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Abstract The objective of this study is to assess the molecular evolution and divergence of SCSMV according to
HC-Pro gene sequences. The HC-Pro gene sequences of SCSMV were obtained by RT-PCR, and analyzed by
bioinformatic software, in aspect of recombination, phylogenetics, selection, demography, and gene flow. In the
present study, 44 HC-Pro gene sequences were determined with a 70% lowest similarity; only one novel recombi-
nation site together with two previous reported sites were found in HC-Pro gene, suggesting that infrequent re-
combination events were distributed in this gene of SCSMV; one novel lineage (lineage [l[) clustered by SCSMV
sequences determined here was found; strong purifying selection was found in the HC-Pro gene of SCSMV. Our
genetic study further indicates that the HC-Pro gene showed high genetic diversity in the genome of SCSMV.
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shmi 25590 % Bl SCSMV I 43 B WIAFAE 55 8 i s A%
ZFeME, FRATHIRTIHA S & SCSMV B —A4~ i
TP WERD S5 48] o 3 38 718 [ Fhofs 354 [H] 23 25 ) 51
BRARIBE R Y BLLD) s SCSMV R 48 A [ i A 7T
¥R o MHGE T ~5FN4D, I HAFEEAN
%0 KR TF Potyvirus, HC-Pro % A J& SCSMV
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1.1 RESED

2009—2012 4E [l N = B4 7 A H B £ 77 X
] e e Joi ¢ [ PN SR R B 2 R A I IR
(B D B H RS 324 £y, Bl R AE 4 RT-PCR
RIS E K SCSMV FHPERE R R T E . —80°C
PRAER . AW P I S RS B LR 1,

1.2 EENF

HPE GenBank B3 7 i SCSMV 351 (R 5F X,
BT 1 HC-Pro 3£ K #9514 SCSM-HC-Pro-
F (5 -TGGACTCATTTGACGCCAGG-3") il SCSM-
HC-Pro-R(5'-CGCTAACCTTGTTGTGTCGT-3") , #ii
B9 H i R BE/NZSh 1500 bp, 51478 Ll
T TREA RN G .

K H TRIzol i3 $2 Bt SCSMV 1 ji# i Jr vh
() RNA, $2HU5 74 2 B0 & vl W B k17, X
2 pLEL RNAL R A Promega /A F] MLV 5% 5747
& m 519 SCSM-HC-Pro-R #47 i % 5% 3k 1%
cDNA, DI cDNA J it #17 PCR, PCR §"#%
A 50 pL e WK % : 10 X PCR buffer 5 pL, dNTPs
(2.5 mmol/L) 4 pL, SCSM-HC-Pro-F (10 pmol/
L) 2 pl, SCSM-HC-Pro-R (10 pmol/L) 2 pL,
ddH,O 34. 5 pL, long Tag polymerase (5 U/ul)
0.5 pL,cDNA 2 pL, PCR [ 41Ky : 94 CHiAstk
5 min; 94 C28M: 30 5,55 CE Ak 30 5,72 CZE{H 1 min,
3 30 MEIF s B —Fe GRS 72 C &M 10 min, 4C
TRAF. PCR SINES G  RIBG™) 2 L AT 10011

TG HE 58 B L PR G I, PCR 7= ¥ 4l 1k )5 78 i &2
pGEM-T #4A &, 35640 2 R IGHAF# Escherichia coli
S DHSa . 28 PCR % 3145 FH M
A JBORL B 1 A7 1 FH I SRR LI £ 3~6 >3k
ZAb NG R R BRI B B A BR A /.
SR Sem e B KPS L s BT HERR B PCR 473
SRR R4S SR fG i I Bioedit 5. 0. 9 PHETERL.
1.3 EASH

ARBEFE R, 200y i i3 SCSMV HC-Pro 4
% T R P 51 36 44 4% (GenBank % 5% 543l H
KU314329 ~KU314372) , BLAST & & &5 % B /R~
H 5F KT Triticum mosaic virus (TriMV)
BAREWEG KR, P, AW 5T &£ TriMV
SX B (NCO12779) %) 1 iy HC-Pro £& P9 17 314
FEA EE XF 43 B 1 A 4 Coutgroup) %, 45 4 Gen-
Bank # i A ] F ) SCSMV HC-Pro ZE [ i #1217
SIE R —A~HA 106 57 508 5 & . RHZ %L
ARG HATIOX RN T 5 SR A% IR T 5 B R
Xt 84 Bk R 7 41 i Al CLUSTRAL X2'' Al
TRANSALIGN( ] Georg Weiller 2 # H 1#) He %
DAPRIEZR 33 Ty 91 Eb X 5 75 21 19 A% B2 I 47 fiE % 1F 1
Mg et 2R 7 5 . Zead P H et IE - 15 200 i
B gap J& ) HC-Pro JEH P 514 B2 990 AT
R (nucleotide, nt) . X kb X} By 15 )37 51 ¥ 9% . #
Datamonkey C http: / www. datamonkey. org/) H?
GARD #1 RDP 4. 0 %4 g> % iy RDPHY? | GE-
NECONVHY  BOOTSCAN!™ | MAXCHIM | CHI-
MAERA" [ 3SEQ"®! I SISCAN! 7 A F4 ¢ ik 47
FARI, LA PR RE A AE () B4 AL R, 7E RDP
4.0 KM, 2% R 2 0k T ERAE  Bonferroni £
1ERY P2y 0,05 0¥ 0. 01, B A =0 3 4
RAOFRIRINZE R P<<1. 0X 10 °Bf. LHF L B Y
AR AR b, AR TS & 5
Ak HE LA P S AT AR 23 A RN O 1 O B FRATT
et AR F LA I BRI SEA ) B4 (parental
isolates)  4fg 1 24 1 ZH AR 5 SR A S B W A T [a] — 21
Af o 5 1 B 2 R iy 44 Sk 41 P EE 41 1A (intralineage re-
combinant) ; 24 B2 1A 5 A B YL TR R —ZH
Nl 44 R 20 6] B 204 (interlineage recombinant) ™ 2
HJ5 o SCSMV 75184 vh /b2 TriMV. 351 B
ZBk TriMV Xf SCSMV 533 S gap 70 BLEEAS:
T#fA SCSMV 1) HC-Pro 2K X 1 EEZHAV 5,
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Table 1 Information of Sugarcane streak mosaic virus samples in this study
T EYA R R R SRARI ] /4F-H-H f Al JIER

Isolate Origin Collection time Cultivar Symptom
GN12 Hr[E i Kaiyuan, China 2011 - 06 - 05 Yunzhe91 - 16 £ Mosaic
GN34 H[E i Kaiyuan, China 2011 - 06 - 05 F176 & Mosaic

W4 T Cuba 2010-05-17 MY55 - 14 2R 556 Streak mosaic
W14 7 [E France 2010-05-17 FR93 - 635 . Mosaic

W17 EpEEJE PG Indonesia 2010 - 08 — 26 POJ2878 1 Mosaic

W18 4 Je 7 Reunion 2010 - 08 - 26 R570 2k 256 Streak mosaic
W32 F[E America 2011 -06 - 05 CP85 - 1308 1 Mosaic

W69 L 74 Brazil 2011 -06 - 05 SP71 - 6180 1M Mosaic

W75 WRFIIE. Australia 2011-06 - 05 Q71 A& Mosaic

W76 HAS Japan 2011 -06 - 05 RKS8S8 - 188 M Mosaic

M55 o1 [E % 7 Changning, China 2008 - 06 — 15 Q170 28 4B} Streak mosaic
M61 FrEYEYL Yuanjiang, China 2008 -11-15 Unknown 1 Mosaic

M62 H1[E % Xinping, China 2009 - 07 - 15 Vistghialle M Mosaic

M71 H1EYLIL Yuanjiang, China 2009 - 08— 12 Badila 28 24BN} Streak mosaic
M85 1 [E 21 Honghe, China 2010 - 08 - 10 Yue79-177 AL Mosaic

MS86 H [E 5k #)) Mile, China 2010-08 - 20 Yun99 - 91 M Mosaic
MIl11 I EPEIT Yuanjiang, China 2011-06-03 ROC22 M Mosaic
Mi112 HE LT Yuanjiang, China 2011-06-03 ROC22 M Mosaic
M113 FEPLYL Yuanjiang, China 2011 - 06 - 03 Yue60 &t Mosaic
Mi114 F1EPLYL Yuanjiang, China 2011 - 06 - 03 Yunyin3 £t Mosaic
M115 F1EPLYL Yuanjiang, China 2011 - 06 - 03 Yunyin3 £ Mosaic
M116 F1EPLYL Yuanjiang, China 2011 - 06 - 03 Yun03 - 258 £ Mosaic
M117 F1E YLVl Yuanjiang, China 2011 - 06 - 03 Yun98 - 136 & Mosaic
M118 F1EPLYL Yuanjiang, China 2011 - 06 - 03 De03 - 83 & Mosaic
M119 F1EPLVL Yuanjiang, China 2011 - 06 - 03 Yunyin58 & Mosaic
Mi21 F1E YLyl Yuanjiang, China 2011 - 06 - 03 Yunyin58 & Mosaic
M124 HEVEIL Yuanjiang, China 2011-06-03 SP81 - 3250 FENt Mosaic
M126 HEVEIL Yuanjiang, China 2011-06-03 Yun07 - 912 A&t Mosaic

1.4 REREDW

Xt RN S (5 51 43 9 A A PhyML 3. 0
H Y e K Bl 4R 75 ( maximum-likelihood, ML),
MEGA 6. 0 H1 ) 88 $% 7% (neighbour-joining, NJ)
DL % SPLITSTREE 4. 11. 3% b fi 4F 42 W 1=
(neighbor-net, NN) #17 R G & 40t # ML ik
A FrH 38T jModeltest 0. 1. 177 4381 2 HC-Pro
B iE % R R Ay GTR+1+T4, 1E
ML 1 NJ 0, 3K B T B 281 (bootstrap) i
71 000 IREEHLEZ HIIFHEER., RELEWH
TREEVIEW"/ 7R . A% Tl 28 56 B A AU 43 0T 43
T HE Kimura two-parameter method™*! Hl Day-
hoff PAM 001matrix™" J5 g8, Fhlt N ZREM: 2

Preh MEGA 6. 09V 3F 5, fE A5, 3l i i
HC-Pro £ 1% dN/dS {8 (FE [F] X 58 48 Fi1 [a] S 58 4%
Z )R EUAED Sfe SR 12 L R B R A2 W e 82 R 0 . 11
AT ML GE S DL IR R TR, E ok,
FI ] Datamonkey (http: // www. datamonkey. org/)
A SLAC(single-likelihood ancestor counting) \FEL
(fixed-effects likelihood) #1 REL ( random-effects
likelihood) 75 £k A6l A~ [ {37 % i ¥~ 1) P 45 i 77 5
5,1 MEGA 6. 0% b F) F§ Pamilo-Bianchi-Li
method " T1 5 R G AN ] 43 3¢ 1 B 5 1 1 R R
J1. M dN/dS<<1 B, %4153 B P A F 2l Ak 5k 6 )
PEFEIE )1 524 AN/dS=1 i, P4 S WAt F
rPE R R s Y AN/ dS> 1 I SRR 2 B )
AR A PR Z FEAL IR PR T
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1.5 ZHESH

FIH DnaSP 5. 07" A IAS [RIFEE 43 25 9 14 A% 1
Z e (nucleotide diversity) Fl BRI Z 44 Chap-
lotype diversity) . #ZBRZFEMIESE S B W) P51 ] 1
VI 25 S s R RL Z AR VRS AR AR A v B AR S B
WA . — T & A RINA 5 75 F R 9
R 2 FF M (B 8, R 2R R Y (B
IG5 #3950 SCSMV i) HC-Pro 3[R ) #% R Al
BEI [|] (1 Z2 K Pk 43 A B AT S 2 SDT 1. 09 v iy
Clustal WHY BB 45,

2 GERp

2.1 SCSMV HC-Pro EE§F 51417

2009—2012 4EXF = BE 7 AN H 377 o A E
ZZH R BT 0% U5 ] PN H AR e b SCSMV | & AR
TEOLHEAT T IS 45 R B SCSMV 1E = 48 H
RERPAE X - 15 % 5 5 3096 (96 AN BHPERE ) s 7E H
FEIX, SCSMV FEPL YL IF I B - T £0 T Rk )
G RLX AN I s IR N 40 R
FER T SCSMV HAT A R ik Hh 23R (59. 120)

TE SCSMV [HHFE ah v, B 28 A~ B A LAY
Aot 2R S5 AR e R CEL 1D AR & X HC-Pro
LA LR T . DU 45 2R s B R T A
AN TR 5w B 18 3 51 AR RLPE AR R 5 3k BOH: rf 22 S5 M R
KIJFF (44 55 % 5 5] GenBank 8 2. %
FLG Y F 3 A B 5% Fir 3545 1) HC-Pro 5& ] X B¢
A K E K 1002 nt, £ SCSMV ) HC-Pro 3}t
B JF B R IAE S48 5 Y ik 25 R i 15 1) HC-
Pro 3 A 2 £ 161 KITC,GE,FRNK #il PTK
LR

a: {Ent; b: &4k

a: Mosaic; b: Streak

1 HEEMBAER

Fig. 1 Symptoms of the sugarcane mosaic disease
2.2 EHFHER

K AT B I 72 7Y DL K AE GenBank w8 HCHY
3t 105 4> SCSMV HC-Pro J K] 41 i 47 5 41 53
Hro FEFI NN i it i) RPRR B o 38 223 B 2
[BLA7-AE W (9 77 91 52 3L R WK 70 SCSMIV 73 5 W)
75 HC-Pro & [/ A7 76 W] 1 i A LR U oKt
/8o M RDP 4. 021 4381 & B, 7 HC-Pro %A
LA 3 AU R LA A 2L T SCSMV 2k
P4 (7 i 4K SCSMV-ID 79 8 W) 8 5% 5.
JF488066) 55 1 575,11 736 F11 2 273 {of p5., Hor,
BT AN RTESE BT BIDEE FP A S 4 - 2 273 i i 2
AWFFE PR B — AL (R 2), 12 105 4
SCSMV FF 4 e, 3L 3 4 A B (i i S LA, 535310
M117-CL2 ,M117-CL3,M117-CL7 Fi1 CB419, A
FEHTARATH) SCSMV 751 i 38 A & 3Lt 1) 2 41
(A=

%2 7ESCSMV () HC-Pro £E F & A HEHEH"
Table 2 Recombination event in the HC-Pro gene of SCSMV

A i i R ER) P (i
YA Parent HALLR P-value tested by different methods
. . Recombination
Recombinant  (Major X .
Minor) site RDP  GENECONVBOOTSCAN MAXCHI ~CHIMAERA  SISCAN 3SEQ
M126-CL1 X
MIIT-CL2 ") 2 1575~2 278 4,120X10°% 4.070X107%  —  L185X1071 1.647X107% 1.417X107% 56741074
M126-CL1X
MI117-CL7 MIEISS?CL(S 1575~2 273 4.120X107% 4.070X1072  —  1.185X10717 1.647X107% 1.417X107% 5.674X10~%
M126-CL1 X -
MIIT-CL3 ©) 2 1575~2278 1516X 1074 2.739X107% = 8.207X10718 1.647X107% 5.937X107% 2. 2441075
B X
CBA419 Cg;é;“fgz 1736~2 273 1.771X107¢ 1.128X1072  —  1.339X107% 1.723X107! 2.599X10~7 8.918X 10712

D ZAFBR ALK YE SCSMV-ID 43 B34 (GenBank % 5%%5: JF488066)

Regions and sites in accordance to the SCSMV 1D isolates (GenBank accession no. JF488066).
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Fig.2 Phylogenetic analysis of the helper-component proteinase (HC-Pro) gene sequences of

Sugarcane streak mosaic virus using ML method
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2.3 RGEEENW

W L3R B B A 25 b E AL IR X R A Y SC-
SMV [ 5 #E47 R 58 & A 40 B - ML YA AL N 4 4
M 7 56 % B A HAT AL F0 $h 25 4 . ML A [&] 2
iR . TESEHT I HRED Hh, SCSMV AR 4 A [] 3 B
F/PNI5r R 9 AN GR T~%8 IX 4D . ik HC-Pro
FEEAESEV VIR T+ Val. AT,
A BN A AL ALV VRIS
TN+ Wd, g VAol h 4 A~
(V-1,V-2, V-3 f1V-4), SCSMV 7 [a] i [X 2 A
Bk B S 1) R S Fh [y B ) R AR R
FEEE T AN V 4L, T B BE 43 B3 ) E 2 AR v fE 58 VIR
81 +N+HW4. AURE SCSMV 72 Y7E
RGER Tz oA, Bk A F o e H R X

— Vi

Saan 1+IV+VII

1177

[

|

|

|
11117

1T

N

Wil

FEGTE B — gl — 55 [ 1. SCSMV 7 HC-Pro
FEAY AN/AS S 0. 21, AT & BRIE ) 36 85 4E F A7
R ANRIRREERE Y AN/ dS (/T 1, s T4 A
H e/ ME AN/dS {8 (0. 036) . BB SCSMV A~ [f] Fifs
FERRAL TR M A B IR
2.4 ZSHMESWER

FIF SDT 1. 0 45313144 SCSMV 7E HC-Pro 3
Bz iR 2 HE A A5 R AR 3 Fs, T SC-
SMV 4 B3 1E HC-Pro 5L E 1R TR 2R MR
FEAR AR 7090 (8 3) . 1ERGEKLEFTAMH)
A b B T4 LA A v 1 B AR TR 2 4 (0. 982+
0. 022) M AR 1A R 22 4% (0. 011 21420, 001 25)
(£ 3), HIXF SCSMV B FE 73 854, 76+ [ SCSMV
ARSI ALARUE R T 5 (R 3D,

i
:

[ R
dJdIIvBB2R9g

3

2 332 %% 39ddds=33398 3352933803833333335ygpgg0088883
ATTRTRE el R T BT

E 3 SCSMV HC-Pro EEF I —HEHHE

Fig. 3 Distribution of pairwise identity scores of the helper-component proteinase (HC-Pro) gene of

Sugarcane streak mosaic virus
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Table 3 Haplotype and nucleotide diversity analysis
of the HC-Pro gene of Sugarcane streak mosaic virus

el BHEH  RRRZEEE AT IR Z 1
Group No. H I
1 19 0. 982+0. 022 0.011 2140. 001 25
T+N+ 14 0. 989+0. 031 0. 112 0440. 014 32
vV 67 0. 98740. 007 0. 024 994-0. 000 59
VI 1 ND ND
1[E China 86 0. 9910. 004 0. 104 8940. 01 043
Eif India 13 0. 987=0. 035 0.163 2340. 02 332

D IO MKHEFIIREA P (R i -2 22 53145, ND: SRillE .
II: Nucleotide diversity was estimated by the average pairwise
difference between sequences in a sample, based on all sites.
ND: Not detected.

3 &SIt

H Al &40l 7 2 FEYE 0 7 S R
LEKG 1 WE 5, R0 R Potyvirus, fl 4 PVYS 97580
TuMV™ 2Rl Je TVBMVE 28 Fe A58 1 4 SC-
SMV (153 #EALBIF 5 & B . HC-Pro Kk P S H ik
gL Z R MR SR H IR T B B e
B RBEVEFT A MOBESED . FEARIR I, AT B
A HTEP DX LA [ 5 H A I 90 B P e 1 28 >
HA BT REAE MR AOAE it g 1 H HC-Pro i
P51 454 GenBank Hr 2 43l 17 91045 &, X i
RG22 57 SRR AL 04T . MY e e
A RF F T R A AN AR T R
AAFTERY . B, BB B AT BR — Al AL ) A= ) e
B SEEA 700728 S AR R 54 3 A 0 BE 5. T
TERR AR EE D B T OR BABEAT 32 O HERR AN
SEPRIZH BB B IR DFE Y AT RE , PR HIE 4R b 100 A
TREEHELE 1 B ZEASRESE R AT AT
B34 SCSMV i) HC-Pro J&[A L5 A [R] 7 [ 571
977 AT 04T AR OR AN AT RERPFHEEE R

FA R L Z AR PE R F R IR 2 AR 1 7 0
M FZE ) ) 2 —. 7 PVY R TuMVe ) 4
Potyvirus ¥, HC-Pro %t R B9 B 4 & A 5 RIR 5.
MTEAAFFEH  SCSMV ) HC-Pro [ H 4 & B 3
ADEYNLA X KY] SCSMV HC-Pro B g Az H
AR . He %5 MBS L T4 5 W i 4K
PR, SCSMV K 4ls HC-Pro B[ w7328 4 44,
SRR VIR T+ VAL, ABF5EHE i
FROM R E 2 B RE XA 20 B ) e SR R — A AL, )

I8 SCSMV P1 &R R G 8 How 24 55 4.
T 2H SCSMV 43 B W %) & B0, 4 m 7 HC-Pro &
5 P1# CP 5L TE & G2 &k HE 43 i b i — 3bk
SCSMV [ 28 [8] 5 A5 355 B 4 b 38 S kL op [ 40
B EEE PR ARV 4, A5 E /Y
SCSMV 5 Y5 [l 1 H e 7 X 53 B WAL T A ) 43 5
WAL ZE SRR, AR B WA Z5H , X FE I = F
HRE = X G U B Py SCSMV 1] BE B A A [ 1) &
Ui, JEH S KFRS ) SAE P 75 40 T 5 A R 3 B R
HF . AWF5EH, HC-Pro 3£ 1) dN/dS i/ F 1,
FW] SCSMV TE BL 3[4 I 52 31 5% 1 £ 36k % 1K 1 1
FH X Al R H AL H T RE W R e PEARE N 1Y . %
TREMN SRS R LSS A —30 i —
HAER] SCSMV HC-Pro JE [ H A & B 1 35 % Z 0
PE L MZ S5 R 0] RE 5 D) ReARE N, 8 H T A B
fifi SCSMV HC-Pro 5 H IhfE.,

[1] XuDL, Zhou G H, Xie Y J, et al. Complete nucleotide se-
quence and taxonomy of Sugarcane streak mosaic virus, mem-
ber of a novel genus in the family Potyviridae[]]. Virus
Genes, 2010, 40(3): 432 —439.

[2] Hema M, Sreenivasulu P, Savithri H S, Taxonomic position of
Sugarcane streak mosaic virus in the family Potyviridae []].
Archives of Virology, 2002, 147(10): 1997 - 2007.

[3] Li Wenfeng, He Zhen, Li Shifang, et al. Molecular characteriza-
tion of a new strain of Sugarcane streak mosaic virus (SCSMV)
[J]. Archives of Virology, 2011, 156(11);: 2101 - 2104.

[4] He Zhen, Li Wenfeng, Yasaka R, et al. Molecular variability
of Sugarcane streak mosaic virus in China based on an analysis
of the P1 and CP protein coding regions [ J]. Archives of Virol-
ogy, 2014, 159(5);: 1149 - 1154.

[5] He Zhen, Yasaka R, Li Wenfeng, et al. Genetic structure of
populations of Sugarcane streak mosaic virus in China: Com-
parison with the populations in India[J]. Virus Research,
2016, 211: 103 - 116.

[6] Garcia-Arenal F, Fraile A, Malpica ] M. Variability and ge-
netic structure of plant virus populations [ J]. Annual Review
of Phytopathology, 2001, 39(1): 157 - 186.

[7] Gibbs A, Ohshima K. Potyuviruses and the digital revolution [J].
Annual Review of Phytopathology, 2010, 48(1); 205 — 223.

[8] Viswanathan R, Balamuralikrishnan M, Karuppaiah R. Char-
acterization and genetic diversity of Sugarcane streak mosaic
virus causing mosaic in sugarcane [ J]. Virus Genes, 2008, 36
(3): 553 - 564.

[9] Bagyalakshmi K, Parameswari B, Chinnaraja C, et al. Genetic
variability and potential recombination events in the HC-Pro

gene of Sugarcane streak mosaic virus [ J]. Archives of Virolo-



36 -

5 4Ly

2017

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

gy, 2012, 157(7); 1371 -1375.

Fellers ] P, Seifers D, Ryba-White M, et al. The complete ge-
nome sequence of Triticum mosaic virus, a new wheat-infec-
ting virus of the high plains [J]. Archives of Virology, 2009,
154(9) . 1511 -1515.

Larkin M A, Blackshields G, Brown N P, et al. Clustal W and
Clustal X version 2. 0 [J7. Bioinformatics, 2007,23(21) ; 2947 — 2948,
Martin D P, Rybicki E P. RDP: detection of recombination amongst
aligned sequences [J]. Bioinformatics, 2000, 16(6);: 562~ 563.
Martin D P, Lemey P, Lott M, et al. RDP3: a flexible and
fast computer program for analyzing recombination [ J]. Bioin-
formatics, 2010, 26(19): 2462 - 2463.

Sawyer SA (1999) GENECONV:; a computer package for the statis-
tical detection of gene conversion [ M]. Distributed by the author,
Department of Mathematics, Washington University in Louis.
Salminen M O, Carr J K, Burke D S, et al. Identification of
breakpoints in intergenotypic recombinants of HIV type 1 by
bootscanning [ J]. AIDS Research and Human Retroviruses,
1995, 11(11). 1423 - 1425.

Smith ] M. Analyzing the mosaic structure of genes [J]. Jour-
nal of Molecular Evolution, 1992, 34(2). 126 - 129.

Posada D, Crandall K A. Evaluation of methods for detecting
recombination from DNA sequences: computer simulations
[J]. Proceedings of the National Academy of Sciences, USA,
2001, 98(24). 13757 - 13762.

Boni M F, Posada D, Feldman M W. An exact nonparametric
method for inferring mosaic structure in sequence triplets [J].
Genetics, 2007, 176(2): 1035 - 1047.

Gibbs M J, Armstrong J S, Gibbs A J. Sister-scanning: a
Monte Carlo procedure for assessing signals in recombinant se-
quences [ J]. Bioinformatics, 2000, 16(7); 573 - 582.
Ohshima K, Yamaguchi Y. Hirota R, et al. Molecular evolu-
tion of Turnip mosaic virus: evidence of host adaptation, ge-
netic recombination and geographical spread[ J]. Journal of
General Virology, 2002, 83(6); 1511~ 1521.

Tomitaka Y, Ohshima K. A phylogeographical study of the Tir-
nip mosaic virus population in East Asia reveals an “emergent” lin-
eage in Japan [J . Molecular Ecology,2006,15(14) ;4437 — 4457,
Nguyen H D, Tran H T N, Ohshima K. Genetic variation of
the Turnip mosaic virus population of Vietnam: a case study of
founder, regional and local influences[]J]. Virus Research,
2013, 171(1): 138 - 149.

Guindon S, Dufayard J F, Lefort V, et al. New algorithms
and methods to estimate maximum-likelihood phylogenies: as-
sessing the performance of PhyML 3. 0[J]. Systems Biology.,
2010, 59(3): 307 - 321.

Tamura K, Stecher G. Peterson D, et al. MEGAG6: Molecular

Evolutionary Genetics Analysis version 6. 0[J]. Molecular Bi-

[25]

ology and Evolution, 2013, 30(12): 2725 - 2739.

Huson D H, Bryant D. Application of phylogenetic networks
in evolutionary studies [ J]. Molecular Biology and Evolution.,
2006, 23(2) . 254 - 267.

[26] Posada D. jModelTest: phylogenetic model averaging [ ] .

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Molecular Biology and Evolution, 2008, 25(7); 1253 —1256.
Page RD M. Tree view: An application to display phylogenetic
trees on personal computers [ J]. Bioinformatics, 1996, 12
(4). 357 - 358.

Kimura M. A simple method for estimating evolutionary rates
of base substitutions through comparative studies of nucleotide
sequences [ J]. Journal of Molecular Evolution, 1980, 16(2):
111-120.

Dayhoff M O, Barker W C, Hunt L T. Establishing homolo-
gies in protein sequences [ ] ]. Methods in Enzymology, 1983,
91: 524 - 545.

Pamilo P, Bianchi N O. Evolution of the Zfx and Zfy genes:
rates and interdependence between the genes [ J]. Molecular
Biology and Evolution, 1993, 10(2): 271 - 281.

Librado P, Rozas J. DnaSP v5: a software for comprehensive
analysis of DNA polymorphism data [ J]. Bioinformatics,
2009, 25(11). 1451 - 1452,

Ogawa T, Tomitaka Y, Nakagawa A, et al. Genetic structure
of a population of Potato virus Y inducing potato tuber necrotic
ringspot disease in Japan; comparison with North American
and European populations [ J]. Virus Research, 2008, 131
(2): 199-212.

Wei Taiyun, Yang Jinguang, Liao Fulong, et al. Genetic di-
versity and population structure of rice stripe virus in China
[J]. Journal of General Virology, 2009, 90(4): 1025 - 1034.
Yin Xiao, Zheng Fanggiang, Tang Wei, et al. Genetic struc-
ture of rice black-streaked dwarf virus populations in China
[17. Archives of Virology, 2013, 158(12): 2505 - 2515.
Zhang Chengling, Gao Rui, Wang Jie, et al. Molecular varia-
bility of Tobacco wvein banding mosaic virus populations [ ] .
Virus Research, 2011, 158(1): 188 —198.

Muhire B M, Varsani A, Martin D P. SDT: a virus classifica-
tion tool based on pairwise sequence alignment and identity cal-
culation [J]. PLoS ONE, 2014, 9(9). €108277.

FOTAS . LR, SRUH, A R E DAY SRR 4
L CPIER W73 T 5 [ AR, 2013, 46 (15):
3125-3133.

FOAE. TR, RRUH, G BB Y RS pipo FEF T
A5 RAEHREAE ST L], 8%, 2013, 35(9): 1125 - 1134,
Roossinck M J. Mechanisms of plant virus evolution [J]. An-
nual Review of Phytopathology, 1997, 35(1): 191 - 209.

(THEHRE. W 8)





