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Abstract: Sweet potato badnavirus, collected from Hunan province, were identified by Small RNA
sequencing , and got 161 contigs homologous with the SPBV-B sequence. The target fragment of 706 bp was am-
plified by PCR ,which was 78% homologous to SPBV-B(FJ560944 ). Three fragments of Sweet potato badnavir-
us B sequence, whose length were 3 150 bp,2 900 bp and 3 500 bp, were amplified by SPBV-BF1/R1, SPBV-
BF2/R4 and SPBV-BF5/R5 primers, respectively. Two complete genomic sequences of SPBV-B, 7 894 bp
(MK052980) and 7 981 bp (MKO052981) , obtained by sequence assembly, contained complete ORFs. Phyloge-
netic analysis showed that MK052980 ,MK052981 and SPPV were in the same group with 81% and 83% sequen-
cing similarity, respectively,and shared 86% and 94% homologies with SPBV-B, respectively. MK052980 and
MKO052981 were 89.5% sequence similarity. The ORF3a amino acid sequences of MK052980 was mutated by
sequence alignment. It's the first report the complete genome sequences of SPBV-B in China.
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H2 (Ipomoea batatas) F& B E MR ZEZR1EY)
Z— W AR ARE Tl R B RE TR T
WRAEY), T2 H BRI, H 30 52 2P0 2m 1Y
2,

RYH E G A 30 2R HRTE %5E M
g A H B RS B b 2 ( Sweet potato chlo-
rotic stunt virus, SPCSV ) >4 H B PR B 58 5 25
(Sweet potato feathery mottle virus, SPEMV ) >
H 2 il i %5 7% ( Sweet potato leaf curl virus, SPL-
CV) ™ H % ¥ 5% 7 ( Sweet potato latent
virus, SPLV) "2 {2 G 57 ( Sweet potato virus
G,SPVG) '™ H 3 C f5# (Sweet potato virus
C,SPVC) ™) H 358 2 ( Sweet potato virus 2,
SPV2) ) HEEESE R EE 1( Sweet potato symp-
tomless virus 1, SpSV/1) 22 H & 0 ik 45 25
(Sweet potato vein clearing virus, SPVCV) */ H
A% R BE 05 9% B ( Sweet potato mild speckling
virus, SPMSV ) " H 2 % I BE 5% 9% 7 ( Sweet
potato mild mottle virus, SPMMV ) ** H 845 25 i
Ji%5 1% ( Sweet potato chlorotic fleck virus, SPCFV ) '®
HEEAE MBS AL 9% B ( Sweet potato collusive virus,
SPCV) "™ H 2 4 Jik 5 # ( Sweet potato golden
Korea vein virus, SPGVKRV ) "' F1 H B 1R o5 75
(Sweet potato pakakuy virus,SPPV) **

SPPV L FK & Sweet potato badnavirus
(SPBV) , J& ALHESEAC M 2R} ( Caulimoviridae ) FF
IR DNA Ji5 2% )& ( Badnavirus) , i1 4 i A1 57 g1 DL
ety LR . 52 SPPV R Yy H EHE AR T

Fig. 1

FERBR BN 2 Bl A R AL R YL A RE IR >
Kreuze 2% T 2000 4E B % E ) SPPV, K/h2y
7 500 bp, £ 52 % () ORF1 ,ORF2 Fl ORF3, I %I
2017 4F4RIEIRTS SPPV &R HALF3 , K550
8 082 bp £ 7 961 bp, fU 7 4 /> ORFs''', Nhlapo
42028 Gu 2212 Mbanzibwa 273 1 Qin'®! 254
I SPPV R 51 i BdJP 4

H S B A I A 455 5 s AR A TN | I 2 R
D 2 R WS¢ AKX TR 28 TR 1S A H R
PCR ¥l | ¢ 5% % B PCR K5 I 5 96 J3 0 5 45 5%
AT TR PHAR B R R ARG RN R R I B
(R A AR 4 AR L 22
R B ot U S v B 55 5 BT, X
PR LG Ty 1 B W i R
W EEVRBE N B Kreuze £ R4 IE, 3% & Small
RNA W 7 46 A N FH T 45 9 87 s 35 56 8 19 i 5
B,

AHFFERT R H AV KN BB BH 45 b 1) H 2 R
JEIRREA EAT Small RNA JEBE I T, 5 76 B
ZARYLH A SPPV R Sy H 2 B B 45 S At
HSAKE

1 #RERE

1.1 ##l

2015~2016 4F RG> BRFH AR 7k I 25
HRAE 6 (n RIM M RBER B 4n SREE M2 LG
SREAAR Y TR J /N 45 8 DU 1 0 IR S AT R B
(El1).

Sampling symptoms of sweet potato virus disease in the field

A:Sweet potato germplasm number 2015432322; B.Sweet potato variety Xiangshul6; C. Sweet potato germplasm number

P430581013; D: Sweet potato germplasm number 2015431119; E: Sweet potato variety 15-13-7; F: Sweet potato variety Zi-2.



792 FEYIIR PR 49 4

1.2 Small RNA il 5B 4547

WRERH Ert i R EIR S, H TRIzol i 7
(Invitrogen) $& BB RNA | XFREAS 17 4lifk , i 1k
18-30 nt K/ Fr B, 13442 5 stk |3 tindze 3k
RT-PCR ¥ 3% , 5¢ /)y RNA W7 SCPE A 8,
Ilimina HiSeq2000 SE50 ¥4l

Small RNA =38 # | /¥ I 13 50 ( HiSeq ¥
) .35( Solexa - 3 ) ik & < B 1 ) 51, i 1o 2 4%
K EARET A, VT Y AF AR 50 A Ab AT 2
Clean data , XJ 47 57 914K BE 40 A 09 Ge 1 F A
EIAILFHN G, B clean data #E4T /028 B, 4k
R A & RNA 410 Sk (5 B, ik i
HRVEBE R BEIEAT novel miRNA ) FI 78 )2 A
FPZFEON A A B A R wl AT, R4
AR Velvet X miRNA H )% reads #F77T 41 %%,
2025 5 1 reads 73 ) SR non-redundant 3%
YA uniprotein AT LX), Evalue {HIXE 1e™

1.3 SPBV EE£F7I%EE

FH o) SR £ 5 () e /D i e BT (B T ) 4844
WO BE S A H 0 R, $i B A L 41 DNA $21HK
) & (DP305) $2 HUH #2120 DNA, #R¥E
Small RNA Il #4553 | Ff NCBI-blast fii %t 5 SPBV
AR 35 s 0 e 9, et /N B 3551 (£ 1)
BUH 0 4L DNA 4% 3 ng AR, F1 /N BeP™

W8 5] 9 4 4 SPBV-F1, SPBV-R1, SPBV-F2 |
SPBV-R2 SPBV-F3 SPBV-R3 #f 1T PCR #" 4, 10
pL VAR Z A . DNA #i (1 wmol - L™ ) 0.5 pL .2
xEasyTag PCR SuperMix 5 pL. I #5149 (10
pwmol-L™) 4% 0.5 pL,ddH,0 #ME 10 pL, 2 5%
424 . 04°C HiZE 1 5 min, 94°C A5 VE 30 s,58C B &
30 s,72°C #Ef# 1 min, 72°C #E# 10 min, 35 MEFF
FH 1% B R BB EA TR KA . 28 PCR 973,
Yy al 5 5 PMD™18-T Vector 4%, 4k IM109
JRAZAS UL 97 18 FH PR SR I P 2 e LA T AR
Y TRARARH#HIT,

2 /N B B S e T 8l SPBY RS,
¥it51 % SPBV-B-F1, i Small RNA il ¥ contigs
55 SPBV HAG AH I 19 )3 51 L X 43 T, oy B ke it
SPBV-B-R1, SPBV-F2, SPBV-B-R4 , SPBV-B-F5 .
SPBV-B-5R &K 4 #4549 (£ 1), PCR i 1A %
T2CHEAH 4 min, HA R0 S5 5 Ak %5 5 Koy
A I

1.4 K54

J¥ 5 | Blast #E 17 Lt X}, H1 MEGA6 %K 4 %}
Badnavirus [ 2 5347146432477, Fi] Neighbor-
Joining kW R E LB MW, 9 L0 7 F
Bootstrap A 1 000, JT] DNAMAN fif4= £ K 551 4%
FREE

Table 1 Sweet potato badnavirus amplification primers
Primer ) . GenBank Primer Overlapping
Primers sequence (5'-3") Size/bp i . )
name accession position/aa  area size/bp
SPBV-F1 AAGAGGTCCCTGACAGTAGAGT 538-736 FI560944 153
SPBV-R1 AGGGTCATAAGTAAGGGTAAATCCGA 685
SPBV-F2 GAGCGAGTATCAGTCTGTAAGT 538-736 F1560944 82
SPBV-R2 TCATACCAGTCCTGAAGGGATTTCTC 743
SPBV-F3 CACGACTGAGCCGACGAT 538-736 F1560944 14
SPBV-R3 CGAGAATCATACCAGTCCTG 749
SPBV-B-FI = TGGTATCAGAGCGAGTATCAGTC 3150 F1560944 1-3233
SPBV-B-R1 TGGCCCATGGTTGTATCTTC
SPBV-B-F2  AGGAAAGAGGGTAACCCCCT 2 900 FJ560944  2987-5890 246
SPBV-B-R4 GAGCACCATCCTTTGCTTGC
SPBV-B-F5 CGCCATCAATGGCAAGACCA 3 500 FJ560944  4395-7903 1495
SPBV-B-R5 TGTAAATTGAGATCCTTATA
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2 HREHH
2.1 HEMHAZL Small RNA REMNFE S 17

H B FRE 54 Small RNA T, 25 B I% %
& Reads, 73 713575 18 971 899 (SP3) .17 260 805
( SP4)“)~ clean reads (15~30 nt) (£ 2), F Velvet
X miRNA H )% reads HEFTAH%E | #71522 546
A~ contigs, 0-40 nt J¥ 51 &t i, 0 40.53% ([
2) . KL% S R 50 B AU R AT e T
BREALEAERY SPBV-B JE contigs 5 161, K
4 31-114 bp, BH#% 445 5 202 bp AY SPBV F: [H
s, s RE A2 KM 62% .,
2.2 PCRYE%E

HoRAE 15 N H B Fr BEALLUE B30 R IR AE
20k, 51 414 SPBVE3/R2 7 DNA FE i 4
52.3.7.8,9.10.,12 13 Ty 1 1 R/NZY 700 bp
TR BT A5 (I 3) R s 1,45 3788 s i

Table 2 Small RNA sequencing data
filtering statistics
Clean Low quality = Raw Clean reads
Sample
reads reads reads (15-30 nt)
SP3 18996 190 537 924 19 534 114 18 971 899
SP4 17 281 646 389 893 17 671 539 17 260 805

HRAAT  FE M5 6,11 14 15 ARBEY 1S ) 55407 .
H 451 28 B K /N 706 bp, Blast 741 43
Mrig/siZIv515 SPBV-B(FI560944 ) F{IME N 78%
HRAE PCR C %42 (19)7 515 Small RNA (17
FPo oy Bee it g1, A it 3 X5 ¥4l A SPBV-
BF1/R1 .SPBV-BF2/R4 #il SPBV-BF5/R5 (% 1),
X} 10 4~ DNA ¥ b4 SPBV-B 1+ 3741 PCR 4"
B H P REARS S 4 6.7 .8 F1 10 HIREY 1S 1 H 1
FA (K 4) . Wy, BE S0 KN30 3 230
bp. 2 899 bp 13 503 bp, ¥4 SPBV-B #17

45
40
351
30
25
20
15
10

Percent/%

I 0.,

0-40 40-50 50-75  75-100 100-
Length distribution/nt

Fig. 2 Percentage of assembled reads length
The vertical dashed lines were percentage of assembled reads
length. The horizontal dashed line indicates length distribution

of velveth reads.

Fig. 3 PCR amplification of primers SPBVF3/R2
M: DL5000 DNA Marker; 1. Sweet potato germplasm number 2015432322 ; 2. Sweet potato variety Xiangshul6; 3. Sweet po-

tato germplasm number P430581013; 4. Sweet potato germplasm number 2015431119; 5. Sweet potato variety 15-13-7; 6;

Sweet potato variety Zi-2; 7. Sweet potato variety 17-4-5; 8. Sweet potato variety 17-6-14; 9. Sweet potato variety 17-9-33;10;

Sweet potato variety 17-3-1; 11; Sweet potato germplasm 2016431181 ; 12 Sweet potato variety Xiangshul9; 13. Sweet potato

variety Sim-1; 14. Sweet potato germplasm number P430681038; 15: Sweet potato germplasm number P430522019.
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Ab M 1 2 3 4 5 6 7 8 9 10

Fig. 4 PCR amplification of primers SPBV-

BF1/R1, SPBV-BF2/R4 and SPBV-

BF5/R5
A: PCR amplification of primers SPBV-BF1/R1; B: PCR
amplification of primers SPBV-BF2/R4;C.PCR amplification
of primers SPBV-BF5/R5. M. DL5000 DNA Marker; 1.
Sweet potato variety Xiangshul6; 2. Sweet potato germplasm
number P430581013; 3. Sweet potato germplasm number
2015431119; 4. Sweet potato variety 15-13-7; 5. Sweet
potato variety 17-4-5; 6. Sweet potato variety 17-6-14; 7.
Sweet potato variety 17-9-33; 8; Sweet potato variety 17-3-1;
9. Sweet potato variety Xiangshul9; 10: Sweet potato variety
Sim-1.

Blast [t %}, 23 %47 T SPBV-B ¥ 70 ~ 3 306 bp.
3 052~5 958 bp 4 463 ~7 964 bp X1, K EEIX
WU AR (K 5) 3k 2 4~ SPBV-B 43
K2 31, R/N3 R 7 894bp i1 7 981bp , 43l fi
%" MK052980 Fl1 MK052981 , 1, & 5¢ %4 2 i [34] 152
HE, 5 SPBV-B #H 1L 14 4 Jill iy 86% F1 94%, 5
SPPV ( FI560943 ) 0L 43 51 A 81% F1 83% ., Tfii
MKO052980 F1 MK052981 E.A 89.5% AL

2.3 Badnavirus HESBEWHRSHL ST

$ MK052980 ,MK052981 4354 5 NCBI T
A 40 AFFIRI B I T 5 F R g it AL i
(F6), 4R EBR 49 MPRIBFEILR K 5 A
B 2, A BT 5T 45 3 A MK052980 . MK052981 43
BY 512 Y % ( KX610317, KT907478 Al
KJ725346 ), & 3 F ( KM229702 ), ¥ 3k
(MGO017322) BB%5 ( KJ413252) . H i (M89923) |
& Bt AT ( EF494181 Fl DQ473478 ). [ ZE
(HQ852251 F1 HQ852248) . % 4 1 ( KM078034 )
HIFFIRI BE R 2R R — 10332, SR e H TR
BRI K, 45 R R P MK052980 Fl
MK052981 & SPPV i AS[F] 43 25 41, MK052981 4
SPBV-B EZ KR EIT,

2.4 SPPV RliEZAmABIERERF 55

SPPV #:414% 5 4~ ORF:ORF1  ORF2 ORF3a,
ORF3b ORF4, 73 il 465 142 152 .1 170,771,193
NEFER . MK052980 , MK052981 5 SPBV-B 4%
ORFs 2 % iR J7 51 A1 UL 7% 43 1) &7 ORF1 98.59% |
ORF2 93.86% . ORF3a 95.80% . ORF3b 96.97% .
ORF4 97.24% . H:rh MK052980 J¥%1] ORF3a %ifid
EHPHIPE 414560 437 509 2 R FEBR K R
BN 1T 6 NEIERR , 73 5 T4 459-461 aa 509
aa 540-541 aa 75 (E 7)

Overlapping area size 225 bp
3230 bp Overlapping area size 1495 bp
2899 bp WA///7//4
MK052980 RVr/r/A 3503 bp

!

Overlapping area size 246 bp

MKO052981

3186 bp Overlapping area size 1495 bp
2901 bp WA/ %l
 /// 610D

!

7981 bp

Fig. 5 Diagram of the MK052980 and MK052981 sequence assembly
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99-GVCV(KX610317)
GVCV(KT907478)
GVCV(KJ725346)
YNMV(KM229702)
TBV(MG0178322)
BbVF(KJ413252)
SBMOV(M89923)
LBBV(EF494181)
DMV(DQ473478)
99, GVBaV(HQ852251)
491:[ GVBaV(HQ852248)
RYNV(KM078034)
28 SPPV(FJ560943)
o 5% ® MK052980
i 98 SPBV-B(FJ560944)
99! @ MK052981
90 DBV(KY827395)
PYMaV(KJ013302)
PYMV(MF996374)
99l _PYMV(KJ873043)
0 36 KTSV(AY180137)
BCVBV(EU034539)
5 PBCOV(GU121676)
e DBRTV(KX008576)
98 DBRTV1(KX008574)

88 DBRTV(MF476845)
DBTRV(KX430257)
99 BSMYV(AY805074)
IBSMYV(KF724856)
CSSV(KX592571)
451|—BSMYV(EU140339)
61 CYMV(MF074075)
44 — FBV1(KT809307)
[ SUBV(KT186240)
2 98| SUBGAV(FJ824813)
BLRaV(MG686421)
5 _|BSV(KT895258)
98IBSIMV(HQ659760)
20 CSSV(AJ609019)
4 TBCHV(MG017325)
CYMV(X52938)
27 PVBV(GQ428155)
3 CLNV(EU853709)
CSSGQV(MF642727)

78 . CYMV(EU489745)
68 CYMV(IN006805)
61 4:TBCHV(KY359389)
1 98 TBCHV(KP710178)

1S

Ll

Fig. 6 Phylogenetic tree of MK052980 and MK052981 isolates from Hunan and other
Badnavirus based on amino acids sequence

@ . Virus isolates used to analyze in this study.

FJ560944 B4
MKO052980 §d
MKO052981 §d

FJ560944
MK052980
MK052981

FJ560944
MKO052980
MKO052981

FJ560944 .
MKO052980
MKO052981 .

Fig. 7 Analysis of Sweet potato badnavirus B ORF3a partially encoded proteins

The blue boxs represent missing amino acids, the yellow boxes represent increasing amino acids.
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ORF3b

Sweet potato badnavirus B

MK052980(7894 bp)

Fig. 8 Diagram of genome structure of
SPBV-B ( MKO052980 ) sequence
making with DNAMAN

Complete length of Sweet potato badnavirus B ( MK052980)
is 7 894 bp, contained five ORFs ( ORF1, ORF2, ORF3a,

ORF3b .ORF4).
3 itig

Small RNA 7 H AR O FE H B s e ™
PRLANTA R BESE N A Small RNA U 5 5 R
FEH SRS TP R DU 11 FhH 2599 8 . SPEMV |
SPCSV ., SPCFV , SPCV , SPGVaV , SPLCV , SPV2
SPGC .SPVG, SPPV Hil SPLV, | Jf #f 7 3t 4 15
161 /> SPBV-B contigs, & &/ i 7 31 ~ 144 bp, Pf
153545 5 202 bp (1) SPBV KN4 741, 7 7 SPBV
2K 62% , H IR0 54 74 bp A1 7 633 bp,

SPPV fix 218 Small RNA | 54 A & FH,
Kreuze 25111 2£/3 85 2 A SPPV 4 KL K 40 ¥ %1] , 4
K43 9k 8 082 bp (FI560943) 1 7 961 bp
(FI560944) , BEFEHEA 79.5% FIARBIE . ASBFFEAE
HER RIS h 5 e ) 2 /> SPBV-B 27
%1 MK052980 (14 8) Fll MK052981, 5 SPBV-B  SPPV
HATRGEH AT, 45 R R W] MK052981 5 SPBV-B
AR MK052980 5 SPBV-B AR

CGE R HE SPPV J7 8134 0 &84 3 R 7 41
W Gu 2 4385 K/NK 575 bp FBE, £ % SPPV |
SPBV-B ; Mbanzibwa %% 454> B 545 787 bp K/
i) SPBV 351, 5 SPBV-B .SPPV bl A 99.4% Fl
96.8% ; X MIHZJE 5B i 3 065 bp 1) SPPV, it
e &, s shE A MINEHE M, 5 SPBV-B Al
SPPV Al BL % 43 %1 2 86.3% H1 73.1%"* . Nhlapo

A R H R 485 Y SPPV il SPBV-B, K
/N3 R 593 bp Fi1 679 bp, 5 SPPV FEFFHIEE K
99% ~100%,, Qin %" FL[E 34 1 H 2 4E i p 4
BIARAEK/N A 861 bp 1) SPPV 41, 5 SPPV JF 4
ARAPE R 87.6% ~96.7% , RGBT R AN
B MK052980 MK052981 J°31) A SPPV [ AS[H] 43
B2 N OGE R Y R B A SR A
FF5il,

TEFAGHT FI P B 7 H [X |, Badnavirus 7] {2 4% 32
T 7 A P B 0 7 A B A 8 SRR
ETERL ] ] b A % R AR B AR H R IR S
o0 FERPIR MY % Badnavirus 17 32 B9 H 2 E
WREHCH 2 PR R L) EILFR Y, Kashif 2% 78
ZIREETE AR 0 H AR AR TR SPBV, A
—ANTCHEAR H A R 43 B3 SPBV-B, A A
tH SPPV [ H 0t | 545 AS TR FE B A Ak Bk
Y BT I SF . Mbanzibwa 554 H 2
BRI RAE A, NI 5 il Bk B ik AE KRR
RGN CBE 5 FEA A . SPPV AT SpSV/
1, Qin &' M\ 34 3 H 20t Bl Hi SPBV-A
F Small RNA I J7 £ A N H 2 5 £ 4% 9
Jik B EREE 55 A AR S RN Y SPLCV, ARBHF 58 A H
RIS | W A5 T S R s
SPBV-B, iX $& 1 B AH MR 2 5 A 7E H B W i iR YL id
i — L IE

Badnavirus J&—Fl JC A R FTHR DNA g 5, H:
FERA L N 7.2~9.2 kb, Gt 3~ 7 A TF b 52
fE, Horh ORF3 Zihi%iz ol & (1 AN (A, 7290
BZBEEAS . BAENPER 4 4 SPBV R
FF— WA —/Nr 3, iX 5 SPBV 1 ORF3 4
FIAHSE, SPBV-ORF3 434 ORF3a #l ORF3b, H i
ORF3a fU &1z 3l & 11 (MP) FISh5e 8 1 (CP) 4514
5y, ORF3b 1 7 K 4 2 IR 8 11 il | 100 % % i (RT)
1 RNAseH ( RH) Z5 4435, 1 i — 4~ 48 19 JE i X
et H e IX ) SPBV 5 H & Badnavirus N[
ZAb, #E— % MK052980 . MK052981 Fl SPBV-
B 1) ORF3a % i} & M #F 17 b XTI, 45 R & W
MKO052980 J¥51] ORF3a Zit5 & 4 kAR, KT
ORF3 #ifih & D fie 1 it — L IiiE

&% 3k
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