESR
(B 550 48%—-100%; [m]l—1> 64.6%-79.3%).

& &
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IR o & & & g )
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& & SIS oy 2 S && ¥
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¥ o ¥ F OLF FIPE F B < s FE <
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O & R 99 & S EX T F OF -§ LS el
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Figure 3 Genomic map of phage vB_KpnP_IME308 with structural and functional annotation

T LM ORFLITHG, BEEINRIEHIBL; @AM, W ONCREEERE L D ERRRR; W @R
HA.

Note: The genome starts from the upstream of ORF1, the ORF involved in DNA replication is shown in orange, the ORF involved in
metabolism is shown in green, and the ORF involved in structure and packing is shown in yellow, red represents the ORF for phage lytic and
ORFs without phage related functions are shown in dark red.
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Figure 4 Comparative genome map of phage vB_KpnP_IME308, closely related phage phiKpS2, vB_KpnP_KpV74, and

phage vB_KpnP_SU552A
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A Kiebsiella phage F19 (NC _023567.2)
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055 100 Klebsiella phage KP32 (NC_013647.1)
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Figure 5 Phylogenetics tree were formed by major capsid protein (A) and putative large terminase subnit (B) of phage
e 3 BB RRATE R, SUEBRESE 100, AIEREREE; R AUSRHEIER, PR /UBEIREG ORI, BEAR .

vB_KpnP_IME308.
Note: The number at the branch point: The confidence level, the closer to 100 the bootstrap value is, the higher confidence level would be;

Scale: The genetic distance; Black ball: vB_KpnP_IME308.
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