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Correlation Analysis between Gene Expression of Isoflavone Synthesis
Relative Enzymes and Isoflavone Accumulation During
the Seed Development in Soybean
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Abstract:In this study,the HPLC and real-time PCR analyses were used to determine the isoflavone content
and relative expression levels of genes encoding isoflavone synthesis relative enzymes during the seed development
in two soybean cultivars with significantly different isoflavone content (cv. LHD2 and NHZ) , and their correlation
was also analyzed. We found that the isoflavone content increased gradually during the development of soybean
seeds. In the meanwhile, the expression trends of different isoflavone synthesis relative enzyme genes differed signifi-
cantly. The expression trends of CHS7 ,CHSS ,CHR ,CHIIA and IFS2 were consistent with isoflavone accumulation,

while the expression trends of [FSI and CHIIBI were opposite to isoflavone accumulation. The expression trend of
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isoflavone reductase (IFR) differed between two cultivars. In LHD2 , it was opposite to isoflavone accumulation,
while in NHZ it was consistent with isoflavone accumulation. Our results also demonstrated that different gene mem-
bers in the same gene family exhibited different expression levels during the seed development. For instance , CHS7
and CHS8 showed higher expression levels than other members in chalcone synthase gene family, as well as the
CHIIA in chalcone isomerase gene family. The expression level of IFS2 was also significantly higher than IFSI in
isoflavone synthase gene family. This result suggested functional differentiations among different members of the same
gene family. Additionally, the correlation analysis between expression level and isoflavone accumulation showed that
the correlations differed between two cultivars for different isoflavone synthesis relative enzyme genes. In LHD2 | the
expression levels of CHS7 ,CHS8 and IFS2 showed significant positive correlations with multiple isoflavone compo-
nents , CHII BI exhibited significantly negative correlation with multiple isoflavone components. On the other hand,in
NHZ ,the expression level of IFR was significantly positively correlated with the accumulations of multiple isoflavone
components. That implied a potential genetic basis for the varying isoflavone contents between both of soybean varie-
ties. The correlation analysis among the expression levels of isoflavone biosynthesis relative enzyme genes during
soybean seed development showed that PALI and CHS2 had significantly positive correlation with 4CL, and that
CHSI1 was significantly positively correlated with 1FS2. This result suggested that these genes co-regulated the bio-
synthesis and accumulation of isoflavones. Taken together , our results provided substantial genetic basis on isoflavone
biosynthesis and accumulation during soybean seed development,which would be useful to improve soybean isofla-
vones through genetic engineering in the future.

Key words:soybean [ Glycine max (L. ) Merill ] ; isoflavone; isoflavone synthesis relative enzyme genes
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(real-time PCR) Rxill G40 A& B 1k 72 A S5 28 i 1)
FRE BN I A% S B T 5 AT O il [ 1) SR A
BT P FA RS S B A R AE G &,
SOIE— 20 PR 2 DR 4 5 S R S 2 e, O
SRR SR PR T SR B e e D R
HE

1 HEE %

1.1 REH 55T
S B B A %‘52%(LHD2)§EﬁﬂD
B R G FE 77 X, A0 S I o P e TR R
(NHZ) KA TR REF™X, 2 DK AR
HR A PRAAFP R (S R B i A AR AN B 25 o
R 3697.24 pe/g F1816. 67 pg/g.
2013 4F 6 H B 2 A K G 5 B o3 5 AP A T b
AV B BEAE P B 2= W 58 B AL [ 373 55 B, A7
£2.0 m,f7#E 0.5 m, ¥kIE 0.1 m, BEHAERKRE

— R, LEAR R AL 43 SO AR 530 d
40 d.50 d.60 d £170 d B9 K& FR (FHY T K&
B IHAY R4 ~ R8 B | 2 W A AR 5 /A7 T
- 80 °C IR VAR N A T o B IBURE IR [R] 6 15
3WEL
1.2 REHZE
1.2.1 = RNA HJ3REUE real-time PCR #&il
H Gene Mark /A F] 1Y) Plant Total RNA Miniprep Puri-
fication Kit #2H TR RNA , 3 1% B e i,
{Kh{ﬂﬂu RNA i, 4% Promega 2\ A GoS-
cript™ Reverse Transcription System Ui B, % &L RNA
SR S S —4% <DNA, LA KE PEPCI6 h NS %
,FIIH real-time PCR 7] & ( DRROS81A , TaKaRa ) 7F
Bio-Rad MyiQ HA{4,7¢ Y 52 i % PCR X b 47 %
N, PR .95 C AR 30 5;95 CASHES s,
58 CiEk 30 5,72 CHEfH 20 5,40 NEER; PCR J ]
JREETHE 95 C Ll frih sk, &5 R MY 1G5
YW1,

&1 ZEERT-PCRHAFANAEREMSMEXEBERENSIYFT

Table 1 Primersequences of isoflavone synthesis relative enzyme genes used in RT-PCR test

5 ES 1 TG

Gene Forward primer(5’ -3") Reverse primer(5’ —3")
PEPCI6 TTCCTTTATCAGAAATAACGAGTTTAGCT TGTCTCATTTTGCGGCAGC
PALI AGCAACACAACCAGGATGTCAA CAATTGCTTGGCAAAGTGCA
C4H AGGCGAGATCAACGAAGACAAC GTTCACAAGCTCAGCAATGCC
4CL, AGGCAATGTACGTGGACAAGCT TCCGAGAGGACAGAGAAGTGGA
CHSI GCAAGAGAACAAATCTTTCTTTTTTCATAT CAGAAGCATTTGCAGGGCA
CHS2 ACAACAAATCTTTCTTTTTTCATATGTATTG GAAGGCAGGGCAGGGAA
CHS3 CCAAGTCCTTTTCTTTCTTATTCATTC AAGAAGCATGTGAGGGAAGCAG
CHS7 GCTGTGACTTGTTTTGAGTTC GACTTGTCTCACATGCGCTGGAA
CHS8 GCTCCCAGTACTTTAATTGATTTCTG GACTTGTCTCACATGCGCTGGAA
CHR CAAAGCCATTGGAGTCAGCAA CCATGCAAGGTTCATCTCCACT
CHITA GGCGCTGAATACTCAAAGAAGG AGAGGCACCAGGTGCAAAATT
CHIIBI AGCTGAATTGCTCGACTCCCT CAGATTGCATATGTGCCACACA
IFSI AGAATTCCGTCCCGAGAGGTT TGCCATTCCTGAAGTAGCCAA
IFS2 AATGTGCCCTGGAGTCAATCTG GGCGTCACCACCCTTCAATAT
IFR AGATGGAAATGTGAAAGGAGCG TGTGCACGGCTTTGTTCAAG

1.2.2 XEFHFERREIAMEN X KEHNF
LHD2 F1 NHZ 4% B 8] (%) 7 k7 E 60 FR 5, il A i,
%0.1% (V/V) LRI 70% (V/V) L1

A 2 mL &

TRV R ARBIF IS o A3 A HY A R 1 A PIL B B S
W 3 mL SEBOR PR AR A AR B R A R R
&7 1t 7%, 5000 r/min &0 10 min, b WK 3@ i
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B T B) R e R SO A 7 5347, LA 260 nm Ak
WK B R AN MCAE R hr i, 218 T, M. Sun %55 ik
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Fig.2 The accumulation of total isoflavones during the

seed development in soybean
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Table 2 Comparison of expression level of various gene members from the same gene family related to isoflavone accumula-

tion during the different seed developmental stage in soybean

o FFAEE RSl (d) CHS ¥R K% CHS gene family
) Days after

Cultivar flowering CHSI CHS? CHS3 CHS7 CHSS

LHD2 30 0.028 £0.007b 0.066 0.022b 0.050 £0.023b 0.617 £0.086a 0.678 £0. 116a
40 0.033 £0.007¢ 0.132 £0.034c 0.120 £0.029¢ 1.593 +0.266b 3.611 £0.129a
50 0.012 £0.004c 0.240 £0.235¢ 0.247 £0. 196c¢ 9.522 £1.393b 28.166 +0.677a
60 0.047 £0.030¢ 0.048 +0.016¢ 0.244 £0.012¢ 9.370 £6.190b  42.673 £15.714a
70 0.062 £0.030¢ 0.052 £0.002¢ 0.226 £0.029¢ 12.531 £1.335b  46.596 +6.039a

NHZ 30 0.003 £0.003b 0.089 £0.019b 0.024 £0.011b 0.881 £0. 128a 0.797 £0.255a
40 0.011 £0.002¢ 0. 179 +0.040c 0.286 +0.010c 3.554 +0.229h 3.943 £0.367a
50 0.017 £0.010c 0.082 +0.037c 0. 158 +0. 046¢ 3.472 £0.056b 3.962 +0.269a
60 0.054 £0. 004c 0. 100 £0. 040¢ 0.274 £0.058¢ 7.017 £1.739h 16.926 £ 1.152a

[ TFAESE I E] (d) CHI 315 CHI gene family IFS BN FKJE IFS gene family

) Days after

Cultivar flowering CHIIA CHIIBI IFsi IFS2

LHD2 30 1.895 +0.450a 0.638 £0. 129b 5.532 £3.136a 0.085 0. 046b
40 5.103 £1.310a 0.256 £0. 102b 14.916 2. 543a 3.798 £5.907b
50 31.478 £0.089a 0.173 £0.002h 1.774 £1.302b 18.690 = 10.867a
60 35.174 +5.996a 0.128 £0.020b 3.208 £4.588b 372.383 £ 111.622a
70 37.461 £5.907a 0.093 £0.010b 2.802 £0.464b 493.564 +88.926a

NHZ 30 2.011 £1.204a 0.688 £0. 125a 3.495 £0.729a 0.645 £0.846b
40 6.691 +0.390a 0.413 £0.050b 0.454 £0.303a 9.900 +6.390a
50 3.235+1.177a 0.008 +0.001h 2.794 +1.410b 46.621 £43.648a
60 15.189 +5.367a 0.045 £0.001b 1.834 +0.045b 266.584 £39.871a

RIS F 2 5 53 (P<0.05)
Different letters indicate significant difference at P<0.05 level
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Table 3 Correlation coefficients between gene expression level and isoflavone components content during the seed develop-

ment in soybean

s R S fjg
i MEE MO EEET PRI MU ORI RRTT KUME MUME MRAE LaR “Tf
Cultivar Gene Daidzin  Glycitin ~ Genistin ~ Malonyl- Malonyl- Malonyl- Daidzein ~ Glycitein ~ Genistein Total
daidzin glycitin genistin isoflavone isoflavone
aglycon
M2 5 PALI  0.318 0.276 0.279 0.320 0.368 0.228 0.317 0.416 0.241 0.299 0.304
LHD2 C4H  0.002 -0.059 -0.127 -0.114 0.103 -0.325 -0.113 0.114 -0.304 -0.201 -0.195
4CL 0.249 0.195 0.151 0.178 0.324 -0.024 0.178 0.351 0.002 0.104 0.111
CHSI  0.356 0.418 0.505 0.538 0.220 0.712 0.536 0.232 0.699 0.617 0.610
CHS2 0.050 -0.008 -0.065 -0.043 0.143 -0.235 -0.043 0.161 -0.216 -0.121 -0.115
CHS3 0.794 0.792 0.842 0.860 0.769 0.804 0.857 0.818 0.833 0.877 0.880 "
CHS7  0.606 0.626 0.730 0.790 0.531 0.928 * 0.784 0.597 0.921° 0.876 0.874
CHSS 0.666 0.693 0.792 0.825 0.587 0.940 " 0.820 0.641 0.942* 0.906 * 0.905 "
CHR 0.811 0.835 0.911° 0.951* 0.728 0.970 ** 0.948 * 0.774 0.988 " 0.992" 0.991 ™
CHIIA 0.667 0.682 0.773 0.808 0.609 0.894 " 0.803 0.668 0.899 * 0.879 " 0.878
CHIIBI -0.919" -0.923" -0.954" -0.980" -0.870 -0.845 -0.979™ -0.905" -0.888" —-0.960" -0.962""
IFSI -0.017 -0.030 -0.145 -0.179 0.011 -0.479 -0.171 -0.054 -0.436 -0.320 -0.317
IFS2  0.523 0.575 0.684 0.719 0.402 0.907 * 0.715 0.439 0.8967* 0.819 0.814
IFR  -0.422 -0.386 -0.366 -0.430 -0.440 -0.257 -0.430 -0.473 -0.280 -0.366 -0.370
MICRMT PALI  -0.262 0.006 -0.463 -0.269 -0.169 -0.428 -0.270  -0.095 -0.441 -0.361 -0.362
NHZ C4H -0.647 -0.284 -0.808 -0.680 -0.453 -0.803 -0.676 -0.383 -0.808 -0.744 -0.743
4CL  -0.344 -0.089 -0.533 -0.343 -0.262 -0.493 -0.347 -0.189 -0.506 -0.434 -0.435
CHSI  0.804 0.480 0. 806 0.878 0.531 0.870 0.863 0.511 0.854 0.849 0.846
CHS2 -0.217 0.145 -0.439 -0.258 -0.038 -0.434 -0.252 0.040 -0.439 -0.345 -0.343
CHS3  0.606 0.725 0.415 0.589 0.625 0.430 0.592 0.670 0.424 0.511 0.511
CHS7 0.859 0.673 0.793 0.899 0.680 0.836 0.891 0.680 0.824 0.854 0.852
CHSS 0.752 0.437 0.742 0.831 0.473 0.814 0.815 0.460 0.795 0.794 0.790
CHR  0.695 0.259 0.776 0.792 0.359 0.848 0.772 0.318 0.830 0.789 0.785
CHIIA 0.642 0.393 0.589 0.721 0.387 0.670 0.704 0.391 0.648 0.663 0.659

CHIIBI -0.987* -0.906 -0.956" -0.955" -0.962" -0.922 -0.964" -0.942 -0.932 -0.961" -0.963"

IFSI  -0.209 -0.480 0.021 -0.176 -0.322 0.011 -0.181 -0.391 0.016 -0.085 -0.086
IFS2  0.744 0.373 0.771 0.831 0.436 0.844 0.813 0.411 0.825 0.808 0. 804
IFR  0.940 0.680 0.994 ™ 0.951* 0.791 0.987* 0.951*  0.747 0.990" 0.977* 0.977*

* R R0 P<0.05 Al P<0.01 BE/KF, FH

“ and ™ represent the significant difference at P<<0.05 and P<0.01 level,respectively. The same as below
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Table 4 Correlation coefficients among the expression levels of key enzyme genesduring the seed developmental stage in soy-

bean

dn 5|
Cultivar Cone PALI  C4H  4CL  CHSI CHS?2 CHS3 CHS7 CHSS CHR CHIIA CHIIBI IFSI  IFS2
HBRG25  C4H  0.817
LHD2 4CL  0.939% 0.952°

CHSI -0.518 -0.854 —0.678

CHS2  0.867 0.995*  0.974*-0.813

CHS3  0.651 0.143 0.429 0.222  0.226

CHS7  0.499 -0.086 0.210 0.438 0.010  0.922

CHS8  0.312 -0.283 0.014 0.576 -0.193  0.894*0.968 **

CHR  0.332 -0.205 0.105 0.610 -0.119  0.898%0.928* 0.947*

CHIIA 0.497 —0.086 0.208 0.403  0.005  0.95470.986™ 0.979 " 0.924 "

CHIIBI —0.495 -0.066  —0.358 -0.397 -0.141 -0.908*-0.822 -0.809 -0.939* -0.830

IFSI -0.389 0.082 -0.066 -0.085 0.014 -0.574-0.710 -0.680 -0.429 -0.722 0.223

IFS2 -0.158 -0.682  —-0.426 0.8947* -0.610  0.594 0.773 0.876 0.844 0.761-0.625 -0.462

IFR -0.845 -0.782  -0.901* 0.343 -0.822 -0.508-0.357 -0.165 -0.350 —0.312 0.587 -0.063 0.169
MICRBE  C4H  0.872
NHZ 4CL  0.995"0.896

CHSI -0.065 -0.541  —0.111

CHS2  0.971* 0.884 0.953*-0.167

CHS3  0.609 0.192 0.537 0.597 0.626

CHS7  0.125 -0.373 0.060 0.953* 0.072  0.803

CHSS 0.030 -0.455 —-0.013  0.994* -0.086 0.631 0.953*

CHR -0.313 -0.709 -0.337 0.944 -0.446 0.300 0.803 0.926

CHIIA 0.267 -0.228 0.228 0.941 0.141  0.736 0.939 0.971* 0.823

CHIIBI 0.313 0.645 0.399 -0.699 0.232 -0.556-0.774 -0.637 -0.588 -0.516

IFSI -0.878 -0.602 -0.828 -0.228 -0.905 -0.898-0.477 -0.292 0.091 -0.477 0.174

IFS2 -0.113 -=0.570  -0.149  0.992* —-0.238  0.505 0.909 0.988* 0.94*  0.927-0.630 -0.138

IFR -0.552 -0.868 -0.615 0.782 -0.535 0.315 0.739 0.712 0.787 0.540-0.926  0.129 0.757
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