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amp. AASDEEREF R GHASAT. [ER] A 31 R R B LR %, 4 R%4E
T #% PCC 7002 [ T % #k B (Synechococcales) |4, Yong-1.2-223 4845 B 4 2 ARk KL 3, oA 2
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VBN H . E K E AW R iHRI(2018YFA0903000); = i T 4 0F & i1 %1(20222170)

This work was supported by the National Key Research and Development Program of China (2018 YFA0903000) and the Key
Research and Development Project of Ningbo (2022Z170).

*Corresponding author. E-mail: lidengfeng@nbu.edu.cn

Received: 2023-05-26; Accepted: 2023-09-15; Published online: 2023-09-22



190 HU Jiaqi et al. | Acta Microbiologica Snica, 2024, 64(1)

e R 64 G A R A T B B Tz Rkt B £ . Ak, M E I 3 AN B (order) B f 1
% . F Yong-12-223 A F 405 IUA $IE E P PTA /a4 B 4L 34T 5 1] Be st bb 4R (pairwise sequence
comparison, PASC), # X% PASC fAAXLA 3.78%, iZiZAKT B &% 454 %% i 2 (International
Committee on Taxonomy of Viruses, ICTV)J % 2 69314 FA4(70%). A TARREANEG# A58t
AP, Yong-1.2-223 T s, — /N2 2 69 4 X (branch), 5 H A4t 5% & 18] k40 3E B it [ 45461 Yong-1.2-223
B RRE RE—ANF ORI 09 8. RAFR B R EETE R A F8 7RI 5 B RAT AR,
HZE R WA F A, 650 T A ERERe A%, FG T RRE, wERAREE, HHERKRTR
TR BT A,

KB AR BORERK, ABE AT
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Abstract: [Objective] Cyanophages, the viruses specifically infecting cyanobacteria, are
ubiquitous in water environments. They play a role in regulating the population dynamics and
density of cyanobacteria and promote the biogeochemical cycling of the aquatic ecosystem. This
study aims to isolate and identify a cyanophage. [Methods] A novel cyanophage Yong-L2-223
was isolated from fresh water samples with marine Synechococcus sp. PCC 7002 as the indicator
host. The host range, genome sequence, open reading frames (ORFs), and phylogenetic
relationship of Yong-L2-223 were studied. [Results] The host range tests against 31 strains of
cyanobacteria showed that Yong-L2-223 could infect the indicator host PCC 7002
(Synechococcales) and two freshwater strains Microcystis viridis FACHB-1342 (Chroococcal es)
and Aphanizomenon flos-aquae FACHB-1209 (Nostocales) from the Dianchi Lake. The infection
of the cyanobacterial strains from both the seawater and freshwater samples indicated that
Yong-L.2-223 was a euryhaline cyanophage. Yong-L2-223 was myovirus-like, consisting of an
icosahedral head (about 60 nm in diameter) and a contractile tail (about 136 nm in length). The
genome (double-stranded DNA) of Yong-L2-223 had a length of 65 725 bp, with the G+C
content of 58.6% and 100 ORFs. It was predicted to carry the Cas4 gene, gene transfer factor
(GTA) gene, auxiliary metabolic genes (AMGs), and a gene cluster for the synthesis of pre-Q,.
These genes may contribute to the adaptation and infection of the cyanophage in cyanobacteria of
three orders. The pairwise sequence comparison (PASC) illustrated that the highest similarity
sharing by cyanophage Yong-L2-223 and all the viruses in the current genome databases was
only 3.78%, far below the genus boundary cut-off of 70% defined by the International Committee
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on Taxonomy of Viruses. In the phylogenetic tree based on the whole proteomes, Yong-1.2-223
formed an independent branch, with long evolutionary distances from other phages.
[Conclusion] Yong-L2-223 is a new genus of the Caudoviricetes class. For the first time, we
used a marine cyanobacterial strain as the indicator host to isolate and obtain a novel cyanophage
from freshwater, which broadened the understanding of cyanophages, enriched cyanophage
genome database, and laid a foundation for the development of cyanophage resources.
Keywords: marine Synechococcus; freshwater cyanophage; genome analysis
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Table 1 A full list of reported freshwater cyanophages capable of infecting Synechococcus cyanobacteria
Cyanophage Accession No. Genome Host Morphology
(reference) length (bp)
Yong-1.2-223 OM868081 65 725 Synechococcus sp. PCC 7002 Myovirus-like
Microcystis viridis FACHB-1342
Aphanizomenon flos-aquae FACHB-1209
S-SRM011 NC 070963 240 842 Synechococcus sp. SR-C6 Myovirus-like
S-CRMO1PY  NC 015569 178 563 Synechococcus sp. Myovirus-like
S-SRPO1M% MWO015080 45017 Synechococcus sp. SR-R4S1 Podovirus-like
S-SRP0212Y MW822601 42143 Synechococcus sp. SR-C1 Podovirus-like
SM-1% - - Synechococcus elongatus IU 563, Microcystis Podovirus-like
aeruginosa NRC-1
S-EIV11#! KJ410740 79178 Synechococcus sp. PCCC-A2¢ Siphovirus-like
SM-2124 - - Synechococcus elongates IU 563, Microcystis Siphovirus-like
aeruginosa NRC-1
S-2L11 MW334946 45087 Synechococcus sp. 698, Siphovirus-like
Synechococcus elongatus 538,
Synechococcus elongatus 6907
S-4L.26-27 - - Synechococcus elongatus Siphovirus-like

—: No information was reported.

P

1.1 SEEuER

TER P B BK 8 (Synechococcus sp.) PCC 7002
VERHR e, T o0 B R i,
R ot 22 T3 IR I

Hopievk: HIT18 FI0ES, 08 A i
Bl BE K A= A Wit 5% BT e A Ok H 0> (Freshwater
Algae Culture Collection at the Institute of
Hydrobiology, FACHB),

#z2 D6METLERDE

Table 2 Composition of D6 trace elements

1.2 SLIIEFFEAH

A+ B 35 3 (A-plus medium)®™ ;. G4k
W18 g, EfbA 0.6 g, HEREN 1 g, LKA
MREE 5 g, AALES 0275 g, MZEBKERR
1 000 mL, 121 °CKE 20 min, RHEMA
1 mol/L Ay =ML IL LR+ (pH 8.2)
8.3 mL. 32.5 mmol/L B2 &MU Z g 4N
2 mL, 7.5 mmol/L i Z —fiVU ZFREk4EN 2 mL .
D6 fEICE (L L& 2) 1| mL. BEfR 4
370 pL FI4EA: 3 By, 100 pL.

Ingredient Concentration (g/L) Liquor concentration (mmol/L)
H;BO; 34.26 550

MnCl,-4H,0 4.32 20

ZnSO,4-7H,0/ZnCl, 0.665/0.315 23

Na,MoO4-2H,0 0.050 4 0.2

CuS0O,-5H,0 0.003 0.012

CoCl, 6H,0 0.012 15 0.000 05
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BG11 ARG FREUBGL Bl 1.7 g,
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Yong-1.2-223 J& FH i £h 55 72 K (A-plus medium) I
kAR REREE PCC 7002 43 B3RS, 1M
PCC 7002 &) EhtEmizlEY), Yong-L2-223 41
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5 Etfe i, Mai R sk DNA, H
{74 NEBNext Ultra I DNA Library Prep Kit
for Illumina (NEB)#4J % SCJ%, 7E Illumina MiSeq
AT, A Trimmomatic v0.36 2L BR1K
Jo 8 7 EHE (Q<20), ffi ] SPAdes v3.13.0 i ff:
(http://cab.spbu.ru/software/spades/) ¥ & it & %
WA %, F Bandage®"'rHr = ol &
k.
110 MECEAREEE TR

Yong-1.2-223 & [H 4 FF jit [ 52 HE (open
reading frame, ORFs)JRETI : £552 F RAST
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(rapid annotation using subsystem technology,
http://rast.ampdr.org)""! . Hhpred

(https://toolkit.tuebingen.mpg.de/tools/hhpred)
(posbility>96% and E-value<107°)®* | BLASTp

(https://blast.ncbi.nlm.nih.gov/Blast.cgi)
(E-value<10~°)F1 HMMER (https://www.ebi.ac.uk/

Tools/hmmer/search/hmmscan) (domain 5¢ %% H.
E-value<10"")**Jk4T ORF IhAEHFF%.

Yong-L.2-223 S R4 R s B - FH 2 16 N1
HA% B AT & B )5 5P PhageTerm #4010k
A I AR DR 4 AR iy 43T o

Yong-L2-223 JE RIS 23] . Perl 231
FHl Inkscape # P64k,

M2 5 4% &R . JH CARD i s &
(https://card.mcmaster.ca/)®” 43 #r  Yong-L2-223
BRI RS S A 24

FBAHEFRRAMER. H VFBD £/ (http:/
www.mgc.ac.cn/VFs/main.htm)®*/3 4 Yong-L2-223
FERH P RE ST,

tRNA & [K 43 B . A 4K tRNAscan-SE
(http://lowelab.ucsc.edu/tRNAscan-SE/)P*? # 2
Yong-L2-223 FEHZH P i) (RNA BE[H
111 REEHWSH

4 Yong-1.2-223 J:K4H ] BLASTn (https://blast.

ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&
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55 Nr Bl 2w B A7 Fe 9 64 7 Hexh (2023 4F 3/
15 H); H PASC (pairwise sequence comparison)
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Yong-L2-223 J Rl 555 LB 22 v o A i B Ak
DIALFEA T AR IR P 91 AR ABAPE X (2023 4 3 A
15 H)., HAEZLF 5 ViPTree (https:/www.
genome.jp/viptree/) ", FEF tBLASTx 44514
FEDVZA P AR, DA TR B B b i A i
FHAENZFEFHY Yong-12-223 — [l #h
J5thh B A R G BEER (2023 4 3 H 15 H).

¥ BLASTn HLX} . PASC HLXJHI 5 UG 2 1138
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F 3 BEEMN Yong-L2-223 B EEEMEL R

Table 3 Results of the host range test of cyanophage Yong-L2-223

Orders Families Species Strains Susceptible Origin
Synechococcales Synechococcaceae Synechococcus sp. PCC 7002 + America
PCC 7942 (FACHB-805) - Australia
Chroococcales  Microcystaceae Microcystis aeruginosa FACHB-942 - China
FACHB-924 - Australia
FACHB-925 - Australia
M. wesenbergii FACHB-908 - China
FACHB-929 - Japan
FACHB-1112 - China
FACHB-1318 - China
FACHB-1317 - China
M. flos-aquae FACHB-1323 - China
M. elabens FACHB-916 - Japan
M. panniformis FACHB-1757 - China
FACHB-1409 - China
M. viridis FACHB-979 - Japan
FACHB-1342 + China
Microcystis sp. FACHB-915 - France
Chroococcaceae Chroococcus sp. FACHB-193 - China
Nostocales Aphanizomenonaceae Aphanizomenon flos-aquae ~ FACHB-1209 + China
FACHB-1040 - China
Anabaena sp. FACHB-245 - America
FACHB-418 - China
Dolichospermum flos-aquae  FACHB-1255 - France
Nostocaceae Nostoc sp. FACHB-596 - China
Oscillatoriales  Microcoleaceae Planktothrix agardhii FACHB-1166 - China
FACHB-1243 - China
FACHB-1261 - China
Oscillatoriaceae Oscillatoria planctonica FACHB-708 - China
Planktothricoides raciborskii - FACHB-881 - China
Hormogonales  Scytonemataceae Plectonema boryanum FACHB-402 - America
FACHB-240 - America

+: Infection; —: Non-infection.

REAM S Yong-1.2-223 HA 5 i [R] YA 1%
A4 7 Bk B {4 (Paracoccus phage vB_ PmaS-R3 .
Schmittlotzvirus sv771 . Rigallicvirus P106B .
Shewanella sp. phage 1/44, Gorganvirus isfahan,
Sashavirussasha #il Nonanavirus nvONA) . 6 £k 7K
BRI A (Synechococcus phage S-SRMOT |
Synechococcus phage S-SRP01 . Synechococcus
phage S-SRP02. Synechococcus phage S-EIV1,

Synechococcus phage S-CRMO1 Hl1 Cyanophage
S-2L). 3 #RHLESHE #EAE (myovirus-like) i v R BK
T I 45 K (Shenzhenivirus sszoml . Synechococcus
phage S-B43., Synechococcus phage S-B0S)F11L
FKARHN 33 MFHY 39 BRIERA, HEit 56 PRk
AR BE K AR 2 E A, S R
Yong-1.2-223 W RN H —i b EELFE &
ViPTree(https://www.genome.jp/viptree/)*" , 14
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R G R G (proteomic tree) .

S SIRTEL -4 EZBioCloud (http:/www.
ezbiocloud.net/ezgenome/ani)i*” . Genome-to-Genome
Distance Calculator (http://ggdc.dsmz.de) /il The

Virus Inter genomic Distance Calculator (http:/
rhea.icbm.uni-oldenburg.de/VIRIDIC/)"* i1 . w

WA Yong-12-223 5 HIRS 5 R il (i Wk B 1A
Z 8] 9 oF- ¥4 B AT BR — B (average nucleotide
identity, ANI), DNA 47 J5 {7 2432 {E (in silico
DNA-DNA hybridization, isDDH)F1 A% ¥ 5 [K 2H
/] A5 oL (pairwise intergenomic similarities
amongst viral genomes, VIRIDIC), F Easyfig #k
PSR A Yong-1L2-223 TS Z 364 K&
FR AT A W TR A 22 T F 5 R AR AL LA

2 BRS04

21 EREANSBEMEE

SRR NEBEARBEAE S d PR EREE
(Synechococcus sp.) PCC 7002 3 ik &% 1k (&l
1A), fETE8 dNTEPCC 7002 #: & K IRIEHY
WEBEBE (] 1B)o B2 B 1A iy 44 by SR Bk e s 5
& (Synechococcus cyanophage) Yong-L.2-223, fij
PRA Yong-L2-223. HP Yong A7 i i 1] A
“HIPRE
2.2 MESEARRESEMNER

ZEE v G N TR 1 T N VU S R N
Yong-L2-223 BRI EEAIE SR, K E
#2560nm, FEHKL 136 nm, FEHBERZ) 23 nm
(F 10), HLIMERLSRBIMKE MW HMEN
44.1%, REEARSLIEARR Y 38.3%.

FECHRIAM 9 MRIRAK R BRI SEIAR, &
2 BRENRIRFFIEARHE, 2502 S-SRMO1
Ml S-CRMO1 (55 1), S-SRMO1 (LI EHRZ)
85 nm, FEHKZ) 100 nm, BIBEAZ 23 nm!",
S-SRMO1 HER EAR 5 A EE R LU R 85.0%,
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1 PCC 7002 &R (A)FN Yong-L2-223 BOME BT
B)5EHEBEFEHMECC)

Figure 1  Synechococcus sp. PCC 7002 cultures (A),
plaques developed by cyanophage Yong-L2-223 (B),
and transmission electron micrograph of negatively
stained cyanophage Yong-L2-223 (C). A: Normal
culture of Synechococcus sp. PCC 7002 (left) and the
PCC 7002 culture infected with cyanophage
Yong-L2-223 (right). B: Plaques developed by
cyanophage Yong-1.2-223 on Synechococcus sp. PCC
7002 lawn (arrow). C: Negatively stained
cyanophage Yong-L2-223 (scale bar=200 pm).

BHERSLHERMEMBEAR 271%.
S-CRMO1 ({35629 92.5 nm, K4 155 nm,
R EAA2717.5 nm™, S-CRMO1 FSL E 85
KR HAE R 59.7%,  FERPEAR S L EAR B
B4R 189% . MIEE &, Yong-L2-223 5
S-SRMO1. S-CRMO1 2R3, J5FH LT
KT Yong-1.2-223, ‘EA I BRI LRI
B—2F, T Yong-12-223 M|z . Yong-1.2-223
B B AR S Sk E8 ELAR 1 A (38.3%) W iz K F
S-SRMO1 (27.1%) 5 S-CRMO1 (18.9%).
23 MEARNEECE

15 TSI B R, 16 31 ARl
W, WA Yong-12-223 BERS 3 AN HEYL 3 BRik
. O WRJE T BB ¥ H (Synechococcal es) )
Synechococcus sp. PCC 7002, J& T (o Bk H
(Chroococcales) 14 £ 4, 1w 4 3 (Microcystisviridis)
FACHB-1342 FlJ& T &3k H (Nostocales) 1Y 7K 4
PR 24 35 (Aphanizomenon flos-aquae) FACHB-1209.,
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RBRIE PCC 7002 795 HHEH:, BORHAESE
W= R A TR R A A Rk
AT . AR IEE AL, R TR
TV B B R Fh B IR Ak A+ SR AL Ok BT PCC
7002 FUREFE . SUH LA PCC 7002 IR K H 4
BIWEAA Yong-12-223, TEMEMEIRE . WEF
A ) e R S e i A 3 B et R b AR R R
) A+EFRIE . TS 2 BRXFIEEIR Yong-1.2-223 5
JE 14 9% K K 9 B bk (FACHB-1342 #1 FACHB-
1209) & FHMRER A BG11 B IR RERE IR0 45
FHIMEREAR Yong-12-223 HAT ) bk,

FEC O EHGEN 9 BRIRK R BRSNS B (R
D, A6 HREA RIS R, (AR
Pe G mME 325 S-2L mIERYL 3 BRI BREE; SM-1
il SM-2 AT 2 A~ HEGL 2 bRIESHE, 4302
Synechococcus elongates 1TU 563 F1 Microcystis
aeruginosa NRC-1 . A X} 1 & , Wg # {1k
Yong-L2-223 R 3 > HE L s, HAH) 1
15 FIE
24 ESEARERELE D

IEBEIA Yong-1.2-223 FERIZH 42K 65 725 bp,
G+C HRH 58.6%, ZE/AFAE 1 A E A b
Yong-L2-223 S5 O R IE 1) 2 AL B¢
¥ (myovirus-like) 3% 7K 58 BR % I 5 /& S-SRMO1
(240 842 bp)Fl S-CRMO1(178 563 bp)/)h, AF|
S-SRMO1 #Y 1/3, #5°4 S-CRMO1 £ 36.8%. W
WA Yong-12-223 &4 100 4~ ORFs (& 2), ff
A ORFs B w K&l 61 133 bp, (HERA LK
[ 93.01%,. % CARD I VFBD #%&, 7rlfpik
Yong-L2-223 (1% Kl 2 v A & B0 2 MY 25 0 IR 1
FE AP A R 253, X s HoAE 3 R K F-
RN e, 2145 tRNAscan-SE 43
e, TEWETEIA Yong-L2-223 HEPRZH v ok & B4
5 tRNA (LR, TR WEBEAR Yong-12-223 [1)5¢
BWILH A FAE S GenBank BUHEEH, &

5k OM868081.,

IR Yong-L2-223 19 100 /)~ ORFs 1, Y
32 AT RS I RERI R T, o S
32%; 4% FHJ 68 1~ ORFs 4 U A 2 i 4 J1 g
AERYEE (IR ZE . hypothetical protein), 5L
ORFs [) 68%. 3k 551 Mk BEAALE R 21 P 81 AL 48
FIA G o AR T R 45 Ay gt i) 5 DXL 2 I35 DL [
2, WEWBEAR Yong-12-223 FER 2 Wl ik B b 3L A
FT IR L i (K 2): 12 4> ORFs #it:
% Ay 4 B e T A 55 ) R 2 2 AH ¢ 1 2 11 (ORF
8. 9. 10, 16, 17, 20, 23, 24, 25, 26. 27
F128); 2~ ORFs #{F B M 4ifh S5 DNA 2%
fZEI(ORF 7. 100); 169~ ORFs i B il 4mhs
25 DNA H il 5H¥ERE 1 (ORF 40, 42,
45, 46. 47, 48, 49, 51, 52, 56, 60. 62,
65. 69. 73 F1 99); ORF15 ¥R h gL
H: % [N f(gene transfer agent, GTA); ORF 34 #f
0B N gy - N & -D- & A R K
(L-alanyl-D-glutamate peptidase).

TEWE R AR LS H A R e, ORF 8 i
TR g i W 8 44T ] 7 26 11 (portal protein), W
RIT P EAEA TS, BE A e sk i
I BfF & R S A F Y. ORF 9 #iiE BN A
95 17 3k 7 22 % MR 2 F i (caudovirus prohead
serine protease), 2224 R HMHE WA TE A
5 ol A TR 26 2 5 4K 50 4 25 R el et AR 100
ORF 10 % B W 1K K58 £ 45/ & O
(majorcapsidprotein), ORF 16 Z@fisk %% E
[ (head-tail joining protein), JEWEBAKIEA LA
{5 S — A i B Sk R AN R B T 5 B, ORF
17 G i 05 35 1A A< 52 21 26 25 [ (putative capsid
assembly protein G), ORF 20 2 At I i A FE i 2
[1(tail sheath protein), &y 141 R 4]
Wi R . ORF 23 Zmbthmisseii s R M (tail
tape measure protein), i H A5 R H K E
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B Packaging

Regulation and replication
[l Structure and assembly

B Gene transfer agent

B Peptidase

B Uncharacteriaed

VRR-NUC domain protein

DNA primase «_ / /
[

50 kb

o).mlmmllmhm..,.‘ Lo

DNA polymerase II1 beta subunit /
DNA polymerase |

Acetylornithine aminotransferase

2 BEE{K Yong-L2-223 AYE[F4H &L

1 Yong-1.2-223
‘ Total length 65.72 kb

Transcription termination/antitermination protein NusG
/Terminase small subunit

.“"v —~GTA
"“_ /Head-t’ul Jommg protein

“'Bascp]atc wedge prolein

~~L-alanyl-D-glutamate peptidase
Ribose 5-phosphate isomerase B

Figure 2 Genome map of cyanophage Yong-L.2-223. The outermost circle represents 100 ORFs encoded in the
genome, with different colors representing different functions (a clockwise arrow indicates the forward reading
frame, and a counterclockwise arrow indicates the reverse reading frame). The dark circles in the middle
represent the GC content (outwards indicates greater than the average GC content compared with the whole
genome, and inwards indicates the opposite). The innermost circle represents the GC skew (G—C/G+C;

Outwards indicates>0, and inwards indicates<0).

BT AR L A BE BIE FEPY . ORF 24 S
% KAk 25 1 (circularization protein), 7E W &
PR BE D 41 DNA TS5 818 FAE)s, TAsix I

AT, IR TR B 2 Y AUE DNA
B2 AE FIERRIMIMEREAR?, ORF 25 Hfith i i
K FE 3 %K 1 (tail protein). ORF 26 Fl ORF27 435Il
gmfiS mu-like prophage proteins, ORF 28 Zifith i
AR AR 2H %% 75 1 (baseplate wedge protein).

K it i (terminase) & 5 R A Z BB 1,

J& dsDNA i B A e i Ft v B b 75 i T RE 2 11
N N e B N N A 545 917N
Yong-L2-223 f ORF 7 % 5 & i il K I J&

P4 actamicro@im.ac.cn, & 010-64807516

(terminase large subunit), K FEAEWE K DNA
fuk il FEEH . ORF 100 ity i g/ NI
J(terminase small subunit), ¥/ NV FE2TE
IR R rh Uik ®E DNA, Jf7E DNA 5
A7 LR IR A i il BE Y ATP i FIA R i
TR,
7E DNA Z il AL F, ORF 40 Zif%
b S5-BE R 5+ H ¥ B (ribose S5-phosphate
isomerase B), ORF 42 Zifith £t 2 MR 4% 2 il
(acetylornithine aminotransferase), ORF 45 %t
DNA %411 (DNA polymerase 1), ORF 46 Zfid
DNA R4 11 B IV FE(DNA polymerase 111 beta
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subunit), DNA A 11 &—Fh & M 2554
fitf, Tt P K ZHDNA MR . A5,

DNA R4 111 B I AEAES DNA A 1T 2 i
) —H8 5, SEAE IR — DL R
[l dsDNAP®!, ORF 47 %4 [H (queuine) tRNA
5 12 0% % B 4 ¥ (queuine tRNA-guanine
transglycosylase, TGT), TGT &—#Z 5B/
tRNA [T, ORF 48 4 GTP #/k
f# i I (GTP cyclohydrolasel, FolE), FolE BEf%iH
i — RV R AL GTP AR Al = iR — %
BRI ER . ORF 49 Zifimdswia k4 4 K 1
D (queuosine biosynthesis protein, QueD) .

ORF51 % fih W 2 L W) & K 11 C (queuosine
biosynthesis protein, QueC), Fl QueD —[d=5
M GTP &, pre-Qo £IMEEA& 1M (RNA 5L A2,

ORF52 BB RS 7-38 H-7- i 2 WG A it
(7-carboxy-7-deazaguanine synthase, QueE) ,

QueE REBSMAL & AT 7- RGNS (A= 5 1Y

ORF56 ittt DNA IRJiE /i (DNA helicase, uvsW),

FEEAGHTE DNA B 55 DNA G a2
rh s Y Sy L E A R HEL/EA] . ORF
60 YE7ERE A CRISPR/Cas R 45 H 1) Casd A% A i
(CRISPR/Cas system-associated protein Cas4),

Cas4 43 /MRS RecB FKIAY motif, Cas4
BT Z 43 T CRISPR-Cas 4%, A fES 5]
BB A, ORF 62 4 %% skl I8 7
(transcriptional repressor, DicA), DicA Pl A
SR g R R F, ORF 65 4 fith T 4 i
RecA, AN RecA fE[17E DNA i E R 48
MERARG T RE LM, RecA HPMEILEAEE
DNA (single-stranded DNA, ssDNA)F[w] i X%
DNA (dsDNA)J» ¥ Z [a] )5 34 S iy, I ad it
SOS iM%%' DNA 184 8 12k,

ORF 69 %y DNA 5|#Jfi(DNA primase), ORF
73 BEER RIS S A VRR-NUC 25381 2 11

(VRR-NUC domain protein), X [1/&—M4
FEFENE DNA BE RN, A 5'INUIEHE
P, 2 555N DNA SCHRIIE L . %8R H iR AR
N ST S AFTE TR 2 A AR R . i
LERRN], HAESH E 2T holliday 3153 7
fiff(holliday ligate separating enzymes, HJRs), iX
SEZERAE R SR T P RE S 5 DNA B4 . &l
T2 ORF99 4 fith 5% st 4 1k /B & 1k B 11
(transcription termination/antitermination protein,
NusG). NusG &—FRSFRIETTE N, 5 RNA
R G HF(RNA polymerase, RNAP)FIH Al &5 [ 5t
MEAER, ERIETH 2 A0 526591,

IR Yong-1.2-223 JEK 20 H1 1 ORF 15 #f
TR N Y b5 2L R 5% 7% [ (gene  transfer agent,
GTA). GTA #i5fg FRNARML A B im4F
e, REAMEEEN AN E , 450 KN
M BN BT AP et GTA L, R
GTA ZAEHETE I R 8] S BUKFIE R R 1Y
FERARY S Xu SR I 43 B 1 A
Paracoccusmarcusii phage vB PmaS-R3 H {4
4~ GTA FEEEHI(GTA-like genes)®, 7EIHHiTHE
TH Y SR BRI e A b R R B G A% GTA AR Sk
o TEWEMEIA Yong-L2-223 JEN4Hh, KRBT
GTA WIFFAE. GTA RIRESN T i RN ] KF-
% . IAEE S AT Z B R R RS, A
PEEAL o BEDI A Y gta DA AT RE 15 I 8 1A
Yong-L2-223 HTEARFEEh A A7, HiKEEZ
[ AT T K .

W #EAAR Yong-12-223 JE[H 20 H1/%) ORF 34 4
i L- N 2 -D- 4% 2 12 K I (L-alanyl-D-glutamate
peptidase), JIKMEEAE DS /K fifk 41 12 241 L BERE K L-
N R D-73 R R G I 22 8] (3 451000, 5 B
WARZL A E AN

LR RS R BN ER(R Yong-12-223 it
Walh & 2D 10 AT EE N (AMGs).
AMGs S8 B R E L R RIkIFS S

http://journals.im.ac.cn/actamicrocn
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P E A AR 518 ERIPEER, H
A FF T B S O AL RO, X TR
BRI A A T, RS Al
9 AMGs il H i 25 rh st AU

BESEAEES . EIRE S, BL S SRR
WO NAR B E E o B, LR 55 R
RERBEVEHER S-B43 JEH A1 seE th 14 A
AMGs, HAHE 5 LS HREEHE AL 5iE
IV £ e 5 IR SRR EE (HINLP) B 8 TR AL T g B
A KR AMGs. LR A B FF 1V 5 BRI
k& S-B05 JER A & 2 506 1E ik
. Z55A . DNAAY& BT RER 144
AMGs. U0, LRI 5 A TR K SR BRI 58 1A
S-SRMO1™HS A 4 AN 56A 1 FTAR G H B AR
WIRED | 1 ABERRER V5 5L K PhoH Al 1 AMBRAK
PR IE N CP12, FEWEREIA Yong-L2-223 LA
Zh, ORF 40 g4 5-WEIR S+ A4  B (ribose
5-phosphate isomerase B, Rpi), ZHH-5-WlR 544
FFHEAL D-RZHE 5-BEIR (RSP)I5] D-AZ B A 5-BER Y
Al , X EEERR IR R SRR ADE G 1
FI R R SCHE 3R i B L BRUO g e A
Yong-L2-223 JENH P& S-S IME B A
, HEMRFE Yong-12-223 w] GEi i H g AT
G h ) OC B 2 5 00 5 Bk TR 36

Yong-1.2-223 fit) ORF 42 4wiith 2, Wt & 4 R i = it
(acetylornithine aminotransferase), <& M5 % iR
e A WEAE ] T osvE d R S KA AR Y,
2 55 B R e i ARG 0 1 3 A M ) QS
7', ORF 47, 48, 49. 51 Fll 52 43 Bl 4wk %
tRNA S EEFERE(TGT) . GTP MK fifk it
I (FolE), MEWEAYEMEN QueD, MEEEY)
A T QueC I 7-9R 3 -7- Wt 2% I A5 ok, ity
QueE, XSERLRM N — 581 pre-Qo AW H
% 3 A 7% (pre-Q, biosynthesis genes cluster) o

pre-Qo A= W& AL 2 5 (RNA-MER/E W) &

<l actamicro@im.ac.cn, & 010-64807516

BGE P, & (RNA B —35r . LR
P BE T B MR Yong-L2-223 HefkfE &
5 [ 5 %) tRNA #1 DNA, #2518 = BiEseE,
SR 2 A A RE A B TR
IO A2 E F, X AT AR Yong-L2-223 A 3 A4~
H (orders) &L MM E LR N . 78 2 PRl H
JERGY 2 PR E B IIR K REKEE R B R SM-1 Al
SM-2 th, KA pre-Qo E W6 MLk KR A AH DG
FE ECRIAR 2 PRV AR K R BRE
M#E A S-SRMO1, S-CRMO1 K& D5 20 vt ok & BiL
pre-Qo AW A M N FEMMHCERN., 5§
Yong-L2-223 Z&fIRy, WIEs 3 HEGE 12 %
WL ISR VB MelS-Me-ZS1 H, LA
—ANSERE Y pre-Qo A WA IR R %

WAL, I AR A 2 35 0 X 5 T A 56 D5 2 v
Hifith Casa (HIRIEPIHE PIIFIEIA T 2 3™,
WF5E 25 i CasA FE 2R 11 KL DR 1k 195 12 {4 mT
FIAZE RS AR R 11 % CRISPR-Cas
Z %i (campylobacter type II-CRISPR-Cas system)
(ZFRGEZ Casd), FRHUE A TE FE M EIFEX,
M B AR AR T 1) T b ATL ) >Fe KL 3k i = 7 7 10
gr, HEAPLE MRS . Yong-L2-223 B [K 4
B R B AT Casa FE[H(ORF 60), XAl fHE
B F s R IE £ R, PTREE Yong-L2-223
AT 3 A H B B 5 — N R IR
25 EEARGFHL T

7E BLASTn H (BRIA 2 50) I A& g 3 {4
Yong-L2-223 WK ZH)7 41, 5 NCBI 8% h
)4 BE R4 e AT EE X, 45 5 R 5 ek
Yong-L2-223 [m] 514 £ =5 B W I {4 & Paracoccus

phage vB PmaS-R3 (GenBank: NC 026608.1,
E-value: 7e-06; percent identity: 72.97%), {H/Z&

Query Coverage X & 0% . % 45 R £ W
Paracoccus phage vB_ PmaS-R3 H AR /DA%
B2 ¥ 515 Yong-L2-223 [FJE, Yong-L2-223 ffjJk
FRENRRTIE ST
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PEEREEA Yong-1.2-223 WFEH41F4) 44 Schmittlotzvirus sv771 . Rigallicvirus P106B .
EHEMTEMIEL M5 ViPTree (https://www.  Shewanellasp. phage 1/44. Gorganvirusisfahan,
genome.jp/viptree/), SiZEIEIEF AR TEGE  Sashavirussasha 1 Nonanavirus nvONA,
1t 6 238 MR EIEG B SR . 45 R BoR TE 2 B2 25 s 7 S0 ) 2 (40K 40 4 i
Y5 Yong-L2-223 K% K R I AT 6 PRI {4 - (& 3)d, Yong-L2-223 JERG— ST 945

Phylum: Uroviricota 0.001 0.005 0.01 0.05 0.1 0.5
Class: Caudoviricetes I B Daemvirus acibel007 (NC_025457.1) [42 654 nt]
. . A Synechococcus phage S-EIVI (KJ410740) [79 178 nt]

Virus family I—+_‘ A Synechococcus phage S-SRP02 (MW822601) [42 143 nt]
Autographiviridae (1) A Synechococcus phage S-SRPO1 (MWO015080) [45 017 nt]
Wmmﬁgﬁg } Lumosvirus lumos (KT372003.1) [75 586 nt]
"/,abe.f.'v.-'ridav “; ) }\«'Uuhvu'u_s are (MNG602266) [75 087 nt]
Chaseviridae (1 Paundecimvirus PAIl (NC_007808) [49 639 nt]
Demerecviridae (1) Pahsextavirus pAh6C (NC_025459.1) [53 744 nt]
Straboviridae (1) Epseptimavirus EPS7 (NC_010583.1) [111 382 nt]

= ;I;jke"méf{?*}v';‘*daf (m —+ Ceceduovirus cc2 (1X123362) [231, 743 nt]

e 1 Taipeivirus 0507KN21 (NC_022343.1) [159 991 nt]
Guelinviridae (| 3 y S — I A Synechococcus phage S-CRMO1 (NC_015569) [178 563 nt]
Salasmaviridae (1) A Shenzhenivirus sszbm! (NC_070839) [177 834 nt]
Mesyanzhinovviridae (1) Ahtivirus sagseatwo (GU071096) [179 563 nt]
éi{ﬁ?ﬁ:é:’:ﬂfﬁ? d(al‘) ) | | Acionnavirus monteraybay (KF156340) [170 438 nt]
Zierdtviridae (1 A Synechococcus phage S-SRMO1 (NC_070963) [240 842 nt]
5:;xje,{:,:',-$u,(3 )3 W Bellamyvirus bellamy (MF351863) [204 930 nt

(3)

Rountreeviridae (1) A Synechococcus phage S-B43 (MN018232) [213 993 nt]
Peduoviridae &3) A Synechococcus phage S-B05 (MK799832) [208 857 nt]
Puneviridae (1) Ithacavirus SPO3S (NC_021772) [72 394 nt]

B lielgolandviridae (1) i ; Brucesealvirus CP7R (NC_017980.1) [18 397 nt]
Forsetiviridae (1) B Claudivirus aurora (NC_031121) [25 905 nt]

B Herelleviridae (1 Epaguintavirus Epas (NC_052964) [64 096 nt]

- fyf’f?'if(”}’;"'f"“]ﬂ( ) Ahduovirus AH2 (NC_018383) [58 065 nt]
ety A Cyanophage S-2L (MW334946) [45 087 nt]
Intestiviridae (1) Paopuvirus paopu (MH045561.1) [17 362 nt]

Aggregaviridae (1) Sukkupivirus sukkupi (MN369753.1) [66 184 nt]
Steigviridae }1] e Hanrivervirus pSff (NC_021331.1) [51 821 nt]

Pervagoviridae (1) Rtpvirus Rip (NC_007603) [46 219 nt]

ﬁ;ﬁf:ﬁ"r‘v.‘,fﬁ;&é,((ln Rogunavirus Jk06 (NC_007291) [46 072 nt]

% Paracoccus phage vB_PmaS-R3 (NC_026608) [42 093 nt]
Virus genus _+_+: B * Schmittlozvirus sv771 (NC_019519) [69 391 nt]
) # Synechococcus eyanophage Yong-L2-223 (OM868081) [65 725 nt]

%:‘?g;ﬁ.i:’;ff;;ﬁ*](u B * Rigallicvirus P106B (NC_023566) [56 024 nt]

Gogr anvirus (1) % Shewanella sp. phage 1/44 (NC_025463) [49 640 nt]
Sashavirus (1) W Gorganvirus isfahan (NC_041925) [54 836 nt]
Nonanavirus (1) % Sashavirus sasha (NC_047786) [53 263 nt]

% Nonanavirus nvONA (NC_025443) [52 869 nt]
Rosenblumvirus rv66 (NC_007046) [18 199 nt]
I Valbvirus ValBIMD2 (MT662115) [36 616 nt]

T—: Peduovirus YPM22 (MT374855) [31 809 nt]
Tigrvirus phiE094 (MW072790) [37 727 nt]

Labanvirus laban (MW812211.1) [43 236 nt]
—{ I Peternellavirus peternella (MT732475) [39 649 nt]
B Leefvirus Leef (MT732473) [37 547 nt]
Freyavirus danklef (MT732458) [47 186 nt]
§ B Beguatrovirus B4 (NC_018863.1) [162 596 nt]

Mollyvirus colly (MT_732450) [124 169 nt]

B Afonbuvirus coli (MZ130499) [97 706 nt]
+ $ Junduvirus copri (MZ130487) [94 533 nt]
I Jahgrovirus intestinalis (MZ130484) [97 536 nt]

I Harrekavirus harreka (MT732457) [43 175 nt]

Akihdevirus balticus (MKC821624) [100 418 nt]

Callevirus phi38una (KC821614.1) [72 534 nt]

Baltivirus phil3duo (KC821633.1) [72 369 nt]

Cebadecemvirus philOuna (KC821618.1) [53 664 nt]
3 WEE(R Yong-L2-223 MERIL ARG L
Figure 3 Phylogenetic proteomic tree of cyanophage Yong-L2-223. The proteomic tree was generated using
ViPTree online, based on the genome-wide similarities determined by tBLASTx. The proteomic tree was based
on the complete genome sequences of Synechococcus cyanophage Yong-L2-223 (red star), 7 top-hit
bacteriophages in BLASTn and in original proteomic tree (black star), 6 freshwater Synechococcus
cyanophages (pink triangle), 3 marine myovirus-like Synechococcus cyanophages (green triangle), and 39
representative bacteriophages of 33 families of the Caudoviricetes class.
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% (branch), 5 At 7 (B R4 IR 25028 (>0.45)

TESAE R, MERE A Schmittlotzvirus sv771 J& 5
W K Yong-1.2-223 HEAk I B fie /)N 09 9 2% (]
3)o Nt I B EAR Yong-12-223 HYHEAL
7, 4 938 T WE B K Yong-L2-223 5
Schmittlotzvirus sv771 2 [a] A9~V 2% 7 R — Ui
(ANDFI DNA 437 J5 43 24 52 fH (DNA molecule in
situ hybridization values, isDDH), %5374
55.50%F1 0%, ¥J/NTFFP i) FLE (ANI>95%,
isDDH>70%), Yong-L2-223 5 Schmittlotzvirus
sv771 JEIAZE Y FA I (B A s T 34 1)
IR PEARAC . 450 Yong-L2-223 2 —AHf

it dz FE B 28 3 25 2% 025 (ICTV) T B 40 i
5 EE /N 2R 01 4 (Bacterial and Archaeal
Viruses Subcommittee, BAVS)#E77 1) PASC 43 ¥t

/- & (http://www.ncbi.nlm.nih.gov/sutils/pasc/) Fll
VIRIDIC 4347 £ (http://rhea.icbm.uni-oldenburg.
de/VIRIDIC/), HXJ 43 HrliEBeds Yong-12-223 5
B P b BT R e B) A A IR e 90 A AL
(PASC)FI NS B A2 A AR (VIRIDIC), 4521
i) PASC fH{XUH 3.78%, ffm VIRIDIC H
(B S 2.5%, —FHHIART 70%F1jE i1 5
B, Z5RRMAMEEIKR Yong-12-223 fRFE—1HT
AR

duddiiiddidndidiidd mmh

Synechococcus cyanophage Yong-L2-223 S-Sidhabddniirsbdiitedndetid (et

Schmittlotzvirus sv77 1 mppPpRpsphri ¢ imd-db i

friak it s

D DD ;i(%%@/
(v]

67%

4 WEEYR Yong-L2-223 1 Schmittlotzvirus sv771 g9 4H EL 55
Figure 4 Genome comparison of cyanophage Yong-L2-223 and Schmittlotzvirus sv771.
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<l actamicro@im.ac.cn, 010-64807516

Intergenomic similarities heatmap between cyanophage Yong-1.2-223 and Schmittlotzvirus sv771.



RS | BRI, 2024, 64(1)

203

3 WwE5&#

WEBEIR Yong-12-223 Ji 1 Wk LA VE I 3K
6 7~ i FH e R % 3 2 DOIR K 43 B AR A5 1Y
BAK. Yong-L2-223 HA k1, BEAITES#hok
P B i W AT EARER A5 T IR IR K
WEHE

TE BLASTn LbXfrf, WESEK Yong-12-223
5 Top hit [\ [F I &H = EIRZE 0%, KM
Yong-L2-223 (3R 2H P A AR B s e
R b rh, BARWEFEIR Yong-L2-223 5
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