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3NTEETHXBERMRE DB
EHRFAFIINES S

AWIEN 1 T;T N 2 N b 2 3 2 N » N 3 a4 1
ik, FkES, X&kE, FHEF, NXH, FHE, TEHE
AR R R, YR EBEYR SRR E, WARERNEKE61S 271018;

2 WOpIT A IR E RS AT, BRI RIEMR 2585175 150076;

3 INARIGITIHE AR AF, 28 I U7 7 22 1l X B30T X 8 25 #4345 276003 ;

4 R MEREF R, 1 RPFEE SRR AR B 1375 250098

W OE. NUHHE I EEIE R (Tobacco mosaic virus, TMV) 2 TR R MBEALERAE, MIE R IEFN G FFVT 805 1R 542
#| HEB1. HEB2 fil MDJ =M, 8 RT-PCR 31 7 HAJERA T 5], HIAT 7 —8E, A, R EREEE IS5,
SRR, 3N EIAKIN 6395 %L (GenBank B35 41128 MH595919. MH595920 1 MH595921) . HEBI 1 MDJ &
I T4 B Beipiao (HES18412) — UK E, 7054 98.9% 1 99.6%; HEB2 57 # 4> B4 Chuxiongl (HES18417) — &K &,
9 97.1%. HEBI1 J& MDJ fil HEB2 HJ B0k . FEARHE 4B K47 5 s R gk b i o, TMV 4329 3 M4, o+ HEBI1 A1 MDJ
¥JE1 (U1 4, HEB2 JB 1l (Rakkyo) #H. TMV [¥] 4 AL T Gk S, HA R A5 R AR L 1ok,

KR NEACRE; RNALEFI REKRE N BASN

SIRZARIC: 2k, FIRZE, ke, & . 3 AN BRIV IX M AL 0 75 2 A 0 A B R AL S0 52 5 b (0], o R AR,

2019, 25 (D

WHELE 55 (Tobacco mosaic virus, TMV) &
MR L M5 2 )8 (Tobamovirus) AR EFh, B
JHEL . o A AR E I EER . TMV R Je il Fmp
S REAE I S PR SEIR, 7 R B S T
TMV SR N IE CHEE RNA, 5549 m'GS' pppG i
FLER, 34T tRNA-like 2544, LR 4K 6395 %
HR (nt) A7 M

B TMV 73 TPk 5000 48 500 28 - A 0 & B v
HEKE L. WIHES ™ SEN 8 A E WA K
TMV 7 B AT R 2 R4, ik 3R E TMV #k & R
SPEAEMIRIG B . s B T TMV s E U1 Rk
RO Y RS S AR A T . H T
2 L e TR A TMV 2558 bk R K% P4 59 55 R AL 4k
(R4 3E R 5. Pe/NEs T SN T TMV 1L PG 4y
B AeREERAT Y. HEE A T BRI TMV
B 53 B A A L DR 2L A1) I e % 43 W R RGE . AR STl

ET 3BT TMV 2 S0 4 FE R 47 51,
I 5 GenBank ' 26 4 TMV 73 B WiEAT T — 80K,
HAE, EHENMRGERE ST, NERILEKX
TMV Kl R0 B Fh gL B iR ik 4 .

1 #RERE

1.1 #

R LR R E R VT AR e IRV T A A ST
i, 3 ANFE L4 Bl 4 9 HEBL. HEB2 fil MDJ. K
J% 1 % DHS50 HH A< SE 56 = R /7. AE 4 5 RNA $2 HL
i 71 & Transzol. DNA &t % [5] it 771 & 55 35 ) 1 b
A& AT ; Tag DNA RA B H w0t v s A
7], M-MLV 2 #4558, pMDI8-T Tol%£#1A. LA Tag
DNA 5 & Wi MK S 4% #% B ) | TaKaRa 23 7] 5 Super
Script™ IV J ¥ S¢B§ 4 H Invitrogen /A 7. HAh A= 1k
TR S @ A 22 38 g ik 11 B 7 A3 4l

BEE&WE: BRIIAMEAFGE (HN201703) , WAREMEAFNE (KN238-201602) , FRlFHER T (TS201712023)
fEEE Y. ZEbk (1993—) , WLAFFAE, FENSEEYFEE ST, Tel: 0538-8242523, Email: jianghanlinhl@163.com
BIEE: 2578 (1969—) , Tel: 0538 8242523, Email: xdongli@sdau.edu.cn

IFSHER: 2018-07-23; MIZLHARHEEA: 2018-11-30
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1.2 A%
1.2.1  § 350 L& 51 W6 Rk
{# ] DNAMAN (version7) %} GenBank T K]

TMV 7 SIREAT X, S FR OR 7 A Bese it 514, 0w
BT & sy . SIMFSIERLE 1.

& 1 TMV 22 RAY L5
Tab.1 Oligonucleotide primers used to amplify the complete genome of TMV

E|EVEZR S1¥IFP5) (57-37) BKIREZ /C I H Py BOkg I A7 R BCR /N /nt
TMVI-F* CCAACAACAACAAACAACAAAC 58
58 - 3555
TMVI-R* GCATCAAAATTATTCATCATGG 57
TMV2-F* CCAAATTGGAAGTTGACGAGGTG 65
N 2926 - 6395
TMV2-R TGGGCCCCTACCGGG 64
R-390* CCCTACGGATCATTGACTTATGAC 61 399
R-371% TAGAACTGGAATATCTGATGATGC 57 340
Q.4 CCAGTGAGCAGAGTGACGAGGACTCGAGCTCAAG 60
T CTTTTTTTTTTTITTTTTTI
Qo* CCAGTGAGCAGAGTGACG 55
Q* GAGGACTCGAGCTCAAGC 55

M kAR NCBI H TMV 57 X5+ 514: AT 5-RACE 1514,
Note: % Specific primers were designed according to the conservative regions of TMV from NCBI. A Primers used for 5'-RACE.

1.2.2 ¥ RNA $#2H. RT-PCR ¥4 J 5’ RACE
F| FH Transzol 71 & #& BUHE 4 &2 RNA, M-MLV
S B AT I s, S PBCYT I 50 LAAM ) TMV
FEIR 41 A B, i 8 Elizabeth 25 ™7 (1) 5 RACE 4" 1
TMV 55t 3 [K 4H
1.2.3  waRE T HIE
PCR =W 4 1% Bl bl IR vk o0 B )5, 25 4b
%T R UIEL 3498 bp 11 3470 bp ki 4. i Fi] EasyPure
Quick Gel Extraction Kit [7] i PCR = ¥ H & #

pMDI18-T # Ak, #: 4k K ¥ W (Escherichia coli)
DHS5o &2 A4 f5, W Bk Pk & (A R v,
PCR %6 11F FH % J5 128 B 3 A T B a6 b 5 A KR R A ]
M
124 BHBRF BRI

1 F§ DNASTAR 2440 [1) Seqman X /7 51 4T Hf
%, i1+ MegAlign 5 GenBank 1126 > TMV 73 B4 %
2) FPHEHATEOXS, A3 3 N O B A A IR AH A e A
BRI B K 52 R 5 ) —BUE

R 2ANSHAR 29 1 TMV 5B F51S KRR

Tab.2 Accession number, host and geographical origin of the 29 TMV isolates analyzed in the paper

srEmATR Fro) 5 7 TR i SRR

HEBI1 MH595919 Tobacco China
HEB2 MHS595920 Tobacco China
MDJ MH595921 Tobacco China
Jimo HES818443 Tobacco China
TMV152 AF395129 — China
Xingrenl HES818449 Tobacco China
PetTW EF392659 Petunia China
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gR2
T EIAA R Fro) 5 EER S Hu R YR
Beipiao HES818412 Tobacco China
China Ul AF165190 — China
Chuxiongl HES818417 Tobacco China
Fujian Ul AF395127 Tobacco China
Bean AJ011933 Broad bean China
Xunyang HES818452 Tobacco China
Shenyang MG516107 Tobacco China
Yihanl HES818445 Tobacco China
Hechi HES818426 Tobacco China
Yongrenl HE818457 Tobacco China
Zigui HES818425 Tobacco China
Songtaol HES818441 Tobacco China
Korean X68110 Tobacco Korea
vulgare V01408 Tobacco Germany
USA NC001367 — America
Ancestor KF972430 — Spain
masked AF273221 Tobacco America
Rakkyo D63809 Rakkyo Japan
Ohio V FR878069 Tomato America
WT-L3 KF972430 — Spain
Tor2-L1 KF972434 — Spain
WT-L2 KF972429 — Spain
e 7 RORTFEARAL
Note: ‘—" means no host information was available.

1.2.5 HEA5HT

¥ K4l CLUSTAL X1.81 & 4 i3t 47 Eb xF, f#
FI RDP (version4.95) %K f 0 i3t 17 = 4 4 #r. @
it RDP. GENECONV. BOOTSCAN. MAXCHI.
CHIMAERA. SISCAN F1 3Seq Lt &%/ #r. 4P
Fhol B S RS, HP<1.0X10°H, %98
YT INE NAEEE A .

126 RHEKE

PAToMV queensland7 B4 A5, 4L GenBank
HF26NTMV A 54, #BidMEGA7H CLUSTAL Wik
P47 e A %F b, PAAR L% (Neighbor-Joining, NJ)
RGN, B RERE N10003 £/ T50%
(17337 o A A FHMEGA 7 55 41 P9 5 5 A 441 ) B

%0
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1.2.7  EFEE 100

1§ F§ MEGA7 ' Pamilo-Bianchi-Li 3%, 43 %lit
HAEAN dyd 8, % ddds>1, UEUAEAE EiG .
o dild=1, UL R YIRS 45 dyd<1, BB A7
TEAIEFE .

2 ZRESW

2.1 4>E4) HEB1, HEB2 #1 MDJ EF 44
HEB1. HEB2 Al MDJ 3 /N B4 [N 41 RNA K
FE¥19 6395 nt (GenBank 35543 %y MH595919.
MH595920 F1 MH595921) . 43 & %) HEB1 % [ 41
RNAA. C. G. UM & &AM R 29.1%. 19.0%-

69 183K

24.1% F127.7%, HEB2 N 29.2%. 19.0% - 24.1% Fll
27.8%, MDIJ N 29.1% 18.9%- 24.1% F127.8%.

3N B RE R 38 5 4 AN FF R AE CORF) &
ORF1 #2 T 69 nt, 1ET 3419 nt, Zwh/r 7 &N 126
kDa [IEE [, & I1EZ 7 TAG A ## % 4919 nt &
i ORF2, #4wtd4yr 1 183 kDa [IEiEEH, MWHE
3L FAT K3 T RNA ] RNA R ABEIIEE (RNA-
dependent RNA polymerase, RdRp) . ORF3 iz T
4903 nt, 1T 5709 nt, 4ifidsr 1 30 kDa [f1F£8) &
1 (movement protein, MP) . ORF4 £ F 5712 nt,
1EF 6191 nt, ZwiL4> T 17.6 kDa fIAMEE H (coat

protein, CP) (& 1) .

3419 4919 5712 6191

SV 7 S M Y

RdRp

Ribosomal feadthrough

A 30K cP

4903 MP 5709

1 TMV 4 &4 HEB1, HEB2 1 MDJ] EFAE & R=E
Fig.1 Genomic structure of TMV isolates HEB1, HEB2 and MDJ

22 ZEHBMIER —-BESHT

FEAFERIA K F (%3) , HEBI 20 B34
55 Beipiao 7> B IR E IR — 80K e s, N 98.9%,
5 petTW 75 B ) — % & K, 7 85.8%. H 1,
ORF1/2 5 Beipiao 77 & ¥ — B & =, N 99.4%,
L5 Ohio V 73 B W) — S H AL, 4 86.2%; ORF3 5
HEB2 73 B W) — B s, N 98.0%, 5 petTW 71
B —FUR AL, N 81.6%: ORF4 5 MDJ 4 B4
— R B, N 99.3%, 5 petTW 434 Al Ohio V
I EM AL, FN 89.1% . HEB2 73 B3k K4 5
Chuxiongl 7r B HIR — R & &, N 97.1%,
5 petTW 7> B8 W) — U I Ik, H 854 %. H i,
ORF1/2. ORF3 Fl ORF4 ¥J 5 Chuxiongl % & ¥ —
BREE, AN 97.0%. 96.8% Fl1 97.9%, ORF1/2
5 Ohio V 77 B84 — B &K, N 86.0%, ORF3 Al
ORF4 N5 petTW 73 BSH)— B A, 70508 81.1%
F1 88.4%. MDIJ 7 )5 K 4H 5 Beipiao 77 &5 ) 1 1%
TR —SCR B E, N 99.6%, 5 petTW 0 B4)—%
A%, v 85.8%. M1, ORF1/2. ORF3 1 ORF4 ¥J
5 Beipiao 7B — R e, 00N 99.6% 99.4%
F199.8%; ORF1/2 5 Ohio V 4 & ¥ — B % & KK,
N 86.2%, ORF3 5 petTW 4> B ¥ — S K & ik, A

81.3%, ORF4 55 petTW 43 4 F1 Ohio V 7r B &K,
[N 88.9%.

R IR K E (F4), HEBI 73 5 4 183
kDa Al MP 35 MDJ 43 B W) I 28 2R 1R — B0
73 5 N 98.8% A1 99.6%, 183 kDa 5 petTW 73 & 4
1 Ohio V 73 B W) 2 H 6 — BUR AR, Y9N 95.5%;
MP 5 petTW 70 SR FL L — B &AL, N 86.8%.
HEB2 4 & %) 183 kDa Al MP #4 &5 Chuxiongl 4 &
MaE R —BCREE, 0899.0% Hl 97.5%:;
183 kDa 5 petTW 43 Z 4 #l1 Ohio V 43 B4 — 8 K
fiX, 358 95.7%, MP I 5 petTW 73 &9 — SR
fiX, 4 85.5%. MDIJ 4; & %) 183 kDa 5 Beipiao 7
B TMVIS2 7 B — B R s, N 99.8%, 5
Ohio V — Ft K K, N 96.2%; MP 5 Xingrenl.
Shenyang. Yihanl. Hechi 1 Songtaol % 5 4~ 73 &
W — SRR E, N 99.6%, 55 EY) petTW —
Rk, 7 87.2%. =&Y CP KRR T FE
FoAth 5r 2590 CP M & FE R — BUR A, R petTW.
Yihanl. Zigui. Rakkyo Al Ohio V TN EH2 41,
HoAth 2y B9 — B RN 100%; 543 B4 Ohio V —5L
A%, N 97.5%.
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2.3 4EY HEB1, HEB2 1 MDJ ERFHEH ST

ff F§ CLUSTAL W # HEB1. HEB2 f1 MDJ 5
HAh 26 4~ TMV 73 B P 51 LL X, A RDP 43 4 7]
REEE AHfE L. S5 RREH, BT B 7 Bk # ke il 2
HEBI fAfE EAHM (£5) , AHPHEZEIT<
1.0X10°, Ut B HIE R A7 76 W W 40 . HEBI & [X
2H 4780 nt -5462 nt 5k H HEB2 (minor parent) , &
#h4r>k H MDJ (major parent) (] 2) .

5 7B HEB1 EHSH
Tab.5 Recombination analysis of HEB1
A4 TR P P- 8
RDP 1.917x10™
GENECONV 8.266X 107
BootScan 1.450X10™
MaxChi 7.345X 10"
Chimaera 1.168%10™
SiScan 3.644%10™"
3Seq 1.966 X 10"
MDJ HEB2 MDIJ
1 4780 5462 6395

[ 2 HEBl EAENTEE
Fig. 2 Recombination pattern of HEB1

24 RGEHUXFR

ARG TS REH, 294 TMV 2 BEYEN
3IAG (E3) . 1 (U AFck, 24 N s,
PLUL 5B ARE. ZA AT R 2 AW, H
rh AL 4% AT 58 P (1 HEBL. MDJ AN 43 55 4 L K A
@ Ul &2 EY (FujianUl) « TMV152 23t 13 4
W > B RN — A, UL AR E K E S TMV 3
ARG —ERTE. RAPEES. FHEMEEK
1L AN BTGS2 WAL o 1T 414045 HEB2. =g
chuxiongl 1 H A& Rakkyo =443 &%), Lk Rakkyo %
BYINNE. A7 petTW 53EE Ohio V 4 B E N
Il (Ohio) H. =AHFHAHEEY, v+ E
TMV 2 B9 5 A 5 g% 2 Rk

NIGAUE S RIS R, TF 5 2H A B 2 R 4 ) B
(£ 6) « S5REFIHT (U HNBAERE A 0.009,
II (Rakkyo) Fl11III (Ohio) ZHABAEFEEHA, 25l

~0.021 F10.022, HAHAIFE B K FHNEE, WEH
ZARGHA M (.

‘Yongren1/HE818457/China-yunnan|
Xingren1/HE818449/Chi
Shenyang/MG516107/Chin i
Hechi/HEB18426/China-guangxi

Songtao1/HEB18441/Chi
Yihan1/HE818455/Chi
Zigui/HE818425/China-hubei

100) TMV152/AF395129/China-fujian
82 Fujian U1/AF395127/China-fujian
Xunyang/HE818452/China-shanxi
68 @ et hi i
% Beipiao/HE818412/China-liaoning
82 @ MDJ/MH595921/China.heilongjiang
masked/AF273221/America
korean/X68110/korean
China U1/AF165190/China
Jimo/HE818443/China-shandong
Bean/AJ011933/China-zhejiang
vulgare/V01408/Germany
USA/NC001367/America
WT-L3/KF972430/Spain
Ancestor/KF972427/Spain
Tor2-L1/KF972434/Spain
64 WT-L2/KF972429/Spain
Rakkyo/D63809/Japan
100 Chuxiong1/HE818417/China-yunnan “ll(kukkyu)
PY .

1(u1)

101

64
[ PetTW/EF392659/China-taiwan
100L—— Ohio V/FR878069/America
ToMV Q Joutgroug

:Im(omo)

E 3 &7F HEBI, HEB2, MDJfiHft 26 & TMV Bt
R LRY

Fig.3 Phylogenetic analysis of HEB1, HEB2, MDJ and other 26
TMYV isolates

& 6 HAFNAE ERERE R o4

Tab.6 Genetic distances within and between groups

e I (UD) II (Rakkyo)  III (Ohio)
I (UD 0.0090.004
Il (Rakkyo)  0.03240.012 0.021+0.008
I (Ohio)  0.091£0.033 0.09440.034  0.022+0.009

2.5 EEREHSH

126 kDa. 54 kDa. MP A1 CP U 4~ & [ dy/ds 12
BINT 1 (KD, RPTMV FEALTRIERE (5
FRONAiAESE) o« Hrh, 126 kDa ® A M) dy/dg [HK,
I 54 kDa (1) dy/ds {E 5/, UEH] 126 kDa 52 3| 1% £
JE 5/ 54 kDa 52 2 a4 e 5 5ok

RTTMV EEBEEFEENSHT

Tab.7 Selection pressure analysis of TMV proteins

MERZ R
EH
dy d dy/ds
126 kDa 0.0842 0.16707 0.50398
54 kDa 0.00266 0.13191 0.02017
MP 0.01335 0.16989 0.07858
CP 0.00749 0.12082 0.06199
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%3 HEBI. HEB2 #1 MDJ 5Hf{t TMV S B¥ZEERIF5I—8 %
Tab.3 Sequence identities between HEB1, HEB2 and MDJ with other TMV isolates at nucleotide level %

HEBI1 HEB2 MDJ

oy AR Wi fsh Kie & W Bah K & dEm Ba Ke ek
wH &A H&EH O W4l &\ &R &Pe W4 &R E&Pe &HA WA

HEB1 — — — —
HEB2 95.0 98.0 96.1 95.6 — — — —
MDIJ 99.3 96.0 99.3 98.9 95.1 94.1 95.6 95.1 — — — —
Jimo 97.8 953 97.4 97.5 94.8 943 96.5 94.9 98.2 97.8 98.1 98.2
TMV152 98.5 953 98.4 98.1 94.7 943 96.1 94.9 98.8 98.8 99.1 98.8
Xingrenl 98.3 95.8 97.2 97.9 94.8 94.8 96.3 95.0 98.6 99.0 97.9 98.6
petTW 86.3 81.6 89.1 85.8 86.0 81.1 88.4 85.4 86.4 81.3 88.9 85.8
Beipiao 99.4 95.5 99.1 98.9 95.0 93.8 95.8 95.0 99.6 99.4 99.8 99.6
China U1 97.9 95.0 91.7 97.6 94.8 94.1 96.8 95.0 98.3 97.8 98.4 98.3
Chuxiongl 97.9 96.0 94.9 95.1 97.0 96.8 97.9 97.1 95.0 94.7 954 95.1
Fujian Ul 98.5 95.4 98.4 98.1 94.6 94.4 96.1 94.8 98.8 98.9 99.1 98.8
Bean 97.8 95.0 91.7 98.0 94.8 94.1 96.8 94.9 98.2 97.5 98.4 98.1
Xunyang 98.5 95.5 98.1 97.8 94.9 94.1 95.8 94.9 98.8 99.1 98.8 98.8
Shenyang 98.4 96.0 97.0 97.9 94.9 95.0 96.1 95.1 98.6 98.8 97.7 98.6
Yihanl 98.2 95.5 96.5 97.8 94.7 94.6 94.7 94.8 98.6 99.0 97.0 98.5
Hechi 98.3 95.9 97.0 97.9 94.6 94.9 96.1 94.9 98.5 98.9 97.7 98.5
Yongrenl 98.3 95.7 97.0 97.9 94.8 94.9 96.1 95.0 98.6 98.9 97.7 98.6
Zigui 98.2 953 97.0 97.8 94.8 943 95.1 94.8 98.5 98.8 97.4 98.5
Songtaol 98.5 94.9 97.9 98.0 94.9 93.9 96.1 94.9 98.8 98.4 98.6 98.7
Korean 98.0 95.0 97.7 97.6 94.8 94.1 96.8 94.9 98.3 97.8 98.4 98.3
vulgare 98.0 953 91.7 97.7 94.9 943 96.8 95.1 98.4 97.8 98.4 98.3
USA 98.0 95.3 97.9 97.7 94.9 94.3 96.8 95.1 98.4 97.8 98.4 98.3
Ancestor 97.9 95.0 91.7 97.6 94.9 94.1 96.8 95.0 98.3 97.5 98.4 98.2
masked 97.9 95.4 91.7 97.6 94.7 94.4 96.8 94.9 98.3 97.9 98.4 98.2
Rakkyo 93.9 97.8 94.9 94.2 95.9 95.4 96.8 96.0 94.1 93.3 94.4 94.0
Ohio V 86.2 84.3 89.1 86.3 86.0 83.9 88.6 86.1 86.2 83.8 88.9 86.3
WT-L3 97.9 95.0 97.7 97.6 94.9 94.1 96.8 95.0 98.3 97.5 98.4 98.2
Tor2-L1 97.9 95.0 91.7 97.6 94.9 94.1 96.8 95.0 98.3 97.5 98.4 98.2

WT-L2 97.9 95.0 97.7 97.6 94.9 94.1 96.8 95.0 98.3 97.5 98.4 98.2
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%4 HEBI, HEB2 1 MDJ 5H{ TMV B RERKF5—BE

Tab.4 Sequence identities between HEB1, HEB2 and MDJ with other TMV isolates at amino acid levels %
HEBI HEB2 MDJ
o B AR - N - ~ e _
WiEEA iR KeEAe EEEA BaiER KEEA dEEER BIEA RREA
HEBI1 — — —
HEB2 97.6 97.1 100 — — —
MDJ 98.8 99.6 100 98.3 96.7 100 — — —
Jimo 98.3 97.9 100 98.1 96.3 100 99.5 98.3 100
TMV152 98.6 97.9 100 98.6 95.9 100 99.8 98.3 100
Xingrenl 98.3 99.2 100 98.1 97.1 100 99.5 99.6 100
PetTW 95.5 86.8 99.2 95.7 85.5 99.2 96.7 87.2 99.2
Beipiao 98.6 98.8 100 97.9 95.9 100 99.8 99.2 100
China U1 97.6 97.9 100 98.3 96.3 100 98.8 98.3 100
Chuxiongl 97.4 96.7 100 99.0 97.5 100 98.1 97.1 100
Fujian U1 98.1 98.3 100 98.1 96.3 100 99.3 98.8 100
Bean 98.3 97.5 100 98.8 95.9 100 99.5 97.9 100
Xunyang 98.3 99.6 100 98.1 96.7 100 99.5 100 100
Shenyang 98.3 99.2 100 98.8 97.1 100 99.5 99.6 100
Yihanl 97.9 99.2 98.3 97.7 97.1 98.3 99.0 99.6 98.3
Hechi 98.1 99.2 100 98.6 97.1 100 99.3 99.6 100
Yongrenl 97.9 98.8 100 98.0 97.5 100 99.0 99.2 100
Zigui 98.3 98.8 98.3 98.8 96.7 98.3 99.5 99.2 98.3
Songtaol 98.1 99.2 100 98.0 97.1 100 99.5 99.6 100
Korean 97.6 97.9 100 98.3 96.3 100 98.8 98.3 100
vulgare 97.9 97.9 100 98.0 96.7 100 99.0 98.3 100
USA 97.9 97.9 100 98.3 96.7 100 99.0 98.3 100
Ancestor 98.1 97.5 100 98.0 96.3 100 99.3 97.9 100
masked 97.9 97.5 100 98.1 96.3 100 98.6 97.9 100
Rakkyo 97.1 94.6 98.3 97.8 95.9 98.3 97.9 95.0 98.3
Ohio V 95.5 87.6 97.5 95.7 86.4 97.5 96.2 88.0 97.5
WT-L3 98.1 97.5 100 98.0 96.3 100 99.3 97.9 100
Tor2-L1 98.1 97.5 100 98.0 96.3 100 99.3 97.9 100

WT-L2 98.1 97.5 100 98.0 96.3 100 99.3 97.9 100
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3 3t
3.1 TMV %R &K BB

PLAE I 70 R TMV I R & R0 8 AR 38 A2
SRR, WHBORESE P AR B TMV R4 9
&R (TMV-C) . FHitk R (TMV-Tom) . ¥ &1L
k&R (TMV-YM) FIBERR R (TMV-RS) 4 Mk
Z, EPS ORI AMX TMV RI2 h i bk &
(TMVS) . BBk R (TMVY) | R R (TMVY)
R R R (TMV™) 4 Mk R, H TMV ERE A
SR INEL, A K KR Y A g m Y
AR, TMV 1% 8 Fdk &R 5> 2 I AZ R 5 41
Arguila Z5 48 HH 7RI 71 F A0 B B -5 B 8 v 5
MbRitE: BZERRT Y — 8 & T 95% MR E—E,
— R 85% ~ 95% N VIR HIHEE .

Jakob £ M) %f Ohio V ¥k R BEAT 42 5 419 18 I [7]
FHAth Tobamovirus % 7% tb % 4 4~ ORF 7 1] — %,
HI5E Ohio V 5 BBHE R PetTW 2 B4 & T [ —Hk
Fo T2 "I ZEI S AN MY CP I
7 U SR A 38 M BT T CP RS
BT, FE L BT S EYE UL BRR. R
e US) k51 ) 13 A TMV JHEL 5y B W1 AT CP 4~
1, RIS B S SN 5 B CP 75— BUR R
B XU DT AR FE M S MK TMV )R 3 4
Pl RGO 5B 3 Hext, R 3 ASF
BEFEARI R T (U H 3 3. wlgamss U
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Determination and analysis of complete genomic sequence of three TMV isolates from
tobacco producing areas in Heilongjiang
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Abstract: To clucidate the molecular strains and evolution characteristics of Tobacco mosaic virus (TMV) from tobacco plants in
Heilongjiang producing area, three samples from Harbin and Mudanjiang tobacco fields were collected and designated as HEB1, HEB2
and MDJ. Their complete genomic fragments were amplified via RT-PCR. Sequence identities, recombination, phylogenetic relationship
and selection pressure were analyzed. Results showed that the full-length genome of isolates HEB1, HEB2 and MDJ were 6395 nucleotides
(nt) (GenBank accession numbers MH595919, MH595920 and MH595921). HEB1 and MDJ had the highest identities of 98.9% and
99.6%, respectively, with isolate Beipiao (HE818412) from Liaoning province, while MDJ had the highest identity of 97.1% with isolate
Chuxiongl (HE818417) from Chuxiong of Yunnan province. HEB1 was a recombinant of isoaltes MDJ and HEB2. In the phylogenetic tree
constructed with the complete genomic sequence, TMV was divided into three groups, among which HEB1 and MDJ belong to group I (U1)
while HEB2 belong to group II (Rakkyo). All four proteins of TMV were under negative selection, with CP gene under the highest selection
pressure.
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