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1. SCIentIfic summary 

The oroJect started March 1997, when funds were made aVaIlable to partners Dunng 

the first year of resealch, protocols to charactenze In molecular terms the whItefly-borne 

gemInIVlfUSes InfectIng tomato, pepper and other vegetables In JamaIca have been establIshed 

at the Umversity of Wlsconsm and Implemented at the Umverslty of West IndIes Several 

whitefly-transmitted gemmIvlfUses affectmg tomato and pepper m JamaIca have been cloned 

and sequenced Tomato genotypes commercIally avaIlable have been tested In mfected fields 

m controlled expenments m JamaIca New tomato hnes sUItable for JamaIca have been 

developed Some of them show tolerance to tomato yellow leaf curl VIruS whIle others are 

Immune 

Dunng this second year of research, we have contInued to charactenze gemmiviral 

dIsease affectmg tomato and as well as other vegetables m JamaIca, at the molecular and 

epIdemIOlogIcal levels The dIagnOSIS of these dIseases has been extended by mtroducmg new 

sets ofpnmers for use In PCR-based tests The Immune tomato hnes have been tested In large 

scale field condItIons In Israel and YIelds have been evaluated These and other hnes, 

expenmental as well as commercIal, are presently evaluated In Jamaica In field condItIons 

Virus-denved strategIes have been Implemented to engmeer tomato plants for resistance 

agamst TYLCV and other whItefly-transmItted gemmIvlruses m JamaIca 

Objective 1. Molecular and bIOlogical characterIsatIOn of gemmlvlruses of 

tomato and pepper 

Molecular characterizatIOn of tomato dwarf leaf curl VIrus from JamaIca (ToDLCV-Ja) 

Tomato plants WIth severe dwarfing and leaf curlmg symptoms were analyzed by the 

polymerase cham reactIOn (PCR), usmg umversa] pnmers for bipartIte gemmlvlruses DNA 

extracted from these plants was submitted to Southern blot hybndizatIOn WIth a DNA-A 

probe speCific of whitefly-transmItted bipartite gemlmviruses Results showed that these 

plants were mfected by at least two gemmiviruses 1 A tomato yellow leaf curl VIruS 

resembhng the monopartlte stram from the MIddle East (TYLCV) and 2 The bIpartIte 

gemmivirus from Jamaica The bIpartIte tomato gemImvIrus from JamaIca has been gIven the 
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name tomato d\\arf leaf curl gemlmvirus (ToDLCV) because of the severe dwarf and leaf 

curlIng symptoms assocIated With mfected plants 

OlIgonucleotIde overlappmg pnmers desIgned to amplIfy the entIre genome (2 6-kb) 

of ToDLCV from Jamaica was used WIth PCR to obtam the entIre genome of ToDLCV 

DNA-A usmg vent DNA polymerase ThIs full-length clone Will be tested for Its abIlIty to 

replIcate m moculated explants and m protoplasts, and then sequenced 

Molecular characterIzatIon of tomato yellow leaf curl vIrus from JamaIca (TYLCV-Ja) 

A full-length replIcatmg TYLCV DNA-A clone from JamaIca was amplIfied by PCR 

from DNA extracted from mfected tomato A 2 8 kbp PCR fragment was obtamed and was 

cloned The sequence of the clones showed a close relatIOnshIp With TYLCV from the MIddle 

east, mdicatmg a recent Import of thIs VIruS m the Canbbean Islands 

ObjectIve 2 EstablIshment of the diagnostIc laboratory 

CharacterIzatIon and clonmg of cabbage leaf curl gemlDIvlrus from Jamaica (CLCV-Ja) 

The sap from mfected cabbage tIssue With leaf curhng and slIght mosaIC symptoms 

from Jamaica was used to moculate Nlcotzana benthamzana test plants ReplIcatIve form of 

CLCV was extracted from symptomatIc plants A full-length DNA-A fragment was cloned m 

a umque EcoRi SIte of the plasmId Bluescnpt and the full-length DNA-B fragment was 

cloned m a umque Pst! SIte of the same plasmId 

NucleotIde sequence analysIs usmg the DNAStar program showed that DNA-B of the 

Jamaican cabbage VIruS was >96% IdentIcal to cabbage leaf curl VIruS from Flonda 

(CLCV-Fl) ThIS was the first report ofCLCV outsIde ofFlonda To date approXImately 92% 

or 2400 of the 2600 nucleotIdes of a replIcatmg full length DNA-A clone of the 

cabbage-mfectmg gemmivirus from Jamaica was also sequenced NucleotIde sequence 

analysIs of DNA-A of the JamaIcan cabbage VIruS showed that 1600 nucleotides whIch 

mcludes the entIre av 1, ac2, and ac3 genes and the c-termmal part of the acJ gene was 90% 

Identical to CLCV-FI The remammg 800 nucleotides was <70% SImIlar to CLCV-Fl and 

showed greatest nucleotIde snmlanty (86%) to Szda golden mOSaiC gemmivirus from Jamaica 

(SIGMV-Ja) Only partIal nucleotIde sequence of the common regIOn [or the DNA-A of the 
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Jamaican cabbage VIruS was obtamed However nucleotIde sequence of thIS partIal common 

regIOn sequence to homologues regIOn ofDNA-B showed <70% simIlanty This suggests that 

the common regIons of DNA-A and DNA-B of the Jamaican cabbage VIruS are dIstmct and 

that two dIstmct gemInlVIruses eXIsts m our cabbage sample The common regIOns of DNA-A 

and DNA-B of the same bIpartIte gemmivirus must be >90% IdentIcal to be conSIdered the 

same VIruS However nucleotIde IdentIty of >90% for the entIre av 1, ac2, and ac3 genes and 

the c-tenmnal part of the ael gene suggest that DNA-A component of the cabbage VIruS from 

JamaIca may be a recombmant VIruS between CLCV-FI and SIGMV-JM Other full-length 

clones are bemg Isolated and sequenced 10 detennme mIxed mfectIOn of 2 or more cabbage 

VIruses or If the cabbage ViruS from JamaIca IS a recombmant VIruS RecombmatIOn among 

gemmIvlfUses IS a new phenomenon and has been shown to be a major evolutlOnary tool 

among gemmiviruses 

Host range, symptomatology, and transmISSIOn charactenstlcs of the TYLCV stram from 

JamaIca m pepper 

WhItefly transmIssIOn studIes were set up to establIsh that JamaIcan hot pepper 

(CapSIcum chznense) IS a new host of TYLCV-Ja Two-week-old seedlmgs were whItefly 

moculated WIth TYLCV-Ja, In whItefly-proof cages Each plant were exposed to 100 

vIruhferous whIteflIes (B tabacI) m a whItefly-proof cage for 7 days, then sprayed With an 

InsectIcIde Pepper plants developed mIld symptoms of leaf curlIng and mottlIng TYLCV m 

leaf samples were confirmed by PCR USIng pnmers speCIfic for the MIddle eastern stram of 

the VIruS 

ObjectIve 3: ReactIOn of gemmlvlrus tolerant tomato germ plasm to 

TYLCV-Ja and ToDLCV-Ja 

Breedmg and evaluation of tomato hnes resIstant to TYLCV 

We have started a breedIng program aimed at obtaInIng tomato hnes Immune to a 

range of gemInlVIruses as Wide as pOSSIble, IncludIng those present In JamaIca The Wild 

tomato speCIes L hirsutum served as the source for Immumty TYLCV-Immune L hlrsutum 

plants were crossed With the domestIcated tomato L esculentum and a senes of selfing was 
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performed At each generatIon, mdIviduals were selected for Immumty (no symptoms and 

undetectable vIral DNA), folloWIng massIve and repeated Inoculations wIth vIrulIferous 

whIteflies A stable BCIF4 lIne (denomInated 902) whIch does not segregate for Immumty 

was obtaIned The lIne has good hortIcultural charactenstics and bears 80-120 g red frUIts 

The Immune lIne needs not to be protected by InsecticIdes and/or nets Fl hybnds have been 

produced by croSSIng the Immune lIne WIth supenor tomato vaneties and more are developed 

BehaVIOr of Immune tomato hnes m field tests III Israel 

The Immune homozygous parents and theIr Fl hybnds were tested In open field The 

behaVIOr of the hnes was compared With that of susceptIble vanetIes as well as WIth 

commerCial vaneties claimed to be tolerant to TYLCV To ensure that all plants were 

properly Inoculated, seedlIngs were caged for 4 days With VIrulIferous whIteflIes, about 20 

Insects per plant The seedlIngs were then planted In a field where the populatIOn of 

whIteflIes was very hIgh (begmnmg of July) Squashes of leaves from each plant were 

sampled every 2 weeks and hybndized WIth a probe speCIfic for TYLCV FruItS were 

harvested 14 weeks after plantmg (startIng end of October) and every 4 weeks thereafter The 

results of the YIelds obtaIned are summanzed m the follOWing table Numbers show the 

cumulative YIeld (m kIlograms) obtaIned With 55 plants 

Date Immune lIne Fl Commercial SusceptIble 

Oct 29 46 0 0 0 

Nov 24 149 51 8 0 

Dec 18 209 142 36 0 

It has to be noted that a very strong heat wave affected the field ImmedIately after 

plantIng and lasted for 2 months, affectIng fruIt set It has also to be noted that, apart for two 

InsecticIde spray one and two weeks after plantIng, the field was not treated agaInst 

whIteflIes FInally, at the tIme thIS report IS wntten, the Immune lIne and the Fl hybnd are 

still prodUCIng frUItS 

The Immune hnes and theIr hybnd have also been tested successfully In IndIa 

(Bangalore), TaIwan, Egypt and Guatemala 
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Testmg tomato hnes resistant/tolerant to TYLCV from Israel m JamaIca 

Smce TYLCV m Jamaica IS SlmilaI to the stram present In Israel, we Wish to find out 

whether the lmes developed m Israel could be of use m JamaIca In addItion, the behavlOr of 

these lmes m field mfested WIth the bipartlte tomato gemmivIfUs from JamaIca IS of great 

mterest to find out whether reSIstance can be achIeved for a broad range of Old and New 

World whItefly-transmItted gemImviruses 

A field test IS conducted m Jamaica to evaluate the Immune tomato lmes and theIr 

hybnds m clImatIc and msect pressure of Jamaica Seeds of tomato lmes bread m Israel have 

been sent to Jamaica together With commercIal vanetIes WhItefly medIated moculatlOn of 

tomato plants WIth TYLCV-Ja were undertaken Tomato seedlmgs from 6 lmes were 

establIshed and whItefly moculated With TYLCV The plants are currently bemg momtored 

for symptom development and accumulatIOn of VIral DNA 

ObjectIve 4. VIrus derIved strategIes for conferrmg vIrus resIstance 

ConstructIOn of potentIal trans-dommant lethal mutants III the rep ofTYLCV-Is 

A full-length mfectIOus clone of a TYLCV-Is Isolate from Egypt (Ismalha governorate) 

(TYLCV-Is EGl) was cloned (denommated pTYEG14) ThIs clone was used as a Wild type 

template for mutant preparatIon Mutants were deSIgned to proVIde a rep product that mIght 

mterfere m trans WIth the replIcatlon of WIld-type TYLCV These mutants were K104 to R, and 

D259 to R The former IS a conserved lysme Within the putatIve ruckmg motlfID The latter mutant 

IS conserved reSIdue WIthm the NTP bmdmg SIte of rep 

ConstructIon of mutants III pTYEG14 

FollOWing a Kunkle-based mutagenesIs procedure usmg pTYEG14, colorues were 

generated contalrung mutant sequences from mutageruc pnmers repv2000, and repv2467 Pnmer 

repv2000 matches part of the putatIve NTP-bmdmg motIf and contaIns the codon change D259 to 

R Pnmer repv2467 matches part of the putatIve mckmg motIf and contams the codon change 

K 104 to R 

Colorues were produced for each SIte dIrected mutageneSIS reactIOn PutatIve mutant 

contammg colorues were streaked for smgle colony IsolatIon on 2x YT Amp + Tet 
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+1PTGIX-GAL media and plasmId preparatlOns from these colonIes were used for restnctlOn 

digestlOn, and sequencmg usmg Sequenase verSlOn 20m a double stranded protocol Colomes 

were named for the plasImd they contamed With p and the smgle letter AA abbrevIatlOn followed 

by the AA positlOn and the mutant AA With a desIgnated colony number (1 e pTYD259R # 5) 

PlasmId pTYD259R # 5 was determmed to contam the codon change D259 to R PlasmId 

pTYK104R # 1 was determmed to contam the codon change K 104 to R These colonIes were stored 

as glycerol stocks at -80°C The folloWing figure descnbes the mutants obtamed and the changes 

m ammo aCId codons for the NTP-bmdmg motIf and DNA-nIckmg motIf of rep ORF of 

TYLCV-Is EGII 

NTP-bmdmg site mutatIOn 
WIld type TYLCV-Is AA 
WIld type TYLCV-Is nta 

WIld type TYLCV-Ja AA 
WIld type TYLCV-Ja nta 

Wild type pTYEG14 AA 
Wild type pTYEG14 nta 

D259 toR AA 
Pnmer 1 epv2000 nta 

Nlckmg motIf ill mutatIOn 
WIld type TYLCV-Is AA 
WIld type TYLCV-Is nta 

WIld type TYLCV-Ja AA 
WIld type TYLCV-Ja nta 

WIld type pTYEG 14 AA 
WIld type pTYEGl4 nta 

K 104 toR AA 
Pnmer repv2467 nta 

D V D D I V NY 
GG GTC TAC GTC ATe AAT GAC GTT GTA CC 

D V D D I V NY 
GG GTC TAC GTC ATC AAT GAC GTT GTA CC 

D V D D I V NY 
GG GTC TAC GTC ATC AAT GAC GTT ATA CC 

D V DR I V NY 
GG GTC TAC GTC TCT AAT GAC GTT GTA CC 

NGDKEVY 
GTT TCC GTC TIT CTC CAC GTA GG 

S P DK E V Y 
TCT CCC GTC TTT CTC CAC GTA GG 
NGDKEVY 

GTT TCC GTC ITT CTC CAC GTA GG 
NGDREVY 

GTT TCC GTC TCG CTC CAC GTA GG 

a Viral sense sequence, ammo aCIds denved from complementary sense strand 

PCR amplIficatIOn of rep mutants and clonmg 

The entire rep was cloned by PCR from the full-length mutant contaInIng plasmlds usmg 

the TA clOnIng kit from InvItrogen The rep ORF's were amplIfied usmg pnmers repv1707 and 

CRc4 and the PCR fragment cloned ResultIng colOnIes were streaked for smgle colony IsolatlOn 

and screened for the presence of the deSIred mutatlOns by sequencmg as above Piasmids 

prepD25~ # 2, prepK 104R # 2 were determmed to have the appropnate mutatIons 
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IntroductIOn of the rep mutants mto Agrobactenum for transformatIOn of tomato plants 

A full-length copy of the mutated VIral clones were excIsed WIth the restrIctIOn enzyme 

SphI and punfied In parallel the Agrobactenum bInary vector pBIn 19 was cut and IIneanzed after 

IncubatIon WIth the restrIctIOn enzyme SphI The VIral clones were lIgated WIth the pBIN19 vector 

In a 3,1 ratIO m order to favor the productIOn of head-to-taII TYLCV dimers The dimers were 

Introduced mto Agrobactenum LBA4404 by dIrect transformatIon These recombInant 

Agrobactenum straInS are beIng used to transform tomato plants, USIng the leaf dIsc and 

cotyledon co-cultIvatIOn technIque 

2 SCIentIfic Issues 

The results obtamed dunng the second year of the research program do not JustIfy any change 

to the proposal 

3 Managenallssues 

The project IS developmg accordmg to schedule 

4 SpeCIal concerns 

None 

5 Collaborative activIties 

1 Meetmg of partners 

The three partners and theIr students met dunng the InternatIonal Workshop on 

BenuslG and Gemlillvlruses that was held m San Juan, Puerto RICO, June 7-12, 1998 Dunng 

thIS meetmg, we have dIscussed results and planned expenments and collaboratIOns for the 

followmg research program 
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2 PresentatIOn of results at sCIentific meetmg 

The partners have presented theIr results as posters and as oral reports 

1 Brown S, McLaughlm W, Cabarello R and Brown J CharacterIZatIOn, dlstnbutIOn, and 

host plants ofwhltefhes m Jamaica Abstract L-19 

2 Roye ME, McLaughlm WA, Nakhla MK and Maxwell DP Molecular charactenzatIOn of 

gemlnIVIruses from Jamaica Abstract P-64 

3 MIlo J, Aranclbla E and Czosnek H Roots from TYLCV -tolerant genotypes do not mhibit 

VlfUS movement to susceptible tissues m tolerant/susceptIble grafts Abstract P-50 

4 Czosnek H, Ghamm M, Rubmstem G, Monn S, Atzmon H, van Hoss Hand Czosnek H 

WhItefly-tomato yellow leaf curl VIruS mteractIOns, or are gemlnIVIruses msect pathogens? 

Abstract L-30 

5 Hanson SF and maxwell DP InhIbItIOn of gemmIvlrus replIcatIOn by trans-dommant rep 

gene mutants Abstract L-57 

3 VISIt of Dr Zeldan from The Hebrew UmversIty of Jerusalem to The Umverslty of the 

West IndIes 

Followmg the meetmg, Dr Muhammad Zeidan from the Hebrew Umversity has been 

vlSltmg for 3 weeks Dr Wayne McLaughlIn at the UnIVerSIty of West Indies Dunng thIS 

penod, Dr Zeidan has gIven a senes of lectures on gemImvirus-related reSIstance of 

vegetables Dr Zeldan has also collaborated In the establIshment of a whitefly colony and of 

ImplementIng protocols for whItefly-medIated moculatIon of tomato plants 

4 VlSlt of Dr Roye from the UmversIty of the West IndIes to The UmversIty OfWIsconsm 

Dr MarCIa Roye has VISIted the laboratory of Prof Maxwell for the last two months 

Dr Roye has cloned TYLCV and another whItefly-transmItted gemmIvlrus affectmg tomato 

mJamaIca 

5 VISIt of Prof Maxwell to The Hebrew UmversIty of Jerusalem 

Prof Maxwell has VISIted the laboratory of Prof Czosnek dunng a 8 day penod, May 

1997 Dunng thIS VISIt the two partners have reVIewed the results of the collaboratIOn and 

planed expenments for the next research penod 



• 

• 

• 

10 

6 Scheduled VISItS 

Dr McLaughlm IS scheduled to come to Israel dUrIng 1999 In addItIOn a Ph D 

student of Dr McLaughlIn, MISS Sherlme Brown IS scheduled to work m the laboratory of Dr 

H Czosnek for a one-month extendable perIod Dunng her stay she Will learn techmques 

related to tomato plant transformatIOn 
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