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(1. BERFAFFR, BE BEIT1361021; 2. BEWaAGy TEXAFE RO, B2 BT 361021;
3. WA RFEHER, W BT 530021; 4. S HAFREEHGRESRBEALLE, W BT 530021)

[HE] ST —RE SRR R eV039C #E1T T AE Y2t M &L A P A IT . S 5T SR g n]
UL, WEBAK @V039C kIR IEH I ALE M, 42 58.9 nm, EK 105.2 nm BEH; RHIUZ AR ER D,
HEAAERREEH R 0.1; Wi —SAKMELTH T4, R eV039C MR IR 20 min, KL WH
10 min, Hf#EE N 163 pfu/cell; FAHSE = Ao I 7 G AT 3L AW FF o iy, HENA 2K
43405 bp, G+C FHEHN42.95% , 74 NI RFEEEHE (ORF) FE MWER KA . DNA B A ZiAa %
FYSERR 5 7 NCBI $H 2 b AT SR AL b X, & 5 e 30 4 R W D AR %) A s I TR I 17 1 N T 1
IR BR W B A Seahorse M 35800 119% (B 35 IR AHUEE 43518 92.2% F193.3% ), Bb4h, T2
P I RSt R, oV039C 5 FAb FRE R AT 17037, FULAR I, ISR W B 14 @V039C &
— BB R R, 328 b IR E A R T R B KRR AR
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Biological Characteristics and Genome Analysis of a New

Vibrio alginolyticus Phage ¢©V039C
CHEN Conghaol’z, FU Hanqingl'z, TONG Guixiang“, WEI Xinxian™*, WANG Naixuan"?, LIN Mao"*
(1. Fisheries College, Jimei University, Xiamen 361021, China; 2. Xiamen Engineering-Technology Research Center of
Fishery Medicine, Xiamen 361021, China; 3. Guangxi Academy of Fishery Sciences, Nanning 530021, China;
4. Guangxi Key Laboratory of Aquatic Genetic Breeding and Healthy Aquaculture, Nanning 530021, China)

Abstract: In this paper, the biological characteristics and the whole genome sequence of V. alginolyticus
phage @V039C were studied. Through transmission electron microscopy, V039C was observed to have an ico-
sahedral head with diameter of 58.9 nm, and a tail with length of 105. 2 nm. Using the double-layer plate
method, its optimal multiplicity of infection( MOI) was detected to be 0. 1. One-step growth curve showed that
the latent period was 20 min, the burst period was 10 min, and the burst size was 163 pfu/cell. Phage genome
was sequenced using the PacBio sequencing platform. The length of the whole genome of ¢V039C is 43 405 bp
with G + C of 42.95% . And 74 open reading frames( ORFs) were annotated, including genes related to DNA
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replication, structure and lysis. The query of the whole genome of @V039C in NCBI database indicated that
Vibrio alginolyticus phage NF and Vibrio parahaemolyticus phage seahorse had the both low coverage of 11%
with identity of 92.2% and 93. 3%, respectively. In addition, the phylogenetic tree based on lyase also showed
that V039C was nearest to the two phages. In summary, V039C is a novel bacteriophage, which belongs to
Caudovirales, Siphoviridae.

Keywords: Vibrio alginolyticus; phage; biological characteristics; genome

0 3%

WK (Vibrio alginolyticus) J& TINE L ( Vibrionaceae) IR J&E (Vibrio) , N % CBHMERAT
B, JCIEMEANZEA, ) IR T K i —Fh A B B O T IR DR A o
M, RIS T ASA —E M BN, e slRIEE MEy b XTI G, SR
P RS P AE RSN, AhUE R S S B8O R I BN A i 250, AN
SOMA FHZGRCR , [RIH I 25 BE 25 B 5 SRS AL RR IR N2, fa N A e &P, S — i, B
BNV ACEIARWIE R, RATE S R DX s B Sk W EM, HL, T —FEm
REIROR | AU MREA RAEE K 7™ 3% 58 sh W) s e IR i 19 7k

Wi A — R YT, RERBAR YT R AN T . MRBEIA kAT, AR 20 w0, R
WA N A RBRYUERWE G S M T ERMER, A XA LN R 295 5 T
AT R BE R AR AN B TR 2P ) U 1) 0%, B9 ST B R R A, I ERRE ST
H R R R AR . 2009 45, Wright 550 B YR AR YL 22 T 2 A SR IR SRR DA A M B 5 R 3 B - filE
WERR AT TR, GalifYTIE, BRAETERIRIEGE, I HRA T ERBRIEM . Cao %1 KK 2
TRIN T B B — R 2 B 25 P R S AT, RGN, BES RS RS IR, S8R BR
W RARAYT B/ NRTE 24 b N iRBET, M HIWERAAYT 10/ NAE TG R Bt r 2 I, eI
FESR G 6 7 T A AF 7 L BAS T — e pi R Stalin 25 BIFSE & B, 76 BEYY X R 4 A R e ey 4 N
Ja, W AR BES AT R S gl AR A AEIE B IS ) s o S R A S PR AR S, IR T A R
AR 7 B AR XV RN 95 FUGH R, 2 30 S 560 2 00 1 B T R K A v 4 i 2 R AR A R JE Ay i b, Tt
N SRR T 7375 3 — RIS R A, o HOH] TR 28 O R A BCEE e 0, 455 R 3R 10° pfu/mL
FOWE P AR IR BRIP4 88.20% . Sasikala 55! 7B 1051 () — BRI HE I BRIV B (R REAS A1 280D 7 0
WHAEVEIER, I HAEEC /NS X B A AR KA,

A SCLATS BEIRNPE V039 e, 43 8545 3] — Mo i oA W A oV039C, IR X HHE T T HL B
EAMEE | BRI — DA KIS A Y ARt oY, DA RERIT | 591 3 B FI B RE T
W DU Gr 1 i LR AL, A e IR By s AR 7 AR

1 MR EF*E
1.1 ##l
EERE: W (WU V039) MR E M X IR IR o B A5 8, JF AR S B0 2= AR
FLRAFAGE. LB R, EFRBUE (NA) . BER . SM O EERIEE sl W F 5 B i A rBoR
FBRZ ] ; DLIS000, DI2000, DNase I, RNase A FIBRHIPENYIEE (EcoR 1, EcoR V, BamH I, Hind 1)
¥ H7 TaKaRa A7 ; TIANamp JEEEHEN 4] DNA/RNA $2EGAH &l [ RAREALRHEABRA R, &
ST RBEE (TEM) M3EHE FEI AR = 2080 (Eppendorf 5427R) AR SCANE /S R P26
1.2 Ak
12,1 WRBEARA I35
HH AR TR A XTI SR 5 R K AR B TS v KA oh PRG3R 2 0 B0 i i R V039
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BRI AOKEES D, IRA1E BT 30 CHERE R 24 h, DIEEBERREAK, 25, BS mL &48EH%
10 000 r/min #:0> 3 min, LIERA 0.22 pm JERETUE & . TH 100 wl VO39 B &35 5] TR i 185 3%
BIE (TIMARFR %0 2% 19 NaCl) b, WRH 10 pL & ERAE0H S T b, TS E T 30 C 8
5, 24 h JEWSE BN AT 2 BRI, WA 2 REEDFE A B VO30 MM B TR BEAL A1)
1.2.2  BERRALEIL-S 8

R FHRUZ AR 2 HEA T Al A IS o o B R AR B 25 BEFS 31 SM B i, 4 cCadii,
PRAE PR KR PRI B B G Ia B B, I 100 L FRBSAN 100 pL 15 E R E 6 mL EAK (55
RPN 0. 65% HBE) LB W (RATET 50 CIRE) HIRGHA, WEEEFEE (B
YR 2% 1) NaCl) b, BEFES 30 CH55% 16 h, PREUCADEEREE SR SM Z il 4 Cidi, 8 L
HARVEXS 43 B AS BRI IR 2 AL 3 ~ 5 K, BREEARUT (TT) FRrYR 2 IHRES & A 1 B A R Yk
FIRO e T A R 5, ORI T BRI B 8% ( plaque-forming unit) 7 0 R IIARE 5t Aoh B 7 B I ABORLZ AR
BRGR, BB 3 AT, BT BEBUREE 30 ~ 300 pfu Z B A RS, LIS B80T
TRBEE
1.2.3  WRERRH B

UG ASEIETR 20 wl (> 10" pfu/mL) JEENHIN_EWER 30 min, FH 2% (IRFIE0) B2 (PTA ) 7y
Y10 min, ZERTHEG, B R T DRSNS RARNIES, RSB B A
1.2. 4 WEpA AL P 21 B S URN D) 43

U AR AE IR (=107 pfu/mL) ZEJCEH EP &, 435I A DNase 1 5 RNase A T 37 °C Jf
1 h, DLEERmEE ARSI 2 965 % DNA/RNA, 80 CALEE 15 min fiEFRTS . =25, FIFH TI-
ANamp R BRI 241 DNA/RNA 25 & 2 O AR L R 4

BT SR Z 9 10 L™ 23 B A SR 20 8wl T 6 NJEi PCR A&, TN 1wl ARG
(DNase I, RNase A, EcoR I, EcoR V., BamH I, Hind III) DA 1 uL f9 10 x Loading Buffer, F 37 °C )i
1h, RIS T 1% () HURFRER YK (110 V) 24 min, B SIRRGONEHIKEE R
1.2.5 WP AT E e & 0

JEYLZ KL (multiplicity of infection, MOT) , & (142 W B 74 75 S8R Y% T iy B s 0 1 15 1 32 8T 1) LU AL
M kS ok SO S L vk, B9 E R E A KRS0, 4% MOT {60 1000, 100, 10,
1.0.1,0.01, 0.001, 0.0001, 0.000 01 £5-WZHL 50 wL AYME & AR 15 32 2] 900 WL JCH LB A
ZH, 30 °C . 160 r/min £i7% 8 h, 10 000 r/min Z5.0>2 min, 0.22 wm JEAEUE, & WA
R e v P TR 5 BRI Ay B AR R S
1.2.6 MR L AR &N E

S TIUFE s ik, IR R HON 0.1 B ELB, RS MRS W, 1 Ew
WA 1 x 10° cfu/mL, BAKFA 1 mL, 30 CHEF 10 min, 50 K 780 W M 7E 5 13 L,
10 000 r/ming4.0> 2 min, 5% BV, H LB PRIAVES 2 I EBRAMM MR IA, A 1 mL LB RIAHE
. BT 30 CHERIE ARG SR, R, 4340, 10, 20, 30, 40, 50, 60 minfi ]
SUURE DU W B AR IRl AR i 2k
1.2.7  WERERP) 23R 5 A Y015 B2 A

WA @VO039C HYEER A A IS = AR5 I /FF 5 (PacBio SMRT) #4742 K& K 40 I )7 4347 .
FIFH GeneMarkS ( http ://topaz. gatech. edu/GeneMark/ ) W 3k JE 47 36 PR 70, {f FHAZEZR blastp T E. (ht-
tp://www. ncbi. nlm. nih. gov/BLAST) #— 5%t Fii (% 16 R A7 1 B, Ml 4K/ DNA Plotter 23 i 4> 4
RIZHPE [, HI MEGA 7.0 #4, ¥4 N - SBEEEZTE - L - W2 TRBEIEHE (ORF6) FIR KL 2 11 il
(ORF19) PR (1T R G AR AR
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2 KREWHERESW
2.1 BRI

LA SN V039 SR 1, SR S BEEE R e S BN 1K oV039C (JLIEI 1a) , ZRalifb)o 3] ims
BEEMG, BEARTE 1 mm A7, TILEN . EREMES (WE L), B EEns (WE le), %
I AT 114 S T 45 4 2 1F H TR 254, LB E AR (58.9 £2.9) nm, K (105.2 £5.7) nm, MRIEEER
WEARTRS (ICTV) HILRIEIREMLRE | WETE ¢V039C 7E432 17T REJE T4 R
WK H (Caudovirales) HKEMEFEAEL (Siphoviridae) .

a) A BRI I T B b) RUJZ A W 77 5 o) BT

Plaque morphology by dot method Plaque morphology by double plate method Electron micrograph

B 1 IEE oV039C EEMLSREER
Fig.1 Plaque morphology and electron micrograph of phage ¢V039C

2.2 BEAEERABEITIER

B Py B Uk 45 5% (WK 2) WoR. WEEA @V039C HYHEPI 2H REBE DNase 1 FEM#, {HAGEX
RNase A F#fif, UEHTHEERIZZEAE DNA; HIKE R RIILILK A A EcoR V, Hind NI EcoR 1
PIBRGEYI A, (HAT BamH T BYIN &, PG, WREIR V039C A1 ZEM)E T dsDNA
2.3 BEENREBRLEEH

Fie OR [R] R S2 40 (MOT) RS IRFERFIfE F WG SR 8 h 25, HIZUZMRIE 41 MOI AYAK
fr, SEERZER (WL 1) R, MEERAESE EHAEN 0.1 B, BERAS R, BEEIAF] 3.34 x
10" pfu/mL, HIPEEA @V039C HRAERJEH N 0.1,

®1 TEBLESHTEER V039C BN

Fig.1 The titer of phage ¢V039C with
different multiplicity of infection

M DNasel RNaseA EcoRI EcoRV BamHI HindIII

VN =" o
VIR & B Initial content W R o B

AT K W R A Phage 18 F# Host  Terminal content

MOI /(pfu - /(cfu - of phage
mL™") mL™") /(pfu - mL™")
1000 107 10* 4.90 x 10*
100 10’ 10° 4.80 x 10
10 107 10° 2.40 x 10°
1 10° 10° 3.10 x 10"
0.1 10° 10° 3.30 x 10°
0.01 10* 10° 8.10 x 10°
0.001 10° 10° 1.70 x 10° B 2 MEEEE eV039C & [E A ks F ik &
0.0001 102 10° 240 x 10° Fig.2 Electrophoretic map of phage ¢V039C

genome digested products
2.4 BWEEMN—SEKHE
HIE R R @V039C AY— B K ihgk (LA 3) nlfgH, WERRS1E IR A HSE 20 min, 2L
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B AR b, [ R AR oV039C 1 T AR A 9.0r

20 min; 20—30 min R R SCH 2 B T _ Zg
30 min JEWERARRUM AR E . IS, MR AR & €7:5_

WM EESRIG 10 min, WERAZR AL = AR £ 7.0
WA /) 0R S RS TR BB E = (5.06 x £ 65)

107)/(3.10 x 10°) =163 pfu/cell, = 6.0
. 5.5¢

2.5 BEESERAST <o , ‘ ‘ . . .

5 AR T I FF I F 45 R, L e

5 [A] Time/min
3 4] K R B2

I ov039C ) I A AL ( GenBank £ % 5 B3 WEE gV039C K— 5 Kl
MN956515) A I XLEE DNA, 421l 43 405 bp, Fig.3 One step growth curve of phage ¢V039C

GC+C &FEN42.95%

(UL 4), L3RS 2

77 DIFHLEIEHE (open reading frame, ORF) ., M, CHITHEEFIEAES 17 4>, BAEHEAFA 20 1,
ARTERE B EAEA 40 1>, HIRIT I BEFE 213 ~2436 bp, XTWAE AT IIKERET1 ~812, A
ORF #3545 40 870 bp MUHREL, JEPIHAYEERIEE N 94.20% .

XRE family transcription:

regulator

DNA-binding protein

ASCH domain protein
regulatory protein

transcriptional regulator®
DNA helicase /

RNA pscudouridine synthase D

\‘h age protein

al

\
40000

T OV039C - ‘E

43405bp <l

% ’summ 1
A

&

15000

5 25000
M ‘ 20000

y

4""»"" e

protein [ Structural protein Hypothetical protein

4 EEBFE oV039C £ EFE AR AR EHE
Fig.4 The whole genome structure of phage ¢V039C

FH NCBI M3 () blastn  ( megablast) F2/F#EF7WE B K oVO39C [FEF 751 Fb X, 785 2] i [H] J5 )7
G, BRI V039C S BN MR (& NF (MN812722) | Rl L INE WER A Seahorse (MN512538)
(0 L 7 s et R 1%, — 304 510 92. 2% F193.3% , BIMEEHZRE, WEIA ¢V039C
S CERNEE, AR LYE TR BRI B KRV E AR, MR oV039C 5 7 oI
PR PVAL (KJ395778) METEHRIKZ, N2% , HAKRERBEE RN 1%, HH Mauve FAFXT
3SR AP T L b (WL S), R EMEZ RIS DR B, B8 WA

A, AR,
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AL R 2 A LU XS E R TT O, WK @V039C 5 B NCBI 5 35 i) HCAB W T 1A JE DR 2R 0L DX Y 1E
BIARAR, MR B A eI W TR 1A

[ 2000 4000 6000 8000 10000 12000 14600 16000 18000 20000 22000 24600 260600 28600 30000 32000 34000 36000  3800C
i
TEa L
Vibrio phage NE.f //‘ \
ibrio phage asta
0 2000 4060 6000 8000 10000 12000 14000 16000 iaiog/zodoe»"zzbb'o 24600 26000 za‘be{ 30000 32000 34000 36000 38000
| W | WMH
{ o N R ———
“ o I _/,_&\#\f~~f
2000 wa ——10800 — 12000~ Tao00 16000 18000 20000 22000 24000 26000 28000 30000 32600 34000 36000 38600 40000
1Y Y T Y L L s, WML il
©V039C.fasta
5 oV039C NF. Seahorse

Fig.5 Collinearity analysis of phage ¢V039C with phage NF and phage Seahorse
2.6 BEER ¢V039C ThEEM ORF HIS#r
XTWEE R eV039C HFEF A HEAT ORF 1R, R 74 4~ ORF (W 2),
Fz2 EEE ¢V039C KT R RNEEETRER
Tab.2 Open reading frame of phage ¢V039C

FERCBSEAE PR R HE 24 FR AHLPE Bas

ORF ORF name Identity (% ) Accession No.

1 T Recombinase 74 WP_057101637
3 gk DNA 454 8 1 Single-stranded DNA-binding protein 79 WP_020330824
6 N- e - L- 79 2 BRI RE T N-acetylmuramoyl-L- alanine amidase 56 YP_009126538
19 K FEZEE T Terl., large-subunit terminase 65 YP_007006411
25 BB & A Portal protein 51 YP_009103293
26 Mu gpF 2575 1 Mu gpF-like protein 46 YP_009103294
28 REARFEH A Minor capsid protein 62 YP_009103298
29 FHAKFEHE A Major capsid protein 65 YP_009103299
39 FEFRAEHCAL T Tail assembly chaperone 35 YP_009103311
40 BRI EH T Tape measure protein 37 YP_009103313
42 W ARMIJEFE F Phage related-protein 39 WP_049246803
43 P2 gpD 25 [ P2 gpD-like protein 46 YP_009103316
44 P2 gpV 1 P2 gpV-like protein 53 YP_009103317
45 P2 gpW 288 P2 gpW-like protein 36 YP_009103318
46 P2 gp] ZEEE I P2 gpl-like protein 44 YP_009103319
49 A2 St BE P I S ERZ BR i Crossover junction endodeoxyribonuclease 36 WP_001563212
57 DNA %54 DNA-binding protein 58 WP_046205846
58 RV PEN T Transcriptional regulator 44 WP_049592808
65 DNA IZJERF DNA helicase 39 WP_046360908
66 DNA %54 DNA-binding protein 45 WP_060424859

VA, LIRAE DRI ORF 3% 20 4>, HARAHEM 30 4 (ORF 5452, 4, 10, 12, 14 -15, 18, 20,
24.27.30-37, 41, 47 -48. 50-51, 56, 59 -60. 62. 67 —-68. 70), IR AK X HN45 519 ORF 24 4~ (JF5435
H5.7-9, 11, 13,16 -17, 21 =23, 38, 52-55, 61, 63 -64, 69, 71 -74) RFIH,

Notes: There are 20 ORFs with functional annotation. 30 hypothetical proteins ( ORF serial numbers are 2, 4, 10, 12, 14 -15, 18, 20,
24, 27, 30 -37, 41, 47 -48, 50 -51, 56, 59 -60, 62, 67 —-68, 70) and 24 ORFs with unknown functional annotation ( serial numbers
are5, 7-9, 11, 13, 16 =17, 21 =23, 38, 52 =55, 61, 63 64, 69, 71 —=74) not listed.
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F2 Y ORF1 (E4LMF) . ORF3 (HBE DNA 4548 1) . ORFA9 (3% 432 N It A% B A% FR )
ORF57 (DNA Z5& 8 11) . ORF58 (fskiA#H+ ), ORF65 (DNA IRJiEli) . ORF66 (DNA 454
1) SR DNA ZHAC; ORF6 (N - CBERESRE - L - WRIRBEIGEE ) b2 MR, J8 Tk
ZLH RS0, ORF25 (fLIEFEM) . ORF28 (WZEASTHEM) . ORF29 (EZAFHEN) ., ORF39 (&
TR T ) R TR ARSI EA
2.7 BEE ¢V039C Lk BREFAFZMAS L ERAIAE

HRFWERR V039C SILAMMER IR OC R, 8 N - ZRESERE - L - N RIS (ORF6)
AW L[ (ORF19) PIFE I T R G IR EE, MIET N — ZEEEEDE - L - 5 R
H RGN T LIE, @V039C SR MIRFENER A Seahorse , WA HEINANERIA NF A BB MRS
F (WE6), X5ESLHYLN) blast 55T, TMIET AW ILL - FEF LY RGBT LU Y, IR
1A eVO039C SRl E A 1. 144.0. _ION. 286.45. B3 7E[dl—4332 b (WK 7), JE#HESSE FUFERE T
KEMEF AR, 27 LAk, WERR oV039C 724325 L A8 A R A B KRR AR

ss[~ Vibrio phage phiV039C(MN956515)

100 Vibrio phage Seahorse(QGF21006)
42 Vibrio phage NF(QGZ 13247)
Vibrio phage 1.232.0._10N.261.51 E11(AUR96787)

. Vibrio phage VpKK5(YP_009126538)

29 Vibrio phage vB VhaS-tm(ANOS57529)

[~ Vibrio phage 1.242.0._10N.261.54. B2(AUR97586)

100 L Vibrio phage 1.147.0._10N .286.49 E9(AUR90549)

=5 Vibrio phage C7(GAL10200)
Vibrio phage VP-1(AWY10192)

32 4| Vibrio phage YC(AXC34417)
36 Vibrio phage VAP7(QDB73204)
—
0.050
E6 EFN-ZEESE-L-W BRI RSHLR
Fig.6 Phylogenetic tree based on N-acetylmuramoyl-L- alanine amidase
98| Klebsiella phage vB KpnM KpV52(YP_009597530)
Klebsiella phage 1611E-K2-1(ATS92561)
2 Pectinobacterium phage PEAT2(YP_009702213)
100 —— Pantoea phage vB_PagM_AAM22(QDH45577)
99 Edwardsiella phage PEi21(YP_008869215)
100~ Edwardsiella phage MSW-3(YP_007348915)
. Vibrio phage vB VchM-138(YP_007006411)
[ Vibrio phage 1.144.0._10N.286.45 B3(AUR90450)
96 Vibrio phage ¢V039C(MN956515)
T Vibrio phage 1.239.0._10N.261.52. F6( AUR97438)
Salicola phage CGphi29(YP_007673696)
oo Pseudoalteromonas phage PqO(YP_009226059)
s Vibrio phage 1.110.0._10N.261.52.C I[(AURS88130)
9 Vibrio phage 1.236.0._10N.261.52.C4(AUR96994)
-~ Vibrio phage 1.177.0._10N.286.45 E10(AUR92767)
100l Vibrio phage 1.135.0._10N.222 54 B6(AUR89931)
s~ Vibrio phage 1.213.0._10N.222.54 F 10(AUR95778)
76 Vibrio phage 1.216.0._10N.222.55.C12(AUR96130)
| |
0.050

B7 EFRIEELIEEE (Terl)d RS LR
Fig.7 Phylogenetic tree based on large-subunit terminase
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3 iFie

TEVUER T I A K, MR 25PEC IR R 21 2 AN fd Fe s R g 2 — . i B AR AE
BB A R T AN BB 1R T7 7 A AR R AR Y 1. AT SCHR R IE (9 W B AR 43 & T R
PR E, KR o A 5 U A BR v S A G i R ) A s T A A o e T
Bl (Podoviridae) . JIUEMEEARL (Myohoviridae) MK BMEF AR, Lin 252 sk ek > iy 58 b i
T A A S BRI AR T R B AR 5 ASTIOLTE 45 R B 5 ) e A 1 A e R I
g THURWEEIARE; AR 7 2515 20 A Bl A R R eV039C 7E4325 s T B AR, H
WA K BRI R, wEIE s R RIS 2R, X RERE R 52 A EEAEH, R
W2 AR LA B

B4 @VO39C Y3k PRI 28 5 B3 i 14 v 6 600 190 366 D) A 0D DX 5 R IR, 2 — R 5 4 AR 114 e o
&, £ @V039C MYFEIZHERE A9 74 4> ORF 1, 4720 M2 HIIRER ORF (5 27% ), HAAA
HIHRERBARE 1, AR T LB | TR AR R RIE, AR R ——
HYJRETR . WK ERMERR | AT IR . I AT A ) s TR A 6 R 4 vh 2 RN DI BE Y ORF (5 b 430l R 18%
25% | 34% , 44% , XULHIIHR W R RIS A AEVE 2 AR DI RE R JE A,

R ZHBUNEE AR A AL 4 o P 30 5 S 2 R AR DG A ARG IX 31 [RIRE, TR R oV039C B
HIZIBE ORF WA 245 DNA &l | M ICHA X/ ORF (ORF1, ORF49, ORF57, ORF58,
ORF65 45) , iXSLTR s Bh s (L) Btk At 245 R R 8 2 00 B R S b4 T B B st A% P 5 i) &2 il Fn
BHMEIL, Hd, ORF49 (58 SUERZ NI EMEZ IR ) REAS K A 1 5 40M P9 0 I SE A pAZ R, LA
R WETRT R A A DNA B AL S A 1 R

WER AR R SE A ZFh AL, 5 51 ssDNA | dsDNA | ssRNA | dsRNA'' AR HF 5 o I B {4
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