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Research Progress on Flower Color Genes in Soybean
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Abstract: Flower color is one of the most basic and important biological indicators of soybean, and is also a phenotypic trait
with high utilization rate in genetic breeding. It has important biological significance in maintaining genetic diversity of
soybean. At present, several gene loci regulating flower color have been found in soybean, such as W, , W,, W,, W,, W and
W,. Meanwhile, gene cloning and functional identification have been completed, the related molecular regulation mechanism
has also been preliminarily analyzed. This paper reviewed the current research progress of soybean flower color genes and

discussed these application prospects, in order to provide a reference for further analysis of the molecular mechanism of flower

color genes and their application in genetic improvement of soybean varieties.
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Table 1 Regulatory genes of flower color in soybean

S s R L SR e B i
Gene locus Enzymes synthesized by regulating Mutant strain genotype Mutation type Flower color Chromosome
W, FEH 375" -2 AL G w; A kR4S F 13
w-lp A kR4 kA
w, -lp2 EMS i#75 wEMA
w;-m H R R e e R}
w;-s3 H R Ly NE R
GmW, H R ¥
W, MYB ¥ 3H1 w, A kR4 SiEe 14
GmPH4 .GmPHS5 EMS J57% LiEe
GmMYB-G20-1 H R E ¥Rl
W; AT 4-340 -1 w; H & RS b SRk 14
L& T TR 430 5 G -2 w, A &k RAZ biia & Ruik 12
wy-m H R FOir Gk
wydp 1 %9 et
wy-p A kR4 WEA
wy-lp EMS 548 REA
wy-nw H &R b SRk
w,-s1 H &R A ERGA
W B A TG w, A &k RAZ L, 13
gmflsl EY L
W, N 37 -2 AL w, A k54 me 2
0, m 1 5 9 B




490 K E B 4 14

2 KERBEERHR

2.1 W, EEAMNEESERE

W, FEF R Palmer 25 & B IRLT Ay 25>
F1 Chen %) | F fij 24 7 %) # 4 ( Single Sequence
Repeats, SSR) 73+ T HRICTETT FAAERY F, 1000 B 114
HENL T W, BB LR R TSR AR T RS R S A
S w, PR EIF AL, Zabala %23 20 53 B K
SR Williams 82 M HAT S5 FE K &, A LK G
FIAE T amfs & F3'5 H B 77 4 65 bp Bl
FEMAEAFTGIER . B EE W, 2 5ITE 3 v
'S 3 e 1B 2 HE A IF 2 A% A ) F 375" He, Buzzell
ZEPTH Yang 260 BF 98 & B, SRS F3'S'H 5 W, 1)
AL T 13 SR A SSR ARiIL Sat348 Al
Satt160 Z [8], H AL P AL R & BAHK T AL
BER, P, KRG AL A — s R 1 B
TIHE R EY A BRI, Takahashi 5577 I 7E
BpA R R B T BRI SF AL R Y w0, PR R T ¥
LIRS F3'5'H, Yan %2 H R
B A N = | ( Derived Cleaved Amplified
Polymorphic Sequences, dCAPS) #ric Fl InDel #5ic
R A R E 4% F3'5'H 1 W, JER @ 17—
B BRI SE L I w0, -lp, , %5 R 3 K G TR %
a4t Sundaramoorthy 45" 7 HF B 4 (246 1) K H
KRB W, B bR T BRI S G ik 22 4 4y
B, B o 5 1 SNP s 8 L3 #3757 H B K 11y
AN FIRRAE TR AR | 2 5 AR B R
N w,-s,o T, Chen Z WFIE LB, W, A 4E
oAt B i Ak W, KR R AR i AR T
FUE L IR AL, 22 Al i S @ il 58, Rt
A A A 65 R 4 25 0 PR ) P e R AL AR
2.2 WEANRESEE

W, B PR 32 SR 45 A W) % 5 KL F- R2R3-MYB 11
A R2R3-MYB 53 R 7 AR T R
IR RS, ARFRBN BT 14 SR Ak
f¥) SSR #7iC Satt009 Fil Satt070 Z [, Takahashi
27V 1 Sundaramoorthy 458 fdi ] SSR A1 i 411 4 184
Z & M F ¥ ( Cleaved Amplified Polymorphic
Sequences, CAPS) 73 Fric X] EMS 7548 7= A= i 5
WA R G578 ZR WL (3R 3 AT B, 2R A0 4K
AR W, BRI 5 e W BRI AR . W,
PR DR A 578 I BEAT B R R A 2R B 5 4
M2 T BRI Y pH {H! . Takahashi 1
Sundaramoorthy 45 R AEFF 28 i €8 48 1 K 0T B
RABZPUEL T — %% R2R3-MYB ¥4 5% A 1

AL GmMYB-G20-1 , % PRz L R Tk 2 53
A7 FHTE R2ZR3-MYB 45 M35k v e A Bl L 5 46
FEA LR SR W, RS FEA
2.3 wiaw, ERNEESEE

W, W, JE DR A3 ) Gt 5, A 4 - S -1
(dihydroflavonol 4-reductase-1, DFR1) Fl 5 #5 Flil fiz-
4-i8 J5 -2 ( dihydroflavonol 4-reductase-2, DFR2) .,
S gAY DFRL 1) W, B R T 14 S 3L @ik i
Sat_287 Fl Sat_467 Z[A]"*' | HHFFERI] Ww, 3K
BIR G IFIRE AL, T 0,0, FEH R G T HAE,
W T FRiC I 4T qRT-PCR 4387 & L, w, 7E w,
FEHTFE TR DFR1 (£ E 8 HHM LT
W LR ST IR 8D . i dais DFR2 (1) W, & H )
BT 12 Byt fk 1Y Sau3s86 Fl Sct_137 Z >
F£ DFR2 M58 AN T 9848 77 A 1 S Bk S o7 3
A5 244 w,-mo ORIV AE K G0 IRl 5 6
FIAER G IR Kim 8V R BLE W,
TR W, BRI w, , DFR2 £ Bk TR,
w, WK GAET R &R, RBORGIF AL,
TR R AR ek, BRI AR I ] w, T
w, SRR 0 K 0G0 4 o7 6 PR &R o o R B A —
BRI 1 75 et 55 P Bk A5 6 SR TR o, DRI 1R 1 0
AR UER W, fow, EFEE LT ZNEY A
o Xu 25U Yan 217 % B RAE S50 2 [H] w, W
B R = A T rp R R E 1 AR SRS
TEREIB AL, 46 6 N R AL BT (A AE R 5, n
w,-Ip FRAFFZIFER LA, w0,-p AR IKAGAE,
w,-dp RAE R IFAEAT EME  w,-m KRR A AL,
Park 25151 o 3 B A5 K G0 6 (0 58 748 R0l 1 CAPS
O3MT R IR A Z TRy (A AE % 5848 3L H e v 7E
W, PrE b Al Wy~S; o
2.4 W EANTZESETE

EUAIR G IFFELL e W, JE D s 1, 2 DA
W, FEHON T 5 L AR W B 8 AR T 13 S
PR B HZ S AR il — AN 22 KB = U S B 45
Fade " Buzzell 26107 1A W, Fl W, A2 5 A
, FLFEAS A RS FE X o O A, IR w,,
5w, EHEAX, BT W, IEEREE, LR
B 5 PRI, B2 T R A R 10 6 A R
T PRSI w,, W B RE R ek, PRI
FMEE W E R R, FERGHEaA
. B W, FF R K E LRI E R,
T W, 5 DR K 5 T P 20 €0 4 D) T Rl 2 o i ok
R B AR, BRI W, 35 DR 2 A 28 B IR 5 il



41 EEAR W NSV e iS ] Sl 491

[Fi) IR WREE B TR 21 €5 4 10 R SR 0T Sk, i
FLEEOT (0 Takahashi 25 S BEBCEAE K G MEELT
46 K L1 cDNA, i2 ] SSR FI CAPS #xic 45 &
qRT-PCR 53#T, KK S gmfls] FEHE AT LG
FERAFHOTELLE AL, JAME & B 7 AL R
I SR AR T I SRAER R R,
2.5 WERANRESERE

REBLLEAET W R 1 A Btk 55 A 5k
R Stephens /1 Nickell " (R BIF5T 6 1 WP%
W2t £3'H, AT 2 S EAY SL007 1 Sat216
ZN6), HEE A LY o, ST F3H i 5L A A T
(ETT 2R B T R R R S R, R TR
LU 4k, Iwashina 5557 fiff I F 48 46 1) 2% Ax K JLF
FIAERY 3T 55 007 B N 2%, A1) v R0 AH €233 ( High
Performance Liquid Chromatography, HPLC) 43 #7 4£
Wb AT RAA S & & RIS S O L,
ML L E £ & BIRIKE 72% ., Hegstad
AU 5 BB AR E A A K T2 R w, -
m FEPERIRN FEOR G AR OB O, ZRL
TRy AL w,-m S TT A AL, X K B
BHIX R, Zabala F1 Vodkin™* |1 wp% FaE AL
AN AR i 85 91 8 e 1 - ST AR ik
RIZH TR ARAT 18 4 S JE TR R B, e 0 -3 oo 4 AR R 3%
SEBREDN A 51) ) HE R Rl 5 R B 3 B i B, T
B JRE A A Y Y TR R B S 2k U SR Y )
RELAER T XA 3 7B U MRS, RIS e 5
S ATREZS 7 A4 RNA TG, 2Ok R 20 H A 78
SR ) [T 5 SR A IR At o Pl ARG PT J oo, BE DR A
AL ATREATH WA A
2.6 HMASHBHNETEER

REAE HRFZAM T RZIT AL AL, (A5
N — ARFMF T AL R B A MRIE, Gao
AN EA ] y- ST BRI K AR Williams 82 3k
137 4 BRECAERAZAR, 70 5l 65 444 gmicel | gmice2
gmice3 Fll gmiced , I ik B s B H R BRAR T ik
B GmCCD4 , ZHEH G2 2 2 240 DU A&
fily, i g2 SRRy -5 % 22 5T
T TR GmCCD4 JE P JR¥E ST 4 N R 33
KRG ZIEALN 7 FHLH . Gao 555 & IR KK
. P3 R Wm82 1Y F, ARA SRR B AL 0 S5 AR K G
P3 W AEAHLL AL i, RO, RAMER
RIZPERE W, A5 B MYB %5 R 4% | %
FLPEAN Y 9 GmMYBA2 , % R 1 i 3 Ik A
AR TR G AR, HZE RN R (0t T B 52 B0 4R

o, XRWNIZEERA T 2 54k 45.32 Mb 4t
5 W DAL F R — % B RE . Takahashi %57 K fy
EMS 578 7 A= (0 T 25 €046 1 BEAS F15E 6648 1Y A AR
Z32 A58 F) AR, AR F A, 7R b AT AR
TR AL RRR R G 2 2815 8] F A2 e ek, if
T SSR 43 FARicifi i , 25 A 3% Pl B e i 5L OF
SFAE IR 43 EAT HPLC 208, R L T2 T 18 5
YL (e (K Y SSR FRiC Sat612 il Sct_199 Z [H] g W,
B

3 RE

REFT R B A [F) 46 X TR s A% | il B
AR, BEE AR L 5 D0 48 I R R e
KRR, 7 P AL 5 AT A PR S, T A
K AE (55 R 23 7 Bn e A I 2% 52 Ff 5 o T 5
DR i R ) W O Dl 2 A RE R S
Mo St A AR 56 46 (0 B FE 2% (19 N 7 R 1] ; [
ik Al A I — SEAE G UL, 2 F, AR Ik i
IRABOT BRI R, F350, REAEEIEN L rTE R
Bl TN 08 8 b A0 B2 T T R 3 A% etk . Chen
AFROUR I AR AL SRR A R AR WmB2 75 5%
LA W, i FRA AR B AE I ZE R N S w, R
IRTEZEAL S ZE R G APRL ZHA2 (75 5 T ALl
22O EkE, i, GmW, FER AT K
FAR R nT DL 4 5 R TN 3 2o WL L4y 1 0 25 (0
AR TR A DR AR, JC R S R T AR, A X 46
FEIXE R P T AR A 25 o R i e A B
R GAL KRR | B R AR 3R ST
RN ABIRASY gt 2 Fhr il B ik &
U AE T B, B R E AL G SR AR
FORL IRTEA T R AL A B A 51 07, B i 4
SR AT SRR 2 S LA R AR i 2 52 R
SRR

RIIAE ST BB M8 T 250 T K 52 AR 6 1Y 5
PR, LSk 26 5 PR i 8] 42 R T2 AR € L HAR B4 R W)
GRS AW, LA, oS3 N TGk
RE—SERRIRAE (O, Ul W] 78 R 52 Hp i) BRI A7 (e A AE
CIREESREIN . HAT, %R EAE @A T HL I BT 52
V3> W58 B B AT 5 2 7% FLAb A ) i AR S iE 5
B B> T A W) 2 BRI AN BT A B, ) 2R R 4
o Bl CEE A B A A o A 2 A
BT R R ELAR (5 i PR 42 19 2% 1) 223 1) S o0
B RO TRA AT B (B B 48 | R 45 R AE
PRI TR A A5 12 24 R PR G ST 4



492

4 1

S 3k

(1]

(2]

(3]

[5]

[10]

[12]

[13

[

TRUNSCHKE J, LUNAU K, PYKE G H, et al. Flower color
evolution and the evidence of pollinator-mediated selection [ J].
Frontiers in Plant Science, 2021, 12; 617851.

HE R Q, LI X M, ZHONG M, et al. A photo-responsive F-box
protein  FOF, regulates floral

The Plant Journal, 2017, 91(5) .

initiation by promoting FLC
expression in Arabidopsis[ J].
788-801.

FUBTAE. B8AEAE GO AR AL Hr [ D], 5T, bRl R
2, 2007. (BAI X J. Phenotype analysis of flower coloration of
Chrysanthemum x morifolium Ramat. [ D ]. Beijing: Beijing
Forestry University, 2007. )

WANG Y G, ZHANG C, DONG B, et al. Carotenoid accumulation
and its contribution to flower coloration of Osmanthus fragrans[J].
Frontiers in Plant Science, 2018, 9 1499.

OHMIYA A. Molecular mechanisms underlying the diverse array of
petal colors in chrysanthemum flowers [ J]. Breeding Science,
2018, 68(1) . 119-127.

GONZALEZ A, ZHAO M Z, LEAVITT J M, et al. Regulation of
the anthocyanin biosynthetic pathway by the TTG,/bHLH/Myb
transcriptional complex in Arabidopsis seedlings [ J]. The Plant
Journal, 2008, 53(5) : 814-827.

FUKUSAKI E, KAWASAKI K, KAJIYAM S, et al. Flower color
modulations of Torenia hybrida by downregulation of chalcone
synthase with  RNA
Biotechnology, 2004, 111(3) ; 229-240.

WANG C K, CHEN P, WANG H M, et al. Cosuppression of

genes interference [ J ]. Journal of

tobacco chalcone synthase using petunia chalcone synthase
construct results in white flowers[ J]. Botanical Studies, 2006, 47
(1):71-82.

T, RERE, B XEFARE @SS RS K
AHCIERE FRIB T[], J-THEWHFR, 2020, 18(14) ; 4562-
4571. (LI X, WU Y Y, FENG Y. Analysis of anthocyanin
content and related gene expression in different varieties of
Hyacinthus orientalis [ ] ]. Molecular Plant Breeding, 2020, 18
(14) . 45624571.)

WREE 250, 24k K, 4§, HmDFR 2ER3R5E 5 G eRAGAL AN
KA HT ], MW A B 2E 4L, 2020, 56 (7): 1641-1649.
(CHEN D D, LI M, PENG J Q, et al. Association between
HmDFR  gene and flower color

expression of  Hydrangea

macrophylla [ J ]. Plant Physiology Journal, 2020, 56 (7):
1641-1649. )

NAING A H and KIM C K. Roles of R2R3-MYB transcription
factors in transcriptional regulation of anthocyaninbio synthesis in
horticultural plants[ J]. Plant Molecular Biology, 2018, 98 (1-
2): 1-18.

YIN X J, ZHANG Y B, ZHANG L, et al. Regulation of MYB
transcription factors of anthocyanin synthesis in lily flowers[ J].
Frontiers in Plant Science, 2021, 12 761668.

HEHELL, MG AR ZREEhh ) AE ZUAERIRE  RELL AERAE (A
R MYB BRI [ ], b 24k, 2021, 48(8)
1470-1484. (HONG Y H, YE Q H, LI Z K, et al. Accumulation

of anthocyanins in red-flowered strawberry ‘ Meihong’ petals and

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

expression analysis of MYB gene[ J]. Horticultural Plant Journal,
2021, 48(8) : 1470-1484. )

Wk, LBk, B30, % EAAMRT L B IRE
P ERERT & REE[T]. L7 R A, 2019, 60
(6):4448. (CAO Y Q, WANG C L, WANG W B, et al.
Wisconsin of domestic and foreign soybean industry, current
situation of science and technology and thinking on the
development of soybean industry in China [ J ].
Agricultural Sciences, 2019, 60(6) ; 44-48. )

SHIBLES R M, HARPER J E, WILSON R F, et al. Soybeans:

Liaoning

Improvement, production and uses [ M ]. The United States of
Wisconsin; American Society of Agronomy, 2004.

JEFFERYD R, THOMAS C K, CRAIG A A, et al. Soybean
natural cross-pollination rates under field conditions [ J ].
Environment Biosafety Research, 2003, 2(2) : 133-138.
ROBACKER D C, FLOTTUM P K, SAMMATARO D, et al.
Effects of climatic and edaphic factors on soybean flowers and on
the subsequent attractiveness of the plants to honey bees [ J].
Filed Crops Research, 1983, 6. 267-278.

A, IVEE, SRR, F. RERIERRVEI]. K
HRE, 1999, 18(1) : 73-76. (ZHAOL M, SUNH, MAC S,
et al. Preliminary study on pollination of soybean insects [ J].
Soybean Science, 1999, 18(1) : 73-76. )

LIN C H, SREELAKSHMI S, EMMA M, et al. Soybean is a
common nectar source for honey bees ( Hymenoptera : Apidae) in a
midwestern agricultural landscape [ J ]. Journal of Economic
Entomology, 2022, 115(6) : 1846-1851.

LUCAS A G, LISA A S, DIEGO N ], et al. Time to integrate
pollinator science into soybean production[ J]. Trends in Ecology
and Evolution, 2021, 36(7) : 573-575.

R, a2 L. SOl X T R T Y 5 2 R P T By
[J]. KRER#, 2013, 32(3): 393-396. (JIANG X F, LIU X
Y. Birds harm to soybean in dryland agricultural areas and
protective prevention [ J ]. Soybean Science, 2013, 32 (3):
393-396. )

GRETHE, WRse, Eade, 5. RER-FEEBHE RN
SERELI]. MEYAHR, 2021, 47(12) ; 2299-2313. (QIU H M,
CHEN L, HOU Y L, et al. Research progress on genetic
regulatory mechanism of seed color in soybean ( Glycine max)[J].
The Crop Journal, 2021, 47(12) ; 2299-2313. )

CHEN Y W, NELSON R L. Identification and characterization of
a white-flowered wild soybean plant[ J]. Crop Science, 2004, 44
(1):339-342.

ZABALA G, VODKIN L O. A rearrangement resulting in small
tandem repeats in the F 3'5"H gene of white flower genotypes is
associated with the soybean W, locus[ J]. Crop Science, 2007,
47(2) . 113-124.

BUZZELL R 1, BUTTERY B R, MACTAVISH D C. Biochemical
genetics of black pigmentation of soybean seed[ J]. The Journal of
Heredity, 1987, 78(1) : 53-54.

YANG K, JEONG N, MOON J K, et al. Genetic analysis of genes
controlling natural variation of seed coat and flower colors in
soybean[ J]. The Journal of Heredity, 2010, 101(6) ; 757-768.
TAKAHASHI R, DUBOUZET J G, MATSUMURA H, et al. A

new allele of flower color gene W, encoding flavonoid 3'5'-



41

H 205 R AR G AL R T i

493

(28]

[29

[

[31]

[32]

[33]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

hydroxylase is responsible for light purple flowers in wild soybean
Glycine soja[ J]. BMC Plant Biology, 2010, 10 155-165.

YAN F, DIS K, MURAI Y, et al . New allelic variant discovered
at soybean flower color locus W, encoding flavonoid 3’ 5'-
hydroxylase[ J]. Crop Science, 2016, 56(4) . 1506-1513.
SUNDARAMOORTHY J, PARK G T, JO H, et al. A novel
pinkish-white flower color variant is caused by a new allele of
flower color gene W, in wild soybean ( Glycine soja) [ J].
Agronomy, 2021, 11(5) . 1001.

CHEN L,YUAN S, CAL'Y P, et al. See the color, see the seed:
GmW, as a visual reporter for transgene and genome editing in
soybean[ J/OL]. The Crop Jouranl, 2022, https: //doi. org/10.
1016/j. ¢j. 2022.07.004.

DE VLAMING P, SCHRAMA W, WIERING H. Genes affecting
flower color and pH of flower limb homogenates in Petunia hybrida
[J]. Theoretical and Applied Genetics, 1983, 66 (34 ).
271-278.

VAN HOUWELINGEN A, SOUER E, SPELT K, et al. Analysis
of flower pigmentation mutants generated by random transposon
mutagenesis in Petunia hybrida[J]. The Plant Journal, 1998, 13
(1):39-50.

CHUCK G, ROBBINS T, NIJJAR C, et al. Tagging and cloning
of a petunia flower color gene with the maize transposable element
activator[ J]. The Plant Cell, 1993, 5(4) . 371-378.

SPELT C, QUATTROCHIO F, MOL J, et al. ANTHOCYANIN'
of petunia controls pigment synthesis, vacuolar pH, and seed coat
development by genetically distinct mechanisms [ J]. The Plant
Cell, 2002, 14(9): 2121-2135.

QUATTROCCHIO F, VERWEI] W, KROON A, et al. PH4 of
R2R3-MYB  protein activates vacuolar

petunia is an that

acidification through interactions with basic-helix-loop-helix
transcription factors of the anthocyanin pathway [ J]. The Plant
Cell, 2006, 18(5): 1274-1291.

LEPINIEC L, DEBEAUJON I, ROUTABOUL J M, et al. Genetics
and biochemistry of seed flavonoids [ J]. Annual Review of Plant
Biology, 2006, 57 ; 405430.

TAKAHASHI R, BENITEZ E R, OYOO M E, et al. Nonsense
mutation of an MYB transcription factor is associated with purple-
blue flower color in soybean[ J]. The Journal of Heredity, 2011,
102(4) : 458463.

SUNDARAMOORTHY J, PARK G T, LEE J D, et al. A Pj,-
type ATPase and an R2R3-MYB transcription factor are involved
in vacuolar acidification and flower coloration in soybean [ J].
Frontiers in Plant Science, 2020, 11 580085.

TAKAHASHI R, MATSUMURA H, OYOO M E, et al. Genetic
and linkage analysis of purple-blue flower in soybean [ J]. The
Journal of Heredity, 2008, 99(6) : 593-597.

TAKAHASHI R, YAMAGISHI N, YOSHIKAWA N. A MYB
transcription factor controls flower color in soybean [ J]. The
Journal of Heredity, 2013, 104(1) : 149-153.
SUNDARAMOORTHY J, PARK G T, LEE J D, et al. Genetic

and molecular regulation of flower pigmentation in soybean|[ ] ].

Journal of the Korean Society for Applied Biological Chemistry,

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49

[

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

2015, 58(4) ; 555-562.
FASOULA A D, STEPHENS A P, NICKELL D C, et al.
Cosegregation of purple-throat flower color with dihydroflavonol
reductase polymorphism in soybean[ J]. Crop Science, 1995, 35
(4) : 1028-1031.

PARK G T, SUNDARAMOORTHY J,

Elucidation of molecular identity of the W; locus and its

Plos

LEE J D, et al
implication in determination of flower colors in soybean|[ J].
One, 2015, 10(11) : e0142643.

XU M, PALMER R G. Genetic analysis and molecular mapping of
a pale flower allele at the W, locus in soybean[ J]. NRC Research
Press, 2005, 48(2) : 334-340.

KIM J K, BAE D N, PARK S K, et al. Molecular genetic analysis
of a novel recessive white flower gene in wild soybean[ J]. Crop
Science, 2017, 57(6) : 3027-3034.

XU M, BRAR H K, GROSIC S, et al. Excision of an active
CACTA-like transposable element from DFR2 causes variegated
flowers in soybean ( Glycine max (L.) Merr. ) [ J]. Genetics,
2010, 184(1) : 53-63.

YAN F, DI S K, FELIPE R R, et al. Allelic variation of soybean
flower color gene W, encoding dihydroflavonol 4-reductase 2[ J].
BMC Plant Biology, 2014, 14 58.

PARK G T, SUNDARAMOORTHY J, LEE S, et al.

variation in a novel Glycine soja mutant W,-S; with pinkish-white

Color

flowers is controlled by a single recessive allele at the W, Locus
[J]. Crop Science, 2017, 57(6) : 3112-3121.

TAKAHASHI R, GITHIRI M S, HATAYAMA K, et al. A single-
base deletion in soybean flavonol synthase gene is associated with
magenta flower color[ J]. Plant Molecular Biology. 2007, 63(1) .
125-135.

BUZZELL R 1, BUTTERY B R, BERNARD R L. Inheritance and
linkage of magenta flower gene in soybeans[J]. Canadian Journal
of Genetics and Cytology, 1977, 19(4) : 749-751.

STEPHENS A P, NICKELL D C. Inheritance of pink flower color
in soybean[ J]. Crop Science, 1992, 32(5) . 1131-1132.
IWASHINA T, OYOOE M, KHAN A N, et al. Analysis of
flavonoids in flower petals of soybean flower color variants[ ] ].
Crop Science, 2008, 48(5) : 1918-1924.

HEGSTAD J M, VODKIN L O, NICKELL C D. Genetic and
agronomic evaluation of w,-m in soybean [J]. Crop Science,
2000, 40(2) : 346-351.

ZABALA G and VODKIN L O. The w” mutation of Glycine max
carries a genefragment-rich transposon of the CACTA superfamily
[J]. The Plant Cell, 2005, 17(10) : 2619-2632.

GAO J S, YANG S X, TANG K Q, et al. GmCCD4 controls
carotenoid content in soybeans[ J]. Plant Biotechnology Journal,
2020, 19(4) : 801-813.

GAO RF, HANTT, XUN H W, et al. MYB transcription factors
GmMYBA2 and GmMYBR function in a feedback loop to control
pigmentation of seed coat in soybean[J]. Journal of Experimental
Botany, 2021, 72(12) : 44014418.

TAKAHASHI R, YAN F, DI S K, et al. Genetic and chemical
analysis of deep purple flower in soybean [ ] ].
2017, 57(4) : 1893-1898.

FANG X L, SUN Y Y, LI J H, et al. Male sterility and hybrid
breeding in soybean[ J]. Molecular Breeding, 2023 ,43.47.

Crop Science,



