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Abstract: The whole or part of the genomes of several virus species in the family Caulimoviridae have been

integrated into the genomes of the host plant, becoming endogenous viral genes. PCR cannot distinguish whether the

detected sequences are derived from episomal viral genes or endogenous viral genes, so confirmation by the RCA

method is required. If RCA fails, other techniques are needed. It has been reported that if RNA in the replication

process of caulimoviruses is detected by RT-PCR after DNase treatment, it can be confirmed that the RNA detected is

derived from episomal viral genes (Diaz-Lara et al., 2020). In this study, we applied this method using the blueberry

red ringspot virus and the strawberry vein banding virus and confirmed that the combination of DNase treatment and

RT-PCR was effective as a method to distinguish whether the gene sequences detected by PCR were derived from

episomal viral genes or endogenous viral genes.
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T EFT DS EN S 5 RS R TREEZITo T b v A
NVAD% IERNA &7 JZFFDOAS, DNA 275/ LIZFD Y
ANWALMERIT> TV 5%, DNAYANVATHL A ETA
WART A NVAD—TOMETIZ, D7 7 2d 5\ IZWH HME
FHWOTr ) Ao AAT L, EWNTEE Y A )V A BIET
Lo TV AHEBIDHE SN T 5 (Bhatetal, 2016; Staginnus
and Richert-Poggeler, 2006), 5 x {$. K HE Kk 55 M A xF R AR Y
DF A F TIEHEY) % 16 & 3 5 rubus yellow net virus (RYNV)
AL AENTEE Y A WV ABERFIC R > TWBEFAFMHNT
W% (Diaz-Lara et al., 2020), FREERIEMES THEGEL TV 5D
polymerase chain reaction (PCR) M58 (X M H! L 72 By A= ¥ —
TV A VA FRMNICKTF L L CRELRETHET 57 1V
A) BInFHFL MWL Y AV A BIETF R % #8505
HZEFTEY, @IT A 725121, rolling circle amplification

(RCA) EIZ X D I4%H 7> DNA 7 A % HIIREE R LI L, &
KK Y — DT A NVARTAET ZMENLEL STV
% (Diaz-Lara et al., 2020), FHMIBFIERTIC BTl FRBEES
Mets % FEht L 72 MW O F 1 F TR A D PCREFEIZB W T,
RYNV OELHIARH & 2B id, d i g B O° RCA #:
12 & 2 MER R RAMITHE L7 L TR Y A )V A
BT HR &R L 2B %,

LA L. BOER B2 VIS TN L 72K ERE 7V —
N —HAROBEERERAETIE. AV ETVANVARO 1 ETH
% blueberry red ringspot virus (BRRV) D4FRLAY 2 i h HERE X
. PCRMRETHLEE 72 5722 &0 5. BRRV O#{E T A4y
WY 4 VABET 2% > TV D L OFAIE VA, RO
728 RCA ko Fhifi L 725 R, FFEOHIREERICL VYRS
W OBEKE N — B O N ol SO0 5,
HINAENE Y £V ZEET R > TV B & DR ZF D5
P DT AN ADKERIZIZ, RCA LSO ME D W5

D SR B T R A S
2 R L B 55 7T ST
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AV ETANWVAET ANV ADT ) LIEBRIK 2 KR4 DNA C.
BHOBETT 7 A&RISHIET 5 1 R RNA IZEE SN
Z &5, DNA 7R LELTS . reverse transcription-PCR  (RT-
PCR)IZ & ) H3% RNA 2§56 2 & T4 RNA ALY Y —
TNTANVABETHETH D Z L AR TE L LM SNT
W% (Diaz-Lara et al., 2020) .

FIT, OKIEEBTEHLCW D) ET A VAR Y AL
ARG D FE DO RG22 DNA 73 B AL L, B8
BOTEY =< AV A#IETFHFEERNA ZZER & L 72 RT-
PCR #7E TR AT BED A 72D THE T 56

MHRUFE

1. #HEER

) ETAIVAR Y AV AEGERE & LT, REINTEE Y A
WV ABIRT A o T B & OB LR\ D5, Ay b >
CIXIFHTRE L T2 ENED BRRV 7V — 1) —3f
AETE N ORI B AT <X 13 TEHE L T 5 strawberry
vein banding virus (SVBV) &gs 1 F I % i L 720

2. BEHH

B, SUEMEYoERE HwC, PVP- 7)) 7 A
SDS 7 (Dellaporta et al., (1983) O HhiHi/N > 7 7 —123.3% K
JE= a1 » (PVP) MWAOK 2N TfFv. filib
fi% % 50pl @ RNase Free /K IZEM L, AZERHHIR & L TRBRIC
fit L 720

3. DNA 5 BRI

DNA 7 i BE R MBI X, ¥ 7 9 N4 AKX & o
Recombinant DNase I il L. O HEIZH#ER L TRO &
B EIT o 720 ROSHGHBOE, [2.] T o L ERfh
% 20ul, 10 x DNase I Buffer 5.0ul, Recombinant DNase I (RNase-
free) 2.0 pl, RNase Inhibitor (40U/ul) 0.5ul, RNase Free 7K
22.5u0 (=% v50p) & L7z, 37C T 60 4 [fNiR L. DNase

Table 1. List of primers tested in this study

1% BMG &H721%, 0.5M EDTA % 2.5ul il 2 C 80C T 2 43 AL
L, DNaseI % i S €720 DU ZHT L\ 1.5ml F 2 — 712
# L. RNase Free 7k 47.5ul, 3M EEfEF bV 7 4 10ul, 99% T
&7 =250 AR THEL <HRE D L, -80T T 20 47 I &HE
L 725 12,000rpm (13,000xg) T 4T, 10 47 & ., Lig%
HWOBRE, 70% T8 7 — )L 1.0ml 12 T L <L S5 LTk
B A P L 720 RIS, 12,000mpm (13,000xg) T 4T, 540H%
DLy FiEZHUD B CRER S 272 #%. RNase Free 7K 20ul %
A, ZO®Ef % PCR ORI L L7,

4. RT-PCRIZ& %71 LA RNA D&

WIEE RS, WiEE RS M-MLV, RNaseH+ (E+7 1 V24
otk gEtkaHt) % AV TIT o 72, DNA 43R 32 LB R
20l 125 v ¥ aAnFH~w— (S0ng/pl) (¥ T34 FEEREHD)
1.0ul % OF RNase Free 7K 7.0pl # i1z 70T T 10 43 [ fUt & &
7ok, KT 143 HEHE L7z £ D%, 5xReaction Buffer4.0pl,
RNase inhibitor (40U/ul) (% 71 5 /54 F ki 4&%E) 1.0ul, dNTP
I v 7 A (K25mM) (775534 F &) 40, WiRE
% % M-MLV, RNaseH+1.0pl % il . 25C 15 45, 37T 50 45,
70T 15 73 R 72,

PCR (X AmpliTaq Gold™ 360 Master Mix (Thermo Fisher
Scientific Inc.) % H\WTHHE D~ = = )V IZ#HL L T PCR S5
W% % L 7z0 RUGHL S IZ. RNase Free 7K 7ul, 25uM Fowerd
7 F 4 < — 0.5ul, 25uM Reverse 7 7 A < — 0.5ul, Ampli Taq
Gold 360 Master Mix10ul, 58I 2.0ul ( b — % )L 20u0) & L7z,
PGB Gtid, 90T 10 53tk 95T 308, 55T 60 #, 72T
60 5 (340 7 ) 5= A% 1,0000p DL E O 41X 90 #2) % 40 1
7 VAT, 72T 74501, 4C THERE L 720 BTRED I3, GelRed
Nucleic Acid Gel Stain (= 2 E + /N4 F &%) % 0.1ul/ml
DEETMZTIZ1.5% 7 H A —ATXr VIZTERIKE L7z, £
ANZIHBHDO TS 4 <—+t v MiZ, Table 1 |[ZFE#K L 720

5. DNA 7 REERNIBSH R DTER
FRE T3.] @ DNA 5 EREFRALEIC X » TR T o
DNA D35S & RSN TWAD Z L 2T 57280, Yk

. . . y ns Product
Virus / Target Primer Primer sequence (5°-3°) size (bp) Reference
BR —RT1 GTTGATGATATTATTATATTTTCAG
602 Isogai et al. (2009)
BRRV BR—-RT2 GTTCCGAAGAACTGATATTGAG
BR-RT2 GTTCCGAAGAACTGATATTGAG .
259 Isogai et al. (2009)
BR—-RT3 CATGGAAATGGACTTCCTATG
SVBV F GCTGAATTCATGGTAAGCAGAAGAGAAAGAC 1,439 Hanzlikové Vaskové et al.
SVBV SVBVR  AAAGGTACCTCCAGATCTTCTGAGTC ’ (20006)
2255F2 CCGAAGACAACTCATTGAAGAATGGG 446 Miyagi Prefectural Agriculture and
2700R CGAGTACTTCCATCCCAACAAAGGG Horticulture Research Center (2008)*
Plant Endo- Gdl ACGGAGAGTTTGATCCTG about
Andersen et al. (1998)
genous DNA Berg54 AAAGGAGGTGATCCAGCCGCACCTTC 1,500

%k https://www.pref.miyagi.jp/documents/20202/69942.pdf (in japanese)
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R 28500 & LC. M5B UG % FEfE$ 5 2 & 7% | Table 1
WRLZZBEIANVAEZRNRE LT I4<—ty N RUHEY
WFEPEDNA 28R E L7514~ —ty b EHWTER [4.]
|2 2 C PCR K OVEEAIKI) & 92t L 720

#w R

1. RT-PCR IZ&% 71 )L X RNA O

BRRV J ¥ SVBV ZIEG3EH O 15 © N7 % Rl I = DNA
IRBEEALILL 7258, KA VA RRH E L7 RT-PCR % %
LR, B ANVAZMGRE LK 2 BEO T I A v — 1
N OW T B A X OHEREY AR S 172 (Table 2, Fig. 1,
Fig.2),

2. DNA 5 BB R MIESH R DOFERR

BRRV % OF SVBV £ gL 20 &5 15 5 N2 A%l i # DNA
O FRIESRILIE U 72T A HI R 0 DNA 293 ST\ b
L EMERT A7 MEWNIEMEDNA 255 L LTT T4~ —

+t v b Gd1/Berg54 (BEIEREWEH 1,500bp) % H\>T PCR %3
MEL72& 2 A BIHY A XOMIREY IR SN h o7z (77—
5 BWE) o

E 512, BRRV K UF SVBV S JEYTE ) & 15 & N7 A% R H
% DNA 73 fEEEFALEL L 72T O 4% 7 4 )V 2 @ DNA 355 i
ENTWE T ERMERRT 5729, DNA 5 fiEE R AL % 0 3]
FHEE LT, BEmERISEERT S T &7 < PCR & FEhi L
720 TOREFBRRV 285 L L7z PCRIZBWTIX. T4 ~—
4 v b BR-RTI/BR-RT2 (H4IEEEY E 602bp) TIL BAYH A X
OWIEEY I SN olze —F, 794 <—+t > b BR-
RT2/BR-RT3 (¥l E M & 259bp) T3, PRI L CTHIY
A XOIEMEEY A & 72 (Table 2, Fig. 3), [ABEIZ. SVBV
xR E LAZPCRICBWTIE, 7914 ~<—+ >y } SVBVF/
SVBV R (BIEEEYE 1,439bp) Tld HIH A X OMEIEEW K
WM hrorze —FH. 794 ~—% v b 2255F2/2700R (3§
MW & 446bp) Tld. FHICK L THMY A XD HEIEEY
A S 7z (Table 2, Fig. 4), DNA 332 MLERRR ] 2 2 4%
ECLTY, F7-. DNA GEREFLE 49 2 M %

Table 2. Comparison of the results of the RT-PCR or PCR method after DNase treatment

Product

Virus / Target Primer set size (bp) DNase & RT-PCR DNase & PCR Effectiveness of DNase
BRRV BR-RT1/BR-RT2 602 + - Effective
BR-RT2/BR-RT3 259 + + Not effective
g}gﬁgltlfgli\%; Gd1/Berg54 about 1,500 No test — Effective
SVBV SVBV F/SVBV R 1,439 + — Effective
2255F2/2700R 446 + + Not effective
gﬁgﬁfﬁ‘%\(& Gd1/Berg54 about 1,500 No test — Effective
a b a b
M123456 M123456 M123 456 M123456

500bp— 500bp—

Fig. 1 Agarose gel electrophoresis of RT-PCR products
amplified with BRRV specific primer sets from DNase
treated extracts of blueberry leaves
a: Primer set BR-RT1/BR-RT2 (Product size 602bp),
b: Primer set BR-RT2/BR-RT3 (Product size 259bp)

M: 100bp ladder marker (Takara Bio Inc.), 1,2,3,4: BRRV
infected blueberry leaves, 5: healthy blueberry leaves, 6 :
No template control

1500bp—

500bp—
P 500bp—

Fig. 2 Agarose gel electrophoresis of RT-PCR products
amplified with SVBV specific primer sets from DNase
treated extracts of strawberry leaves
a: Primer set SVBV F/SVBV R (Product size 1,439bp),
b: Primer set 2255F2/2700R (Product size 446bp)

M: 100bp ladder marker (Takara Bio Inc.), 1,2,3,4: SVBV
infected strawberry leaves, 5: healthy strawberry leaves, 6
: No template control
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Fig. 3 Agarose gel electrophoresis of PCR products amplified
with BRRV specific primer sets from DNase treated
extracts of blueberry leaves
a: primer set BR-RT1/BR-RT2 (Product size 602 bp),
b: primer set BR-RT2/BR-RT3 (Product size 259 bp)

M: 100bp ladder marker (Takara Bio Inc.), 1,2,3,4: BRRV
infected blueberry leaves, 5: healthy blueberry leaves, 6 :
No template control

100 AL T, FHREIALDS Ldotz (77— 54,

zE B

BRRV J} OF SVBV £ & GLTE s 5 75 & N7 B FR M 2 DNA
FREERALER L 2o A AL L L CL M NAEE DNA % x5
& LCEM L 72 PCR Tl BIY A XOMWIEED IR S
Lotz L5, DNA GHRRLEOR)EHRED STz,
EHIZETANAEXNRE LI TIA~Y—ky bDHBH, KD
FEVWHIREYEMSSNDL 7514 ~v—+t v b (BR-RTI/BR-RT2
(Y8R FEY £ 602bp) 2 UF SVBV F/SVBV R (JEIE ) & 1,439bp) )
% M\ 72 RT-PCR Tld. HWH A X OMIEEY 2B S, o
EE RIS # 4T h$EM L 72 PCR Tld. WIEEW M S i
MoleZ e, UFET T4 ~—% H\/z RTI-PCR TOiFEE
WIIHHET O AV AHERNA L E2 515,

—Ji. EVANAERNRE LT IAY—y bDI b,
LD EHIEEYE S ONSE TI 4 ~v—ty b (BR-RT2/
BR-RT3 (M4 IEFEM & 259bp) Jx O 2255F2/2700R (¥ i e 4 &=
446bp)) & FI\:7-35 413, RT-PCR IZ X % ™7 1 L A RNA O
W72 T WMEERIG % 1TH 3 FEM L 72 PCR T b Bl
WA S NI e, BHTTA v — e HHaIidR
M O BHIINEETH 2 2 EXHL N LR 572, DR

1500bp—

a b

M1 23456 M123456

500bp— 500bp—

Fig. 4 Agarose gel electrophoresis of PCR products amplified
with SVBV specific primer sets from DNase treated
extracts of strawberry leaves
a: Primer set SVBV F/SVBV R (Product size 1,439bp),
b: Primer set 2255F2/2700R (Product size 446bp)

M: 100bp ladder marker (Takara Bio Inc.), 1,2,3,4: SVBV
infected strawberry leaves, 5: healthy strawberry leaves, 6
: No template control

K& LC. DNA SRR L 22 ER B P O 4 VA D
DNA DS5E &R EN o2 D EZ 5N, ARBRT
272 DNA 733213, DNA 2 5 2 ¥ L2 RT BH, ED
BEDOE SIIHMT 5012200 TIE, BARRY 72 HUE O8I 5
LNro/zbon, HHTL7I74~v—ty FoOMIGEDE
M VEA L, PCR THINE S U5 #1825 DNA 3B R T e
WAE B E NI, —EBDBELHAY PCR OFE & 72 o T &
NHWREEDSE 2 57z (Fig. 5)o TNHLDFEREE T 2T,
KA EEAVLEBICEERT A2 794 v -ty bOEE
HEETHY., Tz, EMERHED/ZD121E DNA SRR L
L 7B % 855 & L 7 PCR CHAEREY 2SR S vz
W ERMEERL 72D A TRI-PCR BERIT) T L BLETH 5
(Fig. 6),

U Z &7 6, DNA 5 RS LI & RT-PCR & M A G D
HHEE HHT AT I~ — kv P OWIEEYEIEES
PVETHDLHOO, HEBETT / 4 DNA OEEDSZFIcx
J59 5 1 AR RNA IZHRE S5 —3D A ) 7 A IVAFT A
WADKEIZBWTC, B SN Z TR E Y —< )y
AN A EAET HRP T NTEE 7 AV A BT R % AT
LZHEELTHEMNTH Y. RHEREMRAIZE VT RCA E 5
S AHEE LTHHETAZET, L) BEOE KA
Wb eEz bz,
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Primer set with long product size Primer set with shortproduct size

Degraded Some Degradation ? Some degradation across the
sequence part amplified
by PCR ?

Fig. 5 Discussion about differences in primer sets and degradation by DNase
derived from
episomal viral genes ?
Or
endogenous DNase This meth?d cannotbe used.
viral genes ? treatment & PCR: + Change primers or
use another method.
PCR with target
Caulimoviridae virus S DNase Detect RNA derived from
specific primer:  + & RT -PCR : + . i
treatment episomal viral genes.
DNase & PCR : —
treatment
DNase Possibility of
treatment & RT -PCR : — endogenous viral genes.
Need for Comprehensive decision.

Fig. 6 The flow chart of the method for detecting episomal viral gene sequences
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