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QTL Analysis of Cold Tolerance from Solanum pimpinellifolium During
Seed Germination and Seedling Sages Using Advanced Backcross
Population
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Abstract An advanced backcross population of 273 BC;S; individuals was developed derived from
the cross Solanum pimpinellifolium LA722 x Solanum lycopersicum 9706 and a map was constructed
containing 35 CAPS markers and 62 SSR markers. The QTLs controlling cold tolerance were mapped in
the wild tomato Solanum pimpinellifolium LA722 by mass screening test under cold stress. Using MQM
mapping method, seven QTLs controlling cold tolerance were mapped in five chromosomes. The five
QTLs coffering cold-tolerance during seed germination were mapped to chromosomes 1, 2, 5 and 11,
while the two QTLs coffering cold-tolerance during seedling stage were mapped to chromosome 2 and 8.
The QTLs on chromosomes 2 and 5 (QRGI-2-1 and qRGI-5-1) could explain 12.8% and 32.9% of the
phenotypic variance, respectively. The cold tolerance of 12 tomato self-offspring (BCsS;) during seed
germination and seedling stages was at or better than that of LA722 and the agronomic traits, such as fruit
weight, were also close to or better than normal tomato variety 9706. So these lines can be used as tomato
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cold-resistant breeding materials.

Key words tomato Solanum pimpinellifolium cold tolerance advanced backcross QTL(AB-QTL)
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1 BCsS,

Table1l Phenotypic performance of cold tolerancein two parentsand their BC3S, population

Material Relative germination index
9706 6.49+0.32a 243+0.22a
LAT722 3.71 +£0.24b 1.37 £ 0.09b
BC;S, 5.80+0.13ab 1.71 + 0.04ab
0.05

Note Different small letters in each column mean significant difference at 0.05 level.
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Fig. 1 Freguency distribution of characters associated with cold-tolerancein BC3S;, population

22 CAPS SSR
BC, BC; Fyu SSR  CAPS 408 SSR
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Fig. 2 Amplification of U221402 in parents and some BC3S,; population individuals
P, 9706 P, LA722 1- 12 13— 28 BC;S;populations M 100 bp DNA ladder.
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3 SSR331 BC3S;

P,

Fig.3 Amplification of U221402 in parents and some BC3S; population individuals

9706 P, LA722 1~28 BCsS;

P, 9706 P, LA722 1- 28 BC;S,; populations.

23 QTL
MapQTL4.0 MQM 7
QTLs 5 2 5 QTLs 2 1
3 2 5 11 QTL 32% 32.9%
61.8% gRGI-1-1 gRGI-1-2 gRGI-2-1 gRGI-5-1
LA722 53.4% 11 gRGI-11-1
9706 QTLs
gRGI-2-1  QRGI-5-1 12.8%  32.9%
SSR331  U221402 2 3
2 QTLs 2 8 QTL 3.3%
4.9% LA722
2 BCsS, QTL
Table2 QTLsanalysisfor cold-tolerancein BC3S, population using multiple QTL model
oM LOD /%
Trait Chromosome  Position Marker interval rop Additve Variance
QTL score effect explained
gRGI-1-1 1 10.0 SSR75— SSR29 2.15 0.42 4.5
Relative gRGI-1-2 1 24.8 SSR29 - SSRD127 2.02 0.77 32
germination index gRGI-2-1 2 30.2 SSR5— SSR331 8.84 0.74 12.8
gRGI-5-1 5 30.0 SSR162—- U221402 4.84 0.81 329
gRGI-11-1 11 12.0 T1205 - SSRD71 3.67 - 1.61 8.4
qCl-2-1 2 134 C2_At5g08420— C2_At3g02300 2.10 0.06 33
Chilling index qCl-8-1 8 69.6 SSRD68— TG302 2.75 0.44 49
QTL

mean the most closely associated molecular marker to the true QTL positions.
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24 BCsS,
BCsS, 4 LA722
LA722 7.84% ~ 100% 9706
14.29% ~ 60.44% 3 204 32 65
BC;S, LA722 12
LA722 9706
BG5S,
3 BCsS:
Table3 Performance of other main traitsin BC3S; population
LA722 1% 9706 /%
Traits Range Mean Over LA722 individuals Over 9706 individuals
/em  4-ear plant height 59.00 ~ 143.00 94.14 74.36 14.65
/g Fruit weight 3.05 ~248.16 71.70 100.00 14.29
/%  Soluble solids content 2.80 ~ 8.20 5.50 7.84 60.44
4 2 QTLs gRGI-2-1  gRGI-5-1 BC;S;
4 164-2 164-4 2 QTLs 2
LA722 4
161-5 2 QTLs QTLs
QTLs
SSRS5  SSR331 SSR162 U221402 4
| | | |
1LA722 — _
I I I | Table4 Fruit weight for partial cold-tolerant individuals
161-5 | | ; |
- I EE——
164-2 | | | | )
164-4 # ﬁ Relative g
| | | | Individuals Chilling Fruit weight
165-1 = ¥ germination index
——— index
169-2
! ! ! ! LA722 3.71 1.37 1.39
169-6 I T ——
! ! ) ! 161-5 2.02 0.93 129.13
171-2 164-2 3.68 127 68.59
e
1726 } ! : 164-4 3.19 117 33.15
R q —
174-7 | ! | | 165-1 3.70 1.20 116.39
1756 EE———e— 169-2 3.53 1.35 119.30
T T
177-6 , \ , , 169-6 3.38 1.33 99.15
1927 —— — 17122 3.20 1.00 89.07
9706 f § § : 172-6 3.58 0.80 99.15
QTLqRGI-2-1 QTLqRGI-5-1 174-7 2.78 0.90 104.13
4 175-6 3.38 0.97 100.42
LA722 LA722 177-6 3.28 1.07 70.14
Fig.4 Graphical genotypesfor partial cold-tolerant individuals 192-7 3.64 1.00 93.54
9706 6.49 2.43 107.17

Black bar Contained LA722 gene White bar Not

contained LA722 gene.
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