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Identification and genetic diversity analysis of sweet potato virus
in Fujian province
LI Hua-Wei

Crop Research Institute, Fujian Academy of Agricultural Sciences, Scientific Observing and Experimental Station of
Tuber and Root Crops in South China, Ministry of Agriculture, Fujian Engineering Research Center for Characteristic
Dry Crop Varieties Breeding, Fuzhou, Fujian 350013, China

Abstract: [Background] Virus infects sweet potato plants, and causes serious economic losses frequently in
Fujian province. There may exist more than one species of sweet potato virus. [Objective] To determine the
sweet potato virus species and prevalence in Fujian, and analyze the genetic diversity of the main viruses.
[Methods] Viruses were isolated from samples with viral diseases symptoms from different sweet potato
production areas in Fujian province, 14 pair primers of viruses infecting sweet potato were used to detect by
PCR or RT-PCR. The PCR amplicons of SPFMV (sweet potato feathery mottle virus), SPCSV (sweet potato
chlorotic stunt virus) and SPLCV (sweet potato leaf curl virus) from selected samples were cloned and
sequenced. The alignments and phylogenetic analyses were performed with the MEGA 6.0 software package.
[Results] The results showed that 12 virus species were detected infecting sweet potato in Fujian, of which
9 were RNA viruses, including sweet potato feathery mottle virus (SPFMV), sweet potato chlorotic stunt
virus (SPCSV), sweet potato virus G (SPVG), sweet potato virus C (SPVC), sweet potato virus 2 (SPV2),
sweet potato chlorotic fleck virus (SPCFV), sweet potato latent virus (SPLV), sweet potato mild speaking
virus (SPMSV), cucumber mosaic virus (CMV); and three DNA viruses including sweet potato leaf curl
virus (SPLCV), sweet potato symptomless virus 1 (SPSMV-1), sweet potato badnavirus B (SPBV-B). Among
179 sweet potato samples, SPFMV was detected in 90 samples (50.28%), SPCSV was detected in 75 samples
(41.90%), SPVG in 64 samples (35.75%), SPVLCV in 44 samples (24.58%), and CMV just in five sample
(2.79%), however, no samples infection was detected for SPV-2 and SPMMV. Mixed infections of
2—-6 viruses were common (85.61%) in Fujian. The analysis of phylogenetic relationships showed that
SPFMV isolates mainly belong to strains of EA, O and RC, SPCSV isolates mainly belong to strains of WA,
and SPLCV isolates were divided into two groups. [Conclusion] There were many sweet potato viruses with
complex infection models and genetic diversity were proved in Fujian province.

Keywords: Sweet potato virus diseases, Identification, Compound infection, Genetic diversity
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H2[Ipomoea batatas (L.) Lam.J& M F45H Kk
HEVEY), 34 TS 100 24 EE AKX . TR
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30%-500, H B4R PR H 5090 w00 3 s 41 2k Gk
40 12eB4,

RO AL ENNRRMTENRER
327, MR T 9 ARIPL S UL RNA fi s 322
AL E Y WiEE i BE A T B PIRBE RN
7% (Sweet potato feathery mottle virus, SPFMV), H

LRI BE 55 %5 75 (Sweet potato mild speckling virus,
SPMSV). 2Bk (Sweet potato latent virus,
SPLV) . H % G J%#%(Sweet potato virus G, SPVG),
% C 55 (Sweet potato virus C, SPVC) 5 Fjif¥l,

BV 5 B A H 25 4 4% 4% b 9% 5 (Sweet potato
chlorotic stunt virus, SPCSV) 1 . #JIAE M5 55
J& 1 % I AE %5 % (Cucumber mosaic virus ,

CMV)E™), DNA #2045 3 6.4 6 AL i
J& i H 245 1% B (Sweet potato leaf curl virus,

SPLCV). H 2+ [# #4557 (Sweet potato leaf curl
China virus, SPLCCNV)#IH 2 7% f W il -5 B¢
(Sweet potato leaf curl Geogia virus, SPLCGoV)
3R, Pl FEHEE AR 15 FiH %
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T, AR AR 7 N H S KRR, RE
S TERE N, FIF PCRIRT-PCR %5E 7 ¥k, X fa st
T S EE I R S R 2 A TR U RN 4, LA
A T S HEE I B 2 AR SR A
1 ARSI
1.1 HiRsrs. EERFIFNEE

VR AR A T AR X AR . L SR TR
Fro H TR WM T AN MK A O A H S
H 2 1 & LR I O o TR B R A H B # LA & TG
FE PR (F ) () H 2t o FE i, A B 48 [l 56
TR VR AL B PR T AR

RNA #HURA ] &1 (EasyPure Plant RNA Kit)
DNA $2EUR 7 £ . cDNA 254 17 £ (EasyScript
First-Strand cDNA Synthesis SuperMix) . PCR
SuperMix. DNA P=¥2lifbidsnl & . ok 2lifh i)
&3 A 2 XAV ARG BRAF . ABIBEEE
PCR Y, FEER KRB (hENARA W 5 BB
1% %%, VILBER LOURMAT 2Arl; 7K EHIKAY,
TS —AERHE AR AT,
1.2 HERSZHEN
121 1E¥E RNA 5% DNA BY4RE

B RNA $2BCR AL L 2 A U HE AR A B

oA A B RNA SR BURH G, #e BCHARAE D IR
FRIBCH AL S A RNAGKRE Y DNA $RECR
FE Y 5. DNA $2HU57) &5 (EasyPure Plant Genomic
DNA Kit), ¢ FUHARAE A BRPEIUH 2019 5 DNA,
FATHE RNA F1LE DNA FH 19350 5 BHEE I B, Tk A
MR, T -80 °C fAER .

1.2.2 cDNA &

cDNA & 2 b X e ARERA
F) S SR &G R — 4 cDNA 5 B, cDNA %
M T J5 221
123 5|89t

MR8 4 18 1) 45 G H 8 A A [R) 5 2 1 A6 5 |
VI A4 BB 5 190, 76 NCBI R 3R B Sk i H
B R AR A A, AR AR S R A B
Primer Premier 5 3K {4t 519, 5140 H AR i I
HEYEARARAFG B, 5197 1.

1.2.4 PCR #1 RT-PCR ¥ 1&

DU 25 5 DNA AR #EF T DNA Ji#:1) PCR
P4, PCR JZ iK% (25 pL): 2xEasyTagq PCR
SuperMix 12 pL, & DNA #i#iz(50-100 ng/pL)
2uL, 1E. FE514#5(10 pmol/L)4% 0.5 ul, KK
#MEZE 25 pl, PCR Ui %544 : 94 °C 3 min; 94 °C
30s, 50°C30s, 72°C1min, 5&IEH; 94 °C
30s, 54°C30s, 72°C1min, 25K{EH; 72 °C
10 min, 4 °C {#ff.

PLRUE% 5%k cDNA SHBR 1T RNA K5 8 1Y
RT-PCR #" 3. H— [ WiIAF (25 pL): 2xEasyTaq
PCR SuperMix 12 pL, DNA 5 cDNA ##z (50—
100 ng/uL) 2 pb, k. FiFE5149(10 umol/L)%
0.5uL, KAMER 25 ul, =H WA ZR (25 ul):
2xEasyTaq PCR SuperMix 12 uL, DNA =¥ cDNA
FiH(50-100 ng/pL) 2 uL, SPFMV . T84
(10 pmol/L)% 0.3 uL, SPCSV I . Ty
(10 umol/L)%& 0.8 uL, SPVG | . Fisl¥
(10 pmol/L)4% 0.5 pL, 7K#ME % 25 ul. PCR S
%A% 95°C5min; 95°C30s, 52-60 °C 30 s (H
P51 Y0018 KGR B PesE 52-60 °C), 72 °C 1 min,
30 MEFF; 72 °C 10 min, 4 °C {#1%.
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# 1 RT-PCR #1 PCR #&il JL#H 893149

Table 1 Primers for RT-PCR and PCR detection of sweet potato virus

T Gk 2] N B P37
Virus Forward reverse primer (5'—3') Gene Fragment (bp) Sources
H 2B B i CGGTCARATTGGAAGGTA hsp70 304 [19]
SPCSV TTCGCTATCAAAGAAGTRTC
T B PR BB e B TCCACCACCCACAATAAC cp 601 [19]
SPEMV ACGGTTTCGCATCTCTAT
H® G fHer ACAGGACCATTACCACCA cp 433 [19]
SPVG AATCTTCCCTGACACCCTC
HEE 2 B ACGTAGCCCAAGGCAAGTTA cp 275 This study
SPV?2 CCATTTCAGCATCAGACACCC
HZ C e AGGGCCGTATACAGCACCAGA cp 526 This study
SPVC CAGTWTGARGTTGCRAACACCCG
HE Cc-6 i AAAAGCTTGTTGGCAATTTGTG TGBp2 591 This study
SPV6 TTGGCATTTCGATTGTCCC
H B e 7 CCAAATATCAATGGTGATTGGGT cp 420 [12]
SPLV CCACGCATTCCAAGTAGTGTGTGT
H 2R RIBE SR CTATGCTGCTCACTCAAGC cp 600 [20]
SPCFV TTGATTGGCCACAAGCGAAG
T 2R 4 R B ACAGAAGGCAAGGATAAGGG cp 954 This study
SPMMV ACATTGGCATAACCAGCAGT
H 2R RIS s 7 GCTAGTACTGGGGTAAATCAA cp 1100 [12]
SPMSV GTTTTCCCAGTCACGAC
AL B ATGGACAAATCTRAATCAACCAG cp 657 [12]
CMV TCARACTGGGAGCACYCCWGAYGT
HE GGAACAGGCATTAGTTAGGA cp 161 [21]
SPLCV TGCAACGCAGAGTCTGATAT
HETCAER 1 58 TTCTACCTGGGATGATGT cp 366 This study
SPSMV-1 GTATTTGGGAAGTTCTGG
H 2Pk DNA J5#: B CAACATCTCGGCAGTAAC cp 307 This study
SPBV-B TAGACCATCCCAGTCCAA
WS L T IE IRMBIRIER FRIk 2 SR EAM

(GenGreen H), HLUKZE vk 0.5% TBE 22 i,
7E 120 V L JE T HL bk 35 min, BER RSO ESA IR
1.2.5 PCR E=Y¥IBIRE R FHIS

22 1%BUIRRHEER B UKRIN S, DI N Re e R
B, AL 2N a B ER A vl ryE A DNA
afifb G ST alifh, sifbEiEEER T #k
F, BAL KT, 4 PCR WiIE 5k 4a M i 0 A
PIEARA BR L "I o W5 58 BUG #4750 7E NCBI
JErhiErT BLAST LX), #H] DNAMAN # AP
JEFFIH MEGA 6.0 FEHEFT RIREE 0 H, R
F 4% # 1= (Neighbor-Joining method) F 2 {H
(Bootstrap) 1 000 A4 # R G kL1 .

21 HERHHFWHEEREEZEBE

SRR 7 AN X B H e A A T T A
P, JAEZEAER, HE R i R AR R
FERIUNRIME . R, TR
WA MR AR FERBUAAENT . A4 . B
Jik K KR A i BRI SRR (B LA,
FEEZ I R EER . SEOTRERK

CEATA SR, 7 A H S XA H S 5
I3 R I 5%-95% ,  Hir LSRN ML IX R S5 K e
R R S s 95%, T . . EMNA
PRI, =MW TR A AR AR, AE
R L A 5%,
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Figure 1 Symptoms of sweet potato virus diseases

22 HEMRBREMAEEN

Jil SPCSV., SPFMV, SPVG. SPV2, SPVC,
SPC-6. SPLV. SPCFV, SPMMV, SPMSV ., CMV
SPLCV. SPSMV-1., SPBV-B 14 FiH S EE ik
S| W XF R A 0 H B BE AL L YRR G E AT
RT-PCR F1 PCR i, A& 3] 12 FhH E055E
f13% 9 F' RNA J5EE(SPCSV. SPFMV. SPVG,
SPV2, SPVC. SPLV. SPCFV. SPMSV, CMV)
1 3 F DNA 52 (SPLCV. SPSMV-1, SPBV-B).
12 Pl PCR P IS 4015 T — e H 04
i, SR R/IMES B BRI/, B
PCR ¥ 14 H1 1K € WL I8l 2A—C., *[3K75H PCR Bt

AR K

Sector Reticular

fEm

Mosaic leaf

AT, FERE . P AIIAE K BLAST 40, 4523
W], PCR ™4 55 AH N B A2 AT IR T 51— Bt
¥k 97%L |, FW] PCR AIHEPE,
23 EEAHERSHLEERSH

XFORAE T AHLX B H SRR 179 kAT
RT-PCR 1 PCR #ailll, 45530 179 /i HE4E i
H A 139 (UL T B B , PR 77.65%
H SPEMV ., SPCSV #il SPVG #6: i #f i, 331l
41 50.28%. 41.90%. 35.75%, # Kz BIMRIK
J& SPLCV . SPVC,SPLV ,SPBV-B.SPV2, SPCFV,
SPMSV . SPSMV-1, ¥ 2% 4%k 24.58% .
24.58% ,23.46%,21.23% .17.88%16.20% ,14.53%
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Figure 2 Single and triple PCR detection of sweet potato virus diseases
H: AFIB: ¥—PCR; C: £ PCR.

Note: A and B: Single PCR; C: Triple PCR.
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TE 139 Oy R B A= Y H B i i i, 1 el
i B IR YL A 20 1, N 14.39%, 2 Rl % LL
TREEIZ YL RORESRAT 119 6y, /i 85.61%, 2 FlvksEE
124tk RNA i #:£ ) SPFMV., SPCSV., SPVG.
SPLV. SPVC, SPV2 HiftLrp 2 Pl A 12 4L
R F, HAPL SPEMV Fl SPCSV B &= U N
W, i 2 PR EE A A2 YL 68.75%., DNA i & L
SPLCV. SPBV-B Z & RYHKF. 3FEER AR
YL 51 15, i 36.69%), 3 R HE LI SPEMV .
SPCSV. SPVG. SPVC. SPV2, SPCFV H
3FMRYAE . 4 FRTEESRINA 26 ., &

18.71%, 4 P e F LA SPFMV, SPVG, SPVC,
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potato viruses
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Figure 3 Detection rate of different sweet potato viruses
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Figure 4 Distribution of sweet potato virus diseases in
different areas
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25 FERBEEZHMEST
K& SPFMV . SPLCV Y cp £:[X A1 SPCSV Ay
hsp70 2 Rl A2 R 18 70 122 S 18 100 v K1 43 AS [R] )

JT 1R

PEZR I, M NCBI H N HGER SPFMV .
SPLCV [ HLAEIRE R 1Y cp M1 SPCSV 1) hsp70 L[

MRS AZ T IR P51, Bt N 2R AT IR 91 A AT
T B IR oy B AT IR )T 5, A2 3
MEGA 6.0 tEA[F 421 RS0 & B (E 5).

MREBEATLLE ), A 6 4 SPFMV 43453
BIERAE] RC A (MR R) . EA KR (RIEHR)

il O BRREFEARR) (K 5A), ULHIHREA A1
SPFMV 3 Rk R, By EE XS R 50 #r
SPFMV LI RC #1 O ¥R &R K &, 7351l i 60%7F1 35%,
EA ¥k %5 15%, SPCSV 432y 23] WA tk
R(PUAEHRR) (Bl 5B), EWIfREEA SPCSV {UAFTE
WA HRR, BREH EA BRRGEGIER). R4k
AW E/R SPLCV tWESEYIE 2 MR R (A
5C), SCHGEM LAY KA G E) SPLCV 4
BYZ BRI R, DR A4 SPLCV f£7E
WL A

71; Sweet potato feathery mottle virus (AF015540)
8411 A Sweet potato feathery mottle virus (FJ03-KJ486595)
A Sweet potato feathery mottle virus (FJ04-KJ486594)
Sweet potato feathery mottle virus (KY296451)
79 Sweet potato feathery mottle virus (KP115610)
Sweet potato feathery mottle virus (F1867904)
Sweet potato feathery mottle virus (AH013774)
Sweet potato feathery mottle virus (FJ795764)
A Sweet potato feathery mottle virus (FJ05)
Sweet potato feathery mottle virus (KP729265)
Sweet potato feathery mottle virus (AHO013779)
90— A Sweet potato feathery mottle virus (F106)
91 Sweet potato feathery mottle virus (AB439206)
]00|—|:'wcct potato feathery mottle virus (MF572056)
Sweet potato feathery mottle virus (EU809488)
Sweet potato feathery mottle virus (KC771331)
99 A Sweet potato feathery mottle virus (FJ01-KJ486597)
79— A Sweet potato feathery mottle virus (F102-KJ486596)

53

100 RC

97
EA

50

96

0.005

61 | A Sweet potato chlorotic stunt virus (FJO1-IN131554)

58 | A Sweet potato chlorotic stunt virus (FJ02-JN131555)

53 llSweet potato chlorotic stunt virus (KC888961)

- Sweet potato chlorotic stunt virus (KC146841)

A Sweet potato chlorotic stunt virus (FJ03-JN131556)

A Sweet potato chlorotic stunt virus (FJ04-JN131557)
Sweet potato chlorotic stunt virus (MH264533)

ﬁrSweet potato chlorotic stunt virus (KC888964)
Sweet potato chlorotic stunt virus (KC243097)

Sweet potato chlorotic stunt virus (HQ291259)
Sweet potato chlorotic stunt virus (EU124490)
Sweet potato chlorotic stunt virus (GU127632)

Sweet potato chlorotic stunt virus (KC243099)
50! Sweet potato chlorotic stunt virus (KC146842)

WA
70

100

EA

0.1
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Q:Sweet potato leaf curl virus (FJ176701) Jiangsu
99 Sweet potato leaf curl virus (JF768740) Zhejiang
I:Sweet potato leaf curl virus (HM754637) Korea
100 Sweet potato leaf curl virus (FJ560719) Korea
90 Sweet potato leaf curl virus (KF040465) Henan |
A Sweet potato leaf curl virus (FJO1-KT202303)
Sweet potato leaf curl virus (HQ393453) USA

Sweet potato leaf curl virus (HQ333139) USA ]
Sweet potato leaf curl virus (HQ393463) Brazil

Sweet potato leaf curl virus (DQ644563) Shanghai

58

Sweet potato leaf curl virus (JQ349087) Argentina
Sweet potato leaf curl virus (EU267799) Yunnan

Sweet potato leaf curl virus (JX050195) India

Sweet potato leaf curl virus (EF456744) Spain

Sweet potato leaf curl virus (JX286655) Guangdong m

100 Sweet potato leaf curl virus (KF040464) Shichuan
W‘_’i Sweet potato leaf curl virus (KF040466) Shandong
— 94

0.01

A Sweet potato leaf curl virus (FJ02)

5 Neighbor-Joining ;%#J3&#9 SPFMV. SPCSV. SPLCV RE A BMIH O EREFINN R KL B #
Figure 5 Neighbor-Joining phylogenetic dendrograms based on the partial nucleotide sequences of different SPFMV and

SPCSV and SPLCV isolates

TE: A AR AEY. A: SPFMV; B: SPCSV; C: SPLCV. &5 NIT5 AIFHIM GenBank %5k 433 L%
/R 1000 K EL GBI EREE; ARRFIR 100 MEERR A 18k

Note: A: The isolates described in this study. A: SPFMV; B: SPCSV; C: SPLCV. Numbers in parentheses are GenBank accession
numbers. Numbers at the branch points indicates bootstrap values obtained after 1 000 replicates; The scale bar corresponds to 0.01

substitutions per nucleotide position.
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(1) 12 P B, 3X 4 TS XA E s K X
s e B S e U P £ I G SNt 2 I
M AR, Horp = I XA B 7 Rl R, T
T2 1t DX RGN 1) 4 i 2 , T M) L DX P B Pl 28 48
M, HRGE 8% Y EEEN SPMFV,
SPVG F1 SPLV 3 Fviig#i, X 3 NTH 5™ X )i g
Biif SPEMV 1 SPVG, [l st B 1- HA s 3 % A .
FERAE) 179 REM R, 139 ARSI 2] 12 Fif
HEWEE, RNAJEE 9 fl, DNAJKEE 37, i
KoK 77.65%., ABETEAS H R EEFI I 2+
Frap 20 (012) R B AR ARt H 55 6 Fh, Xie

S0 Q013 A H BN 7 R, ARR
U8 (2016) K B AR HEAS Y H SR A 11 F, i
Bl T As 4 B AR, S B80T T S R
TEBAESG N A TN | AL 4K P | fa 3 ™,
K] b 25 i XA 55 o B ol v 8 3 3 R v i 5 s 7
ORI, 7 Lk o AL

T H B Tot BIEAEY) | 45 5 IR e B it
LR EE AR R B AR AR 2 A R R e
B WF R ACHERIAERE A B BARRE A E KL
FEYEALAE , Z PG I =X BUOH v AR 2 Al i
ARG AR B 12 Rl RE R SPFMV
SPCSV. SPVG. SPLCV. SPVC. SPLV ¥ i
w, X RIS R T HRE Y MR
(SPFMV. SPVG, SPVC. SPV2, SPLV), 1544
Y R RS TR LIR . F tR m LR,
DK] S A RIS HH o A v AT 2 B K 2 RB L E3i
BEARY, EHEYSREY 85.61%, HM{ZYL
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WA 7 14.39%. [RIBFASBIF SR SE 2 % 7 A~ HiL DX 1Y
HER R T REMEE , RIAFREEETT
M AAFAE—E M Z S, SPFMV Hl SPVG 41l
7, AT AT X R RN 2] SPEMV Fil SPVG
FEAE, KRR SPCSV Il SPLV, HA7E N A1y
PRI FX 2 Pl s, oAb XA R, Uil
X 4 FR B AR A TR EE . 11 CMV HAE SR
ML T AR A A, oA DR SRS
[Fi) by DX P90 B A AE SRy A A (R I 100, IO TSR A T
BERIHE , b7 1 BE A3 AR A, SPV-6 A SPMMV
TEFTAT 77 ARG Y, 3 FILAAE A 4E AR d ke b
RAGI H SPV-6 F1 SPMMV 25—, it JLAE
SPV-6 1 SPMMV FEFLIE (mfdL . Pl iR ¥
P A BT R AR A R T AL SPV-6
1 SPMMV K HoAtg 5 14 I itE— 2B 0F5E

H =5 #05 (SPVD) & SPFMV F1 SPCSV B[]
UG RR), H#—HE&Y SPVD 2 il K
o, PR AT RS 4, SPVD FE T AT
PRI R, RO A T R AN E
— 520 g [ [ 4HGE 2 SPVD LUF , SPVD 7EH
[ H 2 X A R A AR I P e Rk
FEli i E B SPVD RYMH X Z—, A
i SPVD TEfR A H B X b S hm, BR
EEMIBAT K E] SPVD B KA, HiAlh 6 ASHIIX
i SPVD, 1581 SPVD B &R R i T8
AT . FILA IR EINRXS SPVD FEGIZTE
WF= X AW, B 1k SPVD i AFIFEHE

W RE R AL 70 S Rl SR 28 A | dA,
DR 9 A5 FH i 20 25 S B0 B VR R A T I R | TR
M ARG FI T HAE A7 F 0P K AR R 4 4]
115 R B AR 5, DR G SR R S A TR R A
FIF R B GO SR AR B R 0 A
SPFMV %14 RC., EA 1 0 3 Mk %, SPCSV %il4>
EA Il WA 2 MR R s W,
H# I SPFMV {775 ik 3 ik &R, SPCSV #ifr
AR K WA, A58 %8 (1) SPEMV 23 B Ptk k 43

PR EE LR 3 MR, S48 (2016)4
HARES YR EA BREE KRS, UMY
SPFMV st 45 8 0% . ) SPCSV 153
BIE AT R E] ik WA VRR, RETIE] EA
RF . SPLCV 4 &5 Witk Ak /3 BT R 2531 2 Mk R A,
For 2R AR L )4 B SRS R R EGR, O)
— ARG | 2 E W YRGS R BGE , UL
AR WA T R I IR A A I A RS S R I EAE
o DRI 0 BT A T S A T S A A
W, % IR LA L, HE BB IR EOR
it

ZiLRTIR, BT REE T BN ERR R 2R,
ZRHEA R RE R AT R T R A BT
b, BHEESH IR, e Rk, 1
R H 5 295 ) 7 M R o TR0 7= w7 T o i ol
YR, WA R RN, B AR S e 7R
HR B 1545 .
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