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Development of a Multiplex RT-PCR to Simultaneously Detect Three Grapevine Viruses and Preparation of Artificial
Positive Control DNA Derived from a Plant Internal mRNA Sequence. Tomoyuki Takahashi, Shunsuke Hashimoto"
and Yutaka Inoue (Kobe Plant Protection Station, 703 Befu, Ikawadani, Nishi-Ku, Kobe 651-2115 Japan. "Chugoku
Shikoku Regional Agricultural Administration Office). Res. Bull. Pl. Prot. Japan. 57: 51-55 (2022).

Abstract: A multiplex reverse transcription-polymerase chain reaction (mRT-PCR) assay was developed to detect
grapevine Pinot gris virus, grapevine red globe virus and grapevine rupestris vein feathering virus, in combination
with a plant internal RNA control. Primers for this assay were selected from published reports and one to three
fragments specific for the viruses were amplified from 21 infected samples by mRT-PCR. The detection limit of this
assay was up to 5°-5° extract dilutions, depending on the virus.

Furthermore, artificial positive controls for each virus were developed using a plant internal RNA sequence. Primers
to amplify the artificial positive controls comprise a virus-specific site at the 5 end and a specific site of plant internal
gene at the 3’ end. With these primers, PCR was performed using complementary DNA (cDNA) from the plant
messenger RNA as a template. The PCR products, including virus specific sites at the 5* and 3’ ends, were mixed and

used as an artificial positive control. Consequently, appropriate-sized fragments corresponding to each of the viruses

were obtained in the mRT-PCR assay.
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GERMGLELIHEZIToTWE, HEIZMAZINDG 7 K
HARIZKEER 7 T Y AR 5 T &0 3 —1 v 7 SGHEEH
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EHRTIHEEL TWARWVT A VADREELTWDE, 25D
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FOBD RS & MRS 5 720 ORIk D X v & 2 % — RNA
(mRNA) % [Es#H 4%~ )VF 7L v 7 A RT-PCR (mRT-PCR)
ZHEE L 720

F 72, PCR A CIIMA DR % LT 57200k »
FE—= VB RPELRVD, HRREED T AV ASFEIZOWTIX
AFDPHNETZOFHDPE L v, 22Ty 7 P ORI

U e [y ] B



52 HE W By & PTG

& E7E o

W57

AR L. &7 AV 77 4 ~ — 1R K& OFH#I 2 i
Bl & 5 Kl i o NIEHRY 2 MIET 2 77 4 ~—I2H
FB L OB 2T 23 Kb > 774 ~— % FHL, 2
DT TA ==X BMRED 2 5 N Ltkar ta— )&
L CTHiIH$ % Z & TPCRMADFEMED 2 ik,

MHRUFE

1. #EEH

Ff Mo th 12, GPGV, GRGV J UF GRVFV (4 X T + 4
sSRNA 7 1 )L A) (CHMF I EEIRGE L T 5 2 LR
ENTzT K7 OFERG (BF 21 BR) 2 S U722 Rk & L7z,
g0 Bl oL E LTS VAILERE L TR WnwT K
7 6 hfE 6 FE HERIM L 72 BEM A ML L L7ze s, ABRILIR
HE A O—B e LT, REEREII- AT bz,

2. XEgiE

¥R H 12, CTAB ¥ (Lietal,2008) #LLTFor B
ZELCTH - 720 2.0ml EF 2 — 712 50mg, CTAB #% i ik
Iml (2%CTAB, 2%PVP-40, 100mM Tris-HCI (pH 8.0), 1.4M
NaCl, 20mM EDTA, 0.2% 2-mercaptoethanol), ¥ )V F ¥ — X%
JinZ. TyssueLyser (QIAGEN) % F\»C 30Hz T 1 4/ L
720 65T T 15 43 MmE s, &.0orEE (15,000rpm, 545, 4C)
AT o720 VT, 7RIV A 650ul DA 728 L 1.5ml
HFa—7IZRFesou =L, WML CIRE D R, mL5HE
(15,000rpm,5 5. 4C) 217> 720 4V 70787 — )b 400ul DA -
e LT 2 — 72 B 400 2R L smEIRAIG. w0
(15,000rpm, 5 457, 4TC) %47 70o WAKZIE T, LB 70%
I 7 — )b 800ul &z Tyt lasrBE (15,000rpm, 10 53.4TC) 4.
AR Z T CTHR L ILB % SOl DZERH A TR L 720 i1,
NanoDrop One (Thermo Fisher Scientific) % s CWIGED S5
TR & 52 L. RNA #2570 ~ 100ng/ul & 7% 5 X 9. #5588k
THRL . She B E Lz BlEa Y b a— ) ViddRRk
Gt 6 PROMEANER 2 558 9O L CIER L 72,

3. 7MY —BERVURIGEGFDE
MHALZZETANVADOEBERN T 74 v —2#EEL

(Tablel)o 72 3. GRVFV |22 W TIRBSIE R ML o 722 &

75, DNA Data Bank of Japan (DDBJ) [Z&#tE N T AR

BEH T — % 23T + T — N T I 4 ~— ORI O—Hx L
ZZLTHHL7zo & 5612, MM SRl sz 2 &
wHEFES 5 729012 KW @ NADH dehydrogenase subunit 5 (Nad5)
% 32— P28 T %2 mRNA 2#h 327714 — 3
#E L7z,

oul OHEE RS (Rever Tra ace-a- (BEEHG)) 12 1ul D%
AR 2 M 2 . W SUG 21T 5 720 RUSR OMEIE 1XRT
Buffer, 4% 1.0mM ¢ dNTP, 1.25uM @ Random Primer(9mer),
0.625uM @ Oligo(dT)20, 5= [ @ RNase Inhibitor, 0.5ul ®
ReverTra Ace & L, ISERMFIIMNEDO~ =2 7 VIZHE-> TIro
720

mRT-PCR [ Jit» 1% TaKaRa EX Taq Hot Start Version (% 77 5 /¥
4F) EHWTHEO~Y =2 7 )VIZHE-> T PCR JUGE % FR%E
L7z %774~ —% Tablel iL#OKBIE L %5 L H MR 72
PCR FUGE Opl 12 S8 & 7 2 s GEY) 1pl 202 720 SUS
013 94C 2 57Dtk 94T 3040, 57C 308, 721C 30 T 35
T A 7 NAT G, 72T T4 Ofh, 4T THEFF L 720 B8R .
2% 7AW — A7 VI TELIKENR, SYBR™ Gold Nucleic Acid
Gel Stain (Thermo Fisher Scientific) TZ4sta 770

4. mRT-PCR D&k

K7 AV AEGRE % Fi R O FUG S 12 & ) mRT-PCR 12 {3
L7z B, 7 FY OMBHENIEIC BT 5 PCR MUE TIlI Mk
MLV, R SHEE 1 DI LTHRELZIT) & — AH
Dl Ba AT PCR LY E 0 B2 IR R
GO H AR T B 0NHENH LI LD, K7 1 b Rk
ORI 2 T b1 — L OBEEIIE T 5 5127 L
THEE L 72

5. B OERERICKSREBREDRE

B AV A D BMBEGREA S 1R R BT L, SRR
RERETORMLUA, INEBEMT Y o — VOB
LDAHML., 5! 25 SCREOMBGRIIZAEFR L, 574V AD
M O % TR L 7o

6. PCR EMDERBEFRICKBIRERFORE

%7 A VA D PCREY & ELIKEI R, 7THAO—AT Vb
LY A4 X OIER N 248 ) H L. illustra GEX PCR Purification
Kit (GE~N)V A7) %AW TH#$ L 72, NanoDrop One % [

Table 1  Primers for multiplex RT- PCR used in this study
Target Primer Primer sequence (5'- 3") Amphcon Final . Reference
S1Z¢€ concentration
DetF TGG TCT GCA GCC AGG GGA CA 0.2uM .
GPGV' per TCA CGA CCG GCA GGG AAG GA >88bp 0.2uM Morelli et al., (2014)
RG-CF-F1 GAA TTC GCT GTC GGC CAC TC 0.4uM
GRGV' RG-CF-RI AGT GAG AGG AGA GAT TCC ATC 453bp 0.4uM Beuve etal,, (2015)
Grypy GVFV C105 Fl-modified  CCT GTC GCT TCC TTC TCATCT C 3950 0.6uM This Study
GVFV C105 R2 CAT CTT CCA TGC CCATTT CTT G P 0.6uM Al Rwahnih et al., (2009)
Nad5-F GAT GCT TCT TGG GGC TTC TTG TT 0.02uM
NadS  \d5-R CTC CAG TCA CCAACATTG GCATAA 1 510P 0.02uM Menzel et al., (2002)
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WG D SRR 2 5 L. &7 1 Vv AWk O PCR 3
WA & e B XD RM L7ze SREHREKIZL DAL,
%7 AV A KD PCR EY) OUEEEAS 10fg/ul 2 5 100zg/ul & 7
BLARRFN 2 ER L. PCR SUSHIC IWl w7z BB, 7 F
7 HIK O PCR IS HEWE O E L ERT H 720, Bika v
b E— )V OMIEE RS EY & 1pl @i L 72,

7. HEMAEYE mBNA BROAIBEDY bO—ILOER

DNA i O Wiz A VA 79 4 ~— L HFE 7213
MR REF] (VA IWVAT I A~ —fEEHEE) 285, mRT-
PCRIZBIFAETANVADOBEN £ IZIZREKES L% D
P AEYE mRNA BEAIH ko A Tt > b o — v ofEH %
17> 725 Primer-BLAST (NCBI) (2 X 1) 7" K7 @ NADH K7V
TIVE 2 VERGEESE (NADH-GOGAT) 12xfi6 3 % mRNA @
HaRy #4375 4 ~—1y b 3MEZIL, &5

WZINHD 5 KBIZET A NVAMBH T I 4 ~—B5 % ZFh
ENORF LTI T =TI A4 < —FEH L7z (Table2), 7
T =T IA3—%HWT, EEa >y bao—)Ld cDNA %
S L L7z PCR R AT\, WIS A VAT T A~ — il % #F
O DNA W & ZNZIUEE L. 2o PCREWE ALt D ~
fa—k L7 (Figl)e B, 774 ¥ —OHEE L 0.6uM,
T==Y Y ZimEIX 60T L L. Do PCR UL ZM1E mRT-
PCR LAk E L7z,

R 7225 N LRt = o b O — Ui, IREAN I3 —12
7% X9 .GPGV 2% 4,GRGV 75 1,GRVFV 7% 2 &4 TRAIEE.
FERRKT 107 A0 5 10° f 12 AR L 72 % © % PCR BUBTELS 1ul 1l
Z+ mPCRICHEFK L 720 B, 7 K7l PCR B HED
R WP T A7, BEL U NadS Ol & 525720102,
PCR RS IETED » O — VOB Y % 1ul L 72,

Table 2 Primers for amplification of artificial positive controls used in this study

Tqrget for Primer Primer sequence (5'- 3") AmPllCOIl
positive control size
GPGV Vitis NADH548F & GPGV DetF TGG TCT GCA GCC AGG GGA CAA GTA GAG TCG AGG GTG CAAC 538b
Vitis NADH548R & GPGV DetR TCA CGA CCG GCA GGG AAG GAAATC TCC CAC TGG CTACCT G P
GRGV Vitis NADH412F & GRGV F GAATTC GCT GTC GGC CAC TCG GAG TTG TGA AGG GAC ATG C 453b
Vitis NADH412R & GRGV R AGT GAG AGG AGA GAT TCC ATC TCT CCC TTACCT CCTCTG CT P
Vitis NADH278F & GRVFV C105F-m CCT GTC GCT TCC TTC TCA TCT CTA CAG GTG AGG GAG GTG AGA
GRVFV 322bp

Vitis NADH278R & GRVFV C105R

CAT CTT CCATGC CCATTT CTT GTA TCA TGA TGC GGA GGT GGG

Forward primer

DetF region
k NADH548F region

cDNA of Vitis’s mRNA|

H chain H 1s chain
of DetF of NADH548F
—_—

%(—/

Homologous chain of Forward primer

-

etR region

=
NADH548R regin
D

Reverse primer

- 548bp >
H; chain H: 1s chain s chain chain
of DetF of NADH548F Sequence derived from Vitis' mRNA of DetR r‘ of NADH548R
—— —
Homologous chain of Forward primer homologous chain of Reverse primer
« 548bp >

Fig.1 The principle of preparation of artificial positive control (example GPGV)

“Poly” indicates DNA polymerase
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1. mRT-PCR 05t
a. B o

HRE L7274 VADEREDPTER SN TNL 21T RT b,
FNENTEE (181bp ~ 588bp) DUENEWTH 235 5, BEEK
FAZOWT b FHRFRIM 2SI RE T - 72 (Fig2)e 7o, —HOM
RTRHETORFRNIER RSN 0D, %7 14V AHK
DOWEFEY L IR DA XTH Y, BNAFTHETDH 720 L
FofER» S, B3 mRT-PCR FiE, 7 N7 Ok 4 2 ffllZ By
THMWRETH L EEZ BN,
b. fIEAZIE O BRERDUC X 2 B B O A
SEFREEITIEITRTOTAVAPBRBE N F 7,
GPGV 22V T 5 B TOTRTOAMIX, GRGV [Z2W\W T
& STERRIX TR 5 2 AT E 72 (Figd)o
c. PCR W OB RERRRIC & 2 MR O R

% AV AHKD PCR WA 100ag DRERXIZB\VT, %
TOFEROWEEN 295 5720 & 512, GRVFV 120 PCR
FEPIIC BT 10ag T IEIRKT - SHERR S 7z (Figd) o 2B,
GRVFV Hi3k? PCR 3£¥) 10ag (X, DNAlbp D 45rF5& % 660 & ¢

M S 1 28 S SERARES

He, H28 A — TN T B,
d. FREEEERAE~DE AW T

WML, FEER OB RE AT RIS L OF PCR EEW) O B 7y
RICL 2MHBBEAREI BN T RRBEEEZ AT L &
FEFFESOG R PCR BLEO L D Z EATRIB SN/ 2 &2
5. T RYICBI 3 R REIERTRETH L EE LN
Too Flo. SR, SWMEOMAIZBIT AL, T A Mb
IZHFH5T&EEEZ LN,

2. AIBtHEaY bO—ILoisst
a. B R

TR OB SR L CATHEET Y bo— VO
% T4 <=+t b EFVPCR OFEH, ZNENTEEDON
IEWTH DS S 722 &S (Figs). 2 ORSIEREY 2 N TRk a
vha—E L7z,

FNLHEHT y b —VERERE L. BEGRL2b0%
<NVF T Ly 7 A PCRIZHEE L 72455, 10° J OF 10° R FRIX 12
BWT, §XRTOFEROHIRE 2S5, BlEa >y bo—
NVELTOWRER AT S I LR SN (Figo). B, 107
AT HUXIZ BV Tl Nad5 OBIRETR 3/ S o7z &

6 7 8 9 10 1112 13 14 151617 18 192021 NW M

GPGV/(588bp)
GRGV(453bp)

GRVFV(328bp)
Nad5(181bp)

Fig.2 Agarose gel electrophoresis of multiplex RT-PCR products amplified from naturally infected grapevine
samples. Lane M: 100bp DNA ladder, N: healthy grapevine, W: Distilled Water, 1-9: GPGV, 10: GRGV,
11-14: GRVFYV, 15-18: co-infection (GPGV and GRVFV), 19-20: co-infection (GPGV and GRGV), and

21: triple infection (GPGV, GRGV and GRVFV)

M 12 3 45 6 WNM

Fig.3 Detection of extract dilutions of infected samples by
multiplex RT-PCR. Lane M: 100bp DNA ladder, N: healthy
grapevine, W: Distilled Water. Lanes 1-6: mixtures of
nucleic acid extracts containing GPGV, GRGV, GRVFV
serially diluted by healthy grapevine extract, 57, 52, 53,
54,57 and 5°, respectively

Fig.4 Detection of a tenfold dilution series of PCR product by
multiplex RT-PCR. Lane M: 100bp DNA ladder, N: healthy
grapevine, W: Distilled Water. Lanes 1-6: mixed purified
PCR products of three viruses serially diluted by healthy
grapevine extract, 10fg, 1fg, 100ag(10-'fg), 10ag(10-2fg),
lag(10-3fg), 100zg(10-4fg), respectively.
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5. ANTREHEDT » F O — )V O#FE 72 7501% Nads O#iE % fHE 5
HEEZBNTZ,

b. FREERERAT~NDEAIZDWT

RFFEIZE B ANTHED > b a—)uid, ks 2ROl
Flegtlo, 2% Ih—2a v@EbNsBEaTH, ¥ —
JIYy S RIREREAEIC LY, AV AHBROBS] & 7

Artificial GPGV(588bp)
Artificial GRGV(453bp)

Artificial GRVFV(322bp)

Fig.5 Agarose gel electrophoresis of RT-PCR to confirm the
amplification of artificial positive controls. Lane M: 100bp
DNA ladder, Lanes 1: Amplicon of Vitis NADHS548F &
GPGV DetF/ Vitis NADH548R & GPGV DetR, 2: Vitis
NADH412F & GRGV F/ Vitis NADH412R & GRGV R/
Vitis NADH278F & GRVFV C105F-m/ Vitis NADH278R
& GRVFV C105R
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Fig.6 Agarose gel electrophoresis of multiplex RT-PCR for
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