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Functional Identification of A Nuclear Male Sterility Gene MS6 and

Creation of New Sterile Germplasms in Soybean
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Abstract: In contrast to the traditional hybrid breeding technology, the third generation crop hybrid breeding technology based on
the nuclear male sterility gene has layers of advantages such as safety on seed production, flexibility on bi-parental combinations, and
stability on hybrid fertility. This technology has been widely used in maize, rice and other crops, and provides a possibility in future
use of soybean heterosis. We previously mapped by positional cloning approach a nucleic male sterility gene MS6 that encodes an
R2R3-MYB transcription factor in soybean. In this study, we deployed CRISPR/Cas9 gene editing technology to knock out the MS6
gene in soybean. The transgenic plants carrying edited MS6 alleles were subjected for phenotype observation, pollen and fertility
identification, thus approving the causal mechanism of this gene. A new germplasm showing stable male sterility was obtained. This
provides theoretical and technical support for further establishing the third generation soybean hybrid breeding technology system
based on MS6 gene.

Keywords: soybean; nuclear male sterility; sterile gene; gene editing; hybrid breeding
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KEAP, K& (Glycine max (L.) Merr.) fEIR[FEEEHIH., WAEMEY, FRAERTRIZMIH . 1993
O, PSP R T IR BN KSR A E R, 1995 FELHC S RUEE. T S RET T 2002
FEEFHE T T THE - PRERTMITT 157, 30T 30 ZEMKRE, R4 E w5 kT 420
O3k 30 &AM, (EZERTSEAR R BRI ARG EBAE . N8 REE RN, M E %524 Y
WA SRS, AR S A HE

T MR R S =AAASE AR, BT IRTE TR MG, BB AH2,
HONTE 2R R AR FOTIa R, 8 T RCAKART SIS ey h s hid S E S RS, ICONTE R BT
JRAHDGHIE TR IR T B AE RS . Hal, E RS O A A & HEFA MSL, MS3
MS4. o, MS1 R gmis— e TR E S (Kinesin) , TEALZGIRE s ZEK WIS 5 40 MR 1)
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SAETN, ms3 AR E MBI, LU MS3 T RERE —ANMEBOIZA G RN, MS4 JE A [F R g — A
PHD-finger 25 (1, HAETEZF /L BEERA @A &, nfLLEAMUREIT mmdl A E R, B RIES
i AR AR,

A, FRATE A s R AS A, @il BSA W & SSR 43 FARC /T, ¥R A K MS6 &
f1F 13 SR ) SSR Fric BARCSOYSSR_13 0257 Al BARCSOYSSR_13 0259 2 [i] ] 255 Kb [X 1,
T 2 B 37 L 43 BT HE T Glyma.13G066600 9k o7 MS6 ik LM, MS6 S e K T2 h &k, H
i —A R2R3-MYB ¥ 3[K 1, 7 N 3ifi ¥ 5 39~146 {7 2 vk 2 (7] 37l & — > R2-MYB 1 R3-MYB
TRy I, ZE RN T SRR R R B R ATDFL N FJEER s @it MS6 ik K i) 2E AL o B
Fe RPN T attdfl S48 i b i) B AMKRIGIRE, BIHf T Glyma.13G066600 Jy -k & 41 M A% k1t A< & 5 K MSe!™,
AW FORAEBLIERL |, FFH CRISPR/Cas9 Ji [Al 4 45 150 ARAE K %) MS6 JE PR BEAT Rl , 3 i o 9 ik PR 54X
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KE# KL Williams 82, Nuclean Plant Genomic DNA Kit i®5f/ & . pEASY-T1 Cloning Kit i®X5f/ & . SanPrep
FEFUFRL DNA /NI & KIHFF B DHSa. &7 EHAL01. Cas9 #fk pYLCRISPR/Cas9P35S-B.
gRNA /& pYLsgRNA-AtU3b. pYLsgRNA-AtU6-1. Bsa I. T4 DNA ligase. A5 & & A S = AR 47 A
Rt
1.2 CRISPR/Cas9-MS6 #{A#iiE
1.2.1 gRNA EEfLSAIERE  FIFTELHM MMEJ-KO (http://skl.scau.edu.cn/mmejko/) , BEATHEAL S fi%
B, G A THE AR R L, A LT MS6 B DRI 55 — R EE 4B, f 44y ms-T1 Al ms-T2. ms-T1
1) SnRNA 53/ Fi%&H AtU3b, ms-T2 ff] snRNA Ja 3Tk H AtU6-1. RN T8 )7 HSk w514, 5l
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Wit 49 MSBT1 Al MS6T2.
1.2.2 sgRNA RIAZMMEREE 21 Ma 0 84k B 2007 b A7 Sk b 2 Ko 1%
1.2.3 EEFEYREEL B RIER YL DHSa KT RS2 2SN, BREUTURE R BRI a8
W 1 (1) H W T iy 44 8 CRISPR/Cas9-MS6,  7£-80 C kA {174 H -
13 RBEEREXE
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1.5 MS6 EFE4miE AL M

RHL To AR T AKE#RH F, 8] Nuclean Plant Genomic DNA Kit 7] & B L K14 DNA, FIF 514
MS6-1 47 PCR ™34 . 14 48] Fi§ pEASY-T1 Cloning Kit 177 & 3E1T W 50 %, 78 PCR P4 58515,
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Tabel Primer sequences in this study

FIAAFR 13153

Primer name Primer sequence (5'-3")

MS6T1-F gtcaCTTGCCTATGTAGCCAATCA

MS6T1-R 2aaCTGATTGGCTACATAGGCAAG

MS6T2-F attGATCTAATTATTAACCTTCA

MS6T2-R 2aacTGAAGGTTAATAATTAGAT

MS6-1-F CTCAGTCCTTCTCTTGCATT

MS6-1-R GCTTCCTATGGCTCCATGA

U-F CTCCGTTTTACCTGTGGAATCG

gRNA-R CGGAGGAAAATTCCATCCAC

Pps-GGL TTCAGAQgtctcTctcgACTAGTATGGAATCGGCAGCAAAGG
Pgs-GGR AGCGTGggtctcGaccgACGCGTATCCATCCACTCCAAGCTC
Pgs-GG2-R AGCGTGggtctcGtcagggTCCATCCACTCCAAGCTC
Pps-GG2-F TTCAGAggtctcTctgacacTGGAATCGGCAGCAAAGG

ACTAGT Fl ACGCGT: Spe I 1 Mlu I ffgHIAL A
ACTAGT and ACGCGT: Enzyme digestion site of Spe I and Mlu |

2 ZR
21 KE MS6 EFE B LIETT RFTIAEAEE

MS6 ZE[X 41 1814 bp, cDNA 4K 1125 bp, A& 3 MR FHI 2 NN E T, fEH —HME T 165 bp. 2
TAME T 418 bp AL TFPIANEE AT, REANEE AT 23 bp, HEASAE K gRNA JFHIUIE 1 FTs. @i sgRNA KA
S 5 pYLCRISPR/Cas9 FKiA#H M i%EHz, MIMIE T CRISPR/Cas9-MS6 4 4E 4 4 »
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Fig.1 Gene structure and target location of MS6
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Fig.2 Pollen detection results of different types of plants
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Fig.3 Comparison of mature period phenotype between T, sterile mutant and wild type plants
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ms-T2 {7 B R A T HIBSAE T sk, Wikl 4 fos. Ho, ms6er-1 T MS6 4ufil[X 55 183 Atk A s, &
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ms6cr-1 CTTGCCTATGTAGCCA-TCATGGAACTGGAAAT GATCTAATTATTAACCT-CATGGAGCCATAGGA
MS6 CTTGCCTATGTAGCCAATCATGGAACTGGAAAT GATCTAATTATTAACCTTCATGGAGCCATAGGA

TATGTIATCATGG €T G G T € AT CT TTIAITAACCICAT 5
mso6er-2 CTTGCCTATGTA===== TCATGGAACTGGGAAAT GATCTAATTATTAACCT-CATGGAGCCATAGGA
MS6 CTTGCCTATGTAGCCAATCATGGAACTGGGAAAT GATCTAATTATTAACCTTCATGGAGCCATAGGA
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Fig.4 Base mutation sites of T, generation mutant plants

1 10 20 30 40 50 60 70 80 90 100 114

MS6 MHIASPLHNSLSPSLAFLLLLCLISSLISKMGRPPCCDKSNVRKRGLWTPEEDARILAYVANHGTGNWTLVPRRAGLNRCGKSCRLRWINYLRPDLKHDGFTPQEEDLIINLHGA
ms6é MHIASPLHNSLSPSLAFLLLLCLISSLISKMGRPPCCDKSNVEKRGLWTPEEDAKI LAYVANHG‘I‘GNWTLVPKKAG@NRCGKSCRLRHTNYLRPDLKHDGF’I‘PQEEDLI INLHGA

ms6er-1 MHIASPLENSLSPSLAFLLLLCLISSLISKMGRPPCCDRSNVRRGLWTPEEDAKILAYVAIMELEIGHWFQRRQGLTGVVRAAG
ms6cr-2 MEIASPLHNSLSPSLAFLLLLCLISSLISKMGRPPCCDKSNVRRGLWTPEEDARILAYVISWNWRLDIGSKESRA = === == == == == e e e e e e e e e

115 120 130 140 150 160 170 180 190 200 210 228
MS6 IGSRWSLIARRLPGRTDNDVENYWNTRKLRKRKLMEMGIDPVTHRPVSQVLSDLGSISGLPNTTNQMAFINKDLMMSNMPPTRTEPSDSNKSMVEHTQEGQVHSWEHHIPYQVIIN
ms6 IGSRWSLIAKRLPGRTDNDVENYWNTRLRKKLMEKMGIDPVTHRPVSQVLSDLGSISGLPNTTNQMAFINKDLMMSNMPPTKTEPSDSNKSMVEHTQEGQVHSWEHHIPYQVIIN

MBBCr-1 == == = e e e e e e e e e e e e e e e e e e e e o ——————————
MBBEr-2 e e e e e e e e e e e e e S 0 e o

229 240 250 260 270 280 290 300 310 320 330 342
MS6 SENVQPQVLSEAASSTSSSSSSNLTQLGSPQSYSCQTPQAQISPPCSSFDWSEFLHSDSFNWSLNPPSGLMQSEAELSDNTKSNGHDMQGAASEGSGSGSGAVACGASMEYQIN
ms6 SENVQPQVLSEAASSTSSSSSSNLTQLGSPQSYSCQTPQAQISPPCSSFDWSEFLHSDSFNWSLNPPSGLMQSEAELSDNTRSNGHDMQGAASEGSGSGSGAVACGASMEYQIN

MBBCr-] = = = e e e e e e e e e e e e e e e e e e
IIDBICEAD: o o i o o i o o o o e s i e e e 0 5 s e

343 350 360 378

MS6 KQCEAHSFVDGILDRDSEIRAAFPQLLDASFDY
ms6 RQCEAHSFVDGILDRDSEIRAAFPQLLDASFDY
MO == e e em e e e oo o —————————-—-———
TBBCT o e e e i

ms6 (X155 76 fr &R &R (Lew) RABNMHER (His) , SEURMMEIELR KA T Bl msber-1 IR GRS BUEE 61 (15 IME LR R AL,
IFTESS 85 A2 BRI RE; msber-2 FUTRAEE A S HUE 60 115 IR K AEAR 1k, IFTESS 75 L bR
The 76th amino acid at position ms6 is mutated from leucine (Leu) to histidine (His), resulting in the substitution of the encoded amino acid; The base loss of
ms6cr-1 leads to a change in amino acids after position 61 and terminates translation at position 85; The base loss of msécr-2 leads to a change in amino acids

after position 60 and terminates translation at position 75
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Fig.5 Comparison of wild type and mutant protein sequences
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FARFREEH, f1 Jiang 25, Nadeem 2:1A11 Fang Z:1M153 5 F1 ] CRISPR/Cas9 FE K i AR % 5E T K G
RERE MSL, FEAIH T MS1 A B R4k . Hou Z MK AL sl 7 R GAZA B HEK MS3,  [RIREFI T iZH
AT HHATIIRE S, FHOIH E e BUZ A B R, T MS6 LK A B KA i HL Al A Bk JE e 4%
BAZIREL AR, SR . Rk, AR EFEE D) CRISPR/Cas9 kR gmfHHi AR, 72 KT sl
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