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B RGARRER/N AR, BN T80 AR, st G SERi ez . MADS-box B 5% 5 APETALA3
(AP3) F PISTILLATA( PD) VENAER T ABCDE I ) B 2RI L[] il A6 S5 MRS O B, ZEAE B B A d b &
VEFEAEH . BT S B 2RI AR I AR R R R & b eh i s A% AR e AR 5l 3 AR 15 B F
BOW RS B REE R HEAT T HEDR 254 R IL ORFHT SRk SR AL 3Bt By B S O S Y . SR R R E
FEEA R 11 A4 B ER, R T 3 AN WAH, Hf 6mAP304 ( Glyma. 04G027200) . GmAP306 ( Glyma. 06G027200) |
GmAP303 ( Glyma. 03G111500) . GmAP316 ( Glyma. 16G105600) Fl GmAP312 ( Glyma. 12G118100) J& T paleoAP3 .4,
GmTM601 ( Glyma. 01G169600) Fl GmTM611 ( Glyma. 11G073700) J& T TM6 W41 , GmPI13 ( Glyma. 13G034100) . GmPI14
(Glyma. 14G155100) .GmPIO4( Glyma. 04G245500) Fl GmPI06 ( Glyma. 06G117600) J& T PI W.2H , B4 W.2H B 253k K 45
FARXT PR s R B SR 4t i 2 L 10 > motif, HiHY motif 1 motif 4 1 motif 5 5 MADS Z5iilE &, £ik
EHHAR M R , GmAP304 .GmAP306 .GmPI04 .GmPIO6 .GmPI13 .GmPI14 .GmTM601 F GmTM611 15 K G AL P A B EHR
Ko GBSV R IR, GmAP304 .GmAP312 .GmPIO6 .GmPII3 1 GmPl14 e85 K Trh HAL & 1 FhepfErml | 1 H e
K B RIEFTIMGESE, vl RETERS HIAER B A T oA B IRE . ARG RA B TR R TR T LT
B 25 W] B ASHE R DI RE, A R TAEAS B I s SR AL A B0 0 X R B R AR O S R s AR SRR B
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Bioinformatics Analysis of B-class Floral Organ Identity Genes in Soybean
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Abstract: Soybean has small-sized flowers and the property of self-pollination, leading to low efficiency of artificial
hybridization and narrow genetic basis of varieties. APETALA3 (AP3) and PISTILLATA ( PI), belonging to MADS-box gene
family and class B genes in the floral ABCDE model, jointly control the formation of flower petals and stamens and play
important roles in floral organ morphogenesis. In order to identify the evolutionary pattern of B-class genes and explore the
genetic diversity among soybean varieties, we analyzed gene structure, phylogenetic tree, conservative motif, collinearity,
haplotypes of B-class genes in soybean by bioinformatics methods. It was shown that there are 11 B-class genes in soybean
genome. Of them, GmAP304 ( Glyma. 04G027200), GmAP306 ( Glyma. 06G027200), GmAP303 ( Glyma. 03G111500) ,
GmAP316 (Glyma. 16G105600) and GmAP312 ( Glyma. 12G118100) belong to the paleoAP3 subgroup, GmTM601 ( Glyma.
01G169600) and GmTM611 ( Glyma. 11G073700) belong to the TM6 subgroup, and GmPI13 ( Glyma. 13G034100) , GmPI14
(Glyma. 14G155100) , GmPI04 ( Glyma. 04G245500) and GmPIO6 ( Glyma. 06G117600) belong to the PI subgroup. The
gene structures of B-class genes in each subgroup are relatively conservative. Ten motifs are found in the proteins encoded by
B-class genes in soybean, among which motif 1, motif 4, and motif 5 overlap with the MADS domain. Transcriptome data
indicated that GmAP304, GmAP306, GmPI04, GmPIO6, GmPI13, GmPI14, GmTM601 and GmTM611 are highly expressed
in flowers of soybean. Moreover, haplotype analysis showed that five B-class genes including GmAP304, GmAP312, GmPI06
GmPI13 and GmPIl14 each contain only one haplotype in cultivated soybean, indicating that they are more conservative than
other B-class genes, and may play more important roles in controlling floral organ formation. These results are helpful for
improving the developmental model of flower organs in soybean and further elucidating the functions of B-class genes, which
will facilitate the identification of molecular targets for the modification of flower organs, and will be of great significance for
improving soybean breeding efficiency and broadening the genetic basis of new varieties.
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{8 1 TBtools X} K &2 B 5L R kA7 M2 23 B - F
Tk,
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17 B BAEAS B R AR AR N 1 AR B AT A0 M, T A
Z A BOAS U bwa v0. 7. 10 B4, K751
B we 4t 3] Williams 82 3 B4 (v275) i
GenomeAnalysisTK ( https : //gatk. broadinstitute. org/ )

19 UnifiedGenotyper ( -stand _call _conf 30. 0 -stand _

emit_conf 10.0) IJHETHFH SNPs/indels, #F—HEHL
B RE N Z ARG R AT CDS X HAL &4
SZEAE ) SNP/ InDel v 1 SCHAS R I HE 47 HA A5 Y
T

2 RS9

2.1 KEBEZZREHTERNHE

LIRS IT AP3 (AT3G54340) F1 PI( AT5G20240)
hZH I, 7E Phytozome $0 88 & b 2 48 2 © A1 7E
RGP RYRIVEIER 3L 11 AN (R 1), T8 x4
KW, Glyma. 04G027200 (i %55 GmAP304 , W) K &2
04 Sk Y AP3 2K ) 1 Glyma. 06G027200
(GmAP306) SHIFEIT AP3 (AT3G54340) [R1J5PE ft e
AHLE 535K 78. 4% F1 77. 9% 5 Glyma. 04G245500

=1
Table 1

(GmPI04) F1 Glyma. 06G117600 ( GmPI06 ) 55 ] 74 It
PI(AT5G20240) R IEA%E fe =i, ARAUUEE 7351 83. 7%
1 83. 1% ; Glyma. 01G169600 F1 Glyma. 11G073700
5 AT3G54340 (WAL 3518 76. 0% 5 71.9% , 7
R LR AL 3 AT TP AR T paleoAP3 1 R AL S
PR TM6 583 LL TM6 JEIN A 44

FEESRHE Y, B KR (Lotus japonicus ) 7% A
4B BRI ERRIE LN, B 5 ( Pisum sativum)
24 R E 18 (Medicago sativa) 7 2 1>, 32 E 15
( Medicago truncatula ) 5 3 A~, f£ 4 ( Arachis
hypogaea) A3 8 1~ , 3% 5. ( Phaseolus vulgaris) A5 3 1>,
915 (Vigna unguiculata) F 3 1>, SZAHL, B
YA IT JA 1A AP3 FEFE AN A PLIEA BB FE
ANl Afh B 2 HE R AU AR 22 57 TEAE AR B E
ASHEALH 7, SRHE ) 5 8 R ) 40 e T AR L
BE MR AR, WS RHEY T B R R H 2% S
(B R AT B, K 2 AE A 55 GURME P 1 G 1A TE
HEA i R rh AT A, B 2R BEPR A Ak B AT g
IIEE .

KEHH B XIEREFEER

B-class floral organ identity genes in soybean

H M4

Gene name

SR

Gene number

Gene name in MADS-box family

MADS-box K544 LR Ze

Type of B-class genes

GmAP304 Glyma. 046027200
GmAP306 Glyma. 066027200
GmAP303 Glyma. 03G111500
GmAP316 Glyma. 16105600
GmAP312 Glyma. 12G118100
GmTM601 Glyma. 01 G169600
GmTM611 Glyma. 116073700
GmPII3 Glyma. 136034100
GmPI14 Glyma. 14G155100
GmPI04 Glyma. 04245500
GmPIO6 Glyma. 06G117600

GmMADS5 AP3
GmMADS6 AP3
GmMADS147 AP3
GmMADSI33 AP3
GmMADSI21 AP3
GmMADS4 ™6
GmMADSI10 T™M6
GmMADSS8 PI
GmMADS9 PI
GmMADSIO0 Pl
GmMADS7 PI

2.2 KEBEUF[EFRUEEEMNHL I

B RAEAN B AR L e I 458 — Ik
il FE 1 paleoAP3 25 PI % ,paleoAP3 Z PR,
FERL eudP3 Z2F0 TM6 270, ARYE KT B FILH 5
Hofth 74 AHFh B 2RI 28 75 (R 1) 1
HRGEUAM K 1 iR, £EREGH, GmAP304
GmAP306 ,GmAP303 .GmAP316 Fl GmAP312 3 A ¥

J& T euAP3 K % ,GmTM601 .GmTM611 J& T TM6 %
%, GmPI04 . GmPIO6 . GmPI13 . GmPII4 J& T Pl %
F, euAP3 5 TM6 ZoRG KRG, TEZHIX B
KR INBERHRIE T | paleoAP3 K Z 5 TM6 % %%
MR H eudP3 RES S5 GHESE ™4, H
TM6 #5 eudP3 ZIEH T RE & EAE DI fEfbL 5
REALY
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1
Fig. 1

2.3 KEBEUREFCEERNEBIHT
K. AP3 KK GmAP304 1 GmAP306 , TM6 H:[A
GmTM601 F GmTM611, PI 3£ [ GmPIO4 . GmPI06 |
GmPII13 Fl GmPII4 Y54 7 A58+, o pr 5L
GmPI04 £15 3 Bt 3'UTR 4545, AP3 £ GmAP303
GmAP316 Hl GmAP312 JG 3'UTR F15'UTR 45H4, %14

TAANERYT B REREREERNRERZLER

Phylogenetic tree of B-class floral organ identity genes in 74 plant species

4 44588, HoAN BT AR B R SE (E2),
GmAP304 5 GmAP306 HJ CDS J¥ %I A Ml B K
96.49% , GmAP303 . GmAP316 1 GmAP312 1) CDS
AL BE 3K 99. 42% , GmTM601 5 GmTM611 1Y
CDS MU Jy 87. 68% ,GmPI04 5 GmPIO6 .GmPI13
Y5 GmPI14 1) CDS AHBLEE 7351120 96. 15% F1196.65% .,

B2 XEBEREEMNLEH

Fig.2 Structure of B-class genes in soybean
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i ] MEME RIS TI0 11 ST B 2838 P g i
EHEMRSFRY , KK G B 5L H gt 85 1 3t
A 10 > motif, HH motif 1, motif 4 Fl motif 5 5
MADS 5 #4538 B & |, motif 2 motif 3 F1 motif 7 5 K-
box 5k &, AP3 R GmAP303 . GmAP316 Fl

GmAP312 () MADS 45 ¥ 335 43 H AL & motif 1 Al
motif 4, Hosk B JSIL I 45 25 1119 MADS 2544 3835
435 motif 1 motif 4 Fl motif 5 FE (K 3), HILiE
M GmAP303 .GmAP316 1 GmAP312 w] Rg i Ak i B
Uifesk ok L Tfe .

B3 XE BZEH motif 547

Fig.3 Analysis on motif of B-class protein in soybean

2.4 KEBEiREFEEERNRESHT

TE Phytozome 545 2 25 4% K &2 0 F, Williams
82 I B I IFEAB MRAS [ 1 R IR B, 227 #4
FIZ5 R 4 Fros 76 11 S KE B B8 B R iE I
hoAP3 [A] YR GmAP303 . GmAP316 F
GmAP312 TEATLA &8 B Hh ¥R RIN, XA REEH T
FERE G R AE D aefe, B & 6l 5 r9ix 3 4
euAP3 KR FEHEUTER, AP3 [R5 3 K GmAP304
1 GmAP306 , PI TR JEFE K GmPII3 Fl GmPI14 FE4E
WEPRHKERIAE ., TM6 [FJREE 6mTM601 T
GmTM611 Pl [RJJEFE R GmPI04 F1 GmPI06 1E A TF
LR B A B m N REE, MRE B I
TEACSR B AN RER AL AY 3k 22 8 O o2, (EARE
BEJE, eudP3 5 TM6 ¥/ paleoAP3 & il i 1k
MR, FERe sk ] g s 1 3R D se ik 5 1)
fiefb, KT H) TM6 2 H GmTM601 Fl GmTM611
1E Williams 82 fE45F H A 8 ARk i, I H 5 3
b eudP3 2K GmAP304 FI GmAP306 17 1E I HEH
S, VRIS G

4 KREBEERRZEHE

Fig.4 Expression heatmap of B-class genes in soybean
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2.5 KEBEEZXREHTERMELLMEST
KITI 11 A~ B ZRIEAS B R AR 3k B 430 43 1 78
9 yLtafh b i 4 5 6 S ER EKEA 2 A
BN, 1.3.11,12.13 .14 16 S Y@k & 4H
1B 2EIHEH 2 .5.7.8.9.10,.15.17 18,19 20 S
R FoR LRI B RE K, T3 4 AP3 B H AT g
ANEA e, HARTE A e 8 AN hfetk B 253k
PRI TS L MR 40 B, 4 R AN 5 FoR , GmTM611 4y

W5 GmAP306 ,GmAP304 Fl GmTM601 FEAE K A B
HEE, GmPII3 5355 GmPI06 . GmPI04 Fl GmPIl4
FEAE R B EE, 6mPII4 53 9 5 GmPIo4 F
GmPIO6 E4E KA Bt B &, GmTM601 4355 GmPI06
Ml GmAP304 f£ #F K Rk Bt # &, GmAP304 5
GmAP306 1iE K F BEEE , GmPI04 5 GmPI06 17-7E
KAEBEELE, FRZREIH KT B RN S
YU FEOE T BCE A

5 KEBERERLZEST

Fig.5 Collinearity of B-class genes in soybean
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FIH 644 173 K T M R A 35 DR 28 7 000 e 5 i, %o
B AL A% B AR IR B R B TR R oy A R AT 4y
Mr, g5 BB 6 Frn. AP3 [6] P 5 1 GmAP304 |
GmAP306 F1 GmAP303 /354G 4,14 Fl 11 FpeafEay
GmAP312 Fl GmAP316 7354 6 F15 P 5y TM6
[P EE ] GmTM601 F GmTM611 435145 3 Fi15 Fhip
15 A, PI [A) YR 5 [ GmPIO4 . GmPIO6 . GmPI13 Fl
GmPI14 5y 347 4,6 ,8 Fil 4 Fh a5 A1

AP3 [RJRFE R () B AS T . GmAP304 TEAR S K E
T AL GmAP304™ FRAGTRY  AE B AR K S v A
GmAP304™"  GmAP304"™” .GmAP304™ 1 GmAP304™
454 Fh PG RL, GmAP306 TEARE R Gh A A
GmAP306™" F1 GmAP306™” WiFh B A A5 87 A= K &

FEESA GmAP306™  GmAP306™” . GmAP306™ |
GmAP306™* FI GmAP306™° 4 5 F B £ AL, 7E
GmAP303 AR Z FAE R GmAP303™ TEAE B K 5
it s, AR R E T REEE GmAP303™ |
GmAP303" FIl GmAP303" s fEAR 5 K H 58 A K
o, GmAP312" 35 0 Y L g = 1 GmAP312 FRLAR A,
GmAP316 £ #% 85 Fp b AL F GmAP316™" |
GmAP316" Fl GmAP316™" %5 555 1 e B A= K G rp
FEAFE 6GmAP316™  GmAP316™”  GmAP316"” F
GmAP316"" %5 4 A5 (B 7))

™6 [7] U5 3 g B A% B GmTM6e01™ il
GmTM601"™ FEFE 3G R G 5 B A K W rh 34k L fs
R GmTM611 TERSE R T Y BAAE RN GmTM611™ Fil
GmTM611™ FERF A K G [ AR R GmTM611™ |
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GmTM611™? GmTM611™ F GmTM611"™* (&1 7) .

PI [R5 5L B ) A R KR aoh 8
GmPIO4™ Fl GmPIO4™ | B = K & £ E f F
GmPI04™" ; GmPIO6 [R5 3 IR 7E #% 15 K 52 P ) A%
RIEZH GmPI06™" | TEE £ KRG A GmPI06™" |
GmPI06™? . GmPI06™’ 1 GmPI06™* 25 4 Foh FAA% 7Y
TERRIE K G 584 K G H, GmPII3 N () 2L A5

TE S OFRR G SHIE NG — B SR 5 5

FIYN GmPII3™ | GmPI14 HE PR 1y 3 B 1 B 15 1
i GmPII4™ (E 7)

FEFR B R B, AP3 A8 35 [ GmAP304 Fl
GmAP312 Pl 5:PH GmPI06 .GmPI13 F1 GmPl14 ¥ 2
51 AR R FER AR RS, GmPLI4 B H AL
1 A 10 3 S R R ) P I AR 5, N
TEREAES E R B ATl 2 )6E,

R (R85 275 5L R LA R (9 55 (07

Note: The green block represents alleles that are consistent with the reference genome, while purple and blue

blocks represent alleles that are different from the reference genome.
Bo XEBRUERBFHEERBERNDE
Fig. 6 Haplotypes of B-class genes in soybean
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Fig.7 Comparison of haplotype distributional frequency of B-class genes between the cultivated and wild soybeans
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B AT T 44, % 70k 3 S, =,
GmAP304 . GmAP306. GmAP303 #l GmAP3I2 .
GmAP316 J& T I — 41, B} eudP3 Z; GmTM601 F
GmTM611 J& T TM6 % ; GmPIO4 . GmPIO6 . GmPII3
M GmPII4 J&T Pl &, euAP3 25 TM6 R34
BT, #E I GmAP304 . GmAP306. GmAP303 .
GmAP312 .GmAP316 .GmTM601 K1 GmTM611 H:[R A
ABAI DI BE, K B LA B R A 1Y
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RVUER, 220 T IR RG] R BOKE B
KEHFM D ie SEHPLR M T b &2 2, K
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#HET MR FHANE ., ROBEALEA
10 /> motif, H: ' GmAP303 ,GmAP312 Fl GmAP316
HEH motif 1 ~4,GmAP304 Fl GmAP306 A& motif 7
F1 motif 10, GmTM601 F1 GmTM611 A £ motif 7 .
motif 9 il motif 10, GmPI04 F11 GmPIO6 A7 motif 6
motif 8 Fl motif 9, GmPI13 Fl GmPI14 A% motif 8 ~
10, HrP motif 1, motif 4 F1 motif 5 5 B ZEE N Y
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MADS S5t S, APFT0R B 8L A1 MADS 45
Tl T A ) oy, 2P R TR T B FEITE
FEIZER 25 5 A 28 L R A Tt AL e 42
BT AEMEREER.

X} Phytozome £ 45 2 H AH G JE A 3R 3k 12 19 73 At
R, GmAP303 .GmAP312 Fl GmAP316 7% K & (4T
R[S ISR 4 DN 5k mT R H &2 4 I 3k A T R
JrEk, A 8 A B REH I ES B P A B E &R
ik FRAE Y Sy AT 4 R e B AE KR AR A AP R
GmAP304 .GmAP312 .GmPIO6 .GmPI13 Fl GmPII4 )L
AL 1 RERAR AL BRI 5 S B 2RIEP B R
SERAOR ST, TR S 3 — 25 B 5% R0 R FE A 05 0
o INEEE S =B S H R CRISPR/CAS9, 7]
PAF AR B A AR K AR HE B 23y fE KL K %)
ROGAEIE SRS 77 2 i 52 e B A 7T REAS 8K Ak
e 55 25 WK ) T R Ry B AR BT, B AR A B
BRI BB REAT R, kAL
HAE AR I /G  BECRAR T 1 ()8, S 2 T K E R AR
R Sy NI 0 N e 1 7 B L R 5 N v
X%,
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