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Abstract The whitefly-transmitted tomato yellow-leal
curl gemini-virus (TYLCV) is a major pathogen of
tomatoes. The wild tomato species Lycopersicon
chilense, which is resistant to the virus, was crossed to
the cultivated tomato, L. esculentum. The backcross-1
selfed (BC1S1) generation was inoculated and a symp-
tomless plant was selected. This plant was analyzed
using 61 molecular markers, which span the tomato
genome, to determine which L. chilense chromosome
segments were introgressed. A BC2S1 population was
cage-inoculated with viroliferous whiteflies (Bemisia
tabaci), the natural insect vector of the virus, and subjec-
ted to RFLP analysis. Markers on chromosomes 3 and 6
were significantly associated with the level of tolerance;
the association of chromosome-6 markers was further
substantiated in two additional BC2S1 populations, A
tolerant BC2S1 plant which was homozygous for L.
chilense introgressions in chromosomes 3, 6 and 7 was
crossed to generate a BC3S1 population which was
planted in an infested field. A TYLCV-tolerance gene
with partial dominance, TY-1, was mapped to chromo-
some 6: two modifier genes were mapped to chromo-
somes 3 and 7. Field and whitefly-mediated cage inocu-
lations of nearly-isogenic lines in BC3S3 supported our
conclusion that TY-I is the major TYLCV-tolerance
locus.

Key words Lycopersicon - Tomato yellow leaf curl
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Introduction

The tomato yellow leaf curl virus (TYLCV; gemini-
virus) is responsible for severe disease of tomatoes (Co-
hen and Harpaz 1964; Czosnek et al. 1988). The virus,
which is transmitted by the whitefly Bemisia tabaci
Genn,, infects tomato varieties during the summer and
autumn in the Eastern Mediterranean, North and Cen-
tral Africa and Southeast Asia (Czosnek et al. 1990).
TYLCYV is the first reported whitefly-transmitted ge-
mini-virus to possess 4 single genomic molecule (Kheyr-
Pour et al. 1991; Navot et al. 1991). Its genome is com-
posed of 2787 nucleotides and encodes six open reading
frames (Navotet al. 1991). Related gemini-viruses which
infect tomato were identified in Mexico (Brown and
Nelson 1988), Florida (Scott and Schuster 1991) and
Australia (Dry et al. 1993).

The first step in classical breeding for TYLCYV resist-
ance was to screen species in the genus Lycopersicon for
resistance to TYLCV (Zakay et al. 1991). In field tests
the wild species L. Pimpinellifolium, L. hirsutum and L.
peruvianum all showed partial tolerance. The green-
fruited species L. chilense (LA 1969), which has severe
crossability barriers with the cultivated tomato (Rick
1979), was completely resistant and therefore was se-
lected as the source for our breeding project.

Mapping genes in tomato has been facilitated by the
development of a saturated restriction fragment length
polymorphism (RFLP) map (Tanksley et al. 1992), In
tomato the following discase-resistance genes have been
mapped using molecular markers: Tm-2 (lobacco mo-
saic virus; Young etal. 1988), Tm-1 (Levesque et al.
1990), 1-2 (Fusarium oxysporum f. sp. lycopersici race 2;
Sarfatti etal. 1989), I-3 (Fusarium oxysporum f. sp.
lycopersici race 3; Bournival et al. 1989), Mi (root knot
nematode; Klein-Lankhorst et al. 1991; Messeguer et al.
1991), Pto (Pseudomonas tomato: Martin et al. 1991), Sm
(Stemphylium; Behare etal. 1990) and Cf-2 and Cf-9
(Cladosporium fulvum; Jones et al. 1991). The mapping
strategy in the above studies was based on previous
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Anstract. Tomato yellow leaf curl virus (TYLCV), a heterogencous complex of whitefly-vectored geminiviruses, is a serious
production constraint of tomato (Lycopersicon esculentum Mill.) in Asia, the Middle East, and the Americas. In this study
we report on mapping of a DNA fragment introgressed into cultivated tomato presumably from the wild species L. hirsutum
Humb. and Bonpl. and found to be associated with TYLCV resistance. To locate introgressions of wild tomato alleles in
TYLCV-resistant tomato line H24, its DNA was digested with six restriction enzymes and probed with % RFLP markers
evenly spaced throughout the genome. This polymorphism survey revealed the presence of one wild tomato introgression
each on chromosomes 8 and 11. Plants of a F, cross between H24 and a susceptible tomato line were probed with randomly
amplified polymorphic DNA (RFLP) markers linked to the targeted regions and F, families were developed by self-
pollination of F; plants that carried none, one, or both introgressions in cither homozygous or heterozygous states, Plants of

CT107C
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TG 105A, /-2
TG 26
TG 383

F;familics, parents, and control tomate line TyS2 (homozygous for the 7y-/ allele for TYLCYV tolerance) were exposed to

viruliferous whiteflies (Bemisia tabaci G dius)in gr

Taiwan, and the University of Agricultural Sci B:

at the Asian Vegetable R hand Devel Center,

¢, Indin. Results indicated that F, families homozygous for the

introgression on chr 11 were resi to TYLCY at both locations. Additional probing showed that the
chromosome 11 introgression spanned markers TG36 to TG393, covering a distance of at least 14.6 centimorgans, This is

1.

the first report of TYLCV resi in pped to ch

Tomato yellow leaf curl virus (TYLCV) refers to a heteroge-
neous complex of geminiviruses (Czosnek and Laterrot, 1997)
vectored by the whitefly, Bemisia tabaci, that infects tomato
(Lycopersicon esculentum), pepper (Capsicum annuum L., var
annuum), potato (Solanum tuberosum L. ssp. tuberosum), to-
bacco (Nicotiana tabacum L.) and several dicot weed species
(Green and Kalloo, 1994; Polston and Anderson, 1997; Ramappa
etul,, 1998). In tomato, disease symptoms include leaf curling
and yellowing, and plant stunting; yield losses can reach 1004 if
plants are infected in carly growth stages (Green and Kalloo,
1994; Pico et al., 1996).

TYLCV is a serious tomato production constraint in tropical
and subtropical Asia (Green and Kalloo, 1994; Zeidan et al.,
—_—
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1999). Symptoms of the discase were first described in India by
Vasudeva and Samraj (1948). In the southern Indian state of
Karnataka, the major tomato producing region in India, TYLCV
can infect tomato crops throughout the year, although disease
incidence is highest during the summer crop (February to May)
when 100% incidence has been reported (Saikia and Muniyappa,
1989). In Taiwan, the discase has been detected in farmers’ fields
in all parts of the island (Asian Vegetable Research and Develop-
ment Center, 1994) but infection is frequent in southern and
central counties where tomato cultivation is common year-round
close to fields of whitefly hosts such as watermelon [Citrullus
lanatus (Thunb.) Matsum. & Nakai], melon (Cucumis melo ssp.
melo) and vegetable sovbean [Glycine max (1..) Merr,]. Disease
incidence is highest in the late dry season/early wet season
(March to June) when high temperatures favor rapid growth of
whiteflies, Few TYLCV-resistant tomato cultivars are available
in Asia, and attempts by farmers to control the disease through
frequent pesticide applications are often incffective, contaminate
the environment, and pose a health risk to themselves and
consumers.

High levels of TYLCV resistance have been reported in
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Abstract Resistance to begomoviruses including
bipartite Tomaio motile virus (ToMoV) and mono-
partite Tomato vellow leaf curl virus (TYLCV) has
been introgressed to cultivated tomato (Selanwm
Ivcopersicum) from S, chilense accessions LA1932,
LA2779, and LAI1938. Previous research demon-
strated that three regions on chromosome 6 were
associated with the resistance, two of which were
required for a line to provide a high level of
resistance, In the present study, we identified a large
8. chilense introgression spanning markers from
C2_At2g39690 o TO834 in LA2779-derived ad-
vanced breeding lines resistant to both TYLCV and
ToMoV. A begomovirus resistance locus, Ty-3, was
mapped to the marker interval between ¢LEG-31-
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markers near the Ty-J regi
breeding program for effic
virus resistance in the pa
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Introduction

P16 and T1079 on the long arm of chr 6,
In addition to the Tv-7 locus. the large introgression
also spans the Ty-§ region near the Mi gene,
suggesting the possible coexistence and linkage of
resistance alleles at both Ty-7 and Tv-3 loci in these
lines. In contrast, LA1932-derived advanced breed-
ing lines possess a much shorter introgression from
C¢LEG-31-P16 to C2_At5g41480, which also carries
a hegomovirus resistance locus that is probably
allelic at the Ty-3 locus. The PCR-based markers
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ABSTRACT, o uses, bipartite tomato mottle virus (ToMeV) and monopartite tomato
yellow leal curl virus (TYLCV), has been introgressed to i tomato (Sole Iyeopersicum) from Solanum
chilense accessions LA1932 and LA2779. A major gene, Ty-3, responsible for resistance to ToMoV and TYLCV was
previously mapped on the long arm of chromosome 6. In the present study, we identified a 14-cM 5. chilense
introgression on the long arm of chromosome 3 in some resistant breeding lines derived from LAT932. A new
begomovirus resistance locus, Ty-4, was mapped to the 2.3-cM marker interval between C2_Atdg17300 and C2_At5g60160
in the introgression. Analysis of a population segregating for Ty-3 and Ty-4 demonstrated that Ty-3 accounted for
59.6% of the variance, while Ty-7 enly accounted for 15.7%, suggesting that Ty-4 confers a lesser effect on TYLCV,
resistance. Recombinant inbred lines (RILs) with Ty-3 and Ty-4 had the highest level of TYLCV resistance. The PCR-
based markers tightly linked to the Ty-# locus as well as the Ty-3 locus have heen recently used in our breeding

960719
(LA1932)

cLEZ-17-J15B

program for efficient selection of high-levels of begomovirus resistance and now allow for efficient breeding by

marker-assisted selection.

Tomato-infecting begomoviruses, including monopartite
tomato yellow leal curl virus (TYLCV) and numerous bipartite
viruses including tomato mottle virus {ToMoV), are transmitted
by the sweetpotato whitelly (Bemisia tabaci), the B biotype of
which is also known as the silverleaf whitefly (8. argenvifollii).
These viruses have caused serious losses to tomato production
in many tropical and subtropical regions in the world {Polston
and Anderson, 1997). Although the use of insecticides for
whitefly control can limit disease, epidemies can still oceur, and
whitefly resistance to the chemicals has been reported (Omer
etal., 1993). Therefore, breeding resistant cultivars would be an
elfective method for control of this disease. Thus far, TYLCV
resistance has not been found in Solanum Iveopersicum germ-
plasm, but has been discovered in several tomato wild species,
including S. pimpinellifolium, S. peruvianum, S. chilense, 5.
habrochaites, and S. cheesmaniae ()i et al., 2007b; Pico et al.,
1996: Scott, 2007). Early breeding efforts involved the intro-
gression of resistance genes from the wild accessions into
cultivated tomato using traditional breeding approaches (Scott
et al., 1996), a process that usually takes many years to breed a
resistant cultivar with acceptable horticultural characteristics.
Marker-assisted sclection (MAS) provides a tool to improve the
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efficiency of cultivar development. There has been si
progress in the development of markers for imp
resistance genes (Foolad and Sharma, 2005), includin
ous TYLCV resistance genes (Ji et al., 2007b). The f
gene, Ty-/, which originated from §. chilense
LA1969, was mapped near a molecular marker
chromosome 6 of tomato (Zamir et al., 1994). PC
markers closely linked to the Ty-/ gene have been d
and can be used for MAS (de Castro et al., 2007
2007a). A second TYLCV resistance gene, Tv-2 (Han
2006), which originated from S. habrochaites
Banerjee, 1990), was mapped to the long arm of chiro
11, delimited by restriction fragment length polym
markers TG393 and TG36 (Hanson et al., 2000). This
further delimited to a 4.5-cM marker interval (Ji &t a
We recently identified a third begomovirus resistan
Ty-3, in 8. chilense accessions LA1932- and LA2779
resistant lines, the former carrying a 6-cM introgres:
latter =27-cM on the long arm of chromosome 6.
mapped to the same marker interval in the two introgi
=15 eM away from Ty-1 (i etal , 2007a). Ty-3 differs
first two genes mainly in two aspects. First, unlike Ty-
2, which are effective against only monopartite
effective against TYLCV and the bipartite bego
ToMoV (Agrama and Scott, 2006; Ji et al., 2007a). In
Tv-1 and 2 genes express complete or neatly ¢
dominance (Hanson et al., 2000; Ji et al., 2009; Zam
1994), while T3-3 is more additive (Ji et al 2007a).
major locus explaining a high degree of the obse
typic variance from the two accessions, but addition
tance loci are required to obtain the highest levels of |
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