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The Soybean Stamen-preferentially Expressed Gene
GmARFAIa Regulates Seed Setting Rate
by Controlling Pollen Germination

YAO Shien, WANG Yifan, WANG Ning,ZHOU Minghui, CHEN Yifei, ZHANG Manting,
LI Jiaxin, GONG Wenjun, FANG Xiaolong, LI Meina
(School of Life Sciences , Guangzhou University/Guangdong Provincial Key Laboratory of Plant Adaptation and Molecular

Design/Innovative Center of Molecular Genetics and Evolution, Guangdong 510006)

Abstract: Soybean (Glycine max (L.) Merr.) is a self-pollinating crop, and producing hybrids through
artificial emasculation is time-consuming and expensive. Unlocking the function of the male sterility gene is a
prerequisite for harnessing heterosis in soybean. Up to now, only a few loci of male sterility had been reported in
soybean, and progress in molecular cloning and functional characterization of related genes lagged behind.
Advances in biotechnology and soybean genetic transformation system enabled the possibility to employ reverse
genetics methodology for studying the male sterility genes. The transcriptomic data indicated that the small G
protein encoding gene GmARFAIa was regulated simultaneously by the male sterility gene MSI1 (Male Sterile 1)
and MS?2. Data from the public library indicated that GmARFA la expression was the highest in unopened soybean
flowers, qRT-PCR data demonstrated that GmARFAla was preferentially expressed in stamen before flowering.
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The pollen germination experiment and seed setting statistics found that the decrease of pollen viability of

Gmarfala mutant resulted in the significant inhibition of seed setting Collectively, this study identified the

GmARFAla gene and uncovered its function on male fertility. It will not only enhance our understanding of the
GmARFA1la and ARF gene families but also lay the foundation for further study the function of GmARFAla genes

and the utilization of heterosis in soybean.
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Table 1 Primers used in this study

FIEVEA"N S1YF51(5%-3")

Primer name Primer sequence (5’-3")
Cas9-F CAACACCGACCGCCACTC
Cas9-R TGCCGCTCTGCTTATCCC

SP1 CCCGACATAGATGCAATAACTTC
SP3 GTCGTGCTCCACATGTTGACCGG

BDJC-ARF-T12-F ACTTAAGAGAGGATTGTTTGATGC

BDJC-ARF-T12-R GGCCGTGTACTGGACTTGAT
BDJC-ARF-T34-F CTCCCACCTTAGCTGGTGTT
BDJC-ARF-T34-R CATCATGATCTTGCAAGAAG

q-ARFAI1-F AGGATGCTGAATGAGGACGAA
q-ARFA1-R GCTGGCGCAGAGAGTTTAGG
F-box-F ATGGTCGCCGTTTAGAACAC
F-box-R GGGATAACCAGTGCAGAAGC
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Table 2 Primers and sequences of gene editing targets of GmARFAla
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Name Target sequence (5'-3") Forward primer (5'-3") Reverse primer (5-3")
ARFAI1-T1 GGTACAGCCCAAATAGGTGG gtcaCCACCTATTTGGGATGTACC AAACGGTACAGCCCAAATAGGTGG
ARFA1-T2 CTCACACTTATTTCCGATTT gtcACTCACACTTATTTCCGATTT AAACAAATCGGAAATAAGTGTGAG
ARFA1-T3 GCACAAGAAACCAACCCTCC attgGGAGGGTTGGTTTCTTGTGC AAACGCACAAGAAACCAACCCTCC
ARFA1-T4 CAGATAATGGGGTTGTCCTT attgCAGATAATGGGGTTGTCCTT AAACAAGGACAACCCCATTATCTG
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Fig.1 Amino acid sequence alignment of the ARFAI gene family in soybean and Arabidopsis
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$\;\%\;\%\' &'”‘\ <\\%\' &\ $\$\
C 100 — - D
ja 5
MSI-An  msI-An MS2-An  ms2-An

AFIB IR GmARFA 1a J R IFHEPIAE R 5 MST I ms 1 MS2 Hms2 4625 (Anther, An) H IR IAIE ; CFID 7350 GmARFALaAF K MS1 1
ms1 MS2 Fl ms2 AEZ5 Y FIE 22 75395 Anl An2 il An3 FORAEZIHY 3 AW 2 B 52 AR P TP AR ARy 3 IR B A2 - X (AR 22
R MR H AT #2257 (P<0.01)

A and B: Expression heat map of GmARFAIa and homologs in anthers of soybean MS1 and ms/, MS2 and ms2; C and D: Expression analysis of
GmARFA1a in anther of soybean MS/ and ms!,MS2 and ms2; Anl, An2 and An3 represent three biological replicates of anthers; The ordinate in
the histogram is the average of three replicates+standard deviation; ** represents a very significant difference between the two sets of data (P<0.01)
2 GmARFAla R EREETEMSI 0 ms1 . MS2# ms2 125 R HIRIX 17
Fig.2 Expression patterns of GmARFAIa and its homologs in anthers of MSI and ms1, MS2 and ms2

A B
_ 40,
z 35 .
‘= 30¢
1.2 %%25,
: ' 95t
= F2of 1 P
0.2 2 5r v
0 0 | ot | 609 | e | TR ! - L= |
v 5 5 & R b s be A e M
g eFgFL @&@@i%fﬁ@x@§e$§s%
R & *?EY ’%r & v% ,q 4{ ,q
BB Materials #FE Materials

A: GmARFAIaTER G W82 1% I} 441 41 rfr (335450, B qRT-PCR 43T GmARFAIaTE R 5. W82 162 FEIREETE 28 B h Y In) 25 Fe b=,
A': Expression pattern of GmARFAIa in tissues of soybean W82, like flowers and leaves et al; B: qRT-PCR analysis of spatiotemporal expression
patterns of GmARFA1a in floral organs of soybean W82, like sepal and petal et al
3 GmARFAlaEXEHHFRIZER
Fig.3 Expression patterns of GmARFAla in Soybean
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2.3 CRISPR/Cas9 % [F 4 48 . K € #l Gmarfala

R

FIRGE GmARFAla J&: 15 P18 K GHEVEE PE AR
P HLIL R P40 35 11 4 A7 38 5, 44 CRISPR/
Cas9 JL [ i B 2044 Cas9-ARFAL (1 4) . FiZ ik
B AR EARIG S Fl W82 H, I Dl R A5 8 Pk T, U5
FEDIPHPE o HR ARSI 25 S R, T3 # M R AR
Ay , At 3 N 5 B R A i . 2t
i H3 FIHT 1) 2 8K T A UBPRT) T3 38 s H 1 7 2
TE TACHR15 T 4> 325 1 bp F14 bp A4 458484
X PR ZEARTE T80 B AR IE I GmARFA 1a 18 FVPERT
A3 LT 40 FIEE 39 A SRR AL . Bl , A
WIFFEAE Ty A 3 P e g BT XA TR A, X

PRAK T w24 M Gmarfala-1 1 Gmarfala-2.
24 Gmarfala REERIINZE

R ALK Gmarfala-1 F1 Gmarfala-2 5 Wy 4= 74
M EERERKNBERAEAA B ZS . 4
FEAE B B A L-KT G a3 2 6k 2E 4 16 g it
TR WLEE | & B0 58 A5 {4 15 1 A TR0 76 A0 oy B0 I
VE M S T Oy T TC W) 2% 5 (L SA B o SR, XS
ki & Bt — 2553 B 8w , Gmarfala WiFh 5848
PRAE By 8 K 0] AR 7 1 A B W82 (181 5A 1),
WIS 2 AR R I AR A B &SR I AN I 50% , T B A 7R
A3 0 KRR o 80% (K] 5B) o 411 45 HE W ] R 2
58S IR AL Ky BE W) T AEAE BR S BB W R
B,

Tl T2 T3 T4
S'UTRl_ —— — . 3'UTR
1 bp l 3152 bp
1252 bp 1402 bp
1247~1268 bp
PAM —
W82 CAGATAATGGGGTTGTCCTTTGG
Gmarfala-1 CAGATAATGGGGTTGTC-TTTGG AT JEBEX WETF
Gmarfala-2  CAGATAATGGGGT---CTTTGG Exon U"E:‘g‘}z‘:‘ed Intron
1

T1.T2. T3 Al T4 FR IS0 E , TGG AR F A 5 ABIE L (PAM) , {4t CRISPR 1K 1] 22 48 A4S ek A e f o

T1, T2, T3 and T4 indicate the target locations, TGG represents the protospacer adjacent motif, ensuring the specificity and accuracy of the

CRISPR recognition system
BEl4 AT GmARFAlaEREZ#IK CRISPR/Cas) EEHBRTHRERE
Fig.4 Diagram of soybean GmARFAIla genomic sequence and the target base editing
in the CRISPR/Cas9 mutants of soybean

TEBIAER (%)

Germination rate of pollen grains

Gmarfala-2 &

Gmarfala-1

SO
S &
N
A: K5 W82 5 Gmarfala 1e#3 1,-KI G (0 R ALK K387 (B3R A 200 pm) s B: W82 5 Gmarfala fERHI R AL a, b TR ILIEHE BA
M (P<0.05), T A
A: The pollen 1,-KI staining and the pollen germination analysis of W82 and Gmarfala (bar=200 um); B: The statistical analysis of W82 and

Gmarfala pollen germination rate; The letters a and b represent a significant difference between the two sets of data (P <0.05) , the same as below
B 5 Gmarfala RITMIEM AL R T

Fig.5 The gemination rate of pollen grains was decreased in Gmarfala mutants
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Xt B BB AT G o B R IR S e
b 9 B B R L2 O — R e L TR L R
S UL 32 U R AN ] 2R Y, S B 78 A vh R RE LE
Tk K R BCH LR i (1 6A) |,

LR (%)

Seed setting rate

éog\/
6@
Az K& Gmarfala 57 KRR & & SGEIRRISRR , EHT L8R8 & 7 SR 005, R 50 mm

A': The picture shows the abnormally developed or grain-filled pods of soybean Gmarfala mutants, and the white arrows indicates the location of

 Gmarfala %552 % 18 2 AL (K 6B) |, (H HLER &
RSB ARAM T B E 2R (K 6C), 454
A6 A W A S I 45 SR A K v RE = B T AE R T R
5

C
80
Ew
%5
¥ o
oy 48
g
% 5 3
=
&
16
0

, ‘ A ,

& & N [\ :
ixo\ c\o\ Q g\@\ Y
&S ¢ S

o &

the abnormally developed seeds, bar=50 mm
Bl 6 XE Gmarfala RERELETIE
Fig.6 Seed setting rate decreased in soybean Gmarfala mutants

3 g

PR ATEE Y, T N T2
B BEAS R HEA T RS e S8 Tl D51tk , ) PR e
AN RAE R BEAS T £ Z 28 B AR Z2 Ry A
[FIAEAE D 2RI AR R A G E . BT, ERE
HOR T = R BB E A 42 A A s R (|
JEZ R AT B DL R K SR T S R I
(BRI, 53802 A 78 KT 4SS P B AL A ) A
Dy A AR B B 2 m. BEE S IR E
TR GE 11 R L, A7 SRR X —MERR, B REZeSC
BRI TN S A DI RE ST, SR,
T30 3 T ] 3 A2 2 1) o S M S T T
R

UEAPERG B A i R R 1) R R (AR Bk
2 (SR DI REAS LATESE . Hivb, CRISPR/Cas9 £
AR T AR T (5 35 TR g R i i A R A
S MRz TR E R . KA, A
CRISPR/Cas9 £ AR L 3kA5 T BLAEVE B B AR oA
AT, BT f e T R 2 M R0 A
KGR FH AR C T A E SL A T 8 % 1
ANERARK BT . #1U0, Fang %' Nadeem %5
1 Jiang %" X i CRISPR/Cas9 3% A il 2 A1 il K
O MSTREERARE, BAIE T MST REDIAE R e T
TR TIRE . Ak, 5K 7 AR SR A Hou S5 Al #E ff

FHAZ A AR N3R5 T MS6 F1 MS3 He DK B 3 g ke 2
SRAFR FFEE— 2 I0UE T A DG R FE R e i B
B FE T A o T ASBIF 5 [RIRE DS 1) 382 427 £
J&# &, {8 CRISPR/Cas9 £ ARG T Gmarfala
SR IEAR R AR 5T % 2k N T e & S I &
PEAE

Ak A3 AT R B 9 5 DR G0 A [ 5y 47 1) o
T, % 8 3 T ANK F/NEE ARF KR 5 5
BT T S A K G E Y AREA L
AT SERFFE A T K G ARF 3L IR 5, HL 2%
ER 4445, Ho ARFAT R R G 1540,
AT R IETR 7 LT o BT 4 SR e B, X 26 1 53 46
HA ARFAL RGP G538 (B 1) o fYh
NG EAKB N IEEN A E RS/ NMETF2Z
[6] Fi4 2 1 J50 40 VB A2 T MIST 1 MS2 Ji PR S RE A FH 14
T B S 2 A A3 W R W, GmARFALa
(Glyma. 09G030900) ;. T K 51 B 1 8 4 JE
MSTFMS2 )T i (] 2) , X F B H AT BE7E MST 5%,
MS2 BT R VR P A6 2 % 8 3T 5 1)
B TR R 123 R FE BB AT A0 IS
H L3RR (] 3) o X L5 LRI GmARFAIa V] g
FEBZ By i L PR RS (FE Ry ) R B i R AR K
AR BT . L-KI Y025 B R Gmarfala R7ZK
A6k 5 %) BRI JC B B 25 5%, [R) A BB AE 8 B Fe e B
Kio MR, RGN & 5256 25 R R, AR R B AE R
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Wk Z BT B EME (K S) . Xk gh f 3k
GmARFAla 5 WTE R A FE G ALK (10 K B 1L 72, FE M
Be+ & 8 T W0 B, SRR )2 43 068 SR ) S R, X
R (R/MEF) M AT 2 REE ., AT,
Y H )2 A 2 B M A M FE 1 (PCD, programmed
cell death) , A & & " AY /N F 1R AL 8 7= W A {E
S0 B S /N T 22 ] A B R 43 3 S AR
IRIIEAR SE NI B Ais i A, /N G B AR e
WO PR EAE R L AR A/ NG B AR
T 51 1) GmARFA La FE R W] BEAE PCD By BE il #2/
6L~ 240 b R AR ) 5 A BT L AT S A AR R 1 K
BEAR, o F AR R B AR A W & 28, 52 T WLz
K, B ARG LR (E 6) . 2005 4,
Gebbie %7 FERIFG I+ %08 5] 6 > ARFAT HEH B
It Zy B b &k, HALR S 5N &
B IPAEE . KEPH GmARFAla Zid A HE5E
B UE [FIAE IR B Ve X UL ARFA 1 HE R T g 7T BR4K
IARST

RS2 ph vy DR AR A T Ok ) A AR B SE 1
Wy, HA A 75% B LR DL R SR I TE A7 A . U
FIT A 6 1~ ARFALJERA T K E A 154 ARFAL
B ERIRE T BT T RAS AN ARFA T FE R IF
ANE N R )8 e A K al A B A K v R T HL 3
it ARFAID t S ] 6 A~ JE R Rk H S B A
B AR, MG AE GmARFAIa FE N i 2%
P TR G SR R EE IR K G RS
IF ARFA1 3 R AE PR 35 M 0 e & 1y 1 ml RE kAR
TUiRe . R, TR T A I ARFAL [FIF LA
RRAE T AEE TR R — s . [
I, 7RG EE TAE AT AYE K G Hh bR s 2 (1) ARFAL
F, DI X B3 I FE D RE PR 5 H B T 4 f ok
FHIAR . GmARFAlaHE AL 5 WA H 58 A bk
ANE, BRI ARRE E Y F 228l Fp . g
ARFAT [R5 3 K (B A7 AE D RE U AY , i T i — 253Kk A%
2~ GmARFAI FER N BE B R B 52 AR T RAIA,
FH2h B S a8 4 S R AR R P HLAE J Fh AL 3R R
FIME . eAh, 0] LK GmARFALa SN B K 5
R R, DI AR R 6 e B o, 45590 %
S AR AL AT B — 2 B iE GmARFAIa 55 A 1Y
IRg.

AHFGE T e X K T ARFAT % 8 17 57 45 #) 45§
PEAT TR 4347, [R5 A QRT-PCR S 56 1A% S 441
Bl 388 K 5 GmARFALa BN By ki . &
Jei , X AR 0 5 e DL RO K LA SR AR

ZPRRI ST 000, W T GmARFA la ZE N 1t
PEPEAE Ry WY 52 K 24552 . X IR AWK
NLARF R A SE N SR BE T 1 2% . At
FEMNSL IR LA f B MR8 T e SE N I RE , A 1
DR R R S G U S0 o S 58 4 S RN T R AR
R, — TR ER REASS T M R G TR
FEA, B R G ICE A
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