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TGB2 TGB3 HAMISMTIE T, ZyVX-GZ 5 P39 F B1 43 B W) e 417 51 — B3 91% . TGB1-3 Ahst i AR 5K
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The genomic sequence analysis of Zygocactus virus X Guizhou isolate infecting the

red pitaya ZHENG Qian-ming, WANG Xiao-ke, WANG Zhuang, MA Yu-hua® (Institute of Pomology
Science, Guizhou Academy of Agricultural Science, Guiyang 550006, China)

Abstract. Based on high-throughput sequencing and RT-PCR amplification, the genomic sequence of the
ZyVX (Zygocactus virus X) Guizhou isolate ZyVX-GZ was cloned and analyzed. Using high-throughput sequen-
cing for the red pitaya samples, which displayed the virus-like symptoms, four ZyVX-related contigs were ob-
tained. RT-PCR amplification and assembly showed that the full-length genome of ZyVX-GZ was 6 567 nt, of
which the 5'-untranslated region (UTR) and 3’-UTR were 60 nt and 70 nt, respectively. ZyVX-GZ genome con-
tained five open reading frames (ORFs), which encoded RNA dependent RNA polymerasease (RdRP), triple
gene block 1 (TGB1), TGB2, TGB3 and coat protein (CP). ZyVX-GZ genome shared nucleotide sequence
identities of both 91% with P39 and B1 isolates. The nucleotide and deduced amino acid sequence identities of
TGB1-3, CP with most ZyVX isolates were 95% —99% and 96% —100% , respectively. The nucleotide and de-
duced amino acid sequence identities of RARP with most isolates were 80%—89% and 92%—97% , respectively.
Phylogenetic analysis suggested that there was no correlation between the genetic differentiation of the current
ZyVX population and host species, geographic distribution. The results of this study enriched the genomic infor-
mation of the ZyVX population, and provided basis for the monitor and control of ZyVX.
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21N ke S ( Hylocereus polyrhizus ) Al N 3
Bl ( Cactaceae) 7 K RJE ( Hylocereus ) 254 25 5%
KWy B TFrh R RN X 2n A ok SRR
R EEH, A FE TR A LR 4R
C ZAIR G 3R AR 2 1 A i 2 55
BREAY W ZHREEZ, REWRE . R,
7 W) IS £ TS T B Y A N TS TR N AN A
T SRR ELAA T 5 SR R L, S A 7R
W TR A AL DRI AR, BLAT R AP 2 5l AR
ARAR, PRELL A K e F R B A8 mE AT T
PR PR TR A i X RR € Ml B R AR T >
IR R DL RN I B IS

KRR LA EEF T4 i 2 U
PRiE 5 A @ R R R N ERHEY, /2
FE AL 95 5% ( Tobamovirus ) 5 A1 7178 Bl 25
J& ( Carlavirus) 5% % X JK 2 )8 ( Potexvirus) &
AT BER % B & ( Carmovirus ) F13 7l 5 22 9 B )&
(Tospovirus) '™, WFFEFIA 1= e K Ig I 1955 75 4B
EBETS5EE X KRR, 15 CVX ( Cactus virus
X) . ZyVX ( Zygocactus virus X ) . SchVX ( Schlum-
bergera virus X) Fll PiVX ( Pitaya virus X) , X H:AS
ey, REGEEY gE ", R
D e E U LR CVX R YLk Ty AR R )
1, 2015 4F, X 5t A4 BT L AT K R i 2 b
H SEARLER Y05 7 1) KO SR MR AT T e e
0T, B CVX-NTU . ZyVX ,SchVX Fll CVX 4 Ff
FeRE ! X CVX-NTU 23 B 9 1 3 [ 4] 4 K ok
TTPHERRAL AR 00T, Zy VX %5 3 PR 7 9138
D TR PARIEN A 2K, ZyVX TR RETE KO
RIENR ZF NN E R Y, 157 2 WG #E,
HEER A2 RKF I B4 8 7 5ME Bz A H
TH R AL AR S R G 53T

2017 AFXF 548 B B Hh X 22 A~ 21 PR ok T SR A
e AT FE ) 8 £ SR B S AR JRR s 75 9 25 4 i
fre il il e PHEMERE, I Zy VX KPS,
AWFFEXT ZyVX A G 7 5 47 9F 82 | LT Fil RT-
PCR ¥4, 3/1% ZyVX St B YR AH 2K
REERFEE T ZyVX BAR A KA EE
FU A4S o3 B W ik R A I 90 ) s A AR 5 e &R Gt Ak
OINT, R Zy VX AZGEET A KO R B BUR LB AT SE
DL s DN B 4 At 1 BRI SRl

1 #MB5HE*®
1.1 ##

2017 4F 9 H XF 5t A 2 ) BT RN OC U4 S5 Ml
2T K g SRR e AT R A, R4 AT B Ak AR
Z% BEEX WP S5 BERUR BER AT AR 5 Al bk 2R 4
21 KT T, VIO 42U A, B
—80CHRTF . SRR AR B fhFp Ry« R0 E”

FZAH] ; Trizol X7 A Invitrogen A H, )X
i 7 W B Thermo Scientific 7Y &), K #T i
DH5a 14 [ & B A P B R A R w], DNA [s] i 4l
Bk ( DP214-03) 11 [ TIANGEN 2 A, LA Tag
DNA A EEA PMDI8-T 2Kl [ TaKaRa 23 #],

1.2 SEENFRYIESH

FIFH Trizol 12 7] & 428 B e SR 254 5 Y A8
RNA , i FH B W56 ¢ HL UK Fll Nanodrop 2000 A5 {1l
Hgt s Ak B, A Bioanalyszer 2100 ( Agilent)
KA i /) RIN A (RNA Integrity Number) , &
MEE RNA KE A 2200 70 B mRNA, | Befb | i
KA BOMEE cDNA  2lifl ek 55— R 510 IR A
A R SCE . A illumina HiSeq 4000 HE47 UK
Ui e 150 bp WF (ZHE LI SE AW E R A
FRAFISERL) o 2 38R 4G Reads, F| H Trinity {4
HEATHREE ' {8 H] BLAST )3 76 NCBI 4R TTAR
iR R ) BRI P T
1.3 RT-PCR § 1%

PIARAS Y contig J7 41 it %11 RT-PCR 5|
Y, IL3E 1, I R sl e e AT R e
S cDNA 55 —5E, DL S WIE R 1 15
K47 RT-PCR 444  RT-PCR ¥ #41A £ 20.0 uL:
cDNA 1.0 pL, [R5 #45 0.2 pL LA Tag DNA
B4 W 0.2 wL PCR Buffer 2.0 pL .dNTPs 1.0 pL .
ddH,0 15.4 pL, PCR ¥ 7 94C 25V 5 min;
94°C 75 30 s,55CTIE & 30 s, 72CHEfH 60~ 150 s,
PEFR 30~35 Y3 fx )5 72°CIEf 10 min, 4CIRAEY
By P2 1.0% B BEHEE I L UK 0 S
I BTG 9) & ml We oFai ik, 3% $5 PMID18-T #
T FEAL K AF 7 DH5a, PR ECHL B 75 1547 PCR
R, B4 AR B $E 5~ 6 N B s BRI T
M P45 R 2801 BioEdit X4 LLXT, S8 2= /047 4 4>
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SN P R 5 e — BN R IIE I B A g R
1.4 FH5HH

Contig J¥ %! {#i i} BLASTN FI BLASTX F¢ )%
(http ://www.ncbi.nlm.nih. gov/ ) #£17 F 1] — E Pk
T4, RT-PCR 4" 34 F¥ 4845 1Y Fr 51 3d i DNA-
MAN #FiE 1798 4% . ORF il il i ORF Finder
(https://www.ncbi. nlm. nih. gov/orffinder ) , &
45y fd 1 ExPASy 1. H ( https://web. expasy.
org/compute_pi/ ) T, F|FH Clustal W #4347
JEHI XS, 7E MEGAT.0 84, 4351l FH A5 K AR
SR SRR/ N IE I B R G K B W, Boot-
strap fH 113 47 1 000 Wk &2, ffi H Simplot
( Similarity Plotting ) #4475 SUABALE 7347 .

2 F#R
2.1 ZyWX HHEFEIS

Bt e 38 D B R AR R 4 %
5 ZyVX-P39(JF930326 ) il ZyVX-B1( AY366208)
oY A B — B contig (2 2) . 4 4% con-
tig I A 1 803~2 704 nt, 5 ZyVX-P39 FL[H 4
WA — 2Pl 83% ~96% , 5 ZyVX-B1 4
MR — B 82% ~95% ., LA ZyVX-P39 &%
F A, F 4 Sk contigh AT T PRI AR R 4

2% contig ¥ ¥ 5E &7 15 ZyVX FEH 4| [ BHAEAE K
IR RS
2.2 ZyWX-GZEHEAFITE

RUERA A Zy VX FER A K7 M 4 2%
contig 74 & it 5| ¥ i# 17 RT-PCR 4§71 (& 1),
RT-PCR 73 5¥ # H 1 749 .2 450.2 678 Fl 1 245
bp 1Y DNA F B, il 3445 e fdfez 3k
15 Zygocactus virus X ve MM B WL 4 2 K
4N ZyVX-GZ,

bp M 1 2 3 4

Fig. 1 RT-PCR amplification of 4 ZyVX-GZ-
related contigs
M :DNA marker; 1-4. Amplification of primer pairs 1-4 lis-

ted in Table 1.

Table 1 Primer pairs for RT-PCR amplification of 4 ZyVX-GZ-related contigs
Primer name Sequence (5'-3") Length/nt
ZyVX-GZ-1F ACTCACTCACACCTATCCA | 749
ZyVX-GZ-1R ATTGCTGAGGATRAAGTG
ZyVX-GZ-2F GTGGCAGCACTTCAAGGAGA 5 450
ZyVX-GZ-2R AGCATATTGGGGACGTAC
ZyVX-GZ-3F TCCAACAGGAGGCRGTCATGC 2678
ZyVX-GZ-3R ATTAAGTTAAGCTGGATA
ZyVX-GZ-4F CAAGGAATCACTGCCAATGAG | 245
ZyVX-GZ-4R CTTTTCCTCAGGAGCGTAATC

Table 2 List of ZyVX-related contigs from high-throughput sequencing results

ZyVX-P39 (JF930326)

ZyVX-B1l (AY366208)

Contig No. Length/nt - -
Identity/ % E value Identity/ % E value
ZyVX-contigl 1803 33 0 32 0
ZyVX-contig2 2 454 96 0 95 0
ZyVX-contig3 2 704 92 0 91 0
ZyVX-contigd 2 202 33 0 33 0
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LR ZyVX-GZ FEHH 4K N 6 567 nt, H
H 5'UTR K4 60 nt, {ii T 1-60 nt,3'UTR K &
9 70 nt, £ T 6 498-6 567 nt, ZyVX-GZ K41k
£17% 5~ ORF, ORFI K4 4 632 nt, 4l 1 543
ANEIEIR, 4y T M 174 kDa 1 RARP (RNA de-
pendent RNA polymerase ) 25 H . ORF2 K J& & 690
nt, 4if 229 P& FERL , /714 25 kDa /) TGBI
(Triple gene block 1) #5H ., ORF3 £ J& 4 342 nt,
it 113 NE LR, 4 F 1M 12 kDa i TGB2
(Triple gene block 2) % FH ., ORF4 5 ORF3 £ 80
MG BRI E S, KN 195 nt, i 5 64 2 I
R, /3 T~ 7 kDa (1) TGB3( Triple gene block 3)
M, ORF 5 KJ¥H 631 nt, 4l 226 PR IR,
rF-i°k 24 kDa | CP( Coat protein) 25 H ,

2.3 FII—HMHELR

NCBI AT H) ZyVX AHEFEA) It 11 45,85
IFHI 25 B DL SRR (% 3) . ZyVX-GZ %
HAUFH S Lk 11 &5 A% T IR M IR 7
Hl—FME A (£ 4), ZyVX-GZ FHAH BT R)F
5115 P39 1 B1 f)—&PEHIS 91% ,5'UTR 5 P39 Fil
B1 A— 23 51 4 929% F1 90% ,3' UTR 5 P39 Fil
B1 A—EE43 5110 97% Fil 99% , ¢ 51 25 5 25 ok B
FEFFRR AR S , o & PR A it sk S AR 5

ZyVX-GZ FE[H 4] RARP [ 1% iR Fl & L R
515 P39 1 B1 M — M f =, 43510 88% ~ 89%

H196% ~97% , 5 HAb ZyVX 4385y A% T R A4,
IR ¥ 5 — B A 80% ~ 83% il 92% ~ 97% .,
ZyVX-GZ 3N 41 TGB1 5 TW-456Y-4 HYA% 4
1R Ao B IR P 4 — B P de i, O 99% 1 100% , 5
P39 ) — PR &S, 0 97% F1 100% ; 5 TW-5149-
17 B — 2R AR, 0 83% F11 92% , ZyVX-GZ H:H
20 TGB2 W% 1 e M2 3E 12 )7 51 5 P39 . B1 , TW-
5149-5 TW-4XB-2 Fl TW-456Y-4 ) — B # i,
551K 97% ~ 99% Fl 98% ~ 98% ; 5 TW-5149-17
BAK, 5 9 A 84% F1 89% ., ZyVX-GZ 3 [H 4]
TGB3 [ #% 1 W2 f1 2 R ¥ 5] 5 P39, Bl, TW-
5149-5 TW-4XB-2 Fl TW-456Y-4 ) — B8,
S5 97% ~ 98% F1 96% ~ 98% ; 5 TW-5149-17
AR, 509N 81% M 85% , ZyVX-GZ F:IH 4 CP
A% 1 R A &= R 7 51 5 P39, B1, TW-5149-5
TW-4XB-2 TW-456Y-4 1 Ni i — 35 5, 20 51
H 96% ~97% 1 96% ~98% , 5 TW-5149-17 B,
4351 81% H1 92%

2.4 FIHEES

FIH Simplot 4 43H7 ZyVX-GZ 5 P39 Bl
7 AR M, 25 3R B, 7 4 i RARP ¥ ORF
WA 2 A X B AR BEBLAIK, 43501 /2 1~1 050 bp Al
3 700~4 500 bp , AL 75% , F K 2H HoAth [X s,
(RIARALEE 42 93% , A & BRI tk () 2 P S 2 =1

Table 3 The ZyVX-related isolates in the past years

Name Accession Length/nt  Obtained ORFs Host Origin
P39 JF930326 6 624 Complete RdARP, TGB1-3, CP Hylocereus sp. Taiwan, China
Bl AY366208 6 624 Complete RARP, TGB1-3, CP Hylocereus sp. Taiwan, China
TW-5149-5 KM288844 2 399 Partial RdRP, complete TGB1-3, CP  Hylocereus sp. Taiwan, China
TW-4XB-2 KM288842 2 403 Partial RdRP, complete TGB1-3, CP  Hylocereus sp. Taiwan, China
TW-456Y-4  KM288843 1671 Partial TGB1,complete TGB2-3, CP  Hylocereus sp. Taiwan, China
TW-5149-17 KM288845 2 397 Partial RdRP, complete TGB1-3, CP  Hylocereus sp. Taiwan, China
NI KY581590 681 Complete CP Parodia leninghausii Korea
HU1 EU670720 663 Partial RdARP Hylocereus undatus Brazil
ST3 EU676006 663 Partial RARP Schlumbergera truncata Brazil
HU3 EU670722 663 Partial RdRP Hylocereus undatus Brazil
oT EU676009 657 Partial RdRP Opuntia tuna Brazil
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Table 4 The nucleotide and amino acid sequences identity of
ZyVX-GZ and other 11 ZyVX isolates
Sequences identity /% *
Virus name Accession
Complete genome RdRP TGBI1 TGB2 TGB3 CP
P39 JF930326 91 89/97 97/100 98/99 97/96 97/98
B1 AY366208 91 88/96 95/97 97/99 97/96 96/97
TW-5149-5 KM288844 - 80/92 97/99 98/98 97/96 96/97
TW-4XB-2 KM288842 - 82/94 98/99 99,99 98/98 96/96
TW-456Y-4 KM288343 - /- 99/100 98/98 97/96 96/97
TW-5149-17 KM288845 - 81/93 83/92 84/89 81/85 81/92
Ni KY581590 - /- /- /- /- 9/97
HU1 EU670720 - 82/96 -/- -/- /- /-
ST3 EU676006 - 83/97 -/- -/- /- /-
HU3 EU670722 - 83/95 -/- -/- /- /-
OT EU676009 - 82/93 -/- -/- /- /-
“ % 7. Indicated nucleotide/Amino acid sequence identity.
25 ZRGHLDH A 100[ ST3
CRIE I ZyVX 4r 85490, 1L P39 1 B1 HA 4 o -or
SEINLLTI, LA S B B W57 91, e A o e
4179 ORF HWH RGEHLH , BEH ZyVX-GZ P39, 0.05 HU1
B1, TW-5149-5, TW-4XB-2, TW-5149-17, HUI HU3
ST3 HU3 0T 4§43 B ¥ 11 RARP J7 5117 & Gt itk Gz
65387, FIFH MEGAT7.0 3R XT 3R 10 S5A% 17 R TW-5149-17
JEHVRE LR 7 W AT R L E . M 100%?&1‘::52
PR RN EL IR T 91, I S5 KA SR s | &R 422 s Fldse /)y e
HEAL B AR 45 B — B W 2-A R, TW- B o
5149-5 TW-4XB-2 TW-5149-17 B —2 | ZyVX- 74 R
GZ P39 Bl HU1,ST3 HUS3 fil OT FH—%, o _|_—TW'4XB'2
¥ # ZyVX-GZ . P39, B1, TW-5149-5, TW- YO 9L Tw-456Y-4
4XB-2  TW-456Y-4 TW-5149-17 il Ni %5 8 P55 éGz
Yy CP 74 i i R G AL (I 2-B) . ZyVX- Bl
GZ P39 . TW-5149-5 TW-4XB-2 Fll TW-456Y-4 % 92 Ni
Jy—2,B1 I Ni B —2, TW-5149-17 5 ik TW-5149-17
IrEYISRG O R BUE o —2
Fig. 2 Phylogenetic analysis of ZyVX-GZ and

3 g5

K e SRAT R Z B Z2 A B 10 22 E R Y HOp 2
Y& T Flexiviridae B} Potexvirus J& , MoK B sg
1FE . RNA FREY | ZyVX BY SO 5 175 i
| R A [ S VS A A R A

other ZyVX isolates using the nucleo-
tide sequence of RARP (A) and CP (B)
The phylogenetic trees were constructed using neighbor-join-
ing method. The bootstrap values were calculated by 1 000

replicates.
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HRAFHL R KR R KR (Hylocereus unda-
tus) 4% ( Parodia leninghausii) & J\ >= ( Schlum-
bergera truncata) 4B AN ( Opuntia tuna)
&R TN ERERTR & 80Fr, 320 Zy VX 1925
TR, R AT EA I P39 F1 Bl 7 & W)
CLARTF SR A KP4, KRG | LY i Ak
158 ZyVX 5 B P 5, ZyVX FEH 4T
= AFIT ZyVX FHAR R G 3Hr, At
FERAG T E R R AR YL 20 N K e SR 1 ZyVX-GZ 5
A 4K, NorHT Zy VX BRI BI85 AR 5 F ZR S it
fhBasE T EE A,

REZELZyVX 53 B AE TR HE AT,
ANheid 5L K 78 e R gk b, ASbit
FERIH ZyVX ) CP #l RARP A T R4 L
o SRIRTANFHLIX ARIZFER ZyVX 7 B9
REKGH EFIE Mo A A AE A O, B
ZyVX BEUR R A BB B A4 A4k, I 52
BRI ZyVX YA FREAE AR T AER 4
@ X Zy VX BER A BEREGE  AR F

RNA i 8 7E S i i B2 v, bl 1 52 i 4H OG il 5
Z AR IENLT B i R R A s A
ARSI Potexvirus J& W9 T A AEAS ) B 1) a5t
B85 Bl PVX( Potato virus x)8 NAN[R] 53 B4
F1 4 PR 2 A1 IR P 9 — BUME Sl T7% ~ 99%
{2 — N B GE ¥ ( Achyranthes bidentata) i) AItMV
(Alternanthera mosaic virus ) A6 53 B Y1) 5 4
ORF —E(1E K 71% ~80% " ; (2 YL 4-1if #E ( Planta-
go asiatica) B PIAMV ( Plantago asiatica mosaic vi-
rus ) AN [R] L DX 1) 73 25 4 ik R 20 1 R )Y 41 — E0bE
N 16% ~ 718%™ . AWEIE ZyVX-GZ H: A 5
P39 BI 73 B¥) ) — 2k 91% , 7E 2 5L I
AR IR 7 51— SR K P55 8, Zheng 451 X 41
PR e SRATL PR T 43 5 30 0 o i 2 R 2 T 301 B 45
R, PHESAS I CVX-NTU M B 5 NC-
BI {iiE ) CVX-NTU F R 1 MR 75— E ik h
97% , 7T ZyVX-GZ. R 75 1 st 4% 748 5 fid Ak 3=
FRHRE S EZ NIRRT E, X
2 PR GLLL A KO A 35 B AE X 5 /N 1 3t % AR
S5, AT Be S AT Dy AR R A BRI G

FNEY ZyVX . CVX-NTU 5 [E 49553 5 4 B A7
2 1 1 P 40— 055K g B AR A FT FE 2
SIHEHET DI EA S B

JE PR 58 A0 R PR E 2 2 RNA i 8 77 A st A%
AR S DA R IR A SR ALY SR R 4y
Mr#&# ZyVX-GZ P39 1 B1 & & BLHH I () 3L [H 2
M, BATR)T 51— BOHE ) H o3tk B Ak
RAFJE ZyVX FER A Ty 5 st 45 48 S i) E 2R A
B B R B, ZyVX-GZ JE P 4 N 1975 5 24 s
TR TR A R & IAH AR S5 A 5
I, Zy VX B 1 5t 1% 748 S 2402 BR AT R 28 8 5
i,

ZyVX-GZ FEH A 4ihi% 1 5 4~ ORF 5 HoAth
STEYIAHEL, DL RARP (47 5148 S 5 K, B4 iR —
HEH 80% ~89% ., Hihh Y TGB1-3 il CP, [k %
TW-5149-17 53 &4, 5 HA 7 B W) A% 1 R — 2
M 95% ~99% , B i 5 T RARP, Potexvirus J& i)
Y3 2 ik I AL AN [A] ORF 53 22 3R A ] (1) )3 1) —
Pk i AItMV 1 PIAMV A [643 254 h ) ORF
— A AR, RARP A% 12 7 51 — Bk 41K
CP il TGB1-3 —E(bm &> . ZyVX-GZ F:H
AR ORF 2% S+ 8 B i A [A], S 80E 1 CP M
RARP J7 514 5 19 3 Ge it AR i 25 30t i K 22 7
(B 2) ., HUERRSHT ZyVX BERR) RSk, T3k
MEZN By IR 2K,

AW FEIRIFAR YN KRB ZyVX-GZ 7
B A e BCH 5 HoAth 43 25 W) Y st A% A8
5,0 RGE A OC R | I R BE B0 LA
% MDA B At T BRI B

&%k
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