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EXECUTIVE SUMMARY
 

The project entitled "Pre-inniunization of tomato seeds to protect against 

the whitefly transmitted tomato vellow leaf curl virus" was aimed at the 

control of toniato yellow leaf curl disease in Thailand. The approach taken 

was to develop a mild strain of this virus to protect tomato seedlings from 

infections by severe strains. 

The virus was purlilied and its protein and nucleic acid were characterized 

in great detail. Viral ssDNA was cled and )NA probe was developed 

to detcct the virus in infected tonlato plants and other hosts with high 

degrees of seusitii\ilv and accuracy. 

The whilefl' Bcrm la. ac' was shown to be the only vector of TYICV. 

its [)iology, CpidemLiology and relationship with TYICV were substantially 

investieated The study learly dtemonstrated that the whitefly could 

acquire 1k Irus or other viral colllonents through membrane fleeding. 
The virus could persist i lhe whiteflh and also pass through eggs. 

lomato yellow leaf culI xirus was I'Mld to infect some wild hosts. Seven 

mild strains of the virus were identified fiomi natutrally infected tomato. 
Tomato sCCtlimws could be mass inoculated , ith this virus lby regenerating 

pl'ltlets ioml TYI CV inlected tissues or by the fceding of viruliferous 
iltellics. Plants in!cctcd with mild straill perlbrIed well in lhe field as 

compared with those infected by severe strain. I Iowcver symtom 

suppression by mild strain was shown to be inconsistence presumable due 
to the instability or mixed population of mild strain being used. 

This research project has accomplished most of its objectives. Research 

results could contribute to the better and more efficient control program fbr 
tomato yellow leaf curl disease. The support provided by AlD/SCI PSTC 

research project has tremendous impact on research individuals, 
laboratories and Kasetsart iiniversity to improve their research capabiliti Is 

and strengthen collaborations with leading researchers and institutions in 
developed countries. 



RESEARCH OBJECTIVES 

The tomato yellow leaf curl disease was observed in Thailand since 
1973, but reported to be a nutritimnal deficiency. The disease became one 
(,,' the most destructive virus disease aflecting tomato production in this 
country. Up to now, there is no resista.it tomato variety found or 
developed through the existing breeding program to be used for disease 
control. Tomato varieties reported to be re.sistant to this disease elsewhere 
were susceptible to tomato yellow leaf' curl virus in h'lhailand (Fig. I). 
There should i;an altenmative method to control this leaf curl disease in 
tolnlato. 

Tomato yellow leaf' curl virts (TYICV) is transmitted naturally by 
the whitefly Bvt'ilulxl I/hlCI. ile wvhitetlv vector has very wide host range 
and can reproduce abundantly in the tropical environment. I lighly toxic 
insecticides arc applied to coltrol B. Ial/rai on tomatoes and shown not to 
be an effiective inean to conltrol this disease. Therefore, instead of, 
controlling the vector, inoculation of tomato seedlings with a mild strain of' 
T YIC'V to pre-inm1nize seedling by the whitefly is subjected to this 
investigatioll. It'this method has proven to be effective, a method for the 
massive inoculatiol of' tomato seedlings with a mild strain of 'IYICV by 
using the wvhitefly vector will be developed. 

Tomato yellow leaf curl virus is a small single stranded DNA virus. 
I lowever, v'ery little is known on the physical and biochemical properties 
of' YICV. The better understanding on some important properties of this 
virus could lead to the better control strategy. 

In summary, the specific objectives of this project are as 
follows; 
1. 	to develop a mild strain of' TYLCV to cross protect against 

severe strain of this virus 

2. 	to produce in it0ro tomato seedlings which is immune to tomato 
yellow leaf curl disease 

3. 	 to physically and biochemically characterize this virus 

4. 	 to develop a method fbr the massive inoculation of tomato 
seedlings with a mild strain of TYLCV by using the whitefly 
B. tabaci 
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METHODS AND RESULTS
 

1. Virus Isolation and Characterization 
1.1 Virus Iselation : Tomato yellow leaf' curl virus was purified 

firom infected tomatoes var. eeda by the method moditied from Sequiera 
and Ilarrison (1982). One kilomram of infccted tissues was hologcnized

I mcaptoethianol.in 0.1 M tris buffler, phl 8.4, containing er Crude 

extract was clarified by adding chloroform to IW0"O, stirred and ccntri figcd 
at 10,000 'lhe virus inI Supernatlant polyethyleneT. waits collected by 8) 
glycol prccitpitation alid iestispelded in 0.01 M tils buffer, p[If 8.0, 
,onitailin 0.005 M YITTA. The lsupernatant obtained fiom low speed 
ccntri fugat ion cfresuspelded virus was subjected to high speed 
centrithtation at 270,)00 t f'or 2 hourS. TIhe )ellet was rCsuspeCiidCd antd 
ceiitrit'u.!ed iI ccsiuIm sullItc piradilit solution (1 .]A8gcin . Viirus firaction 
\was collected and dialyzed in10.()I M tris bnfler, pll 8,) for 48 hours 
bec~re used. 

Result : The virus was sticcessfullv ptrificd from inlectcd 
tomato tissues yielding 80 ig vi riis/kg tissue. Virus yield varied from 
sample to :;ample and was less in ,ld irfocted tissues. \Ve have never 
obsrved a shar) baind of virus :ier cCsi uin sulIhtC density gradient 
cCntri 'lgtwltl( . I lowever, pun liCd LvirtLis preparation was clean and most of' 
particles reniailed intact. Sin1,leo and gcnii nate particles with the ave1agce 
sizes of I8 aid I8 x 3S.8 Ion werte observed in negatively stained 
prcpal-i'tions Fig. 2). 

1.2 Isolation of TI)'V Nucleic Acid Viral ntcleic acid was 
isolated from the pmnified virus suspension as described by Stanley and 
Townsend (1 )85). Pui ielI virus adding with 0. 1% SDS was extracted 
with I:1 (v:v) plicnol-chlorofrn solution. The extraction was repeated 
tw ice. Nucleic acid in the aqueous phase was precipitated vith 2.5 vltiLme 
of absolute ethanol containing 0.3 M sodiumu acetate, pl 1.8. After low 
speed ceitrifugation at 10,000 rpn for 10 rain, the pellet was vashed in 
70"0'ethanol, vacuuiti dried and resuspended in ltF' buffer (0. I M tris., 0.0 1 
M FDf A) for fbrther uses. Isolated nucleic acid was subjected to various 
tests for physical and biochemical studies. 

Results Nucleic acids extracte'l fron purified TYLCV 
pxel)aration showed typical absorbency profile of' nucleic acid with A 
260:280 ratios of' 1.85. Diphenylamine tesi of' the isolated 
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Figure 2 	 Electron micrograph of' TYI.CV tiroi purilied pIrcparat1l01 
showing single and gcminate particles. The virus was 
negatively stained with uranyl acetate. 



nucleic acid gave pale blue color after reaction indicating that itwas I)NA. 
Treatnient of isolated nucleic acid w:.h RNAse and DNAse shoved that 
RNAse had no eftct on TY ICV while I)NAse completely digested 
TYI .('V ucleic acid. The elects ot Ieal and formaldehvde treatment on 
isolated nucleic acid \\crc studied. It was oMnd that heating one nil of 
isolated nucleic acid for 10nhn at",lvarious temperatures resulted in 
lvjcrCh imluiclt\ ltii 'ioul 12"o itscomp)red to) 5.3 "o (dourleIe stranded 
call thunitus )NA (lIii 3) lorrualllhvde treattment o isolated nucleic 
acid increa1sed tile nrlu.\rrurtrn absolption it(0 un to I I i" an 257 nm and 
caused tile >-,hiftie ofthe niimturn atbsorptiom ili233 to 235 ni (Fig. 1). 
These results colrlrCd Il1;1t YI .CVhas a sirngle strlndCd )NA as its 
Ocll~llle,
 

!:lCClehIlres;is fl*extricled-l'I.(.i/ niucleic acild ,i 0.7-0.8"0 
agaanst gels ie\CalCd 1) distinct hands m\illtie estillilled molecular 
\\ei lts ()f I P) \ I0( l;ultrrs 1ir the upper baid ald W., x I0 dllioris f0r 
the ir,cr blaid it,51 Illectrirn nmicroscopic Aservailion (l tite eluted 
I)NAs shuo\.,d thamt tire tileruri d \,as linear ss)NA and the lover band 
\\a- circular I )N ',\%lil the contour lci-lli od' 717 un (]IL,. (). It was 
csinlrIrarfd tht IYI ('\-l)N.\ coni aricl 200(1 ntclcotiLCs 

1.3 	 .\unal\,sis ifviral associated proteins• l:tlIdrts \erc Inrlade to 
lnalral\h c\ i;l i:-,,1itcl pni teirs hor(, plilfIcd viriis prlp ri;tiOn and 1rom111 

s\s1 eu'callv uc lIlnts It is hroped ilot only to gain onIected inf0rniation 
physical anrd owheucirical prperties (ITYIC.V. but to develop criteria to 
dillrntlateirild aiid sevrC straills ofI YI (,V. Analysis of proteiis was 
iiualC 1v (isirr, soditun dodec\C'I ,tlClhitte-[)(l ;acr,,rnnide gel clectrophoresis 
(SI)S-IlA(l') as dcscrihCd I I aICininli (1970) aid Conie.cro and 
Scuaircik (I1977). lie preparalli' ir \as IS II lloIw+',.\S" 

A. Separating gel : A separat ing gel solution contains 10% 
w/v) acrvlauide. 375 rinN Ir,-IIC I(pl1 8,8) and 0. 1% (w/v) sodium 

dodcsrIrslatc (SI )S 0025' " (( v ) of' aniinonIl perstilfate and 0.05% 
(v/v) of N.N.N,'N'-teItraructlhvetlrh,Icric diarnide (IIMIJ)) were mixed 
innediately arnd pomted into gel apparatus to comb foot. Thea about 
surface of' the eel \w; then layered with water-saturated n-butonal and 
allowed to polIvineritc to produce a 0.75 mrn thick slab gel. The top layer 
was (.rawu and the tel surface was washed \%ith water once. 

6) 
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Figure 3 	 Hyperchroinicity shift after heat denaturation (20-100"C) of 
TYICV-DNA in Ix SSC buter 
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[:igure 4 Effect of' formaldehyde treatment on tihe ultraviolet 
absorbance of calf thynms DNA (a), and TYLCV-DNA (b). 



Figure 5 	 Agarosc gel Ccccrophoresis of TYICV-I)NA in T,E'buffer. 
Lanc 1,4 :TYLCV-DNA, Lane 2 :TYLCV-DNA treated 
with DNasc, l.anc 5 : TYLCV trcated vitlh RNase, Lane 3 
: Lambda DNA digested with Hind III as markers. 
U .upper band L= lower band 



an b 

Figure 6 1 !ectron Imicrogra ph of ITYlCV-DNA dhited firom agarose 

gel afti electrophorciss. 

a, linear forin of )NA litited from upper band. 

b, circular forin of DNA eluted from lower band. 

Bar- 500 in. 
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B. Stacking gel : Stacking gel solution contains ,4% (w/v) 

acrviamide, 125 mM Tris-IIC (1)1 6.8), and 0.1 , (w/v) SI)S. 0.05% 
(w/v) anmonium persulfate and 0.2 0 (v/v) Tt/MIH) were added 

inmediately before pouring into the separating gel. Comb was inserted 
immediately and ailowed1 for polymerization. 

(. Sanple prepalration : Protein samples were boiled for 5 
mii in 62 5 n,,l Tris-!!ICl, p116. 8, 211,0 (w/v) SDS, 5% (v/v) 
2-inercaptoet h ,ia. and 10%, (v/v) glycerol and then placed samples on 
ice. In some case -, samples were clarified to relnive insoluble proteins by 
lk,'V spced centri figat on. 

I). 1 lect r<oplwl resis : I:Iectrophoresis was perlfoined in1I0 C 
water-circulated electroplhoresis buitke contained 25 mM Tris-IICIl ()f1 
8.3), 192 mII lcie, and .1 ( v) SlS ill a constant 150 voltage. 

The U! \\dl Sstained either with coorMassie brilliant blue I_-250 in water 
without lixinLe or v ith siker slamig with fixinc (See and .lackowski, 
1'89) 

E. Silver staining The gcl was fixed overnight with 50% 
Cthan1ol and 10', 2lacial acetic acid. The fixed gel was then soaked in 
I t) glutaraldhyde,, lr 30 miin, followed bv rinsing with water for 30 mil 
and then soaked in 1", etlautol \ ith at least three changes of' Ctlanol for 
10 riI each. The eel was transfrred to :aclean glass dish containing 19.2 
mM soditItl h,.droxide, I .-Po, ammoniumi hydroxide, al 45.7 mM silver 
titrate Ir10 rain. The stained el was \washed with witier for 6 min, and 
trntslerred to developing reagent coitaining 2.6 mM citric acid, 50 pnl of' 
37,, formaldchyde and I10) mM of' 95"'( ethanol. Afier bands became 
visible, the gel was riised with distilled water and kept in 4% gtcerol and 
I(0 iethanol soltion. 

Results 
1. From inf'ected plants; Healthy and infected plants showed 

similar protein patterns (in SDS-PAGE) except four minor additional 
proteins at Rf' 0.307, 0.435, 0.507, and 0.874, were observed in infected 
plants as shown inlFig. 7. Based on molecular weight markers, molecular 
weight of' these proteins were estimated to 51 kD (Rf - 0.307). 39 kD 
(RI' 0.435), 33.5 kD (Rf' <0.507) and 14 kD (RfI>= 0.874). 
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2. From partially purified virus preparation; When partially 

purified TYI.CV was b.jected to 10% SDS-PAGF, 7 protein bands were 

observed at RI'(.135, 0.500, 0.508, 0.518, 0.535, 0.588 and 0.846). Si: 

of' thei were Ifund to be similair to those of both health y and infected 

0.508), specific to infected plants, co-migratedplants. One protein (RIt 
with the 33.5 kD protein (Rf 0.507) found in crude sap from inflected 

The 33.5 kDplats (Fig. 8). The function of this prolein is still unknown. 

proteill is still in the rIagc of"previously rep)rted geminivil l coat proteinls 

such ais 27.1 ktI) 1fo 136(iNIV (Goolm:m t a/., 1977), 28 kl) for chloris 

striate mosaic virns Francki. c a!., 1979) and 34 k D for cassava ltent 

virus (Bock. ct al., 1977) 

Results obtained froiii the analysis of' virus associated proteins 

fioi infccted plants and partially ptnf'ied virus preparation were not 

suflficient to develop anily criteria 1or strain difflreni'atlion in TYILCV. 

2. Detection of 'l'(T,I"'and Mild Strain Selection 

2.1 )etection by asing inimun'logical techniques 
A. A tlibotly production : Antiseruim igainst TYLCV was 

prodticed 1v tiiig the ptrified I'YI (V as altigen. The rabbit was 

illlmui .i/,ly1 ihitr-mnsculirly ili ectiig a t,iixture of' 0.5 ml virus 

suspensio l (5() .,11) ;and 0.5 i1"I l"ietnd's complete ad.juvalit. The nex' 

tlhrce in.ectilons Ce-c donle tiltIrvellouslv each with 0.5 ml of, virus 

suspCsion i one week Mitcrval. The serum was collected weekly aftcr 

the last injcCtiol up to fou()rweeks and its titer" was determinmed by 

inicroprecipit in test. Ietoe ise, anltiserttn Was cross-absorbed with 

totilto ! lpomder to mimizc not i-sl)2ci lic altibody. 

Results : The alitisela obtained has the highest titre of' 1/128 

and the lowest of' I/16 for the second and foiurth bleed, respectively. 

I-lowever, agr, gel (IiIfIusion test of' the produced antiserum aigainst sap 

from infected tomato always showed non-specific antibody reaction. 

It. Immune electron microscopy (IEN) for virus delection 
The nethod used was trap-decor-ation as described by Milne and Luisoni 

(1977). Membrane coated grids were floated on drops of' 1:10 diluted 

anlisera f'or S miii, washed with dist:iled water and floated on drops of 

inf'ected plant sap for 15 nin. Grids were then washed with 0.1 M. 

phosphmte butfl'r, p11 0.7 followed by floating flor 15 min. on diluted 
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Figure 8 	 SDS-PAGL showlq patterns of proteins from TYLCV 

iniectcd (A. C. F) and healthy (B, D)crude saps of tomato 
tissues. 
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(1:100) absorbed-antiserunm to allow virus particles being decorated by tile 
antiserum. Grids were washed with several drops of distilled water before 
staining with 2",: uranvl acetate for I-2 min. and virus particles were 
observed under a transmission electron microscope. 

Results ()bservations ofI'YI .CV particles ill sap fioln infected 
tomato gave usatist-actorv result. It was very difficult to distinguish 
decorated virus particles Fron cell compononts and other impurities. In 
addition vclv, few particles were detected due to low viruts concentration in 

plant 9)hg.T method very tiue consuming both fr sampleThis was 
preparation anl virus observation. It was not practical 1o use for the 
detection of* tile virus from hundreds of lplant salmplCs. 

('. Virus dectection Iv dot ininitno-Iinding assay (DI\BA) 
The detection h\ dot iiniiiuiIlo-iliditigi procedolre used was modified tioin 
that described bY I )ibiand Sailto (1985)- and :.Iinlplc prelairat io method 
described b' Yoshiki\,a c !. (AI9S6). The antiscrum! against YICV 
was cross-absorbed \\ oh d\ied leaf po11 Icr f(thealthy tomato tissue before 
used, and \uas called ltst" antibotdv. For vilrUs detection, a 2 x - 111111. 
leaf tissue \\ as iixed and crushed \,ith It0 pl of'salil)le buffer (' 13 ": 20 
inl M tris-l l.'l, 0.5 NI NaTI, 1)1 7.5, 0.051'o lwei 20) on a parailhn 
sheet. l\\o niiclolitres of crude sap vas withdrawnl and spot onto 
nitrocclluloe Iinculh;raue. Aftcr air (-vinig, the nitrocellulose sheet was 
immersed t,,r 20 nn. in blockine agent (IBST with 2),) polyvin.yl
piyrrolidone, PVI', and 2 0 Bomvine serum albumin, l3SA). After rinsing 
with distilled \%aterl and briefly blotting, tile sheet was covered with 'first' 
antibody for 20 111n. in 11moist chamber at 37 C. The sheet was then 
washed with antibody' buflr (T'BST with 2% 'PVl and 0.2"1, 3SA) for 10 

1mm, holloVed by incubationi with 'second' antibody (alkaline phosphatase 
conrjugated-goat anti-rabbit IgG, Sigma Co.) for 20 mini in moist chamber 
at 31 C. The sheet was again washed with antibody buffer, blotted briefly,
and incubated f'or 10 mii. in snbstrate solution (0.1% napthol AS-MX 

phosphate mixed with equal volume of 6 mg/ml Fast Red TR salt in 0.2 M 
tris-I ICI, pl1 8.2). Results were evaluated from pink color development as 
positive reaction. 

Results : )ot immnto-binding assay was shown to be more 

effective method to detect TYLCV in crude sap than the IEM technique. 
It can detect ten nanograms of purified [YLCV, and 1-1/2 dilutions of 
plant sap. Workiiug dilutions of' 'first' and 'second' antisera were 1:100 
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and 1:1,000, respectively. Tomato plant samples showing yellow leaf curl 

synptom gave positive pink color while the healthy tissues did not 
(Fig. 10). I lowever, it Vas fouid that some of leaf-curl tissues did not 
glive positive pink color and the reading was otten intedfeted with brown 

green color of plant sp. TIhei-e \\'ere sonic lisadvanta.eCs wheniUsing 
DIIA for IY1I.'V detection in crude sap. First, green color of 
concentrated crude satp ut erfered with color development in positlive 
reaction. Second, )IlBA required a large amliouint of serum per test. To 

O\ ercolie thc., probleus and to iiake FYILC'V detection more reliable, 
nuclCic acid hybridizatiolln was introduIcCd to be a method ol'choice. 

2.2 Nucleic acid )rol)e and hybridization of 'IXA',(V detection 

A. I)N A template and probe I rodhction : The single 

stranded (ss) DNA extracted frolpll tprfied IYI C'(V plrticles v,;as used as 

temiplate I)N,.\ )ouble sltmded ds) )NA ,as svnlesized by annealing 
ssl )>N\ teiulplae ',', ith sitliesied oliuotucleotide primers coutalniui, base 

selueiices siiil tiriiu It)) reiot to n L ,oldeti \irusloiat niosaic 

I)NA (I liiiltiti tI I/. I981 ) The completion o1' dsI )NA s\ynthesis was 

obtilled h\ Klcil w poiyiiierase filling-in reaction. The dsl)NA \as 

stllbsequCetly cloned into)plltescript plasniid at FcoRlI site. Analysis of 
cloned [)',A aNA - electropo)resis aid restrictioli eiiZ\'Il]etw ase 

luappiiig reveiled t'0o componieiits, \ aiid B of' FYI(.'V-I)N/\ with uearly 

the samie sil. of 27 kilolascmirs (lg. 11.) Full letgth cloned )NA of' 

the comol) ent A \;Is selected to be used for probe production. 

13. Radioactive labheling of TYI ('V-I)NA probe The 

comnl)oient A o 'Y(V-I)NA as excised from tle plBI escript vector at 

I-'coR I site Liuearized I)NA %aso Iigonticleot idC )riiIed 11nd labeled with 
;2 ),lhow(imng the lctllod of' Ilodgson and Fisk (1987). In the reaction 

mixture, 301) 111of' dp(N) randoni priiier was combined with 500 ng of 

template I)NA in 10 ttl of' IT buffer (10 mM tris, pi1 7.5, I mM 
I)'lA). After iimmersing a reaction tube in a 80 C waterbath for 2 miii 

and left to cool down at rooln tcmperature, the mixture was added with 4 

pl of' IOx oligolbeling buffer (0.5 M tris, p1 o.9, 0.1 I iagnesilluli 

sulfate, I 111M (ithiiotlireitol), 0.6 mM each of' dCT', dG''lP, and dTTlP, 4 
SI( 0 j(.'i) of - - Il-dAll (3000 pCi/m mole) , and 5-10 units of Klenov 

polyiieirase, to make 10 pl final volunie. After 30 min at 37 C, the 

reaction \was added with 160 1.l of' STI- (I'E with 0. I i NaCI) to bring the 

volume to 200 pl. The oligolabeliiig mixture was purified by using spun

column chromatography (Maniatis L al., 1982), The eluent was collected 

17 



Figure 10 	 Sensitivity of Dot linmnItiobinding Assay (DIBA) for the 

detection of tomato yellow leaf curl virus. 

a) 	 in purified virus preparation at concentrations of I ng 

-0.1 pg (V 1-5) 

borate buffer, 	 A 2-4 = infectedb) 	 in plant sap; A I 
plant sap at dilutions 1/2, 1/10 and 1/50 respectively. 
B I borate buffer. B 2 - healthy tomato, B 3-4 

diseased tomato 
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'' , , 5,m,):,hed restric*,ion mc:) of ;nserted TYLC -ONA mn 

(a) b 

Figure I I A scheme Imr synthesis of dsDNA of 'FYh.CV (a) and gene 
malps of cloned DNA component A and B (b). 
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and determined for incorporation percentage of 12P-dATP by a liquid 

scintillation counter, hFileprobe was immersed in a boiling waterbath for 2
 

in prior to hybridization.
 

C. Non-radioactiv': labeling of DNA probe : Template 

DNA used was linearized dsI)NA excised from plasmid vector as 

previously described. Purified DNA template was labeled by 

oligoiticleotide randonm primled incorporation of digoxigenin-labclcd d1JTH) 

accord' g to Anonymous (I 989). In a micrtubc, I jig (I 0 il) of linerized 

I)NA was denatured hy heating in a watcrbath for 10 in at 95 C and 

chilled quickly on ice/ NaCl fbr complete denatura ion. After cooling, 2 ill 

of hexairucleoride primers ixture and 2 ill of dNTP labeling iixture 

(dAw, I iNt d(+C"l) I mMN d(ill . I nuN]l l)ig-dtJTP, 0.35 mM p~l 6.5) 

\\,crc added. [le reaction voltine \w"Is ad.justed to 19 il1w double 

distilled \,ler. andt mixed \m th I ill of Klenow cnzymtne (2tilI). The 

reaction llixturc \'is incubated at 37 C fbr I( hr and 2 idof(0.2 M I)TA, 
pl I St) x,a< added in stop the reaction. labeled nuicleic acid was 

prCcipittd k addin- _15 id of-I Nil 1iCl, and 75 ilOfprcchilled ethanol. 
After incubatibon ti-80 C 1,bi I hr, )NA was pelleted by centril'igation to 

I 0 1b0 fillo'Cd w 'Vwaslhine witlh 70"o prechilled ethanol ind0,01 10 111ruin 
dricd ill ,,lctiu. Ilie labeled I)NA pellet was relissolvcd in 50 i1of tris
11,I II, iM I1)rA p 1 8 0, and kept fbr further hybridization test. 

). Samle preparation for virus detection : Leaf samples to 

be tested f6r IY IT'V detcctioun were prepared by three different methods 
as Illows; 

Method !. A minipreparation method described by 

S)cllaporta CI i!.. (1983) w+ias used. lcaf'tissues of 0.5 g were ground to 
powder illiquid nitrogen aid added with I nil of extraction buffe.r (100 
ruM tris, p1l 8.0, containing 50 mM FDTA, pll 8.0, 500 mM N:iCl, 10 

im NIlercaptoelhanol). After adding I ml of' 20% S1)S, the suspension 
Was ni xCd thoroughly 1\ vigorous shaking and incubated at 65 C for 10 

11i1. 11was then adlded with 5 ml of 5 M potassium acetate, shaked 

vig orously aid incubated at 0 C for 2 rnin. After pelleting out the 
precipitate, lhe stipernatant was added with 10 ilof isopropanol arid 
incubated at -20 C fbr 20 min. DNA was pclcted and dried on paper 

towel for 10 miii. I)NA pellet was redissolved with 0.7 ml of 50 mM tris 
buffer, 10 mW I:.)TA, pl 8.0. The suspension was spinned in a 
riecroccntrifu.e to remove risohuble debris, and supenatant was 

transfcrred to a new Eppendorf tube. DNA was pelleted by adding 75 td 
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isopropanol, and centrifuged. DNA pellet was washed with 80"%,ethanol, 

dried and redissolved in 200 p.iof 100 mM tris butfer, 10 mM EDTA, 

p'1 8.0. 

Method 1i. This method was used to prepare DNA samples 

ftrom large number of crude saps of infected tomato tissues for clot Nlot 

Ilcalth\v and diseased tomato leaf tissues were ground eachhybridization, 
if, ote fill of' 0. I I tiis bufler. Il1 8 ( aitd centriliiged to remove plant 

debris. lo cach 25( pil of, suipernatant, all eqil \votlulC of' denatured 

solution colltainlil 07 pltof 3 M Na()l 1,50 pil oft0. I M FIDTA and 133 pIl 

of' distillIed water \ as added. I)NA s luti(" \\as boiled for 10 il IIIia 

waterbatlh and iiniue1Cliatel chilled on ico. Teln ld dihlutionls ot denatured 

DNA \ c n Iadefiom I I0 up to /1,000,0)0,. and these )NA samples 

\%cre used kor I),N:\ ix-obil! 

MIethod i!. Ihis squash blottiing iethod ( Navot e'f. ali., 

1989) \ Is perforilled fori oblaimiint rapid I)NA r)ieparation either froim 

iillcted Icill tissue of flioiu \hiictlv vector. lomato tip leaves were 

squashed onto brall u.sing a sterile glass rod and added within\'lc)i liollnm 

1 pIofdenatuire solutioni(0 12_' N()1 0. 125X SS'). Whiteflv iadults 

collctl Flom health\ and rufi*ctdL toiatoCs werC sqluashld either slightly 

or- grilp (&to\Cf lylon irnirie 1y lhe saie procedlure. [he()II lhtote 
Illeilbralle ,\sair dried IfoiC sultit(Cicd to hybridizati 

1:.Nucleic acid hybiridization and deLtection : Radioactive 

hvbridization %as performed as lPerbal (I1988). lPrehvbridization was at 65 

C for 3 hr l6I owCd by hb'lridization at 65 C 'or 15 hr. After washing and 

air dried, tlhe Iller \was illitoradiographed at -8) C for 24-96 hr. For non

radioactli\ hybridiziaation the Ilotted filtcr was prehybridized in a sealed 

plastic bag \with 20 fill 1.2(!/o w/v blockingh vbridiztion solution (5xSSC., 

rcaent. 0. I ,N-laurovlsarcosiie Na-salt, 0.02%0 SDS) pcr 10 cn of filter 
at 68 C for at least I hr. After that, the filter was added with 2.5 fil of 

fresh hybridization soluition containing 25 pg of fieshly denatured 

TVI .(CV-I)NA labeled probe per 100 cn 2 filter. I lybridization reaction 

was maintained al least 6 hr at 68 C with 0. 1x SSC SDS. 0. 1% (w/v). To 
proceed the immullological detection. the filter was washed briefly in tris 

buffer-I (100 IM Tris-l ICL. 15(0 IM NaCI , pt1 7.5) and incubated in 

0.5"o blocking reagent in the sane buffer for 30 min before washing again 

with tris butfcr-I. Th filler was then incubated with 20 fil of 1:5000 

diluted antibody-conjugate I)ig-AlP-conjugated, 750 Ui/mIl) in tris buffer-I 

at 20 C f'or 30 min. The unbound conjugated was removed and the filter 
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was washed twice 15 min each with 100 ml of tris buffer-l. After 

equilibrating in tris-hutter-1l (100 mM Tris-llCI, 100 mM NaCI, 50 mM 

MgCI2, pi1 9.5), the filter was incubated with 10 ml color solution in a 

suitable box kept io tile dark. Color solution must be freshly prepared by 

mixing -15 pl NBT sfllutiou and 35 jilx-phosphate solution in 10 ml tris 

buffer-l. The reaction was then replaced with 50 ml of tris buffer-Ill 

(10 mM Tris-l CI, I mM FDTA, p 1 8.0) for 5 mill to stop reaction and 
the results were recorded by photography. 

Results : We have obtained that radioactive 1l2--oligolabeled 

TYICV probe showed about 8-15"i, incorporation of a radioisotope after 

30 miin reaction. This probe could detect as low as one picogram of 

template I)NA 12). When '2l'-Iabeled DNA probe was ipplied to 

detect TYI.CV in infected tollato leafI tissues, posilive reactions were 
obtained in all samples resulting fiom the three methods of' sample 
preparationi. With Illinipreparalioil and crude sap methods, the probe could 
dettlc I'YI.('V up to IIi(().)O0 dilution. Ilealthy leaf' tissues showed 
IcgativC results fin ;111 tests. The 21-labeled DNA probe could also dctect 

TYIICV-!)NA in squashed samples from infected tomotoes (Fig. 13a )and 
viil iferois \h itcllies Mhich wCrc fed on diseased lomatlo plants, but not 
lioni healthy' ones ( 13h). [he developcd non-radioactive I)ig-labeled 
)NA probe showed a very hi Ih sensitivity as compared with the 

radioactive probe. Its sensitivity vas at picogram level of' homologous 
I)NA (YICV-coin poiment A) and at nano cram level of' hcterologolis 
I)NA (T'YIV W-component 13) (Fig. IHa). In addition, the non-radioactive 
l)ig-labeled I)Ni\ probe showed high sensitivity to detect "I'YI CV-DNA 

both in 1)lant sap aiid viruliferous whiteflies. The probe could detect 
I, ,UI0 dilution of infected toiato-minipleparation as well as crude sap 
(Fig. 1.11b). It could also detect TYICV-DNA in eggs, larvae and adult 
whitetlies collected from diseased plant using squash blot technique 
(Fig. 15). This squash blot method along with the developed DNA probes 
served as a practical diagnostic method for TYLCV-DNA detection In a 

sincle-insect sample. 

2.3 "I'YIX'" mild strain selection : Results obtained from IEM 
and DIIBA detection of TYICV suggested that these two techniques were 
less effective when used f'or virus detection in crude sap. It was also 
shown that DNA probing was the most practical diagnostic method for 
TYICV detection because of its high sensitivity and accuracy. Therefore, 

we ha-ve been using dot blot hybridization for virus detection and selection 
for natural occurring mild strain of-TYLCV. 
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A. Detection and selection of TYLCV-mild s'(rains in field 

grown tomatoes. This stud- was conducted after disease survey i 

Kalnphaengsaen district, Nakorn Pathom. Shoots of symptomless tomato 

plants 	 foutnd in tomato fielis with high incidence of I'YIfCV irefectioin 

Leaf tissues were excised from shoots and subjected towere collected. 
tissues were grafted to healthy tomatohvbridization. The remaining 

seedlings Ior \irus propagation. Mi ipreparations of nucleic acid from leaf 

samples were dot blot te. onto nitrocellulose membranes and hybridized 

xwitlIP-labeled TYICV-I)NA probe as preVIOUSI' ldescribed. lomato 

grafted \with shoots which showed positive reactions withseedlings 
IYI.('V-I)NA probe \ver screened for symptom expression. Those 

showinig no syiIpto1s \\were selected for mild strains fbr TYI'CV, and 

subjected to cross protectivity test. 

Results : lotal 2-11 samples of field grown tomatoes were 

collected fioni thrce villages ii KauplMlaellgsae district (T[able. 1), From 

\hich 71 samples reacted wilh the probe. Amtnong these, nine of them did 

not induce leafl curl sym ptoms on toiato seedlings after graft inoculation. 
of lYICV mild strainls byWe mllaillaield these ) plauts as sources 


eraliin2 to iio:\v as by tissue culturing.
toIat() seedlings 	as well 

Table I lield 	survey for selection ofTi I ('V mild strains. 

SulrveV Village IIame No. of sainple No. of sample No. of 

II. 	 collected reacted with probe mild strain 

I Ban Don Khoi 56 	 19 2 

( 1 1ii,,molJirl) 

2. I3al Yang 	 61 30 1 

3. Ban Nonig Mai Ngaln 124 31 	 6 

TOTA L 241 80 	 9 

B. )etection of TYICV in other wilh hosts. The 32 p-labeled 

TYLCV-DNA probe was used to detect the virus in several species of 

weeds in tomato fields. Seedlings germinated friom collected seeds of' 

several species of weed were served as healthy control. Weed plant 
DNAs were extracted using minipreparation melthod as mentioned above. 
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Results : Most of dicotyledonous weed plants collected from 

fields showed yellow mosaic or yellow symptoms on leaves. Some 

exhibited leaf curling and dwarfing (Fig. i6)Detection of TYLCV from 
these weed plants by dot blot hybridization revealed positive results in tve 

weed species. Sap of some of healthy looking plants stuh as Seeda ipp. 

hybridized to the probe while those of the healthy control )!anlts obtained 

from seeds did not. We have also transplanted some of' symptomless 

Seeda spp. Irom field into pots and maintained under insect proof 

condition. Most of transferred plants developed yellow mosaic ;ymptoms 

similar to those seen in fields about 2-4 weeks after potting. The results 

indicated that weed plants in the field were commonly inflcted by 

TYI.CV Sonic of natural hosts of IlYLCV in the fields were listed 

(lable. 2). It is shown that TYI.CV has a very wide host range belonging 

to at least f ur plant fi ilieis, e.g. Malvaceac, Compositae, l;upliorbiaceae 

and Passilloraceae. 

3. Insect Vector Studies 
3.1 Rearing of insect vector 

The whitelly, B'mtshI lahaL', commonly called the tobacco or the 

sweet polato whitefly, is a tiny insect in the Family Aleyrodidae, Order 

Ilonioptera. It is ranked among the most noxious insects attacking field 

and green holuse crops around the world. Nymphs, as well as adults, fced 

on the phlocmn sap of' several plants species, thus can act as vectors for 

paint viruses. The most common :id harmfiil virus disease causing 

severe losses for tomato production in Thailand is tomato yellow leaf' curl 

disease which is spreaded by the winged adult whiteflies. 

Adults whiteflics were collected from tomato fields around 
Kamphaengsacn Campus, Kasetsart Jniversity, Nakorn Pathom. 

Aspirator, the small collector device was used to collect the adult 
\vhiletlies from underside of' the leaves. The collected whitellies were 

released into the nylon screen cages containing a host plant. Sweet potato, 

a non-host f'or TYICV,\was used as a host fbr thc vhitefly. After the 

establishment of the whitetlies for sce ral generations sweet patalo, they 
were transferred to feed on healthy tomato seedlings covered with nylon 

screen cage (Fig. 17). Whietlv colo;.ies that established for few 

generation on and caused no sYmFn,,ms on tonato seedlings were selected 
as the healthy whitelly colonies for further -xperiments. 
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Figure 16 Nat ural weed host inwhich tollato vcllo v rl vilis vIslIwId'cl 

ticoted by using '2P-Iabclcd I)NA probc. 

a|.,,lalll l'll/
 

.'/.'/ l.olti
1).Ial, 

c. 1'clilap,r'Wllolt
 

d. hI'I1,o'1, h'l'rolhill
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Table 2 Natural weed plants found in tomato fields. 

Plant name (Name in Thai) Symptom Hybridization test 
with TYLCV _probe 

Fanily,Malvaceae 
+
 .- ]loh1i1111 ol'imhlh'ni If) leaf curlftall rt 

si~h/ Spp. ( JH I) yellow mosaic 

Fanily Amaranthaceae 

..t 'rani//l. (UA.VfcrN(VI1 leaf curlhli ,"l 

Family Cominiiclinaceac 
'nmc'/iua t, 'Ill.l/cvis ,nnn vein banding 

F'amily ('omposilac 

't"li) /!'''(IMh i vein yellowing + 

ht/kihl)lO!'/l uduratlliun 110 Sylllptoll 

Iani Iyul)horbiaccae 
I:i / II'tllr, phi/ Ia yellow leaf curl +IiAVI'I~ (1!Ir 

aiIly V,'rlhiIceac 

/., ItIl/ a ,td l (fill11I1 tl1 110 SymptonlhU ,1 

I-ailv iPassitloraccac 

/I%I1os/(r '1hodd 1 HrilI) yellow moSaic + 

FamihIv ";ohaaccae
 

I'l in1 tn1 1i leaf' curlim /rs 11l1111a 

Family \Acanthaccae 

]lthtlll (vmrml1)-,S'(ll 11( symptoll 

f positive result, - negative result 

30 



17 	 Ma1~ss ricvn p, oul ic toba;cco) \\ IiCIl\*.I(')I( I/U 

1) "1So ohlol uci l ,ttC md i oiliato scedlIMuIs kcpI illcicc 

sc I CI l(IittiiSC
 

C fl(iiilI \0JiiCflcIC(11111 Il~ Io~~I ICaII
 

, I 



To study the life cycle of whitefly, eggs from healthy colonies 
were transferred to 2 cm2 pieces of tomato leaves which were kept in 
petridishes with moisted cotton (Fig. 18). The developmental cycle of the 
whitefly was observed dil'. 

Results The whitefly, Bcz/nsI.I ta/aci has six life stages, the 
egg, the crawler (I Iymplal instar), two sessile nymphal instar (2'' and 
' 
3" instar nvilphs), the pupl (0|t instal) and. the adult or imago (Fig. 19). 

The tmorphology of diflerent life stages can be suniarizod as follows, 

The eg". 
Thie eC is usully vello\ in color, elongate-oval and sculptured. The 

apex or distal end of the ccg Il' le broadly rounded to broadly actlitc. 
The bI'IrlaCr b+'asal Cied u.ltstall\ has a pedicel or stalk of varyinu length by 
\\Inch the feimale attaches the egg to the host. MallV studies indicated that 
the pedicel directs the spclimatozoa to the c1g nucleus dur(iml rlilization 
anod the pedleCi SCr\es ;is a c 1nduit moisture \xhieli protects thefor egg 
fiomllldell\ dratuoi limle \'lhitell\ prefers young leaves for oviposition. 
l:-s r't, onlaid prICloiilil>lh on1the undersides o!" leaves and hairy plant 
spcicCs, hio\ eer, I rCli-a is fromil ovipositing on very young 
lcai es Ilie c,, slice usuill'k is six days. 

lhe cra let (I ' nvirm phal sta e) 
hlie I ' iimphal stagc is mobile but will settle within a Ii w 

millimetres ()f the cg The body is elongate-oval, 0.2 rnin. long, 
transpalrlt 0I opamque. mltl color ranging from light green to yellow. 

Small amounts of pmdery white wax ustually are produced after the 
cra\,,ler settles aid begins bI'cding. Several marginal setae and caudal 
sctae are uly[t.,;Is hle crawler feeds for 4 days and begins toobser\ ed 
Inolt intohC 2" implal stage. 

The Second and third instar nymphs 

These two stages of' nYnmplal development last for 7 days. They are
similar in general shape and cohl to the I)upae. The segmnentation of the 

legs and aimtemmuae is not distinct, may be reduced to only one segment. 
The body is 0.3-0.5 min.long, more opaque with yellowisl in color. Two 
eyespots, (leel) red to black in color are more conrspicuous as the third 
iistar nyvimllh molts into the pupae. Wax secretions are common although 
thev usuallv are radicallv different from those of' the pulpal stage. 
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I:igurC 18 L.a;boralorv rearing of he Ioboacco whiteflv.jh "u. i,1 I for 
life cycle sll(IV 
-I) c(Atoll ilioistcd I)Clri(ishles.- conlininig piCccs ofloiliato 

leaves with the whilefly eggs. 
b) inictb)alilm) of l)ctridishcs for thecdcvelopilicilt of thc 

whitclv 

http:whiteflv.jh


C\CIc P t1l11C wilhitcil' 

mhle C.LeLs. bh)Ithe c.;i icr. ( I "vipii Instal'). 

C)file 2, 1'I nvihal mn1stai. (1)file 3,ivnha Ilista:'. 
S)tile puiijm. and( I) tile ;idlitl () llw 

I' I.lit IlohaCC() h:o~n~ ~/ 

iii 

,I 



The pupa 
The pupa shape is oval or nearly circular of approximately 0.8 min 

long with the widest area of the body just posterior to the transverse 

molting suture. Most putac are nearly flat in profile. As developmnt 

continues, particularlv with the development of the adult internally, the 

dorsum of the jpta becomes olilrc convex or elevated. Whitefly i)upae 

often reflect the color of the host, usually sori.e shade of green. They may 

exhibit iridescent colors, tusually blhes, violets and greens liich is 

pirobably duc to0 fhle striatils iii the cuticle which refiact light. The 

internal orgails sllo\ vclhm\ 01r orange coloraltion, and the colpouLnd eyes 

ofldevelopilg adilts slio\k as red spots through the papal case. The pupae 

produce a thi1 hlaci ofI'tiaiislparent \\ax over most or all of tihe body 
suIiacCs anLl weiN s nt readtlily appaMCiii to tile Unaided C\'C. Whitely 

ppa iII suhtbiiill\ Alc\iloduac lacks coipound wax pores and leg clvs, 
have (lily wle lai of lin"illar setae ani h.s adhesivc or circular discs at 
flie aiccs o1 the lcgs . Aulteiellac and legs appear as single unsegmntcd 
orcas. (ertoan sCeIc incltde alterlior and posterior marginal, cephalic, 
ilnesotlioracic, inletatlitracic. catdal aiid ventral abdominal sctac ;ire 
normall fa oil pule . It has been shown that the number,li \lihiteflv 
SiZC aid pl aCinCinit w'dorsal setlc in hcmllslu lha.'i may iecorrelated 
M\ili the aiuinIt. dlistniI)tiwIi anL Cou)Stlctloni of' leaf" hairs on the host 
suilmice, Ile Ipupal stwe is aproxiiatelv 6 lay's. 

Thie adults 
Lincrgcllcc of adult Be'msui t/luc takes 5-15 miin and is followcd by 

wing expansion, wlhich occurs o(l or near the pupal case and takes 40-50 
£mergeiice occurs MalesiiIn. I. genierally during the day. emerge on 

acrace aIlittle earlier thain females. Adult whiteflies appear white owing 
to the Ohite powdery wax secretions produced shoily after emergence 
fironl tile pUlpa. The actual colour oltthe adtult integument is usually yellow. 
The body length is usually shoiter than 2.0 1Illi total length iroii vertex to 
wilg tip iio greater than 2.0 ill, and tile wing span is iio greater than 3.5
4.0 mlil. The wing venCtion is reduced primarily to the costal-subcostal 
veins, radius and occasionally the cubittus veiii. There are four ventral 
abdominal wax plates in males and two ventral abdominal wax plates -il 
fcmalcs. lglt nicroscopic observation reviewed that mhales have a very 
short simple aedeagus and have cxtrecely a long pairs of'clasper. 

3.2 Insect Population Studies : 
There is certainly a need fbr ionitoring whitefly population 

levels to deterine the success and continued reliability of a control 
program. To access the fluctuation of whitefly population around the year 
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in Kamphaengsaen area, two experimental plots were used as sampling 

sites, the tomato experimental plots of Asian Vegetable Research and 

Development Center and tomato plots of Department of Entomology, 
Faculty of Agriculture, Kas 'sart University. In both plots, watering and 

fertilizing were practised according to the regular schedu~le to ensure 

normal development of the plants. lowever, no insecticide was used 

throughout tile experillient. 

Several studies have demonstrated that the most attractive color 

for adult whitefly is yellow. The attraction of' the yellow color can be 

explained by the importance of the whitefly laying its eggs on young 

leaves, which are more yellowish than older leaves. In this study we used 

flat yellow plastic plate of 15 cm x 20 cm as traps. The traps were placed 

horizontally on the wood stick, of'approximately 75 cm in height above the 

groutlid level. Irhe plastic plate was covered with clear plastic bag in 

which the outer laver \\as pasted with vaseline ..s sticky material to trap 

the adult whitetlv. Seven days after transplanting tomato plant, these 
comlete set of sticky traps were placed in every one of the other row of 

plant, 3 meters apart. Ten sticky tlaps were used per row of tomato plant 

of' 30 meters long. In every three days, the sticky plastic bags were 

collected in the early moruing, brought back to the laboratory and the 
number of adult whitetlv sicked on the vaselinie trap were counted with 
the aid of tile stercomilicroscop)e. l'his study was perf.)rmed during the 

period of'.1one 1991 to May 1992 which covered tile wet and dry season of 

the year. '[he collected data were the average of 3 plantings of the tomato 
crop. 1)aily miIiuil| and maxi mum temperature and level of rainfall were 
also recorded throughout the study. 

Result 'rlme results indicated that whitefly Beini.siatlaaci 

population fluctuated throughout the year (Fig. 20). The number of adult 

whitelly caught on the tral) could vamy from 0 to 7 per trap. B. labci 

population increased rapidly from 0.5 whiteflies per trap in hne 1991 to 

the peak of 5 whiteflies per trap ill July and August 1991. During 
September 1991 to March 1992, there was no abnpt fluctuation of' the 

whitefiv population. 'rhe population density remained in the average of 
0.5-2 whiteflies per trap. Ilowever ill April 1992 and May 1992 the 

population started to increase to the peak of 7 whiteflies per trap. The 

result suggested that population density of' adult whitefly throughout the 

year fluctuated into 3 periods (Fig. 21). From June to September, tile 

average no. per trap was 3.5, firom November to December, the population 

droped down to the average no. of 0.5 whitefly per trap and from January 

to May, the population increased to the average of 2 whiteflies per trap. 
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The number of B. labaci per trap during wet season (June-September, 

1991) was significantly higher than those of dry season (November-

December 1991 and January-May 1992). 

Correlation between population density of adult whitefly and 

daily temperature was determined by recording the temperature in the 

tomato field daily around the year. The result shown in Fg. 22 which 

indicated that the dailv m mnm temperattwe during the period of June, 
1991 to May, 1992 in Kamphacngsaen district was in the range of' 18-20 

C.Number of adult whiteib' per trap was il direct correlation vith daily 

minimum teil erature. During uly-August 1991 \ihen the daily iinimum 
tem)eratturc went ll) to 23-25 C, popLlation ofi adult whitefly could raise 

up to 5 individual per trap The same phenomenon occurred during the 

period of April to May 1992 ill which population of adull whiteilly started 

to Increase iII accordance to the increase of' the daily ninimun 
temperature. Durin g the dlry and cool period of' the year that is in 

e)cember I Q) I to .1nan nary 1992 in1which the daily mi inimu temperature 

dropcd dowil to I8 C, nto adltl \hitetiies were caught in the traps. The 

average niumber of' whitelics per trap in correlation with the daily 

mIliniimtum teml)erature (Flig. 22) was in an agreement with tihe result shown 
in Fig. 13 

Study ()ui the population density of tobacco whitefly, Benisiat 

la/hc' ill tomato field ill Kaiplacgsaen district during .Jue 1991 to May 

1992 by using yellowv sticky traps can be concluded as follows; the 
number of wvhitefll catched was ill correlating with weather data. Several 
parameters and models were tested by using regression analysis. The 
results showed that the number of' whitefly per trap ini a given month was 

moderately correlated with the average daily minimum temperature 

(r 0.06057, p 0.0483). The model can be expressed as Y -9.0603 + 
0.4872 X), where Y is the number of' whiteflies per trap and X is the 

average daily minimum temperature. Other variables such as daily 
maximum temperature and rainfall produced low correlation coefficient 
value (r : 0.4409 and 0.1369, respectively). The number of whitefly per 

trap during wet season (June-September 1991) was significantly higher 
than those of'dry season (November 1991 - January 1992). 
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3.3 Insect (membrane-feeding) Transmission :A glasstube, 
2.5 x 10 cm in size, was designed as all insect container for melbrane 
feeding test. One end of the tube was covered with a fine nylon screen. 
Ten, twenty and thirty whiteflies were placed in each glasstUbe and sealed 
tie other end with a thin parafilm. A drop of 200 ptlcomponent A 
TYLCV was spot on tile surface and covered with another layers of 
paratilm to spread the sample between tile double layers of' parafilm sheet. 
These insect containing glasstube were kept in the box illuminated only on 
top to stimulate insect tleeding (Fig. 24). After 5 hrs feeding time, the 
whiteflies were squash blotted on to the 1iirocellulose Illellbralles to assay 
for the presence of componcn A by using non-radioactive probe. For the 
ac(luisit ion of virus particles thirough imembrane fceding, a( drop of crude 
sap Fmlo infected plant was used. After membrane feeding, a glasstube 
\wtlh the %lc llics was placed umderneali tomato seedling andwh covered 
with plastic beaker. A fine screen was used to replace the bottom lpart of 
the beaker to allow aeration and plant growth. The whiteflies in each 
glasstube \were released I\v removing the paraifilmn sheets fiom the 
glasstubc. After one veek, a glasstubc and whiteflies were removed and 
leaf curl symptomls on seedlings were observed weekly (Fig. 25). 

Result : We have detected component A of' TYICV and 
TYI.CV fioim crude sap from tie whilteflies after nembrane feeding 
Fie. 26Mt. Itindicated that acquisition of the virus or viral components by 

the whitetly vector is possible. Ilowever, \we ha'', not applied much of' 
this technique as a mean for virus Moculatiom i)ecause 1i1Id strains being 
used are selected fIom natural infection, not from in woY) mutagenesis. 
Direct feeding on inflected tomato plants is the most efficient mean of' 
acquisitiol and transmission of the still considered by the whitelly vector. 

4. Production of Pre-immunized Seedlings 
The project was aimed at searching for the possible methods to cost

effectively produce pre-inmunized tomato seedlings. There were two 
approaches to be invesfigated, first, to produce pre-immtumized seedlings 
in itro and second. to pre-immunize the seedlings by insect vector. 
-xperiments were designed to study the potential and comparative 

advantages of' these two systems to suggest which one was practical and 
economical f'or the production of' resistant tomato seedlings. 
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Figure 24 Acquistion of loinato yellow leaf curl virus through the 
nicmlhrane-feeding of the whitefly 
a) transfeiring the whitefly adults fiom an aslpiralor into 

a glasstube 
b) the whiteflics in parafilm sealed glasstube 
c) a top view of the glasstube showing a layer of sap 

sanple covered by prrafihmn shects 

(1) a set of glasstubcs in the box 

e) box illumination to stimulate insect feeding. 
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Figure 26 	 Acquisition of component A of TYLCV by the whitefly 
through membrane-feeding 
Row A : component A + healthy sap, Row B :component 
A, Row C :component A (control without fieeding) I, 2 
and 3 indicated number of 1, 10 and 20 whitellies/dot, 
respect ively. 
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4.1 in vitro pre-immunization : One-month old seedlings graft 

inoculated with TYLCV were used as vins source. After two weeks, 

stern pieces with lateral buds were excised, rinsed with water, and surface 

sterilized with 20% chlorox solution for 10 main . They were rinsed with 

three changes of sterile distilled water and cultured on MS mediul 

(Murashige and Skoog, 1962). Cultures were kept illuminated at 25 C 

with 2,000 lux, 16 hr/day. Tissues firom healthy seedlings were also 

subjected to the same treatment as control. 

Germinating buds were used as samples for sub-culturing 

onto the same medium. Regenerated shoots, 3-4 cm in height were 

excised and transfcrrlcd to rooting medium consisting of MS medium and 

2%N sucrose. Rooted plants were transfeTed to 1:1 vermiculite and bum 

husk mix and maintained il a growth chamber at 22-26'C for I week prior 

to field planting. 

To detect TYIfCV in cultured tissues and regenerated 

plants, healtly and inoculated tissues were homogenized in denaturing 

solution (I tl/mg of tissue) conlaining 0. 125 N Na(l-l and 0. 125 x SSC 

(20 x SSC : 3 M sodium chloride, 0.03 M sodium citrate, p]1 7.0). The 

extracts were centrifiuged at low speed (5,000 g) for 5 mini. The 

sulpernatalit of extacted tissuCs were serially diluted in the same buffer. 

()nc ,l )t sample \was tdotted oil nitrocellulose nenibrane which has been 

pretreatcd by presoaking in distilled water, soaking ill 20 x SSC for 30raim 

and air drying. After dot-blotting, the nitrocellulose membrane was baked 

at 80 C under vacuuni for 2 hrs. TYI.CV in samples was detected with 

)NA probe by using a DIG labeling kit (Boeringer Mannheim) as 
previously described. 

Results : Lateral buds grew well on MS medium without 

modification of plant hornioies. Quantitative analysis of' TYLCV-DNA in 
lateral buds derived from cultured stems at 5 days intervals indicated that 

the viral DNA varied iii the range of 0.35-3.20 pg/ng tissue, depending on 

period of infection and toniato geilotypes . Most of* genotypes had higher 

viral )NA cotCnt during the first 10 days all then tailed 30 days after 

inoculation (Table 3). The pemsistance of TYLCV in cultured tissues was 
demonstrated at least, up to one year. It is concluded that TYLCV, a 

phlocm li initted virus could pass through the somatic embryogenesis and 

persist after sub-ctlturing. Seedlings derived from TYLCV-infected 

tissues should contain the same virus or the one to be used for pre

immunization. 
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'ra)le 3 Quantitative analysis of TYLCV-DNA from different 
cultivars of tomato in tissue culture at 5 days interval 
after inoculation. 

Amount of viral DNA (ng/mg tissue) 

Cultivars Day after inoculation 
5 10 15 20 25 30 

Seeda 1.89 2.16 2.12 1.57 1.18 1.15 

VI 13-I-2 2.30 3.20 2.93 2.40 2.24 1.09 

Seedathip 1 3.01 1.22 1.36 1.18 1.81 0.35 

Seedathip II 1.30 1.47 1.06 1.30 1.31 1.33 

TN 13 2.21 1.41 1.47 1.54 1.18 1.66 

B-200 1.12 0.96 0.67 1.15 1.26 2.02 

4.2 Pre-immunization by Insect Vector : Attempts were made 

to mass inoculate seedlings with TYLCV by using the whitetly vector. 
Virtulillerous whiteflies fIeeding on TYLCV infected Seeda tomato were 

transferred to feed on 2 week-old tomato seedlings grown in I ft2 plastic 

container. Inoculation feeding times were I, 7 and 15 hrs after which all 

the whiteflies were eradicated. Infected seedlings were determined by dot

blot hybridization using )I( labeling probe as previously described. 

Result The virtliferous whitetly could readily transmit the 

virus after I hr inoculation feeding time. Transmission percentages 
increased with an increase of inoculation feeding time (Table 4). 

For practical use, we have studied the effects of number of plant 

on transmission by the whitetlies. In this case, number of seedling per 

plastic container was increasedup to 100 seedlings/container. We 
obtained transmission percentages ranging fiom 65-80% (Data not shown). 

It is therefore concluded that pre-immunization of tomato seedlings by the 

whitely vector is more practical and better cost effective than in vitro pre
immunization system. 
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Table 4 Transmission percentages of tomato yellow leaf curl virus 
(TYLCV) by the whitefly, Beinisia tabaci at different 
inoculation feeding times. Fifty insects were used for 
each treatment. 

Inoculation Number of seedling % Transmission 
feeding time (hr) Infected/total 

21/50 42 

7 33/50 66 

15 34/50 74 

5. Fiehl Trials 
5.1 Effects of mild and severe strains of TYLCV on symptom 

development 
Seven out of 9 inild strains of TYLCV, designated as, M I-M7 

.%ere tested for sympton expression on field grown tomatoes. Each strain 
was graft-inoculated to 15-35 loniato seedlings and kept in greenhouse for 
3 weeks Hei'.27). The' were then transplated in the field and symptom 
expression was recorded 20 and 40 (lays after planting. Seedlings graft
inconlated with severe strain and healthy seedlings were also planted as 
control. 

Result : Field testings for symptom expression of selccted mild 
strains were performed during May-July, 1987 and February-April, 1988 
(Table 5). Seedlings infected with mild strains showed mild symptolls 
20-30 days after field planting while those with severe strain exibited only 
severe symptom. Ilealthv seedlings also showed high degrees of' severe 
symptom expression due to field infection. However, symptoms on mild 
strain infected plants developed severe symptoms 40 days after field 
planting. There were few plants infected by mild strains still expressed 
mild synptomls, suggesting the possibility of symptom suppression. 
Strains M4, M5 and M7 were therefor selected as potential mild strains for 
further uses. 
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Table 5 Effects of mild strains of TYLCV and disease development in 
field grown tomatoes. 

Strains Inoculated Symptom (20 days) 
plants severe mild 

A. May - July 1987 

MI 15 13 2 

M2 15 13 2 

M3 15 13 1(1). 

M4 15 6 5 (4)" 

Severe 15 15 0 

Heallhy 35 29 2 (4)' 

Total 110 89 12 

13. 	 February - April 1988 

M5 18 9 5 (4)' 

M6 25 25 0 

M7 28 23 4 (1)' 

Severe 18 16 0 (2)' 

Healthy 30 15 15 

Total 119 88 24 

( tnuber of dead plant 

Symptom (40 days) 
severe mild 

15 0 

15 0 

14 0 

8 3 

15 0 

29 2 

96 5 

12 2 

25 0 

26 1 

16 0 

27 3 

106 6 

50 



5.2 Field Performance of mild strain-inoculated tomato : One 

month old seedlings of Seeda tomato were graft-inoculated with infected 

tissues of mild strain (M7). Tissues firom healthy and severe strain

inf'ected plants were also grafted into yotng seedlings to severe as control. 

inoculated plants were kept in the greenhouse for 3 weeks and then 

planted in the field. Plants were frequently checked for TYLCV, 
c,pecially in those showing no external symptoms. Severity of symptom, 
plat height and frnit setting were recorded for 2 months after planting. 

Result : Although this field trial did not illustrate the effects of 

severe and mild strains on the yields of' tomato, partly die to the 

unfavorable condition (March-April), the experinient clearly showed that 

severe strain had significant inipact on plant growth and fruit setting (Table 

6). It has been shown that if' youing seedlings were inftected before 

flowering' stage, i'fccted seedlings wyere no longer productive. Plants 

infected with mil strain exhibited field performance comparable to 

healthy plants. Severe s\ uptoms were observed aniiong mild strain 
infccted plnts. It is not clear whether it was duie to the lack of' cross 

protection or the over expressions of severe strain n inixed poptlations of' 

mill strain beingtused Inthis study. 

Table 6 :iheld perforinance of' Seeda tomato plants infected by mild 
and severe strains of'TYI.CV 

Strain No. of lPlant I)isease Rating* Average Growth Fruit setting 
(cm) % 

Severe 21 3 26.75 0 

Mild 93 1-3 41.38 73.85 

Healthy 50 0-3 49.95 80.95 

Disease rating 0 = no symptom 
I = mild yellowing 

2 = curling of new leaves and shoot 

3 = leaf curling, severe stunting, 
plant died 
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IMPACT, RELEVANCE AND TECHNOLOGY TRANSFER
 

This project was cariied out by a group of Thai scientists 
specializing in the areas of plant virology and insect virology. They have 
been trained in US. and Japan for their advance degrees. In Tlhailand, they 
have committed themselves to research and development in Plant 
Protection Virology, and have teaching responsibilities at Kasctsart 
University, the country leadinu university in agriculture. The support 
provided by AlD/SCI PSTC research project has tremendous impact on 
research individuals to Iperfonhi their duties, research laboratories to 
strengthen their facilities and Kasetsart University to her graduate 
program. It should be mentioned that Virus and Mycoplasma Iab. , Plant 
F'athology )epartment, Insect Virology I'ab., IEntomology Department, 
College of' Ariculturc, and Plant Genetic Engineering Unit, the Central 
laboratory and Greenhou se Complex of Kasetsart University were 
significantly improved to he able to conduct research In molecular plant 
pathology and molectlar biology. Research collahorations with leading 
researchers ani laboratories in developed COuntrics like Dr. Roger N. 
Beachy, [lie Scripps, ISA, I)r. Peter Waterhouse, CSIIRO, Australia, )r. 
,Jamcs I)ale, )ueensland nJiversity of' e'chnology, Australia, I)r. M. 
Ikegmi, l'ok\o Jnivtesitv of Aericulture, Japan, Dr. Douglas P. 
Maxwell, tiJiversit\ of' Wisconsin, USA and )r. 1I.J..1. Nijkanip, Free 
U i versitv, Tle Net herlailds are examples of' scientific capability 
ilprwVtlllell oflthe group. 

Research results have elucidated several aspects of* plant-virus
vector relationships of' tomato yellow leaf' curl disease. Among these 
huidings were the detection of, 'YI.CV by the modern te.chnology. We 
have identilied mild strains of TYI,CV and confirmed their presence by 
this technique. It is very useftl f'or breeders working in the field to select 
lhe potential tomato lines which are resistant to virus infection but not due 
to disease escape. We have demonstrated the sole vector of' this virus, the 
whitefly. 8. htaaci and its population dynamics. We also believe that in 
order to have the successftil disease control program, insect population 
will have to be caretilly monitored. 
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PROJECT ACTIVITIES/OUTPUTS 

1. Publication : 
THONGRIT, D., S. ATTATHOM AND T. SUTABUTRA. 1986. 

Tomato yellow leaf curl virus in Thailand. FFTC Book Series 
No. 33. Taiwan. Relublic of China. 

ATTATIIOM. S., P. CIIII-MSOMBAT, T. SUTABUTRA AND R 
P1ONGIIANITANOND. 1990. Chi.aracterization of Nucleic Acid 
of 'lomato Yellow leaf Curl Virus. Kasetsart J. (Nat. Sci.) 24 
(-). :-5. 

KA1,AYAW I)I IIP()NG, P., S. ATTATIHOM AND R. 
VISIF'SSIJWAN. 1990. Regeneration of Seeda Tomato Plants 
from Isolated rotoplasts. Kasetsart .. (Nat. Sci.) 24 (5): 6-11. 

CIllIMSO)MBAT, P., W. KOSITRATANA, S. ATTATIIOM, T. 
SUTABIIJTRA ANI) N. SAF-AtJNG. 1990. DNA Probe and 
Ntucleic Acid Ilvbridization for Plant Viris Detection. Kasetsart 
.1.(Nat. Sci.) 24 (5): 12-16. 

SUTAI3UTRA, TF., S. ATlAIl'lOM, K. KOSITRATANA, T. 
ATTATII()M AND) P. CIIIFMSOMBAT. 1991. Detection of' 
tomato yellow leaf curl vilus in whitefly with a non-radioactive 
probe. Workshop on Al)/SCI Funded Research in Agricultural 
13ioteclimology. Kasetsart University, Bangkok. p II 0-II 3. 

2. Training 
2.1 	 Non-radioisotope Probe For Plant Virus Detection. 199 1.
 

(Co-organizer: Dr. I. Uyeda, Ilokkaido University, Japan)
 
A two-week training course for Thai Virologists and Plant
 
Virologists to apply molecular biology technique to detect
 
plant virtuses iliding ' Y I CV.
 

2.2 	 lant Virus Gene Amplification by PCR. 1991. 
(Co-organizer " L)r. M. Ikegami, Tokyo Nodai, lapan) 
A week training course designed for Thai researchers how to 
utilize PCR technology as a tool for plant virus diagnosis. 
TYLCV-CP) gene was used as a model. 

2.3 	 Master Class in Plant Virology. 1992. 
(Co-organizers : Australia Center for International Agricultural 
Research and Queensland University of Technology) 
A two-week course designed for 20 plant virologists in Thailand 
and neighbouring countries to introduce the basic concepts in 
molecular plant virology. TYLCV was one of the subjects 
for discussion. 
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PROJECT PRODUCTIVITY. 

We have accomplished most of the project objectives. However, 
severefield perfornance of the selected mild strains to protect against 

strain was not up to the level of our anticipation. It is not quite clear 
whether it was due to the -mixed" population of mild strain or tile 
instability of mild strain in natural condition. 

FUTURE WORK 

Research results of this project have marked the way to basic and 

applied research in plant virology that could contribute to the better and 

more efficient disease control progralf. I lere are some examples of futtre 

work, 

I. Miolecular l)ioh~gy of iY IL( . 

It isobvious that this small ss-I)NA virus has potential risk to crop 
prodluction in tropical region. We have to learn more on genetics and 
biology of this virus, especially, the viral genones and their t0ctions. 

Molecular biology of this virus would help us understand the mechanism 

of cross-potect iol and design better control strategy. 

2. The biology of the whitefly, B. tabaci 
It has bccn clearly lndemonstrated that if one could prevent whitefly 

tralsmission ofTIY ICV, there will be no infected tomato plant in the field. 
We have tried very hard to control the virus and manipulate the plant to be 

more rcsistant to inIfction. little has been (lone to control the whitely at 

large scale. Chemical spray is proveln not to be an effective way to control 
virus transmission. Biological control of whitefly population thro lgh 

natural parasites, predators and pathogens should be fiuly investigated. 

Tropical environmict provides a good opportunity for biocontrol agents 
to control the target pest. 
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