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Abstract: [Objective] Cyanobacterial blooms break out frequently and cause water quality
deterioration. Cyanobacterial toxins (cyanotoxins) have hepatotoxicity, neurotoxicity, reproductive and
genetic toxicity and tumor promoting effects, threatening the drinking water safety. Cyanobacterial
blooms contribute to toxin accumulation or death of aquatic organisms, risking edible safety of aquatic
products and causing huge economic losses to aquaculture industry. Cyanophages are viruses that
specifically infect cyanobacteria and regulate its population density and abundance. They are
considered as an important potential biological control tool for cyanobacterial blooms. Study on
freshwater cyanophage is rarely reported, which is far less than that on seawater cyanophage. So far,
little is known about Microcystis wesenbergii cyanophage. [Methods] In this study, we isolated a virulent
freshwater cyanophage vB MweS-yong2 by double-layer agar plate method using M. wesenbergii
FACHB-1112 as the indicator host. Genome sequencing, open reading frame (ORF) annotation and
phylogenetic analysis of cyanophage vB MweS-yong2 were performed. [Results] vB_ MweS-yong2
genome was a double-stranded DNA of 44 530 bp, with a G+C content of 71.6% and containing
61 ORFs and 1 tRNA gene. No vB_MweS-yong2 ORF was found to be associated with virulence
factors and antibiotic resistance genes. The pairwise sequence comparison (PASC) scanning illustrated
that the highest nucleotide sequence similarity between vB_MweS-yong2 and all known phages in
databases was 20.21%, which was <50% (the boundary to define a genus). [Conclusion]
vB_MweS-yong2 was proposed to represent a new genus in the Siphoviridae family of Caudovirales
order. These works enriched the freshwater cyanophage database and laid a foundation for the research
and development of the functional genes of cyanophages and the control of cyanobacterial blooms with
M. wesenbergii as the dominant species.

Keywords: Microcystins wesenbergii; cyanophage; genome; phylogenetic analysis
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B AR KW AR > 2 b #E GenBank 454
PECRIE R I 250 PRGEBEEAREER g, X
18 Bk HIRAKIKAAR, A e memssse A 6 1k ,
433 MaMV-DC , Ma-LMMO1 , Micl . vB_MelS-
Me-ZS1. Mae-Yong924-1 il PhiMa05"> "7,
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OYARTIZE . W L R Y R E AR K
KR E A R B G e s, & HKAE
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FIPE AR 22—, 25 R R T AR Y i e K A
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4, ORF a] LA#E NCBI %4 12 i BR i A
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i 166 1~ ORF, HA (A 47 AIIRERT TR,
7 28%2, A F I Z (AWK vB_ AphaS-
CL131 JER & 149 4~ ORF H1{X 34 NG 3h
RERTREERE, & 23% . 20 B S AY 2 e s
SRR K R Micl FERZHAY 98 4
ORF H{Y 36 18 (I RER TR, i 37%

I i 1 I A1 2 4 P 4] 1 00 S W 9 R 11
AEYFRE ST S MR KLY
T FMA EAEF SRR A A REEMWE L. b
GRTEYFBEROARBRIE, ST Y
2 F B OB S AR R ITIE h . WA
WAL 2 REPERIF ST i P03 PR 920 SE P PY
A DNA RGN . 7253 m ek
A E— SRR L, MazG FE[RFn g9l
FERAE, (HEH TRREBEAFEREZ, HRAS
—PPRSFIP A, JLHRRKWE AR, b=
VEFPENGSE AR R DL IO IR . IR ER AT AR
88% MM BEAA A AE B A S, TR K
BRIV FE DA A CHE N s FRAn 920 R 2
EETFMREMGEME, 245, wWARKREH T
AWESER A SEIN . b, TR S E
AR, AT RE S ARG — Skl B AR R A
(AMGs), WHiERPrEEHE . 8 HTFRH
S, XSO B AETE S SRR A 0T W R A A
MZat, HE, Bak, BRIk
PR OK A R R ST AR L R, RAE R
AR RANMED S 25 B RTR, RHRIK W SR R A T
FEDR 2R E 5 43 LE K

AW 58 1 X8 43 B 1) G I Tl 0 T Ik A 1K
vB_MweS-yong2, $EHUZER . FaH7 SCE
W T HAILHE AP 5, A YE B0

XA RS, REBPUAE RSN | %0
W25 i RG kL Hritie T e
M o AT RS T2 R AR S v I AR B 5 2
F, A R R FE i e e A & LD RESE [N DL R
HR L PR (0 o g I 3 AP 3 R 1 K A ) R B
IE e

1 #H57%

1.1 SEIG s

HFCHHRE (M. wesenbergii) FACHB-1112,
W e R B IR K RN P
1.2 EFHE

BG11 ARG FR I ) W3R 1); BG11 2 [H
IREEFRIE 5 0.75% (WV)EUIE ) BG11 85353
BG11 AR 7R & 1.5% (W\V)EIERY BG11
B8 O
1.3 EFIESR

% M. wesenbergii FACHB-1112 S35 75
BG11 AR FREE A, UE T 25 °C 4 EE IR
BR AR SR, JGRRERIE N 2 000 1x, DGR

£1 BG-11 EFxHFERD

Table I Composition of BG-11 medium
Ingredients Concentration/(g/L)
NaNO; 1.500
K,HPO,-3H,0 0.040
MgSO,-7H,0 0.075
CaCl, 2(H,0) 0.036
CeHzO7 0.006
C;H3FeNO, 0.006
EDTA 0.001
Na,CO; 0.020
H;BO; 0.002 860
MnCl,-H,0 0.001 810
ZnSO,-7H,0 0.000 222
CuS0,4'5H,0 0.000 079
Na,Mo0O,-2H,0 0.000 390
CoH/,N,0, 0.000 049
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g 12 /12 h 53 4k K 5] ODgso N 0.6-0.8 (XF
BAERK WO, HTFIE2sts.
14 KERERLE

2019 4E 3 A 10 H AT T8 H W12 el P I
KK RS 29.868 094°, 4% 121.543 2599),
ZARIR S e B R Je, L BRI KA T
REFR, 4G 4 °C. 10 000xg B5.0r 20 min EFRIT
TE, FEHC ISR 2 0.80 um F1 0.45 pm FLARHY
TUALUE RIS U8 . BB WA T 5 225050
1.5 ERAESE

PEHEE I TP 80 mL b AR b B (8 K A
JEWE . 20 mL ¥ 5x BG11 K532 5670 20 mL X4k
HH M. wesenbergii FACHB-1112 3, 185, &
TOLMEE R SR, BRT % 2-3 K.
[v] B FH 27K A K RE 3 WS P TR A R Xt
MR o IR 2H e v 24 v AL S R 22 10 000%g
250 10 min, HBCEVEHRIRZ 0.45 pm F10.22 um
LR AIRHFRAT AE 2R R IE . BOREE] 2-10 £%
PRFR B % BUE KA FACHB-1112 3% IR
5], HEEFEBW A,
1.6 TR Eik

ilAs 1:20-1:40 F5 A4 SE 40 LA - UMK
) FACHB-1112 %3, 10 000xg #5.L» 10-20 min,
(B S TISATH 1:20-1:40 (9 3%, BIFDTE.

P ER KR BG1L 2 [E R RE 77 3 4058 1
8 mL/4, BT 42 °C MHEIE/KEHH 30 min,
ZoP AR SRR N E E . BUH 1.5 ik gR
P E WA E SR, F BGI1 MR RS 37 JEA R
B B i B (1071 -107°) 5 B4 i BRI P AR A LE
1:9 BB E] 0.9 mL ¥k 45 50 bR % W
FACHB-1112 1, &%), B T5 3 70 r/min HH%
PR, 25 °CEH 20-30 min, {5 8¢ 7570 W Bt
FIBEANAE ; B AR SR AL, 3 hf kg
BAR-BIRGWEIANEE, HRRIRYG IR
3-5 s HHAEMESE, fEE 1.5%5050)
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BG11 KR AUR)2 Ak b, BER S BT, S
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O 10 min, HCE i RIAS 2155 — AU e . 3L
DAL 1:9 5XH808 FACHB-1112 #EWIR
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Fikt. BU 10 B R P IARALLL 1:9 B9 EuAF s i
# 0.9 mL W47 4EAR M FACHB-1112 Hr, #21d
IR A SUZ SR AR, R4S 5 A M
BSCWEBEBESS , 2B ST (WS B A A
BefE, WIFESE 3 ARMEEEE ., M ELEE, |
ZEIN A —REEEEE, 2B0RE
I 4 X 22 5 6 1 X B0 FACHB-1112 32 H 1%
F%, FREWEAE, BOEREE T 10 000xg 2
0 10 min, BRI, MKIKE 0.45 pm 1 0.22 um
FLAR RS TR 4T 4 2 DR B k. B 2 9 £
AR B X B4 K FACHB-1112 B IR,
BB IR, By R SR
BAURIT 4 °C BOLRAEEH .
1.7 MR EF A2 B
1.7.1 WK DNA 25

B A R PR 30 mL 10 000%g
0 10 min, BB, KIKZ 0.45 pm 1 0.22 um
Tl PR 2T 4 2R 0% oo 9 o 7 Ik 8 AR DI A
Dnase Il RNase A 22K JE 1 pg/mL, 37 °C i
AL, 80 °C Ki% 15 min, [H1A Z i A2
% (0.5% SDS, 50 pg/mL & K, 20 nmol/L
EDTA, ¥ NAHRIE), 56 °CHFH 1 h, A%
RBEf B, IRAIRG S 4 °C. 10 000xg 5.0
5 min, WA FZWAA, TS RFRE -5 05 - 52K
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fE(25:24:1), WFAIRG G 4 °C. 10 000xg &L
5 min, & BZBIA, IMASEHARGE DT, F00iR
A1) 10 000xg &0 5 min, W& FEWRIE, TR
2 Wo MASFABSRNE, 20 °C HERD
30 min, 4 °C., 10 000xg &0 20 min, JLIEH 75%
SR 2 R AR UTTE R B FKE A,
1.7.2 MERARERBTEREZ

5 F055) & NEBNext Ultra I DNA Library
Prep Kit for Illumina (#E7645)F% B8 156 B 4544 7
SRR S . ARG FEHAH R Befl; A
B4 W P2k s WESR A Bk s W
Index. PCR #"#; PCR /"#y4lift.,
1.8 WA EEENFSH#

ALY . #% B8 Agilent High sensitivity
DNA Kit 2100 15 W] 45 % 7€ 4l fk )5 PCR ™ Hi4 7
BoorAn o At SC Ot E 5 PCR #H7E i, MR
P _LHLFT R DNA M E IR A S a A
NaOH fifi DNA ZZ 14 2y #4% . {fi ] Illumina PE300
)46, 7F lllumina MiSeq - #FA il % .

75 iz FastQC (http:/www.bioinformatics.
babraham.ac.uk/projects/fastqe/) X M - £ 4 #E 47
B AL, 2R5H Trimmomatic v0.36 #K{4FZ2:RR
T AE A reads (Q-value<20), {# F SPAdes
v3.13.0 B PEXF ik S8 A B EE AT PR

FE DR ZH R i 43 AT+ 1) FH 2 IR 20 vy 3
PP a5 R M s R o P 41 o 15, #E 4% reads
UK 20 DIEEERY P B, IF e IR
FMRAEATHES o AR5, A v D e I s R A
PRGN A AT X . R R GAE
I P % B B s T O B R X A R T
G o 0 PP % B DX, 2 v A 471 ol A DX
EI Ay I g A PR 9 A 0 0,
1.9 £MEEFESH

T HEL T H RAST (Rapid Annotation
using Subsystem Technology, http://rast.nmpdr.org)

Xf vB_MweS-yong2 JERHMATHIL IR, A
Jii, BT ) ORF ¥ F§ NCBI (National Center
for Biotechnology Information)it & [ Ho X 1. H
BLASTp (Protein BLAST, https://blast.ncbi.nlm.
nih.gov/Blast.cgi) #4171 T 3 3 ik (E-value<0.5) ;
FtiE—2f8 | Hhpred (https://toolkit.tuebingen.
mpg.de/#/tools/hhpred) (SE5E N posbility>96%) |
{#iF HMMER (https://www.ebi.ac.uk/Tools/hmmer/
search/hmmscan) (DA domain 5¢%% | H. E-value<0.5
WEEME), Y IE ORF {EBE R, nilfE
CARD #4572 (http://arpcard. memaster.ca) 1 VFDB
B4 2 (http://www.mgc.ac.Cn/VFs/main.htm)
HREE AR A 8 R b A RpobE
- i& FTEZE T H. PASC (http://www.ncbi.nlm.nih.
gov/sutils/pasc/) 73 B 4= %k X 2 4% 11 12 )7 51 AH AL
BE o M\ Broe 85 43 25 2 Bt 23 (the International
Committee on Taxonomy of Viruses, ICTV)H 4
FEWE 1K H (Caudovirales) FHY 14 R LR
52 MR FERP, M GenBank ¥ 2 T 2 H I K 20
JF41, #1 vB_MweS-yong2 N 5| & i) 6 M
PEBEMEEAA . HoAth 5 RRIR K MR SR 1 BE R 4 —
EH TR E. rRaREE 14 BHE
Myoviridae, Ackermannviridae. Herelleviridae.
Chaseviridae. Podoviridae. Autographiviridae.
Siphoviridae. Demerecviridae., Drexlerviridae.
Zobellviridae . Schitoviridae, Salasmaviridae .
Guelinviridae 1 Rountreeviridae. iz [ 7E £ F 4
ViPTreel.9 (https://www.genome.jp/viptree), &
T I ey B 1) 4 2 P A A AR SRS (proteomic
tree). iz F MEGA 11 B4 K F neighbor-joining
A HE SR DNA REMHRELEW .

2 X504

21 EGRKHMOSBEMNEE
M 2019 4E 3 H 10 S HCH #7731 H A
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bel 9 I8 T [ K B KA v, 4 B 3 — AR BRI
TR SR A, ISR RETE — SR A 1 2 TR
PRI R B o R R A 48 T T
I #E R Microcystis phage vB_MweS-yong2, fi]
¥l vB_MweS-yong2,
22 BEREREEEBAS R

MK vB. MweS-yong2 LR KR
44 530 bp, G+C TN 71.6%. MIFHEE N
333.9x, TEmy i sl P g, R AP SR
reads, MEEEIA vB MweS-yong2 FHEE 21 n] GEE
AEERNAN . EFF vB MweS-yong2 HY5E3&H5E
RIZ0 7 914 28 IR AFE GenBank 1, #2105 Hy
OM681334 I H [C ol B E i 3 /K vB_MweS-
yong2 St 417 BLASTn HXf, 45

GenBank 4 % i 5 HARE % 5 1Y 91) S Wi
@ /& vB_RieM PPF1 Y 3% [ 4 (GenBank :
KJ746502.1), AHLEE R 80.1%, {H2[FUHHE 5
JERIRHK 0%, KU —FH AW FHA
PIVE, 2553 B8 vB. MweS-yong?2 ) 5E R 41 1
HNAR 0, 12 A ECH e v oA 5 e TR O
AR 75

% e /K vB_ MweS-yong2 F & 41 & A
61 /> THI (% I ) 32 HE (ORF) (% 2). FIH]
tRNAscan-SE  (http://lowelab.ucsc.edu/tRNAscan-
SEVEL RPN, KBMEEH 1 4 tRNA,
CARD FIl VFDB 43#r, WA K BE kI H
FHRIPUERM 2L, TR T iZmEs AR 5L AN
P/ O < 7oy 6

R 2 EEE{K vB_MweS-yong2 ORF IN#EFN & BLASTp tb3t4E R
Table 2 Function prediction and top BLASTp hits of vB_ MweS-yong2 ORFs

ORF Size/aa Prediction function Top BLASTp hit* Identity®/aa E value®
1 210 Terminase small ref|TCR69703.1 hypothetical protein EV560_101100 48% (95/197) 8.00E—46
subunit [Bosea sp. BK604]
2 683 Terminase large refflWP_126112365.1|MULTISPECIES: phage 65% (437/674) 0.0
subunit terminase large subunit family protein [unclassified
Bosea]
3 67 Head-to-tail joining  refl[WP_192641905.1|unnamed protein product [Bosea 64% (45/70) 4.00E-22
protein W (GpW) sp. OAE506]
4 497 Portal protein refflWP_126112360.1|MULTISPECIES: phage portal 64% (315/490) 0.0
protein [unclassified Bosea]
5 666 Major head protein reflWP_131852925.1/HK97 family phage prohead 65% (429/663) 0.0
protease [Bosea sp. BK604]
6 109 Phage recombinase reflWP_192641902.1|DUF2190 family protein 63% (69/109) 3.00E—36
[Bosea sp. OAES06]
7 53 Hypothetical protein ~ No nits
8 197 Minor tail protein reflWP_043240993.1|hypothetical protein 63% (123/196)  8.00E-72
[Bosea sp. LC85]
9 135 Phage head-tail ref][WP_126112348.1|MULTISPECIES: hypothetical = 44% (60/135) 1.00E—-32
attachment protein [unclassified Bosea]
10 256 Tail tube terminator  reflWP_131852917.1 hypothetical protein 50% (129/259)  6.00E—58
protein [Bosea sp. BK604]
11 64 Sheath terminator refflWP_131311513.1]hypothetical protein 51% (29/57) 2.00E-05
protein [Siculibacillus lacustris]
12 501 Tail sheath protein ref][WP_052514267.1|hypothetical protein 49% (246/497)  7.00E—-140
[Bosea sp. LC85]
(F54k)
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13 127 Tail tube protein refflWP_192641896.1|unnamed protein product 59% (75/127) 5.00E-47
[Bosea sp. OAES06]
14 128 Tail assembly protein reffWP_043240981.1|hypothetical protein 53% (62/116) 7.00E-33
[Bosea sp. LC85]
15 672 Tape measure protein reffWP_043240979.1|phage tail tape measure protein 51% (351/683) 0.0
[Bosea sp. LC85]
16 395 DNA circularization  reflWP_126112325.1]MULTISPECIES: DNA 48% (193/399)  2.00E-103
protein circularization N-terminal domain-containing protein
[unclassified Bosea]
17 367 Baseplate hub protein reflWP_131852901.1 hypothetical protein 58% (217/373)  3.00E-136
gpé4 [Bosea sp. BK604]
18 155 Mu-like prophage reflWP_192641887.1|unnamed protein product 58% (95/163) 2.00E-59
protein gp45 [Bosea sp. OAE506]
19 175 Baseplate protein W refflWP_149133418.1|phage GP46 family protein 68% (119/175)  5.00E-79
[Bosea sp. F3-2]
20 371 Baseplate protein gp47 ref|[PZR94178.1]|hypothetical protein DIS37 08800 62% (227/369)  4.00E—152
[Pseudomonas stutzeri]
21 209 Baseplate protein gp48 reflWP_047576487.1|DUF2313 domain-containing 59% (120/205)  3.00E-78
protein [Methylobacterium sp. ZNC0032]
22 510 Hypothetical protein  reffWP_131852891.1 hypothetical protein 37% (33/90) 4.00E-29
[Bosea sp. BK604]
23 68 Hypothetical protein ~ No nits
24 113 L-shaped tail fiber refflWP_149821310.1|hypothetical protein 39% (45/116) 1.00E-16
protein [Salinarimonas sp. BN140002]
25 1038 Carbohydrate esterase reffWP_141985777.1 hypothetical protein 36% (312/864)  5.00E-108
[Sphingomonas trueperi]
26 132 Hypothetical protein  reffWP_088582296.1 hypothetical protein 47% (64/136) 3.00E-25
[Brevundimonas vesicularis]
27 197 Hypothetical protein  ref]WP_068295584.1|hypothetical protein 36% (66/182) 4.00E-07
[Labrys sp. WIW]
28 286 Lysozyme reflWP_161676058.1| N-acetylmuramoyL-L-alanine  65% (90/138) 4.00E-57
amidase [Pannonibacter sp. XCT-34]
29 89 Hypothetical protein ~ No nits
30 95 Hypothetical protein  reffMBC7148083.1|hypothetical protein 33% (36/109) 3.00E-08
[Rhizobium sp.]
31 377 Integrase refflWP_139333738.1|hypothetical protein 48% (184/384)  6.00E—103
[Bosea sp. TND4EK4]
32 81 Hypothetical protein  reffWP_074257963.1|hypothetical protein 38% (25/65) 0.01
[Vannielia litorea]
33 76 Hypothetical protein ~ No nits
34 72 Hypothetical protein  reffWP_063703598.1 hypothetical protein 59% (34/58) 4.00E-14
[Bradyr hizobium centrolobii]
35 80 Hypothetical protein ~ No nits
36 173 Endonuclease YncB  reffWP_152015703.1|MULTISPECIES: 50% (74/147) 2.00E-33
thermonuclease family protein [unclassified Bosea]
(f55%)
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(Z3R 2)

37 133 Pyrophosphohydrolase reff[WP_047580566.1DUF550 domain-containing 87% (89/102) 1.00E-57
protein [Methylobacterium sp. ZNC0032]

38 365 Hypothetical protein  reflWP_138423692.1|phage Gp37/Gp68 family protein 60% (231/384)  4.00E—147

[Maritimibacter sp. LZ-17]
39 219 HNH endonuclease reflWP_133572294.1/HNH endonuclease [Maritalea 59% (124/210)  3.00E—87

mobilis]
40 92 Hypothetical protein  reffWP_172227729.1 hypothetical protein 66% (51/77) 7.00E-27
[Mesor hizobium sp. NZP2077]
41 186 Hypothetical protein  ref|[PZR82554.1 hypothetical protein DI5S37_36405 33% (48/147) 7.00E-09
[Pseudomonas stutzeri]
42 612 Chromosome reflOJV06223.1|hypothetical protein BGO20_08175  36% (222/615)  7.00E—66
segregation protein [Bosea sp. 67-29]
43 134 DNA gyrase inhibitor ref|]SEE60114.1 hypothetical protein 56% (51/91) 3.00E—23
YacG SAMNO05519104 6687 [Rhizobiales bacterium
GAS188]
44 46 Hypothetical protein ~ No nits
45 76 Hypothetical protein ~ No nits
46 157 Hypothetical protein ~ No nits
47 95 Hypothetical protein ~ No nits
48 88 Hypothetical protein  refflWP_146237129.1|helix-turN-helix 47% (26/55) 5.00E-04

domain-containing protein [Ensifer sp. AP48]
49 136 Hypothetical protein ~ reflWP_072715508.1|SHOCT domain-containing 27% (27/100) 8.00E-08
protein [Rhodothermus profundi]

50 198 Repressor protein C ~ reffWP_141098457.1|helix-turN-helix transcriptional 51% (99/195) 2.00E-50
regulator [Rhodoblastus acidophilus]
51 91 Transcriptional reflWP_113892636.1|helix-turN-helix transcriptional 52% (29/56) 1.00E-07
regulator regulator [Roseiar cus fermentans]
52 168 Regulatory protein CII reffWP_068285753.1 hypothetical protein [Labryssp. 50% (75/150) 8.00E-39
WIW]
53 392 DNA polymerase [II  reffWP_112310243.1|DNA polymerase III subunit 34% (130/381)  3.00E-36
holoenzyme beta [Pseudogemmobacter bohemicus]
54 138 Hypothetical protein  reffWP_186419180.1|DUF2312 domain-containing 86% (66/77) 2.00E-37

protein [Bosea sp. CS1GBMeth4]
55 216 Hydrolases of HD reflRYE48308.1|hypothetical protein EOP24_07825  42% (44/106) 4.00E—-12

superfamily [Rhizobiales bacterium]

56 234 Modification reflWP_047571326.1|hypothetical protein 58% (126/218)  1.00E-75
methylase CviRI [Mesorhizobium sp. F7]

57 203 Hypothetical protein ~ No nits

58 100 Hypothetical protein ~ No nits

59 151 Type Il restriction reffMBA3715646.1/HNH endonuclease 58% (32/55) 4.00E-10
endonuclease [Pyrinomonadaceae bacterium]

60 382 Pyocin large subunit  reflWP_103873760.1 hypothetical protein [Bosea 38% (150/394)  3.00E—-59

lathyri]
61 221 Transcription refflWP_066878108.1|hypothetical protein 35% (55/156) 8.00E-13

termination/antitermin [Sinorhizobium saheli]
ation protein NusG
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FIFH RAST. BLASTp. Hhpred, HMMER
X EER vB MweS-yong?2 4ifidh i) ORF 1%,
K IEHRAA vB MweS-yong2 F147 38 4~ ORF 1]
DIERN E IR IE , 29 (5 5 ORF 1Y 62.3%;
AT 23 4~ ORF, #jdif ORF 9 37.7%, H
REVE RN AR F T Re 2 el B 1 (3R 2). XS
ME#EA vB_MweS-yong2 B Fr A7 LI RE &R 11
PEATAr S, W EZW K F] S A ThRRRLE: DNA

S 545 (ORFs: 6, 36, 39, 42, 43, 50,
51, 53, 55, 56, 59, 60, 61). Z5#J(ORFs: 3,
4,5, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 24). {43 (ORFs: 1, 2).
IR (ORFs: 31, 52), DK 518 MY
£ 1 (ORF28). Wik vB. MweS-yong2 5% ORF
IR/, TR ShEE . BLASTp FEXT&EER .
AR R T 2 1 1,

Transcription termination/antitermination protein NusG

Pyocin large subunit
Type 1I restriction endonuclease \

Modification methylase CviRI
Hydrolases of HD superfamily
N

Regulatory protein CII 4

Transcriptional regulator
e

Terminase small subunit

Y Terminase large subunit
/ Head-to-tail joining protein W (GpW)
_ Portal protein

: o ‘vB_MweS-yong2’ Tail tube protein
CErGiioiE degiegntion pl’OtC_lE = total_length 44.53 kb g: Tail assembly chaperone protein
i :’%; /}‘ = Tape measure protein
: =
HNH cndnnucleasc/ %/ g
/%%// "‘WMWWMWW \\\\\% DNA circularization protein
S

Pyrophosphohydrolase ////////4}/// //// \\\\»\\‘ S )

> ; > K N aseplate hub protein gpd4

Endonuclease YncB o

///ﬁ'.’:’fifﬂﬂh.|Ifi““"ll.m‘.,"\\\\\\\‘\“\\\\\\

M Lysis

B Lysogeny

M Packaging

[ Regulation

[ Structure

B Uncharacterized

1 fEEEEK vB_MweS-yong2 AIE F 4HE L
Genome map of Microcystis cyanophage vB_MweS-yong2. The outermost circle represents 61 ORFs

Figure 1

L-shaped tail fiber protein
Carbohydrate esterase

encoded in the genome, with different colors represent different functions (clockwise arrow indicates the
forward reading frame, counterclockwise arrow indicates the reverse reading frame); the dark circles in the
middle represent the GC content (“Black™ indicates greater than the average GC content compared with the
whole genome, and “Gray” indicates the opposite); the innermost circle represents the GC skew (G-C/G+C:
outwards indicates >0 and inwards indicates <0).
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1E DNA & il i #H H  ORF1 Hil ORF2
53 591 2 T W TRT 4 SR v g /)N 7 3 (terminase  small
subunit) fll KV 2 (terminase large subunit), 3%
IREETE DNA S0y . VIR o /T
ORF6 % ith 8 2H Jiff (phage recombinase), 7E DNA
Uik Wi 246 5 ke 5 EEZVEFAPY, ORF36 %
R N Y YneB [A] J5 & 1 (endonuclease
YncB). ORF39 il ORF59 #14ifs HNH #% R N
YJWF(HNH endonuclease). H AR H 244 @81
1 000 Fh %A HNH S5 #3880 S A8k B, 7 s
RSP E AR NI HNH & F h4osE
2 W) HNH BRI 12 041 T 2400 L il
W BAZAY) R (EEREER) S, AU
HERIVTE T o WA HNH AZ PR Y B AE W B
AR A A A TR R A5 AR L A/E ™. ORF42
B TR0 Sy s 5 e €81 44 53 25 2K 11 )3T (chromosome
segregation protein), ORF43 #f Fiill Z# 55 DNA fi¢
HEBEHIN I YacG (DNA gyrase inhibitor YacG).
YacG A M BE w4 i /R HIPY. ORF50 A
ORF51 %t 4% &4 il Kl F- (repressor protein C .
transcriptional regulator), % sl K 0] DAfl
I3 5 AE 06 B 4 e 1) v AR 1 RS B & P
ORF53 %ifh DNA A B (DNA polymerase
III holoenzyme)., ORF55 %t HD iR 5 15 7K itk Tt
(hydrolases of HD superfamily), n] LA koK fi
WEEREREE, TTAE'S DNA & KB, ORF56
It FH BLfk B (modification methylase CviRI),
RENS PRI IR IR DNA APk fE FAZ IR N UG DI
#|P¥ . ORF60 4t Pyocin KV %E(Pyocin large
subunit), HREES H5IRAERYINAEY G, 2
EAME IR, ORF61 Skl 4 AT L
FE1 NusG (transcription termination/antitermination
protein NusG). 7EZHG P&z MEIIF MG
P, HEZH ST NusG fl NusA AT,
NusG B IA A E M2 RNA R4 M (RNAP) A A

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

PRI,

I DA A 235 4 2 11 R R rf , ORF3 1
Jyomtis sk B REE 1 GpW  (head-to-tail joining
protein W), ORF4 Zmfishli#a{A ] P 2 [ (portal
protein), portal il B —FLalE TP, fi#
75 DNA BB 75 £ 2% A1 5L H ) 3l R v I A5 3l
B TE W PR A 5T AN R L R 1 =2 (B B 42 .
ORF5 # 3 1 o o At s 356 1K Sk 38 = 45 4 2 1
(major head protein), ORFS8 & h I A /N2 2
H (minor tail protein), ORF9 %A I i 14 3k B2 Bff
4 (phage head-tail attachment). ORF10 Zfit I
#E K B2 45 25 H (tail tube terminator protein), 1% 25
FITE AR B i 3 EEEAE . ORF11 Zhlhiese
IRHHZ |2 I (sheath terminator protein), ORF12
i 5 I 358 1K B2 5 75 M (tail sheath protein) .
ORF 13 % hith I 5 1K 2 45 25 1 (tail tube protein).
ORF14 i I & 14 J2 ¥4 41 ¢ 11 18 & 11 (tail
assembly protein), ORF15 Zmfi g wa A REH
(tape measure protein), ORF16 2% A& DNA
B F (DNA circularization protein), ORF17 .
ORF18, ORF19, ORF20, ORF21 %ttt A
LM E . ORF8, ORF9, ORF10, ORFI1,
ORF12., ORF13, ORF14. ORF15. ORF16,
ORF17., ORF18, ORF19., ORF20. ORF21.
ORF24 #4556 17 1A R R AR 1T o

W AR i S v R T e e, ORF28 il
0 Ay Z B 775 1 T (Ly sozyme) , T P it ] DABT) 1) 40
P2 L RE Hh Ik e B, IR AT S T7 RNA RA
254 A H L PO ORF31 T 4 4 DNA
A i (integrase), &4 2 15 W TR 1A 35 [R] 2 4%
e i R R NG R NN e S LR G N 2R ) 1 2
B e i3 AR ORFS2 g Bt W T 1A 5 7 1
CII, WM CII /&2 DNA Z56&E 1, 5%
JE I RS PY . ZEARBFSE T, vB_MweS-yong2
Xt B PG e FACHB-1112 B4k, M
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eV I, X TR SRR A G, BARHL
AFRERAR

WAL, SRR B A i TR 4 A7 A —
S 551 R ARG DG By TR IR A, B AR Sy <Al
BIARIEE IR (AMGs)P™, ] B B A 19 2l A=
I BRI 2E AR, AMGs T2 1 ik
B A 1 T AN B IR O AR AR S T A
P-SSP7 s A i bt G 248 #2084 1 DI
F1 D2 i psbA F1 psbD LM /A P-SSM2
HE A S L B R R R 1 2R (11 phoH 3[R ™)
VAR S-CBS2 &4 Al LLORI 1 T 532 5 oL 5 1
7 hli FEPUO R BA vB MweS-yong2 R[]
PR AMGs, i ORF25 il KL A4
fis lifi (carbohydrate esterase), 7<HH¥% 55 7] BEH 1o
02 I Z2 MR LR W) 0 i EL RS RAE 2R, #R T
W BELEA ML 7 o B0 EE 2] . ORF37 4l
FE T /K fif: i (pyrophosphohydrolase), %[l fEfit
b = B TR R R I A% T R (AT P)/ — i iR 15 I
W J5E SR TR (G TP) K fife Ay £ B TR 1 JU IS e
SANZAT IR (AAMP)/ 5 0 i F AL IR (AGMP), il
1508 UM ARy dATP WREERENR, MTMTHEZE S
M HEATWE T & DNA & 57,
2.3 EEE{K vB_MweS-yong2 BYRGEiHL
w2 i)

b 5 50 2R 22 51 (ICT V) B AT Ay T
Ji B 4> 4% (Bacterial and Archaeal Viruses
Subcommittee, BAVS)J T I [ K J& i) 5t € b
e 5 HA A 2 20 S W T 1A i % 17 TR 51 A
PR FEEET 50%, UK T (e il 3sd B e
PU T Y B A AR R — A B i B Y. PASC
(http://www.ncbi.nlm.nih.gov/sutils/pasc/) /& ICTV
A7 19 T 20 A AZ A R 90 R BL R B T A
PASC X728 vB_MweS-yong2 5 fir A3 & %15
AR T ) 4 i PR A2 1 R e 91 A AL e s (B K
20.21% , XAEIZE AR T 50% Y J& 3 FH{E .

vB_MweS-yong2 fCE—1HMJE. M ICTV i
A RV FE K H (Caudovirales) T ) 14 ~FF ik
B 42 AMREFP, M GenBank %0¥)FE T 2kixX
42 MREFN B 515 ik i) 5 A Tl e e e |
Hofly 5 BRIROK SRR BL R 20781, is FHTEZR
BAF ViPTreel.9, T iXELhgagfl vB_MweS-
yong2 WU FEHNAME T R4 k& R
proteomic tree (&l 2). 45 % .78 vB_MweS-yong?2
5K RE#F Siphoviridae W A BIE—, 5
Gordonia Y 1A BaxterFox [ o¢ 5 fix b4
it , %28 vB MweS-yong2 J& T FEF}. vB MweS-
yong2 5 Gordonia phage BaxterFox [0] (1 [A] J5 4:
JEFARE 3), HoP IR — 8P (average nucleotide
identity, ANI){Hi /—1, DNA 4> J5ifv Z¢ 52 {8 (in
silico DNA-DNA hybridization, isDDH Value)jil
0. %L, vB MweS-yong2 7EK R {FE—4
ML HTR RS

DNA REHHE F BT, Wi R
AT T H.. 5T 16 FlgEiikn DNA R4
g2 X, 12 MEGA 11 #{Ff neighbor-
joining FILMIEE T DNA RAEWIN ARG LT
(B 4). RGEKBR BRTEREIA DNA AT
RGUR T SRR RGBS K
F, WK DNA REWMN ARG AT 516 Ei0
KHAITF MG LR MAh, WK IRIK IS
A DNA GBI B 0 JF i, R R
DNA %G B S A — i A e bR 2

3 WwE5E®

OB GBS IR vB MweS-yong2 f1JE
DRLZ v i i PR AR L T R T Ak AN ] X8, HL AT
LAY A AL R AIE . vB. MweS-yong?2 F*) 3 [H 21
FEAVAE R BiA, HT 4R BLASTn FbXt
e P57 55 0%, PASC Hext R HE 584
P 8 7 SRS SR (B 20.21%, R T 50%
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Left line: virus family
I Ackermannviridae (3)
Autographiviridae (3)
B Chaseviridae (3)
| Demerecviridae (3)
B Drexlerviridae (3)
M Guelinviridae (3)
Herellevviriade (3)
Myoviriade (3)
I podoviriade (3)
- Rointreeviriade (3)
1 Salasmaviriade (3)
Bl Schitoviriade (3)
Bl Siphoviriade (3)
W Zobellviriade (3)

W Mwes-Yong2 (1)

W0 Microcystis cyanophages (6)
¥ Other freshwater cyanophages (4)

.001

iy
0.005 0.010 0.050 0.10 0.50 VAiTus fa 53 sequences
] ] ! J Microcystis cyanophage Me-ZS1 (MK069556.2) [49 665 nt]

Microcystis cyanophage Mea-Yong924-1 (MZ447863.1) [40 325 nt]

Caulobacter phage CerColossus (NC_019406) [279 967 nt]
Gordonia phage BaxterFox (NC_031226) [53 717 nt]

¥ ; Microcystiscyano phage Mwes-Yong2 (0M681334) [44 530 nt]
. Streptococcus phage C1 (NC_004814) [16 687 nt]

J
! I Burkholderia phage vB_BceS_AH2 (NC_018283) [58 065 nt]

i E Staphylococcus phage 44AHID (NC_004678) [16 784 nt]
! Staphylococcus phage 66 (NC_007046) [18 199 nt]

Yy Planktothrix cyanophage PaV-LD (HQ683709.1) [95 299 nt]

 Microcystis cyanophage MaAMOS5 (MW495066.1) [273 876 nt|
V¢ Phormidium cyanophage P-WMP4 (DQ875742.1) [40 938 nt]

- - I ¥¢ Plectonema and Phormidium cyanophage PP (KF598865.1) [42 480 nt]
yanophag,
! 1 — Shigella phage POCI13 (NC_025434) [62 699 nt]

i j T_E Escherichia phage phil91 (NC_028660) [61 035 nt]

Escherichia phage Min27 (NC_010237) [63 395 nt]

! Streptococcus phage CP-7 (NC_042114) [19 741 nt]
_+ ! ! — Bacillus phage Claudi (NC_031015) [26 504 nt]
! ! T Bacillus phage Aurora (NC_031121) [25 908 nt]

1 1 s
Ac

Clostridium phage phiZP2 (NC_018084) [18 078 nt]
Clostridium phage phiCPV4 (NC_018083) [17 972 nt]
er phage vB_AbaP_Acibel007 (NC_025457) [42 654 nt]

| - ! I Clostridium phage phi24R (NC_019523) [18 919 nt]

¢ — Escherichia phage phiEcoM-GJ1 (NC_010106) [52 975 nt]
\ \ Erwinia phage vB_EamM-Y2 (NC_019504) [36 621 nt]

|
|
o ! Saly lla phage FSL SP-058 (NC_021772) [72 394 nt]
T L: Escherichia phage vB_EcoP_PhAPEC7 (NC_024790) [71 778 nt]
! J Erwinia phage Ea9-2 (NC_023579) [75 568 nt]
+ + { r Microcystis cyanophage Micl (MNO13189.1) [92 627 nt]
g rMicrocystis cyanophage MaMV-DC (KF356199.1) [169 223 nt]
& % Microcystis cyanophage Ma-LMMO1 (AB231700.1) [162 109 nt]
[ o U Fechovichina nhaoa v FaaQ AKX EVIT AT N1TTOAO TN R8T ntl

Y¢ Pseudanabaena cyanophage PA-SRO1 (MT234670.1) [137 012 nt]

[ : T 2 I Bucillus phage B4 (NC_018863) (16259 ]

Campylobacter phage CP81 (NC_042112) [132 454 nt]
“ampylobacter phage CP220 (NC_027997) [177 534 nt]

Escherichia phage JS98 (NC_010105) [170 523 nt]

i I Klebsiella phage 0507KN21 (NC_022343) [159 991 nt]

Serratia phage phiMAM1 (NC_020083) [157 834 nt]
Erwinia phage phiEa2809 (NC_027340) [162 160 nt]

2 HETF£EFHLR proteome tree

Figure 2 Phylogenetic proteomic tree of vB_MweS-yong2, 6 reported Microcystis cyanophages, 4 other
fresh cyanophages and 42 classified phages of the 14 families.

Gordonia phage BaxterFox |

H79%

3 vB_MweS-yong2 #1 Gordonia phage BaxterFox A9 % & 4 Lk 3
Figure 3 Genome comparison of the vB_ MweS-yong2 and Gordonia phage BaxterFox.
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% vB MweS-yong2
Red words: Myoviridae cyanophages
Green words: Siphoviridae cyanophages

99
100 —|:

Synechococcus cyanophage S-SSMS (GU071097.1) [832 aa]

Synechococcus cyanophage syn9 (DQ149023.2) [832 aa]

Purple words: Podoviridae cyanophages 100 @ Synechococcus cyanophage S-ShM2 (DQ473664.1) [832 aa]
100 @ Synechococcus cyanophage S-SSM7 (GU071098.1) [834 aa]
36 @ Synechococcus cyanophage S-CRMO1 (HQ615693.1) [837 aa]
29 @ Synechococcus cyanophage S-ESS1 (KY249644.1) [107 aal
54 ,—- Microcystis cyanophage MaMV-DC ( KF356199.1) [320 aa]

100 I—- Microcystis cyanophage Ma-LMMO1 (AB231700.1) [320 aa]

@ Prochlorococcus cyanophage P-TIM40 (KP211958.1) [234 aa]

‘ ,—- Microcystis cyanophage Micl (MNO13189.1) [608 aa]

99 l—. Synechococcus cyanophage S-TIMS (JQ245707.1) [894 aa]

47
49
98

4 EEE{k DNA BEHHMAZRLEW

— i ULyt
I Phormidium cyanophage Pf-WMP4 (DQ875742.1) [630 aa]
I Plectonema and Phormidium cyanophage PP (KF598865.1) [622 aa]

1O Uy QUUPLIAEL LVIV=240 1 \IVIINUU /UL [V 7D ad]

Figure 4 Phylogenetic tree of cyanophage DNA polymerases.

1B e, kR H, vB_ MweS-yong2 B 5
KEFHREGERE—E, H5HMKERWEAR
HERIL LS . B2, vB_MweS-yong2 ¥
S E, b EARGERE AR R,
TR AR R

HHLIE BE R G L TR AR B 12
PRSI ANIE DA 1A Y gp20. DNA R A F . A by
Pt A TV 356 56 19 e 471 L X T A 7 3R G AR
B B 2K 2 1 2 (ICTV) ¥ K 399 FH 2K v Bl K
MV 7 51 B AR Ay Wk A 0 28 B B AR S, i
TR 0 2R AR S, Ak E PR
R RE SN2 B R 3 4 JE R 4T E X
H L s A i PASC 43 #7 Fll proteomic tree 43
Mr, JETEEERE XA R E 3 RRCH 14 1R
i1 R FEHYE . PASC Fll proteomic tree S
RS A% 1 R G A ) T H, BT
F AR 0 B 28 SR A AT AL T A — S A P A )
A3 BT SIS PR B r R Z s R R
o AT EREIR DNA REM RS K
B, K 5 IROK SRR DNA &I

03 IF LR W BER DNA BA L C RS
I i A A B (1) 43 28 57 AH P I o 7E SulGius 453
T 2R St PRSI ) 9 P W AR R R B AR AR
T 7K 5 1R 7K s T A P R Sy Tl R ST o, U A 4 1
IKANR AR HE R, R . KM
J 2 Rk I P (A R 2 4 R R B8 43 AT 43
e, MR PHEE 2R . A RS i A 2L TR
Uity AV B A B AR W R G A, 3 3 A
b 4 I T At T AT A e b A B A 288 b o7 2R
B, SRR F M MmiTE Suldius %
TRERAMENRFEHAN T, SRHEHEE
HHF I ICTV R AUE . HE IR
IR G ARG 43 I R i AR R AR i 1 = AN 22
RAE EERNE . EL, FRATVFIFAESET T s
KRG A, R o 4 S5 DR 4 ]
FLE BTk, AR B — S R Y R X

W51 F Ik, B & B4 R4 1 e R 5L
2w (%) ORF 7] LA#E NCBI 2 508 e vE B A
H 50%., ABFFE, Bk vB_ MweS-yong2 J§
IHA, A 62.3%09 ORF #iERHIEE. X
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AIRE SAMR LG T 2R THA G,

W51 E R, B IR EE AR b DL
B, S LR AL, X HE AT A R A
B AT RE AT LA 2 T fl 30 e oA G 34 110 i /K 42
T o OHT, A O QM e e A 10 73 g S ik
RI2H BB eI AL T2 FRAS . 515 ik 2 ak
B LR P50 6 AT 2 e e ek,
MaMV-DC., Ma-LMMO1 ., Micl F Mae-Yong924-1
A FE 718 B A A 2% 18 (M. aeruginosa); vB_ MelS-
Me-ZS1 46 75 T & A 56 T BE(M. - elabens);
PhiMa05 1Y 45 75 [ J& — Fl K /& Fb A9 1 22 #
(Microcydtis sp.). B8R Micl 5ol 18 =0
HR 8% FACHB-1339 #k M H5 /8 00 8 3545
By, JEZSCERAS T ITIE, f8 xR R Bl
M LR RE B L AHIFSY 43 B %5 IR K e
WK vB. MweS-yong2 ¥R 4b T A ¢ B [ il 4%
PEWE BRI S 1, AL ERE R Oy B PG A g e
RIK AR EEAE 5 WL R34, AR i
HOK AR IR AR AL T W AE A R R M RE . 7R
vB_MweS-yong2 3 K4 iR A & 81 E A 7
JIHFFBTAE R 25 2L, 3 R I s A 1
AR E T 5Ll

Wit A LR B fm EM RS e, B
TEIK AR R (8 T2 3 A DA SO 3 35 b A 1) = B2
A B B I A A B AT DL 2R K AR IR
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