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350002)

H E: A AMNMIKLHE (strawberry pallidosis-associated virus, SPaV) J& T K 2k & & #}
(Closteroviridae) EIiEEE (Crinivirus), B 5|EERHRE, 2017 FE7EPEEXRARE. RHE@EEN
J¥+ RACE #1 RT-PCR i R3K1G T SPaV HEH /> &Y (FI) HIEFEHEK . ZHiE S E Wk E R EA
RNA1 F1RNA2.RNA1 4K 8 048 nt, 5'F1 3" 4m il [X 7 51 437 2 264 #1197 nt, & 3 NS ELAECORF),
45l 9mi% ORF la/1b &8 A p9 B RNA2 4K 7977 nt, 51 3'3E4m A5 X 7 5143 5l 4 248 F 186 nt,
EH 8 MHIRRAE (ORF), 43 I4f% HSP70h. CPh. CP. CPm. p7. p6~ p9 1 p28 & 8 M. RNAI
M RNA2 5EE M1 2B 0 A 98.5%F1 99.0% M H IR —8lE; REKE 4 REW, SPav
o> e (FID) BBALLE —AN5r32 . %F SPaV SKIEH/N RNA 40 &, KiFE T SPaV )/ RAN K L
21 122 nt N,
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Genome Sequence of Strawberry Pallidosis-associated Virus Isolated in
China

CHEN Dao, ZHANG Jie, WU Zujian, and DING Xinlun"

(State Key Laboratory of Ecological Pest Control for Fujian and Taiwan Crops, Key Laboratory of Plant Virology of
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Abstract: Strawberry pallidosis-associated virus (SpaV ) belongs to the genus Crinivirus of the family
Closteroviridae, which causes strawberry diseases. It was first reported in China in 2017. In this study,
high-throughput sequencing, RACE and RT-PCR techniques were used to obtain the full length of SPaV
China isolate (FJ) . The virus contains two positive-sense single, stranded genome RNAI and RNA2,
RNAL is composed of 8 048 nt and contains three open reading frames (ORFs), encoding ORF la/lb
fusion protein and p9 protein, flanked by 5’ and 3’ untranslated regions of 264 nt and 197 nt, respectively.
RNAZ2 is composed of 7 977 nt and contains eight ORFs, encoding HSP70h, CPh, CP, CPm and other four
unknown function proteins (p7, p6, p9 and p28), flanked by 5’ and 3’ untranslated regions of 248 and
186 nt, respectively. RNA1 and RNA2 share 98.5% and 99.0% nucleotide sequence identity with that of
M1 isolate (USA), respectively. Phylogenetic analysis showed that SPaV China isolate (FJ)was clustered
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in a separate branch. The analysis of SRNA derived from SPaV showed that the dominant sizes were 21 nt
and 22 nt.
Keywords: Fragaria * ananassa; strawberry pallidosis-associated virus; NGS; RT-PCR; viral

genome sequence

o [E H AR AR AR A ' R e AL BEgEh, 2018 AR [E AR )RR R AR N 119.97
T hm?, PEIEF] 306.03 /5t (EFRSiHE%HE: http: //data.stats.gov.en). A7 5% )6 25 501
Tl e 1t X 8] (1 132 DA KPR THD AR R oK S48 45 B e o3 B0 K AR AR B, R EE 0 3 I 2
HE A P EER R, CHRES 30 FomEE T DS REENE, HhEAEKE (strawberry
vein banding virus, SVBV). A9 %i /5 #F (strawberry crinkle virus, SCV). B & B 5 £ (strawberry
mottle virus, SMoV) FIEZZAHINNKEE (strawberry mild yellow edge virus, SMYEV) %5 4 FlitH
WF AL R IR FE AR B AE S V2 o0 A, SE . SRR, SCV IR AR L XA T R
Tz (2015) XPAbat Wivh. VT dbAn Y i &5 1) A 45 AR B SCV K H R BIK; AR AUH 5E 5%
MRS SCV (BRIE %%, 2018; Kl 55, 2018). VLA R [EHAHLkRE T — L AL 75,
W REIRFEAR 73 993 B strawberry necrotic shock virus, SNSV(Li & Yang, 2011). 3% JRAE M5 £ cucumber
mosaic virus, CMV (Chen et al., 2014). H%: [H0AHCH 55 strawberry pallidosis-associated virus,
SPaV (Ding etal., 2017; Shietal., 2018). HA:EJLIHTEEMEE 3 5 strawberry crinivirus 3 (Chen et
al., 2018). HAEEHIHEJENTF 4 5 strawberry crinivirus 4 (Chen etal., 2018) LS HIlT & BT &
IR R ——S A A I RE 1 5 strawberry-associated virus 1 (Ding et al., 2019). T KZHEH
BN AR R UL RE, AP L EH TR I B SRS Sk B 2 R B R A

TR A EE (SPaV) & T KA EERL (Closteroviridae) EJEWiFEIE (Crinivirus), W]
SHEANM RN FH (Pallidosis disease), i 1950 FEACLESRE AR AR WARIE, E 2017
SEAEMR R XHRE (Ding et al., 2017), 2018 FAEJ R FFHE#iE (Shi et al., 2018). SPaV nJid it i
BRAR B IR = AR Bl (Trialeurodes vaporariorum) 4. #5735 JE W% (F. virginiana) P/
% (UC-10 F1 UC-11) ZRGLfGR MM e . AR B IER, RN EE: (F.vesca) A
RIFEIR . BIR B — R ERAZ Y A E S LA R SRR, (HH 5 A RN S A 17 Yl
H 2 5| e AR R A T H 35 (Martin & Tzanetakis, 2006) o %75 222 K 41 547 2 4% IE#5% RNA(RNAL
HTRNA2), RNAL 4K 8 066 nt, =/ 5 3 4 IT T8 B B4 Copen reading frame, ORF), H: 71 ORF1a/1b
NEDREEN, SAARMFEEAN. FIEEBIAN RNA FIRENS5 13, ORF1b 4whd RNA ##iH
RNA EA M (RdRp), 3' ORF Zwid & 2 /N5 IS e 1) /NE s RNA2 42K 7978 nt, 7 8 /> ORF,
HEMmIDEhEE SEE AR IIGEE A (Tzanetakis et al., 2005). SPaV &4l
(1) D e it 75 2k — P IRk .

2017 F1 2018 4= [ 4 5 AN B 70 50l 2RS4 E I SPaV, 12 BEAE 4 1K 23K (Ding
et al., 2017; Shi et al., 2018), SPaV 7EH [E H At X oA WARIE, ZWaAET E R0, Kt
SR H [ R M Y R TR BRI PRl . BtAh, SPaV FNHA B R G R GL i BT 5| D M E )
BT, HE SPav MIHAhR R SR G I LR SR G BUR LIRS — PR 7. B AT
X SPaV H[EH 7 B B HE R A B ANTE 2 . AW R S EE TR (Next-generation
sequencing, NGS). RACE Fl RT-PCR 77753815 HIL R4 7 51 A K 0 Hgb AT 04, LAAON SPav
HEHDIEE BURHLIR LA R e S A 7T B9 e R A
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L bR

1.1 iR & E /s RNA #12 RNA $2EL

FRRRAR T 2017 AR AR A AR TR ah AL A R . BT - 70 CCORAFE. FRIR 0.1 g BE
%M, FF mirPremier microRNA Isolation Kit (Sigma-Aldrich) {7 &FEH/N RNA; FREL 0.1 g
FLEEM, FIA RNAprep Pure 245 2 BiHY) 2 RNA 2 JUAG G2 HUE RNA.

1.2 /N RNA XEMENMSBEENF

K H NEBNext Multiplex Small RNA library Prep Set for Illumina (NEB) &5 small RNA
SCEE. f$H Hlumina HiSeq “F&MIF, WIFKEE 1 x 50 bp, 75N & MER AEVRHEA BRA 7] 58 B
P Y S a6 2R 8 Trimmomatic (v0.30) ZBREESL USRI &7 38 F KL 21 EE R 3 A4 7 271
Eoxt 21 S H I EA L, FFgh e 4528, R RA LU 21E £ B4, DLHERRTE 32 RNA
7. A LFRTEE sSRNA J51 read, FIHHAF velvet (EMBL-EBI, UK) 454 SeqMan software

(Lasergene) BEATZH%%, SAEARPHELE B 3H47 9% 55 5 (80 E AR 85 525 L R H B35 5 Blast
R NIRRT RE R B B HERAYE, R HT A VR B R B E AR, N BT A R E R
S B, R 5D 5 L AR A 2 B s LU B IR R B I S B R L, SN EARTE
T A e s B3 R 4H b )78 26 R R AR IR B

1.3 RT-PCR ¥ 1

KH RT reagents s idif & (TaKaRa) & RHE cDNA, KB fF: 42 'C 15min, 85 C 5.
PUI&E £ 1] cDNA R, PCR & H9Mi8 &2RH A v By, 1AM ZS408: 95 C 10s, 95 C 10s, 47~
67 ‘CiBK 10s, 36 MEH. 5IMHKYE NGS SREFHIWEF AR, SIYFFIN#K 1. PCR Y& H
PRI, 2% pEASY-Blunt Simple i bE# Mk (L &XEEMHAGRATD, ik DHSa K
AT, BHE 22 PCR S 5E Ja M A EARA R A R . KA SMARTer RACE 573157
% (Clontech) 437 38 511 5'F0 3" K i[5 41

®1 FRARPEABSIY

Table 1 Primers used in this study

51440 R SIRFE] (5-37 KR/ C
Primer name Primer pair Temperature
RNAI-1 F: GTAATGAAGTCGTCGAGACCA:; R: GAATAGACTACTTCGCCATGTCTG 47
RNA1-2 F: GAGACGATAACGATGTGCGAC; R: TCGACAGTTGAGAGTCGTGAC 52
RNAI-3 F: TCTAAATTTAAGAGTTTGCTGTTTAA:; R: ATAGCTCTAGAGGCTCTAGCATT 57
RNA1-4 F: TGCGTATCAGTATGTCACCAC: R: CATGGCCAAGGTCACCAGAGT 56
RNA1-5 F: TCTTATAATATTCATACCCTTGAAC: R: CGGGAATTTATTGTAAATCATAC 58
racel-3 ACACTGGAGTTAAAGTCTGAAACTCTAAATTTAAGAGTTTAG 57
racel-5 TTTAAAAGTAACTGATACATCTTCAGGCAGACATAATCTCT 61
RNA2-1 F: CCAAAGATAAATAACAAACAATCAA; R: ATATCTTCCCGCATACGAATTTATCAA 57
RNA2-2 F: GGGCAGATCAAAGAACAACTTGTT; R: CATTGATCGTTCCACTCAATTTGAAA 60
RNA2-3 F: ATGACGTCGCAAATGATAGTGCTTTC; R: CTTCCAACTCTCTGCTCGGTAACTT 55
RNA2-4 F: CTTGATAAACGTGACAAATCAAACCT; R: GGGGTCAGCTCTTTCAAAGCTTGA 57
RNA2-5 F: CTTTTTATTAGCGTCAATCTTAGCTTT: R: TTTCTCGGTCAATCGATCGAACTCTGA 58
RNA2-6 F: CAAGAATAATGGATTGGAGGATATGCCTT; R: TCACCAGGGGATTGCTTTCCAACTT 56
race2-3 GATTACGCCAAGCTTTGCTACCTCCTATACCAATGCGGA 67

race2-5 ACCTCCCAAACGAATTTATCAATCTCATAAGGTAAAGTGTT 65
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1.4 SPaV EFEEFF|SHr

¥H] ORF Finder fELLERMFXI3RAFH] SPaV HEKHLEMIFEAT /08T, KA Mega 6.0 #fF, HT
Tamura-Nei B84 {55 KSR (Maximum Likelihood, ML) #E 3T SPaV CP K ) RS LA,
PLH &% (Bootstrap) fa% REW, HREZIREEEN 1000 K, PLEERIPERLHEEE (lettuce
infectious yellows virus, LIYV) [ CP JEKE NN EHEE .

2 RS0

2.1 RREER/) RNA SBENF

TR NGS WU 73845 J5 45 read N 1 649 826 744 %, FE I FH0E 1T Ik J5 3845 24 487 004
% read. XIRAFFAN K FECREIEAT M, /N RNA BIKEEESAE 18 ~ 32 nt, HphKEN
20 ~ 24 nt {7 RNA & EH 5. #2153 sRNA J5 i read #EAT41%:, SPaV RNA1 % KEN
8016 nt, FEFN 99.38%, MIFIREE N 249.12; RNA2 BHKE AN 7978 nt, BEFEN 99.65%, il
JFIERFEN 936.72,

2.2 SPaV EREAELKFFIDH

N T RN NGS B2 38R, FRAN el 7 JevE 8 o5 20 09 5 XA i 51, LA NGS 7 3R15 149358
Iy IR FH) Bt 514, RT-PCR #7554 & 4 500 ~ 2 000 bp ] SPaV 541 K B, 5 RACE 13’
RACE 153l SPaV [#) 5'F1 3" R 7 41|, 2 FE K A BELE 1.8 7 BEA 28 )5 38515 SPaV 1) %E K41 RNA1
1 RNA2; ¥ RNA1 1 RNA2 HHHFHHE58 F GenBank £ %, H & 557 518 MN747001 Al
MN747002 .

1 2 3 4 5 6 7 Marker 1 2 3 4 5 6 7 8  Marker

1 SPaV I RNA1 f1 RNA2 ZFEHEFE
Fig. 1 RNAI1 and RNA2 fragments of SPaV

RNA1 4K 8 048 nt, 53EHE M1 4354 (NC_005895) R4 [F M A 98.5%, 5F1 3'dF
it X 751 53 73 4 264 F1 197 nt, RNAT FERH L5 WK 2 frox, &4 3 4> ORF, H:H1 ORF1 #1 ORF2
K +1 AR IS NS, it ORF 1a/1b @42 1 (nt 265 ~ 6 082, 6 084 ~ 6 764, 6 768 ~ 7 603),
ORFla & HAMNEAM (P-Pro). WIREEREE (Mtr) MARIZIERF (Hel) 4541, ORFIb 4wfis RNA
H RNA 241 (RARP), 1 ORF3 (nt7 612 ~7851) #fik/NAy9kD A, IhREARM . ERH
“Hnt 3 983 ~ 3 984 [X[], Hk 18 nt EHFERFF (CTTCCTGAACGTTGGCTG), 1%k X ik i T
ORF la/1b it & HEEEEE N, D%iid 6 MR (FLNVGC).
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RNA2 4K 7977 nt, 5EE M1 23 E4 (NC_005896) 5 99%Ik%H B2 [FVEME, 580 3/ 4ifid
X 7514353 0 248 F1 186 nto FoH 5K B IR 751 GGTAAAAT, 1 3E [E 53 BN & ZF
5o RNA2 R 45 & 2 fios, &4 8 D ORF, 43 4 i35 Hus & 11 (HSP70h, nt 677 ~ 2 347).
HEKFEE (CPh, nt2509~4065). KFEE (CP, nt4294~5040). KAFEH (CPm, nt5009 ~
7078) VLK HAth 4 NIHBRERFIE A p7 (nt 249 ~437). p6 (nt2354~2515), p9 (nt4 044 ~4301)
F1p28 (nt7081~7791). fEFEKIZ nt 7409 ~ 7 410 [X 8K 9 nt FERF ] (TTGATGTTA), %
BRI AT p28 W, Agf 3 ANEEERR (LML),

15

RNAIL ORFla
_g? _’é\ ORF1b 8 048 nt
s 8
ST
S 38 B8 (+)
-g -g 2 Positive sense (+)
2 2 0
i é 5 7k ()
® B Negative sense (-)
‘>“ % -10
% & 57 06

P9 [ CPm |
7977 nt
RNA2 HSP70h CPh | | cp | [ p28 |

10
L5 (V)

Positive sense (+)

g ()

Negative sense (-)

-10

SPaV-sRNAs reads (log2 reads)

SPaV 3fiE i) reads (log2 reads)

-15

0 2 000 4000 6 000 8 000
FRHK E /nt Genome length

2 SPav EFALHIIR ) RNA f SPaV £E4A L5 75
Fig.2 Genome organization of the SPaV and sRNA distribution

23 SPaV FESBYSHMSBMFEXRSH

L SPaV HEF B (AR, FID AFHALS SR EE (CP) BHRITFAIIME T RERE
B, DLRIEEEE B R LIYV 7B RSN, 4553 (E3) R, 6 4> SPaV 5 E¥ml 7 AR
By 32, Hith SPaV EVAEI Y (ZM4 F ZM44) MIZEE > EY) (CFRA 9064, C1 Al M1)
VHA—A KI5 3, 10 SPaV HEHFE S &Y (FID HAMATE—9r 3
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7 AY262159 SPaV-CFRA 9064
40 L AY?262160 SPaV-C1
0 N NC 005896 SPaV-M1

87 MF401547 SPaV-ZM4
MF420344 SPaV-ZM44

MN747002 SPaV-I'J
NC 003618 LIYV

3 ETARERE SPav S EH CP B EHRFIIIGRNM ARG LR
Fig.3 Maximum-likelihood phylogenetic tree based on the CP nucleotide sequences of SPaV

2.4 3RjETF SPaV B sRNA 17

A 563 793 read ULACE] SPaV FE[FIH 741, HULAC 2] RNA1 F1 RNA2 ] read 73514 118 215
H1 445 578, KJET SPaV ] sSRNA fEEEFIH ER At 2 s, sRNA 7E RNATL Al RNA2 #AN I
DRI 40 7 21 [X 35k 350 0 A, 1 5L 434 L3550, DLEC 2125 R 2H RNAT IEREFI G [ sSRNA 437N 48 925
F169290; UCHCFIHE R ZH RNA2 IEBERIFUEE R sRNA 43514 222 316 A1 223 262; XF SPaV RKIH K]/
RNA AT E M, 18 ~26 nt SRNA &7 A /& 15422, 34276, 74209, 197 226, 194 422,
32570, 8895, 2146 F1 1302 %%, AIEKJE sRNA A 5 HL WL 4, FHorb 21 122 nt ) sSRNA (53
By, BT BN 34%.

sRNAs F4) s /%

Percentage of sSRNAs

18 19 20 21 22 23 24 25 26 nt

4 SPaV RiEHY/N RNA BKE ST
Fig.4  Size distribution of SPaV derived sRNAs

KH NGS #l RT-PCR £543K153 1 SPaV W [H 43 E4) (FI) IR AT, T 1K SPav
i E S B SE E oy SRR A B A RS TR T — 8, PE ER AW L. E5ER
[F5&, SPaV Hi[EZ 24 (FI) ZHZAK) RNA2 HeE S Rui & 8 MEHIRTF GGTAAAAT, E[H
M1 43 BB L5, 275 FIAFAE v REXTR 8 1 R A S 52m; tbAh, 2T RNA1
%% ORF la/1b fili &8 A FIAL T RNA2 HU6E p28 JEH gmtd X 6k 8 TR B IR)IT A, SEUREEA DY
07 EER, AR 2 g ig & 2 Ae DLCR B M BUR IS A REfF FL. SPaV Ax3E[H
HF B HIZRAF O] N 5 0 TR AR A A 93 75 85 11 DhRE LA & S0 138 46 J7 T AT 91 25 5 44t o
RGRRZDNRY, SPaV T2 BRI E 4 BN — KIS, HRGRREIR, M
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Iy ENERMIY — A3, KRR BRI G 7 B LA R 3B [ 7y BSR4 8 R U, AR S
BV e 43 B A0 B R VR T RER B T AN E X

%t SPaV SKIE I sSRNA [ HT 4 E R, sRNA 7EFER4 F 25046 SRS RNAL [HIE
FEANABEN sSRNA FrE Al Y, HENX L sRNA ATRER A TR E Sl k. SPaVv SRIEH sRNA K
FELL 21 A1 22 nt A, HEMFFRZEE A V)EE DCL4 F1 DCL2 SRR KPUR R RIE 7 BN, X
DT SRR 1)/ RNA TEHUR EEAL I A i D e DL 2L T SR ELRE R 203 TP VA SR SR AL 3 R il
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