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Molecular variation and genetic polymorphism of C4 gene in sweepoviruses
of China

ZHANG Cheng-ling, XU Zhen, SUN Hou-jun, ZHAO Yong-qiang, YANG Dong-jing, XIE Yi-ping
( Xuzhou Institute of Agricultural Sciences in Jiangsu Xuhuai Area/Key laboratory of Biology and Genetic Improvement of Sweet potato, Ministry of Agricul-
ture, Xuzhou 221131, China)

Abstract: The multi-functional protein encoded by C4 gene of sweepovirus is involved in the host symptoms forma-
tion and the virus movement. To characterize the C4 gene infecting Ipomoea batatas in China, the gene fragments of 24 iso-
lates from sweet potato were amplified by PCR and analyzed by SDT, DnaSP and so on. The nucleotide sequences and ami-
no acid sequences of the 24 isolates shared similarities of 73.3%—-100. 0% and 47.1%—100. 0%, respectively, containing
258 base pairs and 85 amino acids. Phylogenetic trees constructed based on C4 gene revealed that the isolates were divided
into two groups. Group I included most of the isolates collected from China and 15 isolates in this study, and was divided
into two subgroups. Group Il included 21 isolates from Genbank and 9 isolates in this study. The ratio of nonsynonymous mu-
tation to synonymous mutation (dy/dg ratio) of C4 gene was 1.53, indicating that C4 gene was under positive selection. The

mismatch distribution of sweepoviruses for all groups and subgroups except subgroup 1 shaped multimodal and jagged, sug-

gesting that the population/subpopulations were long-exist-
Wos B H7:2016-11-21 ing.
EEWA VL5048 A ARHE G (BK20140230) 5 [H 5 H 27 )lk Key words: sweepovirus; C4 gene; molecular
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faE " R UVE T E R R
— U BYMZIIR R R R L v
kB MEARIEACSFIEIR 3 ) H B R 29
20% ~ 80% ", & 2015 4F ICTV W3k _F 23 i B
BEFPAS H ok R H SR AR R A 11 DR 2
AR TR E R BT 6 RS R, A i
BRI EE (Sweet potato leaf curl virus, SPLCV)  H
FEl H 245 M- B ( Sweet potato leaf curl China virus,
SPLCCNV) ] B H 25 % % B ( Sweet potato leaf
curl Henan virus, SPLCHnV) . WUJI| H 2 & 0% 5 1
(Sweet potato leaf curl Sichuan virusl,SPLCSV1) P4
JITH 45 %7 2 (Sweet potato leaf curl Sichuan vi-
rus 2,SPLCSV2) M TG W H 245 13% 3% ( Sweet po-
tato leaf curl Georgia virus,SPLCGoV) ,

4 R ZHCH BRI T DNA-A 477,
KNG Ay 2.8 kb, i MR B AR A 7 AL 4R
Sweetpovirus F& K 2H 4 6 AT e SEHESE (ORF) ,
FIRERE [ 2 4>, 400 VIR V2, HAME 4 A4S, 5
B2 C1.,C2.C3 #1 C4, C4 Gy 8 (A 10 T AP 4h
FELJTEIE | 3% B 0 B B A A% N BF SR 45 SR A
A BUER T C4 EHENZUREN, 257
FY)E T AR SRR IR A I, 5 08 5 7 A 4 A4
WE A I A TR 12 5 5 5k I 2k
DLER A

XA 1Y 38t 1% 78 S 35 B 58 4 58 48 (Muta-
tion) , T ZH ( Recombination ) & i T 4 ( Pseud-
orecombination ) 55 J5 3 77 A4k, H b E 4 K R AR 2
UK By XUAE 0 15 353 1 22 Ak S8 1R R R 1) T AL
il Albuquerque 25 A3 A T B P H LA
WAL ZREVE S A, 25 R H U R
3 o 2 7 A S T SR B T I 0 BE 2 B bk
F I H U i B 1) H1 2H B TR i A ] g
[X ( The intergenic region, IR) A C1 JF i [5] 32 4E
[F] X 35, Zhang AU A g 7 A M &
B, SPLCV A 2 D E AR, 705 78 52 il kL 4 A
C2/C4 ZIHl, RuFE 534 SPLCV VI A% Z 4
PR 2SRRI, AR e SPLCV W /778,
T H A R g AR S TSR LR
BT REHE R N C4 HEH AR i o 4 /0 | k= AH
VL 358 4% 22 A 0 A Bt A O P R H 3 U i
BEELR G0 A S8 S 1 O IR RIS R AW 58 R
PCR §" 8 1 H F XUE 35 0 IR C4 ZE R P51

B e H R U R Y AR - AR 84y
T A, 0B T E XA RE C4 BN 71
AR S K 3B 22 25, D AT RO B TR 0 7 e B g
&5 i f L PSR

I BPR

1.1 #MRIRRF

2013-2015 4= VT IR A33 M 28 0 i P 0 5L /32
KB W IRBEHUR S H A R RIRE S 2R
B B B AR SERER . B S S
J& A BIFREL 0.1 g I H A 28U E] 2 ml K & 0%
o RN 2~3 6, 80 CUKAMRAT &, Kl
FFA /R DHS« DNA 43 bR 1fE DL2000 3406 H
bt E R e Y AR A BR AR, pMD18-T #{& . DNA
REMHEWA A TR (KIE) BRAHE, DNA
PEIGATR & F RARA R A RA A,
1.2 PCR # &% FF5iMNE

A GenBank % 5 (7 5 X 5 % i %1% &%
it 51 ¥, PW285-1. 5'-TAATTCGAACTGCAGTTC-
CGTATTTACAGTT-3' #l PW285-2: 5'-GCTAGAG-
GAGGCCTGCAGACTGCTAACGACG-3', 3k 158 F¢ %)
Ja AR AIME B BT H A e R R A
KW ¥ 5 B R 5 51 9 X, LCVF: 5'-CATGA-
CATTTTCAGCGGCCCAGTC-3" #il LCVR: 5'-GAC-
CCATATCCATTGTTATTG -3, M T AWM ( Fi)
FRAES M, FIH DNA $2BGR ) & B BCH SR
i &L DNA, DLEL DNA SO AREAT PCR 973

FH 1% B R FREE S HL KX PCR 47 38 7=k A 4G
W, 43 es w5 i R B, JF %45 pMDI8-T 4,
AL KA PR S A v, 28 35 A B 18 )5 12
HUSCRLIF 64T PCR S, BHE s e 2% 58 A4 TR
Y TAR (1) By A R w7 R 9 D A
BT BRI 3 ~5 AN FHEATIF A IE , 00
HEFRITH .,
1.3 #HiEaiE

PARA5 09 FE 5 4E NCBT |- 47 b %) Chitp://
www.ncbi.nlm.nih.gov/) , 34 FLXT 45 R T A G F
51|, ¥ SDT (http ;//web.cbio.uct.ac.za/ ~ brejnev/ )
AEREAT 5 HE X, SR MEGA6.0 %4 (htp ./
www. megasoftware. net ) "1 %) iz K i) £ 1 ( Maximum
likelihood , ML) F12p 4% ¥ ( Neighbour-joining , NJ ) 14
ARG AR, R RDP3 (408 7 AN, 43 ) 2



Y AF . v AR T C4 N4y FAE S Bk 2T 489

RDP . GENECONV , BOOTSCAN , MAXCHI , CHIMAE-
RA 3SEQ K SISCAN ) it 47 5 21 43 #7, & ] DnaSP
A S 25 B R A SR 7 ( Composite: maximum-likeli-
hood , CML) ***" 47 Z2 25 M J e % i 1 40 #r , MR AT
w ([ AE TR L FRAE (dy) IR SCZEAE (dy) 1Y HE 3,
dy/dg 15 1 B RN E £ 5 ], 5 35 P 25 S
w>1, WM IE ] (2R ) B4, 2, w< 1, N T 1]
(Zlifh) EHE =1, Pk,

2 GRS

2.1 HEWLERS 4 ERNTERFTISH

KA RYFE S, £ PCR ¥ 38 )5 L4845 24 44
B, H C4 BRI AT IR FE YA 258 bp , Zifd 85 4
FHER ., FIFH SDT & DNAMAN #4347 4% 1 R
P LEXT IS, 24 A3 B A IR — 3R R 73.3% ~
100. 0% ; 2 M —FHE N 47.1%~ 100. 0%, H
XU8_3 5 XU8_2 . XU11_2 5 XU12_2 S IR F &
HEMR— R f i, ¥ 100. 0%, XU1_3 5 XU8_3,
XU3_ 18 %5 #% H e A & 2 e — SR /A, 40 B
73.3% M 47. 1% (E 1),

0.30
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Fig.1 Similarities of the nucleotide sequence of 24 sweepoviruses

C4 IR — B AR B, 85 [ Z B RAVA 2
MRSFIET 3 LT R AL E 39 ~44 {1 SRELNP
K C K ¥is 66~76 {71 STADLLEEVSR,, FF 47 i F
PR 7 S 14 2 B 5 T 4, N AR AE B A/ B R B
48 ANFEARNL I, b7 B ALY 56. 54% , ¥R TR 24
B 45 (Parsimony informative sites) .

22 HEEBEWNLERSE /1 EBRSGHLSHT

4 NCBI b B s ARG 34T 13 91 AR H
B RSB C4 FED R RDP )443 M
UL ERRY, C4 A EREMATEL, UARE

AEHR B ( African cassava mosaic virus, ACMV) C4 &
B AREL FIH] MEGA6 51 NJ & ML VA R 40
T, 55 (1B 2) M, b H B 5 B C4
B A 2 AN (TR |, Hop A 15y B a4 v
B R HERUERR 5 B8, A5 15 A H
AR B T Iedli . IS5 R T 2 AN
(E4 1 FEA 2) , Hd WA 1 ARG SPLCV KA
WFFER 9 AN HERUER TR B, A 2 3 (46
SPLCHnV & SPLCCNV 43254, Hix 2 /NPy H 28
AR T AT B W BB R O — R, AR B SE XU13_1,
XU1_3 XU5_3 .XU3_17 . XU12_4 XU9_1 43 B4 5
BN—H T, HIEA 30 0B, 45
4 SPLCHnV , SPLCSV 25 K& | ¥ H 22 % i 95 75
(Sweet potato leaf curl Shanghai virus, SPLCShV) )™~
@H%%ﬂ‘l‘ﬁ%(Sweet potato leaf curl Guangxi virus,
SPLCGxV ) % EF, ABFFEAY XUS_2 5 XUS_3 i}
KJ013581 % SPLCShV 43 B W) 3Ry — 5 , o /v 85
55 KJ476508 % SPLCGXV 75—,
23 HEEHEVNERSESBYUMBESHESHT

T B SR R RS B 4 R
AR SRR S B 8 R B, BRI T o (8,
SRR ZFE d F dg Sy )R 0,227 F1 0. 148,
dy/ds R 1,53, KT 1 BITZEE R AL T 2 b e %,
RIVIE k48 , SEPR T AR 32 e 88 K

SyHT T ERUE R B B C4 FE R R T
OYATGE SRR, C4 2 T WA 4 B W A BC A A
ZIEHR VTR (&l 3a &1 3b &l 3d) , R WA B 5l 4
FE O S AEAEARAC B ) IR B3 3R A RE
B (B A F— AN S A, SRR 2 A, B
W1, H SN B, 53 A0 EARXT LA
WA — PR I 22 20 1 H 2 UL o 7 A R S R
REERBVRE (B 3¢)

HrPERG I 25 SR B W EH 1 Y Tajima’s D Fu &
Li’s DF Fu & Li’s F ¥PRTE(FR 1) ULPARIEE ok
WABEAL TP ok #a i, 4T LW 2 B
Tajima’s D Fu & Li’s D il Fu & Li’s F{EN1E1E,
WA FRE T 8 Ak T — A IS 48 RS B0 18 1 bk
B HE PEYKRT 0.10, HILEEAE &, A
ZH AN ZH B S bR AR Z 06 R 0.90 Db Brad 1T
AR ZFEE IR E] 0. 1, Al R WAL P IR 2 4
PR AR, (ES2 AN TR] 4 25 B0 20 =2 1) 1 4% 4 R 2w
EAR (R D),
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Fig.2 Phylogenetic analysis of C4 gene of sweepoviruses in China



Y AF . v AR T C4 N4y FAE S Bk 2T

491

0.08 016
0.06 0.12
e 0.04 £ 0.08
R R
0.02 0.04
0 1 | 0 ! A J
20 40 60 80 20 40 60 80
0.16 016 4
0.12 0.12F
R 0.08 = 0.08
= i
K R
0.04 0.04
0 10 20 30 0 20 40 60 80
WA P 4 2 A WAL TR 75 28 Sl

— WAL T 81 2 S BEAR 43 A1 H

a;gﬂ I H béﬂ[[ ;c;IlZ?E l,dﬂﬁéﬂ 2C
B3 HENERSASTARSBEYRERFIEESHE

— WP TR 7922 5 S oA {E

Fig.3 The frequency distribution of the nucleotide sequence mismatches for groups or subgroups of sweepovirus isolates from China
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Table 1 Neutrality tests, haplotype and nucleotide diversity of each population of sweepoviruses

/W40 Tajima’ s D Fu&Li’s D Fu&Li’s F ARG RAR A Z R AT Z R
41 -0.261 01 0.696 42 0.389 13 0.982+0.007 0.077 36+0.007 84
W4 1 -0.837 65 -0.517 74 -0.753 52 0.978+0.011 0.034 20+0.002 25
W4 2 1.231 28 1.114 93 1.322 43 0.905£0.054 0.096 42+0.006 84
411 0.037 98 0.988 88 0.794 43 0.938+0.027 0.101 77+0.019 64

3 i KEBI AT 73 B W) A FE N 15 AR B

ARAIFGT 32 BR A F B v S ALRE R AR
I H S A g 75 P PR R 100% , i85 PCR 474
PART 24 DRUERREE ST B C4 FEH T 5, B
B IR — BRI a5 R W, 24 A3 B WAL IR AN
B IT )L R R, —BORA G, UHIE XU1_3
55 XUB_3 %543 B W) —BURAMR , S AR — BURAE 50%
LT, HE R —SBCR T i 5 H I A ¢, %
R S RER AT A O FE R A A5 5 5 Rk
R AR RS R A G, 5 i — 20 19 D g 1 0 90 ik
XU, A 7 S R ) R Sk
oy R 2 A T ok T 2 N A b

SYEY), XSy B ) 2R SPLCV , 1154 SPLCHnV
Ko SPLCCNV £/ 1 2h 1 A3 09 b S 8 2 Fh A
Fei 2%  Hip SPLCHnV #4370 B B F it v,
FIRER T C4 JERAR 5 K, S R R B 17 R 8 748 %
15, B R — R — 2 4 B [ — 4

A G A s R, o H A g R
() C4 FERIF AR KA TYL, 1R AL A 51 C4 FH
ARSI EE R I H R IR B 22 A8 5|
T RS AR, BV E R 548 KT A L5 AR,
dy/d KT 1, LR T 7K AZ 93 86 5 ) K, Ak F 1E 17
(ZHAb) T
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