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Establishment and optimization of one-step triple RT-PCR
detection system of apple latent viruses

WANG Lifang,ZHANG Yue, LIU Cong,CAI Yangyang,.IU Lang,
SUN Jianchun, WANG Leicun

(College of Horticulture s Northwest A& F University ,Yangling , Shaanzi 712100, China)

Abstract: [Objective] Based on the two-step single detection system, a one-step triple detection sys-
tem capable of simultaneously detecting apple stem pox virus (ASPV),apple stem groove virus (ASGV)
and apple chlorotic leal spot virus (ACLSV) was established and optimized to simplify apple virus detec-
tion. [Method] The apple seedlings of ‘Nongguo-25" carrying ASPV, ASGV and ACLSV were used and
the detection results of single-step, one-step double and one-step triple RT-PCR detection systems were
compared. The annealing temperature, reverse transcription time, extension time, number of cycles and a-
mount of primers in the one-step triple detection method were optimized. Apple roots, tissue cultured seed-
lings and virus-free seedlings with different toxic conditions were used to verify the established system.
[Result) One step single RT-PCR system can detect only one virus at a time,one step double RT-PCR sys-
tem can detect two viruses at one time, while one step triple RT-PCR system can detect three viruses simul-
taneously. The optimized conditions of one-step triple RT-PCR system were: reversing transcription at 50

°C for 20 min,predenaturation at 94 °C for 20 min,denaturation at 94 °C for 30 s,annealing at 53—56 °C for
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30 s,extension at 72 “C for 30 s,30 cycles,10 pmol/L upstream primer 1. 0 pL,10 pmol/L downstream

primer 1. 0 pL,and no final extension. The verification results were consistent with the two-step single

method, showing that the established detection system was reasonable. [Conclusion) One-step triple detec-

tion system for apple latent viruses was established to simultaneously detect ASPV,ASGV and ACLSV vi-

ruses.
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Table 1 Primers used for detection of apple viruses by RT-PCR
s Y . B kIR B/ C .
519 % i 5140791 (5' 3" H b T B2 /bp BARE/ 5% ik
. . R Annealing
Name of primer Primer sequence (5'—3") Target segment Reference
temperature
ASPV F.:ATGTCTGGAACCTCATGCTGCAA 470 53 r19]
R: TTGGGATCAACTTTACTAAAAAGCATAA
ASGV F.CCCGCTGTTGGATTTGATACACCTC 594 57 r20]
R.CTGCAAGACCGCGACCAAGTTT
ACLSV-1 F. TTCATGGAAAGACAGGGGCAA 677 57 [197
R:AAGTCTACAGGCTATTTATTATAAGTCTAA
ACLSV-2 F:GAGARTTTCAGTTTGCTMGA 704 55 -

R:AGTCTACAGGCTATTTATTATAAGT
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Table 2 Combinations of primers for one-step triple RT-PCR of viruses in ‘Nongguo-25" apple tissue cultured seedlings
WA G T EBRA G T
Volume combination ~ ASPV/uL ASGV/uL ACLSV-1/uL. |Volume combination ~ ASPV/pL ASGV/puL ACLSV-1/puL
number number

1 0.7 1.0 1.3 6 1.3 1.0 0.7

2 0.7 1.3 1.0 7 0.7 0.7 0.7

3 1.0 0.7 1.3 8 1.0 1.0 1.0

4 1.0 1.3 0.7 9 1.3 1.3 1.3

5 1.3 0.7 1.0

R3 HEERMBETIHERERSHER
Table 3 Three latent viruses carried by apple material for testing
J¥ 5 Number # Bl Material ASPV ASGV ACLSV
: S R R B - N -
Not completely virus-free plantlets of ‘Zhongqgiuwang’
5 SEKE T e A _ _
- Tissue culture plantlets of ‘Zhongqiuwang’
CEARRUE AN _

3 Tissue culture plantlets of ‘ Yuhuazaofu’ - T
) SRR E AL B
4 Tissue culture plantlets of ‘Zhongqiuwang’ + - +
5 ‘thFk 4R Roots of ‘Zhongqgiuwang’ + + +
6 ‘thfk £’ 2 Stems of ‘Zhongqiuwang’ + + +
7 ‘HFk 0 Leaves of ‘Zhonggiuwang’ + + +
8 CEAE R AR Roots of ¢ Yuhuazaofu’ — + -+
9 ‘EAE R Z Stems of Yuhuazaofuw — + +
10 CEAER M Leaves of ¢ Yuhuazaofu’ — + +

R —RRAWE.

Note: +indicates with virus, —indicates no virus.
=+ N
2 RS0

SRE-25 MR R RNA HIRE
‘W 257 B RNA R E W B o 1 124. 0
ng/ L. O s (B0 2. 12,5 BIHR I RNA 6 B2
AT TR SR, 5% RNA B & Ui 5
WAy 50 uL Pk Z 4 RNA [ 76 1.0 ng BUF 3645
LARTIFER A 21 L 1 2R 152 B 05 50 46 7 42 00 i
RNA J k¥ FE 7 B 400 ng/ L. 473647 I S0 BF9E o
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Y48 & W I 1

1AL 1B 2 510 51 14145 1CASPVASGV
ACLSV-D M4l 4 2(ASPV ASGV  ACLSV-2) ff)— 3
= RT-PCR i yk &5 R . &l 1-B nl A1 76 35 FE K
T ACLSV-2 [ 45 8 ASPV il ASGV 457 1]
L UL ACLSV-2 5] 3 B2 B i [ 1-A 7
R G T 53 A% H AR R ]k B S A — B 5
JE Bk G I AL 1 kAT R S0A e

1 2 3 4 5 M

A. ASPV ASGV . ACLSV-1 41 & HLJk 45 R s B. ASPV . ASGV . ACLSV-2 415 H Jk
M. 1 000 bp DNA Marker;1~5. iB k& EK K N 53,54,55,56,57 °C;
A. ASPV,ASGV and ACLSV-1 combination electrophoresis results; B. ASPV,ASGV and ACLSV-2 combination electrophoresis results
M. 1 000 bp DNA Maker;1—5. Annealing temperature was 53,54,55,56,and 57 ‘C, respectively

&1
Fig. 1
plantlets viruses of
SRR A ERE—SRE. Y HWEM
—# =& RT-PCR # il
— L LA IR R T ASPV L ASGV
ACLSV 357 S 41 5 B FE b 43 5 B 7 38 0 6] i

2.3

CUR 257 HBF R TR — P =5 RT-PCR Rl & R o 5| W 4 & 1 0 e 45 5L
Screening results of primer combinations of one-step triple RT-PCR in the tissue culture

‘Nongguo-25" apple

(4 S 1k H RS 2 (I 2-A) , — 45 19 o0 K 0 44 25 )
AR 2 AN E A RS B AR A (B 2-
B) ., — 2 = EA AR R R HG T 3 Bl B 1Y
S H bR A (8 2-C)
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700 bp
— 500 bp
—400 bp
™300 bp

A. —# 518 RT-PCR; B. —# W RT-PCR; C. —# =1 RT-PCR
1~6. #47 ASPV,ASGV ACLSV 1§ ‘¥ 54 25" 4151 ;M. 1 000 bp DNA Marker
A. Amplification results of one-step single RT-PCR; B. Amplification results of one-step two fold RT-PCR;C. Amplification results of
one-step triple RT-PCR;1—6 ‘Nongguo-25" tissue culture seedlings carrying ASPV,ASGV and ACLSV;M. 1 000 bp DNA Marker
B2 CHOR 257 RN E ST S PIE AP =5 RT-PCR kil 45
Fig. 2 Detection results of plantlets viruses in ‘Nongguo-25” apple seedlings by one-step single RT-PCR,
one-step two fold RT-PCR and one-step triple RT-PCR

2.4 3MHEBEENRERRRELRSH GenBank B4 J4 H Xt B 2 4% 1 12 77 51 19 [+ U5 4
ASPV,ASGV il ACLSV-1 §" 3 | Bt 5 e R ILIE 3.

ASPV Seq ATGTCTGGAACCTCATGCTGCAAACTCAAAGTCCCCCTGCAAACTGGGTCGGTAA, TTAAGTTCGAAACTCGGTACGCTGCTTTTGACTTCTTCTTTGGTGTCGAA
FEELCEEEEER R e e e e e e e e e e et er R EE e e e e il
3 el ATGTCTGGAACCTCATGCTGCAAACTCAAAGTCCCCCTGCAAACTGGGTC TTAAGTTCGAGACC, TGCTTTTGACTTCTTCTTTGGCGTCGAA
KF735125.1.se 1094
ASPV.seq AGCACTGCTTCCCTCGAGCCTGE TTGATCAGACTACCGACTCAAGCAGAGAGAGTGGCAAATGCCACAAGCAAAGAAATACAGATGTACCGCATCCGCTCTAT 22 ()
PERLERUE ERREEEEE FEE e e et e e Cr et e Crr et e b et e e e
KF73 5 1 25 . 1 .Se(] AGCACTGCCTCCCTCGAACCTGCTGATGGTTTGATCAGACTACCAACTCAAGC] AACGCCACAAGCAA 'CGCATCCGCTCTAT l 204
ASPV.seq GGAGGGTACTCAAGCTGTTAACTTTGGCGAAGTCAC! AATTGGGCCCARACCTGTGTTGTCAATTAGGAAGTAACCATTTCATGCTTTCTTTARATTCCAAT 33()
PEERRREERRREr benre et vnnn e e e e e ree et v e e e e et Cerene e e beerrreer veeennenl
KF73 5 1 25 . 1 -Seq GGAGGGTACTCAATCTGTTAACTTCGGCGAAGTCAC AATTGGGCCCAAACCTGTGTTATCAAT AGTAATCATTTCAAGCTTTCTTTCAATTCCAAT l 3 14
ASPV.seq TTATGCTTTT TGATCCC 364
P LEREERERERE it b et
KF735125.1.56q tacactarrrateerrr rearece 1348 A
ASPV_seq CCCGCTGTTGGATTTGATACACCTCCGGTTCATTACAATCTGACAACGACCCCARAAGA TAATGAAGAAAAGAA CAGA TCGTCTGGCGARRA | ]()
FERLECEEEEE R e et ||||||||||||||||||||||||||||||||||||||||||||||||||||||||
KF735125.1 .S€(  CCCGCTGTTGGATTTGATACACCTCCGGTTCATTACAATCTGACAACGACCCCGAAA! TAATGAAGAAA reererceecaaaa 110
ASPV.seq AACCAAGATTTGGAGGATCGACTTGTCARATGTTGTCCCCGAATTGAARACCTTTGCTGCCACTTCTAGGCAGAACTCTTTGAACGAATGTACGTTCAGARAGCTTTGTG )2 ()

FELLEEEEEEEEEEE PR e P L e
KF735125153q AACCAAGATTTGGAGAATCGACTTGTCAAATGTTGTCCCTGAATTGAAAACCTTTGCTGCCACTTCTAGGCAGAACTCTTTGAACGAATGTACGTTCAGAAAGCTTTGTG 220

ASGV.seq AGCCTTTTGCTGATTTGGCTCGCGAATTTCTTCAT TCCAA TGGCCACCAACATT AGAAATGGCCCAAAGCTTTTGAAAAAAGCCCATGGGTG 33()
FEERRLE FRrrrerennenn IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII FERREEERRE e e el

KP772666.1.5€q  AGCCTTTCGCTGATTTGGCTCGTGAATTTCTTCAT TGGCCACCAACATTTACAAGAAATGGCCCAAAGCTTTTGAAARAAGCCCATGGGTG 330

ASGV.seq GCGTTTGACTTTGCCACCGGTCTGAARATGAATCGTTTAACACCTGATGAAAAACAGGTGATTGATAGAATGACAAAAAGGCTTTTTCGTACTGAAGGACARAAAGGGGT 44()

PERRRLEEERE e e b e e e e e e e e e e e e e e e bbb e
KP772666.1.s €(  GCGTTTGACTTTGCCACCGGTCTGAAAATGAATCGTTTAACACCTGATGAAAAACAGGTGATTGATAGGATGACAAAAAGGCTTTTTCGTACTGAAGGACARRAGGGGGT 440

ASGV.seq TTTCGAGGCGGGTTC ACTTGGAACTGGAGGGTTAGGAGTCGTTTARAATTCCGCARACTTGGTCGCGGTCTTGCAG 50 4

FEREREERE TErrr e e e e e e e e e e o rer e e e e B
KP772666.1.seq  rrrceacecacerc ACTTGGAACTGGAGGGTTAGGAGTCGTGTGARATTCCGCARACTTGGTCGCGGTCTTGCAG O
ACLSV.seq AAGTCTACAGGCTATTTATTATAAGTCTAAACACTCCAATTTAATACCATGACTCTTTATACTCTTTCATGGGTTCCAGAGTTTGAATGCACTAATGCACACAATTTATT |10

TEEREREREr e e e e e e e e e e e e e e e e et e e e e e e e e e e e e e e e et e e e e vererererenent
JQ320100.0.56q AAGTCTACAGGCTATTTATTATAAGTCTAAACACTCCAATTTAATACCATGACTCTTTATACTCTCTCATGGGTTCCAGAGTTTGAATGCACTAACGCACACAATTTATT 392

ACLSV.Seq ———GACATAAATGACTGCAAATGTAAACACACATTAG--ATACACTATTTATTTATTTTATTTATTGAACCAAACCTCTTCATCAAATTAAACGCARAGATCAGTTGTAA 215
PEorrer reverrrr  rerrerrrerent FRErrr e ceeer e eerrerr e veer b reer e e e e e rrerer el
J Q3 20100.0. S€( ATTGATGTAAATAACTGCAAACATAAACACACATTAAACACACACTATTTATTTATTCTATTTATTGAACCAAACTTCTTTAGCAAATTAAACGCAAAGATCAGTCGTAA 482

ACLSV.se q CAGACGAGAGTTTCGCCTCGTTTTCACTTTTTGCGAATTCAGTTTGCAAAAGACGCCGGTTCATATTAGTTATTACTTTTTGCTGAGCTTTGTTCATTATAAACATATTC 325
L L N NN NN NN NN NNy

JQ320 1 00.0.seq CAGACH TTTGCCTCATTTTCACTTTTTGCAAATTCAGTTTGCAAAAGACGCCGGTTCATATTAGTTATTACTTTTTGCTGAGCCTTGTTCATTATARACATATTC 3 72

ACLSV.se q AGACCCTTGTTGAAGTCGAACATAAGCTCTGGGTACTTACTACCCACTTCGGGCATGGTCGTAAAGAGGTTCGTGAAAACCCCTTTATACTTTAGCTTGACCAGCCCGTT 435

RN N T e
JQ3 20 l 00 . 0 . Seq AGACCTTTGTTAAAGTCGAACATAAGCTCTGGGTATTTACTACCCACTTCAGGCATGGTCGTAAAGAGGTTCGTGAAAACCCCTTTATACTTTAGCTTGACCAACCCGTT 2()2

ACLSV. seq TCTTGCCTCAGGGGCARAGGCCTCACAAACCTGGCGGAAGGTCATCCCGTTTATATTCGGGTCCGAAGATGTAGTCCTGAATGCCT CACTACTGATTTCA 545

10320100.0 FRREEREERE e e e e e e e e e verr e e e bbb e e e e e e er e e ve reeeent
Q -U.8€Q rcrreccTcAGGEGCARAGGCCTCACAAACCTGGCGGAATGTCATCCCGTTTATATTCGGGTCCGAAGATGTAGTCTTGAATGCCTTGATAAGATCCACCACCGATTTCA | 52

ACLSV. seq GGTTGTAGGAACTTATCACCTTCTGATCCTCCATCGATTTTACTTCCACCATCACATCCAGGAACTCCGTCTGTTCCGAGGTCCCCTGAATTGCTATGTTCGCGAAGATG (55
FEREEREERT e e e e e e e v per e e e e e ee e vere e veeer e er e rerr e e
J Q3 20100.0. S€(] GGTTGTAGGAACTTATCACCTTCTGATCCTCCATTGACTTTACTTCCACCATCACATCCAGGAATTCCGTCTGCTCCGAGGTCCCCTGGATTGCTATGTTCGCGAAGATG 42

ACLSV.seq GACTCCAGTGTCTGTTCCAGGATTGCCCCTGTCTTTCCATG (96 c
FELEEREERREE e e
JQ320100.0.5eq GACTCCAGTGTCTGTTCCAGGATTGCCCCTGTCTTTCCATG |

A. ASPV 5 KF735125. 1 450 B. ASGV 5 KP772666. 1 EbAs4h 45 C. ACLSV-1 5 JQ320100. 1 Hu4h
A. Comparison of ASPV and KF735125. 1; B. Comparison of ASGV and KP772666. 1;C. Comparison of ACLSV-1 and JQ320100. 1
3 ASPV.ASGV Fl ACLSV-1 ¥ 1f )y Bt 55 GenBank %407 J2 Hh ) B 33 4% 11 IR 7 91 19 [ P4 LL 4%
Fig. 3 Homology comparison between amplified fragments of ASPV,ASGV and ACLSV-1 viruses and

corresponding nucleotide sequences in GenBank database
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ASPV . ASGV H1 ACLSV-1 3 Xf 5| ¥ 15 Jf 2 %
SCHR L B I B T R TS X 9 R S A IR 5 Sy F
— L IE 3 % 51 WA IR — SR AR & rh ATy AT Sk R
3 s L R EAT T 5L B ASPVLASGV
ACLSV-1 5|99 34 i Be ¥ 51 5 GenBank %45
g 5 oy KF735125. 1 (5 ASPV XF [ ).
KP772666. 1 (5 ASGV Xf hj) . JQ320100. 1 (5
ACLSV X80 1% B2 7 50 2F 47 [R5 R L 38 A A
RO R 94%,98% A 95% (& 3), Mz — 4 =
# RT-PCR 1] DL F o€ #E s £ I ASPV., ASGV

700 bp
500 bp
400 bp
300 bp

ACLSV 3 Fiifi # .

2.5 ‘REEABEFRES-S=ERNERMMAL
2.5.1 BKEA 4 AR KR E Dy 48~
52 'CHf, A ASPV "] p h §3¢ th H A5 57, AS-
GV Z M, ACLSV W JC H A5 4547 s 1B SO N
53~56 “CIf, 3 Fififi 75 2 ml K 21 W 1 1 24547 L (HLAE
57~59 C A il AR 45 ALY 35 12 B KR E N
60~63 “C . Bl & i # TH g . ASGV T3l i
WS H RS 0 ASPV  ACLSV 1 H b 4% 1 % i
TR BAIRI A B KOl B e # 53~56 CHIfE.
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M. 1 000 bp DNA Marker; 1~16. jB k i BEfR k H 48~63 °C
M. 1 000 bp DNA Marker;1—16. Annealing temperature was 48—63 °C ,respectively

B4 ¥R 257 415 ASPV.IASGV Ml ACLSV — 25 = F il {4 & PR JOR B /9 It

Fig. 4

Optimization of annealing temperature in ASPV,ASGV and ACLSV one-step triple detection system

for ‘Nongguo-25’ tissue culture plantlets

2.5.2 mR#EFuR WBKE T 15,20,25,30
min 4 AN [A] ) B e sk [A] 2 B, g 15 A) A, X4
A AL TR B AT R S 4 ASPV . ASGV . ACLSV #y
FesetE BAR S, 4 AL B HL B, B % 15 min
IF Y 25717 8¢ 20,2530 min WM . FF LA AR BRA
Sk 20~30 min 9 5 SR i [B) 58 4, ik F B[R] 200 %

700 bp
500 bp
400 bp
300 bp

I~d. [ i it M Yl 15,20, 25 Fl 30 min;
M. 1 000 bp DNA Marker
1—4. Reverse transcription time was 15,20,25 and 30 min,
respectively; M. 1 000 bp DNA Marker

5y 257 B ASPV.ASGV Fil ACLSV ff)

— 2P = ARG D A R v R A S TE) Y G Ak
Fig. 5 Optimization of reverse transcription time of

ASPV,ASGV and ACLSV in ‘nongguo-25’

tissue culture system

JE M S S ] R 20 min,

2.5.3 sEApetE & 6 AT DL, A R] 30,
40,50 s i, ASPV ASGV #l ACLSV 3 i & 45 1
G 3 Y S 1) AR 5 22 B A A A R] Y A K R
BT, FE =K. A 30~50 s [ 4E it fif
AT o T B TR) 2803 25 I A A A A B[] Oy 30 s,

] 2 3 4 5 6 7 M

1000 bp
500 bp
400 bp
300 bp

1~7. ZEA I [R]HK YK A 30,40,50,70,90,100,120 s;
M. 1 000 bp DNA Marker
1—7. Extension time was 30,40,50,70,90,100,120 s,
respectively; M. 1 000 bp DNA Marker
K6y 25 B R ASPV,ASGV F1 ACLSV 1)
— b AR IR R P A () B

Fig. 6 Determination of extension time of ASPV,ASGV and
ACLSV in ‘nongguo-25’ tissue culture system by

one step triple detection system
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Fofr o 2 75 AT B T RS (E A5 A Bl i R R S R
PRI 5 B ) L 50 SR R AR 3R 25 5 2 O HE AE I BR 8K
7 30,

1~5. JEFRER IR N 20,25,30,35,40; M. 1 000 bp DNA Marker
1—5. Number of cycles was 20,25,30,35,and 40, respectively;
M. 1 000 bp DNA Marker
B 7 CUE 257 4lI% T B ASPV.ASGV Hil ACLSV [
— 25 =R DU A R AR P B

Fig. 7 Determination of cycle number of ASPV,ASGV and

ACLSYV in ‘Nongguo-25’ tissue culture system by
one step triple detection

2.6 MU—TS=ZFRNERNARERIE

h T WAL S 0 — 2P = AR R A
32 L B M T I E A M R FRARAE S 1 — 2 =
R R R XT3 3 A LA S R AT T e
BERLOU L A5 OLIE 9, B 9 Al UL R4S I — 2 =
TR DU R 22 T R A 0 2] © R R R 58 4 I R Al
A ASGV, Wk £ 58 B i A, RCE 4
e AR 2K A ASPV . ASGV il ACLSV 3
P 7, ¢ A R ARG B O 2 B
ASGV #1 ACLSV 2 T 8¢ . IZ K I 45 R 5 3 3 MR
() BRR O 58 4 — B

1 2 34 567 8 910 M

- e -
L _J el LI T™
- -

T~ 10. LR SF SRR 1 3 Fh s B PR 55 (9 15 00 5
M. 1 200 bp DNA Marker
1—10. Three latent viruses carried by apple material for testing;
M. 1 200 bp DNA Marker
9 BHEN 2P = RT-PCR XA 3 506
R OO Y Bk
Fig. 9 Verification of improved one-step triple RT-PCR

method for testing apple material with viruses
31 @

e e — 2P =8 RT-PCR {5851 91 41 & 1

2.5.5 Flapmz HE S A3 MG MmEAE
DL 2 A 1,3,5,8 MACRE A, 3 Flw 8 19 H
B 2717 1 0F L3 » oA Al & BAR L RE Y™ 14 Hh H A
Zer AHECOR A 3 2. KB4 A 1,3.5.8
S T H 2 2 R B A I S L AL
8. Hl ASPV 1.0 pL,ASGV 1.0 pL,ACLSV-1 1.0

pl.
1 2345 67 8 9 M

L~ 9 RN BE 3R 2 151 12 A %5 s M. 1 000 bp DNA Marker
1—9. Primer combinations corresponding to Table 2;
M. 1 000 bp DNA Marker
Bl 8 ‘W 257 ASPV.ASGV Hil ACLSV fi—
= F AR R G LAk

Fig. 8 Optimization of primer addition of ASPV,ASGV and

ACLSV in ‘Nongguo- 25 tissue culture system
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S AE A A K RIVAS BE 1 BT W R] B AN DG R
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Wi Z EAG I, 5t H o ASPV By H bR B S 59—
19 H AR R Bl BEAH 22 K/ s S 8O UK B AR B X 48
FIF LA FE 04T 22 AT, 5] 40 A0 3 PR IR B2,
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BE SR E] 30 min 4545 T 10 min, A HF 58 A 45 5
T SR R] T ELAS I A R A 9E P B A AR R 30
U5 TR BRI 3 B 8 M PRZL R 5 g Y 35
MEAA IR T 5 MG, R —4 =& RT-
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BRI B e A P G 0 58 B 7 T T R A 173, U
HbABEFE R IR F h H AR S /N F 1000 bp, A
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B BUEE DNA, A X Sl AR 5 Yu Y 2
(RN % S5 SRV N B O ST R R wailllib)
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