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Abstract. This study was conducted to evaluate imported tomato F; cultivars as breeding materials for the
resistance to Tomato yellow leaf curl virus (TYLCV) by molecular markers and bioassay. From marker genotyping
and disease evaluation of 40 F,; cultivars, most of the cultivars declared as TYLCV-resistance carried heterozygous
marker genotype for the TYLCV resistance genes 7y-1, Ty-3, or Ty-3a, and showed low disease rates. Whereas,
4 of 5 F; cultivars declared as intermediate resistance showed marker genotype for susceptibility and disease
rates ranged 18.1-33.3%. However, the xx cultivars showed inconsistency in marker genotype and disease
rate. Characterization of horticultural traits of the F; cultivars with TYLCV-resistance indicated that large-size
fruit cultivars were higher in yield and similar in sugar contents and solid-acid ratio compared to a control
cultivar preferred in the domestic market, although hardness remained to be a problem. On the other hand,
cherry tomato cultivars showed lower yield and brix, but longer internode compared to a control cultivar,
indicating that breeding for TYLCV-resistance using these cultivars will require more efforts and time compared
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to large-sized.
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Table 1. Results of bioassay and molecular marker evaluation for the TYLC- resistance of diverse Fi tomato cultivars.

Test result

Information®

m
z

Cultivar Company Marker genotype™

for resistance level Incidence’
Ty-1 Ty-2 Ty-3 or 3a

1 TT 229 Hazera M 18.1 S S S
2 TT 239 Hazera H 0 H H-a
3 TT 240 Hazera H 3.3 H S H-a
4 TT 420 Hazera M 20 S S S
5 TT 424 Hazera M 23.3 S S S
6 TT 404 Hazera M 33.3 S S S
7 TT 443 Hazera M 3.3 H S H
8 TT 346 Hazera 60 S S S
9 AGN T9 Hazera P 0 H S H-a
10 JN T53 Hazera P 0 R S H-a
11 EXP 9161 Top seeds P 3.3 H S H-a
12 EXP 9173 Top seeds P 0 H S H-a
13 TOP 1199 Top seeds - 0 H S H-a
14 EXP 8893 Top seeds P 7 H S H-a
15 EXP 9337 Top seeds P 0 H S H-a
16 Bacus Seminis P 9.5 R S H-a
17 HNS 12860544 Seminis P 40 H S H-a
18 Tyrade Synzenta P 0 R S H-a
19 Ty-Mamoru Synzenta P 0 H S S
20 Dafnis Synzenta P 0 H S
21 Daylos Synzenta P 3.3 H S H
22 RAFITO De ruiter seeds N 53.3 S S S
23 EXP 8731 Top seeds P 3.3 H S H
24 Top 1184 Top seeds - 86.7 S S S
25 80087 Enza zaden P 30 H S H-a
26 80122 Enza zaden P 3.3 H S H-a
27 80129 Enza zaden P 6.7 H S H-a
28 80138 Enza zaden P 0 H S H-a
29 80151 Enza zaden P 0 H S H-a
30 TC 30882 Synzenta P 67.8 H S S
31 TC 31583 Synzenta P 0 R S H-a
32 TC 32347 Synzenta P 0 R S R-a
33 TC 32857 Synzenta P 0 H S H-a
34 TC 32957 Synzenta P 3.3 S S S
35 TC 32961 Synzenta P 13.3 S S S
36 TC 33018 Synzenta P 20 S S S
37 TC 33069 Synzenta P 6.7 S S S
38 TC 33086 Synzenta P 0 H S H-a
39 TC 33089 Synzenta P 0 R S R-a
40 Red Yoyo Gonong N 23.3 S S S

*M, Medium resistance; H, High resistance; P, resistance possessed; N, None TYLCV resistance; -, unkown.

'Disease incidence was calculated based on the ratio of plants with TYLCV disease symptom in the total number of plants.
*S, Susceptibility (ty/ty); H, Heterozygosity (Ty/ty); R, Resistance (Ty/Ty); H-a, Heterozygosity of Ty-3a (Ty-3alty-3a); R-a, Resistance
of Ty-3a (Ty-3alTy-3a).
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Table 2. TYLCV- resistant genes, their origins and chromosomal locations.

Gene Accession Species Regions Chromosome
Ty-1 LA1969 S. chilense South America, Europe 6
Ty-2 B6013 S. habrochaites Israel, Taiwan 11
Ty-3 LA1932 S. chilense South America, Europe 6
Ty-3a LA2779 S. chilense South America, Europe 6

Table 3. Genotype evaluation of markers mapped in the genomic region of chromosome 6 that covers genomic region carrying
the loci of TYLCV resistance gene Ty-1 and Ty-3.

Distance’ Cultivar

Marker”

(Mbp) GC9 Gc171 TCC04  FAVI-9 ENS EN16 EN17 EN25
DSI (%) 60 9.5 40 30
TG97 26.00 b a a ab a b ab ab
M-M067G18 29.10 ac bcd bcd abcd bcd abcd abcd abcd
T1563 29.25 bcd ab ab abcd ab abcd abcd abcd
MSc01216-6* 29.55
M-MO026P 18* 29.80
M-H302A23 30.00 ade bc bc bc bc abc abc abc
TO774* 30.00
M-M082G10* 30.20
MSc05732-3 30.55 a a a a ab ab ab
MSc05732-4 30.60 bc a a abc a abc abc abc
cLEG-31-16 30.90 b bc c ac ac ac
MSc05732-14* 31.20
PG3* 31.55
MSc05732-18* 31.57
PG9 31.65 ac ac b ab b bd bd bd
C2_At3g11210 31.72 ab ab cd abcd cd abcd abcd abcd
M-MO05H10* 31.75 cd bd a abcd a abcd abcd abcd

*Markers used in the genotyping of all 40 F1 cultivars (Table 2) were indicated by bolded letters. MSc05732-4 and MSc05732-14
are the flanking markers of Ty-1 (Verlaan et al., 2011). M-H302A23 and cLEG-31-16 are the franking markers of Ty-3 (Huttonet
al., 2010). *The genotype of these markers were not tested in this study.

YDistances were approximately calculated based on the schematic physical maps reported in Verlaan et al. (2011).
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Fig. 1. Analysis for possible genetic recombination between markers and TYLCV-resistance genes. Agarose gel image of 8 cleaved
amplified polymorphic sequence (CAPS) markers tested on various TYLCV-resistant or susceptible tomato accessions. The name
of each CAPS markers are located at the bottom of gel pictures. TG97 and cLEG-31-16 are the name of clones from which
marker ‘Ty-seminis’ for Ty-1 and ‘P6-25 for Ty-3 (3a) were derived, respectively. Each lane from 1 to 8 corresponds to the
tomato accession ‘Ge9’, ‘Ge171’, ‘TCCO04’, ‘FAVI-9’, ‘“TT346" (EN8) ‘Bacus’ (EN16) ‘HNS12860544’ (EN17), and ‘80087’ (EN25),
respectively. DNA fragments produced were scored in alphabet order from the largest band (Table 3). DNA fragments specific
to TYLCV-resistance gene are indicated by arrows. M, 100-bp size marker.
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o] 142 7H wokomn, ‘“TT239°E HZ3E 6 F5olA] thH]

Table 4. Characterization of horticultural traits of TYLCV-resistant Fy cultivars selected by molecular markers and bioassay.

EN Cultivar Leaf I(Ia_:gtfh r';ﬁg; '”ﬁg:‘;ﬂe o :;r V\thht Yield Longitude Brix Acidity Solid-acid
position (cm) (cm) (cm) plant © (9) (9) (°Brix) (%) ratio
2 TT 239 so 471 521 74 218 893 19467 1,116 4 029 139
3 TT 240 Open 481 433 79 118 1633 19269 1070 39 036 111
7 TT 443  Semiopen 432 459 91 109 1106 12055 1,453 47 044 108
9  AGNT9 Open 476 537 87 161 1957 31508 1,021 4 038 105
10 JN T53 Open 393 353 86 205 127 26035 1008 36 026 14
11 EXP 9161  Open 518 463 86 115 2173 24990 1,010 35 033 106
12 EXP 9173  Open 558 496 101 106 2131 22589 1313 39 041 9.8
13 TOP 1199 Semi open 464 44 84 113 1693  1913.1 981 37 039 9.4
15 EXP 9337 Semiopen 482 489 73 134 2113 28314 1230 35 028 127
18 Tyrade  Semiopen 50.1 53 7 148 1709 25293 947 38 027 139
19 Ty-Mamoru Semiopen 484 432 61 126 1602 20185 764 42 044 9.6
20  Dafnis  Semiopen 461 43 64 146 1669 24367 1055 42 034 124
21 Daylos  Semiopen 454 47 76 137 156 21372 1291 43 035 125
22 Rafito F; Semiopen 474 463 82 144 1675 2412.0 761 4 036 11
23 EXP 8731  Open 438 401 9 56 165  924.0 937 49 045 11
26 80122  Stand erect 362 373 64 568 15 8520 1,096 45 035 13
28 80138  Stand erect 396 359 67 675 144 9720 1103 45 036 126
29 80151  Semiopen 429 387 63 551 158 8706 1,053 46 042  11.1
31 TC 31583 Semiopen 32 25 102 992 119 11805 1,403 49 036 136
32 TC 32347 Semiopen 383 38 75 594 152 9029 1360 49 032 155
33 TC 32857 Semiopen 331 312 76 553 143 7908 1513 47 039 123
34 TC 32957 Semiopen 403 421 69 608 182 11066 1,162 44 045 9.9
38  TC 33086 Semiopen 40 413 76 481 24 11544 1281 4 0.42 9.6
39 TC 33089 Stand erect 383 379 76  53.1 174 9239 1508 47 035 133
40 Redyoyo Stand erect 452 404 6 80.3 134 11966 913 52 039 133

“EN, entry number. EN2-22 are
type are indicated by bolded latters.
YYield was calculated by multiplying no. of fruit per plant and fruit weight.
*Solid-acid ratio was calculated by dividing the value of brix with acidity.
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general fruit type cultivars. EN23-40 are cherry type cultivars. Control cultivars for each tomato
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