nsvduvtsduaruauUsnalusiuluiavasdasiaiamansluiana SSR
e ldusuysaiugamaesusiugs
Identification of Protein QTLs for High Protein Soybean Breeding
Using SSR Markers
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ABSTRACT

The objective of this study was to identify quantitative trait loci (QTL) governing
soybean protein content using simple sequence repeat (SSR) markers which linked to the
protein’s character. The SSR markers were used in soybean breeding to select high protein
varieties rapidly and accurately. A population of 4 recombinant inbred lines (RILs) deriving
from crosses between Thai soybean varieties with different seed protein contents (C5-2,
C42-3 as female parents and S1-3, S17-3 as male parents) was used to QTL analyzes. DNA
from the parents was screened with 218 SSR markers and 106 markers showed
polymorphisms in the parents. The polymorphic markers were used in genotyping to find
out cross-pollinated F1 plants. The segregation in F2 generation was confirmed by
observation of pubescence color with 3:1 ratio which brown pubescence was controlled
by a single dominant gene. To generate F3 — F7 of RILs, single seed descent method was
used. One hundred and six markers, which showed polymorphisms in the parents, were
used to identify QTL associated with soybean protein content. PCR results from F7 RIL

population and percent protein content in F8 seeds were assembled to use in QTLs analysis.
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Four QTLs for protein content were localized
Satt184, Satt590, Satt196 and Satt247.
The information related to these markers
will be very useful for breeding process of
high protein soybean and also to find
novel candidate genes which are
important to protein content in soybean

seed of Thai soybean varieties.

Key words: soybean (Glycine max (L.)
Merr.), seed protein content, quantitative
trait loci (QTL), simple sequence repeat
(SSR) markers
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Table 1 Weight of 100 seeds of female and male parent
Used as Variety Weight of 100 seeds (g)
Female parent C5-2 14.2
Female parent Ca42-3 15.8
Male parent S1-3 239
Male parent S17-3 22.3

Figure 1

Pubescence color of soybean pods in parental varieties, female parents (C5-2 and

C42-3) having brown pubescence, male parents (S1-3, S17-3) having white pubescence

Tumsadradszansduvdes RiLs 16
windmdosgu F1 veusazAandLIuNN
TvisAy 184 win (Table 2) ﬂqﬂéﬁmﬁaa
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Fauansly Figure 2 uenanidudundesiu
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wazuguivzdiLaufidue 2 wau 9niugne
wazuguy (Lane 6 — 11, 13) Turauzfigu

duvdessu F1 MiAnannsnaniiosziiuay
AueiieaLaufeaufeiuRugul (Lane
12) (Figure 3)
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Table 2 Genotyping of F1 plants using molecular marker to find out cross-pollinated F1

Number of Number of
Total number
Cross cross - pollinated self - pollinated
of F1 plants

F1 plants F1 plants
1. C5-2x51-3 54 52 2
2. C5-2xS517-3 67 61 6
3.C42-3 xS1-3 17 17 0
4, C42-3 x S17-3 a6 36 10
Total 184 166 18
(%) (100%) (90.22%) (9.78%)

300 bp
250 bp [
200 bp

Figure 2 PCR Result of parental varieties using molecular marker Satt173
Lane 1: Marker, Lane 2: Female parent C5-2, Lane 3: Female parent C42-3,
Lane 4: Male parent S1-3, Lane 5: Male parent S17-3, Lane 6: Distilled water (DW)

1 2 3 4 5 6 7 8 9 10 11 12 13
F1 plants

300 bp
250 bp
200 bp

Figure 3 PCR Result of parental varieties and F1 using molecular marker Satt173
Lane 1: Marker, Lane 2: Female parent C5-2, Lane 3: Female parent C42-3,
Lane 4: Male parent S1-3, Lane 5: Male parent S17-3, Lane 6-13: F1 plants
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Table 3 Observed segregation and expected segregation for pubescence color in the F2

populations*
Total Observed Expected NG
number F2 plants with F2 plants with for Probabilities
Cross (V)]
of E2 pubescence color pubescence color (440
plants Brown White Brown White 31
1. C5-2 x S1-3 839 642 197 629.25 209.75 0.953 02<p<05
2.C5-2xS17-3 899 665 234 674.25 224.75 0.455 p=05
3. C42-3 x S1-3 280 225 55 210 70 4.005 001 <p <005
4. C42-3 x S17-3 553 406 147 414.75 138.25 0.656 02<p<05

* After calculation of chi-square values (X*) and comparison to probabilities (p) from a chi-square table,

p < 0.05 means significant difference between the observed segregation and the expected segregation.

While p > 0.05 means no significant difference
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Figure 4 SSR markers showed polymorphism in parental varieties
Lane 1: Marker, Lane 2, 6, 10: C5-2, Lane 3, 7, 11: C42-3, Lane 4, 8, 12: S1-3, Lane 5, 9, 13: S17-3
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4 A53ATIER QTLs 1A8AITI98aUFULULA
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NANITILASIZNNITOADDULTUAUBUU
narwdwls (Multiple linear regression)
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(wwIoanuneluanausiazsi) Aududsdasy
Usuanvosiudldsauluwdn) ninan P-
a6 ' A 1 oa oA A
value 4111731 0.01 920 NUANUUIYDDD
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Tneilseaumnuuweane (Confidence level)
99 % (Table 4)
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value = 0, LOD Score » 5.8 m%awma
Satt196 ag}'w‘lm‘[ﬂmﬁ 9 Linkage group K
AWMU 43.04 cM $iA1 P-value = 0, LOD
Score » 5 WALLATOIMANY Satt247 Bguu
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(Table 4 wag Figure 5) m%awmsﬂmaqa
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Table 4 Related SSR markers link to loci position on soybean chromosome which might

control protein content in seed

Marker Linkage  Chromosome  Chromosome Sum of

P-value*
name group number position (cM) squares
Satt184 Dla 1 17.52 67.36 0
Satt590 M 7 7.84 60.48 0
Satt196 K 9 43.04 49.55 0
Satt247 K 9 43.95 41.58 0.0002

*P-value < 0.01 indicated substantial evidence against the null hypothesis, demonstrates

significant relation between marker position and protein content in seed

Thai Agricultural Research Journal Vol. 36 No. 1 January - April 2018 1



Chl Ch7
LOD Score
0 Satt1s4 2 46 2 0 Sati590
52.4
\ 3 - Batt136
23 Sati463
L/ AN/
532" || S sau165 /
m
91.4 Satt147 i S

0 2 4 6 8 2 4 6 8

Ch9

LOD Score LOD Score

0
0 Sattl96
JIN 5"
/AN

26.1 /'“ - Satt247
71/ TP\ \ susms

1529 / \ w73

3429 Satt260

Figure 5 LOD Score defined possibility of SSR marker position on chromosome which

related to control of protein content in seed (LOD < 3: Not significant, no conection with

protein content, LOD 2 3: Significant, has connection with protein content)
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