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M E: a&FF (Passiflora edulis) 7Bk SN FFE IR AK R, 78I B AT B0 R IR A 2 £ R iR 24 58w vh HLA5 8
FEN HiEak B HFRMEEHRAE B E, SEAE MR TR, ERm AR, e RN e ERE
EMMXFHEMIE . o REARREEN, RN ETME . WNTE ., LR HTAEMER s MEERE
FERPRE XORAE BE USSR T H 153 4y, SR RT-PCR BN HUEATRG I . 255 R0 REAAG 2] 7 Flosds, /R4
VG %% 7 (East Asian Passiflora virus, EAPV ), BRFEHMH T ( Telosma mosaic virus, TeMV ), #& KL%
( Cucumber mosaic virus, CMV ). FE5 £ %7 ( Turnip mosaic virus, TuMV ), PiFEEBE LK EF ( Passiflora mottle virus,
PaMV ). PG%E 4 WFas57 ( Passiflora latene carlavirus, PLV ) F1 3432 Y 53 ( Potato virus Y, PVY ). EAPV i Kix
B, 3K 96.08%, IR TeMV (81.70% ). CMV (78.43% ). TuMV (44.44% ). PaMV (26.80% ). PVY (24.84%)
M PLV (15.03% ); (A EMAIE, PVY RERFEDLE, MY E FRNERMGE . ARG BN 7 Fhw e i il
SR GRS % 79 AL TR — BUE e 95%L) b, ZM @it b KB, EAPV, TeMV, PaMV, PLV. TuMV 45
FE 48 0 E B RN B YT —E IR AEYE, 1T CMV F1 PVY 51 5P S CMV B R B8 F S IE ik PVY
B B R S K R il , XU B B B Bk IR SRR R I A, R AE I N R ARG E . ALK B 24 FhiZ AR YL
KM, P 3~5 MRS RUCKAU T, EARIEFE 94.77%, H EAPV+TeMV+CMV 44 B4 A2 e b Bl i £ 12k
Bl; EAPV, TeMV Fl CMV B H R E 5 78.43%~96.08%, 7E 5 MEGFREFEMMR ALK L, BEZMESGRYZ
T ep s A7, PRIEIX 3 Bl 25 A 1R e 5N B A SR R A X AL R B o IEAh, ABFSE AL T EAPV., TeMV #l CMV
92 8 PCR AR R, b S 75 1 DR RS il S R S e

KR M HESR; AEKN; RT-PCR; HARYE
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Abstract: Passion fruit (Passiflora edulis) is a characteristic and advantageous fruit in Guizhou, which is of great sig-
nificance in poverty relief consolidation and the rural revitalization. However, in recent years, the viral diseases of pas-
sion fruit have become increasingly severe, leading to a sharp decline in yield and quality, which thereby seriously con-
strain industry development of passion fruit. In order to determine the virus species, distribution and compound infesta-
tion in the main plantation areas of passion fruit in Guizhou province, a total of 153 samples suspectedly infected by
virus were collected from five main plantation orchards of passion fruit in five counties, i.e. Luodian, Congjiang, Rong-
jiang, Zhenning and Zhenfeng, and the virus detection was carried out by RT-PCR. The results showed that seven vi-
ruses were detected from the tested samples, namely East Asian Passiflora virus (EAPV), Telosma mosaic virus (TeMV),
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Cucumber mosaic virus (CMV), Turnip mosaic virus (TuMV), Passiflora mottle virus (PaMV), Passiflora latene car-
lavirus (PLV), and Potato virus Y (PVY), among which PVY infection was firstly reported from passion fruit. EAPV
was the most prevalent one with infection rate as high as 96.08%, followed consecutively by TeMV (81.70%), CMV
(78.43%), TuMV (44.44%), PaMV (26.80%), PVY (24.84%) and PLV (15.03%). In the present case, the distribution of
passion fruit viruses in Guizhou province and the diversity of virus sequences were analyzed. Seven viruses were de-
tected in Zhenning, six in Zhenfeng, five in Rongjiang and Congjiang, and three in Luodian. There’s a close identity
between the nucleic acid of the seven detected viruses and the corresponding reference sequences (above 95%). Phy-
logenetic analysis revealed that EAPV, TeMV, PaMV, PLV and TuMV somewhat geographical clustered with passion
fruit virus isolated from other provinces in China. CMV and PVY were most closely related to Cucumis melo CMV iso-
lated from Spain and Capsicum annuum PVY isolated from Rwanda respectively, suggesting that the virus sequences
diversely varies among the origins in China. A total of 24 types of mixed infection were detected in the main growing
areas of passion fruit in Guizhou, and the complex infection rate was as high as 94.77%. The complex infection with 3-5
types predominated in the tested samples, and the combination of EAPV+TeMV+CMV was most frequent among the
complex infections among which, EAPV, TeMV and CMV detected ranged from 78.43% to 96.08% in the five counties,
somehow reflecting that they were the major viruses to prevent in passion fruit industry of Guizhou province. In addi-
tion, a multiplex PCR assay system for EAPV, TeMV and CMV was established in this study, which provides technical
support for the rapid detection of related viruses.
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Vi Z 3557 ( East Asian Passiflora virus, EAPV ) I/
A 46195 72( Telosma mosaic virus, TeMV )[8]
# AL %5 ( Cucumber mosaic virus, CMV ) ¥
PR HEA TR ( Passion fruit woodiness virus,
PWV ) UOUHIET G F A2 48 %5 ( Cowpea aphid-
borne mosaic virus, CABMV ) (i o FESTM AP
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Tab. 1 Field samples of P. edulis collected from main
plantation areas in Guizhou province
SRAEEL Number of samples
R e WLHE TE ETE SRR
Breed Luodian Congjiang Rongjiang Zhenning Zhenfeng
county county county county county
Hk—= 24 27 9 12 12
B ILS 9 12 9
el L 12 12
BE—5 15
12 AHik

1.2.1 % RNA @983 KA RNA ##BGAH &
( Omega Bio-Tek W& HUE LI 1= YL iR G
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& RNA, B35 BEGR0H. FHEbR 0
FE LR B AT, By W R 5 ek G ) HL T
122 3l#4 & MRIE GenBank T & FAF
%1, FIH Oligo 7 ¥ 4% 11 EAPV, TeMV, CMV ,
TuMV . CABMV . PWV ({45 5 P46 00 5| 9,

PaMV . PLV . PVY KI5 | 41225 HH 5 Sk
(R2), KR FTA S ZHeA TAEY TR L
W) et A FRA AT A o

123 ¢DNA 4 %% RT-PCR ¥ 3% DISEUGTE
BRYHEFERIT A RNA MBI, 336
cDNA S —4f, EAR IR UL S50 & vl i 4

( TaKaRa EAY THEARAF ). LA cDNA A
Bz, #4147 RT-PCR ¥4, §IGIKRN 50 uL: 2x
Canace Gold PCR buffer 25 uL., Hieff Canace Gold
High-Fidelity DNA Polymerase 0.5 pL, 10 pmol/L
() E RS 494% 2.5 uL, cDNA #iHz 5 uL, JCHE
ddH,0 #M R IR A H%5) . PCR BARN#F 2 «
98 ‘CHIZEM: 6 min; 98 CTAEME 10 s, 60 Cilk
20,72 ‘CHEfH 30 s, FEFF 35 ¥k ;72 ‘CLEH 5 min,
4 CLRAF. HUPCR =“WIiHEAT 1% IR W BRI HLIK
AT AR RGN ERZE R . PCR B XS B
TR IO EEAR YL LA

®2 BERRSVNFASIMERNZH

Tab. 2 Primers and reaction conditions used for P. edulis virus detection

Ik 27 S1FE (5-3") 1B KR PCR 7 H K/ 27 3k
Primer name Primer sequence (5'-3") Annealing temperature/’C  PCR product size/bp Reference
EAPV-F ATGTGGGTAACACGCTTTC 53 286 NI
EAPV-R TGTGGCACCATCCTATCA
TeMV-F TGATAGTTCATTGACCCCTT 54 395 PNT
TeMV-R CGCTGAAGTCATAATTTAACCC
CMV-F TTACATTAGAGACCGTAGAGC 55 690 PN
CMV-R TTGTCATTGCACCTACGTT
TuMV-F ACGAGAGTATTTCCAACCGAT 54 306 NI
TuMV-R TCTTCTTTCATCTCGGGTGT
PaMV-F CATGTCACACAGAGCTATTGAG 50 840 [14]
PaMV-R GCTTCGCATTTTCAACCATAGG
PLV-F AGTGTAGAGTTTGAGGGTGGTG 55 261 [13]
PLV-R TGCGGTAGGTCTCCTGATT
PVY-F GGCATACGGACATAGGAGAAACT 57 447 [15]
PVY-R CTCTTTGTGTTGTCCTCTTGTGT
CABMV-F TTCATACAATGTTGCACGAGA 56 352 PNT
CABMV-R GAACTGCTCTACCTTATTCG
PWV-F AAGTACAAGAGTTGACATCCGTA 56 327 KB
PWV-R AATTGACAGACCAACGTCGAG

1.2.4 PCR ZHwlcZnl 5 M DNA H#ER Al
Wik & ( TaKaRa FAEY TRABRAF ) ¥R
Pk B i R B mllicatifl , 3% $ PEASY-Blunt 28/4( 4>
KEEWHEARBANABRAF ), b 2 KIGFF#
JBAZAS, B PCR BHMESERE = Wik 28 TAEY T
B B A ARSI T . WPasRs
NCBI H4# B it i J7 513847 Blast X SR
MEGA-7 fJ404%%: ( Neighbor-Joining, NJ ) #47
1000 WCEAF B A AT, THH kb

1.2.5 %t & o4 KA RT-PCR ¥, X REN
153 0y B & AR B RUBR T R R B R, Seit

W EE R AR AR . REEFEAREL. A G Ol S s
HAERFENE SRR Rk 2=k
AR R EEFEA R < 100%

1.2.6 %% RT-PCR ¥ ¥4k 2694t ferz = LU
B A EAPV ., TeMV F1 CMV G HE 0 1 7 ke
i cDNA Wt , &5 172 & RT-PCR
P, X2 E RT-PCR KR MR AR (50, 52,
54.56.58.60 C).5l¥&mE(05.1.1.5.2puL)
AR UEL (20, 25, 30, 35, 40 ¥k ) FEATHE6E
WE, UAGZ SR R o PCR 4738 Wi 4T 1%
AR B EE I F Uk, 8 I R AR R SR A R
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A SR 2 8 RT-PCR § K R xR AR
AR A R AR S A TR, LA IR R Y
HERTE

2 HERE5HWH
21 BRBEERFRIER

M A B, e P . YT E
WL E TR R S A EFREEMEX,
WARSR AL, EERICAMAEi (F 1A),
s . W (FE1B). e, Bfk, BB (& 1C ),
PR (B 1D ) SR o 3 3 A 1l X ot = |
BT A, SRR R AR WS TR R M X, BT
RpEA LA, BT AN,

A: il B: W4, BIE; C. et Bfk. EBE

D: JREHELL,

A: Curling; B: Crinkled, deformed; C: Flowering leaves,
yellowing, yellow spots; D: Fruit, skin mottling.

Bl AERFSAEERNEEERRI
Fig. 1 Symptoms of P. edulis plant infected by
virus diseases

22 HRHEEN RT-PCR &l

K H RT-PCR EXRAEM 153 e SiEAT 9
PR EERLIN, 255 WoR, EAPV, TeMV, CMV,
TuMV. PaMV. PLV il PVY 3t 7 Xf5[#y%taf 2
WITE 286, 395, 690, 306, 261, 840. 447 bp &b
PHE AR RS, SRR E S TUH RN
HMTEE (18 2), CABMV 5 PWV R34 2 i
WK/ H R 4ty R B S AR A X 2 Fof
T AAE RS R AW, UL AR
ST, 0 LAE N B IR
23 RmERFISH

B IRRI R 7 Fh B REALIE G 24
AT TR, K 3R AR 075 43l 5 4 4 EAPV-

GZ. TeMV-GZ . CMV-GZ ., TuMV-GZ ., PaMV-GZ .
PLV-GZ #l PVY-GZ, 45 7R , X 8751 5 EAPV
(KP114136 ), TeMV (KJ789129 ), CMV ( KX-
525733 ). TuMV( KF246570 ).PaMV( MK492286 ).
PLV (MK340756 ) fil PVY ( ON604844 ) &R
JPA— SRR &, 3 Hh 97.56% . 98.41%.
95.67%. 98.37%. 99.69%. 99.23%F1 97.54%,

KRB IETEXT 7 PR TR T 45 A R G K
BRI, 4558 % 0 EAPV-GZ . TeMV-GZ .PaMV-GZ
PLV-GZ #1 TuMV-GZ ¥4 5 rh E A [A] 45 1y 19 B 7 2R
SRR EWIE Rl — WA, A —E b B R 4R
P£. EAPV-GZ 5 (1 H &R EAPV &Y (KP-
114136 ) AEGEMEL LR (K 3A); TeMV- GZ
5P EER TeMV 2054 (KI789129 ) RH—
% (K 3B); TuMV-GZ & T 5 & A FHR TuMV
ST EY (MK340758 ) SEL R RBGIAN, b 514
JE T 2 TuMV 73 259 ( KF246570 ), [
TuMV ¥ 89 (LC537522) [alkk F—A~ A
( Bl 3D ); PaMV-GZ 73 B 55 A R PaMV
S (MK492286 ) LI# i 1) H JE{E ( Bootstrap
value=100 ) R}y [W—4r3% (Kl 3E); PLV-GZ 41
BRI EE EFR PLV 2B (MK340756) A
BOEMGEG G R, S mEE T TH FHR PLV 705
Y (MK340757 ) SRR %HE (E 3F ),

CMV-GZ Fl PVY-GZ W 5 R[5 4 Fh 59 55 43
B SRS R . CMV-GZ M HE 7K CMV
SrEY) (KX525733 ). PEBEA A CMV B4
( AM183115 )., ERKFIVGH  CMV 4 &Y
(OMB867855 ) R Ky—3, ARIEMFEL KR, M
5k E CMV Y (EU723570 ), HEIILAR
RAE4 CMV 0B (EU414799 ) SE% 56 R IIT
(I 3C); PVY-GZ FISHEAH PVY B4
(ON604844 ) Rk KRBT, -5 5 MAHE PVY
ST EWISEG R R (3G ).
24 FEFRBHOKRHERSH

ERME S AN EFERIXRER 153 e
mn ARSI R . AN W] B A A A A —
FEZ (K 3),EAPV R A H 8 5, 35 96.08%,
HAMK K TeMV (81.70% ). CMV ( 78.43% ).
TuMV( 44.44% ). PaMV( 26.80% ). PVY( 24.84% )
M PLV (15.03% ), EAPV. TeMV i CMV /37
WAz, A A AR AR
EAPV B H R AE 88.89%~100%2Z ], TeMV F)
K 4 RTE 77.78%~90.48% 2 1], CMV (K Hi HRAE
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A M 1 2 3 4 5 6 7 8 910 11 1213 1415 16 17 1819 20 M 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
—— —_———— —— —_—_————— —_—— S ———————— PR —

M 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 M 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

M 81 8 83 84 8 8 8 8 8 9 91 92 93 94 95 9 97 98 99100 M 101102 103 104 105 106 107 108 109 110 111 112 113114 115 116 117118 119 120

43 44 45 46 47 48 49 51 52 53 54 55 56 57 58 59 60 M 61 62 63 64656667 68 69 70 71 72 73 74 75 76 77 78 79 80

83 84 85 8 87 8 89 91 92 93 94 95 9% 97 98 99 100 M 101102 103 104 105 106 107 108 109110 111 112 113 114 115 116 117 118 119 120

M 121 122123 124 125126 127 128 129 130 131 132 133 134 135136 137 138 139140 M 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155

C ML UTSEEPR 3 A S R 6 a7, 8910]112]314 15 16 17 ]8]920M2122232425262728293031323334353637383940

—— —— e —— e ————— e

M 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 M 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

M 81 8 8 84 8 8 87 8 8 90 91 92 93 94 95 9% 97 98 99 100 M 101 102 103 104105 106 107 108 109 110 111 112 113 114 115 116 117 118 119120

M 121 122 123 124 125126 127 128 129 130 131 132 133 134 135136 137 138 139 140 M 141 142 143144 145 146 147 148 149 150 151 152153 154 155

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 M 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80

81 82 83 8 858 87 8 8 9 91 92 93 94 95 96 97 98 99 100 M 101102 103 104 105 106 107108 109 110 111 112 113 114 115 116 117 118119 120

121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 M 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155

E 1 2 3 4 5 6 7 8 9 1011 2 13 141516 17 1819 0 M 21 22 23 2425 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 50 60 M 61 62 63 64 65 66 67 68 69 70 7L 72 73 74 75 76 77 78 79 80

8l 8 83 84 8 8 87 88 8 90 91 92 93 94 95 96 97 98 99 100 M 101102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120

121 122 123124 125 126 127 128129 130 131 132 133 134135 136 137 138 139 140 M 141 142 143 144145 146 147 148 149 150 151 152153 154 155

F 5 6 7 8 9 101 121314 15 16 17 18 19 20 M 2122 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 S50 51 52 53 54 55 56 57 58 59 60 M 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80
81 82 83 84 858 8 8 8 90 91 92 93 94 95 96 97 98 99 100 M 101 102 103 104 105 106 107 108 109 110111 112 113 114 115 116 117 118119 120

121 122 123 124 125 126 127128 129 130 131 132 133 134 135 136137 138 139 140| M 141 142 143 144145 146 147 148149 150 151 152 153154 155

G 7 8 9 1011 12 13 14 15 16 17 18 19 20 M 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 M 61 62 63 64 656;5 67 68 69 70 71 72 73 74 75 76 77 78 79 80

81 82 8 84 8586 87 88 8 90 91 92 93 94 95 96 97 98 99 100 M 101102 103 104 105106107 108 109 110 111 112113 114 115 116 117 118 119 120

121 122 123 124 125 126 127 128 129130 131 132 133 134 135 136 137 138 139140 M 141 142 143 144 145 146 147 148 149150 151 152 153 154155

A: EAPV; B: TeMV; C: CMV; D: TuMV; E: PaMV; F: PLV; G: PVY; M: DL2000 DNA marker; 1~36: & fi] Bk 5 ; 37~72:
MATEAES ;s 73~93: MEITEARG; 94~129: #HT EAES; 130~153: piFEAES; 154: FHEEXTIE; 155: PIPEXTIR,
A: EAPV; B: TeMV; C: CMV; D: TuMV; E: PaMV; F: PLV; G: PVY; M: DL2000 DNA marker; 1-36: Samples from Luodian county; 37-72:

Samples from Congjiang county; 73-93: Samples from Rongjiang county; 94-129: Samples from Zhenning county; 130—-153: Samples from
Zhenfeng county; 154: CK"; 155: CK".

2 BERERFEMN RT-PCR I EER
Fig. 2 RT-PCR amplification results of P. edulis sample

63.89%~90.48% 2 ], EFMEREERRLMWE  HAWE 3 Fpd.

BURTE, TuMV S ERKGH, AHERMNER 25 HFENEAERER

K %5k 52.38%~63.89%; PaMV Fll PLV (1431 AW RN 153 ks, Hf 8 iy g
G R T BT £ 8 PVY MR IR &Ry, 25 AP a8 EAPV FEM 3 4.

. BT ARIMER] 7 FpEs, STESRMNE 6 TeMV AES 2453\ CMV Hi 1 A1l £ 5 PaMV
o, VLR MMICEAIR] 5 MessE, P RES 2 0, HA 145 MR R B E AR,



578 EIPRINE PE o) NER O s 0 i AR 2 i) il 1483
A EAPV-GZ B 63— TeMV-GZ
100}o}, KP114136/Taiwan China/Passiflora edulis 100 KJ789129/Guangxi China/passion

ONG641738/Fujian China/Passiflora edulis
MT450870/Viet Nam/passionfruit

NC007728/Japan/Passiflora edulis
LC038070/Japan/Passiflora edulis

—|:BAK64660/S(mth Korea/Passiflora edulis
100

KT724930/Taiwan China/passionfruit

KF274031/Watermelon mosaic virus

MT557572/Viet Nam/passionfruit
MK340755/Wuyishan China/Passiflora edulis

MK340754/Fuzhou China/Passiflora edulis
MG944249/Hainan China/passion fruit
MN316594/Taiwan China/Passiflora sp.

981 MK617183/Taiwan China/Passiflora edulis

OM128429/Paris mosaic necrosis virus

—_—

0.020
—_—
0.050 . -
C 99 ~ EU294147/Poland/Lonicera caprifolium L.
98 EU414799/Shandong China/Petunia hybrida
MT126703/Anhui China/Platycodon grandiflorus
EU414800/Shandong China/tobacco
MK482377/India/Plectranthus amboinicus
68 MN340994/India/Capsicum annuum
CMV-GZ
KX525733/Spain/Cucumis melo
AM183115/Spain/tomato
OM867855/Italy/Cucurbita pepo
78 KT310081/South Korea/Rorippa palustris
1001 MK?778842/Henan China/Ipomoea batatas
100 LC066499/Turkey/Brassica oleracea
AJ276583/France/Lily Asiatic
99— AJ535914/South Korea/Lilium longiflorum
EU723570/Zhejiang China/Pinellia ternata
L.C424757/South Korea/Cnidium officinale
NC018403/Amazon lily mild mottle virus
0.050
D TuMV-GZ E PaMV-GZ
KF24657(%//Xiamen China/Phalaenopsis sp. 100 h
(C537522/China/Brassica juncea ) . . )
64| BSMK340758/Fujian China/Passiflora edulis MK492286/Hainan China/Passiflora edulis
MW017473/Anhui China/Pseudostellaria heterophyllla
LC413509/South Korea/Brassica campestris MG087836/Viet Nam/Passiflora edulis
KJ936092/Australia/Rapistrum rugosum 88
851 AB989631/Australia/Brassica juncea MH286883/Viet Nam/Passiflora edulis
OP150415/Germany/Brassica napus 48
MH469725/Slovakia/Papaver somniferum . . . .
KU053508/New Zeala:l:d/ /Arthropodium cirratum MK449340/Fujian China/Passiflora edulis
99 “AB989649/New Zealand/Pachyclad igi 100
MK241973/Brazil/Brassica oleracea L MT990976/Viet Nam/Passiflora edulis
HQ637383/New Zealand/Armoracia rusticana 90
AP017813/Iran/Zinia elagans L " . .
KM094174/Japs phanus sativus MT990977/Viet Nam/Passiflora edulis
48 MK241975/Brazil/Raphanus raphanistrum . . . .
LC504571/South Korea/Panax ginseng FR694181/ Passion fruit woodiness virus
LC639617/Japan/Gypsophila elegans
AP017874/Turkey/Brassica rapa
AP017740/Turkey/Eruca sativa
AP017717/Greece/Allium neapolitanum 0.050
ON013903/Germany/Allaria petiolata
LC314394/Narcissus yellow stripe virus
—_—
0.050
61 KY848004/USA/Solanum tuberosum
F MT723990/German/Chenopodium quinoa G

OK558734/Canada/-

39 0OK274270/South Korea/Passiflora edulis

PLV-GZ

MK340756/Fujian China/Passiflora edulis
MH379331/Israel/Passiflora edulis

DQ455582/Israel/Passiflora edulis
87| NC008292/Israel/Passiflora edulis

MK340757/Xiamen China/Passiflora edulis

—
0.0050

52 LC519317/Japan/Solanum tuberosum

60~ MT542702/Shandong China/potato
90 |- IN034565/Australia/Solanum tuberosum
PVY-GZ
ON604844/Rwanda/Capsicum annuum
MW582808/Chile/Capsicum baccatum
MF440322/Italy/Datura metel
KF770835/South Africa/Capsicum annuum
1oor AJ890345/Germany/Nicotiana tabacum
JF927761/Poland/Nicotiana tabacum
KX009783/Guizhou China/Nicotiana tabacum

100 KT290511/Colombia/Solanum lycopersicum
99+ MH795860/Peru/Solanum tuberosum
_|j KY711364/Colombia/Physalis peruviana
90 AY960151/Brazil/Bidens pilosa
DQ458960/Russia/Agrimonia pilosa
MH603064/Tunisia/Capselle bourse-postoris
—
0.050

A: EAPV; B: TeMV; C: CMV,; D: TuMV; E: PaMV; F: PLV; G: PVY.
B3 ETEMNEERFEESEWE GenBank HXF 5 RGi#t{Lid

Fig. 3 Phylogenetic tree constructed from virus sequenc

BAERIRN 94.77%., IH 24 FhiE SR G2l
Horp 3~5 B S Yede b Ak, AUAE 7 ke

A HRLIN R 6 Bl A SR YA, Ky H B AR

THMUTER, REMW 7 FRRETEE SRR,

es of Guizhou P. edulis with GenBank-related virus sequences

EAPV+TeMV+CMV & GG K H 23 4y,
EE AR RZ I (E 4),
26 %E RT-PCR ¥ K RHELFMKNL

S e 5t A R £ BN R EAPV ., TeMV



1484 A IR 5 45 %
®3 RNEERERNBERENER
Tab. 3 Results of virus disease detection in P. edulis samples from Guizhou
FE EAPV TeMV CMV TuMV PaMV PVY PLV
mE R R R R KR KB R R BRI R R R BRI R R R
Istem Num-  Detec- Detec- Detec- Detec- Detec- Detec- Detec- Detec- Detec- Detec- Detec- Detec- Detec- Detec-
berof  tjon tion tion tion tion tion tion tion tion tion tion  tion tion  tion
samples number rate/% number rate/% number rate/% number rate/% number rate/% number rate/% number rate/%
%L 36 32 8889 28 7778 23  63.89 0  0.00 0 0.00 0  0.00 0 0.00
ML E: 36 36 100.00 29 80.56 28  77.78 23 63.89 0 0.00 17 47.22 0 0.00
I E 21 21 100.00 19 90.48 19 9048 11 52.38 0 0.00 8  38.10 0 0.00
BT E 36 36 100.00 29 80.56 31 86.11 21 58.33 21 58.33 13 36.11 10 27.78
PN 24 22 91.67 20 83.33 19 79.17 13 54.17 20 83.33 0 0.00 13 54.17
M 153 147 125 120 68 41 38 23
S A% 96.08 81.70 78.43 44.44 26.80 24.84 15.03

BARPRIBE T
Number of each type of infestation samples

PaMV

TuMV
CMV

TeMV I

EAPV

111]

B4 BERECGEREARBNFERIEGHHE

Fig. 4 P. edulis compound infestation and the number of corresponding samples detected

Al CMV #1372 F RT-PCR # H{R & . % B AF 5]
Yk ATy, AR BRI A R 0.5~
2uL B, 3 AR EEREY 3G th B &, BIh
T RA, HEGIPIMA R 0.5 pL ( 2 h &k
FER 2.0 mmol/L ) MEAEGIWHE (K 5), RH
PEALIS W5 MR X 2 88 RT-PCR 1R & 3B kiR
JEHATIE, 45 Bon iR KIREN 54 CHT, 3
Fvps B 938G 1 B B 4500 T T C 2, D RE R
54 C £ RT-PCR & R M e AR KR EECE 6 ),
K LA G B 51 Bk B R AR O B X £ &
RT-PCR 1A 2 B PR R BHEA T 0 % , 205 21 S Y706
FRURECHR 35 YRR 40 YRR, 3748 M A 2t B0 T T
PRI A 15 29GP BT[], e OO PR Uk %k 35 W ok e
PEF AL (7).

M  05pL 10pL 15uL 2.0pL

bp
2000

1000
750

500
250
100

M: DL2000 DNA marker.
E5 AESI#WKET EAPV, TeMV 1 CMV

# %= RT-PCR # %
Fig. 5 Amplification of EAPV, TeMV and CMV
by multiplex RT-PCR with different concentrations
of primers
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M 50T52C54°C56TC5S8°C60T

bp
2000

1000
750
500

250
100

M: DL2000 DNA marker.
B 6 AREIRAEBEET EAPV, TeMV #1 CMV
#%E RT-PCR ¥ ¥
Fig. 6 Amplification of EAPV, TeMV and CMV by multi-
plex RT-PCR with different annealing temperatures
M 20 25 30 35 40
bp
2000

1000
750
500
250
100

M: DL2000 DNA marker.
7 FAEBIREAET EAPV, TeMV #iCMV S E

RT-PCR #1%
Fig. 7 Amplification of EAPV, TeMV and CMV by multi-
plex RT-PCR with different cycle index

2 BTk, 2 RT-PCR BYBAER AR R N
2xTaq PCR MasterMix Il 10 uL, 10 pmol/L ¥y I
TSI ¥4 0.5 uL, cDNA Bitk 0.5 pL, JCH
ddH,O #ME % 20 pLo FAERN&MR: 94 CHi
AgPE 3 min; 94 CZEH: 30s,54 CiBk 305,72 °C
FEAH 50 s, FEFR 35 ¥K; 72 CHEH 10 min, 4 CI4
fEo WK 8 frn, FIMMLILE £ E RT-PCR &
ZX} 12 iy EAPV ., TeMV Fll CMV & &1 YL i)+
M IEATYHE, SR B S W RN A, K2

M1 2 3 45 6 7 8 9 1011 12

bp
2000

1000
750
500
250
100

M: DL2000 DNA marker; 1-12: P. edulis samples.
B8 #oBEERHEME EAPV, TeMV 1 CMV
%% PT-PCR fmH &N
Fig. 8 Multiplex PT-PCR (EAPV, TeMV and CMV)
virus detection on selected P. edulis samples

RE5H— RT-PCR ¥ I25 R —%, HIZIKRIE
AT EAPV. TeMV Fl CMV [ £ &K1,

3 iTig
31 EMNBEERFENEGRELEEBER

H T, EWNMRIEREZ I B AR EE Rk 44
FpUO R AR YT A b e sl
TET VA &R BRI 3 R, fEAE 4 MRS
fRYH, EHRYRA 34.30%; HRrLip !
FERE &R BRI 7 MR, fEE 32 MRS
fRYRA, D2~ MR ERARRENE, EA1R
YuAIK 78.91% o ASWFFE X MM 77 75 L 3 B A X
PEATRGI , SEAG I F 7 RS K 24 Fh AR SR UL
B, 3~5 P ARYRA G bk, BHRYLR
ik 94.77%. H:H EAPV, TeMV il CMV KK
HR A 78.43%~96.08%, 1E 5 A F R F 2 A
WX ARG R, HAE 11 PR AR YL v % 5k 7
e, Wi, X 3 FmsE Mg 5N A &R =2
X AR R T

AN, AW E RAE A AR LA PVY,
PVY it BT [ 1 48 2 U8 3R F 1950
SETEMR R E R R BN R E A T SR,
FE LI RO A TR, AT DLE R
BRMGRES T AEHE. PVY A MM E L, o]
R EL . SRR 34 R 170 SR Y,
L FAE DY) 5 5 K= 20 PVY 5 EAPV \ TeMV |
PaMV S5 H R A F RV E TSR E Y W
)@ (Potyvirus), AL PN T HE T Y
PVY KRR, 76 H &R L ERENH PVY, B
B &R PVY BBE £, X0 B A R0 5
T K Bl P B A0E TR, R S A AR I ST B AL
REHF, B TREERAE LR, RN
SR U T A WA S A, B Lk R TR

% RT-PCR 0] [F A £ Rl 25, W
RETRENYE, HEMXTHEEFERNZE
RT-PCR B3/ o ARWF5EHT A 52— RT-PCR
ARG BN AR E LR  BEAPV,
TeMV Fl CMV, i% 3 FiRaereda el dmgl'el,
PNV I A, R P AR
FERGEE . AFSY LI — RT-PCR il ok JE A
XF 5 | e 3 R KR SR R AT T i AL
H#A T 3 FRANLZE RT-PCR AR, NAHK
SR I DA I S A T R SR

R Y B A S S S BUR ) B LR
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FEP R AR SRl RN . A RO AR
RIS . IR B RN A AR TR I AR Ak, AE g
BT, FEYE R A RE IR S R E R L R
I R=Ei3 7 SR IR IR i ke P VN | 5
FIL, MELAFEAEY BTSSR RR A
RYGEIE, fE7E “—F 20" M “Z8 i
TGO, G I RS ME LA X 43, PR 7 H (]
BiIG R, 8 B SE AL B IR AT IR I S R A
IBARRR AR AP E, Bk piia, MRSk ¥ Z s
F A ARG (AR, R AR
Pl A kA, BB AR, AT 35N E &R
NI ESEo 2 e -3 L = N A e B R 4
V18 L B R R Tl R AN A 2%
32 ENMNBEERNREFISHESH

JEAN TR R IR A — 2 S E M e, @il
FFEBEEI 2 B, EAPV, TeMV, PaMV. PLV
TuMV 25 4548 03 B E 7 S0 15 40 B W 7 [
— WA, fAE—E R EN, XU eI
e ELAT AR ) 2R AR VR, 90 T 2 3 5 1 R 1 5
DX 5 | Bl B i SE BRI B B A 4% . o, EAPV-
GZ mEWS BB HERTEY (KP114136) —
ke, 5 R R E A A E AR EAPV 7
Y1 (ON641738 ) R KRBT, HUkA BN
KBl X % B EAPV J& I\ & 7 5 Rt 4 A/,
X 5 5 2R B 5 45 SR — 8. TeMV-GZ 5
PO HEREGLRBI, EAUCRER 5 SR
AR, T S AU R AT P 3 4 U 2 S A
|, XUV TeMV-GZ fE MM A FRPELT 2
AT

W 45 5 5 NCBI U 172 UE A7 HE Xt s & 3
CMV 1 PVY 5HHN 25 75 ALK, 2
SR AT LB 1, CMV i PVY 451575 BF
ZF A S BE 35 BB 06 8 0 B R 4 R R
I, KU B R IR AR R AR A 2, A R
AR PVY 7650 B B R Z BRI - (1) 755
A5 I FhESS P T EPIGEE, EE AR
P25l A THEE, maEEEFRYS AT,
HpoRZ RIEAASI#E, i FRmiEmsRmk,
Bz SRR R, R 0T BB I [ A5 | R A%
Ao (2) BN EDFEHRE . CMV I PVY I H
RFFRBEE, I, RSN
M I o T Y A 1 R L R AR
o RIRTEE RS , BR T RS
PR E RN, SR XL A BB iR,

P R B W R TE [R]— 3 X Sr TFRAE, DA
J B A T AR A

AR, TR P R EEIHES T, SEM
ARSI T R A, SRR AL R
FEE = A A RIE RS AR RO IR, XTI
] ot 9% A % SR R A STt & A 4IR 2% e B AT TR
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Sk

(11 BEZE, £%, WKk uFERERIERT RN hE
B 7 A, 2019, 48(3): 141-146.

HUANG A J, WANG Y, HU X L. Progress in research on
Passiflora edulis virus disease[J]. South China Fruits, 2019,
48(3): 141-146. (in Chinese)

21 EHY. FHELESITEFAUIFL. P, 2005,
33(2): 25-26.

WANG L J. Research on the comprehensive development
and utilization of Passiflora edulis[J]. Tropical Forestry,
2005, 33(2): 25-26. (in Chinese)

[3] PNBH, A, skMe, VPR, SRR, FEAR. UL
LUEFREARWIGE[I]. FhF, 2018, 37(7): 78-81.

SUN Q, WANG Y N, ZHANG H, XU Y L, CAI N H,
TANG J R. Study on the tissue culture technology of Passi-
flora edulis Sims[J]. Seed, 2018, 37(7): 78-81. (in Chinese)

[4] FRSEHE, X, bR, B/, B maEAURKE

B RN TSR T A1), B ek, 2023, 44(2):
405-418.
CHEN X M, LIU X L, LIN B S, CHEN X H, LI Y. Con-
tinuous extraction technology of main active components of
passion fruit peel[J]. Chinese Journal of Tropical Crops,
2023, 44(2): 405-418. (in Chinese)

[5] ki, HonE, LR, B, SR, G E AR

HeE R A Y8 T HOR A FEE [T, S TER 2#4T, 2022,
43(10): 2114-2121.
ZHANG Z R, XIAOL Y, FENGH Y, CHENG Z S, GAO L.
Investigation and identification of diseases and pests of pas-
sion fruit in Hainan and the damages[J]. Chinese Journal of
Tropical Crops, 2022, 43(10): 2114-2121. (in Chinese)

(6] Zaok, BB, ERER, BIRAR, RUO0E, MR, 19E
SERREER I KR SR EE[)). AR ES, 2019, 7(6): 36-40.
LUO J S, ZHOU Z E, WANG L S, CHEN Z D, WU Z J,
LIN R Y. Occurrence and prevention and control suggestion
of virus diseases of passion fruit[J]. Southeastern Horticul-
ture, 2019, 7(6): 36-40. (in Chinese)



578

SPEE

SEH A SR B DX T R A A

1487

(8]

[9]

[10]

[11]

[12]

[13]

WIS, KA, /N, KO, ZERE AR LY
YA AR I VY S T (D). ISR, 2018, 45(8):
1587-1594.

XIE L X, ZHANG L J, ZHANG X Y, ZHENG S, LI T. First
report of East Asian Passiflora virus infecting Passiflora
edulis in Fujian, China[J]. Acta Horticulturae Sinica, 2018,
45(8): 1587-1594. (in Chinese)

BN, RN, SRUE, TR, RS RYSTIRE IR
R A AT TE Y 20T 458 SRR e A 0], AL R
2£,2017, 50(24): 4725-4734.

XIE L X, ZHANG X Y, ZHENG S, ZHANG L J, LI T. Mo-
lecular identification and specific detection of Telosma mo-
saic virus infecting passion fruit[J]. Scientia Agricultura
Sinica, 2017, 50(24): 4725-4734. (in Chinese)

B, KT, BER, MRER, 20UE, R, Bk
V734 TeMV Al CMV BUE RT-PCR A5 4 5 (8 57 S
FHI]. SER224R, 2019, 36(7): 947-953.
JIAON,ZHUN,CHENG CZ,LINY L, LIH S, CHEN F X,
LAI Z X. Establishment and application of the Telosma mo-
saic virus and Cucumber mosaic virus duplex RT-PCR sys-
tem in passionfruit[J]. Journal of Fruit Science, 2019, 36(7):
947-953. (in Chinese)

fEfm. PO A ER B R A r MR E RIS [D]. M
AR, 2019.

JIAO N. Establishment of a fast breeding system and detoxi-
fication technology for Passiflora edulisiD]. Fuzhou: Fujian
Agriculture and Forestry University, 2019. (in Chinese)
CARDONA D, HIGUITA M, POSADA J, GALLO Y,
MARIN M, GUTIERREZ P. Viruses infecting purple pas-
sion fruit (Passiflora edulis f. edulis) in southwestern Antio-
quia, Colombia[J]. Archives of Phytopathology and Plant
Protection, 2022, 55(12): 1394-1409.

P, RIRR, MR, B0, DR, EiEE. AN
RNA U J3H ARG 5% 90 V6 F S 75 (0], A R 2230,
2019, 40(8): 1577-1584.

YAN J W, YUAN Q F, XIE P, WANG L J, MA Y H,
WANG Z Y. Identification of viruses infecting Passiflora
edulis in Guizhou province by small RNA sequencing[J].
Chinese Journal of Tropical Crops, 2019, 40(8): 1577-1584.
(in Chinese)

TR, 500, WRAE, R R BEA. =R E RN
FETESOMM R A0 0], IR, 2022, 51(3): 79-
82.

REN Y Y, WANG L J, CHEN N, YUAN Q F, MA Y H.
Distribution of the occurrence of three Passiflora edulis vi-
ruses in Guizhou[J]. South China Fruits, 2022, 51(3): 79-82.
(in Chinese)

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

KB, kA, A, o, sifrdE, BEEE JRA
AAYRTERRCIN[I]. APl TR E B4, 2020, 33(1):
11-15.

SONG R N, HOU Y X, CUI M D, FENG Y, HAN Q X,
RAO X Q. Detection of virus infecting passion fruit in
Guangdong[J]. Journal of Zhongkai University of Agricul-
ture and Engineering, 2020, 33(1): 11-15. (in Chinese)

N, BREDC PVYN 5 PVY© S35 RT-PCR Hesths il 4 £
5[], R ERLEE, 2005, 38(1): 213-216.

SUN Q, ZHANG C Q. Studies on the methods of detecting
PVY"and PVY°®by RT-PCR[J]. Scientia Agricultura Sinica
2005, 38(1): 213-216. (in Chinese)

WRILIR, R, 25651, g, MM, 4oz, Mof
1, FUAE SC. R PO A S R R AP 2R 0 20 TR 5 4
FE]. FIZ2E4R, 2022, 49(8): 1785-1794.

CHEN L L, YANGT Z, CAIR P, LIN X M, DENG N K,
CHE HY, LIN Y T, KONG X Y. Molecular detection and
identification of viruses from Passiflora edulis in Hainan[J].
Acta Horticulturae Sinica, 2022, 49(8): 1785-1794. (in Chi-
nese)

e, Y, T, R, X, AT, PR
T, SEAEFN. T DY Rl P 7 S R A SR E R
FEOTHT[I]. AP EE2EHR, 2020, 50(4): 387-393.
XIEHT,LIZB,CUILX,QINBX, LIULH,LINSY,
CHEN J Q, CAIJ H. Identification of pathogens and analysis
of the dominant viruses of passion fruit virus disease in some
areas of Guangxi[J]. Acta Phytopathologica Sinice, 2020,
50(4): 387-393. (in Chinese)

SMITH K M. On the composite nature of certain potato virus
diseases of the mosaic group as revealed by the use of plant
indicators and selective methods of transmission[J]. Pro-
ceedings of the Royal Society of London, 1931, 109(762):
251-267.

SKIEYE, VR, HEEME, wRAR, Wi, fTSCE), B, B
W, EBH, e, M S Y SRR R AR A
BRI (], JbTrflkar 4R, 2022, 50(2): 110-116.
ZHANG NN, CAOY,MEIY P, HAN M, YAO F, HE W Q,
YANG P, YANG Z M, WANG Y, AN D R. Research pro-
gress on the occurrence pattern and biological control of to-
bacco potato virus Y[J]. Journal of Northern Agriculture,
2022, 50(2): 110-116. (in Chinese)

Bk, DR Y SREE R s S B IR SR AT ST k],
A2y, 2022, 44(10): 15-20.

YANG S. Research progress on detection methods and con-
trol strategies of potato Y virus disease[J]. World Pesticide,
2022, 44(10): 15-20. (in Chinese)

AT, S H R A BT R[], Rk



1488 oA AE M

8 %45 %

B, 2022(6): 26-32.
YAN S J, GUO J E. Advances in research on the control of
plant viral diseases[J]. Science and Technology of Tianjin
Agriculture and Forestry, 2022(6): 26-32. (in Chinese)

[22] RWA, WHE, 87, SOR, R SEERGR N

BIFp . SR SFHET]. R EHE, 2008, 5(1): 92-94.
YUY B, CHEN Y, WANG Q, XIE H G, LAI C C. Introduc-
tion, improvement and planting of fruit tree varieties in Tai-
wan[J]. Fujian Agricultural Science and Technology, 2008,
5(1): 92-94. (in Chinese)



