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The molecular identification of latent viruses in the main apple
production areas in Southwest China
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Abstract: In order to gain a further study of the impact of apples on the latent virus, 387 samples of ap-
ple leaves from the provinces of Yunnan, Sichuan and Guizhou were collected in this study. Three kinds
of apple latent viruses, including ASPV (Apple stem pitting virus) , ASGV (Apple stem grooving virus)
and ACLSV (Apple chlorotic leaf spot virus), were analyzed and identified by RT-PCR (Reverse Tran-
scription PCR) and multiplex RT-PCR. The results demonstrated that the incidence rate of ASPV, AS-
GV, and ACLSV was 89. 4%, 100%, and 81. 6%, respectively. In addition, 304 out of 387 samples
were co-infected by all three viruses. Compared with Yunnan and Guizhou provinces, apple samples col-
lected from Sichuan province are most seriously infected by the apple latent viruses. The status of latent
viruses infection in the main apple producing areas in Southwest China is first reported in this study, a
set of rapid and effective molecular method for latent viruses identification is established.
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SER (Malus domestica Borkh. ) {E i B2 /Y
LURWZ — e R 1) 2 FAE, e E T
RZ 00 R ahfh. v 2P R A P i, 2 A B
R BSER R A = A g E Y FRE SRR 3
DX AT HE RV 77 X B A e D™ X B T ™ X
DA PG A ¥4 e i = DX Bt SR AN I
J& I B 70 25 )2 S0 A S e A A
SR R

FE M 7T HAE 19t 20 AU IT LR i 5
SERR TN FRIETE 20 tHed 80 ARARA iR AT AH
S S Y TR B E RGN Ik, R E %
SEWIBRSE AR R 17 A o 4 Mo EE AL 1 R
e B AE TR 5 A A B SESR 2R 05 90 B (Ap-
ple stem pitting virus, ASPV) | 3 H 25 ¥4 5 7 (
Apple stem grooving virus, ASGV) ., 3% 5 4l &
P55 (Apple chlorotic leaf spot virus, ACLSV) .
SEHAE 955 B2 (Apple mosaic virus, ApMV) Fl3E
R R FE (Apple scar skin viroid, ASSV). #
i os B 10 18 B RE 0 P LUK L3 R AR TS B R s 7 F
TR TR, ApMV Al ASSV J& T4 1 Bt n 2
TSR 7 BUR S FAA I WA RE R Bl AN
[ 0] 47 25 12 W 0 AR H557. 1 ASPV, ASGV Al
ACLSV J& TR T — A 25 R B f Ay
ACIIE o PRI T DI 125 368 2o WU 8 >R ] 7 SR 2 5 Ji.
B AR R I I 15 AR VR S 2 0, 25
T8 R Dk AL L i S BRI BEE f E 2L
BE s SEREAR.

R =R R B Y O A i A M R
(Flexiviridae) B5% 1F X5 RNA JE5, Bi T2 K
LR EZZIR LN 2 RNA ] DUAE2F TR N B 1245
S S R R A A &
PR E s B 2 JOS e 583 S SR T Y 2
SR AR R A& & O L SRS B
Z N RGN YN F L FESE A I S L
AR A TR b S S R AL R A RO
R I A 7 IO R AN IR R AR TCi 2
1 FH [E] 5 B 28 e S R v 3B 2 AR O35 v AR AR 7 i A
Y R BE Y 3 T AR ) M AR E
HIWVE 2 0y 5 A W) 2 WE 52 R W1 . ASPV, ASG Al
ACLSV EFRE Ak et va db 32 28 3 7 X
R IR R AR, H 2 RINE A I,

1525 TR 0 iy BE A7 B AN S50 Y R G DY
JIAR AR5 B 25 48 IR T R N A 7 B A i X
TR 3 B S DX T sk e DX S AR
PV A WAV G - R R T . 7RSSR
S IE 5T 7 1T T G S AR 28 WA 2 B 0 o b DX 2R
TRBEPE G BRI R A 5020 ~T70 260 FL R e Al
Wy SR DN I 43 BT 1 = B AR 43 R X ASGV I
ACLSV 43178 S 120 fH 2 41X U 1| A5 0
SEIR Bt B I WIF T AR DL G

KRNz 5N =AE G 18 A3 R i
FTBEALRAE  HoR LS R i AR 387 1, 7 5 5
FAF T RT-PCR 5 ik 40 M %5 = Fhikk fatk
WRE. S5, 1A Hh X SRR AR A AS-
PV.ASGV F1 ACLSV, ifif H. 38 ! &2 & Jde, 3t
T 304 3 FEAR [R]IHE YL T =i, 1A 5E B kAR
T 7 Fh 1R PG R SR 7 DX B e T O
LT PR R T B R S TR LT
HiFg T Al DX SR 3 7 VA I B OR A B
FE T HER.

2 MB5RFE
2.1 EIEH R

2016 4E 6 H & 2017 4E 9 A, EVUIE . &/
BHRTNA A 18 AR AT BENLR AL, R4
SER I R REAR 387 43, 43 S Y .G = AN RN
FES BT 5 (6 1) IR AR IR A AEAH (0] S2 86
YRl BawT
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Tab.1 Samples of apple leaves collected from the main
apple production areas in Southwest China
P H TR R b N SR D R gl
S VDL R S S e BN £ TAEA W 166
Y = A W [ R 126
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2.2 EWAHE

2.2.1 FlMpimik s Ao R SCERIRE R AS-
PV.ASGV il ACLSV 5| %) /%) Fl NCBI %4z
HORE R BE ST R TS WAL e 6 X e
19— M S2 PR PCR 471 45 B 3
SRR B RS YR 1 X SESR NS5 (R
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Tab. 2 The primers and expected products of the latent viruses for RT-PCR
A 514 51451 724 (bp) 230k
Genes Primers Sequence 5'— 3’ Products References
ACTIN For GGATTTGCTGGTGATGATGCT s Qin et al. (2015
o Rev AGTTGCTCACTATGCCGTGC inetat. 7
ASPY For ATGTCTGGAACCTCATGCTGCAA 40 Mensel et al. (2002)
Rev TTGGGATCAACTTTACTAAAAAGCATAA cnzet ebat.
ASGY For CTGCAAGACCGCGACCAAGTTT - Ketie ot al. (1007
Rev CCCGCTGTTGGATTTGATACACCTC enae ebat.
LSy For CAGACCCCTTCATGGAAAGACAG 530 K ol ol
- Rev TGACTCTTTATACTCTTTCATGGGTTC umar et ac.
2.2.2 ¥ EwtFE ¥ RNA 2 FIH Trizol 3 H1 BEYLAO 5 7R BERE A5 2R G0 T LN Bk 25 .

B CTAB 34 B3 BGE R H B 4 RNA, Trizol
RAEPOL BRI IR TaKaRa 22 ® BB f1iE 17, il R
CTAB /j&ﬁﬁ@ﬂA B_I)IL%ZJ@?@EHEJ %TW@LEM‘

fiﬁ@ CTAB %mﬁwztlﬂ /P'ij'ﬁ/E{w"/j . zé%m : #)jz@?

(24 + DFIEEPIRE  H EHk i LiCl 3 %AE —20 °C
ZMEFULHE RNA 29 3 h, fJ5 & 0 IEFH 75% 1

100 %0 iy £ BEMK VR Pk ¥ 1 L 0T 3 5 5 U0 3 i 5 i
A B A RNA i (9 22 8 F K % 15 2 8
RNA $35 % HE A 7 B 55 40 32 (%) 00 7, 18 45 o i
B S RNA IS E. B3 w80 RNA |
BET 0. 820 11 Bt i A 88 Jie rp Hl ik, 28 Wh A 1 X
TAE %, 120 V HK 10 min, J@1L 2B Y0 )5 1E
B AR ZR G0 T UL Lk 45 SR I A I .
2.2.3 cDNA #4558 cDNA 5 W 1k &
Z: 8 TaKaRa /A #] PrimeScript™ RT reagent Kit
Jé%_ U AR RS 42 C?Lﬁz*z[if DNA
PR A T HIRENLE A R 5 — 5
%I%JJHA@JZHU NI YN '#ﬁjaﬂf 37 °C,
85 C NEIEIFE 15 min 1 5 s, &5 b k- &
B cDNA SRAFAE—20 “CEH.
2.2.4 PCRREF 3 iR E PCR X4
AN EE S AT Rl AR SR BE i I L 5 e R B
oAb 1t vk BE Al cDNA AR &, #fi 8 RT-
PCR (A W A% 5 1 g 2% 1. A6 I 4595 2
PER R R NAR R 20 pl, it R 1 pl, I
5945 0.5 pL PCR § 44 ff ] rTaq fiff & 2% v
W HR ] TaKaRa 23 w7 . 7E486 15 |4 fcid .
IR KIREE T 43 34 ANEIR, 4G O 25 3R s B
2 pL VIR ERET 1. 2% BB e i v BTk » 28
MR 1 X TAE %, 120 V HLJK 25 min, JR L2

2.2.5 % ¥ PCRREY ¥ 71F iR PCR NI
Eenh bR xR S I R ORI E R R
Wy — Ak, i 2 £ 8 RT-PCR 9 85 43 2 v %
JF RN S5 A s AICAE [A]—> [ B A & rh g 3 45 5
AR NS HE W TE N Z AT EE 1) B ki
Y8 B RLPE. KA R Sy 30 pl iR 3 pl,
ASPV 519N 1 pL, ASGV 51 HE N 1 pl,
ACLSV 5 &R 1.4 pL 3R NS5 YN
1 pL. RN R RSETE 53 C TR 1 4 AMER 3 ETE
56 ‘CTRH G 30 MG, PR EEHE B 6 pl 2
WV _ERETF 1. 226 A3 NE R 1 v R Tk - S Je 0Ll
CENERE S KiE I TRET

3 GHRESH

3.1 BR CTAB i 5 Trizol 582 ERMHHE 2
RNA R b3

A

28 S

- 18 S

Trizol CTAB
A1 #Ar7 ERIE RNA 2R i
Fig. 1  The effects of two total RNA
extraction methods

A The total RNA extracted by Trizol,
B: The total RNA extracted by CTAB

Trizol A1 B CTAB #2000 & RNA &
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0. 8 0 4k M FEL YK AGE N 225 R 2 B . T 7 vk 24 BE 4 L
HSES AT | B RNA, Lk e S 80 28S Fil 18S
T SR Z R 2 2 1 1 i), Trizol 2 5
SR PRI A a7 8, R 76 PR L (H TS RNA ¥
B TR AR B 5S 547, S PR 22, iX BL AR
SR — 2 cDNA YA 1 M52 Wi g 25 4G T
LR, e = R CTAB ¥E 3 & & AR A Y
(0 RNA S, LUK 28S 18S i1 5S a5 H 4
IR RINA Ve 2 3¢ iy o S A 1) T 1 e S5 36 17 gk
11 AR5 7 TARBG FRR  BR A AT, A T
BLSC AWM IZ v RT-PCR {60 45 5, AR 5 5% 32
FHEZHUE RNA FURB A7 R CTAB 4.
3.2 EREBRERSLETE

F 4 AT 380 B Sr i RT-PCR KR R
Xof AN [ S A DX SR B 1 S SR i R AR AR A TR
S EEARIN L 25 5 BN (2 Fras) . B RS 44
RYReRE Y b 55 a B R RN B Y %
. 2 pl RN IRTE FELIKG 1T LAAS B038 67 5 5% 2%t
JCAR 4 S R . ASPV 1 4574 K/l 375 bp,
ASGV 4K /NR 520 bp, ACLSV By 45 K/
4 670 bp FEBHMEREAS RT-PCR § 34 i =4~ H
() s VI [ -2tk 5 R4 70 LT B EAT]
15 NCBI #4127 v 241 38 10 7 AR LB AR &5 4051
RENT 95% .98 1 96 %6, 5 IR, SR 3E S 3
Actin fEN NS L FE T A FEA b [ FE 4 3%
9380 Tz LN BB DL Eg5 R3] RT-PCR J7 ik
A LR A A o A G I AR A T ) U R R
R 7K S 2 A AR e Y R e, ARG T 4 R A AT
SEPE.
3.3 BAEERFFRERERSELER

S B =6 e SR 5 6 A R b 54T RT-
PCR 0, 255 /R 78 387 A it v, 346 4
Kl ASPV, BHPEZ Ky 89. 4% 3 ASGV 1 ilF 5 £
f T T REASAAS 2], B 100265316 1 i
K iy ACLSV, H¥EZ Ky 81. 6%. 55 4k, 304 33
TR o REAR S BES AN HH =l 2 i I X SRR AR
Z IR G BY AR GG Ny 78. 500 (B 3 iR).

MR SR 7 Xk B . ASPV Fl ASGV 1Y
YL LA AT ] T ACLSV 78U )1 595 2 5 Ky
PR L FGk 85, 5%, ACLSV 1E = B I 38 7 &
YR EAR. HEAE s DU ER U5 B3R = X 52 = Fh
W R IR A R B Y R AR R GA
83. 10 M 2 P I 30 T S 5% 7 XU A 0T 45 55 T
IR 73, 8%, S B T B A BRI A T

% 57 %
P 2Z B (4 Frs).
" M SI SI 82 Y1 Y2 Gl G2
P
A
750
;(5)8 (SRS «— ASPV
160 e ~<— ACTIN
bp
B
750
500 - ASGV
%8 <— ACTIN
bp
C
750 ACLSV
500 =
250

A2 ¥REBMEHBERTPCR>F5E
Fig. 2 The detection of latent viruses infected apple
leaves by RT-PCR

M: marker. A/B/C: The detection of ASPV, ASGV and
ACLSV in the gel. S1/S2: samples of apple leaves from Si-
chuan Province. Y1/Y2: samples of apple leaves from Yun-
nan Province. G1/G2: samples of apple leaves from
Guizhou Province. Arrows: the expected products for virus
and internal reference.

All sampling sites

100%

1007 89.4% o1 6% -y
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Fig. 3 The infection rates of latent virus in apple in
Southwest China

3.4 ZERT-PCRUEFZKNERFS
ABFFEAERTIREE b X B T 51 IR
O cDNA A A i J 2% il iE AT T Ak B
ey Al ARSI ASPV . ASGV Fil ACLSV iX = Fii
TG I 2 1 RT-PCR ¥ A £ . Fe 1R FHiZ
TR RTEZ BRI 45 R 2 F R ROR &2 YL 13
SEREA i LAAS I 197 FH 5 3 (8 o 2 8 RT-PCR )y
TRAE N B8 TP B AT AT E R b, 5 — RT-
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PCR KM% R, £ 78 PCR PR 1T LU
AP T4 R B L IR 5 0 R B Y 9
SAMREESN R 115 T B AL BB A 2
PR 55 2 WIS S B th T 203 B 1
OS5 BT BP0 e 1 A ) 5 P
R GRS B S R A IR
A8 TR 2T RT-PCR H SR 11 36 i e b
DI AER B (RAE S R 45 T4 A
i,

Different sampling sites

1001 ) - ASPV
-y Pr = ASGV
= ACLSV
;\3 801 mixed infection
<
8
s 604
=
8
= 404
|53
&
= 204
0

Yanyuan county Zhaotong city Weining county

A4 BRFWERGIRMR R LR
Fig. 4 The infection rates of latent virus in ap-
ple in different sampling sites

M _S1 SI SI St S1 Yl Gl

bp

750
500

= ACLSV
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= ASPV
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A5 %% RT-PCRAKZEZ SAHFRBRIAE
Fig. 5 The detection of the three latent viruses in
apple leaves by multiplex RT-PCR
M: marker. S1/Y1/Gl: the samples of apple leaves
from different regions. Arrows: the expected products

for virus and internal reference.
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HT RT-PCR AR 5 R
ERTZ I TR RE A2 ORI st
B AP T A RNA B3R B I RIIE RNA Jide 5¢
4f & RT-PCR FOAR B SEBEPR Y. SR AR
AHEY) S R E 2B 2 W XA R A A . W
ML RNA SO 5 A BE T 2 150 5 2K . 0P 52
H3E SR CTAB 30 SDS 31, A Bl 55 45 5t 3k
M LAY CTAB 3515 G50 R 0 7 B RNA J2
CTAB {2y — i i A8 P57 RE % 25 IR 25 11 55 4= 5t
W P B B B Ak £ T AT LU AR 1E B 26 ) o R
b AL S 17 ) RNA S Al b il 45 45

PVP 0] DL B i 25 . 22 0 Al ok A AR 4. i
A B B SR IBGR I RS i RE i 45 A DL
DNA, 2 Z Y4 5 F s vk B2 1) LiCL n] DLk $EE
UUUE RNA. BRI R BUE 3R & 2%, FERT A K
EE T RNA Sl f ot vk A, A o5 TRk
SR L B Y cDNA AR

WS T ES 20 3 X 3 5| Wik 1T RT-
PCR ¥4 , S RER St b 3845 21 H 09 A BE L ik —
HAESE T PCR A6 2 K6 0 R L 5 o] Sk fnfe
P AR VR X A 5 | 4 1 B SR 3 v BE LR IE
519 SRR T R RS A BRI S | ) A RE
SRR G145 A DAL HERR (B BH 1 45 SR 1 52 .
TN ARG R B 87 1) 2 RT-PCR A {4
RIEZ 4 o B A T BRI, st T
IR 2%, 4 T ARG R]L (H L RATIIA R S
HABBIFTTAH B 5 23— 25 G s 9
SRR A B B R R BARBRR K5 ik SR
5510 5 i SN A A AT 43 b T RS [
[BIARAATE F B VCEC RN 38 S P 3500 R, £
RT-PCR pyfs U 25 S 5 51— 1) RT-PCR 452 —
B, 7E 387 GyRESL T, 346 RS AT ASPV, BH
PRy 89. 4265 ASGV 75 i A K fi v 25 RE A5 A5
E], BHPE R R 100%; 316 4y BE & A
ACLSV. BHPEFN 81, 6 %5304 fyke 5 5L 30 = Fh ik
Bt 2 TR A IR IR A ISR 78. 5%,

TR A IR FET T TAE LR, B AE S0
2B DXV B A B 1) 40 A R AT L R R TR A
AR, B ZE 45 F) ] RT-PCR A9 7 % Fe 10
AR 141 ASSER 0 FE S AT 20 A L 45
7R ASPV [ % 4%k 60%0, ASGV 175 k4= R
660, ACLSV [ &4 %y 58. 9% , = Ffiig 8¢ 1Y IR
BB RNy 55900 5 K A X 3% [ b 7 4 S R
X ZH 2 RS ETT RT-PCR &0, & 8
MIFEAS ] L XA e A 6 24 3 1 60 20, 5 4 i [X
F A 100961 5 WARLT B TR A 13 138 4
SEIRBE AT, ASPV 1) & 4 RAE 40% LA
FLASGV iR AEFE 1 100%, ACLSV 1y & 4%
h 406N RO TSR 7 X R SR A
BB i B P B e Y AR A R R
B, VT X = o S SR TR B s 7 () R e e X i 1
TR ZHAE 7 1 X, =R B TR A R AR H
PR, T RE A I A 2 A2 b B R 0 BRI L A AR PR
SRR ADRIAE P4 R 7 2 1 2 B M X2 A5 4%
L T R A0 2% e 2 T R SR A 7 1) S
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R T V1 SR e A L 2% 1 TG T 4 v SR AR X e B 11
FEPUIE A B AR 1230 X & A A o it
s O IE X 2 7 48 S R W Bk s 1 6 AT T OF
10 GHA L FRATAEE R R = A SRR
(L= A T I T, ASGV &R YL R B ik 100%. =
A REEHLS ASPV Fil ASGV ke 5 1t AH 3 , {H Py
JIFER =X ACLSV BGRB8 5 T = rA M
SEMAE s HEATR B IR A IR R = 1R A SN
SRR BRI A T ). TR R
Wik R E RN AREREAAR
SR B R A K B A SR Rk /D 1096~ 3605,
SRS R AR, S 1690 ~46 %6120, (AL, 3
SFLI0 B3 125 B 114 s 2 S ) () P ] REIG L AT L 7
AP e R N 5 A SR A RN 5T 2 ) EE A

TR BR o 7 70 TR 2% 3P 2R 3 7 XA B R ™
SR, BT 2085 5 A AR H A A B iR
J5 3 AR 4 TR AR v 4 F O AR I B I B AT
FEH Gl A BUR SRR R PR EE R, DL BH
TR BRI RR A 1L 59 40 28 R 55 SR AR Rl 1X
K EAE PR, T J AR 35t % e AL 5, 42 R 2R
PR XoF 3 T e 2 A SRR B s o7 396 35 3
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