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Abstract To reveal the molecular evolution of Tobacco mosaic virus (TMV), the complete genomic coding se-
quences of TMV from GenBank were subjected to molecular evolutionary analysis, including recombination, phy-
logeny, genetic variation, population structure, gene flow, etc. The results indicated that mutation and negative
selection were the main driving forces for TMV evolution, rather than recombination. The TMV populations had
stable structure, but were expanding, and the gene mutation was low. Three geographically correlative species of
TMYV named China | , China [[ and Europe were found. The Europe isolates exhibited greater nucleotide diversity
than the China ones; Europe and China | populations could be influenced by genetic drift, and there were gene ex-
change channels between Europe and China [[ and between China [ and China [ .
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Table 1 Gene flow and genetic differentiation of TMV

R RIFIIEL

2% Parameter

Lineage and number of sequences K, (P-valve)

Europe(n=18) vs. China [ (n=35)
Europe(n=18) vs. China [[ (n=19)
China [ (#=35) vs. China [[ (n=19)

Z(P-valve) Sin (P-valve) Fq Nm
4,095 43(0. 000 0** ) 370. 344 08(0. 000 0** ) 0.979 17(0. 000 0** ) 0. 241 85 0. 78
4,118 81(0. 000 0** ) 272.173 17(0. 000 0** ) 0. 940 54(0. 000 0*** ) 0.165 36  2.52
4. 380 52(0. 000 0** ) 711.919 51(0. 000 0** ) 0.932 20(0. 000 0** ) 0.129 04  3.39

1) *, 0.01<<P<C0.05; *, 0.001<<P<C0.01;

2.4 B‘EEHSH

w, P<C0. 001,

2) RN AR SCRAE X R W] TMV AR R AL T
TMV FrA 73 EPIR da/ds RSN 18 BERIAESE R 23] AR AR AL PEAE A .

x2 TMVIEEEDSHY
Table 2 Selection pressure analysis of TMV

R JT 5155 ZHRZHE  Nucleotide diversity
Lineage Number of sequences dn ds dn/ds
Europe 18 0. 02038=0. 001 04 0. 126 6740. 005 75 0. 160 89
China [ 35 0. 003 6940. 000 38 0. 038 4540. 002 58 0.095 97
China [[ 19 0. 003 9740. 000 51 0. 040 66340. 002 71 0. 097 63
All 72 0. 009 0240. 000 51 0.072 73%0. 002 73 0.124 02

D R8sy dahnifiZ ds AR . T,
Data in the table are dn2=SD, ds£SD. The same below.
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HE818446/N. tabacum/Sichuan, China, 2012
HE818434/N. tabacum/Guangxi, China
HE818433/N. tabacum/Guangxi, China, 2012
HE818454/N. tabacum/Sichuan, China, 2012
HE818444/N. tabacum/Guizhou, China, 2012
HE818414/N. tabacum/Guizhou, China, 2012
HE818413/N. tabacum/Guizhou, China, 2012
HE818440/N. tabacum/Zhejiang, China, 2012
HE818435/N. tabacum/Yunnan, China, 2012
HE818416/N. tabacum/Liaoning, China, 2012
HE818442/N. tabacum/Guizhou, China, 2012
HE818427/N. tabacum/Sichuan, China, 2012
HE818439/N. tabacum/Guizhou, China, 2012
HE818438/N. tabacum/Guizhou, China, 2012
HE818445/N. tabacum/Guizhou, China, 2012
HE818419/N. tabacum/Hubei, China, 2012

99 L KF280646/N. tabacum/Chongqing, China, 2012 China [
HE818422/N. tabacum/Guizhou, China, 2012
HE818421/N. tabacum/Guizhou, China, 2012
HE818430/N. tabacum/Guangdong, China, 2012
HE818424/N. tabacum/Sichuan, China, 2012
HE818423/N. tabacum/Sichuan, China, 2012
HE818459/N. tabacum/Guizhou, China, 2012
AF395129/N. benthamiana/Fujian, China, 2001
AB369275/N. benthamiana/Korea, 2008
AF395128/N. benthamiana/Fujian, China, 2001

99
89
92
99
92
iEE
52
54 AF395127/N. benthamiana/Fujian, China, 2001
L HES818452/N. tabacum/Shanxi, China, 2012
] HE818420/N. tabacum/Liaoning, China, 2012
60 HE818448/N. tabacum/Shanxi, China, 2012
5 1
60
?E
9

HE818451/N. tabacum/Guizhou, China, 2012 \

HE818411/N. tabacum/Shandong, China, 2012
HE818412/N. tabacum/Liaoning, China, 2012 /

HE818432/N. tabacum/Hubei, China, 2012
9 HE818431/N. tabacum/Hubei, China, 2012

99 HE818429/N. tabacum/Yunnan, China, 2012
E HE818428/N. tabacum/Yunnan, China, 2012 \
HE818447/N. tabacum/Chonggqing, China, 2012
HE818456/N. tabacum/Sichuan, China, 2012
HE818455/N. tabacum/Sichuan, China, 2012
HE818453/N. tabacum/Shanxi, China, 2012
HE818425/N. tabacum/Hubei, China, 2012
HE818441/N. tabacum/Guizhou, China, 2012
HE818426/N. tabacum/Guangxi, China, 2012
HE818458/N. tabacum/Yunnan, China, 2012 China I
HE818457/N. tabacum/Yunnan, China, 2012
HE818450/N. tabacum/Guizhou, China, 2012
HE818449/N. tabacum/Guizhou, China, 2012
HE818410/N. tabacum/Yunnan, China, 2012
’7 HE818460/N. tabacum/Sichuan, China, 2012
JF920727/N. tabacum/Shanxi, China, 2011

99

2 5 %’E HE818437/N. tabacum/Yunnan, China, 2012
65 HE818436/N. tabacum/Yunnan, China, 2012

HE818415/N. tabacum/Yunnan, China, 2012 /

X68110/N. tabacum/Korea, 1992 \

HE818443/N. tabacum/Shandong, China, 2012

L AF165190/N. benthamiana/Yunnan, China, 1999
NCO001367/N. tabacum/USA, 2000
99 —— JX993906/Solanum lycopersicum/Shanxi, China, 2011
L AB369276/N. benthamiana/Korea, 2007
KF972430/N. benthamiana/Spain, 2013
KF972435/N. benthamiana/Spain, 2013

> Europe

99

KF972428/N. benthamiana/Spain, 2013
KF972427/N. benthamiana/Spain, 2014
KF972432/N. benthamiana/Spain, 2013
KF972431/N. benthamiana/Spain, 2013
KF972436/N. benthamiana/Spain, 2013
KF972434/N. benthamiana/Spain, 2013
KF972429¢/N. benthamiana/Spain, 2014
HE818417/N. tabacum/Yunnan, China, 2012
99 L HE818418/N. tabacum/Hubei, China, 2012 /
FR878069/N. tabacum/USA, 2011

KR537870/Jasminum multiflorum/USA, 1999

99 L GQ280794/Lycopersicon esculentum/Zhejiang, China, 2005

KP4 XK B2 HRO.0S MR RAZ LBl R T . ABTHIEMR R B4 (B3R5 KR537870, GQ280794) fFHAMiE.
Horizontal branch lengths are drawn to scale, with the bar indicating 0.05 nt replacement per site. The sequences (accession nos. KR537870,
GQ280794) from the isolates of Tomato mosaic virus were used as the outgroups.

64

E1 ETFTIMV2EFARBRXRFIRRARAMUARE (ML) EER

Fig. 1 Maximum likelihood tree calculated based on the complete genomic coding sequences of TMV
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WU 53 5 0 A% 1 IR 1y 3 25 R PR AE bE b 1 ) 25 S R
BAPRTN 2% F AT 0. 9800, 028 F1 0. 997+0. 008 Z
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Table 3 Comparison of the nucleotide and haplotype
diversities of TMV

- 5%k 25l Differences
TE R pa— — N 5
Linee . The number  BFm L HE{k L RTE 2L
_ineage . . . . .
of sequences  Nucleotide diversity Haplotype diversity
Europe 18 0. 043 4940. 001 35 0. 98040. 028
China [ 85 0. 013 4540. 000 74 0. 99740. 008
China [[ 19 0. 014 5740. 000 75 0.99440. 019
All 72 0. 025 6030. 000 89 0. 99840. 003

2.6 RELAM[MGRTFRIE S

GASNL LI T R B AT AR AL 1 423 A4S, BAGE
AR 604 A HHT AR AL 569 A, = AR A
35 A, T 2945 B AL A 819 A, o Py A~ 7E S AU 643
A AR SRR 168 A, TUANAE 57 8 4,

PRSFIX 3BT B TMV 34 G X1 PR <714
(Sequence conservation) ik 0. 76, K& K 4 % 1
FFRESF{H (conservation threshold) & T 0. 85 4%
SFIXIEIEA 6 4 (conserved regions) (£ 4), H I
AL, TMV 5 R i [X 58 A48 ARG LUELAR ST

x4 TMV EFARKBXERTFXE
Table 4 Conserved regions of the coding sequences of TMV
PRAF DX PRAFE

(ALS - P1{A
Conserved . Sequence .
. Location . Consistency  P-value
Region conservation

1 814~926 0. 876 0. 988 0.001 5
2 2 068~2 189 0. 869 0. 989 0.002 0
3 3 569~3 638 0. 871 0. 991 0.015 7
4 3 583~3 652 0. 886 0. 994 0. 006 6
5 4 609~4 740 0. 879 0. 994 0. 000 4
6 4 744~4 854 0. 874 0.993 0.002 0

2.7 HET S AR

TMV 7 [m] 25 18] 9 Hh P A6 00 S8 T8 34 0 {6
U] TMV R 2 8P E AR, I T ik # (3R 5).
SVARTIT S FEURE B M B A 2 AT 3 A R P
A Al 26 3 A » 32 ) G i B AR Y 20 M AR IR
ZRENE R T TMV FEEZEY 7K .

£5 TMV E R
Table 5 Neutrality tests of TMV

- A
IH/%'; .. . .

. Number of Tajima’s D  Fu & Li’s D Fu & Li’s F
Lineage

sequences

Europe 18 —1.952 77 —2.227 88  —2.467 92
China | 58 —1.922 83 —1.598 70  —2.036 97
China [[ 19 —1.231 99 —1.169 93  —1.399 33

All 72 —2.403 21 —4.596 02 —4.423 11

3 HFit5itit
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