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The Methods for Elimination and Certification of
Citrus Virus and Viroid Conducted in NARO, Japan

Satoshi OHTA®

Citrus Research Division, Institute of Fruit Tree Science
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Shizuoka, Shizuoka 424-0204, Japan

Summary

Prior to distributing scions of new citrus cultivars developed by the Institute of Fruit Tree
Science at Japan’s National Agriculture and Food Research Organization (NARO), viruses and
viroids are eliminated, and the scions are inoculated with a mild Citrus tristeza virus (CTV) strain.
NARO has not previously published the method for elimination and certification, and therefore,
there have been some inquiries from other organizations. Therefore, we aimed to demonstrate the
method for virus and viroid elimination and certification of clean citrus seedlings. We perform shoot
tip grafting (Takahara et al. 1986) with some modification to recover virus- and viroid-free plants.
Derived seedlings are grafted by approach for growth promotion, according to Takahara et al. (1981).
We then test these seedlings for a multitude of viruses and viroids present in Japan, based on
RT-PCR. The seedlings must pass the test twice; in approximately one year, and in one and a half
years after approach grafting, they are certified as virus- and viroid-free plants. M16a is used as a
mild CTV strain, and the infection is confirmed according to the method of Kano et al. (2006). Virus-
and viroid-free and M16a-infected trees are kept in isolation structures, and scissors are disinfected
at the time of pruning and correcting scions to reduce reinfection. Subsequently, we perform DNA
marker typing, create a map of trees, and attach nameplates to avoid mixing up varieties. It would be
impossible to certify seedlings as free for every type of virus and viroid. Nevertheless, each
research station should choose the best method for the most complete elimination and certification

as is possible and should distribute virus- and viroid-free seedlings to prevent multiple infections in

(20154 10 7 7 H=2AF - 2016 4 1 1 20 HA52BE)

* Corresponding author. E-mail: sohta@affrc.go.jp



54 ES LT e

orchards.

521 % 2016

Key words: citrus, virus, viroid, elimination, certification

&

il

HARIZIE, Ao F VIS A VA6 (71~
X MY RAFH YT A VA Citrus tristeza virus (CTV),
WM A VA Satsuma dwarf virus (SDV), 71~
XV EWA 774 )VA : Citrus mosaic virus (CIMV),
F 71 v FEE T A WV A Natsudaidai dwarf virus (NDV),
=T IWBEIEESF A 7 7 4 )V X Navel orange infectious
mottling virus (NIMV), ) Y TAT LT IV—E VT
AV A = Apple stem grooving virus (ASGV)), B LU
A0A4 R7H (HrFYTrva—g4 A0 F:
Citrus exocortis viroid (CEVd), # ¥ %Y XY h1))—7
7 A T A F : Citrus bent leaf viroid (CBLVd), +~v 7
At £ 0 A F : Hop stant viroid (HSVd), 7 > ¥
A1 A NI : Citrus viroid III (CVd-1II), &1 >~ F >
A 04 NN : Citrus viroid IV (CVA-1V), H > Fv o4
1A NV @ Citrus viroid V. (CVd-V), 1 rFv o404
F OS: Citrus viroid 0S (CVA-0S)) H»FET 5. %&b,
CiMV, NDV, B XU NIMV &, WIMNZFEH 7V — 712
J& L SDV & i # T & % (Iwanami et al, 2001 ;
Tanaka and Yamada, 1972). HAERNTY A )L A 55
BIZofE LT, CTVICEWEBRO Ny 2
FEMTREGWENIELZ LG4 TH DL (HP-ILH,
1964). F 7z, 1950 FECLIREIC X, SDVICE B vy
2T IHUANOBELILFE o7 (FHR, 1966 ; T 5,
2000 : 41l - KRJH, 1969). 1970 4121k, CIMV IZ X
HMNT I oENDMEE %Y (Yamamoto and
Yamaguchi, 1980), ™7 A )L AMEDEIENEDL < HI1 S
NLEITkolz, 740 A FlZowTik, 2nET
WCEIN D TR E LR EORE LR VA, FHTHF
TENHL 2 E > TWD (Tto et al, 2002a; FHH - 1L,
1971). WSV TIX, A2 A~NF T T4 0L ¥ Citrus
cachexia viroid (CCaVd) 2S#ED 7 A 0 A F& LTH
5N THBYY (Reanwarakorn and Semancik, 1999 ;
Semancik et al., 1988) HZT b MWt I OfEEE
WERICHESN TV,

TANVA - T4, NIZXAWEIL HHE - MEE
IR SR e D, FEEORREMO T TREY &I
WEIHL L) h—BEOLDOTIE RV, —EFEEL
TLESZEPOIEAALRETEIENTE RV

O, BB OKELILEE L. CTVIEI I 2707
7F LI &) (Bennett and Costa, 1949 ; Jf L,
1983), SDV i34 U C (FHR, 1966) Bk
H.oooA4uq FiE, BESKSLS// axF) v N L s
4«4 % (Barbosa et al, 2005). L72h>T, 74 IVA-
A a4 FiE, FEAPEOIIONESGICEREL T
HMTIIEZ LITEH2WIA VA -9 f 04 FTH,
RO FIRE R G (AL 35 LHEIH 5 (Tto
et al, 2002a). HAEIL, AKX OFEMEIK
ERMEARI L2 ETHMONTY S (FHE, 1999).
NSO ENS, EHICBWTEEIEREZINZ 20
EbbArADZ L, MAREEDOEBETLIAIVA -7
A4 FIZBEELTwRW (7)) —) HEEET LI
EDRDLNS.

INET, 7)) —WEEHNT 272012, ek
BRI NCTE LIREOMET % b OMETlE,
LIRFEEOERSE R THER % FB L 75 (Weathers
and Calavan, 1959). HUEVERCEABLMEO MECIE, Bk
LR RBROBE L) 7)) — (b EETH % (Bitters
et al, 1972 : Rangan et al, 1968). L22L7ZAd 5,
NOOFETHELHIIEHICR L7720, HETLE
T2 5, ARV R EREDH 72 H5
MR ET 7)) —ALEAT) 72012, HiF THIF S
723 R WV L BRI E Z Sz (Calavan et al,
1972 ; Desjardins et al, 1957 ; Grant, 1957 ; &¥k - 11
H, 1984 : Roistacher and Calavan, 1972). L% L7
B, BULEETIE 7)) LW A VA - A
oA FHFEFE L7z (Roistacher, 1977). ¥4, Zh i
TOMEZRRT L7720, EHEBEBIREPHE SN
(Murashige et al., 1972 : Navarro et al., 1975 :
Roistacher et al, 1976), 4 H F TEN-HATE L CFH
HENTE7 (Pinaetal, 2015). —J7, HATIE, fi
DBEEHEIAREFHE SN (FES, 1986), X(MEHEX
RE T o - B EPA NI e 5 72,

7 —AbD®RIZIE, 7)) —THhHhDHILEHERT L
DIHEDPLIEL 25, MEFEE LTIE, Bt
W& A7z iaeih, B BEmMEEIC L 52815 (Bar-
Joseph and Loebenstein, 1970), 3 & U ELISA
(Enzyme-Linked Immunosorbent Assay) ¥ (Bar-Joseph
etal, 1979:JII& -FaE, 1990) & EABHESN TV D,
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L Lans, SN EEREDTIANVA - 74
OAf Refe L-FETH), —DOFETTT
DIANVA 740, FEMRET S EIFTE R
TR Y, T THEYFOEREE L LI1Z, RT-PCR
(Reverse Transcription Polymerase Chain Reaction)
B L 2 MEEOREPEAT. RT-PCRETIX, —
RNA iU, Zhaedb Lty A VA - A
o4 FENRELZPCRERZIT) LN TES. £
72, —EICEBOTAIVA - 7L 04 K% PCRIEY
% 72 @ multiplex ¥ b B%E S 41, FIEEALAE S 7z (Tto
et al, 2002b ; Roy et al, 2005). Z @2, SDV IZD
W, EMTOMS RMESTRE: ¥ v b ASBHEE -
R E T35 (Kusano et al, 2007).

EAEFEIZBIT MO AV ARIEKE LTIE, CTV
2B L T D Hfi AL L T b, T, o &
BY, CTVDBT 7T LUI2L o THEDIEIEL, R
BWTEHELOWELEL L L TELILICHRT .
WA T, EIL & KD FH (Bordignon et al.,
2007), B L O HERKOFEM (Grant and Costa,
1951 ; Grant and Higgins, 1957 ; Lee and Keremane,
2013 ; Olson, 1956) &b, —Ho Rk i 2 B X
RKEGHEHEIZEDOOLN L hoTWwE. B, §HER
e, W RIZTHESRENL 2 WRHEDZ &
T, 57 LOFERE B L TH < LRl
LDOWMENBEREINL. ZOREE, BERE L TR,
HARTIE, H»hHMED CTV itk GaErE & s
ClddHd) ELONTITFBLIVEOLEER KO
JavEaARE LTHHALTEZ HERROBEMEIC
B LT, Mlea 2%k, FIHSMTw3 (Kano
et al, 1992 ; Koizumi et al, 1991).

WX, BRI A VA - 4L FIgksk
EGWBEAZRBLCEX2END, 7)) —Haims
HLEHEPE LA SHEEINTE (Lee, 2000
Navarro et al., 1976a : Sheta et al, 2004). A~XA »
TUE, BUFARRORIE L LT, A3y & MARER
WL o LEFEOMYMAIZLY, ENTTO
JEARDI 7 ) —THICE &z 517 (Pina et al, 2015).
—Ji, HATIE, RO EZ PG 7Y —
LT TV b b O0, FEEOBH M RILY A
K-> TWah, 2o/, B - EMEERMEET
JERERE R ZE AT (DUF, RRERFASARE RS 7ERT & i 9)
12iE, 70— bk, BB, BIUOEEALLR LD
WTHWEDEDRH L. AFRERTIE, YAV A -
7 A U4 PR OE K & E—IbE BrgiZ, Bk
R R 2 CHRA L TWwW b —HO FEZBNT 5 2
L7

BE

PR eI T, B L2 Ry
WZ2oWTC, YA NVA - 7404 FElRELEZT7Y) —f#
EER L T b, BB O RktIE, Fbp IR S
NTWB7H, T4 VAR T A a4 FIZEgLTwD
WENLE G, L7zh o T, BELARKIIOVWTIE, &
TEEGATC 7 ) — L Z G T 5. &fRoiiitid Table. 1
R, BRI HEE, UTo@E) ©ho.

1.7U—1t
BOLH A L - ETHE SARE (BES, 1986)
ZHE-> TAT ). 72720, &MORR T 23 flfEfbo 7z

Table 1. The process for recovering virus- and viroid-free seedlings, and cross-protection of CTV.

Steps

Reference

1. Virus and viroid elimination
1) Shoot tip grafting
2) Approach grafting for growth promotion

2. Certification of virus- and viroid-free seedlings”
1) RNA extraction by using ISOGEN (Wako, Japan)

2) Reverse transcription
3) PCR
4) Separation and detection

Takahara et al. 1986
Takahara et al. 1981

Fig. 2
Table 1 and 2
Table 3-5

(5% acrylamide gel, stained with ethidium bromide)

3. Cross-protection of CTV

1) Graft inoculation with a mild strain, M16a

2) Confirmation of infection

Kano et al., 2006, Table 1-5

“ Test twice; approximately in one year, and one and a half years after approach grafting.
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D2, HToOEEEZMZ:. ZHEEZ DWTo#) T
bbb, BAHN TS FORMEIZONTIL, HHERE O A
RHET D, WHEBEOMETIE, Y r—LThRL, K&
DD N LUAIHEKTERSE2F L5 4V E2HNTH
fEL, MUREEDOINLATEET L. BROK, H
AR OIREREIL 26C &34, RGO 2 AHT121E

AREL UKD & A7z R UI%V/T/F(E@15%
FHWA. BRI, @EIX25 cmDFETHWL, ¥
A3V 7k oTENLLE 8 cm BEE T) U723
HHVS, B, B (7-198):35C, % (19-7 ) :

CICHELALARENTIT). 20K, EHES
(1981) 12ftvy, HEEXICI YV EFRELZ NS, FE

BErx3sH6AKI2E, @k (BES, 1981) ORBK
WEAICHEW, FTLEVDOISFELEE NS, 72751
AR—=ZADMFRE, BAROIEEZRS TIN5,

2. 187
FEBE L7 ) —MUEEOEDTEE L cm D127
o1, HRICHEEDHERINTVE A VA - T4
O A N4 138 X OWRBERE R RCIRE S U H ARICHE
ADENDH 5 CCaVd (Ito et al. 2006) (22T,
RT-PCREIC L 2 MER AT . PRI HERE 2TV
QEDOHRETEHRLEZODE 7)) —BEAET. AN
A A 04 FOMEEEISEND D D720, 2EOM
L, HE&Lh R L

,./—‘

A7

(1) RNA #it

B cm PRI 5 2B 0B B & OHEE R (IR 1
cmEZE2cmiiy) 273V T BT (Fig l-a),
b)), WYLy FuEAN, BHTHLET
(Fig. 1-¢)). 8%, EF (0l mm) #F I —h7 1)
A, A VSV AY—=F =T AT A XDI5FD 1

a) b)

ety

%215 2016
BEORE SORIRIZT . ISOGEN (Wako, HA)
500 ul 2Nz, CTEIBEALZELRET S, DI,

ISOGEN®O~=Za27)V (Fuaba—)b1 -1 RNA O
HE) 1ZfEV RNA 24§ 2. 72721, PG ~7
WL EThb7H, HHTLIZEAEHIY=2T7 VD
FEmed L. HRIZIE, EZRME S 72 RNA ZIE
A 100 ul \2iERS 5.

(2) RT-PCR

LI, il L7z RNA % 85802l 5 SO0 % 479
SUCTE OB & SUGD 7 1 75 2 1% Table 2,3 D) T
BB, WIS, A L72 cDNA ZHHEK TS BAR L

Table 2. Components of reaction liquid for reverse
transcription.

Volume for one

Reaction components sample (pl)

Rnase Free dH20 2.875
10 x RNA PCR Buffer 1
dNTP (10 mM) 1
MgCl; (25 mM) 2
Random 6 mer (100 pM) 0.5
AMYV RTase XL for RT PCR (5 U/ul) 0.5
Ribonuclease Inhibitor (40 U/ul) 0.125
Template RNA 2
Total 10

Table 3. Protocol for reverse transcription.

Temperature Reaction time
23°C 10 min
42 °C 30 min
99 °C 5 min
5°C 5 min
c)

Fig. 1. Plant material for RNA extraction: a) Bark and vascular bundles cut out; b) Scar after cutting a sample
from a seedling grafted by approach; and c¢) Sample in a laminate film bag, flattened using a vise.
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FNEHIZETIANVA - 404 FeExrfe Lz
PCRZ1T). MET LA NVA - w1 uAf FOMEE
L7 T4 ~—EH5, PCRIILEME BLUKRY 74
73y Fa— )VOMEHZ Table 4,5, 6 (1278 L7z 1) Tdh
B, B, BMNEHETIANZATZV—FI2EL SDV Lk
#0 CIMV, NDV, BXO'NIMV (%, SDV & 3@
YN EE SN/ T I 4~ —+ >y b (Iwanami,
2010) # w5, —F, CBLVAOZLZRRZKETH %
CVd-I-LSS (low sequence similarity) (Ito et al, 2000)
&, CBLVd &3t 794 ~—ty N THRIEZIT.
CVA-VIZoWwTld, £7%2RZMHPBEICHEREIN TV
7o, 21D T T4 ~—+tv b (Ito and Ohta, 2010)

Wb, CCaVd lzowTid, [FfEo HSVA &kl
L7z, MBICEF LTI ~v—ty b5,
CEVd, CVd-I-LSS, CVd-OS, HSVd, CVdII, BIOC
CVd-IV 122w Tld multiplex PCR (Ito et al, 2002b)
ATV, MO A NVA - A FiEENETNEMT
PCR %479 . 7272, multiplex PCRIZBWTHRI 7
4 73y b —)V T PCREIEEY 2R S N WD H
S 723 A2, Bl US4 THURT PCR %479 (Table
5. F7:, RNAMMOBI) Z MRS 2720, 5N
& (477 Ci%, Nano Drop ND-1000 (Thermo Fisher
Scientific, USA) & f#H) % T RNA BELZNEL,
YO RNA (727 F ) OPCR¥REITH. % B,

Table 4. PCR primer sets.

Target Primer Sequence :‘izzg(rl?s;l t Reference

CTV FKSO01 AAGGTTACGAGGAGGCAACC 565  Kano et al., 2006
RKS02 ACTCGAAGGGCGTTAGTACG

SDV FW146 ACTAGGGATAGCGCCCTAG 350  Iwanami, 2010
RV488 GGACCGATATTGGGCCAT

ASGV (CTLV) CTLV-AM TAGAAAAACCACACTAACCCGGAAATGC 456  Tto et al., 2002b
CTLV-AP CCTGAATTGAAAACCTTTGCTGCCACTT

CEVd CEV-AM3 CCGGGGATCCCTGAAGGACTT 371 Tto et al., 2002b
CBLV-AP2 TCCCCTTCACCCGAGCGCTGC

CBLVd CBLV-CM2 TCGACGACGACCAGTCAGCT 233 Tto et al., 2002b
CBLV-AP2 TCCCCTTCACCCGAGCGCTGC

CVd-I-LSS CB2-CM ACGACCGCTCAGTCTCCTCT 247  Tto et al., 2000;
CB2-AP CTGTAACCGGACCGGTCTCCTTC Tto et al., 2002b

CVd-0S Cb3-AM6 GTCCGCTCGACTAGCGGCAGAGAGC 166  Ito et al., 2002b
CB3-AP CGTCGACGAAGGCATGTGAGCTT

HSVd CV2-AM CCGGGGCTCCTTTCTCAGGTAAGT 302  Tto et al., 2002b
CV2-AP GGCAACTCTTCTCAGAATCCAGC

CCaVd CiChx_f1 AGAATCCAGCGGGGGCGTG 120  Unpublished data
CiChx_r1 TCTCATCGGAAGAGCCAGAAGG

CVd-1I1 CV3-AM TCACCAACTTAGCTGCCTTCGTC 271  Tto et al., 2002Db;
CV3-AP CTCCGCTAGTCGGAAAGACTCCGC Rakowski et al., 1994

CVd-1v CV4-AM3 TCTATCTCAGGTCGCGAAGGAAGAAGC 209  Tto et al., 2002b
CV4-AP4 TCTGGGGAATTTCTCTGCGGGACC

Cvd-v PI TCGACGAAGGCCGGTGAGCA 294  Serra et al., 2008
PII CGACGACAGGTGAGTACTCTCTAC

Cvd-v PIII TGTGGGTCACCCCGCCCC 294  Serra et al., 2008
PIV GGAACCACAAGGTTGTTCAC

Actin (Plant RNA) MWYFM14R_F CTCAAAGGGCGAGTATGATGAG 120  DC895394"
MWYFM14R_R GAGTTCGCGAAACGAGACAC

CTV-M16a P6 ACTTTCTACGCATCGTTATCATTCC 285, 515” Kano et al., 2006

N7 TACACGCAAGATGGAGAGACTAAAT

“ PCR products were digested with restriction enzyme Haelll.

Y DDBJ accession number.
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multiplex PCR T, QIAGEN® Multiplex PCR Kit
(QIAGEN, Germany) % vy, H o PCR T
AmpliTaq Gold® Fast PCR Master Mix (Thermo
Fisher Scientific, USA) % 5.

(3) 8t - &
5% 77 )NVT I FIZAT TNV E AW EBRIKE
X0 PCREMEHEEL, =F TV va7u~x A F§f

521 % 2016

XS 5.

3. CTV BHERFOEES KU%H

CTV §5 % % # (&, Ml6a (Kano et al, 1992 :
Koizumi et al, 1991) % M\ 5. #fEix, M16a JEgef
DOWARZ 7)) —OMRTICHFHE X T 5. Mlba KGOl
AU, FEEHh O 1 FERITERDO RT-PCR EIZHED
WTATH . 72720, RNAHIHIZOWTIE, Bz Tids

Table 5. PCR protocols.

PCR protocol

Expected Initial

Final

Target size (bp) denaturation ](Zz)(zr:é‘;uration Erl;irizzllfin f]xtoension No. of extension
(94°C) g (20 eyeles  (g500)
CTV 565 10 min 30 sec 30 sec/53°C 30 sec 40 5 min
SDV 350 10 min 30 sec 30 sec/ 50°C 30 sec 40 5 min
ASGV 456 10 min 30 sec 30 sec/66°C 30 sec 40 5 min
Multiplex 166-371 10 min 30 sec 10 sec / 60°C* 10 sec 40 5 min
CEVd 371 10 min 30 sec 30 sec/62°C 30 sec 40 5 min
CVd-T-LSS 247 10 min 30 sec 10 sec / 64°C 30 sec 40 5 min
CVd-0S 166 10 min 30 sec 30 sec/62°C 30 sec 40 5 min
HSVd 302 10 min 30 sec 30 sec/ 60°C 30 sec 40 5 min
CVd-1I1 271 10 min 30 sec 30 sec / 60°C 30 sec 40 5 min
Cvd-1v 209 10 min 30 sec 30 sec/ 64°C 30 sec 40 5 min
CBLVd 233 10 min 30 sec 30 sec/ 66°C 30 sec 37 5 min
CCaVd 120 10 min 30 sec 30 sec /62°C 30 sec 35 5 min
CVd-V (primer: PI and PII) 294 10 min 20 sec 20 sec / 60°C 45 sec 40 5 min
CVd-V (primer: PIII and PIV) 294 10 min 20 sec 20 sec / 62°C 45 sec 40 5 min
Actin 120 10 min 30 sec 30 sec/ 50°C 30 sec 35 5 min
CTV-M16a 799 10 min 30 sec 30 sec/ 52°C 45 sec 40 5 min

“The ramp speed to decrease the temperature was set to be approximately one minute from 94 to 60 °C.

Table 6. Plant material for positive controls.

Target Sample name Sitation
CTV M16a Kano and Koizumi, 1991
SDV S-58 Iwanami et al., 1999
ASGV N-297 (CTLV) Iwanami and Ieki, 1994
Multiplex TS and ADG Tto et al., 2002a

CEVd ADG

CVd-I-LSS TS

CVvd-0S TS

HSVd TS

CVd-III TS

Cvd-1v TS
CBLVd TS
CCaVd WS Ito et al., 2006
Cvd-v TS
CTV-M16a M16a
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< FEM (100 mg) # W5, PCR D&M41%, Kano
et al. (2006) &% L 42 (Table 4, 5, 6). Ho5Nh7:
PCREW %, #HIREEFE (Haelll) TYIWi% (90 min,
37 C) Moy A NVA -y A aA R EFREEDTTEETHEE-
M3 5.

4. 1377 - 1858

A INVA T ) =B X O M16a FREEHE, H T ARE
FLRHECTHREL, T7 9L VORAICEET A,
SO, HREREEFCloo, BT i3
O HEE 4% KEILF MY 74 4% KIVAT
VT R) 2179, REOWAXEA T L7012, 7
) — 8 F 7213 M16a BEAEE 2 SR AR, BEARICE
DEGHAZAT). 2oL &, AAE TIRARETIE
HECIHEE-FY LIy F e Hwh, B8,
HT AMEF IR CERT 5.

5. AR - B

a A DRA % B <728, DNA ¥ — 7 — % fv i
EEAT) . FARRIRORILZ BT 2720, %22
HOBARE—ZIZIEI)Hbzewv. b, BT,
Bk an i O REARRCAT & — Mkt Bl A H A RBI AL 1 &
(FEHHES) ICFEEL T 5.

BRELUER

REWIFERT 7 > % Y WFZR AL i T, 2008 4R FE IS
S ETHEIAREB X O RT-PCREZEAL, UBE%
MRS 7)) —fbafroC&7. 20158 HFTD
W7 aEEOMIC, B E 2 IEERICL ZZWEEE,S
TANWA - T A B4 ROEGEE DT 56 qhfl - RAT
DEEHREKREIT-o 72, B o/ ffEI12DOwT RT-PCR
B X BMEE 2 AT, 56 Wl - T _XTH 7 )
— LA R X 7z (Table 7).

1. 70U)—1t

B AR L -5 ETHEE S A (B S, 1986)
WZHto 7228, —WMEELZMZ 7. GRHEANZ 5 T 0%
2BV, WHEEOAZHEZ L CHEELZE 25,
WAERZ F TR L7z8A L U<, 7 HMC50 4 48
ko (96%) DTSRz, b, AR EHEL
WA, FEREHE L 96% 12T 5 F T2 10 H A2
o7z, WHBEOHFIIES TH LA, WEEOH R IZ
WA CREM A2 23 2 720, fE(LD 720 1AM O A
T LI EE L MAHOFORINCTIE, 4

VT E T3 ecmBEFTMRELAFOHNEZ &
EL7 EEBERIIBWTIE, AAOME LUK
HORFOIA IV T GbebbBE Nl HD. Ll
BB, BHFIIMRNICEZ 2720, BRLEERE
MEERIZ L o721, BOIMOFELFT L. #
MHZDOWTIE, B (7-198F) : 35C, & (197 ) -
0CE L7 7)) —fbL7zwBEH OB H W
DG 72720 KT B D% BT 5720, @ L (5
J5,1986) THAED B - 724 & W B (35T)
DK% 4L R Lz, Z0ldh, 7)) —{Lok
DR EIEBEBAR L 2w EZEZONZUTOHIZD N
T, EBRBEOMESLHEENDOLOIZEH L MR /2.
BRBZEOMS1E, —EIZEOMET 2 ) 72012
REDDO ML ATHRBESE/, HFBIE, EHiEr o
HITHHHL TWwizo, KRERIREADZITIUL
FWEE2 26CTiTo7. BREBEOWZAHTICE, K
Ft UMD #ANER)ZFL YRy b (B 155)
HW S, B THTE T MO RTE (B8
MRS (SZX7; OLYMPUS, HA) #a1=/,N—%)
Zify 18 (SZ2-STUL ; OLYMPUS, HA) IZ#%#E LT
i) LOFREVIZLLEZIANPKRE, FEHESR
DB, RV AR= AL Offifh % &L LED D
Sl BREZHDMITTHOEE LTHET I ENT
XMooz

i ZETH SR, TME T oMM 2 EETH
57:0, FROGHIRLMEPLEL L. BT
B 2IEFEHMEADIMEHE 2T o T DD, I
30-50%FEETH S (Ohta et al, 2011). ZETHZEL Y H
TR, KREDIYY BT EEEREIN ET L2087 1) —
LERITLTF L, /AASoI2E )i & 7)) —fbsidm -
T LPEAEFIIMET S5 (Navarro et al., 1976b). =
ANA 7404 FOFFHIZL->TL 7Y — Lo
IZEDVD Y, HARIHAET 2 TIZ CTV X CEVA (&
71) —fbLd <, ASGV g7 V) —fb L2 v (Navarro
1981 ; Roistacher and Kitto, 1977 ; Roistacher et al.,
1976). ChoZ &hb, EELTWLIA VA - 71
A FOMIZL-T, 7)) —fbili# R ZHOKE S
NEZDLEEZ LML, BHTIE, M %EEIET
TWhWw)S, HEEPMMRVEEIIXETHZKZ® (03
mm fEE) WL, YAIVA - 7 ug KA
LIZ WEBAIZIZZETHZ /NS (02 mm BLF) 128719
Mol LTwd, 5%, BULEOmEEIC
LEHEL, BELZZWI AR - A0 FOREE
TEICRZDMEREIZT A EOME Lo, 72,
v b OHRHICEHE S BT AV AKID ) N ¥
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RBAANA Y M, BEOH XY TANVA T A
A4 Rzt L CAHR R Z EAVRIEE LT 5 (Grefo et
al.,, 1990 ; Iwanami and Ieki, 1994 ; Ohta et al,,
2011). BAE, MO A VA - 704 NI 550%
FRGEF TR TH LA, 20 &) %¥ LWHiioE

521 % 2016

AW ENG, &3V IIHOREERTRE R 720,
A I E O T—EICEHD 7 ) — B2 ElT %
EWVo R EII R, LA o T, HYTLEITOE
Ik oTlE, BRI IBHESILERT L LD

HEEE R LS.

Table 7. List of varieties and strains from which viruses and viroids were eliminated, and which were certified

virus-free.
ﬁ(sz sston Variety or strain name Viruses or viroids eliminated” Year®
Vietnam Citrus Col. No.97-3A 2009
Vietnam Citrus Col. No.97-21A 2009
Vietnam Citrus Col. No.98-4A(Mac Cam) 2009
201338  Kikaimikan (COL/KAGOSHIMA/2000/MAFF/0003) 2009
204404 COL/KAGOSHIMA/2000/MAFF/0069 2009
Feminero apireno lemon CCaVd 2009
Feminero ovale lemon CCaVd 2009
Kankitsu Okitsu 62 2009-2010
Kankitsu Okitsu 63 CTV 2009-2010
245235  Kankitsu Okitsu 65 2009-2010
Rinoka CTV, CVd-I-LSS, HSVd 2009-2010
U-22 2009-2010
Adamopoulos lemon CCaVd 2009-2011
117370  Bouquet de fleurs CEVd, HSVd, CVd-III, CCaVd 2009-2011
115503  Maglene CEVd, CVd-III, CCaVd 2009-2011
Kankitsu Okitsu 67 2010
116173  Hystrix (78102) 2010
113455 Bonanza 2010
113448  Pummelo-White type (78048) 2010
225854  Thailand citrus Col. No. 83-110 CVd-0S 2010
117660  Greece citrus Col. No. 87-56 2010
117948  Kishumikan Tharaichijyouji 2010
117360  Tengu CEVd 2010
203326  Kiyonoka 2010
Kankitsu Okitsu 59 (K-640) 2010
P-555 2010
Q-348 2010
R-63 2010
R-190 2010
R-663 2010
T-12 2010
T-58 2010
171502  Akiyama Navel CTV, HSVd, CVd-III 2010

“ Numbers from NTAS Genebank (http://www.gene.affrc.go.jp/index_en.php). "' indicates not registered.

¥ We did not test what kind of virus and viroids infected the mother tree. Virus and viroids were detected from
seedlings which were derived after shoot tip grafting. '-' shows no virus and no viroids were detected from any

seedlings.
* Fiscal years in which shoot tip grafting was conducted.
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2. 187

RNA i B L FRT-PCR 22w TiX, ISOGEN % H
W, FORZa T VI T TNV, A VA -
748, FOBESNAFEIBMICEDSE, HERS
L OBz & L7z, ISOGEN = w78, 7%
DA A FOMBPTEEND -7 (Tto et al., 2000)
7D THE, B, MolEeHRoOxy VELOL
BT 401247 - T e,

PCR IZ2WTid, multiplex PCRIZL D, Ak 8
DI AIVA - 7404 FEEIFICHRET S & HE
E3nsb (TIto et al, 2002b). LA LAads, FronkE
BRClE, SHEOYA VA - A uA FEHEBEICHRET S
LR Lol TO®, #BEE multiplex PCR
WL o572 CBLVd &, 245K 7473 bu—
VW2 I U T 22w ASGV 122 Wi, BT
PCR #4719 2 & & L7 7272L, multiplex PCR %17
IOFEIZONTYH, RYT4 73y bu—IiZBVT
M S h o 2DV TIE, FREFNHEMTPCR

Table 7. Continued.

R DETLEDND 7.

TANWA T4 0, ROBEIZBWTIE, WREZR
BERERENDL., §RNTOIANVAERESTZENT
EHRVWIETHL Z0L)BEZIESE, #Oon
D PCR ¥ v MRS FMEZHET Lchn s, &b EEK
BB TR AR L CE $/, Bl
BEHOI, Bl DI 2 EOMELZITV, G L
2b0E 7Y e L TRELTER. 72, RAET
DOFEGD ) A7 WM TIZ W20, 5HEIC—ETN
TOIANVA -7 A0 FEFRETLHZ LIZLT
7z, AR L ZCHEREC) ORI OWTIE, 31—
ESRTOIAIVA - w404 K&, BEL1ECTV %
MELTWS (727201, Ml6a B/ #1220 w T,
Ml6a 23 &b 728, CTV OMEIRAZE). Ll
A h, BROANBRRMORKMIZLY, Rta5e#
AONBERELDH-T. TANVA - o4 0( RP—#
ORPZFICHFET 2565 BETIUEL, TEXH720058
DML S, RARLEEEIC, XV EL OV TINVE
WMETAIONPLE LW, /2, 794 ~v—tv boE

ﬁ((:)c.ze ssion Variety or strain name Viruses or viroids eliminated” Year®
113127  Urata unshiu CTV 2010
117514  Oogimi kuganii 2010
113392  Kobayashi mikan 2010
113149  Satsuma gigante CCaVd 2010
Jutarou unshiu nucellar 33 2010
Blood orange CTV 2010
113169  Frua mandarin CTV 2010
113223  Bergamot HSVd 2010
117299 Fukuhara orange 2010-2011
T-35 CTV, CVd-IV 2010-2012
117287  Oochou villafranca CCaVd 2010-2012
117946  Hinoakebono CTV, CVd-0S 2010-2013
P-1102 CTV 2010-2014
113172  Man Ju (Mankitsu) 2011
223657  Tamami CTV 2011
244567  Puchimaru CTV, CVd-V 2012
245233  Asumi CTV 2012
Xuegan nucellar CTV, SDV, HSVd, CVd-III, CCaVd 2012-2013
168853  Satsuma salzara CCaVd 2012-2014
117293 Naruto CCaVd 2012-2014
117281  Honda buntan CCaVd 2012-2014
117290 Lapithos lemon CTV, SDV, CEVd, CVd-I-LLSS, HSVd, CCaVd 2012-2015
113385 Lee CTV, SDV 2013-2014
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WiZowTld, ALY A NVATOREDNRLDLE TS
A2 —WH O TERPEEDEELDH L. &5
MRS A1, LR RINLEICT T
A<w—FH % RETLEND L. R S5
TlE, 2008 4EM 5T DDB] 7 — % N— A IZEHFENT
W E L LI, TEBLETELDRMII—HT A
TIAY =ty VEMTEOREO T AL #EIRNT LI L
L7z L LZdss, 2008 4FLLFEIC#his S L7220k
bdH572% (Shimizu et al, 2011), S &IIBERE, HFrak
WMOENEITH)LEN DL EEZ LN 72,
ISOGEN i RNA & DNA #4778 L CTHiti 42 20T
X HRIETIEDH 57%, DNA DRADPFETIZ V720,
SHRIIHWO RNA (T27F>) #arbua—Le LT
HAIE A0 DNase [ L2179 2 & M3 LT\ 5,

3.CTV HERMDIETE

TANATY) —fEREFL TS, CTVIZIhyrn
TTILAVICETHEDHIEBELTLEY. 200,
LTI, REDFRMED H B CTV IZ LAY
FEIZ 13593 R0 (M16a) Z#EMEL C&72. 7 —#4
K12 M16a 2849 2 DI LB R HIRIEAHTH % A
B 15m A2 2 ~ 34EAEOBTIE, BERIIC 1EI1ITE
WHZ L%z b7z, PCRMIER A2t s e o
WA, BRI HOMARL L CIIH ST
Wi 2 2217 T L EMELIT ) LEND -7, &b,
WAREEDP O OMAROFHEHE DL VFIZIE, Tl
HEMFED D 2 M16a £EHED 7 1) — 185 5 AR %2 FRIL
TLZELHo7.

4. miEHTE

i o5, 45Tl 2012 4EE 2> 5 DNA <
— 71— % FA v CHERECAGT I R o A 8 02 % BRAG L 7.
2014 4EFEICIE, VE VI HBOF I2OoW TR
EEERAITV, MEBELM LS A NVA - 7L 0 K
FoE & Sl e O M % £l L 72w OBl & 7o 7z
MHEETEOHFEIIOVTIE, RAKDOTFT -2 2&T7
B, FELWHBIERE WA, EEENGED 2 E &
ENBLSSRY—H—%HWTWS, 5% ERiEe
BHIFZEAT 2 S &% B U CEBOWARES 1iE
BELHEARIZOVTIE, HmEd EOTT Tl
EEFAOTE 2 SN T A5 TH L. 2B, Wik
PEEFADOBIIE T V2T, BEREZIERL TR
GLOZBWE I IEHEL TV,
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HARIZE, ERAOAYF IV - o404 N2
BT 500N HEE R, RIS HEEOH FE %I
DHAICHE> TWwh. T2, 7)) —LPHEICEL T
INFETHRRTE2—HED K, 100% D4 % fRE
TEXLHEMTIERV., 245, BdAorB), BE
W%, > VOB, BoERE 2 & 57 T 7 E
BLUORT-PCREIIBT L 7T A~ —EHIERNL O IE
W EOMENRHLNLTHA. L2LEadrs, BE
A IEOBA 25, 7)) —HoOm#EIESHL T v F
VI o TEELRFETH L. MEORAKREREIC
B B ZFZERBIAS, N2t T % % #ip TR
O EERE - RAT 52 ENEENL . AIIEERD,
FOBDOBE IR INUTENTDH 5.

S

AWED ) b % OFTIE, RFEEYERES — 2N
YIHREICIVITbNE L 5 ETEE S RO
e LTS VT L EEMER, YA VA -
A4 FROEOEMIEEE LT 23T LR
BIG, WEAKRMERK, B LOEROMAFICHFEL L
SVE LAEABRTRICEHVLET

m =

TR BT ZET T, BRL72h v Y B
FERATICE L, BEL WY A VA - L a4 F
b (70 —1k) L, &% CTV 5§53 RO 21T
o TW5h, R RSP E T, Fhskico
WTRAELTWEP o770, Wb EM%E2 )5
ZENBHot Lo T, 7V —fbLEBEIZET S
—HDONEEBATAHIEICLE 7)) —1biE, B
5 (1986) D TR EREZ —HZE L TITH).
PERL L 72 £ THEE KAERIE, FEE (BHES, 1981)
XD AFRELZMNS. BEld, BERICHFET 5513
FHOTANWVA - 7404 FEx5 e L, RT-PCREEIZL
STIT). FREZ1HFE, BLO1ERZE BRLIZ,
2EEDOMEIZEE LIkE 7)) — LAy, CTV
9351213 M16a Z vy, Kano et al. (2006) 125V &
POMREITSH. FHEEO) A7 22 L0, 7Y
— 1B X O M16a AN I RBERE R CEEL L, 3Tl
R DB ENY I ZHET L. £72, aEORE
P72, DNA v — 7 — % v/ e, FiEX
DR, X)) 7 RhERIT). TRTOIANVA -
AU RIZEEICT)—THLI a2 HT LD
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