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Seasons and Parts of Plant Sampling for the Effective Detection of Small Fruit Tree Viruses. Koji Katsu, Hironobu
Yanagisawa", Masaki Kamiya®and Go Kido (Tsukuba Center, Yokohama Plant Protection Station, 1-7, Nagamine,
Tsukuba, Ibaraki, 305-0052, Japan. Y NARO Agricultural Research Center. 2 Tokyo Substation, Yokohama Plant
Protection Station). Res. Bull. Pl Prot. Japan. 53: 69-74 (2017).

Abstract: In recent years, plant viruses which have previously not occurred in Japan have been detected in small fruit
trees (raspberry, blackberry, gooseberry and blueberry) from overseas in viral disease inspections in post-entry plant
quarantine. In the inspections, there were cases where no plant viruses were detected by genetic diagnosis from
samples picked in spring but viruses were detected from samples picked in autumn. For this reason, we studied
suitable seasons and parts of plant sampling for the detection of seven small fruit tree viruses which have not
previously occurred in Japan. In this study, we developed Tagman real-time RT-PCR / PCR assay for measuring the
concentration of small fruit tree viruses. Leaf samples, which were collected from upper, middle and lower parts of
virus-infected plants grown in a greenhouse from spring to autumn, were tested. As a result, it was suggested that the
concentrations of some viruses increased in spring, whereas those of others increased in autumn. With regard to
parts of plants, many virus species were concentrated in upper leaves and others were concentrated in middle or lower
leaves. These results are expected to help improve the accuracy and efficiency of inspections in post-entry quarantine.

Key Words: viral concentration, raspberry, blackberry, gooseberry, blueberry
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RS 27 A VAT 5121, 7 4 )V ABREDH
M3 % & ENDHFAEWRD FAELZRNLREZIT) 2 &
AR E ENTW5b (Jarosova and Kundu, 2010 ; Polak, 1995 ;
Svoboda and Polak, 2010) 4%, Katwal et al. (2016) X, VU ¥~

BARTEMIZ% 2 RFEE DT L/PNREHOH XY —HI3,
AR, WAL Sk L TR 2 Lo AR A ST
B FFIT ) AEKE DS OBFERROEA LR IE LT

HERE LT B (RARKEE A R B E TR Bt ) o Ls Ly
FED I 297 Y HTIE ARIBRIEETH % Blueberry shoestring
virus (BSSV) DIEHIZ I D, N4 Ty a7 - —
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1. EHEERUEEHRERD &

b Bk C Raspberry leaf mottle virus (RLMV). Blackberry
yellow vein-associated virus (BYVaV). Blackberry chlorotic
ringspot virus (BCRV) DB FER S N72F 4 F T8/ (Rubus
sppv) T & OF Gooseberry vein banding associated virus (GVBaV)
DIEYeDHER I NI A7) )E@D 73 A7) (Ribes rubrum)
NP OS I B AR K PE KB O 0] % 45 T3 A L 72 Blueberry scorch
virus (BIScV) (BEARIKEE FR47 17 BEMI%E 114 5) . Blueberry
shock virus (BIShV) ([ 17 #fHi 45 114 %) J U° BSSV ([ 22
RERIES 307 ) WCI&Pe L7z A/ ¥/ (Vaccinium spp.) DOFEA
ERABEHLINA Ty v a7 =Ry =W xR L2
(Table 1)o %77 4 )V ARGHIE 24CITHE L 72 H T AENT
B L7 B, GVBaV I DNA 7 4 VA, ZOfitid RNA
TANVATH b,

B i3 o 3 8 BB 1 RLMV & B¢ R. idaeus i,
GVBaV &4 7 42 7)) B R BSSV BN A 7 ¥ 2TV —
N —HPLRNL 725 E2 vz,

Table 1. Plant materials under test

Virus Plant Origin
RLMV" Rubus idaeus USA
Rubus sp. UK

BYVaVv" Rubus allegheniensis USA

BCRV" Rubus sp. Korea

GVBaV'! Ribes rubrum France
BIScV™ Vaccinium corymbosum USA
BIShV™ Vaccinium corymbosum USA
BSSV™ Vaccinium corymbosum USA

*1 : Detected in post-entry quarantine
*2 : Introduced by permission of Minister of Agriculture, Forestry
and Fisheries

Table 2. Primer pairs for detection

AV AR ORI ERERICIE. GVBaV 122 W TR 25~
26 AEFE, BIScV IZDWTIE L 27 4FFE, Zofliod £ v A2
DWTIE K26 FEEORM 4-6H), B (7-8A) &
ORI (9 — 12 AWt) BB, 7O Y 4 v R &Ge
K 2 bR GERILL 72 LAEE (R AR AL 0 FeRs SEum k) . W
3 (PR OB ) ROTAEE WA T oMk
) & W72,

2. BEBHEEOETE

F R S B & IS EE S & & 100mg DALER T & L))
WL, PYP- 1) 7 & SDS #: (Dellaporta et al. (1983) Ol
Nw 7 7 —12 3.3% PVP M.WAOK % 7M) M UF RNeasy Plant
Mini Kit ¥ 721 DNeasy Plant Mini Kit (QIAGEN £1:) % fju»,
FNEN 4K BN ET - 72, 208K, BohHEo
W% J% B % Nano Drop ND-1000 (Thermo Fisher Scientific 1 )
Tl L. 260 nm/230 nm & UF 260 nm/280 nm DL LD
B X0 S e i A R A L7,

3. T4 X —RUTO— T DFEEHE U ICENERERD

V7 WV% A4 ALRT-PCR/PCRHDT 74— KROTu—7
DFRFHLERIEIERIGRE G720, 2 X¥ T aF
RT-PCR / PCR T# %7 4 V A DM %175 7zo T @ RT-PCR/
PCR HH 77 4 = —1&. RLMV, BYVaV, BCRV } ¥ GVBaV
WIEBHROTIA =2, BROT T4 v —=H %0
BIScV. BIShV JUF BSSV @ 3D 7 A ) 212D Tid NCBI
(National Center for Biotechnology Information; http://www.
ncbi.nlm.nih.gov/) @7 — & N— 2 &S N R % 5
ZHT7212R%RET L 72 (Table 2)o

V7NV A4 LART-PCRHT 74— 7u—71%, arx
¥ ¥ a4V RT-PCR / PCR T3 b 7z B I FEY) DIFIEACH & |
TFT—IR—ALIZHLEHRDYT AV AROHILARTY & %
CLUSTAL 71 %5 2 (Thompson ef al., 1994) 12X 0 gL,
BRAFE OBV EB e L7z L TRy 7 b (Primer

Virus Primer pair (5-3") for detection Target region
" CPhF CGAAACTTYTACGGGGAAC , .
RLMV CPhR CCTTTGAAYTCTTTAACATCGT Coat protein
" PF GGGTTAATGAGAGATTGGATG
BYVaVv PR TGGGATTTGTCAAACTTGGTG RNA polymerase
» F GTTTCCTGTGCTCCTCA .
BCRV R GTCACACCGAGGTACT Movement and coat protein
P GVB3-F GACGATGAATCCCTGAGAACCC Polvnrotein
a GVB3-R CAGAAGTTAAGCCAGCGAACCC olyprote
BISCV BISCV-F ATGTGTGCTAGTGTGAGCAGTTC Coat mrotein
BIScV-R TGCCTGCCAATCAGACG P
- BIShV-F CAGCAGAGGTTGCACCATTTG ,
BIShV BIShV-R CCCGAGGCGATTACAAAGGTAAC RNA-dependent RNA polymerase
BSSVS BSSV-F TTCACGAGGTGCGATTTAAGC Polvarotein
BSSV-R CCTGTGTTGGAAGACGGAGTTC yp

*1 : Tzanetakis et al. (2007a), *2 : Susaimuthu et al. (2007), *3 : Tzanetakis et al. (2007b), *4 : Jones et al. (2001), *5 : designed in this study
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Table 3. Oligonucleotide primers and probes for real-time RT-PCR / PCR

Virus Forward primer (5-3") Reverse primer (5-3') Probe (5-3")
RLMV  ACGGCACCTCCTGAGATGAT TCATGAAGGGAGAACCTGCAA [FAM-] CCGCCGACGCCGCTAAGGA [-Tamra]
BYVaV  TGGAGACGCTTGGGAGTTTG TGGTGAAGTCTATTTCTACGGTCTTG  [FAM-] CGCTCAAAATTGCCTCTTCCCTTGGAT [-Tamra]
BCRV  AGATGTACAAGTACTTTGACTAAGAATCC GAGTTACCATTTCTTCCCCTGTT [FAM-] ACCAACCATCCAACGCCATGTCTGT [-Tamra]
GVBaV  GCTGGTCAGGAAAGTCAAAGAAC CGTCAGTTTCGATGACCACATAA [FAM-] TCTGCCAGACTTGGAGCTGCCACC [-Tamra]
BIScV  GTCTATCTGGATCCCGATGGAA CTGCACACTTTGCGAAGACTAGCTT ~ [FAM-] TCAGTCGATTCCATCGCAGCCATAATGA [-Tamra]
BIShV  CAATTTCATATTTTCACCGCTTT GTCCGTCACTAATATGTGACAATTC  [FAM-] CTCTAGCGAGTTTTTGCAAATGTGGTTTGG [-Tamra]
BSSV  CCGTTCAGGACTGGGAGTTG CATTCGCCGTCTCATCACATA [FAM-] CCGACGTTGAAATGCGCATATCCCTT [-Tamra]

BSSV primer-probe sets were designed by Yanagisawa et al. (2016).

Express 3.0 ; Thermo Fisher Scientific #t:) % fli[f] L T&FFL 72
7 B, BSSV 21X Yanagisawa et al. (2016) »ikstL 72754
~— - 7u—7%MH L7 (Table3),

Ay vF—=Faryba—lid, RNA T A VA 6HIZONT
F 7947 — - Tu— T2 ELHBOPCREWE D LI,
Tsai et al. (2012) @ T % 12 # U, MEGAscript RNAi Kit
(Thermo Fisher Scientific #:) % M\ T 5 1172 A $ RNA
DIREZWEL L7z, 209 B, BCRVIZOWTIE, 7
A== 7u—T ORI KInMIFH-> Tz, A
¥ ¥ —Fay ba— U EEERIC BV T RNA BREY A5 K
W S I NPT VI EE2ER L. M5 25 cDNA O
RS R B KD CP IS B Bk EF L 72 CP-FL (5-
GCTTCTTGAGCTTACCTGAG -3') / CP-R1 (5'-
ACACGGAACACCTTRGTGTC -3) 754 < —%H\w, [ifk
WCAF v F—Farvira— Va7, —). DNA YAV
ATHAH GVBaV IOV TlE, T4 ~v— - 7ua—7% &8
WO PCREWZE D EICDNADREZMEL THER L, 2
NHRAY vy —Faryita—LoaV¥—{id, BBoOREL 5
FREELEICEB L2 (ERLAZAY V¥ —Fay ba—LVJE
Wx 10~10" fHIcBE AR L, 794 ~v— - 7a—7% T
) 7% £ A RT-PCR /PCR %17\, EfEMERR 21T - 720

4, Y7324 L RT-PCR/PCRICKDVAMIVREBEAIE

AR 5B 2 UL S 2 & D 100mg ORI 2 L) D
H L. &% (plant 1. plant 2) ORE K OGB48 (2 AZ Rl Y s
DFEEThROME & S NI THRIRINE 217 5 720 155 NW7R
= A L L, RNA 7 £ )V Z 12 1& TagMan® RNA-to-CtTM
1-Step Kit (Thermo Fisher Scientific f). DNA 7 £V A 12 1%
TagMan® Universal PCR Master Mix (Thermo Fisher Scientific
) MW, FIR& 7954 ~—03uM, 7 2—7 0.2uM D
T S W &% W % L. StepOne-Plus realtimePCR System
(Thermo Fisher Scientific 1) (2T¥ v MPEoH 7o b a— v
DGMETHIEZATV, FHB2WATTY AV 2 OREZ HE
L. ZOPHEzER L7

BRERVEZR

ANEBHEIC &GS B 7RO Y A )V 22D WT, HF~HIcE
I BRI ARD EATRE, PR R T IEED Y AV A DAL
%V 7 NV% A LRT-PCR/PCR THIEL, &7 A4 NAIZB
2 W) 7 A RHRIL O W <2 B A % AR L 72

F 37, 260 nm/230 nm 2 UF 260 nm/280 nm DOWLIESE Ak IZ
PCR RJBIZIR#E & S5 1.8 55 2.0 DI VLR &
LT, FAFTEBLONA T v ¥ 27V —xX1) —(ZIX PVP- 7

Table 4. Absorbance ratio of nucleic acid extracted from plant materials

PVP-Potassium SDS

RNeasy (DNeasy) Plant Mini Kit

Plant Replication
260/230 Average 260/280 Average 260/230 Average 260/280 Average
R. idaeus 1 1.88 1.88 2.08 2.03 0.58 0.43 1.19 1.12
2 1.79 2.06 0.40 1.23
3 1.72 2.00 0.25 1.17
4 2.13 1.99 0.50 1.19
R. rubrum 1 0.60 0.61 1.75 1.77 1.92 2.08 1.72 1.59
2 0.65 1.84 2.53 1.58
3 0.60 1.82 1.80 1.58
4 0.57 1.68 2.06 1.48
V. corymbosum 1 1.59 1.53 1.91 1.93 0.29 0.69 1.50 1.47
2 1.92 2.15 0.15 1.40
3 1.15 1.81 0.12 1.55
4 1.44 1.83 0.13 1.42
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%7 4 SDS . 7% A 21 121% DNeasy Plant Mini Kit % %%
L7- (Table4),

W, 3 YN ¥ 3+ )V RT-PCR / PCR 12 & % W4 lig 4
(Fig.1) OHIERG R OF— & N— 2 Lo LRG| 251, %
TANWVADY) TIVE A L RT-PCR/PCR 7T I A4 ~— - 7Tu—
TaREFL (Table 3). 754 ~— - 70u—7OBHERME
fio720

ZFOMR, AFvF—Faribua—)LoEEL Ctl
(Threshold Cycle ; ¥lRMEM DD 5 —EBIEL L SDOFA
7V EECHBEER L, IEFICEET 2 2 RS
o Ut EL 7794~ — - Tu—TRUIRY ¥ —Fa
Y ha— VR A OV APEEINE I T,

FHREHI B 27 4 W AREOBEREE Fig2 1R T,

1 2 3 456 7 8 910111213 14 M

Fig. 1. Amplicons of viruses using conventional RT-PCR / PCR
with primers for detection.

Lane 1, 2: RLMV (452bp), Lane 3, 4: BYVaV (500bp), Lane 5, 6:
BCRYV (520bp), Lane 7, 8: GVBaV (527bp), Lane 9, 10: BIScV
(198bp), Lane 11, 12: BIShV (260bp), Lane 13, 14: BSSV (200bp),
M: 100bp ladder marker
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Table 5. Suitable seasons and parts of plant for sampling

Virus Suitable season Suitable parts of plant

RLMV
BYVaV autumn (Nov.-Dec.) upper leaves and middle leaves
BCRV

autumn (Nov.) lower leaves

spring (Apr .-May) upper leaves

GVBaV spring (May) upper leaves

BIScV autumn (Oct .) upper leaves

BIShV  spring (Apr .-May) upper leaves

BSSV  autumn (Sep .-Nov.) upper leaves and middle leaves

RLMV O 7 A )V AEEIZFIN O 11 BICA LA L7z, S
DVWTIE TETE,P 5720 BYVaV 3o 11 H~12 B4
T ANV ABRER LR L, ESER R TRE 2> 72,
BCRV 3B D 4~5 HIZHIF T AV AREDE L, LA
TR > 720 GVBaV IZEHKIC L D IE 62 & H 2 H D0,
B ~WE D 5~7 FIZ7 A IV ARED B WEHITICH > 720 H
TH 5 HIE2HREDRED LA Lz, FALICOWTIE BT
<L AMBOTBAL & LT L7z, BIScV B 10 A2
7 ANV AEED T . EMIETHE D - 72, BIShV ZHMP D 4~
S5HORT A NVARENE . EAETR2 > 720 BSSV 138k
Bl 9~11 2o A v RREEDY S MRS e, r3E R Ovp i
WTEHWE VI FEPEON, YL EOREE Table 5 1 H
L7

ARIERER DS BENRENEH VT A VADDH LT, &
BNEIEEAME . BN 7 o TREEDWE L DI A VAL D B
e, Fa B owTIE, RUIETREOR WY £ VA
LS, PRER THETREDOR VY AV AL H 5 L O
DRI NIz,

Stk BRI TR O N R % b & ISkl R A O H
T Y) 7 BRI O R L OB 2 WGE S 5 2 &1k o Ty /b
TR O REERIE AN B 2 4 7 A v AR o R B RO
WAL K> TV E 720,
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