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Abstract

Selecting traits at the seedling stage is an effective method to shorten the breeding process.
Additionally, molecular selection techniques can further enhance breeding efficiency, especially under
unpredictable climate conditions. Droughts can severely damage crops, but plants that accumulate high
levels of trehalose are better able to adapt to abiotic stress. This study investigated the expression of genes
related to trehalose biosynthesis using RT-PCR to identify parent lines for hybrid seed production, employing
a Line x Tester mating design. The objectives were to evaluate the relationship between Trehalose-
6-phosphate synthase gene expression and seedling-stage phenotypic traits, as well as to assess the genetic
parameters of parent lines derived from the hybrids. The results revealed a statistically significant positive
correlation between Trehalose-6-phosphate synthase gene expression and traits such as leaf greenness,
seedling height, shoot dry weight, and total dry weight. Analysis of combining ability showed that the maternal
line Grp2-1-2S1-3 and the paternal line Ki11 exhibited significantly higher general combining ability values
than the parent average. Moreover, five hybrids which are Grp3-1-S1xKi11, Grp2-3-1S1xDTMA202, Grp2-
1-251-3xKei1608, Grp3-13-1S1xDTMA202, and Grp6-3-2S51-5xKei1608 demonstrated significantly high
specific combining ability for the traits studied. These five hybrids are therefore recommended for further
evaluation under field conditions in subsequent trials.
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Figure 1 Trehalose biosynthesis in plants (lordachescu and Imai, 2008)
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Table 1 The table shows the lines used for selection

Full-sib families

Grp0-2-251-1 Grp0-2-251-2 Grp0-2-251-3 Grp0-2-251-5 Grp0-6-251-1 Grp0-6-251-2
Grp0-6-251-3 Grp0-11-281-2 Grp0-11-2S81-3 Grp0-11-281-4 Grp2-1-251-1 Grp2-1-251-2
Grp2-1-251-3 Grp2-3-251-1 Grp2-3-251-2 Grp3-5-51-2 Grp4-1-251-1 Grp4-1-251-3

% Grp4-4-251-1 Grp4-4-251-2 Grp4-4-251-3 Grp4-7-S1-1 Grp4-7-S1-2 Grp5-3-151

8 Grp5-2-S1-2 Grp6-2-251-1 Grp6-2-251-2 Grp6-3-251-5 Grp3-3-251-1 Grp3-3-251-2
Grp2-6-251-1 Grp0-7-S1 Grp0-9-S1 Grp2-1-181 Grp2-2-S1 Grp2-3-151
Grp2-6-151 Grp3-1-S1 Grp3-11-S1 Grp3-13-181 Grp4-1-181 Grp4-3-S1
Grp4-4-151 Grp4-5-S1 Grp5-1-S1

Inbred lines

5 Ki11 Ki47 Ki48 Ki58 Kei1420 Kei1508

? Kei1608 Kei1715 Nei452004 Nei452015 Nei452026 Nei462013

s Nei492006 Nei492024 Nei582046 Nei9202 DTMA202
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Table 2 Relative TPS ratio of root and shoot

Relative TPS ratio of root and shoot

Lines/Tester

High value Low value
Grp2-1-281-3 7.795 Grp2-1-251-1 1.993 Grp2-1-181 1.078  Grp4-4-251-1 0.848
12 Lines Grp2-6-1S1 4605  Grp5-3-1S1 1.905  Grp6-3-2S1-5 1.058  Grp2-3-1S1 0.813
Grp3-1-S1 2.218 Grp3-13-151 1.898 Grp4-7-S1-1 1.058  Grp2-1-251-2 0.720
4 Testers Kei1608 1.420 Ki11 1.335 Ki48 1.020 DTMA202 0.920

M L1 Rl L2 R2 L3 R3 L4 R4 L5 R5 L6 R6 L7 R7 L8 R8 L9 R9 L10 RI10

400bp
300bp

M L11 R11 L12 R12 L13 R13 L14 R14 L15 R15 L16 R16 L17 R17
400bp

Figure 2 The TPS1 expression in 17 inbred lines for testers (L = shoot sample and R = root sample)
Abbreviations: M = ladder 100bp, 1 =Ki11, 2 =Ki47, 3 =Ki48, 4 =Ki58, 5 =Kei1420, 6 =Kei1508, 7 =Kei1608,
8 =Kei1715, 9 =Nei452004, 10 =Nei452015, 11 =Nei452026, 12 = Nei462013, 13 = Nei492006, 14 =
Nei492024, 15 = Nei582046, 16 = Nei9202 and 17 =DTMA202
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M L1 Rl L2 R2 L3 R3 L4 R4 LS5 RS

400 bp
300 bp

L6 R6 L7 R7 L8 R8 L9 R9 L10 R10 L11 R11 L12 R12

M L13 R13 L14 R14 L15 R15 L16 R16 L17 R17 L18 R18 L19 R19 L20 R20 L21 R21 L22 R22 L23 R23 L24 R24

400 bp
300 bp

M L25 R25 L26 R26 L27 R27 L28 R28 L29 R29 L30 R30 L31 R31 L32 R32 L33 R33 L34 R34 L35 R35 L36 R36
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Figure 3 The TPS1 expression in 45 inbred lines for lines (L = shoot sample and R = root sample)

Abbreviations: M = ladder 100bp, 1 = Grp0-2-251-1, 2 = Grp0-2-251-2, 3 = Grp0-2-251-3, 4 = Grp3-3-251-2,

5 = Grp0-6-251-1, 6 = Grp0-6-251-2, 7 = Grp0-6-251-3, 8 = Grp0-11-251-2, 9 = Grp0-11-251-3, 10 = Grp0-

11-281-4, 11 = Grp2-1-281-1, 12 = Grp2-1-251-2, 13 = Grp2-1-251-3, 14 = Grp2-3-251-1, 15 = Grp2-3-251-

2,16 = Grp3-5-S1-2, 17 = Grp2-2-S1, 18 = Grp4-1-251-3, 19 = Grp4-4-251-1, 20 = Grp4-4-251-2, 21 = Grp0-

2-251-5, 22 = Grp4-7-S1-1, 23 = Grp4-7-51-2, 24 = Grp5-3-151, 25 = Grpb-2-S1-2, 26 = Grp6-2-251-1, 27 =

Grp6-2-281-2, 28 = Grp6-3-251-5, 29 = Grp3-3-251-1, 30 = Grp4-4-2S1-3, 31 = Grp2-6-2S1-1, 32 = Grp0-7-

S1, 33 = Grp0-9-S1, 34 = Grp2-1-1S1, 35 = Grp4-1-281-1, 36 = Grp2-3-181, 37 = Grp2-6-1S1, 38 = Grp3-1-

S1,39 = Grp3-11-S1, 40 = Grp3-13-1S1, 41 = Grp4-1-181, 42 = Grp4-3-S1, 43 = Grp4-4-1S1, 44 = Grp4-5-S1

and 45 = Grp5-1-81
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Figure 4 Correlation coefficients with significance levels between Trehalose-6-phosphate gene expression

and 14 traits under osmotic stress condition

Remarks: *, ** and *** indicate significance at the 0.05, 0.01 and

0.001 probability levels, respectively
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HaTaIAIANNAINTaluNssINAauLLa lluay
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Table 3 Descriptive statistics for seedling traits

¥y A o ' k2 ¥

PASAUNAT NANNIINTZALF (range) ABUTNININS
d e e e e d 4 X e
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19 4 AnHsziATziAIANwlssuluan sy
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dnlal (Table 3)

SPAD (SPAD unit) PH (cm) DWshoot (g) DWtotal (g)
Mean 20.94 20.90 0.07 0.21
Standard Error 0.33 0.20 0.00 0.00
Skewness 0.29 0.28 0.88 0.20
Range 22.70 15.04 0.1 0.18
Minimum 12.40 13.40 0.04 0.12
Maximum 35.10 28.44 0.15 0.30
N 192 192 192 192
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o o o
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o

Tester) WU NUANINATAMARNG 4 anwouy Taua

v
v ¥ °

AnenuzANANN@Ea L ANNEgIRIFUNAT Uhminuie
] = % o v d!/ Y @ J
2e9491niesn waz dnidnuasn gldingn
o & o o & ldl L =
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WANAIAUNINRUENIIN Lazgnuanlidaanu

wilstlsuresalulnilluseAunuanm1efy (Table 4)
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Table 4 Analysis of variance for combining ability across two growth conditions

Mean Square

SOV df
SPAD PH DWshoot DWitotal

Growth conditions 1 485.5%** 657.3*** 0.00037*** 0.09979***
Crosses 47 40.6555*** 6.979*** 0.00050*** 0.00162***

Lines 11 57.2019*** 10.668*** 0.00039*** 0.00245***

Testers 3 51.2307*** 35.527** 0.00106*** 0.00314***
Lines X Testers 33 34.1786*** 3.154** 0.00049*** 0.00120***
Error 95 0.5662 0.741 0.00003 0.0001

Remarks: “** indicates statistical significance at alpha 0.001

m'mmm'iﬂumiiquﬁ'fJLLuuﬁ"q'lﬂ (GCA)
AR E S E AN N b T U PR NR ST P LN o
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me‘i”rﬁqm 10 wefidus wiserniduatieas 5 Auax
QEWUIN ANAN Grp3-1-S1xKi11 (7.043) Grp2-3-
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Grp4-4-251-1xKei1608 (-4.332) Grp6-3-2S1-
5xDTMA202 (-5.261) uay Grp2-3-1S1xKi11
(-5.895) Lﬁ'@ﬂ@wmq@jmuﬁﬁm’mmmm’ﬁz@qm
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7¥9N9 Grp2-1-251-3xKei1608 A1 SCA 2298n
3 ANHOLE (1.559 0.016 LAY 0.016) ALALLTLLARIAMNY
A199 SCA 289 SPAD AafiAduLanuazliad1Aty
NNATA ARAN Grp2-1-251-3xKei1608 WiiAaIN
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wanmaiueenly (Phumichai et al., 2008) a1nn3
‘ﬂg’lﬂ” Y @ 2 1 i’/ t:sljd o t:lld
naaasdT Lliiulad guaniiv 5 URAnwura
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(Table 6)
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Table 5 Estimates of general combining ability (GCA) for seedling traits under water deficit condition

GCA estimates for

Lines/Testers

SPAD PH DWshoot DWitotal
Grp2-1-151 (L1) 1.224* -0.111 0.014* 0.009**
Grp2-1-251-1 (L2) -0.064 -1.348** -0.005* -0.014**
Grp2-1-251-2 (L3) -0.014 -0.825* 0.002 0.007*
Grp2-1-281-3 (L4) 3.149* 1.862** 0.009** 0.019*
Grp2-3-151 (L5) -3.839** -0.551 -0.002 0.009**
8 Grp2-6-151 (L6) -4.264™* -1.746™* -0.013** -0.04**
5 Grp3-1-S1 (L7) -0.576* -0.546 -0.006™* -0.002
Grp3-13-1S1 (L8) 0.549* -0.713* 0.000 0.011*
Grp4-4-281-1 (L9) -3.201** 0.557 0.000 -0.005
Grp4-7-S1-1(L10) 1.874** 0.724* -0.004* -0.017**
Grp5-3-181 (L11) 4.399** 1477 0.001 0.000
Grp6-3-251-5 (L12) 0.761* 1.622** 0.003 0.024*
DTMA202 (T1) -1.876™* -1.614** -0.009** -0.017**
g Ki48 (T2) 1.161* 0.139 0.001 0.008**
§ Ki11 (T3) 1.157** 0.134 0.006** 0.004*
Kei1608 (T4) -0.443* 1.341* 0.002* 0.005**

Remarks: * and ** indicate significant at 0.05 and 0.01 probability levels, respectively

Table 6 Estimates of specific combining ability (SCA) of F1 progenies under water deficit condition

SCA estimates for

Number Crosses

SPAD PH DWshoot DWitotal

1 Grp3-1-S1xKi11 7.043** 0.113 0.001 0.012*

E 2 Grp2-3-1S1xDTMA202 6.239** 2.167** 0.006 0.002
% 3 Grp2-1-251-3xKi1608 3.518** 1.5659* 0.016** 0.016*
‘osj 4 Grp3-13-1S1xDTMA202 2.851* 1.519* 0.027** 0.010
5 Grp6-3-251-5xKi1608 1.855** 0.469 0.019** 0.026™*
44 Grp2-6-1S51xKi11 -3.02** -1.587* -0.012* -0.029*
‘g 45 Grp2-1-151xKi48 -4.161* -0.957 -0.021* -0.024*
E: 46 Grp4-4-251-1xKi1608 -4.332** 0.654 -0.011* -0.024**
§ a7 Grp6-3-251-5xDTMA202 -5.261** -1.276* -0.006 -0.025*
48 Grp2-3-1S1xKi11 -5.895* -1.222* -0.021* -0.027*

Remarks: * and ** indicate significant at 0.05 and 0.01 probability levels, respectively
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