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virus, CYVCV), AGHIZFS 50 68.0%K1 47.2%. HEHL 4 A~ CYVCV #fkS 11 A~E2.%1 CYVCV #Ekkidt
TRIPHIHT, SR 27R CYVCV FPARSF IR R, T 15 A CYVCV BERRINAZ E R AN 2 B2 1 471 AH 1B
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Distribution and Molecular Characterization of Citrus yellow vein clearing
virus in Zhejiang Province
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Center, Chongging 400015, China; >Chongging Plant Protection Plant Quarantine Station, Chongging 401147, China;
Jinggangshan Agricultural Science and Technology Park Management Committee, Jinggangshan, Jiangxi 343600, China)

Abstract: In this study, 181 citrus samples collected from 12 districts and counties in Zhejiang
Province were detected by reverse transcription-polymerase chain reaction (RT-PCR) . The results showed
that Citrus yellow vein clearing virus (CYVCV) was first detected in Bergamot (Citrus bergamia) and
Ehime Kashi 38 (C. reticulata) from Zhejiang Province with an incidence of 68.0% and 47.2%, respectively.
The complete genome sequences of 4 CYVCYV isolates from Zhejiang Province were sequenced and
characterized. Comparisons of the whole genome sequences of these 4 CYVCYV isolates as well as 11 isolates
previously reported from around the world revealed the sequence identity ranged from 96.9% - 99.8% at
nucleotide level and 97.9% - 99.4% at amino acid level, respectively, indicating that there is a very low

level of sequence heterogeneity among CYVCYV isolates of different geographic origins and hosts.
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Although CYVCYV isolates from Zhejiang Province were clustered in the same clade in the phylogenetic
tree, other isolates from China did not show a relationship with the geographic origin of the sampled trees.
Keywords: citrus; Citrus yellow vein clearing virus; detection; sequence alignments; phylogenetic

tree analysis

G S ALK R (Citrus yellow vein clearing virus, CYVCV) 5| H 5 Bk & —Fiopria & A1)
FAR 3 o 1% I R T 36 0H (Catara et al., 1993), BEJGLEENE . +H At iE (Onelge
etal, 2011). CYVCV et fa s KZHMFEMIE, CUArE (Citrus limon) RS (C. aurantium)
R, AR G KA B, MR, PRI, H AR (Alshami etal., 2003).

CYVCV MM 58 Mandarivirus %51, RIS 7 529 MEHIR, W REASH 6 MK
[ 324 (Loconsole et al., 2012) . BRIl G4 #&4L, CYVCV & Rl v A& YL & (Phaseolus
vulgaris) F%EZZ (Chenopodium quinoa) S5 A P51 (Onelge etal., 2011), LUK FRRE 52 M HAE i
' (Zhouetal., 2016). HARTGYEF (Aphis craccivora) ML (A. spiraecola) T AEFFERIZK G
(AT (Onelge etal., 2011), {HMANESE CYVCV Ik ] P A B HUZE R ) REAT AL 4%

1 2009 45 2 AL T 2 F B o A BURERG OBKORT LASK: (Chen et al., 2014, CRGZEAEDY)IL FIR,
VLV IR A5 2 M 7248 DRI 7 MR B (BRUERE 458, 2016), (HMRVLMIE ™~ X WA A
IR R AERHRIE (Zhou et al., 2017). WIVLAE A o [ ZLRAIARE X, 21 2013 4F I FHHAG AR5 1R
A 112 x 10° hm?, 775 1.94 x 10°t GRAR %5, 2014), BRI A o #4 Jkos 252 Ay BBk 1) it
Mt (C. unshiv) 55 ABEFCHE TS REHIG ORI A, DURBIBZ0E (e LG ™ X R A 4
A SRR, I BIaAAG B K LA FE CYVCV IR 2R G A0 B2 L F S (1 BB AR A

QY i SRS DARF

1.1 HiBELEKFAFER RT-PCR #&7

2016 4F 1 H—2017 4F 3 H WAL 12 MG = HURAE T 181 (AR o BUREI AN RLRR A
5 AT ) EUESLER 30 mg R EE PR 2. IG5 RNAiso plus (TaKaRa, HA49
PEHUE RNA. 3R45 )5 RNA ¥/ T4 DEPC MBI K EBAKY, -80 C MAF4% M.

T CYVCV RT-PCR Kl 2 [ 474 252015 (1 77 %, SRR 514 YF1(5'-TACCGCAGC
TATCCATTTCC-3') Fl YF2 (5-GCAGAAATCCCGAACCACTA-3"), TR 1 F Bl 614 bp, §”
XA Ry AN e R SE N . BT S I e I (L) A S R A R A . —25ik RT-PCR W
A%y BA 1 L RNA R 1 pL B2k Bk, ARSI 8 uL IR & (2% One step buffer 5 uL,
10 pmol - L' IEXM5I#4% 0.2 uL, PrimeScript One step Enzyme Mix 0.3 pL (TaKaRa A,
PrimeScript” One Step RT-PCR Kit Ver.2 i #l#1), RNase Free dH,0 2.3 pL). #4440 94 Chi
B 3min; 50 ‘C 30 min; 94 ‘CHiA!: 2 min; 94 ‘C 30s, 55 ‘CiE-k30s, 72 C#EfH40s, 304
PEFR; 72 CZEfH 5 mine HU 5 pL PCR F=“HIREAT 1.5%IIRHHBEIR F ko5 45 2R o

1.2 EEENF5SFT 9

MR P FH TR AE St RS 25 S, 3l LSRR O M (ZI-1, ZJ-2) R “403E N’ Wy (Z)-3,
ZJ-4) [F] 44 CYVCV FEFERE RNA AR, 2 Loconsole 55 (2012) 7575, H&ERE CYVCV
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FERATHI) 7 5519347 PCR 38 (K 1), — 257k RT-PCR VAR R Hy: 1 uL & RNA B, 2x
reaction buffer 5 pL, 10 pmol - L™ I [ 5144 0.2 L, 5 mmol - L™ MgSO, 1.6 pL, SuperScript™ III
RT/Platinum® Tag High Fidelity Enzyme Mix (Invitrogen 24 ) 0.2 pL, RNase Free dH,0 1.8 pL. 4"
BAZRN: 94 CftsE 3 min; 42 C 30 min; 94 C 2min; 94 ‘C 15s, 55 'C 30s, 68 CHEffifH
M RZE 1 kb - min', 30 MEFR; 68 °C 5 min Efi1. PCR P48 B0 44k )5, 235155 pGEM-T
WARER . FAC KR E IM109, BN BEEIL 10 ANBAPE s B el ss (Bl SO A PR A
HEATI P %02 . D745 R4 Bioedit 7.0 AT HHEZ G 433 CYVCV AL H4LT 51

K1 KHRFASIY (Loconsole et al., 2012)

Table 1 Information of primers in this study (Loconsole et al., 2012)

511 SlFPE) (50-39 Ji BEK B /bp P19 X /b
Primer Primer sequence PCR product size Amplification
1fw GAAAAGCAAACAKWAHCAWACACACCC 921 1~921
921rev GGGCAAGAGCACTTGGGTATCT

668fw GCCGCTACCCAGAGATATACCAGATT 916 668 ~ 1 584
1 584rev GCGCTTGTTTTTCTGAAGCTTGGTGA

1 338fw GCTCCCCCTCCCAGACATCTCAGA 1314 1338 ~2652
2 652rev GTAATGCGTGATGGGCCATATGAGA

2 515fw GCTACCTCGCTGAAGGTCTCGGTA 1022 2515~3537
3 537rev GGTGTACATCACCTTGTCAGAGCATA

3 377fw GGTTGGCCAACACTTGTCCCAT 1120 3377 ~4497
4 497rev GGGATGGAGTGGTATTTGGCCTT

4 323fw GATCAACTGCGAGACCAACCCA 1087 4323 ~5410
5 410rev GAATCGATGGGAAGACGCGCAGATGT

4 914fw CATTGCCTATCAACTTAAAGACGAGCT 2 646 4914 ~7 560
7 560rev CAGAAAATGGAAACTGAAAGCCTG

¥ CYVCV #tk ZI-1. ZJ-2. ZJ-3 Fl ZJ-4 14275 5 M GenBank H315 1) 11 4> CYVCV #ibk

FIFER 5 BN IABE B (Indian citrus ringspot virus, ICRSV, AF406744, HQ324250)

DL S 2 X i EE (Potato virus X, PVX, M72416) ¥4 Vector NTI 10.0 #4111 Align J7 ikt

1748 TR BHE Sz ARG i X e 81 LE 43 M s A DNAMAN  6.0.40 HEAT % IR M s S L 1R 1 51 %2

HEORE: ARJEEPXT IR, SN IR F S, R Mega 6.0 AT RGE R G4, H

1 000 RE S A RIS VP R G B RS589 (1 ] FEPE (Tamura et al., 2013), A AH S
RONTIFMERGE K EW . FTH CYVCV S BRI ORI M P 518 555 L3k 2.
F2 FHRDATHFEISHOHEERFESERNBRS ., FERE

Table 2 Accession numbers, host, and collection area of Citrus yellow vein clearing virus (CYVCV)

isolates used in this study for molecular variability analysis

Bi27S GES e BT =N
Isolate Host Geographic origin Accession number Reference
CYVCV-IX W B Citrus unshiu Y74 Jiangxi KX378154 Lietal. 2017
CYVCV-HU HiHHE C. sinensis ¥ Hunan KT124646 GenBank
CYVCV-Y1 ¥ C. limon +H I Turkey 1X040635 Song et al.2015
CYVCV-PK Wk C. sinensis AL Pakistan KP313241 Cao et al. 2016
CYVCV-CQ Je ikt C. limon 7 JX Chongging KP313240 Cao et al. 2016
CYVCV-YN Je vk C. limon 74 Yunnan KP313242 Cao et al. 2016
GD-JG FEM C. tankan ] 7R Guangdong KX156738 Zhou et al.2017
SC-EL Je sk C. limon P9 )1 Sichuan KX156748 Zhou et al. 2017
HN-STJ WhRENG C. reticulata W1 Hunan KX156745 Zhou et al. 2017
GX-STJ WHEHE C. reticulata 74 Guangxi KX156742 Zhou et al. 2017
FJ-PK R C. reticulata % Fujian KX156737 Zhou et al. 2017
7J-1 WTF C. bergamia WYL Zhejiang KY933794

7J-2 T C. bergamia #I{L. Zhejiang KY933795

713 213N C. reticulata WL Zhejiang KY933796

7]-4 2LEN C. reticulata WYL Zhejiang KY933797
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2 HiIR 5

21 ANIMEEKMREES S

SERAEN 181 PY G RE TR, 25 R AT 42 VRS T CYVCV, KRy 23.9%.
WFE IR S E AR, TS, GMIEE. B RN, CYVCV K #5514 68.0%.
72.7%- 18.8%- 14.9%%1 43.8%. (EATINE) 11 FpdEE s, A T MR 2038 N Rt
H CYVCV, KHZN 68.0%F1 47.2%. F5)11. AHLE . JEINEMN . KA (C. grandis). W%
=ik (C. sinensis)~ WM (C. paradisi)~ Wit KA (C. suavissima) FIH-F 1 EBRAA RN H CYVCV
(£ 3.

R3 HIHEARKRSREER

Table 3 Incidence of Citrus yellow vein clearing virus (CYVCV) in citrus from Zhejiang Province

PR b R UAE 5 £ S A ot %%

Source Cultivar Sample number Positive number Detection rate

414K Jindong, Jinhua F Citrus bergamia 25 17 68.0

T Xiangshan, Ningbo %N C. reticulata 11 8 72.7

& M Linhai, Taizhou 21N C. reticulata 4 3 75.0
Bl C. unshiu 12 0 0

5 M % Huangan, Taizhou 21K N C. reticulata 22 7 31.8
A C. unshiu 15 0 0
WINEH C. unshiu 7 0 0

HMEIH Yuhuan, Taizhou EHAl C. grandis 21 0 0

£ MY Wenling, Taizhou W = C. sinensis 14 0 0

M MIATH Kecheng, Quzhou %N C. reticulata 16 7 43.8

MM 1L Changshan, Quzhou Ikl C. paradisi 16 0 0

Wi /KE#S Liandu, Lishui i C. reticulata 6 0 0
KA C. suavissima 5 0 0

i JHEHHF Ouhai, Wenzhou FEAH C. suavissima 14 0 0

MK 5% Yongjia, Wenzhou HAMh C. paradisi 5 0 0

N SR3G Leqing, Wenzhou W N C. unshiu 31 0 0

22 ERHBSR

Pk H W EHLX ) 4 A CYVCV SEREAT 4 e 41 e M 25 R 8o, 4 N REFRIS A 7 529 M0,
7E S'UTR I35 28 Fil 29 (i AZAFIR 2 (R “-CA-" TIEMIIFA . X 4 A CYVCV Bibk R JE R 41 (1A%
IR FH 2 KR 4 2 H1 AR 23 1) 99.2% ~ 99.5%F1 99.1% ~ 99.6%, 5'UTR HI 3'UTR HIARAIE S 5] 4
96.2% ~ 100%A1 100%. 4 > CYVCV ##k5 NCBI # CYVCV-JX. CYVCV-HU. CYVCV-Y1.
CYVCV-PK. CYVCV-CQ. CYVCV-YN. GD-JG. SC-EL. HN-STJ. GX-STJ Fl FI-PK #1144
FEAR IR, 3X 154 CYVCV BERR AL TR T 41, LA RAH Y. 2 3618 (A AL PR A i, 233k 96.9% ~ 99.8%
H197.9% ~99.4%. AWFFTHIRAFM) 4 ML CYVCV #5865 Bk 11 A CYVCV BRI T 2 LR 7
HILEST o, 4 MWL CYVCV #4511 4 CYVCV SRR IR T 2 [0 4 N FERRA S kA
TASR, SRR TEERFAIE 1346 A (S—»F. H. D. N) . 158547 (A—P. T) . 2814 fi

(Y—A. H) #12858 fif (S—L. R) &M, A, X 154 CYVCV AR E#kE A& ICRSV-K1,
ICRSV-Pune (% H R P AIARMERAR, 739020 72.2% ~ 72.5%81 72% ~ 72.3% (£ 4) .

R TREEA A, UARARN G EEIR 7 AU e o, B 1) CYVCV BRI —ile, 5
ICRSV-K1. ICRSV-Pune. PVX {7 FANFIMI 3. Bbah, AR 4 MWL CYVCV FfE
MR %, Bont—E e 2= (8 D,
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R4 HBENRETREHRERASKOEERFSIR RS

Table 4 Pairwise identity of nucleotide alignment of Citrus yellow vein clearing virus (CYVCV) genome nucleotide sequences %
Ref Z]-4 Z]-3 YA Z]J-1 CYVCV-CQ CYVCV-HU CYVCV-YN CYVCV-PK CYVCV-Y1
AR ok 0.7 0.8 0.6 1.6 1.6 1.8 2.7 3.1
Z])-3 99.3 ok 0.6 0.5 1.5 1.5 1.6 2.7 3.1
VAR 99.2 99.4 ook 0.6 1.6 1.6 1.8 2.8 32
ZJ-1 99.4 99.5 99.4 HkE 1.4 1.4 1.5 2.7 3.0
CYVCV-CQ 99.4 98.5 98.4 98.6 ook 0.3 1.2 2.4 2.8
CYVCV-HU 99.4 98.5 98.4 98.6 99.7 Hkk 1.3 2.4 2.7
CYVCV-YN 98.3 98.4 98.3 98.5 98.8 98.7 Hkk 2.5 2.9
CYVCV-PK 97.4 97.3 97.3 97.4 97.6 97.6 97.5 Hkk 2.9
CYVCV-Y1 97.0 97.0 96.9 97.0 97.3 97.3 97.2 97.2 ook
CYVCV-IX 98.1 98.2 98.1 98.2 98.6 98.6 99.1 98.0 97.4
SC-EL 98.3 98.4 98.3 98.4 98.8 98.8 98.5 97.4 97.2
FJ-PK 98.5 98.6 98.5 98.7 99.8 99.6 98.9 97.6 97.4
GD-JG 98.5 98.5 98.4 98.6 99.7 99.5 98.7 97.6 97.5
GX-STJ 98.5 98.5 98.4 98.5 99.1 99.0 98.7 97.6 97.3
HN-STJ 98.4 98.5 98.3 98.5 99.7 99.4 98.8 97.6 97.4
ICRSV-K1 72.2 722 722 72.2 72.4 72.3 72.3 72.4 72.3
ICRSV-Pune 72.0 72.0 72.1 72.0 72.2 72.1 72.1 72.2 72.2
PVX 522 522 52.1 52.2 52.3 52.3 52.2 52.3 52.2
Ref CYVCV-IX SC-EL  FJ-PK GD-JG GX-STJ HN-STJ ICRSV-K1 ICRSV-Pune PVX
AR 1.9 1.7 1.5 1.5 1.6 1.6 349 353 78.0
Z3-3 1.8 1.7 1.4 1.5 1.6 1.5 35.0 353 78.0
Z])-2 1.9 1.8 1.5 1.6 1.6 1.7 349 35.2 78.2
ZJ-1 1.8 1.6 1.3 1.5 1.5 1.5 35.0 353 78.1
CYVCV-CQ 1.4 1.2 0.2 0.3 0.9 0.3 34.7 35.0 77.6
CYVCV-HU 1.4 1.2 0.4 0.5 1.0 0.6 34.9 35.1 77.6
CYVCV-YN 1.0 1.5 1.1 1.3 1.3 1.2 34.8 35.1 78.1
CYVCV-PK 2.1 2.6 2.4 2.5 2.5 2.5 34.7 35.0 77.7
CYVCV-Y1 2.7 2.9 2.7 2.6 2.8 2.6 34.8 349 78.1
CYVCV-IX HxE 1.6 1.3 1.4 1.5 1.4 34.7 35 77.4
SC-EL 98.4 ok 1.1 1.2 0.7 1.2 34.6 349 777
FIJ-PK 98.7 98.9 HHE 0.3 0.8 0.3 34.6 349 77.6
GD-JG 98.6 98.9 99.7 Hkk 0.7 0.2 347 349 77.6
GX-STJ 98.6 99.3 99.2 99.3 HEE 0.8 34.5 34.8 77.7
HN-STJ 98.6 98.8 99.7 99.8 99.2 Hkk 34.7 35.0 77.6
ICRSV-K1 72.4 72.4 72.4 72.4 72.5 72.4 ok 2.3 83.9
ICRSV-Pune 72.1 72.3 72.3 72.2 72.3 72.2 97.7 Hkk 84.3
PVX 52.4 52.3 52.3 52.3 52.3 52.3 50.1 50.0 ok

me MG & (CYVCV) REERRTFYIE B 2K 2. 4 FEUHAEZTRITH ZE T H: o NBUEARREAT R Y S ME .
Note: Sequences information of Citrus yellow vein clearing virus (CYVCV) isolates are listed in Table 2. The upper right value is nucleotide
sequence difference data values. The value on the left is nucleotide sequence similarity data values.

CYVCV-CQ

CYVCV-HU

FI-PK

HN-STTJ

GD-IG

GX-STI

SC-EL

734

7J-1

731-3

732

CYVCV-YN

CYVCV-IX

CYVCV-PK

CYVCV-Y1

100 — ICRSV-Pune
— ICRSV-K1

PVX

0.05

1 HBEERES (CYVCV) £ERGHBRIREGH LI
Bootstrap value = 90%. Z BRI R 1; 5 LK BEARBL IR
Fig. 1 Phylogenetic analysis of CYVCYV isolates basing on nucleotide sequences of its complete gene
Bootstrap value = 90%. Geographic origin of referred isolates are listed in Table 1; Branch length represents the genetic distance.
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CYVCV-CQ
CYVCV-HU

99 GD-JG
HN-STJ
FI-PK
GX-STJ
SC-EL
714

o100 713
7)1

L7312
CYVCV-IX
100||L CcYVCY-YN
CYVCV-Y1
CYVCV-PK
100~ ICRSV-K1
— ICRSV-Pune
PVX

—

0.1

B 2 #HEZRKRE (CYVCV) SEBRFTIEBREHLHT
Bootstrap value > 80%. Z BRI MR WK 1; 70 K BEARRIBAL I
Fig. 2 Phylogenetic analysis of CYVCYV isolates basing on amino acid sequences of its complete gene

Bootstrap value = 80%. Geographic origin of referred isolates are listed in Table 1; Branch length represents the genetic distance.

3 e
SIVT AR g o [ T B MR 21X, PRI M B A5 5 ARG . RTIIRTST (ORI 2%, 2017,

Zhouetal., 2017) IR, BRAvAR. BRFGAHL, ARG S ot ) A S BRG 25 v B ARG b o DRI UG 248
CYVCV EW M= DX B R A 5341, 0 TR iz B BB o AR B IRAE T ARG = X
KLl CYVCV, FR I 23.9%. RFEH 12 N E 5 MXBA CYVCV KA. 45 KW,
MG AL AT G CYVCV I ZE 5 BOR, ARG BENOW AR LA 7 X E o A s, R = A A id
BT AR . AR 11 ARG A, HAT BT RERT 4L N MG T CYvey, HR
9 A A EERARATIN H CYVCV, HIUCHEN, 20 7L ] g 3 2R R TR R . DIk f ik
— B RNE AT, AHJCR R AR, B BN ) T S O

AP RN MR B A dn . LR REIR, O BRI SRk R 2
CYVCV, KGN H A% FIB 5 75 (Citrus tristeza virus, CTV ) fRGHET 675 (Citrus tatter leaf virus,
CTLV) . #2452 992593 5% ( Citrus exocortis viroid, CEVA) - i A0 24589 85 (Satsuma dwarf virus,
SDV). #7507 (Citrus psorosis virus, CPV). FAGHESEESEi 7 (Citrus chlorotic dwarf-
associated virus, CCDaV) DL HABMIEI 5 (B AR 2. Ktk CYVCV mlfgeisms ‘43kN’
WERERR B e . FRIM SR B, AR R S — P Bk .

HIIRFFE S, ANTF] MBS PSR AR 11 CYVCV #ibk 7y 72 45/ (Zhou et al., 2017). ASHf
FORR HWLH 4 A CYVCV BREEAT &2 91 70 A (g Rt — 2P R, CYVCV #pk A AR LEAR
i, 1K 99.5%. 3 CYVCV KEDE 20 AR S/ i B DA o] R LR RN Ao A, AN By DR B B 7
FEM R AW B4R (Song etal., 2015). Zhou %% (2017) N CYVCV 12 A [H (1IN ) 44,
I3 BRI RAN B AR B A ()7 et O 4 b R 2 BN R e X
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