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Progeny Analysis and Selection of Tomato Transformants with
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Abstract. This study was carried out to develop a model system using selection method for disease resistant
plant breeding programs using a herbicide bialaphos-resistant parll gene as a gene-based marker. Spraying
bialaphos could eliminate the susceptible plants from the segregating populations such as F»'s and thereafter.
Tomato cv. Momotaro-yoke was transformed with pafll gene 60 independent transformants were acquired.
Total 42 transformants were analyzed in transgene copy numbers by Southern blotting and the segregation
ratios for the bialaphos resistance. Statistical analysis revealed that the transgene copy numbers and the
segregation ratios were not always coincided, especially having the tendency of underestimating the real numbers
of the transgenes in the multicopy lines. A two-stepwise screening method was applied to select T; tomato
plants which linked the transgenic patll to a disease resistance gene (/2 and Ve). Based on the resistant to
susceptible ratios, T-20 plant was finally selected due to the estimated linkage 12-13 c¢cM between the patll
gene to the /2 gene on chromosome 11. This newly developed system could be applied to any economical

crop in breeding programs.
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Fig. 1. Southern analysis for the patll gene in independent
transgenic lines of tomato cv. Momotaro-yoke. M, 1 kb DNA
ladder; C, non-transformed control; No. 1-13, DNA samples
from T, transformed plants.
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Fig. 2. Southern blot for the analysis of integration sites in
transgenic tomato cv. Momotaro-yoke. M, 1 kb DNA ladder;
No. 11, 13, 14, 15, 24, 26, and 36, DNA samples from Ty
transformed plants.
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Table 1. Segregation ratios of self-pollinated T generation tomato plants transformed with the patll gene.

Observed No.”

T4 No. Copy No. Total No. Herb® Herb® Expected ratio P value
T-1 2 190 178 12 15:1 0.970
T-2 2 160 120 40 31 1.000
T-3 2 158 116 42 3:1 0.646
T-4 1 79 58 21 31 0.745
T-5 5 173 163 10 15:1 0.798
T-6 2 100 82 18 3:1 0.105
T-7 1 100 74 26 31 0.817
T-8 1 100 77 23 3:1 0.644
T-9 - 99 73 26 31 0.771
T-10 1 91 68 23 31 0.951
T-11 4 148 138 10 15:1 0.798
T-13 3 98 68 22 3:1 0.903
T-14 3 100 81 19 31 0.615
T-15 3 99 77 22 3:1 0.523
T-16 - 96 69 27 31 0.479
T-17 4 175 162 13 15:1 0.519
T-18 - 133 95 38 3:1 0.341
T-19 1 100 70 30 3:1 0.248
T-20 1 199 155 44 3:1 0.346
T-21 4 174 165 9 15:1 0.557
T-22 1 200 148 52 3:1 0.743
T-24 2 100 92 8 15:1 0.469
T-25 1 200 151 49 3:1 0.870
T-26 3 100 70 30 3:1 0.248
T-32 3 100 76 24 3:1 0.817
T-34 4 90 90 0 63:1 0.231
T-35 4 100 100 0 63:1 0.207
T-36 2 100 77 23 3:1 0.644
T-37 1 95 82 13 - -
T-39 1 95 79 16 3:1 0.394
T-41 2 98 89 9 15:1 0.230
T-42 - 98 79 19 3:1 0.199
T-44 - 100 79 21 31 0.355
T-46 2 100 74 26 3:1 0.817
T-47 3 99 77 22 3:1 0.523
T-52 2 100 81 19 3:1 0.165
T-53 - 100 65 35 3:1 0.057
T-54 4 100 100 0 63:1 0.207
T-55 2 100 73 27 3:1 0.644
T-56 3 99 98 1 63:1 0.657
T-58 1 100 0 100 - -
T-59 1 86 67 19 31 0.533

“HerbR, herbicide resistant; Herb®, herbicide susceptible.
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Table 2. Transgene expression in Ty tomato plants® transformed with patll gene.

Segregation of transgene phenotype’

Copy No. No. of plant No. of Ty plants
(patll) lines studied analyzed 3:1 151 63:1
(1 locus suggested) (2 loci suggested) (3 loci suggested)

1 12 1,445 0 0

2 10 1,206 7 3 0

3 7 695 6 0 1

4 6 787 0 3 3

5 1 173 0 1 0

Nd* 6 626 6 0 0

“Observed segregation ratios were compared to Mendelian 3:1 or 15:1 ratios using Chi-square test (P < 0.05).

YBased on the expression of the patll gene in T plants.
*Not determined.
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Table 3. Estimation of recombination rate according to phenotypic segregation ratio of F, progeny.

Segregation ratio (coupling)*

Crossing over (%)

RRHH rrtHH RRhh rrhh R/r

0 (Complete linkage) 12.00 0.00 0.00 4.00 o0

10 11.24 0.76 0.76 3.24 14.78
11 11.16 0.83 0.83 3.16 13.44
12 11.10 0.90 0.90 3.10 12.33
13 11.03 0.97 0.97 3.03 11.37
14 10.95 1.04 1.04 2.95 10.52
15 10.89 1.11 1.11 2.89 9.81
20 10.56 1.44 1.44 2.56 7.33
30 9.96 2.04 2.04 1.96 4.88
40 9.44 2.56 2.56 1.44 3.68
50 (Independent assortment) 9.00 3.00 3.00 1.00 3.00

R, disease resistant; H, herbicide resistant; r, disease susceptible; h, herbicide susceptible.

Table 4. Segregation ratios of bialaphos resistance and Fusarium wilt in the Ty progenies of the transformed tomato.

Herbicides resistance

F. wilt resistance (race 2)

To No. Copy No. R/S
Total R:S* Total R:S

T-1 2 190 178:12 178 126:52 2.42
T-2 2 160 120:40 120 65:55 1.18
T-3 2 158 116:42 116 96:20 4.8

T-7 1 200 155:45 155 98:57 1.71
T-8 1 100 79:21 79 56:23 2.43
T-10 1 100 81:19 81 58:23 2.52
T-18 - 135 95:40 95 83:12 6.91
T-20 1 199 155:44 155 143:12 11.9

T-22 1 200 148:52 148 125:23 5.43

“Resistant:Susceptible.

Table 5. Segregation ratios of bialaphos resistance and Verticillium wilt in the Ty progenies of the transformed tomato.

Herbicides resistance

V. wilt resistance (race 1)

To No. Copy No. Z R/S
Total R:S Total R:S
T-1 2 107 102:6 101 55:46 1.19
T-2 2 166 130:36 1330 92:38 242
T-3 2 200 157:43 157 120:37 3.24
T-7 1 135 103:32 103 66:37 1.78
T-18 - 133 95:38 95 46:49 0.93
T-20 1 199 172:27 172 136:36 3.77
T-32 3 200 162:38 162 109:58 1.87

“Resistant:Susceptible.
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