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Infectious clone construction of jasmine virus C and motif
analysis of CP

ZHU Lijuan'®, ZHANG Chongtao®, BAI Yani', CHEN Ziyin®, XIE Xiaoying',
HAN Yanhongl*

1 Vector-Borne Virus Research Center, College of Plant Protection, Fujian Agriculture and Forestry University,
Fuzhou 350002, Fujian, China
2 College of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China

Abstract: [Objective] The full-length cDNA infectious clone of jasmine virus C (JaVC), from Fujian
Province was constructed. Coat protein (CP) genes of JaVC isolates from 9 provinces/autonomous
regions in China were cloned and the motif difference was analyzed. Thereby, the distribution and
transmission of JaVC in jasmine producing areas in China were investigated. [Methods] Total RNA of
jasmine leaves which tested positive for JaVC was extracted and then reverse-transcribed to cDNA. The
cDNA was then used as template for amplification to obtain the full-length genome sequence of JaVC,
followed by the construction of full-length cDNA clone pXT-JaVC-FJ and the CP-fused red fluorescent
protein mCherry clone pXT-JaVC CP-mCherry. Both of them were then transformed into
Agrobacterium tumefaciens for Nicotiana benthamiana infiltration and verified through RT-PCR and
confocal laser scanning electron microscopy. Samples collected from eight other provinces/autonomous
regions of China positive for JaVC were then used for cloning and sequencing of the 3’ end containing
CP. Field investigation was conducted to identify the occurrence and transmission vector of JaVC.
[Results] pXT-JaVC-FJ induced systemic infection on N. benthamiana by agro-infiltration, which
demonstrated that it was biologically active. CPs of all isolates encoded 296 amino acids. The CP of
isolate from Taiwan of China shared 82.27%-91.36% nucleotide sequences and 92.23%—96.82% amino
acid sequences with those of isolates from the 9 provinces/autonomous regions. It showed the highest
similarity to that from Guangdong and Yunnan Province at nucleotide level and amino acid level,
respectively. The CP from different isolates mainly showed difference at aa 32-35 and six motif
arrangements of SEHA, GENA, REGT, SENA, GGDA, and GGNA were identified. Field investigation
suggested that JaVC was widely distributed on jasmine plants and could be detected in thrips.
[Conclusion] An infectious clone of JaVC-FJ is developed, which lays a foundation for the study of
gene function and pathogenic mechanism of JaVC. The analysis of occurrence and variation of JaVC in

indifferent jasmine producing areas in China is helpful for the prevention and control of JaVC diseases.

Keywords: jasmine virus C; coat protein; infectious cDNA clone

ZAI[Jasminum sambac (L.) Aiton]Jg@ FA WX, HAEDIEE, AT LIIE,
B} (Oleaceae) Z & J& (Jasminum), J iZAHFk T 0T FDRHIMERFIIESS . #2050 . A RME
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FHAEU, RSEFT I A K 22 3 Z R0 54 1 12
FOO, IR SR AR
#i C J%#(jasmine virus C, JaVC)&—M&ELAT
TS BeOhS B2 J8 (Carlavirus)i 2 , 10 8 B IR FE
[ 5 V5 1238 (JaVC-TW)P! | J5 76 3 KA # (46 0t
EAR A9 K 7 AE (. officinale)h tL & BL T 1% 0% #
(JaVC-Bari)*l, KA C N B H 5K A T Wk
(jasmine virus T, JaVT)[S_ﬂ%H%%ﬁ H ‘Tﬁﬁ(jasmine
virus H, JaVH)®* "2 &2 Y 3eH], 51 % F
Fr B HRBORAE , X SR Y 7 B B
KB, Jave E—FPIESEE RNA JiRE, 5
P 8 490 MZIFRRA M, A 5'MHTH 3
ZRBITTRE LA, JEHH G 6 DIk
ZHE (open reading frames, ORFs), 5'F1 3'4E %
fih [X (untranslated region, UTR)ZrJlIH 71 Hl
72 AMEFFBRALN . ORF1 4 4 il A 546 11 5

ORF2-4 #fty— A = HILH Pz hE A, 2 50
B AR 32 B DL SR K E B2 5l ; ORFS 4t
—Z 5aERERL T 9/ E [ (coat protein,

CP); ORF6 #4ifh— e kAR &N, 2
fig I A E—A RNA JUE I 71,

AR, LA RO F R SR, R 2
IEBE BT HE RNA g 5 0 2 Y« M B +b DNA
(complementary DNA, cDNA)ERfHE,
Iz AT EYE . BURHLEE LA AE -
B AR A AR R s pesk, A
JH cDNA e[ F G I A 2 1 9 85175 3 1) 2k
R T50 3R A A 5 5 1 1 Rk A1), (R g
P v I 1) i 4 Bl 1 gl R A B O Y PR
E}%[17_20]o

REFHEY el AR R | ks | 2ol
W2 TR S AR 75 AR RERE Y, e
BRI R R R, TR RiE 2 80%IE Y
Jpa B o FH R AR B DAAE R A ME | PR A
CES /N oI v o o . 2 B KON N L oI

KL, B RR EUAF R HUR AR R B 1 R
RN,

AW E IR T JaVC FR S B WL 4
S K I AR Yetk cDNA BEf& pXT-JaVC-FJ,
55T pXT-JaVC-FJ ## T CP Rl & RIKLLEA
Y64 1 mCherry B pXT-JaVC CP-mCherry, 7
T B WL B LE TS AR, R T
A LA R AT 77 X JaVC 1Y & A AR S i
O, SERE TR, =R, TP IR T AR
R VLN IARFE AL 9 N IX A o
JavVC 1) CP, Z3#Hr Hoxf 5 [E &1 JavC CP 1) 2
5, AR JaVC #4728 s, 18
T R SE AR B A A, BUE Jave %
kA F A, TR AR B AT RE AL 1
Tk HAT, XTF3HF CiEHEIikiEs L,
ILF o E A4 B P (NC_030926.1) F1 & KA
[ L3 55 M1 (OL828237. )M A W ik, A
Xt JaVC BIBFSE A G b T AR 1 A 4 T
TE DL R Al G R AL T BEIE 3R, Xk — A
S8 IO L A AR e WA R E L

WL

1.1 HEIRL. SIRFAE

2016 AF B MAREERFM T AR T T PR E
LAEE . HMRKE. K. Wiy, =
FATCTTLA B I ZR T M O A H K SRA ARAS R AT RE A
(BAEED 3HLLE, 1RE). AEMH(Nicotiana
benthamiana) Ff ~ Fit i H 4 PRR 24 B A 9 2 A
FHL TR S (LT A RAS S50 =) R AF, B 97 5%
. WREEQ4x1)°C, SR 16 h, JEHE 8 h, R
50%. RAUCFIBEM pXT g 5t 40l K 2E K 7
SRAAZEMEPY & mCherry JE DR 1 R A
P24 BRI B B2t . KA T 18 (Escherichia
coli) IM109 F14&FT i (Agrobacterium tumefaciens)
GV3101 HASZERAT
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1.2 ®{F 53511

TEREH K pTOPO-Blunt Simple It [ 3 ##3€
W Al 2xTag PCR Master Mix ) H BBI
Life Sciences A ] W& MG & . Bk $E HL
R & H OMEGA 22wl 5 R4 N VIR
TaKaRa 2\ F]; DNA marker, EasyScript® Reverse
Transcriptase S % 5 [l H TransGen Biotech 2%
H]; EHRELES Phusion® High-Fidelity PCR Kit,
Gibson Assmbly Master Mix Il f NEW ENGLAND
BioLabs (NEB)ZS ] ANHF5E 51 40X i #2240
W AEIER A FG I, K Y JavVe 2 KRy
519k T GenBank %354 NC_030926.1
¥ 51 (JavC-TW), JaVH £ll5]%) JaVH360F

x1 KRR

il 800R T NC 055545.1, JaVT #:ill5[ 4
JaVT9234F F19510R J:F NC_029051.1 (& 1),
1.3 3R13JaVC-FJ £ ERFAFF|FHEEE
(EES e

Hi4E GenBank %55 24 NC_030926.1 # 7
s, FIASIY%F Carla8198F/Carla3R
Xof i M B AR SURAE IR FT I 35 1T Jave 1)
RO, S ARSI BRI AR R AT B RNA B
B JavC K. BT JavVC e, MELL—IK
PEP IR 2, K JaVC HE A P 42k 44y
3 AR BT RS, A4 BrZ A Ay E
BPH . E A, IR I B B S R e
SRNA, DI RNA sk, 25mA 3 4~k

Table 1 The primers used in this study
Primers Sequences (5'—3') Note
Carla8198F CGTAGGGCCATGTGTGAATAA Detection of JaVC
Carla3R GCGGAAAAATAGTTAAAACAC Detection of JaVC
JCOO1F GATAAACATACTATACCTCATTATAACGC Full-length cDNA clone
JC3903R TCGCAGTCATAGTCACTTTGGC Full-length cDNA clone
JC3881F GCCAAAGTGACTATGACTGCGA Full-length cDNA clone
JC6686R TCAGGAGGTGGTGTAAGTGGC Full-length cDNA clone
JC6668F CCAGATGCCACTTACACCACCTC Full-length cDNA clone
XTIJCOOIF CATTTCATTTGGAGAGGGATAAACATACTATACCTCATTATAACGC Full-length cDNA clone
XTCarla3R  GCCATGCCGACCCGGGGCGGAAAAATAGTTAAAACAC Full-length cDNA clone
XTmC-F TTCATTTGGAGAGGATGGTGAGCAAGGGCG PCR amplification
XTmC-R CCATGCCGACCCGGGGATCTTACTTGTACA PCR amplification
JC4476F CGCATAGGGAAGGATGAGGG PCR amplification
JC8086F GGAATTTGGAAACGAGGGGGCCCATATCTAGATGAGGTACGAGCTTGAAGT PCR amplification
JC8085R TCTTTCGATTTCCGGCCCGATGTGGCC PCR amplification
mCL-F GGAATTTGGAAACGAGGGGGCCCTAGTTGTAGTAGTCCTAGTCCTATGGTGA PCR amplificationn
GCAAGGGCGAGGAG
mCL-R TACTTCAAGCTCGTACCTCATCTAGATTACTTGTACAGCTCGTCCATGCCGC  PCR amplification
XTICmC-F  CAGAGTCTGATTATGAGGCCTTTGATTCGTCACAGGACC PCR amplification
XTICmC-R  ATGCCATGCCGACCCGGGGCGGAAAAATAGTTAAAACAC PCR amplification
Car2 ATGAGTTCCACATCGGATGAC PCR amplification
JaVH360F GCTGATGCCAAGAACCACTTTG Detection of JaVH
JaVH800R ACGAGATTCAGTTACCCAAT Detection of JaVH
JaVT9324F  AGGACACGGAGAGACATACA Detection of JaVT
JaVT9510R  CGAAAGCATAACGAGGTTCC Detection of JaVT

P4 actamicro@im.ac.cn, 7 010-64807516
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By 3w PSRk, ARG 3 MR B
M5 —4% cDNA. #RJ5, UL cDNA BfiH, F
F51#%F JCO01F/JC3903R, JC3881F/JC6686R
F1JC6668F/Carla3R § 1#43545 31~ DNA Bt Al
A2 I A3, gk aifb)s, oy alpEE
pTOPO-Blunt #k AR5 EH 4 fiki pTOPO-AL .
pTOPO-A2 Fl pTOPO-A3, % ¥ Pf 5 4k 15
JaVC-FJ 23R 417 51 H-$2 28 2 GenBank (J751
SR 2). E ALY 5N A3 Y 3 s AR 4
pXT # A&7 o, B FesPES4 XTICO01F A
XTCarla3R. PAEE 4 ik pTOPO-A1,pTOPO-A2
1 pTOPO-A3 AtsiM, ¥4 7 B XTA1. A2 il
XTA3, W2tk ity B i R Bk FHJCSE sa b i Jr vk
M ZE 2 SQu [ BamH 1 210 pXT #h ik
b, FRAGE L TR pXT-JaVC-FI, I 1E# .
1.4 X &2 H(agro-infiltration) 7 & &
¥ FIRFE A TR pXT-JaVC-FI #AL AT #
GV3101, Jik BHE ve P2 IR A A 0 1
SeHRBUE ok pXT-JaVC-FJ AT BB TE T &4
+HF (kanamicin, Kan)FIA| 45~ (rifampicin, Rif)
A RBAR IR HE(LB), 28 °C I RIG SR
b W HE TR L 1:100 2R FENA NG
2-(N-NEbk I 2,1 iR (2-N-morpholino ethanesulfonic

R2 AKAWMRIEXZZE GenBank HIFHEFES
Table 2 GenBank accession numbers submitted in

this study

Isolate Length/bp ~ GenBank No.
JaVC-FJ 8 487 MH231174
JavC-CP*“'"FJ 1276 MH389787
JavC-CP*"'""GD 1276 MH389788
JavC-CP*"" GX 1275 MH389789
JavVC-CP*™ " HN 1275 MH389790
JavC-CP* "L 1276 MH389791
JavC-CP*"'rJs 1275 MH389792
JavC-CP*"'"'sC 1276 MH389793
JavC-CP*™SD 1275 MH389794
JavVC-CP*™ YN 1275 MH389795

acid, MES)HIZ T # [ (acetosyringone, As)
FI T IE WA LB, 28 °C 1535 % ODgg0 0.6-1.0;
W e E IR 3 500 r/min B0 5 min,
Fr B BRARTTIE O A R R TR R
W, BIFHEIAE, W1 ODeo £ 0.6-0.8, il
WEOCHE 4 h UL A | mL JCR R
W HOR AR, 2o b Sk I s VR S A R R
Aot R, R AR e, e E
g, AR AR, — AR RS T
2 AL, DX R 5
1.5 RIS ERKAXEHmMCherry) JaVC-FJ
REMEENEE

B SELAS mCherry FURCAENR, 5%
XTmC-F/XTmC-R ¥ H R B, ¥4 W&
WO R R 2 Su 1A BamH T 4k
pXT fk, HALKIAIFI IM109, TR A
43X 2 Vi (polymerase chain reaction, PCR)fjii i
FHM: v A B 20 Bk pXT-mCherry, 15 A FH
PEXTRE . DAER 4L FORE pXT-JaVC-FI Mk, Fi
51 ¥%} JC4476F/XTCarla3R 14 3/ A i f1, 55 CP
SRR B, By e e s & =
pTOPO # ARG H 4 ik pTOPO-CP, DA%
BN, RIS 1HI% JIC8086F/JC8085R HEFT L
W] PCR, 7E CP KA Apa I il Xoa I I
A, PP A E S BB, pTOPO-CP-M., Bl DA% i
RO, FIFHBI4%F JC4476F/XTCarla3R 41
PAFH PR B ¥ PCR =942 Qu T fl Sma 1 i
YIJa aifb ml, 5240 W R AL pXT ik
R, 53 HME R pXT-CP-M, X mCherry
DNA Mtk , FIH514% mCL-F/mCL-R #3
A& H £ k4% DGGPSCSSPSP  (linker) fY
mCherry F B¢, FHAfbES 5% Apa T
Xba [ ZVEfLAY pXT-CP-M #h kg4, 1556
PEvERE pXT-CP-mCherry, #Ji fl CP-mCherry
A4 B JavVC cDNA i CP B, LU

http://journals.im.ac.cn/actamicrocn
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pXT-CP-mCherry J5i 2 4 & A, I FH 51 9 %t
XTICmC-F/XTICmC-R #7191, PCR y=¥&
Su 1 A1 Sma 1 F§EYIG gifh B 5 240 [ ik
YEAL B pXT-JaVC-FJ % 4%, # 1k K HF &
IM109, BJGHET 7S PCR % E A4 BH M kL
pXT-JaVC CP-mCherry (& 1),

BN pXT-mCherry . pXT-CP-mCherry
I pXT-JaVC CP-mCherry 3 /N4 Tk A4
FFTE GV3101, BRHCPH: 5 B 45 i 1 i A AR 4
AR pXT VENAEXT BE(EV), pXT-mCherry
VEMBHMEXT IR . IR 2 d 5 IFLRBEE, 25
g 2 d BURIEM-6 R, oG R E B
LR A L N SO KGR
1.6 JaVC ANMNES B CP EE I IE

SR A 1 P LA A SR AT B L RNA,
FIF 5%} Carla8198F/Carla3R i1 RT-PCR 45
ME R RS54 Jave, L JaVe Rl 5L BHMRE
) RNA Hitl, 3'omkE s tEn |4 Carla3R jf it
J %% 5% (reverse transcription, RT)& W EE — 5%
cDNA, FLIGI#%t Car2/Carla3R #4T PCR §~

4476

#, [k gi /b PCR ™ ¥ (CP3'utr+) o B &
pTOPO-Blunt # /&, FALKMHIFE IM109, £
P 7% PCR 4856 i 1 BH P vl [ 3K 45 55 40 o h
pTOPO-CP3'utr+-FJ (GD/GX/HN/JS/IL/SC/SD/YN),
I AR M 0 A A BRAS /P o A 0T R s 2
GenBank (#4153 2),
1.7 @MEF XA EFAE

2017 4F 11 F XM 7K 48 BAR A SR 't
ToF o R B AR ASE %) 23 A1 b A i 2 A 7 FH (1]
WA I RER M, DM BEVIREE 15 fr, 3
T+ 45 By Fr, SR FHAAB A SR EURE & 5L RNA 17
J5 % 53 it - 5% 5 B 501 S (reverse - transcription-
polymerase chain reaction, RT-PCR)% %E )ik # &
& =X ItV e a1 b R 2 R g e R U E T ol w3
A R A B A O BUATE , SRR A i S
PR EHEAT Jave DL 2 RE 1 55 WD 2
JaVH I JaVT fAGI, 294 10 2 141, i1 1 mL
TRIzol #2HUE RNA, HU 1 pg A RNA Mk, L
REALG 1WA T I s, BB 1 pl 1) cDNA HI%F
SRS | 1A T 30 MEFRZ E PCR Kl

5'M'G eom—

g Transcription
start

-
-
-
- = r

Sma |

pXT1

1 pXT-JaVC CP-mCherry E 40 Fh # 2 R A
Strategy of recombinant plasmid pXT-JaVC CP-mCherry.

Figure 1
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2 BERXR504

2.1 JaVC-FJ £EFEAFINHE

T JaVC fieE KT 8 kb, —IkIPEY 14
KIFHVEIRIME, HCRFH 43 Be ™ 38 5 i g A5 L [
ek, ¥ JaVC-FI &L HH 5K 3 A Bt
793, A BEZRAH>ESIFI . &
RT-PCR 434 4k15 3 I HI B A1, A2 1 A3,
KNG53 909, 2 809 11 818 bp, UMKl 2
FiR. ¥ - Bk aifb s, 4 alaE s
pTOPO-Blunt # A3k 15 & 241 it ki pTOPO-ALl .
pTOPO-A2 Fll pTOPO-A3, &4 F BIHkEZE b
3 AP ESE TN, 458 DNAMAN
10.0 BKAFHEAT AT xT b, PRUEA ) B Be AT
B AR LE R T 99%, F1F]H DNAMAN %t
PR AT R, 18K N 8 487 nt ()74,
Y755 JaVC-TW SEA AL Fe s o T, 45
RERHPIEZATRRITF IS 88.5%, 1%
S EYIm 4 R JaVC-FI,
2.2 pXT-JaVC-FJ Z# ML E

¥ JaVC-FJ JEH4] cDNA &K A E7E S
35S Ja s FRIRBOTER AR pXT b 345 B4
W& pXT-JaVC-FI, ¥ ALK E GV3101, 3k
137 pXT-JaVC-FJ BRI ARFF 1R o A FHAK #
RIE ISR AL, B 3 K, Ry
MR G B & BB B AEAR RS S K,

bp M 1 2 3

4268
3530

2027
1 904
1584

2 JaVC ERFBEEKINMRETENS
Figure 2  Agarose gel electrophoresis of three
amplification products of JaVC. M: marker; lane 1:
Al; lane 2: A2; lane 3: A3.

% RT-PCR K|, f4mtFl 3 Gent 2o ml LA I
i 289 bp AY JaVC etk A BL(E 3), LA
# 1) pXT-JaVC-FI HA 29, RETh REGi 1=
JUARZEM . W FRGE AT B P A1 BRI E
KINE R Yt o b 7 51—, TR S LY
K.

4 E 2Tk pXT-mCherry . pXT-CP-mCherry
fl pXT-JaVC CP-mCherry 43 5] % 1k 4 ¥ &
GV3101 HZ YA M, pXT-mCherry 1E A BHM:
X RE, 28 BAR pXT VBT BR(EV) . R 2 d
JE R AR A, 7EBOEIE R A B T RS
WMEL R EV AZRIRDEN, T 3 Fhafi A2
FEFE mCherry 1150732 BE 0% 76 A4S A J0 410 i TN
ik, WA 4 FoR, H CP AIREE N T Mm%
22, JE WAL T pXT-JavVC CP-mCherry ) &4t
W, HFFERE B SRR PO, . RT-PCR
Y08 R G A] A B B , 204 A B mCherry
SN
2.3 JavVC ANME DB CP EE Y&

B TEEEI 9 MEFRFIT R E RNA, &
RT-PCR #6:i % BURT A RE S 54 JavVC (4
KER). FFHGIH% Car2/Carla3R 4 RT-PCR #”
BRAREFFAE AT EY) CP3™™ B4, K/N2 1200 bp
(&1 5), PCR /¥y [l 4lifb ), 5k pTOPO

3 JaVC-FJ RE1ER) RT-PCR 4l

Figure 3 RT-PCR detection of JaVC-FJ infection.
M: marker; lane 1-2: agro-infiltrated leaves; lane
3—4: systemic leaves; lane 5: PCR detection of total
RNA from agro-infiltrated leaves with genomic
DNA removal as control to eliminate plasmid
contamination from agrobacterium; lane 6: negative
control.
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EV mCherry

Merge

100 ptm 100 pum

Bright

100 pm 100 pm

mCherry

100 pm 100 pm

4 ERAEHA mCherry FEREFRRIXIFR

CP-mCherry

JaVC-mCherry

&\ ']
100 pm " ; " 25 pm

100 pm

100 pm

100 ;m{'»\ 25 um

Figure 4 Expression of red fluorescent protein mCherry in N. benthamiana. 100/25 pm: scale bar; white

square: a partial zoomed-in view of this part.

Bk b, -5 F 41k 4 il i 44 8 pTOPO-
JaVC-CP3™""-FJ (GD/GX/HN/JS/IL/SC/SD/YN),
24 JavVC 234 CP FHaHh

f# il DNAMAN 10.0 $ /- 9H454515 9 14 CP
FEEH, I PEs R CP 3L H KN 891 bp,
i 296 NEARR . HHYE JavC HEEE
TESPIE) CP LR e 8 iR A7 X Fe , A% R A1 2
LR Ty 4 B AU 4351 R 82.27%-91.36%Fil

‘“’OE.LLI l l i l - -
1200

1 200 bp

B 5 JavVC AN&EHEY CPP""i PCR ¥ 18

Figure 5 PCR amplification of CP*“"*from nine
provinces. M: marker; lane 1: Fujian; lane 2:
Guangdong; lane 3: Guangxi; lane 4: Hunan; lane 5:
Jilin; lane 6: Jiangsu; lane 7: Sichuan; lane 8:
Shandong; lane 9: Yunnan; lane 10: negative control.

<l actamicro@im.ac.cn, & 010-64807516

92.23%-96.82%, RTINS A AR ER &,
BERITHE mmtA R E . BRI 3,

FIH MEGA-XPM% 1avC Frdi BRI 58
CP @it —2 Xt , KIAE 32-35 s B/
BER YA 22 AR K, BARGE 6 s,

HE 453 B 4 A0S 2 SRR HES
HAEH 6 Fh, 43912 SEHA (T EAT). GENA
(fEEF)"Z5). REGT (J V. Wipg . VLML
%). SENA (##). GGDA (MUJI[)Fl GGNA (=
), Hr# REGT T HEF A e % o KA
B S E A A B E R R
FRAE 32-35 L7 X, S NAGA (EEH).,

J T WS JaVC A E Y CP Z AR &
GieAb X2, I MEGA X 18 KRR Bt
H ARG IR, o bootstrap method JEIF R
1 000 K, /INT 50%A9 15 S BB . CP &K 1Y
BAT IR R G A (B 7AYo 3 4, HE
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£3 JaVC ANMESBEY CP ER S EGZHRERFIIMEERRF IR IE LR

Table 3 Comparison of nucleotide and amino acid sequences between Taiwan of China and isolates from

nine other provinces

Isolate FJ GD GX HN JL JS SC SD YN
Nucleotide/% 87.77 91.36 82.38 82.27 87.21 82.60 87.32 82.60 86.87
Amino acid/% 95.61 96.28 92.23 92.23 95.95 92.23 95.95 92.23 96.82
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Figure 6 Amino acids alignments of coat protein between Taiwan of China and other known isolates. Red

square: amino acid at residue 32—35.

B TR MWL R AR mR—4l,
AR, 7P, IR TR —4, RORAIE 4,
HER R G (B 7B 4R 2 A, 2R
—AUNREGE . AR, I R, E AR
=H, S T4UNAR . TR W TOOR . &
KA HE

2.5 JavC HIEFE

R A ks BABAR L 3 AR 45 4y
FEFIH RS JTaVC  JaVT Hl JaVH =FR R
RT-PCR #ail, Zeit % BLH [B B 45 7 FE 5
thI R IR 3 TR, 3 R TR AR R
H100% (3 4).
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Figure 7 Phylogenetic tree analysis on complete nucleotide (A) and amino acid (B) sequences of eleven

isolates of JaVC CP.

x4 Fit4SHHERIMFEESHOBRRFER

Table 4 To count the infection of three viruses in

45 samples

Samples JavVT JaVC JaVH
Village of Chuanguan (1-15) + + +
Village of Chuanyang (1—-15) + + +
Village of Bancheng (1—-15) + + +

[ B Xof 55 ] 60 S R PRy EEA T T 3 R
B RT-PCR i, Z55LFHH, e dhn] L
K E] JaVC 1 JaVT BERMGEE A TE , 78 R
T ARG E) JaVT #8E, JaVT Fl JaVC FEs
SR/ N I 186 bp i1 289 bp (] 8).

3 itk

AWFTOR JaVC 4L A v B35 AEAR S
FEMH 3R 35S J1 719 pXT BT AR 34T

bp M 1 2 3 4
600 — -
50— —
400— 2§9 bp < JaVH
300— < JavVC
200— - <« JavT
LY
186 bp

8 MMESIAME T 3 MEFERLIFER
Figure 8 Detection of three virus infections in
thrips and whiteflies. M: marker; lane 1: thrips; lane
2: whiteflies; lane 3: negative control of thrips; lane
4: negative control of whiteflies.
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1RYANEFERE pXT-JaVC-FI, FF7e HILAE F RIS Rl
G T a0 EEMM pXT-JaVC-mCherry Fi%
WA EEEA %, FHHER pXT-Jave LA
K pXT-JaVC CP-mCherry vlER AL, 2
LB 5 ORI, ASA M AR E IR G 2 AT A
IE] JaVC By EE R HAR YR IKE] 100%. =Y
5 2 KRB, 7EROGHREME T, T LITER YL
M MR EIOEER, Rk RT-PCR Al LA
K 2] JaVC Fl mCherry FFER A B, 2 N5L56
GEIRILRIVEE T Jave e s ik H B
At . FEHOLILRE B T RSB R
gt EL Ot E A MERIA, RT-PCR L H AE
K5 Jave, KAS2] mCherry, 55007855 5
il g, 5 JavC #Hi%ER) mCherry JE[H k&
T EK . ZIREERR XA R AR RIA
OB — 2 nm, 2K R T
FELLAYOCE TR IS s i R o B
FERIN . AR E R E T JaVC-FI {2
JupkvilE, iZm IR ThRE . Buw UL
SEWFITBEE T AR, AR R TR T Bk
FToRAT FERPTe B AR At T IR

HeH 9 AR I FF 7 35846 3]
JaVC FETE, LLRCR B ARk 28 BAB AR 3 4
1 45 By FT B A S 8 R S A Jave
JaVT Hl JaVH =Fiig#E, Uil JavC 7EH [E Y
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AR )2 04 HaE % 5 JavT fl JaVH &
BIRGRF . TR R TEZ T TR A S e Z IR K
F b, 9 AREIE B CP B JavVC-TW £
B e v A TR, DL W 2 IR 4y 25
SEUN, R EN AT, R
W B S, B IS/ T X JTav e BURALHIIE 5T
I RRIXE , A BTS2 B 2 10 B ARl . 11 A4S
JaVC CP MRZTTIRJF HIAE 32-35 v AR RU 1
AL, A 7 PO ZERR T 51 HES ], e
TEZVO B & A R R AR S i T R MR A i, X AT R
SR IR A . HAEMEERE, &
SRR T8 4% REGT P HES WA i %, L4G)
P9, IR . TLIRAIILAR 4 MUK, SR
BT B4 2 Ol — 3, X Ud B T 323 BBl A 2 0
TR FE S AT AT REE X2 JTaVC AN[FZM B i
o FIIMZIR BRI CER IR TE 90-270 fif
SIX AP FRSEEAR S, X5 Martelli GP 252
KIECATIRR TR B AN TR TTE 160-260 i
A RSP IR BRGS0 B 45 ARG . AR AL
WZETE, JaVC CP 43 2 A4 SCEAR, Hrp
HEEE . A WL, fmdE. R sEa
H—41, 7R, VL IR T A —4.
A N LML B A R, IR AR 34 4R
DR R A R A By RN B AL
D72, A FivRE b ) SRR AR AL 5 1 s 2 5 i
O E,

18] 500 R 2% BRA A k0] 5 R P ) L
FIAEAE , AS I 45 S % B AE &) 2 v n] DG ) )
JavVC 1 JaVT WiFR R A AE, 7 a1
RERCINE] JaVT FREE, A9 & o ml 4 1%
JavVC, &5 0 E AT 5% JavVT, 58]
R SR FE BE 1 B I6 56 S Al . (0 FE () A ek
FEHIRATABL, SRATR ARG S RAEW AL, 48
FERREPURIE, RKATW AR LR N
0.19%, ©RET % DT . PR 4%
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AR AR R B — AT A T, R R
B H SR F TR AR, RT-PCR K5 f5 & BLiZ A
PRBCA UGX 3 R s, DT I L
R B B AT RE LA O B0 A4 5 A T4

S0k

[1] Wang HD, Qi XY, Chen SS, Feng J, Chen HJ, Qin ZY,
Deng YM. An integrated transcriptomic and proteomic
approach to dynamically study the mechanism of
pollen-pistil interactions during jasmine crossing.
Journal of Proteomics, 2021, 249: 104380.

[2] Zhang YZ, Sun LL, Lai XF, Peng XJ, Wen S, Zhang
ZB, Xie YZ, Li QH, Chen RH, Zheng X, Zhang K, Sun
SL, Li DL. Gastroprotective effects of extract of
Jasminum grandiflorum L. flower in HCI/EtOH-
induced gastric mucosal ulceration mice. Biomedicine
& Pharmacotherapy, 2021, 144: 112268.

[3] MBI, JRYLERE Z —FI BT carlavirus 22 %55 M H
SR AE DG R Z K. W BB R A A R F
FEITHIRR 22 83, 2012.

[4] Amoia SS, Minafra A, Nicoloso V, Loconsole G,
Chiumenti M. A new jasmine virus C isolate identified
by nanopore sequencing is associated to yellow mosaic
symptoms of Jasminum officinale in Italy. Plants, 2022,
11(3): 309.

[5] Tang YJ, Gao FL, Yang Z, Wu ZJ, Yang L. Complete
genome analysis of jasmine virus T from Jasminum
sambac in China. Archives of Virology, 2016, 161(7):
2033-2036.

(6] PREVE, BRI, SKE 4. 2K Fi £ (Jaminum
sambac) /i # 2 —F i Potyvirus ZAHEF5 A ik
HAE 2, 2004, 13: 69-84
Lin YQ, Chen CH, Zhang QA. Characterization of a
new Potyvirus isolated from jasmine (Jasminum
sambac (L.) Ait) in Taiwan. Plant Pathology Bulletin,
2004, 13: 69—-84. (in Chinese)

[7]1 Sudheera Y, Vishnu Vardhan GP, Hema M, Krishna
Reddy M, Sreenivasulu P. Characterization of a
Potyvirus associated with yellow mosaic disease of
jasmine (Jasminum sambac L.) in Andhra Pradesh,
India. Virusdisease, 2014, 25(3): 394-397.

[8] Zhuo T, Zhu LJ, Lu CC, Jiang CY, Chen ZY, Zhang GZ,
Wang ZH, Jovel J, Han YH. Complete nucleotide
sequence of jasmine virus H, a new member of the
family Tombusviridae. Archives of Virology, 2018,
163(3): 731-735.

http://journals.im.ac.cn/actamicrocn



3824

Zhu Lijuan et al. | Acta Microbiologica Snica, 2022, 62(10)

[10]

(1]

[12]

Dey KK, Leite M, Hu JS, Jordan R, Melzer MJ.
Detection of jasmine virus H and characterization of a
second Pelarspovirus infecting star jasmine (Jasminum
multiflorum) and angelwing jasmine (J. nitidum) plants
displaying virus-like symptoms. Archives of Virology,
2018, 163(11): 3051-3058.

Senshu H, Yamaji Y, Minato N, Shiraishi T, Maejima K,
Hashimoto M, Miura C, Neriya Y, Namba S. A dual
strategy for the suppression of host antiviral silencing:
two distinct suppressors for viral replication and viral
movement encoded by potato virus M. Journal of
Virology, 2011, 85(19): 10269-10278.

Bordat A, Houvenaghel MC, German-Retana S. Gibson
assembly: an easy way to clone potyviral full-length
infectious ¢cDNA clones expressing an ectopic VPg.
Virology Journal, 2015, 12: 89.

Balasuriya UBR, Zhang JQ, Go YY, MacLachlan NJ.
Experiences with infectious cDNA clones of equine
arteritis virus: lessons learned and insights gained.
Virology, 2014, 462/463: 388-403.

Lomonossoff GP. So what have plant viruses ever done
for virology and molecular biology? Advances in Virus
Research, 2018, 100: 145-162.

Han YH, Xiang HY, Wang Q, Li YY, Wu WQ, Han CG,
Li DW, Yu JL. Ring structure amino acids affect the
suppressor activity of melon aphid-borne yellows virus
PO protein. Virology, 2010, 406(1): 21-27.

Liao JJ, Wang CH, Xing QJ, Li YP, Liu XF, Qi HY.
Overexpression and VIGS system for functional gene
validation in oriental melon (Cucumis melo var.
makuwa Makino). Plant Cell, Tissue and Organ
Culture: PCTOC, 2019, 137(2): 275-284.

Schachtsiek J, Hussain T, Azzouhri K, Kayser O,
Stehle F. Virus-induced gene silencing (VIGS) in
Cannabis sativa L. Plant Methods, 2019, 15: 157.

Qiao WIJ, Falk BW. Efficient protein expression and
virus-induced gene
Crinivirus-derived vector. Viruses, 2018, 10(5): 216.
Hefferon K. Plant expression vectors: a
powerhouse for global health. Biomedicines, 2017, 5(3):
44,

Dickmeis C, Honickel MMA, Fischer R, Commandeur
U. Production of hybrid chimeric PVX particles using

silencing in plants using a

virus

a combination of TMV and PVX-based expression
vectors. Frontiers in Bioengineering and Biotechnology,
2015, 3: 189.

<l actamicro@im.ac.cn, & 010-64807516

[20]

(24]

Tian J, Pei HX, Zhang S, Chen JW, Chen W, Yang RY,
Meng YL, You J, Gao JP, Ma N. TRV-GFP: a modified
tobacco rattle virus vector for efficient and visualizable
analysis of gene function. Journal of Experimental
Botany, 2013, 65(1): 311-322.

Whitfield AE, Falk BW, Rotenberg D.
vector-mediated transmission of plant viruses. Virology,
2015, 479/480: 278-289.

Dietzgen RG, Mann KS, Johnson KN. Plant
virus-insect vector interactions: current and potential
future research directions. Viruses, 2016, 8(11): 303.
fpigds, ke, KL, SKAEAE, EIUDE, RS
=) RS 3 [ A 9 B S B R A AR S L
fedh B d AT, 2020, 16(00): 3-21.

He HF, Li JJ, Zhang ZL, Zhang BB, Yan MH, Shi BZ,
Yan FM. Research progress of plant virus diseases and
Huazhong Entomological
Research, 2020, 16(00): 3-21. (in Chinese)

Phig, skRAF, HEHE, FIEE, B/ RITFREAN
T CMV {2 Ytk s pE K 2b S s A iy g,
AR, 2011, 44(14): 3060-3068.

Yao M, Zhang TQ, Tian ZC, Wang YC, Tao XR.
Construction of Agrobacterium-mediated cucumber

Insect

insect vectors in China.

mosaic virus infectious cDNA clones and 2b deletion
viral vector. Scientia Agricultura Sinica, 2011, 44(14):
3060-3068. (in Chinese)

Verwoerd TC, Dekker BMM, Hoekema A. A
small-scale procedure for the rapid isolation of plant
RNAs. Nucleic Acids Research, 1989, 17(6): 2362.
Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA
X: molecular evolutionary genetics analysis across
computing platforms. Molecular Biology and Evolution,
2018, 35(6): 1547-1549.

Chen XY, Zaro JL, Shen WC. Fusion protein linkers:
property, design and functionality. Advanced Drug
Delivery Reviews, 2013, 65(10): 1357-1369.

Martelli GP, Adams MJ, Kreuze JF, Dolja VV. Family
Flexiviridae: a case study in virion and genome plasticity.
Annual Review of Phytopathology, 2007, 45: 73-100.
TR, FAe, M, ABE4E, MKE, SEK.
FRFNRN T~ 25 2 e S v R AR WF 5. )R
LB, 2008, 35(10): 33-36.

Wei CL, Chen BL, Huang CM, Deng ZN, Qiu CY, Gao
GQ. Study on the seed Germination and seedling
growth of Jasminum sambac L. Guangdong Agricultural
Sciences, 2008, 35(10): 33-36. (in Chinese)



