UNARED
SHAIATINS : RDG 720016
4‘ o aa 1 a dl aa o =Y
¥olATIms : NIWELNRBNINNNEINAne e tade tanvisaeanaeadulu
szmnalne
a o ao o a1/ 1/ . 2/
Aa1niae S0 anh -, antleq wela " uay John Milne

L ADIENINEINTEITNTNR NUNINLUNERIUANVATUNG
AULANENAIRRT NUNINLAENTAA
E-mail address : ratana.sd@psu.ac.th

5EZI9A1ATINTG HUAN 2547 — WO ARANIEW 2551

1
=

Tunrramadainesmaiing lagaaasiatinelsadunifuaniuilannnniaaag

a q

1
o =

dszwmelng wugeesRamevzamen liaanaiugguussi lianisanduuludulamaun
A a = 1 o dl 14 =
NAWNE A.1TENTIE WAL ATl WATNIARYIURANT A.9TEY LAY A.ATIA  ANEININY
wunnena a.anys  dulanuuarnzunanulunialin ani uar a.6@a AINAAL
o o [ £ + a dla o Y t:ll = dl 1 9
dwFuainisansuguaedlsavzamaniiaiudulemsuiaougusaiasny lupaunganddu
1adu  uaznuitetadnleny  (Audeelud uar Aef) duqn (asaan)  Eudeonanu
= a dg/ a 3 a a 9
(R.UATATETINTT) LATHNZUN (2.497AN) Ramayisdnan nsauasidnaa1ni1sneln g (v&ulula)
Wendntes  wananiwunsiamedoNszdnwzane lfauazuuanFaanmnlsnaasanai
Tusatnalspdutszinn 48 wefidud  alinvesdunnunisingesinpe Auledauuady
=~ Y 5 v 9 3 da & o~
ameasualunamide dulanuuazduqnlunials dulanuiasduannmnmesiuiaInIsIumne
1Y dl 14 = & o o o—d’l a o d‘ % o '
nidulameuiarduainenisud  nanisRnuunaaugaevzamen lhianuanldainsiatielsn
Aulnoa ABANHUZANILUNTNAGALNLY  WUITRANWETHILNT TR sa B LT eI

[

68 lalaian uazanesiugaauatuau 12 lalaan lunnsdrenesieusnisevisanmiloialneuuas
g X gy e
Wzwateauds  (Toxoptera citricida) WuINWALaeudnananme bUdiNmm agau Nz i
8m31 5-15% IasdanIINIstNenanmaatiuiIuLe (10-15%) gandnanaiugaai (5-10%)
WAZHANITUENITE IALILNAININELNTNNIAAITE SINTBI AN UGB ULAT AN U TS s
weaotiy arnnisAnenlassaiennaluanfudnfameasiugansuly wulnssuaanuay

14 1 1
Tnjidurnguenas 0.2-1.45 uu. Warunely 4-7 ddanineudsnaasgaanainision



ty

dgl/ dll a2 %// dl o L% J 1 %; dJ [ % 1 A | + dl dlil 14
LUBLEBLATEULUNABN VI’WIVT]QNL"]J@@Vlﬂl&’]‘ﬂ’]ﬁﬂ’]iﬂﬂ%\ﬂﬂ/‘l?\‘i@\‘iﬂ@’]ﬂlﬁﬂ ?@QMN‘V]‘]J?’WQIMLM@VLN

o

¥ 4

wanantiilszaunadialuniseneiugimevsaman lhialullslananasfuesenguanuoun - 12

o [ &

Tolaian wanifuansiugarsiuln 9 laloan areiugquusaiunans 1 lalaan uazanaug

q
] [

aau 2 lalaan neilivalfiduunasdnsasiugnssuaaamavsaman ianwululssmalne
annsAnsaiugnesiilaenidsiiu  p27  sesdevEawmanlaianuanléain

sinagalsaduludseina Tnaldimatin SSCP (single strand conformation polymorphism) W11

¥
e a o +

AN ma NN I INAIN1TAFLUNLULLAUYEY SSCP wHauliy  iHadiAssianfuiLdaag

3 3

IWARUGNITN p27 UNTINEBRUTAFULN CmO1 AN A.Tenlua uazanaiug TS12 10 4.A%

Q

HanduasINiuggn 99%  WemesuiuaieWugsnalszma @1esiug Capoa Bonito a1n

ﬂifzmﬂmﬁ@%qﬁﬂﬁtﬁmz‘i’]ﬁuﬂﬂuzﬁm@L?u@T Randuiuasaniuaeiug Cmo1 uar TS12
98% Tunsulassiaiugnasuiilunsneriiuaesidsiu p27 wudililsiu p27 289 CmO1 Ay
Ts12 finsmesdluumnsneiuiidumied o Wessumbaien uwilANAI9aINaneugear SM4
ArnumisAe 53, 67, 154 Uz 207

&

Slerelausiaiugnas  p27 ?J@QL%@’&ﬁﬂﬁ/uh; CmO1  avlwmadidantinu
Escherichia coli (BL21 star DE3) 41813080 tN IHEUNan1UshY p27 tWeemsanunigiEedue
seslusiunananlulammsessadidntulagdianlnsiiiada (SDS - PAGE) vianiiesaniilsiiu
HaNARvasEl p27 gnilaaanldsaa Lumio tag (Cys — Cys — Pro — Gly — Cys — Cys) HaBasuas
a@mlﬁ@ﬁﬁﬂﬁﬁ?mﬁmM@m (FLASH, Fluorescien Arsenical Hairpin binding) wenlisfu p27
aanantlsiuaulngldunanAatia (magnetic polystyrene bead) HAuNNIFATinaanENARL
(6 x histidine tag) @Wﬂ‘&uﬂﬂﬂ?ﬁuu?qm‘é p27 ldudamnueuREiu (polyclonal antiserum) la
nszmnel m@m?mmmuﬂ?zﬁmﬁmwLL@zm’m"LmqLmumﬂ@@ugauﬁ@'mﬁmmLmuﬁvﬁmm
Tilshiu p27 ‘Wm'wLmummauyﬁuﬁﬂﬁﬁ?mﬁﬂwammqrﬁi@L%@w?mmsmifﬁ@mawvuﬁ: Sm4
uaz CmO1 uavsialilsiiy p27 wiazlineuguessalilsiu p25 uazduinfdlenagauingdlam
Tnaiifiseneuauesgeqaniullsiin p27 uarmeuauadsia SM4 §and1 CmO1 UNNNINABL-
yawrestlsfiu p27  Wuffengegeiianudindu 10 lulnanuseRaddn uazlifdfnsen
LReiTaYIAATN

TnFatsgnanuananilaitiadufin@eaewug SM4  UATWLAUNNNINAALILAUTBILA LR TN

u

a d’f PR yd‘ Y v o A aa ail/ Y a a
narudaldnaududy 0.1 ulrnfurediadans wenanilinanuaumins

%

¥ ¥ ¥
1iall AUTeneuauesdIIzaNzadsiaimoaiig SM4 49091 CmO1  Tistiidss@nanw

Tunsasadmavsamaiialaamaiinglasn  (0D405 nm) INAAENAULNNNINABLYALNAN

a

% dl Dd‘ o ¥ Y g 1 aa
n19An Waldnszauanudingi 2 1NIﬂ?ﬂ?NW@N@@@W?



mnm‘;‘ﬁﬂmemn@@ugaﬁ@'mﬁmmLmuﬁLsnﬁ*mmL%@W?mmem%?@u?zgw%rm
VlmmmfmL%@iqi*mimmmﬁﬁﬁmﬁum?ﬂ ‘Emlﬁmumm@ugauﬁizﬁummlﬁmﬁﬁu 100, 150
waz 200 Wlnsnfusiadanans waaLEAAWINGa119 (solid phase) wazidnaindaTay (dye
marker) wuidaafindanafiannududu 05% Bune 5 lulasans setheliuunsduna

auyluassluazldnaiinddanndndu  0.05%  awnsnldnssuamensaman lafantsnglu

u u

v v 1
o o

1NAWARAT 1:5, 1:10, 1:50 uaz 1:100 TmedsnguouATunLnuEuRTANaINIsoNessiugae
: o X 5 Y oA D = = @ o = = P

pilan TaBnsmmaluindu@Reans 1:5 Tuoudnuyineadiudaaungs Inalacuduaes

Ag9qn 1.391 WadnM8LATadRI9adnd (color meter) uazTUNIINARDIANNAINUUBILHLFTIA

Fethadaanindduoiluszazioan 1 54 1 dlaf 1 1hew 2 1hau uaz 3 e NseAugUN)

7’1 uaz 28 1 wudiudunmanfiuine linnszaznandinwindfiseniuie laFalduoudaumnd
@ v ' o X & o A a o o v = ~ =
newiufnantlan atnaiuinm g 7 % WannduresunudanaiieFaudey
welungaatiiuldn 28 % annanismaaesliimwganmaTeriaman s lasduyuasiy
F39ALTENALAYEUNUATIA 5 W HIENAnANIAW 5 ¥aen HLIATIRTE 5 NaaR WINLALLeLES

5 Wyl NEaNANDUAAIIINNIAIIA



Abstract
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Citrus diseased samples collected from all part of citrus growing area in
Thailand were tested by ELISA (Enzyme — Linked Immunosorbent Assay) for citrus tristeza
Closterovirus (CTV). Evidence from ELISA confirmed CTV infection of citrus samples showing
distinct stem pitting including Ocean (Orah) mandarin (Citrus reticulate hybrid) from Chiang
Rai and Chiang Mai provinces, the North and from Rayong and Trad provinces the Central
plain, Shogun mandarin (C. reticulate) from Trang provinces and acid lime (C.aurantifolia)
from Songkhla provinces, the South. The symptom occurring to Ocean mandarin was more
severe than other citrus varieties. High incidence of stem pitting was also found in Ocean
mandarin. In addition, mild symptom (vein clearing) was noticed on infected Shogun
mandarin (Chiang Mai), Neck orange (C. reticulata, Songkhla), Som Kaewan (Nakorn
Sritamarat) and acid lime (Songkhla). Moreover, mix infection of CTV and Huanglongbing
bacterium was recorded on 48% of examination samples. These were Ocean mandarin and
sweet orange (Citrus sinensis) in the North and Shogun mandarin and Neck orange in the
South. When infected samples were graft transmitted onto indicator plants (acid lime), 68 and
12 isolate of stem pitting and mild strain of CTV, respectively were obtained according to
there specific symptom induction on acid lime. CTV single aphid transmission was also
attempted and 5-15% transmission rates were recognized. The severe isolate was

transmitted to indicator plant in the rates of 10-15% which was higher than transmission



(%)

rates of mild strain, 5-10%. Isolation of CTV by aphid vector also revealed the mix infection of
mild and severe strain in the same tree. Cross section of young twig collected from citrus
infected with the stem pitting isolate of CTV showed small and large pits, diameter 0.2-1.45
mm, locating at cambial zone of secondary growth within 4-7 weeks after flushing. This
resulted in missing of secondary xylem and causing pits or groves in the wood. Later, 12 CTV
isolates consisted of 7 stem pitting isolates and 2 mild isolates were successfully propagated
in Nicotiana benthamiana protoplast as a genetic resource for CTV occurring in Thailand.

SSCP (Single Strand Conformation Polymorphism) analysis of CTV minor coat
protein gene (p27 gene) revealed an identical pattern of stem pitting isolates. Furthermore
DNA sequence analysis of p27 gene indicated that CmO1 from Chiang Mai and TS12 from
Trang, the stem pitting isolates, shared 99% of p27 nucleotide sequence identities meanwhile
their sequence identities were 98% of sequence from Capoa Bonito strain causing stem
pitting in sweet orange occurring in Brazil. Apparently, amino acids deduced from p27 base
sequence of CmO1 and TS12 isolates were very much similar to each other. The different
occurred to only one amino acid residue at position 9. However, p27 amino acid alignment
between TS12 (stem pitting isolates) and SM4 (mild isolate) illustrated 4 different amino acid
residues at position 53, 67, 154, and 207.

The p27 gene from Cmo1 isolate was constructed and transformed to
expression Escherichia coli competent cell. Subsequently, protein expression was induced.
P27 fusion protein labeled with Lumio (Cys — Cys — Pro — Gly — Cys — Cys) and histidine tag,
the expression protein of p27 gene was detected by SDS — PAGE in the lysate from
transformed E. coli. Since the fusion protein omitted green fluorescence when it reacted with
FLASH (Fluorescien Arsenical Hairpin binding) reagent. The p27 expression protein was
purified through histidine tag using magnetic polystyrene bead prior to rabbit immunization
for polyclonal antiserum production. ELISA test of gamma-globulin (IgG) extracted from p27
expression protein antiserum revealed its high specificity to homologous antigen, p27 protein.
P27 IgG also reacted specifically to SM4 and CmO1 isolates of CTV with more reaction to
SM4 than the CmO1. However, P27 antiserum did not react with p25 (CTV coat protein)

expression protein nor healthy citrus. The optimum concentration of p27 IgG for using in



ELISA test was 10 ug/ml and the endpoint of its reaction was at 0.1 ug/ml. In addition,
polyclonal antiserum against purified SM4 — CTV isolate was also produced and it reacted
specifically with homologous antigen (SM4 — CTV) andCmO1 isolate. IgG of purified CTV
antiserum at concentration 2 ug/ml responded to CTV antigen as the same level of reaction
from commercial IgG by mean of ELISA absorption reading at OD405 nm.

Results from immunostrip test indicated that white latex (solid phase) and pink
latex bead (dye marker) could be used to assay CTV in sap extract diluted 1:5, 1:10, 1:50 or
1:100 when they were coated with IgG of CTV purified antiserum at concentration 100, 150 or
200 ug/ml. With variation of latex bead concentration, it was found that an application of 0.5%
coated white bead at 5 ul streak on a test strip and 0.05% coated pink bead as marker
produced pink band (CTV positive) at a test line as determined by visual assessment.
However, the most prominent CTV positive pink band giving the highest color insensity
(1.391) as measured by color meter was obtained from detection of sap extract diluted 1:5
and using 150 ug/ml IgG. Moreover, it was found that immunostrips kept at 7°C or 28°C for 1
day, 1 week, 1 month, 2 months and 3 months still reacted with CTV. However, reduction of
color intensity of pink band producing by immunostrip kept at 7°C was observed. CTV
immunostrip test kit was then developed using antiserum produced from purified CTV. The
test kit consisted of 5 test strip, 5 tubes containing sap extraction buffer, 5 tubes containing

pink latex bead, 5 plastic pestle and an instruction manual.



