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Abstract Soybean isoflavones are kinds of secondary metabolites generated in soybean growing stages, which
have important biological activities. In this study, a segregating F,, population with 160 RILs was developed by
crossing ‘Zhongdou 27’ and ‘Taiwan 75’, with the total isoflavone contents of 4447 ug/g and 2062 ug/g,
respectively. Isoflavones of both parents and the RIL populations were extracted and then measured by using High
Performance Liquid Chromatography (HPLC) method. Among different groups, the daidzin group showed the hig-

hest isoflavones content, while the glycitin group showed the lowest. Among different structures, malonyl-glycosi-

des had the highest isoflavones content, and aglycones had the lowest. After genotyping the RIL population with
197 simple sequence repeat (SSR) markers, an analysis of variance (ANOVA) was performed to detect the interac-

tion between genetic markers and isoflavones contents. A total of 41 interactions between 9 kinds of isoflavone
contents and 21 SSR markers were detected at p<0.01 level. Some markers were associated with more than one
kind of isoflavone contents simultaneously. Four markers were associated with the total isoflavone content. This
research might be a reference for detecting soybean isoflavones and further applying to marker assisted selections
(MADS) in high isoflavone content breeding program.
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1
Table 1 Structural types of soybean isoflavones

Structural categories Aglycones Glycosides Acetyl-glycosides Malonyl-glycosides

Daidzin group Daidzein (De) Daidzin (D) 6"-0-acetyldaidzin (AD) 6"-0-malonyldaidzin (MD)
Genistin group Genistein (Ge) Genistin (G) 6"-O-acetylgenistin (AG) 6"-O-malonylgenistin (MG)
Glycitin group Glycitein (GLe) Glycitin (GL) 6"-O-acetylglycitin (AGL) 6"-O-malonylglycitin (MGL)

(Tham et al., 1998),
(Zhang et al., 2008; Dagdemir et al., 2013;
Tian et al., 2014). (Om and Shim, 2007,
Alekel et al., 2010). (Sirtori and Lovati,
2001), (Thorp et al., 2009; Bansal and Par-
le, 2010). (Naim et al., 1974)

]

(Kronenberg and Fugh-Berman, 2002). ( ,

2008). (Yuan et al., 2012)
(
,2002),
QTL
‘ 27 ’ ‘
75’
(HPLC) 12
SSR
1
1.1 Fa
HPLC
12 (D
o 12 A-Genistin.M-Glyc-

itin,Genistein ~ Daidzein

1 12 HPLC

Figure 1 Chromatogram of 12 soybean isoflavones

0 o 8
(A-Daidzin, A-Glycitin, Daidzin, Genistin, Glycitein,
Glycitin, M-Daidzin, M-Genistin)

(Total)
( 2)
A-Glycitin ,M-Daidzin
( )o
160  RIL
5449.9 ng/g 2 191.1 pg/g
34671 pg/g. 8 M-Daidzin
7700 ng/g 23304 pg/g 13340 ng/g
Glycitein 27.6 pg/g  86.6 pg/g
53.5 ng/go
N 3
3276.8 ng/g
1 108.3 pg/g
2 086.1 ng/g 889.0 ug/g
239.2 ng/g.
2 426.5 pg/g
70.26%
755.6 ng/g 21.88%
53.5 ngl/g 1.55%.
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Figure 2 Distribution of soybean isoflavones content in the F,4 RIL population

Note: Numbers in vertical coordinates mean frequency; Numbers in horizontal coordinates mean soybean isoflavone contents (ug/g)
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2

Table 2 Correlations between different components of soybean isoflavones

Components of Glycitein Daidzin  Genistin A-Daidzin Total
soybean isoflavones Glycitin A-Glycitin M-Daidzin M-Genistin
1.000 0.099 0.092 0.371 0.425 0.577 -0.016 0.383 0.247
Glycitein 03039 03432 <0.0001 <0.000 1 <0.000 1 0.866 7 <0.000 1 0.009 7
0.099 1.000 0.400 0.385 0.381 0.209 0.418 0.308 0.491
Glycitin 0.3039 <0.0001 <0.0001 <0.0001 0.028 9 <0.000 1 0.0011 <0.000 1
0.092 0.400 1.000 0.615 0.356 0.638 0.884 0.332 0.869
Daidzin 03432  <0.0001 <0.000 1 0.000 1 <0.000 1 <0.000 1 0.000 4 <0.000 1
0.371 0.385 0.615 1.000 0.860 0.279 0.427 0.869 0.802
Genistin <0.0001 <0.0001 <0.0001 <0.000 1 0.003 3 <0.000 1 <0.000 1 <0.000 1
0.425 0.381 0.356 0.860 1.000 0.184 0.353 0.981 0.738
A-Glycitin <0.0001 <0.0001 0.0001 <0.0001 0.054 9 0.000 2 <0.000 1 <0.000 1
0.577 0.209 0.638 0.279 0.184 1.000 0.611 0.102 0.565
A-Daidzin <0.000 1 0.0289 <0.0001 0.0033 0.054 9 <0.000 1 0.289 6 <0.000 1
-0.016 0.418 0.884 0.427 0.353 0.611 1.000 0.300 0.868
M-Daidzin 0.8667 <0.0001 <0.0001 <0.000 1 0.0002  <0.000 1 0.001 5 <0.000 1
0.383 0.308 0.332 0.869 0.981 0.102 0.300 1.000 0.706
M-Genistin <0.000 1 0.001 1 0.0004 <0.0001 <0.000 1 0.289 6 0.001 5 <0.000 1
0.247 0.491 0.869 0.802 0.738 0.565 0.868 0.706 1.000
Total 0.0097 <0.0001 <0.0001 <0.0001 <0.0001  <0.000 1 <0.0001  <0.000 1
(2
° DNA
\QTL
(Yuan et al., 2009)
3 satt289  satt565  F,g 12
1Py 27; Py 75 12
Figure 3 Segregation of SSR markers satt289 and satt565 in the
F,, RIL population Daidzein  Genistein
Note: P,: Zhongdou27; P,: Taiwan75 Glycitein 1.56%
2-3%
sat 174 Daidzin  A-Daidzin (Kudou et al., 1991; ,2008).
sat 259 Daidzin =~ M-Daidzin o 197 SSR
(Genistin Group) , sat 402.sat 259 .sat 366 QTL
satt577 Genistin ~ M-Genistin o ] SSR
(Glycitin Group) sat 402  sat 259 2 21 SSR
Glycitin ~ A-Glycitin 3o ( 3
2
/QTL/

(Gutierrez-Gonzalez et al., 2009; 2010; 2011,



Studies on SSR Markers Associated with the Content of Soybean Isoflavones

SSR

129

SSR
Figure 4 Distribution of the SSR markers associated with isoflavone contents on the Linkage groups
Note: All the makers mapped on the linkage groups are polymorphism between parents

Li et al., 2014; Meksem et al., 2001; Meng et al., 2011;
Zengetal., 2009; Zhanget al., 2014 ),

(2

o

Glycitin
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Table 3 SSR markers associated with the contents of soybean isoflavones
p (M) QTL
Isoflavone ~ SSR marker p value Linkage Position QTL and SSR makers
group  (cM) QTL (G
QTL/Maker (Trait) Position Reference
sat_174 0.0048 I 31.38
Daidzin sat 259 0.0013 J 44.05 qDAI16 (Daidzein) 41.85 Gutierrez-Gonzal et al., 2010
qTOT16 (Total) 41.85 Gutierrez-Gonzal et al., 2010
satt151 0.006 8 E 44.93
sat_174 0.0053 I 31.38
A-Daidzin
satt155 0.0058 Al 32.69 qGLY5_2 (Glycitein) 32.40~33.81  Gutierrez-Gonzal et al., 2011
Satt155 (Genistein) 32.69 Primomo et al., 2005
M-Daidzin  sat 156 0.0053 BI 35.00 Satt251 (Glycitin) 38.80 Meksem et al., 2001
Satt251 (Glycitin) 38.80 Kassem et al., 2004
sat 259 0.0036 J 44.05 qDAI16 (Daidzein) 41.85 Gutierrez-Gonzal et al., 2010
qTOT16 (Total) 41.85 Gutierrez-Gonzal et al., 2010
satt565 0.0021 C1 5.74 qDAI4 (Daidzein) 10.45~20.97  Gutierrez-Gonzal et al., 2010
Genistin sat 402 0.0009 C2 94.58 qDAI6 (Daidzein) 103.19~103.33 Gutierrez-Gonzal et al., 2011
qGENG6 (Genistein) 98.15~100.91  Gutierrez-Gonzal et al., 2011
qTOT6 (Total) 98.15~100.91  Gutierrez-Gonzal et al., 2011
satt289 0.0086 C2 103.42 Satt289 (Genistein) 103.42 Primomo et al., 2005
sat 315 0.0019 G 29.20
sat 259 <0.0001 J 44.05 qGLY6-2 (Glycitein) 103.20 Gutierrez-Gonzal et al., 2010
qDAI16 (Daidzein) 41.85 Gutierrez-Gonzal et al., 2010
qTOT16 (Total) 41.85 Gutierrez-Gonzal et al., 2010
sat_366 0.0076 J 57.95
satt577 0.0017 B2 5.47
satt436 0.0032 Dla 54.52 gqDAII (Daidzein) 56.59 Gutierrez-Gonzal et al., 2010
sat_402 0.0005 C2 94.58
sat_259 0.0002 J 44.05 qDAI16 (Daidzein) 41.85 Gutierrez-Gonzal et al., 2010
M-Genistin qTOT16 (Total) 41.85 Gutierrez-Gonzal et al., 2010
sat_366 0.0019 J 57.95
satt577 <0.0001 B2 5.47
satt727 0.0013 K 40.10 Satt555/Satt178 (Daidzein) 35.75~37.82  Kassem et al., 2004
Glycitein Sat 116 (Glycitein) 44.45 Meksem et al., 2001
Satt337 (Glyctein) 38.93 Meksem et al., 2001
satt436 0.0055 Dla 54.52
sat_293 0.0001 K 79.33 Satt196 (Glycitein) 83.24 Primomo et al., 2005
sat_402 0.0038 C2 94.58
Glycitin sat 263 0.0032 C2 118.77
sat 411 0.0055 BI 30.87
sat_156 0.0001 Bl 35.00 Satt251 (Glycitin) 38.80 Meksem et al., 2001
Satt251 (Glycitin) 38.80 Kassem et al., 2004
sat 145 0.0049 O 34.66
sat 259 0.0082 J 44.05 qDAI16 (Daidzein) 41.85 Gutierrez-Gonzal et al., 2010
qTOT16 (Total) 41.85 Gutierrez-Gonzal et al., 2010
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3
Continuing table 3
p (cM) QTL
Isoflavone SSR marker p value Linkage group Position (cM) QTL and SSR makers
QTL (G
QTL/Maker (Trait)  Position Reference
sattl51 0.006 0 E 44.93
Satt197 (Glycitin) 49.07 Meksem et al., 2001
satt197 <0.000 1 B1 49.07 Satt197 (Glycitin) 49.07 Kassem et al., 2004
Satt080 (Glycitin) 43.69 Kassem et al., 2004
sat 266 0.006 0 N 39.72 Satt080 (Daidzein) 43.69 Meksem et al., 2001
satt463 0.0009 M 46.27 Satt245 (Daidzein, 49.03 Primomo et al., 2005
Genistein, Total)
satt669 0.0062 D2 67.70
sat 402 0.0013 C2 94.58
sat 259 0.0003 J 44.05 qDAI16 (Daidzein)  41.85 Gutierrez-Gonzal et al., 2010
A-Glycitin qTOT16 (Total) 41.85 Gutierrez-Gonzal et al., 2010
sat_366 0.0021 J 57.95
satt577 0.0002 B2 5.47
satt155 0.008 5 Al 32.69 qGLY5_2 (Glycitein) 32.40~33.81 Gutierrez-Gonzal et al., 2011
Total Satt155 (Genistein)  32.69 Primomo et al., 2005
sat_156 0.006 3 Bl 35.00 Satt251 (Glycitin) 38.80 Meksem et al., 2001
Satt251 (Glycitin) 38.80 Kassem et al., 2004
sat_259 <0.0001 J 44.05 qDAIL6 (Daidzein)  41.85 Gutierrez-Gonzal et al., 2010
qTOT16 (Total) 41.85 Gutierrez-Gonzal et al., 2010
sat_366 0.0056 J 57.95
satt197 Kassem  (2004) 3
Genistin satt289  Primo-
mo  (2005) Genistein Gutier- 31
rez-Gonzalez ~ (2010) Glycitein ‘ 27°(
QTL M-Daidzin Satt155  Primomo 4 447 png/g) 757 ( 2062 ng/g)
(2005) Genistein . ( )
Glycitein sat 293 Glycitin 160 Fas
sat 156.sat 266  satt463 M-Daidzin  Totals o
sat 156 5cM 3.2
QILs( 3 Yuan  (2009)
o 05g SmL  3:1(v/v)
: 0.1 mmol/L 200 r/min
2h, 2mL 2 mL
© 4°C 10000 r/min 15 min, 045 pm
N N PTFE o
( , 1998; , 1999; 1100 HPLC
,2002; , 2004, , 2005) . Agilent ZORBAX SB-C18 4.6x
QTL. 150 mm 5 pm, A 0.1%
o (v/v) B 0.1% (v/v)
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I mL/min, ( A%/
B%) (100/0) 14 min(71/29) 18 min(70/30)
24 min(58/42) 34 min(100/0), 5 uL
37°C 254 nm,
Sigma o
3.3 DNA SSR
CTAB DNA
0.8% DNA o
Soybase (http://www.soybase.org)
700  SSR
PCR DNA 100 ng
0.3 pmol/L 2x GoTaq Green mix (Promega)
5L 10 uLo
SSR PCR
94°C 2 min 94°C 20 s 60°C 20 s
72°C 45 s 13
1C 94°C 20s 47°C 20s 72°C
45s 25 72°C 5 min PCR
4°C °
SSR PCR
6%
(2002)
° 0.1%
(W/v) 10 min
30s 0.5% vy 2%
(W/v) o
34
1 “A” 2
«g” o
35
SAS for windows v8.1 = PROC UNIVARI-
ATE NORMAL RIL
OriginPro 7.5 o
SAS for windows v8.1  PROC GLM
p<0.01
° PROC
CORR °

Song (2010)

o SSR
MapChart v2.1 o
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