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Abstract: Soybean male sterile lines play vital value for developing hybrid soybean varieties, while the
traditional three-line hybridization system has problems due to a limited number of restorer lines. The
environmental sensitive genic male sterile (EGMS) line can switch fertility under different conditions. In this
research, the phenotypes and mutation sites of the three independent mutants ms3 (Washington) , ms3
(Flanagan) and ms3 (Plainview) were further studied. Phenotypic identification of sterility, high-throughput
sequencing, molecular marker design and mutation site verification, analysis of the effect of mutation on MS3
protein structure, ms3 (Plainview) anther semi-thin section experiments were carried out separately. These
results showed that most of the pollens are aborted, only sporadic pollen grains with irregular shape were stained
by L-KI dye in the anthers of the three mutants. High-throughput sequencing results showed that ms3
(Washington) and ms3 (Flanagan) had a large fragment insertion in the PHD coding region of the third exon of
the gene MS3, eventually compromising the PHD domain of MS3 protein, which was named ms3-1. In ms3
(Plainview ) , there is one base pair deletion in the first exon of MS3, resulting in frameshift mutation encoding

only 40 amino acids. The loss-of-function allele was named ms3-2. Through semi-thin section analysis of ms3

WimE#A: 2023-12-31  WIZ& AR H#A: 2024-02-06
URL: https://doi.org/10.13430/j.cnki.jpgr.20231231004
H—VER BT T ) R K AN T AL se BRI RERIF Y , E-mail : zyx990910@126.com
WEES B T K G A A Y, E-mail : xumin@nwu.edu.cn
RATE ST 10 K AE S A )%  E-mail : junpingyu@nwu.edu.cn
ELTH: H% ARBIERS(32000598) ; BePE A 4 H T A ARBIELIN(19TK0858) ; P4 F AR BLEFERIFIT 1140 (2023-JC-YB-178) ; B 3
il (e A ) BT BE R B3l 1 H (227HZ007)
Foundation projects: National Natural Science Foundation of China (32000598) ; Shaanxi Province Department of Education Natural Science
Project (19JK0858) ; Natural Science Basic Research Program of Shaanxi(2023-JC-YB-178) ; Shaanxi Fundamental Science
Research Project for Chemistry & Biology (22JHZ007)



968 Mo ow fE

O ¥ iR 25 4

(Plainview ) , its tapetum layer and pollen development were abnormal at the middle and late anther development

stage. In summary, this study provided materials and basis for future application and genetic modification of ms3

and MS3 in soybean breeding.

Key words: soybean; genic male sterile; MS3; PHD domain
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PR A 03 0 A M AZ B EAS & A i B A
7T 200 P A A T SRR A 7 A R e R 0 Ry
T HETE AN B AR UR AT SR U
RUREPEA T BT PR N R — O A Gl A
D E S5 AR K-, DAL SURT DA R G BUEVEAN &
T ASCHEVE AT DGR BB T 00 B SR e
ANH o R R 2258 T R ZR 53 o i 4 B
HEPEART AT = R 44 55 R b D' I SOk 1
ANE RN FHPIREZE R, HETHTEE C RN
MFREZ sl FE MM EA TR AL
Wi TEMRE WKE MR 2, AR 1 5
P AR N AR R T A E AT R EHM
AR, PEAS L3 W P g LR

1E4 R Ik AER S B2 5858 R 2 30141 i
BiEYEAR T &, H W ms0, msi~ms9, msp, msNJ,
ms 12" @ T T HEERT F 268, ms1 .ms2. ms3
ms4 .ms6 Flms 12" RN F N BRI FERE Y E . msl
(Glyma.13g114200) 4Rt 8 FIAE 2L 11 GmNACK2,
AR IR N 22 24 R 5 A0 28 1 B (NPK, nucleus-
and phragmoplast-localized protein kinase 1) i 4 ¥
PO R R R 2T R R AR AR msT
GmNACK2 25 IR , 3305 A o R4
J& /IMEFRE IR E R 2 B M,
T TS BHEPEAS 10020 ms2 (Glyma. 10g281800)
TE5 833 AL B — D RS, T C I, Sese R
AR ARG IR , FZ I 5 3 4-4h i C i 15 bp A5
34NN N3 159 bp (9 )1 BE bl 16 bp (1455717 51 L
R KA RS, S B SRR WA 102 5 2%
1727 . MS2 JE A 4 % bHLH (Basic Helix-Loop-
Helix) 5% 5 K, 2 5 AL FIAE R 1Y 2 T LA S AEH
PABEFHSMEE A TE B, T ms 2 58738 A AR 25 7 DU 43 1A s

BB, TIRBE U IMET, FEUEMH AT . ms3
Glyma.02g107600 775 32, % 3 K 4w ih— 4> PHD-
finger 45 F4 158 , ms3 537K Hh PHD Z5 4 Sl iR ,
Homs3 HPOCRIEME AT RA 2, ms4(Glyma.02g
243200) WITES 3 AN B FAAAE— Tl A USRI,
PG RAR LR WA B B, A R
T BN EERBEEN, EREEA T AR
& PHD £ [, B0 28 A8 4K o 1 77 A A 1% 1 W Ak
'3, FEms6 (Amesl) W, Glyma. 13066600 f-1E—
A A, 33 GmTDF1-1 DNA 45438 4 55 76 17
SRR =PRI . TDF1 (Tapetal Development
and Function 1) /& —Fl' R2R3 MYB # F [H 1, 7£
o H 2R R HE/EH , GmTDF1-1 &2 K& iy
IR EE 1, FE R o =2 R B iRk B2 RE 2 &
BRI IR o LSS Dy TR AR, S AR
GmTDF1-1 & F# IR, S EACMILE > . msl2 %5
A A rh 4 fih CDC20 8 1111 MSA BRI AF7E 343 bp 1Y
TR FE SIS, 2R [ C i WD40 25 F 3l g i R . 7
PURITH , CDC20 Z M5 1 R PE WS o3 g% (A A 1) 43
B RN, cde20.1 32— e T A4, T
ms 12 YL CARTECET 5324 rh 10 (1D 70 21 A 9 2 R AR
RO ATAEARTE M, By DL MSA )4 35 36 [ 1T fiE 2
CDC20 Y [a] JEHE R

I AT R LA B A TN B S S
FINEEME BN, ms] .ms2 .ms4 .ms6 ER I Fa 58 1 2
MAZHEE AT S AR AR, R ms3 J&— A S U
U AZ N T R AR, SR, ms3 AR ISR T
1971 4E4E CallandxCutler [y Fy A H R 3, L8 A5 1A
114 7 ms3(Washington) , X FR A T273 ', 1 i K&
W SR BT BN RST Y ms 3 %A A, ms3 (Flanagan )
(T284) #11 ms3 (Plainview) (T291) . ms3 (Flanagan)
(T284) AI fig /& Wabash 1) K IR 7 AC X, ACAR A,
He g2 A5 %55 5L H iy 44 4 ms3 (Flanagan) ™", ms3
(Plainview) (T291) & ¥l F (VikingxClassic II) x
(MitchellxColumbia) (¥ F, FEIA X 3 58 A5 {3
BB R AR E A A M E AN T AR AR . 2009 4,
Cervantes-Martinez %5 W ms3 BN 1E 2 S YL Ak |-
WA R] B H 42 7 41 (SSR, simple sequence repeat) 73+
FhRic (Satt 157 il Satt 542) Z [l . 2022 4, Hou
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S22 W ms3 th Glyma.02g107600 f¢ J5 — 40 i1
A Ui AR B, HAE ) ms3 S RATTEFL IR E 1882
2RI RE T M, S8 & L% 765
1885~1887 (i & /i 1 B, Zhifith MS3 £ 11 C AR iy H )
#B4> PHD 54435 . Hou 52t FH 1) ms3 28K H
Pz 2] 7O R B - H BB R T 13.5 /N,
RAMKTE RALETE; H KT 15.5 /], S8R R L
WRES IR 8~27 1> 5 H BRAE 13.5~15.5 /N 22 [ia] (
SR BARREEIERCH 2~6 1~ il i CRISPR/Cas9
7 Williams 82 H' i MS3 B A ¥ PHD 45 #4355 19 5¢
Bt X5, SEREMRAE thAE K H B TS,
S Rk A [A] SE 6 28 A8 Xt MS3 TR D) e Y 5%
M S AN ]

A & 9% ms3 (Washington) , ms3 (Flanagan) Fl
ms3 (Plainview ) H1 1] MS3 {7 55 (1) 2€ AF S RY | AR SCXT
ms3(Washington) , ms3(Flanagan ) Fl ms3(Plainview )
FIRA LG BT T v 8 S Y, A ) ms3 RN E
O s AT T %, IF X ms3 B 19 55 AL ms3
(Plainview ) 28K HEAT TR AYS3HT
1 #R57EE
L1 RERR

ARSI IS [ [ ZAR MR i 0 (ULS. National
Plant Germplasm System) $: 15 1 3 Fl ms3 )24 & T
J5 A& T273H (PI 548250) . T284H (PI 548261) FlI
T291H (PI 548268) , I M\ 1 73 15 H 4 5 S K ms3
(Washington) , ms3 (Flanagan) il ms3 (Plainview) &
AR B 4 & BF A B MS3 (Washington) , MS3
(Flanagan) Fl MS3(Plainview ) , F Fit—2E5% .

DL M OBFT 2023 4 5 1 T A R T RETE A
P2 T REARIX (108.93 °E, 34.23 °N), Flvi R
FANEFRIEFR(S~6 M/, MUA% 5.5 cm>5.5 cm*6 cm,
42 5.5 em, JIE42 3.5 em, & B 6 cm) , H B K78
12 h 10 min £ 14 h 30 min,

1.2 REFRHRBEFE

T = O L 5% - A B B4l 8 AR A ms3
(Washington) ,ms3(Flanagan) Fl ms3 (Plainview ) 5 #H
o7 4 2045 A Y MS3 (Washington) \ MS3(Flanagan )
1 MS3 (Plainview ) ¥ I (9 4E 2% U IT A2 3 /M)
BT RO (B BRI 10x, W) B R A% 2L
0.7~4.5% ) F AT EDREE S A . WS N 2L 4
U A T TN AR A 1) 58 B A8 2 DA S Fe iy FLAE I
Z e W BE SR 4y, B A R R P RLULSE 3 bk, bk

WEZ 3~5 2,

TER B WS (LYY ) « AP BCHT— R f4E A
B 62, BT A L-KIE W (UL B 2g, 7818 K
300 ml, fill 1g) A9 ZMY A b, SR T I WEAE 25 BR il A
K, L-KU Rt . Gy )5 i il B T2 s
(HBE RO E 0%, W B R A5G 50205 T, WA AL
TE L- KU P gL g o, FIT e & 1 .

1.3 DNARREBASEENRF

K G HE K 2H DNA (gDNA ) (1 = 18 5 i 7 46
FHATL ) 5L 9 41 DNA 157 £ (CWO053 1M, B A4 )
#& B , ms3 (Washington) | ms3 (Flanagan) | ms3
(Plainview) Fl1 Williams 82 () ' /i DNA ] ] £ it
CTAB 77§ J, OHE A% 101 3 %)) B0 - 100 mg
KAis

ZHIHRE R ms3 & T Glyma.02g107600 %
AR B, 1% F P 7E Williams 82 5 % 3
ZH (Wm82.a2.v1) 1 i v & 7 Gm02: 10, 270, 908~
10, 267, 934 bp. K T M 3 4> ms3 AL (K 1
Glyma.02g107600 i J5 &A= T AT AP AR S5 AR5 3
AFRASRRRHAT T ZACERE I . s
BRI B MEX AN E B, 435132 B ms 3 (Flanagan)
Fl ms3(Plainview ) 4% 8 £k , ms3(Washington) 12 £, Hit
FEAR T R/ — S gl gt i 1~2 Fr, $2H gDNA
FEIEAT R, R Ak S, N AR K DNBSEQ il )7
-5 HEAT PELSO M T , P BRI R 30% . A5 2 J3
SO B3 B LA o A2 Sk 75 YL Y clean reads
1 BWA (Burrows-Wheeler Aligner ) # 4 kb X 3| =
LR ZH Wm82.a2.vl o FEXTAEE A bam 4% 2 3¢
34 IGV (Integrative Genomics Viewer) . HL.if 17
257 , SNP Al InDels i} GATK #4746
1.4 PCRY¥ %A Sanger Ml 7

N T IR UE ms3 B 5 AR g, R TR SRR A
DNA (gDNA) #47 PCRY 3 . ¥ 56, ms3-2 R T
Pl AT FhRiC 1 7RI, 75 >R FH PCR-Sanger
M FEEsEvk . PRI | R S 4 58 25 67 5 1Y)
5| 4 MS3-2F/MS3-2R, 3815 H 9 /Bt (1500 bp A
F), U HiGa ik 24 TAY N (42, R H
51 ¥ MS3-2F 4T Sanger I ¥ . 25 ., &1 Xt
ms3-1 40 KA BT FRA RS it 2 %55 97, 1 %F
K MS3 (MS3WT-1F/MS3WT-1R) , 55 1 % 45 55 1
¥ ms3-1 (MS3WT-1F/MS3MU-1R) . 51 % i Fii
SnapGene X 1511, 5194 L% 1, PCR JZ {4k
%4140 pL, 75 2xPrime STAR Mix DNA B4R
T () (Takara) 20 uL, b RiF5149145 0.8 WL,
DNA #4% 2 uL,ddH,0 16.4 uL, PCR Y HEFLF 4
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98 °C A 1 min; 4R )5 98 CZ8 110,53 CiB k
155,72 °C $EAH 15s, FLAHIR 32 WK ; i Ji 72 °C LEAi
5min, YT 1% BEREMHEE I FE ik (1XTAE)
AR 2 HT o

®1 SERTHRSFASY

Table 1 Primers for identification of mutation sites

ElE7 YN S1¥3(5-3")

Primer name Primer sequences(5'-3')
MS3-2F GATAGAAGCTACACAAGTTCC
MS3-2R GAGTCGATGCCTTCTACTAAC
MS3WT-1F TAGGAAACTACTTGGTTCGTCG
MS3WT-1R GGGCTTCATCATTTGGAATTCG
MS3MU-1R GGCTATCAAACTAGTTTGACTC

1.5 MS3ZERLEMRH

% 5% Alphafold [ ¥ (https://alphafold. ebi. ac.
uk/) , i A MS3 28 B R P 9 e 2 T 4 1 — R 4h
F R B SO 5 PR PyMOL #6474 48 , 47
Hra&A8 % MS3 2 I A5 F Y 520
1.6 THFHEI R

ms3(Plainview ) BT — B AEALR AL, Bt —
NINRETE R BIGEAR N T T MS3 584
TR G MAE K B AT, X ms3(Plainview ) FDG,
)07 5§ A= Y MS3 (Plainview ) 2% & 7 I 1 i 48 25 JE AT
Y RS . REE MS3(Plainview ) Fl ms3
(Plainview) 167 & T FAAVE IR (LB : 1R
P 7K =5:1:1:3) 473 30 min DA I, B 087 i 1)
FAA[EER 4 CRIRAF . [EE 5B 2% 2
BRI (509% . 60% . 70% 85% .95% ) i 7K., H A6 FE it
7K 10 min, #X 5 FJE/K 2B K A0 B U, 451 30
min. 584 WK S BB B2 3R 21 & T WE (7
21 1.5 g, B/K £ 100 ml) e {4 2 h, >k F] Heraeus
Kulzer Technovit H7100-GMA 2t 1] &5 (75 61 b A=
WIRHEAT R A 5] 478 8 A s A 2, B 1E
AT« A IR FIIC K £ B SR BUR A BL i 195
B A BHRIAE NS E W P AR RE 2 he Bl TS
W, KA RHR AR S B (1 g BEAL ) 1% T
100 ml AR ) 4 Cal i b3, BSR4 k3 ik
TEALSAR AL H {44 %) T s 509 o) 453 390 Al AL A9
Uity , W BCR AW (15 ml B EWIRA 1 ml B 457 1D
TaMRA P EREW ST R
BT 42 C HA P 30 min, £5 RGBS, T
AL HEAR T 65 CHEF Y, & 48 h L o H]

Leica RM2265 - #Y) F ALK £ 31 5 78 44 B 1) A%
2 um PR B E T3 A B, 0.5% R i
Yem e, , 20 rp PR I 35 B 5 8 G 2 A A
HE g

AN o

2 HER59H

2.1 31 ms3 REFHIREN

3™ ms3 GEAR AR5 X N A B A BUAE AR A ST U
B AR XA (B 1A E.D. TEAERIT)
W, B AR C 2T, WS B R i ALk 0 2%
TEACZ b S ARRAE 2 T A6 25 b 2
(EI1B.F.J)o L-KIH% ) B Hoigetd B, B A= 7Y
AT AR s 25 LA I R AE R R (L 1C
G .K) BB R G B AT 30, T 34> ms3 4B 2 v
SRR Z R B IE R e kL (K 1D H . L) , £
W BRI R/ IR e e il P AR
o ms3(Plainview) fERYMCE ILGAH LU HAB G AS5407
TR SRR Hh A B A AR AE L (18] 1L)
DL g g R | ms3(Washington) .ms3(Flanagan)
Fl ms3 (Plainview) ££ 83 76 5 HA & & bt B 30 1 1)
B, 5 4h K& PR ms3 (Washington) 1 ms3 (Flanagan )
{BIR 245 1 A2, 1M ms3 (Plainview ) )RS H BE B 25
JEMBR (BERAR IR A5G AR I 45 5L (& 1C-
D.G-H .K-L),ms3(Plainview ) (1 & K 58 2% 1] BE X} 1L
R B G T AR 3@ 2% 34> ms3 58748
A5 R A B A AU R ADUEE AT LU IR, 31 ms3
FRAF ARSI BH S N B REAE
2.2 30 ms3 REGPHERRESH

e 38 T Y L X 25 SR R, ms3(Washington )
#1 ms3(Flanagan) 2828751 7E Gm02: 10,268, 024~
10,268,032 bp &b L 1 5 H HEAH , A reads A] LA
A XA XA, 38 8 1 — S, B A T 4]
A K 2A) o i — 20 X% X ] reads #1777 91 Eb
X, &% B ms3 (Washington ) F1 ms3 (Flanagan ) #9 4 A
AR T A & — B, A A T 1 W AL T 8
“AGTAGGTGT” 7EAd A Fr B sy Hy B [7] 1) 8 52 (&1
2C) 5 b X 2 K7 55 PR 31 119 reads 22 [B1 A 7 41 T &
(&1 2C) , AR DA DRI £ P8 s AR 5 P B 1 A A7 A7 910 4
W, 124 AR B KT 240 bp, TP BN
ms3 (Washington ) 1 ms3 (Flanagan) i fi A 145
ZHIT AR ms3 AHIR] (K 2C) , BEW B AT 58 48
A7 SR TEAR R, R , P A~ 5507 S A i 444 ms3-1
(EI3A)
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Plainview

4

ms3

EH I () AE25 27 (B F D)
kA5 R L-KI Y (IR,

A.B.E.F.I.J:#iR=1 mm;C.D.G H.K.L:FR =100 pm. £LAH K FHEEH 53 BIHE R E 5 09 (ZEm)
LT AT SR AT R A BIE R L-KIT A IEH (C.G LK) 558 (D JH.L) AR RL 18 68—
RIS S AL 2L (H)
A,B,E,F,I,J: Scale bar=1 mm; C,D,G,H,K,L: Scale bar=100 pm. The red and blue arrows indicate normal (left) and abnormal (right) anther
phenotypes (B, F, J); Red and blue arrowhead indicate normal (C, G, K) and abnormal (D, H, L) pollen grains with I,-KI staining; The orange

2 &

arrowhead indicates normal stained pollen grains with abnormal morphology (H)
Bl ms3 =ANEA RTINS I AR H)REY
Fig.1 Phenotypic of three allelic mutations of ms3 and corresponding wild type
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& WT 10,268,041(bp)— TGGCAACAT|AGTAGGTGT|GTTCGAATT —10.268,015(bp)
TGGCAACAT|AGTAGGTGT|tggtaaatattigtgttttaatitaaaatttataaatatatattaatictatittataaaataatatttattt

ms3 (Washington) tagattctcttaagatttigtittaatgagtcaaactagtttgatasssses cattattcatgtgctgtcaattaaatttattttactactgttattttgttattt
ms3 (Flanagan) . .ucazgattgtgeateticticgtatitatittettcatittggtittatttttccaac| AGTAGGTGT|GTTCGAATT

A:ms3(Washington) 1 ms3(Flanagan) 158 (3 15 ; L AR AESR T 58 HERL, B :ms3(Plainview ) [ 585V 5 5 41 (A i Sk 57 B2 B L i 2k
C:ms3(Washington) Fl ms3(Flanagan) €7 i reads 7347 . 5 G A AHESR /R IRl AN IIE R E IS . 2068/ NE FRHR/R IR R
(e NG|
A: Mutation sites in ms3 (Washington) and ms3 (Flanagan) ; The red rectangle indicates abnormal mapping of reads. B: The mutation site in ms3
(Plainview) ; The red arrow points to a base deletion. C: The reads analysis around the MS3 mutated site of ms3( Washington )and ms3(Flanagan).
The blue rectangles indicate the forward repeat sequence of insertion sites. The red lowercase letters represent the insertion sequence of the mutant
2 3N ms3REGHHEMTR
Fig. 2 Characterization of mutant alleles in three ms3 lines
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A MS_’3‘—2F MS‘_3—2R MSE\”VT—IF M‘S_3WT—1R
ATG | TAG
d i T
ms3-2 ms3-1

ms3(Plainview) delete 28" A
31 AAA GGA AGA GGT GTG GGA AGG TTT TCA GGT TCA
ms3-2 CDS AGA ATT TTG GTG AAC CTG GAT ACC CTG TTA TGT

ms3(Washington),ms3(Flanagan)
large fragement insertion
ms3-1 gDNA 2877 AGTAGGTGTTGGTAA:-+--+ AGTAGGTGT

TTA ATG GGC CAT TTC GTG AGA ACG TGA 123 ms3-1 CDS 1873 AGTAGGTGTTGGTAA 1887
1 600 645 656
GmMS3 | q:]
ms3(Plainview) ms3(Washington),ms3(Flanagan)
B . e C
MS3(Plainview) ‘,"“ “\‘ ‘ Washington Flanagan
A |} (bp)Marker MS3 ms3  Het MS3  ms3 Het
VALY MM UL Uelell 2000
. : e MS3WT-1F/ 1099
{‘ ‘m il MS3WT-1R 0
? | A
ms3(Plainview) f‘. ‘1\‘ I ,‘\‘ "\‘ \Hn i 100
A I\ al ATV Ayl
VATAVATAAI2 AR SYMIANRANE >"S VWM ATR WA I ATATATAY
3 6 6 o lc o 6 66 GG G o 2000
. I ﬂ _1F/ 1000
ms3Het(Plainview) N 1 | W MESWIRIE 750
i i Maan Il Mms3mu-1R 300
i i HALAA AL T00
LAV AAA) VN

A MS3 BIFERFIE AL o LA AR B AL . RO R BENE T X S EHEHERE /R #9JE MS3 #111 PHD
(Plant homeobox domain)Z5F43 . B: PCRIM 45 H T /R ms3 (Plainview ) B RAS 4. o £LEHTEHESR /R MS3 (Plainview) .ms3 (Plainview ) il
ZeETFZMFIESR . C LB MR % 2 ms3(Washington ) , ms3(Flanagan ) {776 K BE A4 A . Marker: DL2000 . Het: 244
A': Gene and protein structure model of MS53.The red arrow indicates the mutation site. The black rectangular box indicates the exon region. The
green rectangle indicates the MS3 protein PHD (Plant homeobox domain) domain. B: PCR sequencing showed the mutation site of ms3
(Plainview ). The red rectangular box indicates the sequence difference among the MS3 (Plainview), ms3 (Plainview) and heterozygotes.
C: The co-dominant method identified the presence of large fragment insertion in ms3(Washington) and ms3 (Flanagan). Marker:
DL2000. Het: Heterozygote
B3 ms3EMRTMAAMWERE

Fig.3 Identification of ms3 allelic mutation sites

ms3 (Plainview) B9 I 7 2046 B8, B 5 ms3
( Washington ) F1 ms3 (Flanagan) A~ 6] , 7£ Gm02 :
10,268,024~10,268,032 bp AL #4111 H (FE 2A) ,{H
FE7F Gmo02: 10,270,875 bp b AY T AL & A8 T it
&K (E2B), h TS 5L H A W 0 sk , =X
S S Glyma.02g107600 JE [R5 28 7 1 A B ik
(I 3A) , B — SRR TEAS B oA 44 R ms3-2,
PAGE LR T ms3-2 RIS A R B2
55 40 MR IERAR AT A 11 (1813A)

e A R 4 SR E T ms3(Washington) \ms3
(Flanagan) # ms3 (Plainview ) f{) 5€ A8 15, FFHF ms3
(Washington) 1 ms3 (Flanagan ) i) 55\ 28 28 Ay 44 4

ms3-1, ms3 (Plainview) B 25 37 & 2% 4y 24 ms3-2,
ms3-1TEMS3 25 3 N4 1~ 1) PHD 2 b X I /77—
KR F Bl A, ms3-2 WIAE MS3 5 1 AR5k 2k
T A
23 ms3EMIRMM S FHRici&TT

AT G EE X ms3-1 Fll ms3-2 58787 15 W Rk 4y
bl @ i i A TR0 B = IS R N VA OB~ S BBl a8
1 ms3-2 RRAFAKAY Sanger I e 6 P AT DLV W7 &
i 7E MS3 (Plainview ) FEAS HR 35 — AN Sh g 7~ XA 7
AL A, T AE ms3 (Plainview ) FEAS iz Xtk H A 6
ANBRIE AL T 225 FFEE 7 B AL B — W
I (A/G) , i BH ms3 (Plainview) 78 55 — N4 2 1
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b T — A2 A(KI 3B) . X5 2B )
W25 5 (i T Glyma. 02107600 H& R AE e o 44 |
SR SR EL AN T A R 0 5 S SR R i R
FET)— B0, R S S R AR T 98748 1 H sk %
Ay TR v LU #0089 % ms3 (Plainview ) A8 5t K] 7
HEAT Y E (B 2B) o ms3-1 R AEE— DR BF
SAd A, B 2 X518 1R (MS3WT-1F/
MS3WT-1R) £ I Hf A= Y MS3, 75 1 X 5] 4
(MS3WT-1F/MS3MU-1R) F 5 AN 58 A8 T s 3-1
2451 AL 1A E [ 514 MS3WT-1F, It 514
B0 F 4 AL 800 E 5 B3 MS3 1 51
MS3WT-1R B 75 2 AR A5 B R Ui, 738 ms3-1 19
S 519 MS3MU-1R # i 7E 4 A P51 (K 3A) .
afi & MS3 H A AT DL 51 ) X% MS3WT-1F/
MS3WT-1R §" 3% Hi 780 bp 4 4571 , ms3-1 F& K 7 n]
PIFH 51 %) MS3WT-1E/MS3MU-1R 4" 14 4 874 bp
W) 555, 22 A T ik 2 X 5| PR RE D 14 Hh 2%
H(E3C) o 3K 2 %5 51 4 — i T LA B — % 2 5 1
O3 TARIC A ms3-1 F R TR (%) % 5 T T B Rl
FE T . R, &1 561 ms3-1 Fl ms3-2 3% Wi A4S ZE 43
GEAR G T B PR A3 AR 10 S S e 1 S g A IR
LIRS T WA 45 67 55 DR 910 19 L A 1 0 T vk
A B
24 RETXNEALEHHEIE

Glyma.02g107600(MS3) B 3 A FF12 4~ 14
TR 3A) , gif e 656 ™S L PR 1) 22 k4
TE R LR R FE 600 A1 645 22 [6] 17 7E— 1~ PHD-finger
iR, MMS3EH LM E T LIE S, A
) N R S 2 R 2544, C R I 2 — A~ B A S 1) °F
170 BT 8 7 Fl—1> o SR € ZH B 9 PHD-finger 25 1
(F4). ms3-27E5—HNEF BB T — A2k
A, TR A R A SR SR AL 5 40 2
FER , B 05 7E N AR i [ HOA X (E 4) , T8 MS3
IR TR I, ms3-2 Wiz — 1)
g 58 4 1 28 2848 K (null mutation) o 1 ms3-1 [ 4
T3 PHD-finger Z5 #4381 BHPEAE SR — A BIT S F
JE 2k (K 4) o 38 b w8 450 0 HERT, A5
ms3(Washington ) #1 ms3(Flanagan) RAF K IEMEAN T
AT REAEE thF PHD S5 #3808 2 T8I, ok A 1E
GRIVCIN=RiR i
2.5 TEHFHVIRAWR

1625 % 8 Z DU ARRH (S8 ) , ms3(Plainview )

Ny Led™
RET (0 i LR R TR I €5 XU R T MS3 2 1Y PHD 2544
B IR IR AR I S R R SR S R IR s
The dark blue area marked by a red dashed circle shows the PHD

domain of the MS3 protein; The pentagram indicates the amino acid

mutation initiation sites of the two mutant proteins respectively
B4 MS3IEA=ZREM
Fig.4 Tertiary structure of MS3 protein

15 MS3 (Plainview) JF 46 tH BUAN ), 32 2R BUAE ms3
(Plainview ) 4 85 22 146 th /N = 14k, (B
VU SR TR 25 A BH S X5, DO 43 P 7 40 0 s
AP ZE (I 5A, D). L2 KT 2 HH/D
L7 (SO, al B AEZS h A Hi/ME T4 Tl 25
R, G2 — L k4 (K 5B) o 1 ms3
(Plainview ) /ML F TR I G A BN, 75873t B 2 36
b, B2 G AT /INBURL Y Jo HE B, 1) 48R 2B s 1T
BN TR AE A B (I SE) . (B R B &
ST1HARE, P B2 2 52 B 25 0 R RPIR S | g i) 7) &
TR R VR BE 240 23 FH 0BG 2 1 — 2D Bk, S AR AL
B kB S R i (K 5C) o 1 ms3 (Plainview )
GEARACL B AR A T IR RS, R W
YU JZ P E SR AN RE 1) /ML T (FE R R #6 # ,
WG A BE 241 6 22 AN 0 2 i — 20 B R AR R B N
Yy, W AR R B B LT L AR 2 AN R Ay
2L (1 5F) .

18 f W %8 ms3 (Plainview) 5 MS3 (Plainview )
My AE 25 U] e B8, 230 ms3 (Plainview ) TE4E 24
R IS SR 2R & E B, e
WINE . Rl R R Sy s A E A
AR A B G b R 1 25 R — 2, U MS3 TE S8 ES
JE RS AN R B AR R R b R A D E PR
TEHL.
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MS3 ( Plainview )

R e, SO o
NN IOR ST
T a

— C

CLAAHT S AT FIBRE & E 3 (9 (A~C) FIS 3 (1 (B~F) ZUHS = ANAR . SR AT LIRS IRk 1 (B~C) A b ity (E~F ) /MEF-. 226 k45
TN GRS 2 v B S OB (E~F ) o HUBITR =25 pm

Red arrows indicate the normal (A-C) and abnormal (E-F) tapetum cell. The black arrows indicate the plump and vacuolated microspores. The

purple arrows point the abnormal granular particles(E-F). Scale =25 um
B 5 MS3(Plainview)#0 ms3(Plainview) ZRETEILZEEHE Y H
Fig.5 Anther semi-thin sections of MS3(Plainview) and ms3(Plainview)

RIS

4 1) 5L 5 750 48 g i, PHID 2 5 415 45 #) S8 52
() — 2855 SR P R F, BRI T R R,
AT AR A0 A sl i i - A B U2 5 e 5k
PEEEAEL, AT DL S &R A B B AR B
T BT R ) -5 00 A ) P R G - % B R
PR IIREORSE 2. HETWAFGE R, PHD 4% 3¢ 57
Z 5 IR T & B B4R B2 RO R 2R
|2 Y (R A= B UK -y NI Y o N = B 5 |
MS4 Je 4w gv [ U & B MMDI (MALE
MEIOCYTE DEATH1 ) #5472 5 W 50 24 K 10 i ot
Bt AR | 9T H MS4 5 MMDI 965 55 (A Y
PHD Z5 S A 2 R BUME T R B 50, il e
R F > K E MS3 . LR IF MSTL, ok
ZmMS7 L K 7K % PTC1 (PERSISTANT TAPETAL
CELL1)/OsMS1 ¥ fitid 2 5908 2Rl #2, 2
JURR) R AR 11 Bl 35 25 5 ) 9 B 2 R Iy e AE T
P IEF AT, 850 PG E 2 3G Al R 5 R AR
DL/ RS R B S AT, U LI E
1 FE IR EE R D RE AR X R ST IE AR A
H, ms3 (Plainview ) & 28R 7E & & J5 W H BT 4%
WIZFIEA R E S HNAER, T 5 AR EBIR
AF JCEEAS IE A9 PHD SRR A .

ms3 (Washington) I ms3 (Flanagan) %& 48 {A& 7
PHD Z5 RSl X3 A8 1 K Bedfi AR 7%, 33 PHD
SERIR I 3245 . ms3 (Plainview ) 2828 (AU T4
— AR T B A Bk S SRR PR T L L i
K| EAMRE . AR, ms3
(Plainview ) B 7643 M0 & BR 42 b ms3 (Washington) 55
ms3 (Flanagan) 8 8 5 . FE LSS 3 A4 AR R 45 51
T L BsF & B, ms3 (Washington) 5 ms3 (Flanagan ) {5
IRZx4E 14N, 1 ms3 (Plainview ) P\ R A& 3125 S PR
%o R 2P RATE X BN R AR eI 245 544 |
fEfE—E 22 50 ALY Hb , 7 Hou 52 I IF 5%
Hr, £ CRISPR/Cas9 i 4 1% 5] #) MS3-KO 572 (£
PHD Z5 9 388 56 2RI , JLP AN A= AR MR Fl 3 58
H 38, H5AWETE P A ms3 (Plainview ) ff) 28 A8 28 1 5
T —F MRIRERLTEAE ms3 RAWFE Y ms3
(Washington) F1 ms3 (Flanagan) H Jf& &kt 2 T &8 7
PHD 25455k, {8 /R BEVLZE | F R AL B, X 2B
S8 BH K & MS3 2K 1 PHD 45 #4) 3l i) 52 3 e ot i
BYEUAELE—E 5 .

ms3(Washington ) Fl ms3 (Flanagan ) fit) 28 25 {3/ 55,
5 Hou %52 % 58 B 1Y ms3 2878 5 — 5, FF M £ 5|
T ARG LG RS IR AR, AT R 5 A R AR
ZMA %, 1EHou % 2 IRFT 1, ms37E<13 h 30 min
5 H BT 2 2 A E  HAE>15 h 45 min (K
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H AT EHWKE . AWF5EH 1 ms3(Flanagan) |
ms3 (Washington) F1 ms3 (Plainview) Ff f6 T 7§ %
(34°23'N), A= KT H BEEHKAE 12 h~14 h 30 min
Z 0], F B 52 25 52 AN AT Be 2 A R 2k B I K
FERERF AN B . T ms3 (Plainview ) 28748 b4 4
ARSI 25 524, T fig 2 [F 2 ms3 (Plainview )
e RN A o e el I 2 N AN 5 A £ S s o3
FUIRERI SR, BT LRI S AT L. Ak
f18 DL AE R 2 MS3 By K A [F] I 4 PTC1/0sMST 1
WAFAE . PHD 25 #5alifil 2R (7K A6 pre ] S8 A8 AR 77 A=
SEAANT R MRS LXXLL" B 7 i i 5
TR 78 Ry I 2R 1 98 754K tgmis-9 Fll osms ™™ 55t
P IREBUEYE AR B AR tgms-9 Fll osms "™
FASMARLEMRIR T (22 C)BHEIEH , E&E RE T =
(23~29 C ), RASR R B BT R
RO R KT MS3 FIIKFE MST(PTCI) [FIAE: 9
UE B SR R U A AN B R DN (L PR P v
AR F PR S A RS R AR R . HHAA R 3
FERLHI AT e 2 AR s — B0 O (“LXXLL " PR5F
3R 7 5 IR B L A 56 , T PHID 25 #4355 6 Sob L il
AR WATRE AR 2R S8 ALy
SR A B 5T R 1 2E, e A R S R AT Y
“LXXLL” JEA T B dhi 4 , 5 2 /e /KR % PHD
R TSR A T AT

iR WFIEFR B, & 4 7E PHD-finger 45 #4519 28
Sl H 5 A U RN T R AR R Y % DA
* . I, ms3(Washington ) Fil ms3 (Flanagan ) {F A
SRR AS T 5 AR AT L2 R SR A Ry T R 2%
EH T AT A A AL VRS T R ARHE ]
11 ms3 (Plainview ) 2828 (A (1) 58 A5 v 55, 15 Hou 4524
8 B 1 AR SR, I BRI IS MR i R 8,
AT DIAE R —FhASE B B AS 764 R Aol 3 9% 15
e . AHIET AR T R0 BT R Hh 3 R o AR pA ) L
TRGEASERY BRI T — A8 D RE 58 A R B 2557
RAF (ms3-2) AT T HXTE AW, IR T8
UE ms3-1 Fllms3-2 FEPR Y B 5 78 T, % ms 3 28 AR {4
I MS3 BERGEIRAE I sC & Fh LAE B A & —
EMFEFE X

S 30k

[1] LiYH, QinC, Wang L, Jiao C Z, HongHL, TianY, Li Y
F, Xing GH, WangJ, GuYJ, Gao X P, LiDL, LiHY,
Liu Z X, Jing X, Feng BB, Zhao T, Guan R X, Guo Y, Liu
J,Yan Z, Zhang LJ, Ge TL, Li XK, Wang X B, Qiu HM,
Zhang W H, Luan X Y, Han Y P, Han D Z, Chang R Z, Guo

(2]

[3]

[11]

[12]

Y L, Reif J C, Jackson S A, Liu S, Tian S L, Qiu L J.
Genome-wide signatures of the geographic expansion and
breeding of soybean. Science China: Life Sciences, 2023, 66
(2):350-365

Li J J, Nadeem M, Sun G L, Wang X B, Qiu L J. Male
sterility in soybean:
utilization. Plant Breeding, 2019, 138(6):659-676

FRIC, AU, S, TR, AR, HIE, BOETE, s
AR BRI R R B HE R 7 i 1 11 25 34 e el e
i, 2022, 38(23):156-164

Guo W, Dai X X, Mo N, Zhang Y Q, Yu C, TianJ, Geng Z

Occurrence, molecular basis and

D, Li L. Soybean planting and soybean commodities’ import
and export trade structure in ASEAN countries. Chinese
Agricultural Science Bulletin, 2022, 38(23):156-164
VN, E—WL, EHE, AW, 24820, Rk, b
Je, UL, 255600 RS EATT R ST i . it
%, 2021, 43(1):52-65

Sun XY, Wang Y F, Wang YH, LinJY, LiJH, QuYT,
Fang X L, Kong F J, Li M N. Progress on genic male sterility
gene in soybean. Hereditas, 2021, 43(1):52-65

Chen L T, Liu Y G. Male sterility and fertility restoration in
crops. Annual review of plant biology, 2014, 65(1):579-606
Huang J Z, E Z G, Zhang H L, Shu Q Y. Workable male
sterility systems for hybrid rice: Genetics, biochemistry,
molecular biology, and utilization. Rice (N Y) , 2014,
7(1):13

Cheng S H, ZhuangJ Y, FanY Y, DulJ H, Cao LY. Progress
in research and development on hybrid rice:
domesticate in China. Annals of Botany, 2007, 100 (5) :
959-966

Chen LY, Lei DY, Tang W B, Xiao Y H. Thoughts and

A super-

practice on some problems about research and application of
Two-line hybrid rice. Rice Science, 2011, 18(2):79-85
WA, SRCL, mE, KPR, MRS, INIRIE, TR
B, 9, B, SKEE . K CMS-RNEUAH R E MK
SEEIR GmRIT BRI M TE B IO ARCIT & . A s BT
24, 2023, 24(4):1186-1193

Yang X L, Guo F L, Gao M M, Zhang Z D, LinCJ, SunY
Y, Zhang J Y, Peng B, Zhao L M, Zhang C B. Preliminary
identification and molecular marker development of the
restorer-of-fertility Gene GmRfI of CMS-RN type sterile lines
in soybean. Journal of Plant Genetic Resources, 2023, 24(4):
1186-1193

Nadeem M, Chen AD, Hong HL, Li D D, LiJJ, Zhao D,
Wang W, Wang X B, Qiu L J. GmMs! encodes a kinesin-like
protein essential for male fertility in soybean ( Glycine max L.).
Journal of Integrative Plant Biology, 2021, 63(6):1054-1064
Nie Z X, Zhao TJ, LiuM F, DaiJY, He T T, Lyu D, Zhao
J M, Yang S P, Gai J Y. Molecular mapping of a novel male-
sterile gene ms,, in soybean [ Glycine max (L.) Merr.]. Plant
Reproduction, 2019, 32(4):371-380

Song S F, Wang TK, LiY X, HuJ, Kan R F, Qiu M D,



976 LN/ S L 1 G S 4 25 4%
Deng Y D, Liu P X, Zhang L C, Dong H, Li C X, Yu D, Li homeodomain-finger protein for male fertility in soybean.
X Q,Yuan DY, Yuan L P, Li L. A novel strategy for creating Journal of Integrative Plant Biology, 2022, 64(5):1076-1086
a new system of third-generation hybrid rice technology using a [23] Thu S W, Rai K M, Sandhu D, Rajangam A,
cytoplasmic sterility gene and a genic male-sterile gene. Plant Balasubramanian V K, Palmer R G, Mendu V. Mutation in a
Biotechnology Journal, 2021, 19(2):251-260 PHD-finger protein MS4 causes male sterility in soybean.
[13] JiangYL,AnXL,LiZW, YanTW, Zhu T T, Xie K, Liu BMC Plant Biology, 2019, 19(1):378
S S, Hou Q C, Zhao LN, Wu S W, Liu X Z, Zhang S W, [24] YuJP, ZhaoGL, Li W, Zhang Y, Wang P, FuA G, Zhao L
He W, Li F, LiJ P, Wan X Y. CRISPR/Cas9-based discovery M, Zhang C B, Xu M. A single nucleotide polymorphism in
of maize transcription factors regulating male sterility and their an R2R3 MYB transcription factor gene triggers the male
functional conservation in plants. Plant Biotechnology Journal, sterility in soybean ms6 (Amesl). Theoretical and Applied
2021, 19(9):1769-1784 Genetics, 2021, 134(11):3661-3674
[14] Wan XY, WuSW, LiZW, DongZY, An X L, Ma B, Tian [25] Palmer R G, Johns C W, Muir P S. Genetics and cytology of
Y H, Li ] P. Maize genic male-sterility genes and their the ms3 male-sterile soybean. Journal of Heredity, 1980, 71
applications in hybrid breeding: Progress and perspectives. (5):343-348
Molecular Plant, 2019, 12(3):321-342 [26] Chaudhari H K, Davis W H. A new male-sterile strain in
[15] Yang Y, Speth B D, Boonyoo N, Baumert E, Atkinson T R, Wabash soybeans. Journal of Heredity, 1977, 68(4):266-267
Palmer R G, Sandhu D. Molecular mapping of three male- [27] Graybosch R A, Palmer R G. Analysis of a male sterile
sterile, female-fertile mutents and generation of a character in soybeans. Journal of Heredity, 1987, 78(2):66-70
comprehensive map of all known male sterility genes in [28] Skorupska H T, Palmer R G. Additional sterile mutations in
soybean. Genome, 2014, 57(3):155-160 soybean Glycine max (L.) Merr. Journal of Heredity, 1990, 81
[16] KT KREAEMEAT S so b S HIREWFIY . AR IE IR (4):296-300
TEIIYE R4, 2019 [29] Cervantes-Martinez I, Sandhu D, Xu M, Ortiz-Pérez E, Kato
Zhang Y. Cloning and functional analysis of soybean male K K, Horner H T, Palmer R G. The male sterility locus ms3 is
sterility gene. Harbin: Harbin Normal University, 2019 present in a fertility controlling gene cluster in soybean. The
[17] Zede, ABT, B KGR A T MBS 5 0 Journal of Heredity, 2009, 100(5):565-570
SEIEE . BEVG RIS K 2F A BRI, 2021,49(3) : [30] Allen G C, Flores-Vergara M A, Krasynanski S, Kumar S,
60-70 Thompson W F. A modified protocol for rapid DNA isolation
Li W, YuJ P, Xu M. Advances in theory and application of from plant tissues using cetyltrimethylammonium bromide.
genic male sterility in soybean. Journal of Shaanxi Normal Nature Protocol, 2006, 1(5):2320-2325
University: Natural Science Edition, 2021, 49(3):60-70 [(31] #yilsr, U6, sk, JREIR, B, skisC. 2L BSA-
[18] Fang X L, Sun Y'Y, Li ] H, Li M N, Zhang C B. Male seq FEARE i 2 R Rz B LR L R s AL R AE A, 2023,
sterility and hybrid breeding in soybean. Molecular Breeding. 24(3): 790-800
2023, 43(6):47 Huang W T, Wang X, Zhang Z Y, Zhu H J, Yan H B, Zhang
[19] Jiang BJ, Chen L, Yang CY, Wu T T, Yuan S, Wu C X, Y W. Mapping of seed coat color related genes by BSA-seq in
Zhang M C, GaiJY, Han T F, Hou W S, Sun S. The cloning Mung Bean (Vigna radiata L.). Journal of Plant Genetic
and CRISPR/Cas9-mediated mutagenesis of a male sterility Resources, 2023, 24(3): 790-800
gene MSI of soybean. Plant Biotechnology Journal, 2021, 19 [32] ##lH, XKA, 7, A, TR, BRI, ERE, 858
(6):1098-1100 -, PR, XA /A PHD RN G5 48 N 5 A
[20] Fang XL, Sun XY, Yang X D, Li Q, Lin C J, Xu J, Gong BN A FAEYIE R, 2023,21(18):5917-5928
W1, Wang Y F, Liu L, Zhao L M, Liu B H, Qin J, Zhang M LianJ, LiuYJ, Li D, Gong J, Wang Y B, Chen X C, Zhang
C, Zhang C B, Kong F J, Li M N. MS/ is essential for male F Y, Zhao C P, Gao S Q, Zhao B C. Identification and
fertility by regulating the microsporocyte cell plate expansion drought stress response analysis of PHD gene family in
in soybean. Science China: Life Sciences, 2021, 64(9):1533- Triticum aestivum L.. Molecular Plant Breeding, 2023, 21
1545 (18):5917-5928
[21] Fang XL, Feng X C, Sun XY, Yang XD, LiQ, Yang X L, [33] Rig, skifgie, EUE, XIFHE, 255700 53 B TR EHE A
XuJ, Zhou M H, Lin CJ, Sui Y, Zhao L M, Liu B H, Kong PHD-Finger ¢ 15 %5 8 FFRIK 4007 . M AE 3244, 2021,57
F J, Zhang C B, Li M N. Natural variation of MS2 confers (7):1559-1572
male fertility and drives hybrid breeding in soybean. Plant Song Y, Zhang H L, Wang M J, Liu Y Q, Li L X. Genome-
Biotechnology Journal,, 2023, 21(11):2322-2332 wide identification and expressional analysis of Zinc Finger
[22] HoulJJ, FanWW, MaRR, LiB, Yuan Z H, Huang W X, Protein PHD-Finger family in Medicago truncatula. Plant
WuYY, HuQ, Lin CJ, Zhao X Q, Peng B, Zhao L M, Physiology Journal, 2021, 57(7):1559-1572
Zhang C B, Sun L J. MALE STERILITY 3 encodes a plant [34] FR—, FNitE, JUIRIT. %) PHD &5 H 388 (1 4544 5 1)



6

REFE: ZAKE ms3 VAT R LI 734

971

[37]

REARIE. 4%, 2021,43(4):323-339

Wang T Y, Wang Y X, You C J. Structural and functional
characteristics of plant PHD domain-containing proteins.
Hereditas, 2021, 43(4):323-339

Graybosch R A, Palmer R G. Male sterility in Soybean
(Glycine max). 1. phenotypic expression of the ms4 mutant.
American Journal of Botany, 1985, 72(11):1751-1764

Yang CY, Vizcay-Barrena G, Conner K, Wilson Z A. MALE
STERILITY1 is required for tapetal development and pollen
wall biosynthesis. Plant Cell, 2007, 19(11):3530-3548

Zhang D F, Wu S W, An X L, Xie K, Dong ZY, Zhou Y,
XuLW, FangW, LiuS S, LiuSS, ZhuTT, LiJP, Rao L
Q, Zhao J R, Wan X Y. Construction of a multicontrol sterility
system for a maize male-sterile line and hybrid seed production

based on the ZmMs7 gene encoding a PHD-finger transcription

[38]

[39]

[40]

factor. Plant Biotechnology Journal, 2018, 16(2):459-471

Li H, Yuan Z, Vizcay-Barrena G, Yang C Y, Liang W Q,
Zong J, Wilson Z A, Zhang D B. PERSISTENT TAPETAL
CELL1 encodes a PHD-finger protein that is required for
tapetal cell death and pollen development in rice. Plant
Physiology, 2011, 156(2):615-630

QiYB, LiuQL, Zhang L, Mao BZ, YanD W, JinQ S, He
Z H. Fine mapping and candidate gene analysis of the novel
thermo-sensitive genic male sterility zms9-/ gene in rice.
Theoretical and Applied Genetics, 2014, 127(5):1173-1182
Wu LY, Jing X H, Zhang B L, Chen S J, Xu R, Duan P G,
ZouD N, Huang SJ, Zhou TB, AnCG, Luo Y H, Li Y H.
A natural allele of OsMS! responds to temperature changes and
thermosensitive male Nature

confers genic

Communications, 2022, 13(1):2055

sterility.



