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Detection of major viruses and viroid in pear plants in Beijing area

ZENG Qi, HUANG Wenting, CHI Hai, WANG Shengnan, JIANG Feng, LI Tianzhong, CHENG Yuqin~
(College of Horticulture, China Agricultural University, Beijing 100083, China)

Abstract To evaluate the phytosanitary status of pear orchards and characterize the prevalence of viruses and viroids
in pear plants in Beijing area, 157 pear samples collected from main pear-growing districts were detected for the
presence of apple stem grooving virus (ASGV), apple stem pitting virus (ASPV), apple chlorotic leaf spot virus
(ACLSV) and apple scar skin viroid (ASSVd) by RT-PCR. The results showed that all samples were tested positive for
virus (es), among which 91. 1% of the samples were tested positive for ASGV, 59.2% for ASPV and 54.8% for
ASSVd. In contrast, the infection rate of ACLSV (35.7% ) was relatively low. Up to 84.7% of the samples showed
mixed infections, among which the mix-infection of ASGV + ASPV + ASSVd was the most common. It accounted for
25.5% of the samples, followed by the mix-infection of ASGV + ASPV 11.5% or ASGV + ACLSV 11.5% . Virus
(including viroid) species detected in different pear plants of same cultivar ‘jingbaili” in the same orchard were not
exactly the same. In conclusion, the prevalence of viruses and viroid in pear plants in Beijing area was determined in
this study, which could provide a reference for controlling of pear viral diseases.

Keywords Pyrus spp. ; virus; viroid; RT-PCR; mixed-infection
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ek (1 3 B E R . DRAN, ERB R KN E
(apple scar skin viroid, ASSVd) 7F tH 5L 4 L B 3% 3%
b DX AR 3R 2 A T R I A ORI R

Joi BE 2RI BE7E B4 ol o B A R RT
BEJCVE BETHARE RN B I R HAS R Y T ik AR
DAL I 45035 A B ARE I 32 905 1 TR 20 3 19 R A 1
XF T B AL B B T B

[ B % T AR A B Ot SRLER — T
A6 Z B TRTEE T R LT B AL AR A X
A A G IR E R A S AR R AL TR Y
F B AL B 642 Bt R b BT X R
AR —ROK R HREGET, 2017 4R 0 5t AL R KL 1 A
6 700 hm®, 83k 9. 07 J7 *1, B B ik 4 5
Jem el 235 R R A=k 2 — . B2 BATX F
2 DX AR SR B RIS T I O ANTE AR .
F ASGV,ASPV ,ACLSV 1 ASSVd 7E i 4% i 5L
BB 55 b X A A= 35 g L A, AS B 52 F ] RT-PCR
JiiE XS R H AL 5T B RLUR AR P X1 157 4y 3R
4T ASGV,ASPV ACLSV il ASSVd ¥,
5 TE VPAG b 5t DX B AR A il BREAR 0 I B9 8 J e o 14
FZEH 75 10 E A0 28, DU O 45 RN R AL B KR A=
7RG A ORGP T RIS

1 #HERFIE

1.1 R H R

FH T BB R 1R e ASGV+ ASPV+ ACLSV
ASSVd [ “ &8 A By LIRS kA e v [ Al K
2 LR S . BH P X R Ry A R A PR A Y C 4T
ESU I T i e Y T R

DNA 435 br i W 3 R 56 28 A8 Y0 BB R
3 A s O SR A W G T SCAE S A R B A RR
2y s RNA $ B 7 & (EASY spin plant RNA
extracting kit) Il 7 Jb 50 75 78 56 P TR 0 R A R
25 \) s BB BEIA H Sigma 24 W) s PCR BUR W (2 X Taq
MasterMix) Il [ 5 Rt 28 A= P BH B A FR A 7] 5 HoAth
R X Sy [ A B R
1.2 REHE
1.2.1 #&%%E

2019 41 2020 4509 10 H FAJ7EJL T 1] 3k
1 R 2SHNE JE X B 10 D RLFE rh R 4R T 157 i
s LG AL AL AL FE KR KR
FEAT L HOERCREAE 51 AN REE R, Tk

DX 2R Ll P A8 4 A SR AL 5 R Y Ol e
BRI R 2 15 A B A R B B AL #E
12~15 BRRRAERE M, i 7E AR 1L 2R el i ) SR 4 2
PRE AEA SRR . K 2LFNIETE X 6 A AL 1] 1) LA B
05 1~20 4 75 A A e Xof 4~ 24 it A B L 328 B
1 AR AT RE R AR .

MEFRRBLRE R —FAERS 2 B 7EE
PN ) S BBURE 5 1) ) B2 35 4 8O DR AE #E — 80 C Uk
R

TE Jiv A I A 1 R el b BB 38 R I il R R
FEAL AT IEAT IR AR AR RE RG] A 10 K, 48
KB el ) LA I © 4R A8 B, A 28 2 el 1 AL
R L 2 I v i TR B ER T 08 BE AR AL L E R A T
Btk A2 G o PR IG 7 R A I A B WL 58 B B4 RE 1A B B
1.2.2 &34

A NCBI | ACLSV X il fiff (Putative viral
replicase) 3& B F 5 5 B, A7 & i & W 5] 9.
ASGV (ASPV il ASSVd W 5| #1345 % B &k #
SCERT L Bl A TAEY TRABRA R S, 5l
Y44 Fr 7 5 LB KOTR BE R YT B R Br R/ ik 1
1.2.3 ¥ RNA ##3

B — A BURL 5B 2 B 41 41 (100 mg) ik L
WEEE A AR . ok K2 5] 2 mL B &0 8 P, 4R
Jo 4 B RNA $2 B0 & 0y #2E T IHZ BUE RNA,
1.2.4 RT-PCR

£ 0. 2 mL By PCR & fm A 8 plL & RNA,
8 uL. RNase free H,O 1 4 ul. 5 X TRUE RT
MasterMix Gisl ) & H 47D . H B W W T8 5.
25 °C #8E 10 min, 42 ‘CHEEF 15 min, 85 °C i 4
5 s,

s % J5 BE B #E4T PCR 719, 25 pL Ay 414
RREFALFE 2 pL ¢cDNA 2. 5 pL 10 X buffer Z% vh
W .2 pl ANTP. 4 0. 5 pL (% 1E [0 1 [ 51 9
(20 pmol/1),0. 2 L. DNA B4 (5 U/pl) K
17. 3 pL ddH, O, PCR J W £ Hy: 95 °C Hil25
5 min; 95 “CAF M 30 s5,54~60 CiBk 30 s GB kR
FEREILFE 1);72 CHEf 24 ~45 sCHE AR 7= W K BE
FED 35 MBI e 72 CHEff 10 min, 378 7Y
FH 1 V035 B W5 45 J5c v, Uk 0 A7 G 00 [) b i BB 4 A
a9 PCR 7436 23300 1 LA 56 1E A ) 245
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Table 1 Primer information

(53"

. -/ !
Primer sequence (5-3")

519 4 B

Primer name

BGRE/T

Annealing temperature

R BRI/ bp

Fragment length

RT-ASGV-F CCCGCTGTTGGATTTGATACACCTC _

RT-ASGV-R GGAATTTCACACGACTCCTAACCCTCC 7 o
RT-ASPV-F ATGTCTGGAACCTCATGCTGCAA )

RT-ASPV-R TTGGGATCAACTTTACTAAAAAGCATA o 1
RT-ACLSV-F TGAGAGGCTCTATTCACATCTTG )

RT-ACLSV-R CAATTGGAATATCCCCTTCTGCGAT ° 7
RT-ASSVd-F CCGGTGAGAAAGGAGCTGCCAGCA ’
RT-ASSVd-R CCTTCGTCGACGACGACAGGTGAG v 9
MdActin-S TGACCGAATGAGCAAGGAAATTACT )

MdActin-AS TACTCAGCTTTGGCAATCCACATC ” 20

1T AE B A o B © 20 5 A7 RIRT: 230 5 A % i v U)K o
2 HRESH

2.1 RT-PCR # il ASGV . ASPV ACLSV #1 ASSVd

FIAH RT-PCR J7 ¥ K ) BH M X B8 AY B RE 0
A RN b LR AL ) v ) 0 73 A2 B 5 B M X
i A RSP I | B Y < B R I 1 A
2 AN PHMERE S AR B Ll BR AL g )
ASGV . ASPV ,ACLSV F1 ASSVd 4 5 P 574

2 5L
Dongmi

Pyrus betulaefolia

PURe SR 3G 5500 . b T — 2D R & R R
FHAERE 5L PCR 7= 9% 24 /Y o By 45 2R A
NCBI(https: / www. ncbi. nlm. nih. gov) | #47 [t
XF 43 BT 5 45 R ik 7R 3K S 7 1 7 1 43 00 S e 7 R 2K
BEXT IV A R B, AR g SR R AR B S TR
1) RT-PCR J5 ¥ 7] F¢ S 1 Hb A 00 B4 44 FF o i
ASGV,ASPV ACLSV #1 ASSVd,

A 1LIERA

Dangshansuli

aqEf
Honghaoshi

bp M 1 2 3 4 1 2 3

500 ~

250

M | 2 3 4 1 2 3 4

M, DNA 3 F 547 #E(100~2 000 bp) s Jki& 1~4,43 51 ASGV ,ASPV ,ACLSV Hil ASSVd (#5255 .
M, DNA molecular weight marker (100 —2 000 bp). Lanes 1-4, PCR products for detection of ASGV,

ASPV, ACLSV and ASSVd, respectively.

B 1 RT-PCR #& il R4 #E 5 ASGV ASPV ACLSV 1 ASSVd
Fig.1 Detection of ASGV, ASPV, ACLSV and ASSVd in pear samples by RT-PCR

2.2 EFEHMREAMEZFENMXRTSHNRUER
S

I RT-PCR Xt db 5t H X SR 45 19 BT 5 B4 Bk

S EFT ASGV  ASPV ,ACLSV Hl ASSVd #il, I

HER IR T3 X 4 AN F B 51 £ ¢ 50 AL

TRE it B A B ] — SR el F) AN ] © ot AL AR R LU
P 2 1Y AP 2R A AR o LR A T3k 38 DR L 23 el
FRORE il DA )L 6 9 AN * U AL BE B #E AT RT-PCR £
CE 2> Horh gkl 1 F 3 43 BlJ& R B 2 BkA R
B AL B RE L VKGR 2 VKB 4~9 43R H
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AR 15 AERHS BB FE S . B 20 BoR T
FES TR LAY B RNA, H 288 1 18S 471 1% Wi » H.
B S0 29 R Ja B A% 5 T 2(b) 7R T 7 4 R
T B N 2 actin TR SR 5T L X e 2 R
PR FEH RT-PCR A A R ol fEpE, B 2(0) ~
(DAL 9 A 5T (AL FE o BT IR 1) 96 7 FP 20T A
T Horb 2 BRE AR SR COKIE 1 AT 3) AT T B

@ 123456 789
288
188
© MP1234567809N
bp
500 ASGV
250
€0 MP123456789N
bp
500
250 ACLSV

15 B % BB (k38 7) ¥ YL T ASGV., ASPV,
ACLSV F1 ASSVd, TEHE 6 tk 15 FERHE R 50 H
AU, 1 Bk GKEE 8 ERY T ASGV, 3 Bk (UK iE 5.6
M OIRY T ASGV+HACLSV., 1 #k (Jk il 2) & T
ASGV+ ASSVd. 1 # (Jkif 4) W& Y ASGV +
ACLSV+ASSVd, R HATkEXIELE 3 AR
I AL RE S A R AR AL R I 25 2R (3R 2)

b M1
bp

234561789

500
250

actin

@ Mp123456789N

500
250

(D} MP1234567389N
p

500

250 ASSVd

(a) i RNA HLIKE ;s (b) ~ (D43 31 R ] 2 3 actin, ASGV . ASPV , ACLSV #il ASSVd #j PCR
Py Uk 45 4 ML DNA Gp T BB s P BHPEAE il &5 5 N B0 I C 20 5 M 3 38 D 5 Dkl 1~9, 4%

B A TR IR IIRFE R 9 A 5t AR AR

(a) Total RNA; (b) —(f) PCR products for detection of actin (the internal reference gene), ASGV,

ASPV, ACLSV and ASSVd, respectively. M, DNA molecular weight marker. P,

(*Dongmi’). N,

positive control sample

negative control sample (virus-free pear ‘ Hongbaoshi’ plantlets). Lanes 1 — 9, nine

¢ Jingbaili’ samples collected from Dongshan orchard in Mentougou district.
B2 RT-PCREMHBH FEAR HERHFENLRES

Fig. 2 RT-PCR detection of viruses and viroids in several pear (‘jingbaili”) samples

®2 MNMLARRRE RAR HRHRENEXFENLEBRSN

Table 2 Occurrence of viruses and viroids in pear (‘Jingbaili’) samples collected from different orchards
SRR R I K /A % 1%/ % Detection rate

Sampled orchard ~ Number of samples ASGV ASPV ACLSV ASSVd
%1l Dongshan 15 100. 0 26.7 100.0 66.7
i E Mengwu 12 100. 0 41.7 91.7 16.7
FF Wangping 12 100.0 75.0 91.7 83.3

75 5 4 Ximage 12 100. 0 33.3 83.1 25.0
it Total 51 100.0 43.1 92.2 49.0

TE o A 2 = A L 20 7 1 RE B B RE AR O 100 26 . R

Note: Detection rate=the number of positive samples/total number of samples tested X 100%. The same below.
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Xof K2 B B 1] 3k ) DX Bl A AR ¢
g7 EERA R AL A 51 SRR R 157 4y
BB il RS 0 25 SR AT A3 B (3R 3D, b Bt b X AL
By b Y T ASGV L R E A 91, 1%,
K H TR XM 51 A 5t AL B K ASGV,
i %R 10026 5 2R H R 24X Y 45 A4S FE fh FR JE X
(61 SRR 206 B A 4 i 97, 806 Al
78.7%.

Jb 5T b X B ASPV I ASSVd 46 243 5]
59, 2% A1 54, 8%, Hoh R A g VE X Y BE S
ASPV I ASSVd [k H A X8 43 51 73. 8%
165, 6%, 1 78 K 2% F1 1T 3k 3 XY B B HE &
ASPV FI ASSVd iy #e i 28AH XK. B4R FE i
ACLSV Kt # A K, h 35. 7% H129% 75 O i
BRAE AR [A]RAE b () 0 22 Ak, P e TSk i X
UL R R O R R R 92, 206,
FE K 24 RN B IXFE 5 ARG K AR 8. 8% AN
8.2% ., IRZEREM, ASGV J& 12 Y db 50 Hh X A
W B e 3 3 AP 2E L LR O ASPV ORI ASSV.,

ACLSV & H AR X AR AR FETT R X5 H
LTI S RS

A B SEAE PR A 1) K 2 BOR B X — AL
Ffr 64 BE ML A AEAS I ply 1] — S el A () ol 9 A
] FE Pk 2 (6] AT 6 485 o AN [ 0 o 2 A 2 (IR 2 A
e 2) o PR AR YR A 1 R 22 B0 AL L AT L e A
XL A ) A R 2 R AT RECE K KIS F M
. AABILAR RS AR R,
CRERA TR TR e AR T RGN A R S BIORE N £ L
XF 3 4 A it B s 7 AR BE 10 R AR IR SLIEAT T et
SR AR WK 4, HERA AL, ASGV Il ASPV J&{2
Yo R M K EE A BRI, M ACLSV
I ASSVd B B DR . B A e B R
FIRFEM RGOS R M BRI, R
ASSVd R H B A X8 s . Rt AL DU S ok J g
T ASGV 1 ACLSV, [dl it ASPV F1 ASSVd [ ¥
HURAL AP HIIK ] 43, 1% H1 49, 0%, X Lbgh R,
A [ B it o iy SRR % 0 2 A R A AR I B 22 5L HL S o
P27 Rk o 7 R 2 7 A I 0 B R

x3 ERHMERAMREMERSREBRSN

Table 3 Occurrence of viruses and viroids in pear plants in Beijing
SR A M, 5 RS /A ¥t 2R/ % Detection rate
Sampling location Number of samples ASGV ASPV ACLSV ASSVd
KM [X Daxing district 45 97.8 57.8 8.8 46.7
g€ X Haidian district 61 78.7 73.8 8.2 65.6
73k ¥4 [X. Mentougou district 51 100. 0 43.1 92.2 49.0
&1l Total 157 91.1 59. 2 35.7 54.8

R4 ANMRIHAMBENEFTEREBRE T

Table 4 Occurrence of viruses and viroids in four popular pear cultivars
o Fi # %/ % Detection rate
Cultivar ASGV ASPV ACLSV ASSVd
#5 Cuiguan 83.6 60.0 0.0 20.0
# 5 Huangguan 96. 3 87.0 9.3 42.6
EEH Yuluxiang 87.2 68. 1 0.0 17.0
HHZAL Jingbaili 100. 0 43.1 92.2 49.0

2.3 tRHMRAKMEFENXFEESERER
X b 5 M DX BB R i o B RIS 7 A AR e
TOHATGE T G5 R W3R 5. FE PRI 9 157 13 #F

oA 24 Gy RESE HEG 1 Mo R el . Hip
18 3k S RS 1 ASGV .4 {3 ke 5 HAG I H ASPV,
Hofth 2 3 k65 0 3 R A ACLSV Fil ASSVd,



102 S RS I A N S S

2021 4 25 26 &

HoA 133 Oy Af 0 2 R0 8 (LG 2O 5 M &
FYL, RS BB 84, 7%, i Az ] ASGV +
ASPV+ASSVd & AR YL FE B R i 2, 5 BT i
FE B 25.5% 52 %] ASGV+ASPV 5 ASGV+
ACLSV 244 11. 5% MBS &4 10. 2% 1
A B Y T ASGV -+ ASPV + ACLSV+ ASSVd

o, ASGV+ASSVd, IL4h. 4 5.8%.5. 1%6.2. 5% Al
2. 5% [ Rk & 4> W 32 ASGV + ACLSV + ASSVd,
ASGV + ASPV + ACLSV, ASPV + ASSVd #i
ASPVHACLSV & G 4. DL E i Bl b 5 X
U 2 25 15 A 1R Y (0 I 52 08 L B — {2 YL il T
i L 2G5 5 R A s X AL R B s R T 5%

£S5 LERHMREMRE(LRF)E-—EFLENESERER

Table 5 Occurrence of single and mixed infection in pear plants in Beijing

i AR ) T B/ R/ %
Types of viruses (viroids) Sample Detection rate
ASGV+ ASPV+ ASSVd 40 25.5
ASGV+ASPV 18 11.5
ASGV+ ACLSV 18 11.5
ASGV+ ASSVd 16 10.2
ASGV+ ASPV+ ACLSV+ ASSVd 16 10.2
ASGV+ ACLSV+ ASSVd 9 5.8
ASGV-+ASPV+ ACLSV 8 5.1
ASPV+ ASSVd 4 2.5
ASPV+ACLSV 4 2.5
ASGV 18 11.5
ASPV 4 2.5
ACLSV 1 0.6
ASSVd 1 0.6

RIS S

ASGV.,ASPV #il ACLSV 22 Y Mf iy 3 Fh
F2 P HE AN IS AH K LA 3 AE A [R] ) 58 B X AL
Pl Hh ) & A R B X . TR AR AR O AL Rl Y
L ASGV 2 = Y i 1 BB 1Y fe 20 B Fh 2K
Kot ok 74, 2%, Hk B ASPV (34, 8%, i
ACLSV W] 1 /b #6521 5 75 i JBd 4 W2 /58 Je
Wt A AR VG AL S A K . ACLSV i 2
(e 1 P #E R L A A8 AFY B RT-PCR A& T
O Hb DX ) BB RE L 25 SR R BT ACLSV (47, 1%0)
MR % B, ok ASPV (11, 4%) #1 ASSVd
(10%0) , 1 ASGV /K H % H AT 8. 600, AW &S
R ASGV JEAZ Y b 5T M X BE R 1Y f5c 32 2% 7%
R K R 91, 1%, Hlk o ASPV (59, 2%)
ACLSV K 3 (35, 7Y ST AR . A BF 52 A6

BB RE SR 157 3 5 B mt AL gAY
WAL KB R CHEOE M SRR T AF 51
AR B R Az B ARG ) AR B S R 70 £y
HP R 7 A R B A B T e R S B0 A 25 R
2SR . X R T A 7 I R A E N
Iz FR G R PR AT DL 3R AL A 1 R 2SO0 B
1) 2 A DL

JUT M X B A BE A ASSVd B K H R 5 ik
54. 8%, i HH WA b v ok U g R
A5 ERGE M ECE . B HORT R REMFIE ASSVd
Xif B4 Bl S fe L HR B 5T R W ASSVd
A B AL L A ¢ Niitaka” g9 58 52 B0 52 60 (41 2%
(Dimpling) J§5iE » ™55 AL 5 i LT
ASSVd % BLAR S WA fi L AL Rt b X AT B R
B ZH RIS R v, AHOCHR TR s xF ASSVd
145 0



5 11 3]

B MLAE . U nt i X RN S 5 3 A0 20 7 A 103

AT 5T BT A ARG A i 34 32 B0 BE AR
il ELAT 84. 700 (M BURERE 32 3 2 ol 3 (2 415 28
B E S RYZBUE R TR A E W
I A R S e Y A I SKGE A B . (e L
Ja B AR T AT 5 22 B o R 1
AT DL A L DT D v AR A 7 SR B I a5
ERROIEEES o

EN Al AT S N e RN B S T
I AR A AL it R BT 5 A 5 2 R 2R 45 AN A ]
X 5 Pupola %V R IE — 3., HESIEENNE.
A SE 8 A X ] Sk ¥ X4 A 58 bl B — A il A
FIAL) B2 98 A e B, RIS (] — 2 el [) — o Ao
A AN [R) BRI S e ) 0 R o A7 A6 W I 22 5
FIT T I A5 R 3 4 2R ] 2 TR Al A 139 DR D K HL > i
7 B AR O » R I AN 3 A i sk b 5 2R 1) 5 DD DA
A7 A e W] SR AN AL U2 A R G
(AR 22— TR A W il R CRE B S22 ) 7 7
BB ) — SR YA TR ¢ 5 AL B SR G AN TR 7
P JELIA 5 55— IS DR AT AE R © a0 AL $E AR
A TR) T 485 5 AN [ 2 Bl 2 BT . A8 RS B9 B 5+
i ZXH B 22 R el v L R A A A [ AR AT T
AN B3I o DL A X il B 2 0 11 B AT 5 3 1

45 ®

BE bt SRR AR R X 157 A AT
ASGV.,ASPV,ACLSV Fl ASSVd il , % B It 5¢
b DX B 7 38 37 B 1 MR R R SR Y.
ASGV+ASPV+ASSVd & 4 R Y% i, 2%t
Ml X AU B R R R S ASGV
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