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Development of rapid and precise techniques for
diagnosis of citrus virus by genetic engineering
approaches and development of virus resistant
citrus plants by using cross protection
with mild strain viruses
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SUMMARY
(& L&)

Citrus tristeza virus (CTV), a member of the genus
Closterovirus, occurs 1in most citrus producing regions of the
worldwide, and it is the most serious viral pathogen of citrus.
Variations of biological and molecular characters have been observed
for many CTV isolates. In this work, we tried (i) to develop the
diagnostic method and identification technique for citrus viruses (CTV,
CTLV, CiMV), (ii) to confirm the usefulness for comparison of viral
RNA population of distinct isolates of CTV by single-strand
conformation polymorphism (SSCP) analysis, (iii) isolation of the mild
virus strain by SSCP analysis that can be applied to monitor
cross—protection. As a result, major citrus viruses, CTV, CTLV and
CiMV, can be detected by reverse transcriptase polymerase chain
reaction (RT-PCR), dot blot hybridization techniques which can be
used for quarantine purpose. Since most of citruses were infected with
two or three viruses, multi-plex viruses detection techniques in CTV,
CTLV, CiIMV were confirmed to be a useful tool to save labour and
time.

This study was conducted analyze the population of sequence
variants for CTV isolates in Korea and to construct the phylogenetic
trees of CTV in Korea. We also carried out finding the mild CTV
strain to apply for the cross protection. The CTV isolates from yuzu
(C. junos) collected from different geographic areas of southern

provinces such as "Namhae”, "Geoje”, "Bosung”, "Wan-Do"”, "Goheung”



and "Jeju island”, were used for SSCP analysis. The SSCP profiles of
the cDNAs obtained by RT-PCR with primers specifically designed for
the p20 of the CTV population were used for this study. 142 samples
from 6 sites analysed using the same procedure yielded 16 haplotypes
for gene p20. The number of haplotypes found at each sampling site
varied from two to six. Overall, the highest diversity of haplotypes
was found in "Goheung” and the lowest in "Bosung” area, respectively.
The SSCP profiles obtained from 65 PCR products in yuzu contained
two or three DNA bands, whereas, in some case, others contained four
or more bands of similar intensity. The genome of the 16 CTV
haplotypes was completely sequenced and compared to the genome of
the CTV isolates for gene p20. The genome of the 16 CTV haplotypes
shows nucleotide identities of 88 ~ 99.8% with the genome of the
CTYV isolates for gene pZ20.

The pathologically mild isolates of CTV wusually yielded two
DNA bands by SSCP profiles, whereas the SSCP profiles of the most
virulent isolates contained more than two DNA bands. Comparison of
these haplotypes with those from other isolates suggests that some
CTV isolates could have arisen as result of a mixed infection of two
divergent isolates. Plants shown severe stem pitting were corresponded
to those plants with typical SSCP profiles of severe strains. These
results indicate that the primers designed for SSCP analysis can be
used for distinguishing the mild strains from severe strains of CTV.
SSCP analysis can be a very helpful tool for early selection of mild

cross—protecting isolates, so that field trials could be restricted to a



selected group of mild isolates showing some capacity to impede
multiplication of the severe isolates.

Recently we 1solated and identified the citrus viroids from
diseased citrus in the citrus fields and experimental stations by
RT-PCR analysis. It was the first observation about citrus viroid
identification in Korea. Citrus trees may be affected by many different
viruses and virus-like diseases. Viroids are the smallest and
structurally best characterised infectious agents presently known.
Unlike viruses which have a protein coat, viroids are quite simply
pieces of naked RNA. The viroild of most economic importance 1is
citrus exocortis viroid (CEV) in many countries. Although we could
escape the massive devastation caused by CTV and other citrus
viruses by cross protection which was developed in our research team,
we do have a problem with this rootstock as it is particularly
sensitive to infection by CEV. Symptoms of CEV infection in trees on
trifoliata first become apparent 4 to 8 years after planting, and include
mild to severe bark cracking and scaling on the rootstock portion of
the tree. The bark cracking and scaling impedes the flow of nutrients
and water between the roots and canopy of the tree resulting in
reduced tree vigour, stunting and losses in fruit quality and yield.
The research data about citrus viroid in Jeju island was the first step
on viroild research project. Now we just reported and showed the
occurrance of citrus viroids in Jeju island and we all need to do

investigate citrus viroid world with more careful and intensive works.



AL AT A A e
A2 =l et 8%

A3 AT AT 9 e % A

L Fe) vele s £ W F

CwERe AN 2 A4

O [0¢] ~J [@)) [o)] IS w \V] —
Z
o
kD
[
=)
)
i
M
WE

L% wpol e o] A

10. "ol R o=l th3k X

11. A8
A4 HrEGdE 2 B ol 7]

A5 ATNEEdte] &89
:’l

A6 & Q

A7 7 FaEd
A 8% =R



A1 & 29 7
Al A ANl e

2 vt g A
638,740 (M/T)o.2 g1 FHellA el nlFe Algy TERTE Fol Ak
7159 e HES AALS st vk wid oF 1009 ey HEo] A
AhE U mpole 2ol g HAA A= gyH A &k CTV, CTLV, CiMV,
SDVe} 28 2hg npolgf vt AlFE doo] AA ojyEo] gl o= ZALY
of olel tigt o o] AlFattt.

B4 wpelelzel ol @ We Wy Fol Ams} olHy] wWel x7] A

)
a2
rlo
12
[\]
2
(@))
o
=
Q

o
)
e
=
L
2
oZ
r >
of
rlo

& 27 Ay A A5 9l wg Ttk dAlE ol #e A4t
ool Al H gl wpo]g el 7] x3he] o] Fof

U g wpolglx T UMY we AEEYN 22X
tristeza virus (CTV)E 2,000 x10-12 mn =7]¢] wg]7}gt mS zk= ulo]g
224 A5 E o mjsjEth. CTVel &g a7t S7ske 2 wfel 9
3 S HE Al FF Wt wet Bloje] Fo] A HWAA straine] ¥UA

st o] v e FEA717] "otk CTVe 7] xwto] o
B

w0
=
=
=
o
fr
e

g8 e 2R ARAEA 79 4Fl HA ¥n BE ARHEL o8
A% ed J1gke] 2837 el EF vholelse] £Al W R va ¥

o

tAet o= Qe AAE i Ztvsso CTVE detr] 9fs) 334
Holuk RT-PCRel 7123 W go] ol&¥o kot -2 yetels &ld wt

olezo] z@ Aol opyEE B WeE dosE A4 BR
CTLV¢ CIMVE CTVE 459 aA v=24 & <+ &<l¥ satsuma

_C,L
dwarf virus(SDV)ol % ©F9%8e Bol 2ga 74xe] oo vz
%, #7he mY B /182 fusn AAHoR d%Fd 54 vrha,
=

’

SDVel zrede] Hw FAE st d B oyt E33kdde] HASs o o5

_‘IO_



o>
rob
Lo

st ZYste] dujo] FFo] Aojd W oyt AV7F FopA| A Bk
3 moko] Hrh AANA AMAHeR ®Hagl SDVeF o9 dyty wpole
(SDV-related virus)E EF 4% 02 olA7AE o|5e] i3} EFI} o]Folx
A erar ok A2 AFel A= SDV el g Bz dlon o] Aol gk
A= o] FoAA Fe FEolth

e vpolel 2o #E A tEd 2E olFolA oS Fasith

N
Off

F

L =) wpolej o] A S7b
HA O 82% ol AXFL Yt 2ALFLLRY T4 FIE FH
71 A zHE wbolEl ol Al wHAHR (2-3€ F8h) SO A Fbske
FAolmR mpolg 2 Yo QA% It 7L Thedel wrh 53] CTVE
A5 69.2%, SDV7E 231%, CTLVE 9.3%9 #d&S Hlvh =g gy 2
M ooldel mpole] el B3k kil Hof ATk
2. 39] zheE wpolej2o] 4] HAA
Aolell A AEA AdE E FFS ARHL FE A2RE AAA &
=l Erbel mgo] s glew o A elA

A
PE Aok U] HhelEl s iR Loy dintld fFdE Aow F
O~

S

o] HEL Fa) AuHnE miel Age 2 AAA £4% Beerh dwHo
nER e AxY F 4




& 919

bek Zg Al 3

0

3}

toE ofs upold)

5|

o] B7l5

al

K

A

H
2 Fa8a glo o)

=]
P

’

o

& wole 2 21

RT-PCRol ¢

jai
=

ol=rel Ag- A A

ATk FHH e
Az A

]

7

Hlag wf S ghE mpolE s A

ol A

s

&5 3

A, oF% wpolel 29| of

R
.

B

Eal

EEEEENERE

L
fu

B
0
A
iy

B
S

ol

X
o0

o

=Z7]

A9l of el gl

K

o

tAaA = mle] 2

g

=z 2=
= T

A

R

o
A

=31

ol

tﬂ
ey A dolrt A

uf Fofl 7] %

Nfo

—

~E

i
-

)

o)
A

2=
T

13
=

[e) [e]
qE =

&}

e

o 4

3

A

-

Ea

AT

1o

_12_



B
nlln

=

udl

-

A 24

T A=nrtol s #

THHAY @A A

OJAZFA = ell A

dpolel s fA 7)ol

™ ™
= =

|

B’

1

A %

oA waste] %

= =
o=

i3

FAl A= ol

Atk &

Aol st A

jze]

il

o

A whol e 2o

0
o

W
=)

X

N
o}

21

T

B

A3 A,

2@ wol#

O AFE vho] e o

(11 <A

O =9 & ol

upolel o] Au

12 &A:

O ufo]y{ A

o
=

O Dot-blot hybridization

g ©

O SSCP

_13_



(13 @A:

1
oF

o)

~
10°
—_—

1]l

O HE FEA wlolel 2B o] §F

O & Hiolgfx

a9

A9 system]

ul
=~

s

2

O

X
T

ol

K

_14_



H 2 & 2yl 7ls e o

1 =9 7= e 9%

O

O

O

RT-PCR

gao] 7| zate] ALE AANRY sl 2a e W s}l ul
Ad Wby Alge] e & 9FS A e
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Real-time PCR

7129 RT-PCR W uth 7t%7t o]},

Hlol g 2~ 9] vyl FAlo] 7+ w mpolg o] A o] 7lediT)
SR ZZo] B A7k U] o] FEolx a1 EAS] REAo] 7Fs3U).

SSCP

BEEE QAFES voles dAo] 9EY TERE AFoE du
21t
FEE RFA ANE b 98 Aasea v (T, v, IR

2. = 7% e A3

O

O

O O O O

seol A TAF FAE o] &3 ELISA Wl F2 54

o,

Fol T4 wholel s A ATAI WA %
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1. 438 A=
b FA A=
AL, tivka} dEoRiE g fHavtole s o] (SDV, CTV,
CTLV, CiMV, SDV)¢} indicator plant® Mexican Lime2 AF-&3+%1
U A
BALB/c miceE ©] €391 sarcoma cellS E7o] FYsle] A= A

e,

2. ¥

7}, Citrus virus®] 3 2 4

1) AF%=W citrus virus® +3

@ vpole 2ol o 7 FAl vhehds]l AREE A 569%

1N

At AEAA AFE3E Mexican LimeS F3iF @220 gl vfokst
==a

HE AREstol AR wpolexe] S 2 el o] &kl

QB tfuto A citrus viruse 8T ¥ viroidol #AEH AEE FH
sfo] SA ] A3l 3 o] E uHlo]g 2 Fthe] o] &3}
. ovleld 2~ fHAte] B 9 QUM E 74
1) RNA #¢

AE 2A2S dAALd F5% Y5AA 43 H RNA extraction

buffer (200 mM Tris-HCI, pH9.0, 400 mM LiCl, 25 mM EDTA, 1% SDS)&



&8sl & 60TColA 5%37F w5217t} Chloroformiisoamylalcohol (24:1)& 7}
3 & JAREE ] A8 A=do) jsopropyl alcoholS A @ EFH I, pelletS

70% ethanol® washing 3l Tt 0.1%¢ DEPCE A @€ & A AL 5=

28 Al A FE3 total RNASEH dsRNAES F3H o & o] &3te] cDNA
2 dAeArt. & 20 wel 5X buffer 4 w0, 2 pmol reverse primer 0.5 f, 10
mM dNTP 05 ¢, 8 unit RNasing 7[5tk =802 AFE3F RNAE 70T
oA WAAZ H Hrbelal 42TAA 523 wg A7l ¥ MMLV RTase
(Promega) 1 US #H7lstal 458-3F w8 A#H . PCR mixture®™ % 20 w7} ¥ %=
5 vhEolx F3skdrh. §4 3 RT solution 2 wE #7439, 10X buffer 2
W, 26mM MgCls, 1.2 u8, 5 pmol primerE 22+ 05 w, Taq polymeraseE 0.5
unit H7FstAth 93Tl A 233 WA ¥ 93T (10%), 53C(30x), 72T (40%)
o] ZHoRE 30 cycle HHSAIZYL PCR 429 97 Ad A4S {3
pGEM-T Easy vectorZ ©]-&3}31t}.
3) Dot-blot hybridization

F=3F total RNA ZF 5 pgoll sample buffer (formaldehyde and
formamide) & 7t 65TColA ®AAAIZl ¥ membranel 2 &7AF7] HA7hA
4C* F% . Hybond-N+ membrane (Amersham Biosciences)< 10 SSC (1.5
M sodium chloride, 0.15 M sodium citrate, pH 7.0)o4 1 At &<t 120 rpm
S 2 shaking st & ¥ blottere] &2elth. Vacuum pumpE ©]&3te] 7]
Z AAsFa 43 RNA samples< blotting 3+ % 10 SSCE 23] washing 3}
Sith. Hybridization < probeZ ["PJACTPR labeling 3ke] Z7hstar 427C oA
g8k AT

4) vpole] = FHAe] @UIAE 24
Hpolg 2 FHAte] A7 d A& DNA star program= AR&3F$ .

7| Aol AbE Aol A ME NCBIY A weboll Al&3dlE soft wareS AFE3FA Th.

g gk blolgj 2o CPE L3 AI7]7]1 93] pET 22bE AFEStdth ol A



S BL21(DE3)pLysSel transformation A%l ¥ subcultured}al LB/Ampicillin ®
Aol 1/100 HZF 3] Absorbance(A) 600 nm kol 0.47F 2 wi7bA] wj<tatS)ch.
o] o IPTGE 1ImMeo] ¥ =% #H7}sto] inductions fr=Estd=d IPTGE #7t
3l Sofl= 28Col A 150rpm e & shaking 3FAA 4A1 7 vttt 4d S &=
ato] 71 wlgd S dAdEEste] AEXE 2o 10 meo] lysis buffer= | & e
3 & lysozyme (1 mg/ml)S H7Fale] 208 FoF 4T F3th 4CTE #-A35H
A z2gaE Jtd 248 9 QAEs] F3Ae du oA N o=
precharged® resin®] 4% o] 2+ columndl loading 3F$1th Sample©] resin
S 943 &3 F 1X binding buffer (5mM imidazole, 0.5M NaCl, 20mM
Tris-HCl, pH 7.9)2& &# 3] washing 351, 1X washing buffer ( 60mM
imidazole, 0.5M NaCl, 20mM Tris-HCl, pH 7.9% &5tk AA #AelA
detectorE AFg38l5 7] wjEo] AFAE peakel wel HA7FEtE bufferd ¥S =%
Asle]  FAoh wd®E dAdo] elutiong 93 1X  elution buffer (1M
imidazole, 0.5M NaCl, 20mM Tris-HCl, pH 7.9& #7}stda, o #4& &3
A2 Tl d L2 0.9% NaCl & dol o F=t)

Ho o o,

Hod g4y AAS 9138 657 Balb/C mouseE AHE3F T 4zt A A
WIS AAeA=d Z dAuT 09%< NaClell =<l wlo]#] 2~ 9] coat protein
S 25 pg AFESEATE 13 A9 A= @il A3 F3Fe] complete adjuvantE A}
SR o] ZHE 1Fdo] AdF 23 WAES HAAEAT A 23 W F 1
F At 3z W9ges AAEged olgEAl 4x7hA] WA F ke
incomplete adjuvantZ £33} }%5‘}915} 47 A § 149 A et 57
el sarcoma cellS Y3+l ] FH 27 F 557 EXES W 5FE A
AstA L sAlel dAs AH] FIFHS LA Th

2) ELISA
96 well plate®] 7} welle]l PBS® 3413k antigeng 90 w® 9o o
filter paper $]°| plateE &# ¥ 3 37C incubatorel] Fo] 2A|7F &< HHEAIH
t}. Antigeng A A H Tween-202 0.05% X &3t PBSE 200 w* "o
2] washing 3%, PBSel =<2l 1% BSAE 90 wA ZF wellol ®ojre] 37T
ol A 1AI7F Z<¢F ¥rSAlZTE Washing #AES 2 AX wrE3 ¥ primary
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antibody solutions ZF7}ste] 37CeolA 1A1ZF Feb wHe Az 39
washing 3}¢] & % secondary antibody solutiong il 37ColA 1A%+
WAl 7131 thA] washing S 33 3%t Substrate?] pNPPE 3 7}slo
S &<Qlslal ELISA reader® 405 nmolA F3 =& 433
3) Protein gel blot analysis

BAg 49 proteing SDS-PAGEE &3] w23 § o3-S 30VelA
12A17F o]/ transfer AlA nitrocellulose membrane®. = &7 7%tk PBS buffer
o] 1% BSAE #H7F8t4 blocking 5%t Primary antibodyE Y3 A=A
IAIZE &9 ¥ A2l 5 PBSE 29 A% Aol Fi 1/10002 314§ secondary
antibody & 23l 1417 &<t wESAI AT thA] PBSZ 33 A% washingste] &
F Hitg=ol NBT/BCIP tablets Yol wHAubs-& f =3t}
up, vpole &~ Add fFHAe] e % cloning

vhol g 2~ e A A A= PCR WY &2 Arabidopsis H& wHjell

&t PAL, PO, LOX, NPR, NDR, PR-1, Catalase, SOD 5% 1x}3

=

i offf oxt
= o

o

7] d
2 E#39d 1 salicylic acid ¢ jasmonic acidell ¢ 3 signaling pathwayel]l ##
=

02~ 03m= Zetdo] 7oAl A4
T ZFEo] Atz F
vlol el 24l & ALEE iAo A IS AU FAele] 98 shoot-tip grafting
S Haystel
Ab vpo]Rol=o] el B Fgh
npo]Zol=9] 7pg A3 Agke AEHAAIY e Azto] £QFH 1
Aol fmol o8] eto] Hi= wrE 2 A= RT-PCRY djite] 94714
E

=] S HyPsAn. wlolRol=eo] FTE o ALE3 primerst WS 2o

A1

=]
Rl |

Fil
—

).
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¥ 1. vlo]Eol= AukS 38 A|2F3F primer sequences

Primer names | Targets Primer sequences (57 -3 )
CEV-AMS3(-) CEVd CCGGGGATCCCTGAAGGACTT
CEV-AP3(+) GGAAACCTGGAGGAAGTCGAG
CBLV-CM2(-) CBLVd TCGACGACGACCAGTCAGCT
CBLV-AP2(+) TCCCCTTCAACCCGAGCGCTGC
CB2-CB(-) CVA-LLSS ACGACCGCTCAGTCTCCTCT
CB2-AP(+) CTGTAACCGGACCGGTCTCCTTC
CV3-AM(-) HSVd CCGGGGCTCCTTTCTCAGGTAAGT
CV3-AP(+) GGCAACTCTTCTCAGAATCCAGC
CV2-AM(-) CVdII TCACCAACTTAGCTGCCTTCGTC
CV2-AP(+) CTCCGCTAGTCGGAAAGACTCCGC
CV4-AM3(-) CVIV TCTATCTCAGGTCGCGAAGGAAGAAGC
CV4-AP4(+) TCTGGGGAATTTCTCTGCGGGACC
CB3-AM6(-) CVA-0S GTCCGCTCGACTAGCGGCAGAGAGC
CB3-AP(+) CGTCGACGAAGGCATGTGACTT
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oF. SSCP #-4]
1) RT-PCR
cDNA 342 MMLV RT 5X buffer, 0.2 mM dNTP &% MMLV

P
T
olo
>
N

reverse transcriptase (promega, USA) 25 UE Y 37ColA 1 A

AA
. §HE DNAG Zzte] wlelels fAA H9E FFY 5 dus AdE

o,

(@)
2,
>
[N}
M
u

primerE A7}t PCRE 4338l7] $3] pre-denaturatingS 93
3 95C 30%, 53T 40%, 72T 40x ZAAA 35 cyclesE 3321 final
extension< 72Col Al 1023+ A A8 T
2) SSCP analysis
CTV W9 p20 geneg thaoz 3% PCR productsE A HEE 3o
FPeAt. 4 DNA fragmentZ denaturation 3t7] 93] PCR products (1
WS 9 we denaturing solution (95% formamide, 20 mM EDTA and 500
mg/L bromophenol blue)¥ A €& 5 100CoA 1587t heatingdl$d iL,
DNA¢te] A&7kl refoldings 7] S18iA 1023+ W2stsieh 1ela 10 plF
oA 6 w2 denatured DNA (p20 fragment)ES 7.5%2] non-denaturing
polyacrylamide mini gel (Mighty Small I, SE 250/SE 260, Hoefer Scientific,
10 x 8 cm)& ©]&3te] 05x TBE running bufferE® ¥ojA 200 Vol A 4T oA
18 Azt &2t H719F st th (Sambade -5, 2002).
3) Silver Staining
Sambade ‘& (2002)0] B Ig HAxfe] oA APE FPsrt. WA
SSCPE 433 non-denaturing gelS TAHA717] 9814 fixation buffer (10%
glacial acetic acid)®l 30% F<F wwel i, 14 ¥ gele £ enhancing A7)
7] 91314 enhancing solution®] o4 30% <t agitate 3+ F, ultra pure
water= 3%%F 2H AHsAT. 1E

solution (silver nitrate AgNOs, 37% formaldehyde)el 30% F<oF wwkalgich. o]

3 gel& staining 3}7] 93Fo] staining

=45 AAS7] @A ultra pure water® Mg ¥ gelS developingsl”Z] ¢
3}o] developing solution (NaxCOs, 37% formaldehyde, sodium thiosulfate)ol %
ojA] DNA W=7} vepd wj7zbx] ksl ioh, si=7F YelE stop solution (109

glacial acetic acid)& HolA TS FAATIL gelS AFAIAA 7 A3 CTVE
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DNA &S Hlal 241815
4) Als +7%
CTV p20 gene H+9] 47|44 <S Clustal V (Higgins®t Sharp, 1988)

of osf widd % e
(1969)2] wWrHgel <ol =4
neighbor-joining program< ©]§ Saito®} Nei (1987)2] neighbor-joining
methodell  9l3] FAHIT AFTEFEY  stabilityE  H7Fsr] 5k

s

=+ MEGA (Kumar ‘&, 1993)¢]

Hm

)
2
o
=
X

neighbor—joining datadll ™3 bootstrap analysis (x 1000)7} <=3 =] St}
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5, 5w, AR, Ade] 4] AHoR v dfo]# e o
HAol ofAlEE MAE FAHoE A8EE S8 dxq ez ELISA #4%

TE 294 A B i
ato] npoly 25 FA AT o] § =k s FHA3 ELISA¢ RT-PCR A4

= AAEA el FRlEE AL Agd fE 2AA wdsdn (R 2).
CTVel #dd o|¥FE stem-pitting 542 YERA L CTLVE H&E5 9]

3 2. vlolg 2ol A E ol A

Mo, of Samples

Viruses Satsuma _ - _ § _ Total
Tuzu Shiranuhi ki yomi
mandarin
CT 20 45 A 0 71
CTLY 10 0 0 0 10
SDN a3 0 0 o a3
Cibl, 5 0 0 0 5
Total 1y
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(A) (B)

a1 F8 g odvto]y e ogk WA (A) CTV el og FA oFst
(left) stem pitting 54 (right), (B) CTLV go® <213t satsuma mandarin (C.
unshiu) rootstock?] F&EH o S (C) SDV #del ok deof 718 (v) =&

=7t 24, (D) CIMV oz Qg duje] Bajo]a Fi
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FAHC junos)= &5 (C unshiu) BTF wlo]#] 9] straindl] wE

WA Aol RS HeolE: W oobuel AFEe il Ao W2 A
A AwiEa 7] wiEe] Ao wE WolE WU} tYsiA HoEF o
gttt AFEet ol Tk Aol A Faet dde A
AufA s 2A &, S, AAE, 1E, BAY T 54 Ader FEsh bt

olg A HAol FolsteE Aol ve= 58 AwddM Tk A AR

k)

2 ¢ 2AS FAEAY (29 2). CTLV, CiMVY SDVe 93t HA = Ji
g 5 glgloth YR CTVel o @ WS et

Y
i
i&

=

yeE
anaay
s
FURE
\ £ TUME
RESL
o 3y
T 17 394
BNEAN
AAHE
2EAN PR
ERNE L @

Y ¢
o

il

IOy 2. #gE o]y S g8 A A9, W, Jeju island (39); @, Geoje
(22); A, Namhae (20); 9, Goheung (21); ©, Boseong (20); 49, Wando (20)
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. dhol s §44 Su

AF=d 71 2 EA7F H1u d+= F8 onpojg{x=e CTV, CTLV,

o

CiMV, SDVE tid oz F4x4E 353t GenBankol]l Ba® 9G7] Qo
71%23ke] coat protein (CP) A} F-9foll So]#<l primers Al#tstdtt (F 3).
vpol g 2o ZFd® A oA RNAEZ FZ33 RT-PCR %< #g3te] 7+ u}

ojgi=e] CP +4AE grssit (29 3).

E 3. 78 g vol#2~9 CP #xA gHE 913 primers

Name Sequence (5" =3 ) Size Reference
ACCCATATGGGCGACGAAACAAAGAAG Satyanarayana et a|_,
CTV 640
CTCGAGGTTCTGTCTACAAAAGGC 1999
CATATGAGTTTGGAAGACGTGCTTC Yoshikawa et al.,
CTLV 714
CTCGAGACCCTCCAGTTCCAAGTTA 1992
CATATGGGGAAAAGGTGGCACTCG lwanami et a|_’
CiMV 500
CTCGAGAGCGGCTGTACGGAGAGA 1998
GGTTATACAGAGTTCTCCGAA
Large 1,329
AGTCTGGGCGCTCGAAGTAGT lwanami et al.,
SDV
TCTGGACTGACCACCACGCGT 1999
Small 654

AGCAGCTGTACGCAGCGATGG

_27_



I8 3. 8 & wlo]#] =9 coat protein gene FHE 913 RT-PCR. M, 100
bp DNA size marker; lane 1, PCR-amplified product from citrus infected with
CTV (640 bp); lane 2, CTLV (714 bp); lane 3, CiMV (500 bp); lane 4, SDV

large subunit; lane 5, SDV small subunit

_28_



grgh 9 7 vlol#f 2~ CP FHzke 97] A Qel 7|xste 27 &

D xligke] AFEE 4 Q= primers A AT Wolo] oo AFagle]l BE
HlolH 25 FHY F JUEF: FeAol =2 HIAE AP AFsAn (&
I 4= 9= PCR o] 543 4 2 A

7]
% PCR 3 A % &&

# 3. RT-PCR ¥Rl 7|23 =7]

o2,
q

1 AdS 93 primers

Name Sequence (5" -3 ) Size

ATG GAC GAC GAG ACA AAG AAA
CTv 640

CTC GAG ACG TGT GTT AAA TTT CCC AAG

ATG AGT TTG GAA GAC GTG CTT C
CTLv 699

ACC CTC CAG TTC CAA GTT A

CAT ATG GGG AAA AGG TGG CAC TCG
CiMV & SDV 500
CTC GAG AGC GGC TGT ACG GAG AGA
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2) AZHE priemrsE o] &3 A
AZE CTV g primergs Al@3t7] 98l A2 & haplotypese®l
A=l dd MAE dEste] RT-PCRS T3t (19 4).

B

M 12 3 45

a9 4. CTV IS primergs ©] €3 RT-PCR. M, 100 bp DNA ladder; lane
1-3, severe strains; lane 4-5, mild strains

CTLVS] 4% WAol g o2 ol AANNE uhole s 1%
(

= = I~
E AT F AdY

M 12 3 4

a9 5. CTLV A9$E primerg ©]|&3% RT-PCR. M, 100 bp DNA ladder; lane

1-2, virus-infected trees; lane 3-4, healthy like trees
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CIMVSE SDVE whs 7A7ke fl ghle] gl Hhole 2ol a
of ¥ mpoleze] W@ mirt A 2] WEe] FH REE UHa

primere] A <€& ZAAs9 (19 6).

=)
2
)
X

X
M
S

a9 6. SDVE CIMV kg primerE 9]

op

g RT-PCR.

3) Multiplex RT-PCR % ¢+
%7 AY Ag oz AZE primersS ©]-&3dto] wlolel ol EE 7+
dS AT F AEF multiplex RT-PCR 271& istgieh & 7k 9] nle]

g sy e 2709 primers7t BREER A 4A Q] wlo]Y A E
et

SA at7] f1eiA = 6709] primers7t B&FHd g W whg A] oA @
< primersE H7FeHAl HW AG&Ado] "ojA = AS Al THE =2 3

Qe Hol: CTVE 7|20 s1ea of go] @ £7e) vlolgxs o 4

i
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(a) (B}

]
A ]
=N
&n
]
A ]

Mo b

_ _ CTV (650 bp)
CTLY (710 bp) .
CTV (650 bp) : .
CiMy (500 bp)

a9 7. 28 79 S 93k multiplex RT-PCR. (A) CTV and CTLV, (B)
CTV and CiMV

_32_



3tal RT-PCRel 7] x3t

[

B

3}
ol

=

=

e vole e 17

L

1}, Dot-blot hybridization 2 &

B

S

i o328 719 probes

3]

Al gol T

]
iz

of
AL
00

o)

~
HR

G
o

i

R

-
s

I
)

probeZ o] &30 FF,

=

=

°] CP 3z

Ea

# Hhol¥

Aofo] we Fo vho]# g

1

AL
00

|

1O
=

2
4 24

A

&

No

Ao 2 CiMVeF CTLVS &3 7ol 71 &gtk CTVel #ad

3

stk (L™ 8).

S

4

&
<l

oF
T

o
Mo
ol

%ol mrole) 27k EAFS

Njo

Bus A3l A e CTV

N
ol

R

A%

]

=

oL, A=
e

Fell A= CTLVel

BH]—

WA M= CIMV7E

L

SDVe} CIMV7ZF 7W7h2 A 3A 7] Wl Zo]t)

pu
R

o] Bkl SDV E4S Hol

gl o]

pu

o} o)
TS AN -

CiMV, &% A2 CTLV$ CiMV 9

7}

ot
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(A (8) ()

I 234 567 88100

A = i

B a " i ® @

Q - s & 2 i@

D -

Ee & @& & & @

F -

Gl

Hi &

(0 (E) (F)

| £ 34 6 BT & 20011 1216 B T oo

T e
e ‘e .

QTMmENE

=

(@)

1[2]3]4]5]6]7]8]9]10]11
CTV severe symptom (A}
CTV mild symptom (f#)
CTLV &% (53
SDV =4 [ ciMV =4 | [ ]
B3} (M16 strain *3)
T2 (A= S4)
X v
")5 A &1

Ao (CT
1[2[3]

=]
b

—~

| © ["E||o0|E| =

ol 1<
o
ufta

j=s] N el il lwl (@Y fesl i

g 8 EFg 79 gag 93k dot-blot hybridization. AF&3F probes:

(A)&(D) CTV CP gene, (B)&(E) CiMV CP gene, (C)&(F) CTLV CP gene
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th ELISA el 7] 23 A 7<=
AF Aol A FrF Fa wpolgase] CP #4328 TAAHY (2
d 9. FAAZ 5 AARE vlole] 28] CP= ZHztel tia] SolAQl IAE A

3t7] Y3 ddor AE3tH 1 mM IPTG® induction A7l & 37CeolA 4

(ke ) 47,0 -

6.0 >
45.0 == < - -

M.l -,
14,4 ==

a9 9. A AFe 98 TdA & ZAZ F8 nlold =259 CP. M, low
molecular weight marker; lane 1, crude extract of cell (not expressed); lane 2,
crude extract of cell (1 mM IPTG); lane 3, CTLV (CP); lane 4, CTV (CP);
lane 5, CIMV (CP).

eyl
-
%)
>
il
offl
_0|L
2
g
12
.
)
2
R
)
i~
)
o
@)
)—U
o

Z
)
K3
)
rob
ot
2

A7t DS S FAT S AU 4%kl A7 Wee] B F FolA

AR B O FA ke wAdez I

2
)
(e
r o
ol
jud
-
o,
n)

>

CTV, CiMV ¥ CTLV CPel W&t 10 ng7A A& 5 A& Aoz I
A AT ELISAS o] &3] wpolejx Fado] F2dk ghd oA wlo] g
2 A AqFE FRlg A% CTV, CiMVe CTLV =+
reactions R olFRATh gy He gl nlolglaEs Huslr] fJElA =
RT-PCR MW & Ab&dt= Zlo] 5 202 Asdn (£ 5H).

virus specific

ofN

_35_



¥ 5 Fo 2 voles dag 91§ RT-PCR¥} ELISA W o] v

Infedted plant sap

X dilution factor RT-PCR

CTV CTLV CiMV

Result Result Result
1x10" + +
1x10° + + +
1x10° + + +
1x10* + + +
1x10° + + -
1x10° + - -
1x107 + - -
1x10° + - -
Healthy plant - - -
buffer - - -
Infedted plant.sa? ELISA

X dilution factor

CTV CTLV CiMV

Asos  Result Asjos Result Asos  Result
1x10" 1.132 + 1.132 + 1.123 +
1x10 0.876 + 0278 - 0.891 -
1x10° 0.321 + 0136 - 0.347 -
1x10* 0.124 - 0132 - 0124 -
1x10° 0.098 - 0.132 - 0.098 -
1x10° 0.089 - 0.145 - 0.088 -
1x107 0.088 - 0.132 - 0.086 -
1x10° 0.076 - 0.113 - 0.067 -
Healthy plant 0.066 - 0.068 - 0.061 -
buffer 0.067 - 0.076 - 0071 -
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SSCP W& 3 We] whgolA B A8E tas & AL 97 Ad &

Hurom ol ol2lg Aol Ud 54 Aol sl ArsE PRE & 5

= FHo] At} (Sambade 5, 2002; Spinardi %, 1991).
e, WA, &%, AA, 1E, AF 5 6 Ags ¥ ew 142749
MES AFT F SSCP 4% 98] RT-PCRS Fdskdth CTVE WHels 7b
SFo] golg p20 FHA F-oE HAASAT (EF 6).

=3
>
w
w
(@)
nv]
M
1
ftlo
Ho
&
o)

Do
(e}
Ho
)
)
ofN

Z & priemr

Primer Nucleotide sequence Sizes (nt)

20 A (forward) 5’- CGAGCTTACTTTAGTGTTA -3’
520
20 B (reverse) 5’- TAATGTCAAACTGACCGC -3’

el A9 (2" 10-A)9 A5 2070 AE T 87 (8/20), BAX A (1™
10-B) 2071 A& & 670 (6/20), &= (19 10-C) 2070 HME F 17/
(17/20), AAASY (2" 10-D) 2271 AF F 1370 (13/22), 25AY (719 10-E)
200 AE = 117H (11/21), AFA< (2" 10-F) 3970 AZ 5 3671 (36/39)°

A CTVE CP 37 SZ 5 2442be] RT-PCR product® SSCP 4] 4|
2483k
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a9 10. SSCPE $1% RT-PCR (A) Namhae, (B) Boseong, (C) Wando, (D)
Geoje, (E) Goheung, (F) Jeju.
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_u

3. vpole] =] Wo] %

SSCPE 33 A3 FaixdL a, b, ¢, d pattern®] 47§ haplotypes &
2 UE 5 AdAJT (2" 11-A). 7HE B2 RS d type 37D)elAna, AL AL
b type (17]) o]t} BAAX| G| = b, ¢ patterne #&st (28 11-B). 93
A 93 &E b typeol 4/ME 7 Bk (67%), ¢ typee] 270E Y ESY BEA
Aol FxateE CTVeE FallAd3 550 Ades & F AT S=A S0
e 1, 3, k, 1, m pattern® 570 haplotypesS #2sdtt (28 11-C). Fai<}
A9 A3 v typeo® HF FAdE A B RS G+ A
k. AAA N E e, f, g, h pattern®] ¥ TtHE haplotypesS 4 4 JAtt
(29 11-D). ©o] 7}=dl h typee] 7F3 ®skow (38%), f typee] Fujdoz 7}
AT (15%). dAH oz 370 o] 4¢] bandsE YWERN=H H53 ZAE Fo

p=03

m

o & F Aok 2&AHANAE f, g, m, n, o, p pattern®] 7} th&T type

ol EAet A& Fls ATt (¥ 11-E). o typeel 57/ 7HE wakoH

(45%), U™ A typee o typeoll Hl&] A& F2 EAA AFA A= h, |,

dat

A3k 3L, n typeel 7HE A Al

Fles YEridy (2|

m, n, p pattern® haplotypes’} £33t I S5S ¢
velyteon (7%), 2 ¢ & haplotypes W]
11-F).

FA7F oFst

bands® ¥#¥HE &

r
Off

F

il stem-pitting Sl FIE AlEelM= 37 o3
2?1 SSCP patterns YWEFHAT. A+ 9] F-54
(74, FAl, stem-pitting T&H A %)I} SSCP patterns H| 23 ZAIE E 79
AA R vt EEsE CTVY 65 hyplotypess =LA 167] strains®
TEol Zhsskith o5 SSCP A#E oFwA % 947 AE 43 vag
WoolE k] 97 MEE 0% ol o WAAdE A Aot ASE
2 = At} 16789 type strainsE A A EEle] SSCPE 43831t} Haplotype
, n, 0 5 2709 bands®= YEFRES ™ Uw A haplotypesoll A+ 3 ~ 67]¢]
bands® Yet 53 e Eo] deS & 5 AT (2H 12). HA Y dlo] 4l
S o5 e o A9E Jdovt Be AF 53} AdEH YEhtE A
!

d Ak

=

iih)

O

o

Pk
oo,
o

(¢
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9 11. (A) Haplotypes detected for the p20 gene of the CTV genome using
single-strand conformation polymorphism (SSCP) analysis at Namhae sites

(B) Boseong; (C)Wando; (D) Geoje; (E) Goheung; (F) Jeju

_40_



Table 7. CTV strain analysis (p20 gene) at the different sites in Korea by SSCP
analysis.

HT-PCH Symptom
Mo, Sites band S5CP . Cf om-
intensity e Vleor pitting”

1 Mamhas A ++ a 10 i .
Zz Mamhaes A + a 15 . .
3 MNamhae A ++ h 15 EE

4 MNamhae A ++ c 15 £ .

5 MNamhae B -+ d ] E FEE
i Mamhae B + d 40 . .

T Namhas B ++ d 40 + .

i Mamhae B + o 50 . N

) Bosecng A ++ b 15-20 e e
10 Boseong A ++ b 15-20 e -
11 Boseong A ++ b 15-70 + e
12 Boseong A ++ c 15-20 - N
13 Boseong A ++ c 15-20 . £/ m
14 Boseong B + b a0 . s
15 Geoje B ++ h 15 EEE ~
16 Geoje C + & a0 b ~
17 Geoje C ++ f an P -
158 Geoje D ++ E 5 e -
19 Geoje E ++ & 15 P i
20 Geoje E - h 15 PP N
21 Geoje E + h 15 b ~
22 Geoje E ++ g 15 . ;
23 Geoje E ++ f 15 P ;
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Table 7. (Continued)

RT-PCRH Symptom
Mo, Sites band BSCP St om-
intensity Age Vigor" pitting'

24 Geoje F -+ h 15 EE e
25 Geoje H ++ h 15 + -
26 Geoje H ++ E 15 r -
27 Geoje H + o 15 E ~
24 wando B + i 15 e +m
29 wando B + 15 e +m
a0 wando B o k 15 +E .
3l wando B t | 15 . s
32 wando C t m 15 . s
33 wando C + m 15 e +fm
H wando C ++ k 15 B e
35 wando C ++ i 15 B e
a5 wando C o k 15 +E .
K1) wando C t k 15 . +f-
33 wando C t i 15 . s
39 wando C ++ i 15 ,.,. e
40 wando C t k 15 ++ + -
41 Goheung A ++ n 15 e e
42 Goheung A ++ o 15 r e
43 Goheung B ++ g 15 E +/=
44 Goheung B ++ o 15 E +/=
45 Goheung B ++ o 15 r e
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Table 7. (Continued)

RT-PCRE Symptom
fai, Sites band S5CH Stem-
intensity fe=  Vieer pitting'
46 Goheung C P E 15 e e
47 Goheung C ++ o 15 ,.,_ +f-
48 Goheung C ++ a 15 - +f-
44 Goheung [ ++ m 15 . P
G Goheung [ ++ P 15 £ e
a1 Goheung E ++ f 15 FEE e
h2 Jeju A ++ fi 20 + -
Gl Jeju A ++ p 0 £ .
o Jeju A ++ m 0 + HE
ah Jeju 4 ++ m 20 + e
b Jeju A ++ P 0 e -
oy Jeju A ++ i o0 P -
o Jeju A ++ i 20 P -
54 Jeju 4 ++ i 20 P -
il Jeju A ++ P 0 P -
1 Jeju B ++ h a0 . s
52 Jeju B ++ h 30 . +m
63 Jeju B ++ h 30 . +m
64 Jeju B -+ m 30 . +im
&5 Jeju B ++ h a0 g +f-

*Vigor : Strong (+++), Moderate (++), Weak (+),

bStenrpitting . symptom intensity is scored from - to ++++.
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M1 2 3456 7 8 910 111213141516

abcde f ghij kI mno p

a9 12. A typical pattern of the p20 gene of CTV when analyzed by
single-strand conformation polymorphism. (A) PCR-amplified product from
yuzu at the different sites, expressing 16 haplo —types by SSCP analysis. (B)
SSCP analysis of the cDNA obtained by RT-PCR using specific primers; M,
1kb marker; lane 1, haplotype a; lane 2, haplotype b; lane 3, haplotype c; lane
4, haplotype d; lane 5, haplotype e; lane 6, haplotype f; lane 7, haplotype g;
lane 8, haplotype h; lane 9, haplotype 1; lane 10, haplotype j; lane 11,
haplotype k; lane 12, haplotype I; lane 13, haplotype m; lane 14, haplotype n;
lane 15, haplotype o; lane 16, haplotype p. SSCP analysis was performed by
electrophoresis under non-denaturing conditions in 7.5% acrylamide gels, at

4C, and 200 V for 18 h.
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91l A3k #8ol AN h typel 6571 F 9E b wol et
o (14%), j typeol 1AZ 714 AA Jebgt (2%). AF<F 1549 o
8 &9 haplotypeol A5l A< & & ANT, BAA G 27) strain
Fal X g3 EAQ o] YElUE A4S Btk AFA G = A 2§ haplotype
o YetuAl exgkom, it FA1o el A gol EAsk= haplotyped} & &
oz FAH Y& B 5 Utk ol HAUF HEr R et A

Aol Fda euA HlelH A A AP E FAE = AR FAH

Table 8. Distribution of SSCP haplotype p20 gene at the different sites,
southern province and Jeju Island.

Haplotypes (p 20 gene)

Totalk a b ¢ d e f g h i j k | m n o p
Namhae 8 2 1 2 3
Boseong 6 4 2
Geoje 13 3 2 3 5
Wando 13 3 1 5 2 2
Goheung 11 12 1 15 1
Jeju 14 4 3 3 1 3
Total 65 2 5 4 3 3 3 5 9 6 1 5 2 6 2 5 4
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Ul A =33 CTV 1671 haplotypes®] #< #AE #43 A7 A
(e,m, 0, A" (b d g hinp,Bcm),CHijk D 4a15es s &
At (18 13). oo 71x3te] oA 7] BaiE CTV strains9}o] £

AE EA8T (29 14). A IF (e, n, 00 T315, T362P1, 190, T309, T300,
T385, T340, T311, T398P2 &3 7b¢ <Hatdi A" 1% (b, d, g h, i, P2
T405P2, T398P1, T405P1, T346, T373 %3, B 2§ (a, ¢, m< DS2CT,
Seedling Yellow, T-36 ¥, 283 C 1% (f, j, k, D& 386P1, 65P1, 519P1 %
3 74 AT A9 AN O E diEE AEdeA EA4F Y Bad
strain®] o] ¥3gtx|o] Qo B I1FS AdQl, AR AjAgol FoA, g
i C agdAe ofJE, w=(Agxol), 2#H<l oA KHilE strains ¥ 7
< I ddd &l dATh mepA 8 vkl Al £48 CTV isolate (16719
haplotype) 0] 2391, v, o|FE, B T 9%e] ol uietelA Hug
strain 53 EAHO] 21&e & F goH, ol o] e dd g wa)A
Aol om o2 yEtele] F - EFo] BHEA o] Fo|X & vl el o
2 vebel A AuiEE Bl A e el nlelelzvt FEE FEE $v) et
felHo] & Ao 7 FArhEolFir)
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T— CIV-b (Korea)

Gl
| = CTW-h (Korem)
mu[ CTV-p (Korea)

— CTV-i (Korea)

H CTV-d (Korea)
3 E'jmr_ﬂ mﬂﬁﬂ} =
CTY-ofKoreal |
| CTV-2 (Kaorea) A

s ?5'— CTV-n (Korea)
?';'l—— CTV-¢ (Korea) ]
{ CTV-m (Korea)
L= CTV-a (Korea) =
CTV-j (Korea) ]
CTV-f (Korea)

[ T = — TV (Korew) | C
@6 ——CTV-l (Korea) |

T

100

19 13. Phylogenetic dendrogram of Korean isolates on the basis of 16
haplotypes sequences. The branching pattern was produced by the
neighbor—joining method. The numbers at the nodes indicate the levels of the
bootstrap support based on a neighbor—joining analysis of 1,000 resampled

data sets.
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19 14. Phylogenetic tree based on a comparison of the p20 gene sequences
for citrus tristeza virus. The branching pattern was generated by the
neighbor-joining method (Saito and Nei, 1987). The numbers at the nodes
indicate the levels of bootstrap support based on a neighbor-joining analysis

of 1,000 resampled data sets.
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¥ 9. Comparison of symptom of yuzu(C. junos) and nucleotide sequence in
17 different haplotypes.

Group Haplo  Sample symptoms Sequence regions
type No. years vigor  Stem-pitting ~ 9roup
1 a 2 10-15 M -+ C Nambhae
2 b 5 15-20 M-S +7- A Nambhae, Boseong
3 c 4 15-35 W-M + C Nambhae, Boseong
4 d 3 20-40 W-M +++ A Namhae
5 e 3 15-30 M-S - B Geoje
6 f 3 15-30 M-S - D Geoje, Goheung
7 g 5 5-15 M +7- A Geoje, Goheung
8 h 9 15-20 S - A Geoje, Jeju
9 i 6 15-20 M +7- A Wando, Jeju
10 j 1 15-20 M +7- D Wando
11 k 5 15-20 M +7- D Wando
12 1 2 15-20 M +7- D Wando
13 m 6 15-20 W-M + C ‘Wando, Goheung Jeju
14 n 2 15-20 M +7- B Goheung, Jeju
15 [ 5 15-20 M +7- B Goheung
16 p 4 15-20 w +++ A Goheung, Jeju
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AqEdS X319 CTVEY mild strain® severe strain®] A genomes

5l A3 57 UTR region oA Wol7} &x8e &g 4 A}t (2™ 1
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hs 57
Forward primer= mild / severe strain® z}ztol]l Eo]|d oz Ag s} 2%
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2 A Zsl9 al reverse primer: mild / severe strain 5o ta] A
55 AFRstth olek #Zo] A primerE AF83Fe] mild strain®} severe

straing 7 4 AAJT (298 15-B).
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2) SSCP &4 & &3 o5& nfolezo] A
SSCP W& o]&% =l & velf=e] =3 7] 44 JId W
HE FHete AAoA FAHE VeI AAE o] &5t oFF nmoly g A
o} FWe] EE3E CTVY hyplotypesE FE3l=d AW p20 A=+
9 A CP w8 B9 A= SSCPE A A8t profilee] UX sl
AL A g FAATAL AA FAEZAG A milde severe straing A%
stttk mild strain A2 CTVel #dd 2594 FAUSF  SodA
stem-pitting, seedling yellows$} Z2 9% FAS Holx| gowxr A7 =
I AT RS 1 ew AASYT SSCP analysisE Eal F23 27090
bands& Hol= W& AdAste] H4-E FHsEAh severe straine CTVel |3t
o wWAol FElstal FAZE ofstuA FEFo] WolA= UFE AAT F
SSCP analysiss g & M= HE 571 5 ~ 67] vhdstiA H33stA det
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Scions A Graft A Sequence homology

M1 M1’ ND=s
5 5 5= 5 (100%)
Ni Mi1=N1 (100%)
a ot determined

ScionsB Graft B Sequence homology

Mz | M2’ Ma= M2' (100%)
5 g 8= 58' (100%)
N2 Ma=N2 (100%)

2% 18 M1k M2 Zhzbe] wap wholel i@ aatE EA A
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5. "folz 2z wilE HE W 54 ®A
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6. 2R 284 7IFAEY AFE A% AL AR
I vpole s AE &olatAl at7] flste]l zHE wioly 2o FHHFE
= Mdstaar 1759 HARAE #d FHAAE 24
dd FAARE o7 F el =<918Fe] antisense EE
AAlstel A A =35 starat AlgedTh e of
Woolyzt Ak A E RNA wpo]zxe] 7]F2AEZ AF
b2 gthe Wael dudd Aael oste] 2akd R A EA oA A sk
AAE AT SHANE g mtelgl2E 28 V1T A=A TV HEA =

Ao w AHgE I e olFot HHl 55 o] &3 sie] Fasith o7
3 Ko N
=

11 12 13 14

_56_



F 9. W71l Had W AR dd A4 2 2L AP AHER

primers
’ Gene name | Forward (5-3") | Reverse (5-3") ‘
ndr atgaataatcaaaatgaaga ttaacgaatagcaaagaata
eds acgcacttgggagagaaaa ggcttgacactttggcttct
Isd1 agctggtgtgtcatggttot ctcaccaactttccgctttc
plc agaacgcgtttcaggatgtct cttcaggaccattggagagc
aos gctccgggotttgatcactaa cttaccggcgcattgtttat
lox acccacggcctgtacttggagggac gcaagctcagctctatcaccaacgg
cat ccttacaagtatcgtccagctagtt cacgtagtgagctttgccagctttg
pld gcagcatttgcctgtagga attgcaccgatttcagttct
cprb ggatgtttcgaaagctgcat gcgaagtctctccattcacc
vsp ctcctcgaatcgaacaccat ggagcttaaaaacccttcc
sam2 caagattggtgctcgtctca ggtgaagtcagggtcgtcte
pri tgaatgaaatgtcgttctttgg aattccccggaggatcatcg
npri tggaaggtagaaccgcactcatgat  tcaccgacgacgatgagagagttta
pal aggaatcagctccggattctttgat agttttgcaagacgagattagtccc
gst ctgagaaagaagaagtgaagctttt taagaagatctcactctctctgcca
pdf1.2 atggataagtttgcttccatc ttaacatgggacgtaacagataca
pox tgcatttctcttcgtcttcaacatc cgtaggcgtacgtagatcaaaatct

7. 39 7+ mpolEl A S W =4

9] ZAF wloly A9 =Yy =28 935}

we] FxZ CTVSH SDVE 2% wgky, AFAEdT

WE o] RyFolt), F7F& oz tute]| A nlo]Zol= 7+
i = Q

24 Bl 7
Sud 4FR9n AGEFAA 34 Fol Ak T dlolZol=ske] fol B
Ag Bastel Aan S0 B8 ol Y gEY Adel BEHuA @

x

Hpolgl A~ FEg = A (FZE 1 38 T, okzk 1 25 C)3 F A Aujeka)
of Aitstdon AstE FERE 2Fo Hoo] Add WA A By wjdH
i ek @A AAslY BZAsan e F5 EEE F 13570t o5 A
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A2 (F=3F 38 T, ok 25 T) : 1-271€
!
shoot®Z FH AAA (FH(F 0.2mm, 2-370¢] leaf primordia)
!
DA A(STG-S medium)ol A 4F7 A el = wfeksl Walg &
=H (A}, sh=)

TE E7]0 AAEd g T eri el AFHE RS A
KA A] o) A (STG-L) l2° 17F S Eell A i<
1/2 =3 stolA 2T7Jlﬂﬂ° F @2z 7H= 2d)
gk Fxd kel A 2—8?}7& i (Mg e 24)
l%@l%(‘%x})

<A> <B> <C> <D>

9 20. Virus-free stock A|#HS ¢ %+ shoot tip micrografting
A: 2709] leaf primordiaE shoot tip
B: sty WAE S AP 5 wa o1 glo] <t
Ct AAufA ol A ¥+ L, shootingo]l ¥l U= 4 A
D: 24 A} thio] ol HEE E4

¥ shoot-tip
R

Al
Hl A
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Table 10. Number of virus free stocks and cultivars
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FEREE A AT #E AR vtelys 7Y AHE s
skl FHAFT|HAA AT A oA =T FAE o] &3t

()]
ELISAZ o] §ato] njolgjze) 7l o2 elelglvh.

Table 11. Citrus cultivars used as sources of shoot-tips and infections of

citrus virus shown by indexing with ELISA.

Isolate | Cultivar Virus infection Isolate | Cultivar Virus infection
CTV | SDV | CTLV CTV | SDV |CTLV
MS-1 ESM + - + MS-23 YZ + + -
MS-2 YZ + - + MS-24 YZ + + -
MS-3 |Shiranuchi| + - + MS-25 YZ + - -
MS-4 YZ + - - MS-26 YZ + - +
MS-5 ESM - + - MS-27 YZ + - +
MS-6 YZ + - + MS-28 YZ + - -
MS-7 YZ + - + MS-29 ESM - + -
MS-8 YZ + - - MS-30 YZ + - -
MS-9 ESM + + - MS-31 YZ + - +
MS-10| ESM - - + MS-32 YZ + - +
MS-11 YZ + - + MS-33 ESM + + -
MS-12 YZ + + - MS-34 ESM - + -
MS-13| ESM + - + MS-35 YZ + - +
MS-14 YZ + - - MS-36 ESM - + -
MS-15 YZ + - + MS-37 YZ + - -
MS-16| ESM + - + MS-38 YZ + - -
MS-17 YZ + - - MS-39 YZ + - -
MS-18 YZ + - + MS-40 | Shiranuchi + - -
MS-19 YZ + - + MS-41 | Shiranuchi + - -
MS-20 ESM + - + MS-42 | Shiranuchi + - +
MS-21 ESM - + - MS-43 | Shiranuchi + - +
MS-22 YZ + - + - - - - -

ESM; early satsuma mandarin, YZ; yuzu, Virus infections were evaluated by ELISA, +; positive
reaction, —; negative reaction, CTV; citrus tristeza virus, SDV; satsuma dwarf virus, CTLV;

citrus tatter lef virus
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Table 12. Percentage of virus—free stocks by citrus viruses.

CTV SDV CTLV

Early satsuma mandarin 66.7 (4/6) 100 (7/7) 100 (5/5)
Yuzu 76.9 (20/26) 100 (4/4) 80 (12/15)

Shiranhi 80 (4/5) - 66.7 (2/3)
Total 5.6 (28/37) 100 (11/11) 82.6 (19/23)

micorgraftingol] A}-&3t+ shoot tipe] =7]o u}
B= gl A3 CTVY 7459 shoot size’} 0.3

mm VI Rbd Wb SR Ak b F9ke ™ shoot tipe] A7I7F ARFE A
o

Table 13. Effects of shoot tip size on successful rates of shoot tip grafting

and rates of virus—free plants in citrus tristeza virus.

Cirtus Shoot size % oérsa%&%egssful % ofpggg; free
less than 0.3 mm 16.7 100
CTV 0.3 - 05 mm 31.7 85.7
0.5 - 0.7 mm 42.8 66.7
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9. k% mholef A

o= wlolg s o]§3 WA HEE FulE| 9
CTVell disiA &4 @o] Alg¥a 9o
= Ao A= oF=A wpole] 29l CTV MI6A°] HEH
oB2HE FAHIL JdE AAHot B AFAAME 5 nlolAE Auts}
CTVelHFE FolA WAool AU =3 Wkt HAS Ho|= E
A 13 o2 Metste] AE HAS AAISHATH

CTVel tigh of5A wlolejxe] Auta} o] oA wlolg|AE o] &3
croos—protectiond] that A WiE FHATV| A HyPste] 3o o
of tig 4

ks
T FuATI A A s

10. vfo] Zol=o] W3t B 1

7H 2L A E HAAR dEA Y vlo]Rol== oujuwiAo] glal
wf) 7] R 9% (rod-shape)®] 7%= 1 gon Yo drlg RNAR F4 50
A= 246-463nt =Z7]19] WYX EAoltt (Duran-Vila 5, 2000). AF7FA 7=

T3lE Ao Huy nlolRolul 7Eo] 4HA Y}t (X 14).

=2
-
o
oN,
o
Ho

Table 14. Symptoms caused by citrus viroids and its size.

oI
s A 71 (o) Stunting Leaf epinasty
CEVd 370-375 severe severe
CBLVd 315-329 mild random
CVd-I-LSS 325-330 mild? ?
HSVd 295-303 - -
Cvd-III 291-297 moderate general
Cvd-1v 284-286 moderate random
CVvd-0S 329-331 ? ?

(Arizona 861-S1 Etrog citons (Citrus medica) oA 2] ¥HA)
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B3 197230 LB A Aol A A A (‘Miyakawa' wase (Citrus
unshiu Marc. x 'Trovita’ orange(C. sinensis Osh.) ¥ %7%+(Nakano No. 3’
ponkan (C. reticulata))S 3 ¥|&}e] wHEo Wl & F(Matsumoto, 2001) 224 -2
vkl = “ghebg” olgkal e Aar vk FASkE 90d W 2FE AulE 7
Al&Fsto] & 2ol = AT A F 73%ha (2003 715), oF 1,667¢] 7l Al Al
s oL oIS W oy} el dojel Ak Azt FUhHEA e nFEE
Zolth H FA3 FFoNA dEF9 2 A BMAAL FAZE oF3 =
2olu 3| FAo] A Jon o]EEFH Hlo|RolEE F

Askdvr (29 22).
AT gl wAst= HlolRol= FRE LolrR 7] f5te] nlolrol=

o] AYPA< bark scaling T8-S Holv #E UFEFEH RT-PCRE o] &3t

ARAQ ol

Hlo] 2ol FFE A3tk RT-PCRoll AFE-3F Zeto]n = Tto 5(2002)¢] 7Y
W AL AgIHAT (E 15)

a9 22, (A) Viroid rkafdua 5735 < 3yl Bark scaling <5, (B) Viroid 7+

doll wE FA o3t % &3 4



Table 15. Primers for RT-PCR analysis of citrus viroids

Name Target Product size (bp)
CEV-AM3(-
= CEVd 371
CEV-AP3(+)
CBLV-CM2(-)
CBLVd 233
CBLV-AP2(+)
CB2-CB(-)
CVd-I-LSS 247
CB2-AP(+)
CV3-AM(-)
HSVd 302
CV3-AP(+)
CV2-AM(-)
CVd-1II 271
CV2-AP(+)
CV4-AM3(-)
CVvd-1v 209
CV4-AP4(+)
CB3-AM6(-)
CVd-0S 166
CB3-AP+)

RT-PCRE F337] flste] zzhe] v 258 03-05 gof Aes A
#38lo] Trizole reagentE ©]&3}o] total RNAES F&3lo] AF&3lch 5 ule
RNAZFE cDNAE F4ste] 3 DNAR AR&stgler o] 21 1-5001) 314
skel Abgai Aat 100W) s14E cDNAGIA L F3lahA] npo] 2
FZPe o % AUtk =3 Mgel FEe] wE PCR 21< 2% 23} 25 m
Al vte] ol = fdAkE SHARAT ImMA M= F23] TF

A = A} Zelol ™ o] annealing temperature®= 65Col A 713 FE35}
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9 23. cDNA el w& PCR H A3} 7t wpelejxo] ¢J&%45H 1, 1/10, 1/100,
1/5009H

a9 24, MgsEel @& FHA 3} lane 1, Mg2+ 1mM; 2, 1.5 mM; 3, 2.0mM; 4,

25 mM

19 25. Annealing Temperatureo] W& PCR A 3}
Lane 1, 4, 7 : HSVd, lane 2, 5, 8 : CVd-0S, lane 3, 6, 9 : CVd-I-LSS

_65_



ol ZA¥E Fdste FAEFUFEFEH wlo]Rol=Es HASHY] AT
PCR x712& 94 TolA 10 w3t first denaturation ¥ 94CelAl 30xE<H
denaturation dtaz, 65ColA 10% %< Primer annealing 3$HH, 72Tl A 10% %
o} Extensiondli= WHoZ 35 cycleE T3 th wlA " extensionE 72 T

A 5E3F AAsEAT

<upolzol= FA>

9ol zatolm S ol &ste] AFEY FEFEFE Hpo|Ro|=E FAG
A3 HSVd, CVd-0OS 28] CVd-I-LSS 37] Fo] =45 e =3 CBLVd
L Tdd Ar)e] Mert R8s Qs 47 S5 FAAe] dVIMd
S ZAE A3 HiF 97-100%9] homologyE Ho] o]Eo] 7HFo|A By Ha

a7 26, EY-LICV-2) isolate®] PCR +4 % A7|AE &4

- Hop stunt viroid isolate CVdIla205-2-1 : 100% homology
- Hop stunt viroid isolate CVdIla205-2-4 : 100% homology
- Hop stunt viroid isolate CVdIla54-2-1 : 100% homology
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¥ 27. E¥ 1-2(CB-3) % E¥ 2-2(CB-3) isolate®] PCR #4 H
F7IAE A
- Citrus viroid OS variant 3Y3-S : 97% homology
- Citrus viroid OS variant 10SA1-IW : 97% homology
- Citrus viroid OS variant TS : 96% homology
- Citrus viroid OS variant TS : 10096 homology
- Citrus viroid OS variant 3Y3-S : 99% homology
- Citrus viroid OS variant 10SA1-IW : 99% homology

a9 28. 3d-3 isolate®} 46 isolate?] PCR #4] 2 d7]4qd &4
- Citrus viroid-I-LSS variant TS : 100%
- Citrus viroid-I-LSS variant 9K-S @ 98%
- Citrus viroid-I-LSS : 98%
- Citrus viroid-I-LSS variant TS : 100%
- Citrus viroid-I-LSS variant 9K-S @ 98%
- Citrus viroid-I-LSS : 98%

<AA F7tE FH wolRol= HA>
AA s7FREE vlolRel=o] 4 o] F-5 ALY §la 2070 el
3652 A Ax 127) 39 2@ ¥R 21F 2 Ky nlo|zol=r AZE Q)
(E16). 1A 2A} 79 Fo]= vlolzolE w3 ZAoRm HuE E7% X
i

A7} o) o] Aok gRow AZtHT)
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¥ 16. Survey analysis of citrus viroid occurrance in Jeju island

~9ts | BF |2 o Revezas %

vl A | A B 2 + HSVd B
=<3

m] B | 2X3}| 2 + |HSVd, CVd-I-LSS, CVd-0S J—%%

=9 A | 3A5| 2 + HSVd, CVd-0S %

ER B | 2x35| 2 + HSVd s

A A | A® | 1| + -

AF=A A | sk 1 + -

ohel A | BX3H| 2 - HSVd

sE A (WA 1| - -

BEA | RAS | 2 | o+ - 5

sa B | 2A5| 1 - HSVd %

std C | FAs8H | 1 + |HSVd, CVd-I-LSS, CVd-0S| =%

gl A | FAF | 1 - HSVd, CVd-0S s
FHE A | FAZ| 3 + HSVd =
o9 A | AET | 2 - - }-3}

- A5 2 - |HSVd, CVd-I-LSS, CVd-0S s
e A ez 1 - - 313}
"9 B | FAZ| 1 - |HSVd, CVd-I-LSS, CVd-0S| -
do A | FASH 2 - - M16
stel D | FASH| 2 - |HSVd, CVd-I-LSS, CVd-0S =

;jgzz A 4 - - M16 B

Iy
I

ZAZG 5020, F RA F5 0 367, Hhol o]
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M 6&. sfel utst 7= &

Aol 71Z3F ELISA W2 Fd o=z folstar 3hHstA wlole] =
2 AAS ¢ g7 yEo BHHEFH o7 wol] ALEEo %t} (Aramburu et al,
1991; Rocha-Pena et al., 1991; Niblett et al., 2000). 2]} & o= RT-PCR
Wi o] ARgo] AubstE a1 e FAlelt) (Lair et al, 1994, Mattew, 1995; Ito
et al, 2002). RT-PCRel 7]%3 WS Ao 71 xste] /Aadd AAHEG 7
L7 Fa &8 AevE bl wEelt 539, }—’F Hlol ¢ 2= Aldol| wE
st7b Alstal &b 545 zh=t RT-PCR WHES &9 wlolgfx2k AA
o] 7hsstE R olyg AokS WA Fa & 7?“;}1’%. F ol &= real-time
PCR ®WHo] 7atso] A& nHio]g] 29 74X4°1] g&¥ i 9t} (Lunello et al,
2004; Mumford et al., 2004). Real-time PCR "2 7|2 RT-PCR WHHT}H
Bk Holjvhar, npole o] Uy sAlel] HHE wpolej o] AFo] rhsa)
thoEd FAAY] FFo] 7|E W ET g2 A7 Yol o]FoA i HI|FES
oA ol FEHH FA|o] EAo] o]FolxER FEA ot et 17t A
ofx} u7F dasty] witel] AA7HA= BAstE QA eth

H CTV A9k #dste] @o] #3345+ A+ SSCP WS o] &3
Hpolg 2~ 9] Wo] 2 EX ot} (Lopez et al, 1998; Ayllon et al, 1999; Kong
et al., 2000; Rubio et al., 2001; Sambade et al., 2003). SSCP= A #H3 H|& o=

=
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ProductionofCitrus Virus—FreeStocksby Shoot TipGrafting andHeat

Treatment
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Suwon 441-707, Korea

2Department of Genetic Engineering, Sungkyunkwan University, Suwon
440-746, Korea

SPlant environment division of the National Jeju Agricultural Experiment
Station, Jeju city 690-150, Korea

Abstract

The plant infected citrus viruses was made virus-free stocks using modified
method of shoot tip grafting (STG) in thermotherapy at 40?for 16 hours in
the light, and at 30? for 8 hours of darkness for 4 weeks. Trifoliate orange
(Poncirus trifoliate) or Natsudaidai were used as rootstock seedling for STG.
Percentage of virus—free stocks by citrus viruses in citrus tristeza virus
(CTV), satsuma dwarf virus (SDV) and citrus tatter leaf virus (CTLV) were
75.6%, 1009, 82.6% respectively. Shoot tip size on successful rates of STG
was as small as possible, rates of virus free plants were higher. However

survival rates were low.
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ComparisonofviralRNApopulationofcitrustristezavirusofgeographically
differentareasby SSCPanalysisfromrepublicofKorea
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Suwon 441-707, Korea

2Department of Genetic Engineering, Sungkyunkwan University, Suwon
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Station, Jeju city 690-150, Korea

Abstract
The objective of this work was to analyze the population of sequence
variants of citrus tristeza virus (CTV) isolates in Korea and to make the
phylogenetic trees of CTV in Korea. We also tried to analyze and find the
mild strain of CTV to apply for the cross protection. The CTV isolates from
yvuzu (C junos) collected from different geographic areas of Southern
provinces such as Namhae, Geoje, Bosung, Wan-Do and Goheung and Jeju
island, Korea were used for single-strand conformation polymorphism (SSCP)
analysis. The SSCP profiles of the c¢cDNAs obtained by reverse
transcriptase-polymerase chain reaction (RT-PCR) with primers specifically
designed forthe p20 of the CTV population. The SSCP profiles obtained from
142 PCR products in yuzu contained two or three DNA bands, whereas, in
some case, others contained four or more bands of similar intensity. The
genome of the 16 CTV haplotypes in the The SSCP profiles was completely
sequenced and compared to the genome of the CTV isolates for gene pZ20.
The genome of the 16 CTV haplotypes shows nucleotide identities of 83 ?
99.8% with the genome of the CTV isolates for gene p20. The pathologically
mild isolates of CTV wusually yielded two DNA bands by SSCP profiles,
whereas the SSCP profiles of the most virulent isolates contained more than
two DNA bands. Comparison of these haplotypes with those from other
isolates suggests that some CTV isolates could have arisen as result of a
mixed infection of two divergent isolates. Plants shown severe stem pitting
were corresponded to those plants with typical SSCP profiles of severe

strains.
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