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ABSTRACT

The purpose of this study was to establish a virus detection system for the
production of virus-free grafted cactus. For rapid diagnosis of viruses, a
simultaneous detection system using Real-time PCR was set up for six viruses
belonging to the Pofexvirus genus, including Cactus virus X(CVX), Zygocactus virus
X(ZVX), Cactus mild mottle virus(CMMoV), Opuntia virus X(OVX), Saguaro cactus
virus(SCV), and Pitaya Virus X(PiVX). The virus infection rates of the cactus &
succulent research institute’s genetic resource were 57.6% in 2021, 26.6% in 2022,
and 24.0% in 2023, with CVX and PiVX being the main infected viruses. The CVX
infection rate of selenicereus cactus used as grafted cactus rootstock was 52.2% in
2021, 35.1% in 2022, and 7.5% in 2023, showing that the virus detection system
was effective in managing virus-free seedlings. The virus infection rates in grafted
cactus cultivation farms in Gyeonggi province were 55.0% in 2021, 35.1% in 2022,
and 59.5% in 2023, with CVX and PiVX being the main infected viruses.

Key words: Cactus, Grafted cactus, Virus, Real-time PCR, Pofexvirus, CVX, ZVX, CMMOV,

OVX, SCV, PiVX
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Primer / Probe Mix 1(CVX, ZVX, PiVX) P,
Primer / Probe Mix 2(CMMoV, OVX, SCV) P,
2X RT-PCR Master Mix 2XM
Control 1(CVX, ZVX, PiVX) C1
Control 2(CMMoV, OVX, SCV) Co
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cactus virus(SCV) 5% & A s 2 2023\ doll+= Pitaya virus X(PiVX)E F7}3+4] 6%
< AR FHAY 3 9 g &85k

Lk 57t

HEXOA AuErte] ulo)d] A TS 2AEL] 95t 20213 RE 33 AHS
T3t AT 737]‘:141 HEAMA AulEr7tE Ao g 202130 = 18714 E, 2022%3
o= 8MAE ez CVX T Hiolgl 2 535S HAASFoH, 2023300 = 14704
4o 2 PiVX Hlolg 2 62 ARSI 29 E, 2anblo|d A 2F 58 2AEY xﬂ

Wisrle] EHANe 787 24 2 RUEge] s

ru

3. 23 & 1&

A& D HEAAR nlolg| & AGA 28 75
20213 A11AF wlo]#) <1 CVX, ZVX, CMMoV, OVX, SCVE 4l

o|H A5 FAl 48 4= 9= multiplex Real-time PCR 7]1E &+

T3 A ASE S flEl vlolgd 2 @47 HETE

JP)

A7) s 522 ut
al-time PCR #4H&
ES }o}oq AzAE A

m0k0

Q64 - 2023Hz AEHARETA



HSUUY HIO[ZA HAFHA F=

=

BEGomad D, ARAT BAPES EXHHANHTY 2. 20230l 83} vl
= QeiA glom Bzt WalE i PVK 152 F71sje] 214 Holel 2 650 tha
FARA AzEe TESAh

) : == ZVX A= CMMov

] =34 %j | Al 5B T
AT SRIASR W, e TR0 WS 9P
HAZIIZ lar obg AR AEER Felsle] Hat

RNA #= PCR HF-g-< H7} Real-time PCR 4]
(22 A% 258) (&8 AZ 58) (28 A7 TAIZF 30%)

a9 2. A=A 2 glo]yx BEAAs

£ 44" Bt THE wolE2 AAA LS J1E PR B4 29 659 Wl

s

ERl= - 965



o
v
[>
i
offt
>

24
[} = =
W% ol ool glol HBFRAI AEF BRG] 5T

mod

pv
©
k]
bt
fru
o)
=)
ol
™
av
o
A
N
off
ol
o
0
>

¥ 3. vlolz]x AAA2H G844 v

FEEER Tgrad EATs
T E A9/ A (@) A B
AP (A 2] F) 110 Real-time PCR 7 78/
ZAAR(AF4) 40 Real-time PCR 1 18474 /14 *

JHE: AET 285e T, MIGAaVE AAYHRE AR REAA LQHE AR
FEATEs NESF AESEA O X @ X Q) = 184
@ 13]%6wel) T A& 46% EA7Hs
Positive Control 2 + Negative Controp 2 + A& 46%(P;: CVX, ZVX, PiVX) + A& 46X (P,
CMMoV, OVX, SCV)
@ dd EA7M5 34 RNA FE7E E2471A 4-5A1t->27/0% 23]
@ Real-time PCR 2t &&

<AE 2> HEAHAA nlolz 2 AR € RUEH

7h A4

CVX % Hlolgl~ 5Fo that AAZA 20213 974 BFALY blolg|x~ HAEE
S 57.6%9°0m HAEH HiolglAE CVX 1F0|dth ZAEE nlolgix AEFELS HE
AAA 42+# 88.9%, ot~2EEZVE 87.5%, P HIET 68.4%9 3L, AT 52.2%, A7
25% o2 Ygtow, ol2EZVFE ZAMAZ umE AitE Ao A= blole
7t AEEHA ol wujAAe] wlolgjx FRFHE &8o] Ve AR AT
2022 wiolel 2~ AEEL 26.6%9 oM AEHEEE AU 7E-2 100%, H=540% 1
E2& 55.6%, A4 14.7% L AARZ 125% =o 2 ok, v 2d Ao A= o~
EZVE A4 mRHAE vtolgl vt HEFHA gdth 2023dol= EEZEA
s F= A2 deiA e PIVX 158 718t mlol# 2 6500 digh HAA
2®]S T3 AAE AASAT 652 vlo]y 2] gk A4 AP Hvioly

HEEL 24.0%90H 25 HEELS v HEMNA 75.3%, 2445 17.5%, A
b AA 13.6%, AARZ 7.9% o8 Bgka AUrteEteE 29T AAR vlolgl 2~

AEHA FUTHE 4.

IO

N
-

Q66 - 2023Hz AHARETA



34 ATE BRaAkdd violg s HEA

HEMOIE HIO|HA HMHA 2=

LS % 5 AANEHF) AeNEEF)  GUEe
H 23 &) 38 26 68.4
2 (HE) 9 8 88.9
2021 O ~ER I F(H &) 8 7 87.5
ol ~E 23 F(AA) 5 - -
AZY () ) 23 12 52.2
A ZH () &) 16 4 25.0
A ) 99 57 (57.6)
H] 2 2H(A AY) 10 - -
H| 22 &) 27 15 55.6
2022 A E) 109 16 14.7
AR ZH () =) 48 6 12.5
2t 7F- (] &) 20 20 100.0
A ) 412 171 (26.6)
AZE () &) 1,014 177 17.5
A2 () 22 3 13.6
2023 v RS &) 146 110 75.3
A ZH ) =) 38 3 7.9
2t 7} 2] &) 2 - -
AH ) 1,222 293 (24.0)
FQ AZF vlo]y & CVX, PiVX 2Fo|lon B3 s CVX+PIVX 7Fdo] i
o2 ZAEO Hiolgia 7 WAE QA E CVX, PiVX 2% did JZF &g
7y Bosity G JAHE 5).

ke

5. Q74 HfAkd wpoly 2 AAER

@SR AE)

19 = L . - =
4= A5 CVX OVX ZVvX QMv SV PvK zae A
MEHAE) 26 - - - %
BAE® 8 - - - - -
jrERIE . i i i ;
A=)
2021
F 5 S R - - - 12
(o =)
A Az ~ _ ~ ~ _
(=) 4 4
A . i 57
DAE, %) (100) (100)
AEsYUI e « 967



TEAAED w35
L:]_’l;._ X % " - =,
= 2l CVX OVX ZVvX OMv SV PvK zeae? A
ot 6(CMMoV
H=) - - 1 1 - 2.5cv4 2
)1\:]’-7]—_7|:. _ _ B _ B _
(=) 17 17
202 A7t
(=) 6 - - - - - - 6
olrEZIE
e L S - 2
AT 0 - - o - - - 20
A o0 1 1 i 6 68
(&, %) (88.2) 15 (15 88  (100)
H] st 62 2 8 - - 91  14PIVX) 177
(A AY)
I R=A=,
e S T - 3
2023 )\]—7]-_?4 .
L 35 - - - _ 21 54PIVX) 110
o A 7}
(T =) 5o - - - -3
bl 16375 g i Y 68 593
(&, %) 3.2 07 @D 382 (232  (100)

JOPIVX: 2023378 4, b 533 CVX + CVX9] Hpol# 2= T

MH2hge] BPER A4 B B ol
SES 20219 52.2%°0 A 20223 14.7%,
F AAN &)@ wolel 2z B &

- ' 2021@ 2022\d 2023

AN 5T 23 109 1,014
AZAN=ZTF) 12 16 76
HEE%) 52.2 14.7 7.5

968 - 2023Hz AEHARETA



HEMOIE HIO|HA HMHA 2=

MR HRdo] 96.1%, A4ZF7F 35.1%A Tk 20228 o HEAAF AulE 7t 80
AZEL B1vFoen ZHEEHZ = v 2o 100%, A2F7F 33.9%%A

oh 20239 =Y HEARJNA AulE7l 4MAE OideE vlolH 25 AAHS A3}

AZEL 59.5%R o 2 A EL v Ego] 80.0%, A2tF7F 53.9% A THEE 7).

¥ 7. AEAXAAA AulEs) vlold 2~ A=A

45 P ARNREE) ABAREED) e
H 2 HE) 103 99 96.1
2021 P 199 70 35.1
AE ) 302 169 (55.0)
PEETETEN 5 5 100
2022 EA A 254 86 33.9
AE ) 259 91 (35.1)
H 2 (H &) 80 04 80.0
2023 A= 293 158 53.9
AGCH ) 373 222 (59.5)

HEHQG AMs7be] F8 4% wtolgai ATAsh nhAR CVX, PIVX 2
Folgom BHLAE CVXPIVX o] thREOE 2AH o] YaaFe] TEH
dlolez #el® SslAE CVXeh PIVXel t@ 1% #elsl "asitin s
( 8)

T 8 AEZAMA Aujsst vlolg 2 AR

Lan=xdge: (G B3t
‘dE a} “r 7]_ = =\J) 7':"
CVX OVX ZVX CMMoV SCV Pivx &EEH)
3
2091 (" E) 96 - - - _ _ bW 99
= ACMMOV 2,
Az 67 - - - - - Oovxemvxp 70
7 163 ) i i . 6 165
(A E, %) (96.4) (3.6)  (100)

=7l - 969



G572 B3]

ELE - SIE ST
CVX OVX ZVX CMMoV SCV Pivx HEE)
MEdES 5 - - - - - - 5
2022
RS 84 - - - - - 25CV) 86
7 89 ) ) ) ) ) 9 91
(LA E, %) (97.8) 2.2 (100)
sgpy MEREE 45 - - . - 4 15eIVX) 158
RS 13 - 1 - - 13 31PIVX) 64
A 5 1 ) TN 46 999
(BAE, %) 71.2) 0.4) R Y )
4. & Q
ABHAY RHEE AUz Y R FLPSL s HBHAY wholP
AARAA = A5 20219 FEH 39z 33 d3= oS3 2
7} CVX & Aclaulolg) 2~ 659 s SAAA A2'S 7535t a8 g
AR, FEAY ST FHS A ATs D FRAAR AuEste B
9} RYE Yol &&3HTh
U A7 Read volgla AYAS AEES 20219 57.6%, 20221 26.6%, 2023
d 24.0%901 F8 A% nlolgl A= CVX, PiVX 2%o| o}
o} A7E HEAAA Aujxr) vlold A~ AR AT AZEL 20219 55.0%, 20223
35.1%, 2023d 59.5%90m ZQ AZ ulo]d 2 CVX, PiVX 2%0| T}
5. AEEH
=2 ER 0023, 2022 343 AW @3 pp. 81-82.
A Z L= H (www.katinet). 2023. AQA F£Z2AEA.
3 d 5 FEXTA. 2020, AAA A xH X vlo|# A 45 5F vlo|H A o AdE =
H

gholm A E 9 o]F o] &3t Mtk . J=-5553] A 10-2020-0074787%: pp. 4-5.

B 5. 2003. Effect of CVX infection on Graft-take and Growth of Gymnocalycium

mihanovichii in Grafting Cactus. 3+ 7}8}3] =] 44(5):748

o] A&, A7IEEd7IEd. 2023, AAFAANE Aujet viold 2~ #He wF<: p. 18

Q70 - 20234z AEHARETA



HEMOIE HIO|HA HMHA 2=

6. T2 FEAE

BAAA wolel s ALHGAA 75 8 BE (2021, IFEE)
EAAA vholg 2 AujzA A (021, FEEE)

Foulolel s AAAT ARAT (022, FEE)

© O OO0

A%l
HZRAIA Hlolel s A4AT B8 57 AMY 9 T (2023, FEBE)

HEAQAA AJARTEAE| REEES
b R W T4 - /\ o O
) 2] =
ARAA T , s AATA Al AEAH| - | O | O
L X
o ” FAATR 1A AREY | O | O | O
AT ’ ,» |ATd|ANRAE| 0 | 0| O

Zleseray « 971






