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FIF CRISPR/Cas9 HAR %% GmphyA2 ZEFHEIH] K& 2 #
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AT, AR, FAHHAC, B RS, EBRk, SFmAR’

CLZRURNE R EBE, B E 230036 2 oy [ ARV RL 22 BE ARV RL AT AT E FE R B3 IR 5 & R [ X G ki s, bt 100081)
BE: KRB BORAEIRE TRRE K S St ag ) M, AAF 0 kR S0t 0B ey 8ot 414 =% E > 544
R KR EH oA, ¥ RLRSBAAGHHEE. A A CRISPR/Cas9 H K%KF 3 MKk & GmphyA2 A B4 & K Lk, 4144
gmphya2 ® Tkd Ttk FEABLTE, HRDBL PHY 2HBNBEE G, AFRILKET gmphya2 £ T4 AR 4
A2FH. HFEFEEAAREK. 5HF AR, gmphya2 R EARAEFHATHE GmFT2af= GmFTSa A B A X B LR, F
HA TR BARAT 5~6 X, mAMERATT 6~11 K. AE KL F YA P44, 12 gmphya2 B ARG H Ko A= ARk
HARBF W, LB 5 AR EAAITZ R, X F L0, A F CRISPR/Cas9 ¥ K %% GmphyA2, 44T 4
FIGRAL AR E TG K AR, AT IS T AR T 40 A B R
¥4 GmphyA2; F#; #~%; AEARH; K&

Creation of Early Maturity Mutants by Editing of Gmphya2 Via
CRISPR/Cas9 Technology

ZHANG Xiang!?, HAN lJianan?, YU Lili?, ZHOU Ya?, WANG Xiaobo!, QIU Lijuan?
(school of Agronomy, Anhui Agricultural University, Hefei 230036; 2Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/ State Key
Laboratory of Crop Gene Resources and Breeding, Beijing 100081)
Abstract: The photoperiod sensitivity of soybean limits the popularization of excellent soybean varieties for planting. In this study, we
created new soybean varieties with early maturity and stable yield by reducing the sensitivity of soybean to photoperiod and expanding
the planting range of good varieties. Three soybean GmphyA2 pure mutants were obtained using CRISPR/Cas9 technology. The
created gmphya2 mutants encodes a truncated protein without PHY structural domain due to a base deletion resulting in a code-shift
mutation. Comparisons were made to characterize the fertility, plant size, and yield of the gmphya2 mutant and the WT. The results
showed that because of significantly increased expression of GmFT2a and GmFT5a during the pre-flowering period, the gmphya?2
mutant flowered 5-6 days earlier and matured 6-11 days earlier relative to the WT. Although the fertility period was shortened, the
single grain weight was not significantly different from that of the WT due to a significant increase in both the effective number of

branches and the number of grains per plant in the gmphya2 mutant. These results indicate that the editing of GmphyA2 using
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CRISPR/Cas9 technology has created a new soybean germplasm with unchanged yield per plant with shortened fertility period, which
provides a new genetic resource for breeding for early maturity and high yield.
Key words: GmphyA2; early maturity; yield; gene editing; Soybean
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21, 1Y) phyA HEHZ SRS % M TN MM : Z6RRSIEUEIS, DT A ) (1 Bk A K
(29301, B4 57 BRI 46 & F FIAEATEZ AR LG T ROV AHL N IRs A, EMLLIEZ RN, 1EEST
6 FAEKN ed SALEE A A&7 /= A KM N ARANI), phyA (¥ 55— AN B ZLTh AR 2 FF AL 1 6 A 34
#il. fEAlEE T, phyA (£3EFFTE, 1M phyB, phyD Al phyE I 1ERY, 755 G rF 223 phyA fE e+
M ThRER . TERK HIRAAET, /KRS phyA SJEDR S8R R IR 45 B A R R W) R 4B 1), (H4 5 phyB
g} phyC JEK RARIREE AT, phyA B RASAR KK 1 HF AR (0B, #E K G rh, E3 Al E4 A si7EMRL LD
b REUH A AR, B E3 A7 5TfEE & R I LD & 4F FIFAE, 1 E4 AH7EE & FR () LD &4 F
Z 56, K5 E3 M B4 A7 sl Z A6 R P R 45[H) T /K AG phyA 55 phyB B phyC 16 5 ed Shi R
e3 Z A7 B K — RS IR T K TR A U B, 7E ARIRS TR, B3 XA FAL A AR KR, T E4 IR
WA BR T 2 B X, 7E oK B HARAGHOR o E ARG B2 SRR EUR KGR, KR 4 S
(1) E4 LSRG RIAEALEE N, I e S5 A7 J= PRUM Xt 5 EL A St e T AN R M 77 oK RS, (R, B4 67
R K S N R A FE K H 25 A RN 2 RE AP R G 1) S B R 3 100,

Wan BRI CRISPR/Cas9 5 AN K G A () EL LT T & 4wt WFFURIL, EL LRI R T

BEAR T R X A R B, SO T 2R I, R T 4 B . Zhao 58RI A] CRISPR/Cas9



BORFERE AN T — RAVE XD R EER GmphyA IRAAR, IR Hr#s 72 GmphyA2 =
GmphyA3 IIZIREIERIN, KERMAEK H A T 2RI IR AR, XRIENIEMRITE,
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1. MR5R%E
11 ik

LR E Aoy ‘Jack” , HH EARNELEBAE IR AT ST R M . KIS AT B DHSo, AR B B AR
EHAL05 30 At st e M A 7). H4) CRISPR/Cas9 FKik#iik pBSE401-13 FZ#IA L K2 THRHE
SRt . AHT I i 91 ) AL SRR R ARG R AR & B 51 F 8 AR 1.
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Tab.1 List of primers used in this study

GlE/EZS FHig
SIMIFF% (5°—3°) Sequence (5°—3°)

Primer name Purpose

ARSI

DT1-BsF ATATATGGTCTCGATTGGAGATCAAGACGTAGTGCTAGTT

DT1-FO TGGAGATCAAGACGTAGTGCTAGTTTTAGAGCTAGAAATAGC

DT1-RO AACGAGATGCGCACCGAACTGGCAATCTCTTAGTCGACTCTAC

DT1-BsR ATTATTGGTCTCGAAACGAGATGCGCACCGAACTGGCAA

R S

U626-F TGTCCCAGGATTAGAATGATTAGGC
U629-R AGCCCTCTTCTTTCGATCCATCAAC

e R 1 A
Cas9-F CTCCCGGATGAACACTAAGTAC

Cas9-R CAGGGTAATCTCGGTCTTGAAA



Bar-F AAGCACGGTCAACTTCCGTA

Bar-R GAAGTCCAGCTGCCAGAAAC

R B P A
GmphyA2-F ATTGTTTTGTCGGCTCGTAGTT
GmphyA2-R TCATACTACCAGTGACACGATG

I FEAE S TR e 5104
OFF-10G-F CTTGAGGAATGCGTTGGAAA
OFF-10G-R ACTGGCTCAAAGTCAACGAT
OFF-18G-F CAAATGCCCCACTAATCAGA
OFF-18G-R AGACCTCTCCTCCTGATTCG
OFF-19G-F CAGTGAGTAAGGATGATGTGAA
OFF-19G-R GATTTTCTGTGTCTGATGGAGG

QRT-PCR #5147

gqGmActin-F GTGTCAGCCATACTGTCCCCATTT
gqGmActin-R GTTTCAAGCTCTTGCTCGTAATCA
qGmFT2a-F ATCCCGATGCACCTAGCCCA
qGmFT2a-R ACACCAAACGATGAATCCCCA
qGmFT5a-F AGCCCGAACCCTTCAGTAGGGA
qGmFT5a-R GGTGATGACAGTGTCTCTGCCCA

1.2 GmphyA2 BEEYREH LT CRISPR/Cas9 FIAE 497

i #E ¢ Jack ) GmphyA2 2% 4 & F & 4, Kl B CRISPR-P 20 M uf
( http://crispr.hzau.edu.cn/CRISPR2 ) 7£ 5 — 4b & 7 4t ¥ it 2 4~ 19 bp Y sgRNA, sgRNA1 (5-
GAGATCAAGACGTAGTGCTA-3") i 3’4 H 45 PAM (Protospacer adjacent motif) 7% 4“GGG”; sgRNA2
(5-CCAGTTCGGTGCGCATCTC-3") 1 3k # PAM (Protospacer adjacent motif) J¥%1h“TGG” (K]
1A) . &% Xing ZERN 7k, MR GmphyA2 REH YY) CRISPR/Cas9 #ik##& pBSE401-Cas9-
GmphyA2-2gRNA. 2 4~ sgRNA 43 5| I FE I+ U6-26 Al U6-29 J& 53Kz, Cas9 &K FHAEMBSAE 955 55 )
35S JHahTIRE), fikbricEH BIpR B 35S T Ika), A BB (B 1B) o M@k



R DHSo S22, BEEUSH M 5 g B IRy, I 25 B IE A IR AR B (LR AT EHAL05, {51
Y1 U626-F Al U629-R HEAT 8 YRR I K2 -

A: GmphyA2 B:H 454 & sgRNA FP41); SR HE: 5 RgmidiX: WETHE: SR MOBL: NEF: BOTE: 3EmLX. THZ%: PAMF
5. B: pBSE401-Cas9-GmphyA2-2gRNA # A LE /R El; RB: T-DNA 4714 5t; LB: T-DNA ZEiIF; AtU6: fURIF U6 B30T 35S: EMp=Eient
5 35S 25T BIpR: His%BEHEK Bar
A: GmphyA?2 structure and sgRNA sequence; green box: 5' non-coding region; blue box: exons; black horizontal line: introns; pink box: 3' non-coding region.
Underlined: sequence of PAM. B: schematic diagram of pBSE401-Cas9-GmphyA2-2gRNA vector structure; RB: right border of T-DNA; LB: left border of T-
DNA; AtU6: Arabidopsis thaliana U6 promoter; 35S: cauliflower mosaic virus 35S promoter; BIpR: glufosinate ammonium resistance gene Bar
] 1 GmphyA2 £ FEE0 & 1 B A5 F g Ei i
Fig.1. GmphyA2 target site and gene editing vector construction

1.3 RERTENSHAXEFHHEEELREE

%3 Wang 20 777224 pBSE401-Cas9-GmphyA2-2gRNA #:4k K & 775, 1E4 15 mg/L B Bt 5%
TR R AT . I PAT/bar ik AR AR R P R M A B R . ARk I 2 265501,
M5 R BB s IRARR I 1 %2k, A g FONE BB . FH CTAB IARIUK T M Fr DNA, 3
ITHEEER RS 1) PCR 20 TSI, 43 AE FH Cas9-F/R Fl Bar-F/R 5| W5t A i Bl i R [ AN 4 i Cas9 2
1 256 R DL T e PRI AL AR
1.4 PR KB ISR s 4T

PEEUEEFL N BH AR R I FE 41 DNA, ] GmphyA2-F/R. OFF-10G-F/R. OFF-18G-F/R. OFF-19G-F/R
SR 1S GmphyA2 B RIBE iU S AE AR AL s X3, PCR =4k A [ RO A 2 Be A R 22 5 Bl
B REAT Sanger N, I E 51404 5N GmphyA2-R. OFF-10G-F. OFF-18G-F f1 OFF-19G-F. #|H
SnapGene 7 F JE A 41 s o7 B (10 P, o B AL B BRI R TR 1 L . IR SRS B LR 2.
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Tab 2 Off-target site analysis

P it BB B 7 B JBE#EAL i BE R i TG B i S
Number Position of off-target site off-target genes Number of mismatched bases Off-score
1 Chr 10: +36963993 Glyma.10G141400 2 0.477
2 Chr18: -3833600 Glyma.18G044800 4 0.171
3 Chr 19: +47512575 Glyma.19G224200 4 0.105

1.5 $£HHIHEXERE GmFT2a # GmFT5a BIFRIESHT

BB G 40 K (V5 D RS B, H TRIzol ik77 CInvitrogen, HED 43+% RNA, JfH Nanodrop
(Thermo Fisher Scientific, £E) & . fiif] HiScript IV WE5EE (VEMERE, TED ¥ RNA @R
cDNA. gRT-PCR fE 7300 Real-Time PCR %%t (ABI, %I[E) Lffif] Universal SYBR gPCR Master Mix Kit
CUEMERE, TRED #E47, WMERESRFEE. gRT-PCREEFWIF: 95T 30s; 95T 10s, 60T 30s, 40
AMEIR; 95T 15's, 60T 60's, 95°C 15 s {Eflfig M2k . ¥ L GmActind (Glyma.12G063400) fEK N 54
PRI, B R X Rk R 2 2AC 5
16 EERZHROZEH RS

Nk R AE AR EIL R (b4 405 R4 1169 HFEHRKHBEAM FEK. 8400 R
AN ER, FA/NX 200 #, 228 447, 1796 10 JEK, FREE 10 K. 7K AR EE DL K e s A 2R B35 B
S84 BRI (R BT VA AT o AR RBEALE I 5 NSRRI TINE . WORSE, WEike . kg, E2
T BRRRIE FRARRE A RLE . R A 1BM SPSS Statistics 27 #E4T HLK R 5 22404, DA 2 1]
Z5. RUCPHEHRHERE (SD) FoR,

2. BR5SH
2.1 GmphyA2 EE4IBASREFEHRIRE

FI AT H A 5928 pBSE401-Cas9-GmphyA2-2gRNA #4k 32k fAh “Jack’ J&, FL753) 21 £k TO AR
B UYERRR . FIH] GmphyA2-FIR SI40%5 % TO AE A BT MR AR BEAT 48 xR AT, Sanger Il /745 SR 3%
HRRE s AR LU 202 33%. 3% 7 ANBERUATE SR TO MUAEMEFEE N LA = B R BGE. N T REA
Bl BRI LA 1) GmphyA2 JEARRE,  7E H (8] & AF N AR 7 4> T1ARJFEEAT GmphyA2 BRI 7% €, FIA Cas9-
F/R A1 Bar-F/R 5| ¥1xf#E4T Cas9 Fl Bar S5H, £ K kil 45 REoR, L3 3 MR oM EEE Bl 4m A
SRR : gmphya2-1 7R85 X 3k B0 93 bp $2k, 4w 1093 NEIEERIIEJEE H; gmphya2-2 7R85
DXk B 104 bp TEE GG TR RAL, i 20 N FERR BT B H; gmphya2-3 7EE 5 X 48 I 3+2 bp
BlIEBR S, MY 53 NMREILRR B E . gmphya2-2 fil gmphya2-3 1] GmphyA2 &[] 2245 #id a1 F: K



BRI R S AS R R AT R 0k, SR A (KRR 2R (1 /b PHY S5 #4035

b4k, B OFF-10G-F/R. OFF-18G-F/R. OFF-19G-F/R 5|54 il%f 3 R AL R o ME 5L R4l A\ 4l &
PR R IEER SRR (Glyma.10G141400. Glyma.18G044800 Al Glyma.19G224200) #HATMF /4, P f 5
AR AR F T S T I RAFAE

A: gmphya2 FERRARER . QETTHE: ERDX: BETE: BT BEME: AET: BEAETUR: PAMAIL: L4655 AR DNA
Bt MELk: MPREI DNA F B, B: gmphya2 58284k K Jack Zmi i H . BO7HE: GmphyA2 gk, PHY: MY ERIGE 45
A: gmphya2 mutation types. White boxes: non-coding regions; black boxes: exons; black horizontal lines: introns; black underlines: PAM sites; red sequences:
inserted DNA fragments; black dashed lines: deleted DNA fragments. B: Truncated proteins in gmphya2 mutants and Jack. Colored boxes: structural domains of
GmphyA2, PHY: phytochrome-specific structural domains
2 gmphya2 £i &R ARARI ST
Fig.2 Analysis of gmphya2 pure mutants without transgenic components

2.2 GmphyA2 ZEZE (hFF 1L RT B 4558

ALK H &M T, BRI IR B (RL#: FZEPE TSR FrEER, 4
REKW: gmphya2 AR B EFERT AL, gmphya2-3 7EH B f5 31 KJGHFAE, HHEEX ISP Jack $2EHT 6 K
JF4€: gmphya2-1 fl gmphya2-2 RALAKR REHE G 32 RIGHAL, AL Jack $1T 5 RIFIE (&
3A-E) o fEKEF, JFIEESIR T GmFT2a Ml GmFTSa 2 4% il JF 78 e H] Y 5 ZE L (K . UK 5 FFAE RT3
(V5 W) ) HREUGER4 RNA, #4T GmFT2a 1 GmFT5a R IA DT, 455K EH, gmphya2 FEAZ1K M)
GmFT2a Al GmFT5a & X155 & 1 1, LA gmphya2-3 484K 1) GmFT2a fil GmFT5a )R iA &, e
5 (K36, H) .

W55 7 gmphya2 AR AIEF A Y () oA [A] (R8 . 95% M B3zt (& 3F) o ZERER,
gmphya2-1 7E H i 5 109 KikF| gy, 4= F 465 6 K; gmphya2-2 Il gmphya2-3 7£H 15 105 K1 104
KA, AEE W%k 10 A1 11 K.



A« D: Jack fl gmphya2 ZRAGRLAE T 5 31 KRG EZEIFAET . Ev F: gmphya2 S8A5 (4R E A 70 T4 I 1) A Rl st 18] ) e, B LA 2401 48D
Fx (n=18) . G. H: KEIFFERTIA (V5 1) GmphyA2 Tl e/ LA BT GmFT2a il GmFT5a (WAL Fl #ik 5, #idis LLT3{H4SD £on
(n=3) . ***REREHEE WT fFEGTHE ERIZSR, P<0.001
A-D: Main stem flowering nodes of Jack and gmphya2 mutants after 31 days post emergence. E-F: Comparison of flowering and maturation times between
gmphya2 mutant and WT. Data are expressed as mean +SD (n=18). G-H: Gene expression of soybean V5 stage flowering core integrators GmFT2a and GmFT5a.

Data are expressed as mean =SD (n=3). ***, represent mutants statistically different from WT, P<0.001
3 gmphya?2 SEEE AR EF 4 B FFTE AT B R BN R B T s AL K BB RIE 7
Fig.3 Observation of flowering schedule phenotypes of mutant and WT and downstream flowering-related genes expression analysis

2.3 GmphyA2 REEHIFERERER N

BT BRI R AR R B BRI bR, FEEEL BBRRIE., ERESEZR N
W (E AN o SRR, gmphya2 SRR AR N, Hb gmphya2-3 (A B i £, SFEN
584, LEAMZE 424 (& 4B) . gmphya2-1 F1 gmphya2-3 HIfkE & 2K T AR, HDRFFKT 4.8%
A1 13.7%, 1 gmphya2-2 Ktk S5E AR LHE ZR (B 4C) . gmphya2-2 F1 gmphya2-3 f] B pkbr H0E 3%
ETEAR, SR INT 15.7%F 23.0%, 1 gmphya2-1 FIEFRRE SE AR EHEZSR (K 4D) .
gmphya2-1 FI gmphya2-3 [ 225800 b, a7 1.6 M 34> (B 4E) . gmphya2 RARRR H
P EE A ELEFAE A BB BRAE (B 4F) o ZE EPTIR, GmphyA2 JER RS SHOK G K A B MAr, R
RYUA RGN PR PR, EORCE BRRAT SRR G I o BRR P BR@  2 ph R RORL ORI 7 R B 4 [
SEM . EIXFMELLT, EEREREAC, (H a5 A MoRi R 5 0 2 DLAMEE ERLE 98, B4 Bk R
A ReRFFAAE . gmphya2-2 Fl1 gmphya2-3 I EEARRLEL 7 3G N 1 15.7%F1 23.0%,  IX 34 & LAME kL
P, 3ANRABAR R MR E ST AL E B E R (B 46)



A: Jack Fl gmphya2 FEZER R EAIAR R B: HFAESYRN gmphya2 8RR 4385 C: B A BRI gmphya2 RARR ks D: BFABYRT gmphya2 ¢
AR ARRRIE E: B4R gmphya2 RASKR E2E4 8, F: B4RV gmphya2 R ERLE; G: T4 ALAI gmphya2 RASKHI SRR E; B
R R 10 cm
A: Agronomic traits of maturity in Jack and gmphya2 mutants; B: Number of branches in WT and gmphya2 mutants; C: Plant height in WT and gmphya2 mutants;
D: Number of seeds per plant in WT and gmphya2 mutants; E: Number of nodes in main stem in WT and gmphya2 mutants; F: 100-seeds weight of WT and
gmphya2 mutants; G: seed weight of per plant of WT and gmphya2 mutants; White bar is 10cm
4 gmphya2 SRS AEEBIAN = 24 K MR 547
Fig.4 Analysis of plant size and yield-related agronomic traits in gmphya2 mutants

3. Wig

35 2405 K T T T DAL 85 0 I DA R R U o WA BRI b R A R A P
(RS 2 R A « R L B . R - RK VEURR PR RO . SR LR SR . BRI P A
42451, ORI, FESRRTIE AL SRR, AR 7 B S T3 G b PR 2 5 MR R TR . O T B
WERLT TR, W AURIEK P B R IE A4

KE it & kb, LA K o 52 81 PR % REARUS). 2K W 0R 20 B4 T GmphyA3
GmphyA2 & (311 E3 R E4 LR AT 42 %1 FFAE AT AT [E1B), GmphyA2 35 R A [ 25 5 24 8 2 B A 6k
FELSIIMRE, TS0 FAERT )RR E . (AT, gmphya2 (R AMUIFAER T 5~6 K, Rk
WIHBAHINAR AT 6~11 K, PREiFFIR T 4.8%~13.7%. {EKHWZAMT, E4 KA i DT1 N KRX,
PERF KT 20 AR AL RF ST e, AT 22 O S IR SR, SRR HL G 3 4 B4 SERRI
K ATE K RS T B X TP 5 A KBl 52 B, 0 S AR e AR 0 251 PR, 7E
AWFFEH, GmphyA2 SEFRIGAS AT T FEAR A MK S A1 B 2575, RTINS0 P 0 A0 8 04
T, 3 — WG4 TR Rl R 1% R 7E VR % K S T R $40 TRFEEAE. iR GmphyA2 SR 1) 2 g



SZAR, P RE 2D T 3 AR A AU AR A AR LSRN RIPE AT AR RO AR 2y AR A ARG, S B R0
BeA3En . b4, GmphyA2 JEBH 5 56 O RIPEAE O, T ' A S M SR A2 0 43 s AR T A O
U, GmphyA2 J [ (¥ 52 48 AT B Je I 52 e 0 S i, TRl e R G oy B e RO R A, 5
GmphyA2 ZEA7 FER A RVIAE LG, L gmphya2 JEFZY) NILS GESFEER R TSN 1T I &
FHgl,

GmphyA2 5K G~ B AL BRI 558k, GmEIDL 1E %R GmphyA2/A3 5 2E Wb o 17 = A I f
B, Z5RBREAEGH PG, HEEE G SRR AR 22 13 =1 M8, R R AN U
R DR St O T30 S A [ £ A8 S5 A R v R S AR bR Y LR AT A SR L, T LICARE & m
IR K S P B A B A S R T Rl . ZhaoP1%5 R ] CRISPR/Cas9 & [H i 4 A5 ) i Kb 15
) GmphyA2, #K15 7 1 bp HJA 6bp HRIH gmphya2 F481K. BF5 KL, gmphya2 ZASA T IR & 2 i
K, $RHTIFAEZ) 4 K, BRI, 5T gmphya2 SRAZ (A 7 B AL AR ML ARIE «

AHIE TR B H gm R CRISPR/Cas9 Al T K& GmphyA2 JEH 987544, GmphyA2 JEF AR R F
B R BRI RAR, HRAL 5 CARE S A, FETFAERSIA] . pedl]s 0 Bee. BRI Eas Uy 1 3 30
HEFERS . AU AT 5~6 K, AWM 6~11 R, XEWEAMFENZFTA, RERA]
DASE SIS RO, AT e R A R0 . R BRAIUIER AT, (B R AR (A i o 4 in B R B DR 1 7
FIeE . BB TS RERMETEE . SRS, XUHTER T GmphyA2 EAEMIE R4 R 71, Ak
BIEMVESR . PR R AR ORISR
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