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Creation of Early Maturity Mutants by Editing GmphyA2
Using CRISPR/Cas9 Technology
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('School of Agronomy , Anhui Agricultural University , Hefei 230036 ; Institute 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
‘Jack’. The results showed that because of significantly increased expression of GmEFT2a and GmFT5a during
the pre-flowering period, the GmphyA2 mutant flowered 5-6 d earlier and matured 6-11 d earlier compared with
the WT. Although the fertility period was shortened, grains weight per plant 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 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.
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Table 1 List of primers used in this study

IR B2 IFHI(57-3") &
Primer name Sequence(5'-3") Purpose
DT1-BsF ATATATGGTCTCGATTGGAGATCAAGACGTAGTGCTA GTT B ES 9
DTI-BsR ATTATTGGTCTCGAAACGAGATGCGCACCGAACTGGCAA

DTI-FO TGGAGATCAAGACGTAGTGCTAGTTTTAGAGCTAGAAATAGC

DT1-RO AACGAGATGCGCACCGAACTGGCAATCTCTTAGTCGACTCTAC

U626-F TGTCCCAGGATTAGAATGATTAGGC DR By
U629-R AGCCCTCTTCTTTCGATCCATCAAC

Cas9-F CTCCCGGATGAACACTAAGTAC B DR 34 DN
Cas9-R CAGGGTAATCTCGGTCTTGAAA

Bar-F AAGCACGGTCAACTTCCGTA

Bar-R GAAGTCCAGCTGCCAGAAAC

GmphyA2-F ATTGTTTTGTCGGCTCGTAGTT S B SR T A1
GmphyA2-R TCATACTACCAGTGACACGATG

OFF-10G-F CTTGAGGAATGCGTTGGAAA JRLEEA 5 R 7 514 1
OFF-10G-R ACTGGCTCAAAGTCAACGAT

OFF-18G-F CAAATGCCCCACTAATCAGA

OFF-18G-R AGACCTCTCCTCCTGATTCG

OFF-19G-F CAGTGAGTAAGGATGATGTGAA

OFF-19G-R GATTTTCTGTGTCTGATGGAGG

qGmActin-F GTGTCAGCCATACTGTCCCCATTT qRT-PCR il 5 |41
qGmActin-R GTTTCAAGCTCTTGCTCGTAATCA

qGmFT2a-F ATCCCGATGCACCTAGCCCA

qGmFT2a-R ACACCAAACGATGAATCCCCA

qGmFT5a-F AGCCCGAACCCTTCAGTAGGGA

qGmFT5a-R GGTGATGACAGTGTCTCTGCCCA

1.2 GmphyA2 EH %5 1% 1T CRISPR/Cas9

FirH e

MR “ Jack” B9 GmphyA2 KA B F 5, F)
CRISPR-P 2.0 ™ ¥4 (http://crispr. hzau. edu. cn/
CRISPR2) 7£ 2% — 4h & FAb BE i1 2 1~ 19 bp 1Y
sgRNA, sgRNA1 (5'-GAGATCAAGACGTAGTGC
TA-3" ) ) 3’ ¥ H 75 PAM (Protospacer adjacent
motif) J§ 5] “GGG” ; sgRNA2 (5'-CCAGTTCGG
TGCGCATCTC-3") 1) 3" %f H. 47 PAM (Protospacer
adjacent motif) ¥ 51l “TGG” (Kl 1A) . Z % Xing
SV, M R 1) GmphyA2 TR RS W)
CRISPR/Cas9 # ik #k /& pBSE401-Cas9-GmphyA2-
2gRNA. 2> sgRNA 735l H1 Il F 7T U6-26 1 U6-29
Ja 2 F 9K 5l , Cas9 KK Fi AE AR AE - 5 19 35S J
B FUKEN, i v bric 5L K BIpR i 35S 5 81Uk E),

HA SR RTE (BNB) o A i RS E bR
[T B DHS o 8372 25 , HRHBH A B 7 [ -5 0 e , 1
J7 25 R E A R AR A AR FTF TR EHALLOS , i 514
U626-F Al U629-R 47 B Al , FF% Ak 5t i/ 7
SER B ARAT PR 6 58 B
13 REKFENENAEFHTEEELR

LT

% % Wang S5 B9 7 7 ¥ pBSE401-Cas9-
GmphyA2-2gRNA 5446 K & M5, 7645 15 mg/L
LRI B SR SR B SR AR o I PAT/bar 5%
SEDRAG A AR S50 25 A e L DRI R R < i AR 2% i
B2 A% A5 AN 445 SR hy T S DR PH M 5 A 2%
1 455500 R 25 S R i SE R [ . A CTAB 14
IR T i DNA, ifE47 6 56 [543 1) PCR 43 -k
I, 43 )4 ] Cas9-F/R F1 Bar-F/R 5| 4 6 46 0 % 4%
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JiE B L DR A g A Cas9 25 1 25 IR DL 591 2 B PR A
Fko PCRY 1A Z M 10 uL, Hiip,2xKOD One™
PCR Master Mix 5 pL, F/R %5 5|47 (10 umol/L ) %%

0.5 pL,DNA 4z 1 uL,ddH,0 3 pL., PCR ¥ 4 5:1F
7:98 °C 3 min; 98 °C 105,60 °C 55,68 °C 5 (30
) ;68 °C 5 min,

sgRNAI
5'—GA\GATCAAGACGTAGIQCTAGGG—S'

A

S o—_— T — —— — ¥

ATG / ——— TAA
(1) 5-CCAGTTCGGTGCGCATCTCTGG-3' (3372)
sgRNA2
B [ gRNA scaffold  gRNA scaffold
RB  (sgRNAI) (sgRNA2) LB
T I 1 s 55 (B>

A:Gmphy A2 3L 2516 S sgRNA FFH, S J5HE : 5" ARt X, W OITHE SNE T, SO . NG T, B EITHE: 3 Agis X, FRIZ . PAMF
41; B:pBSE401-Cas9-GmphyA2-2gRNA L5785, RB: T-DNA A1, LB: T-DNA ZE1f, AtU6: IFF ST U6 S 3h 1, 35S fEMsEqent
WRE 35S JA BT, BIpR: HLEELWEIL K 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 pPBSE401-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
B 1 GmphyA2 HEEL S ENRERREREEE

Fig. 1 GmphyA?2 target site and gene editing vector construction

1.4 BRI RGETER AR

P BSR4 FH P vk R B9 2t [ 41 DNA, H
GmphyA2-F/R . OFF-10G-F/R . OFF-18G-F/R . OFF-
19G-F/R 5|91 3% GmphyA2 KN 5 K A BN
R, K PCR Wik vh E RO B B R B2t

&2 BREBLLRSH
Table 2 Off-target site analysis

% B 35 247 Sanger 50 L I 514 49 551
GmphyA2-R ., OFF-10G-F , OFF-18G-F #l1 OFF-19G-
F. ] H SnapGene 75 7 & K # 55 v E A9 05 A , #f E
B A AR AR S ARG I o Y FE AR A5 (5
B2, PCRY MR SR 1.3,

i IR AT e L JBE AL e A L RIE-E E RS
Number Position of off-target site Off-target genes Number of mismatched bases Off-score probability
1 Chr.10:+36963993 Glyma.10G141400 2 0.477

2 Chr.18:-3833600 Glyma.18G044800 4 0.171

3 Chr.19:+47512575 Glyma.19G224200 4 0.105

o= SRR BTG R IE SCBE R B

+,— indicate that the position is on the sense strand , the antisense strand of the chromosome, respectively

4 EHHEXERE GmFT2a ¥ GmFT5a B3R i%
T

BRI 40 d(VS ) B9 KSR, F TRIzol ik
7 (Invitrogen, € [# ) 43 B RNA, Jf i Nanodrop
(Thermo Fisher Scientific, 3¢ [# ) & & . f#
HiScript IV i3 4% S fifg (i MERE , A ) HE RNA 55 5%
47 ¢cDNA, i F§ Universal SYBR qPCR Master Mix
Kit (V5 MEHE , o) 78 7300 52 9¢ 6 % HiE PCR X
(ABI, £ [H) {7 qQRT-PCR, B 3 YK 42 (-3 MH .
qRT-PCR /% 4 :95 °C 30 5595 °C 105,60 °C 30 s,

1.5

40 MEFF ;95 °C 155,60 °C 605,95 °C 15 s VEFf#
HHZk . B4 LA GmActind(Glyma.12G063400) 1~ N
ZHERY FERIARXS A R 2
1.6 BEBEXRZHEROZEIT R

FE DR G ik 22 IS AR R ¢ Jack” 78 H A0 B2
BEAE DR 220 5% B b 50 S 00 56 b 5 2 F AR K
HEAME TR, B MRFEMAEY, B0 EH
2200 %k, 50 447, 47K 5 m, 47 10 em, #R IR
10 emo ZKAEAEHE L K e 35 T A B3 R 15044 B a6
FH B 7 v 7 o B R B AL L 5 > Bk
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PEATIN AL, WK 5 DU e oK = A RO R 2R
B BARRORIEL AR B A ORI . R SR A IBM
SPSS Statistics 27 47 HLF 2 Jy 22 534, DA 4
25 5. G5 RUSFIEAPRIEZE (SD)FR .

2 HR59MH

2.1 GmphyA2 ERHRIEHE G RETMEERNIRS
FIFHAAT A S8 pBSE401-Cas9-GmphyA2-
2gRNA B AL 37 1A 5 il < Jack” & , $E45-31) 21 #k TO £
T BEBTMERI AR . A GmphyA2-F/R 51415+ XF TO
FRFL B WM PR A 8 S5 58 8 A6 I, Sanger I
GEREWIA 7R TOAAE MRS s AAAE R AR , 3 i AR
1) LA 244 33% , 43X e LRI 26 N T3 = B
ZARETIR . BT REANSTHEFEB B
GmphyA2 5878k 2E S5 0F F FE 74 TIHR R IT
AT Gmphy A2 BERFIYEE R ] Cas9-F/R Fl Bar-F/R

1Y% EAT Cas9 Fl Bar %G 5L R o kil , 25 5 i
7, FEAG 2 3 PR TCAMIE L R A 2 AR AR
gmphya2-1 FERE 5 X3 H B 93 bp B, 4kt 1093 4>
23 LR W U 1 5 gmphya2-2 A8 #E R X CHS B
104 bp I G FERAG AL , Hihid 34 12 SR 1Y
U 1 5 gmphya2-3 7E8E 5 X 3+2 bp 5k
SR Gt 20 AR 1 . gmphya2-2 il
gmphya2-3 W) GmphyA2 3L R 58215 1 T 5k K 51
(RS T 5 A28 Rl Sy HE T 2 0L, Gy A A e B 1
G/ PHY 25 fa)

I 4, il OFF-10G-F/R ., OFF-18G-F/R . OFF-
19G-F/R 5 #5543 5% 3 Fh2S 70 1 T 4/ s 56 DR 4 A
4l A Bk &R AE IR R L R (Glyma. 10G141400,
Glyma. 18G044800 F1 Glyma. 19G224200) #17 J5
AT, T GmphyA2 5878 R bR Z rh ¥ T4 I 42
fETES

A
ATG TAA
s —— T N
Jack 5't(_}AGATCAAGACGTAGTGCTAGGZ;—3' ) 3'-CCAGTTCGGTGCGCATCTéféé:S'
gmphya2-1 5'-GAGATCAAGACGTAGTG ##++rreesrsensesrnsunmnsonntimimmiiiiiiaiiii. TCTCTGG-3' -93 bp
gmphyaz_z 5'_GAGATCAAGACGTAGTG ............................................................. GCTGA_3' —_ 1 04 bp
gmphya2-3 5'-GAGATCAAGACGTA - CTAGGG-3' 5'-CCAGTTCGGTGCGC--CTCTGG-3' -3 bp, —2bp
B
69 aa
1 aa 1124 aa
Jack GAF KdpD
38 aa
1aa 1093 aa
gmphya2-1 GAF KdpD
gmphya2-2 1aa 34 aa
gmphya2-3 1 aa 20 aa
A:GmphyA2 BG4I (AEOTHE CEGAS X, BEFHE SME -, RO ASF, RO TRLK PAMALL, BOABEL. H0H DNA K

Bt; B: GmphyA2 5375 R S WFAEAY  Jack” IMARASEE 1, B 7 HE : Gmphy A2 FIZ5EFI, PHY AP ZFHE 45 H3

A: GmphyA2 mutation types, white boxes: Non-coding regions, black boxes: Exons, black horizontal lines: Introns, black underlines: PAM

sites, black dashed lines: Deleted DNA fragments; B: Truncated proteins in GmphyA2 mutants and WT, colored boxes: Structural domains of

GmphyA2, PHY : Phytochrome-specific structural domains
B2 GmphyA2 & RTEERISH
Fig. 2 Analysis of GmphyA2 pure mutants without transgenic components

2.2 GmphyA2 REEF LR EIFE5E

fEAL K H BT, B AR R fJack” F
GmphyA2 5&7FR AR [], BP R ( 22094 —
WA T AR ) AFTE2E T, GmphyA2 58 7B (K $
HIFFAE , gmphya2-3TE T 5 31 dJFAE A HE BT AR 7Y

$E1 6 d TFAE s gmphya2-1F1 gmphya2-2 SR RE 5
TEH V5 32 d HF A6, A T B A B AR R S d HF AR
(EI3A~E). fTERE W, HIEIFHEFHF GmFT2a Fl
GmFT5a &4 I AEBT ] i FEZEIER . O G I AL
HIHA (VS H) I -2 UL R 41 RNA, 51 T GmFT2a Fl
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GmFT5a (N3R5 HT. G5RFEW, S AR, HE— B ELT GmphyA2 575 FEF A= B 1 i,
GmphyA2 8B VK I GmFT2a S AT ik 2 ZAESTE], B RS B (95% 1 &2 JE R ) (K 3F) . 452
EETN T 545 s GmETSa 3& K W AR G 635 & 2 /01 BN, gmphya2-1 76 5 109 d KB R, A F
T 745, Hob gmphya2-3 RASAKN) GmFT2a 1 WI46%4 6 d; gmphya2-2 Fl gmphya2-3 15 Hi11 )5 105 d
GmFT5a 335 i, FALRT ) i 7. (1 3G L HD . 1104 d B, A& W50 B 4650 10 dFT 1L d.

E F G H o
S 2 EE T
£ 1000 - ok K 400 1
H — S
B i
gmphya2-3 "[l]_| gmphya-3 - l—I:D.l E[éj % 800 sk é E 300
e 1 =3
gmphya2-2 |—D]'| gmphya2-2 - I'I]]" % i 600 s %g 200
gmphya2-1 I-EI:I-I gmphya2-1 | I-D:I—l E g 400 ; E]OO R
55 L S —
ok | {H . S ﬂ
L DS N I k| 0 | I L 1 < 0
o] -4
0 20 25 30 35 40 45 0 100 105 110 115 120 & & Y 2 & P
IR FFAEREL (d) HH TR REE (d) g & & @
Days to flowering after emergence Days to maturity after emergence @‘\Q qo(‘& @‘\Q v v 9

A~D A TR GmphyA2 587SARFE TG 31 d 9 25TFAE1T 205 B JF : GmphyA2 5828 AR A T TFAE I i) RS T 1 FL 48 n=18;G H: K H.
FEAERTII (VS 1) Gmphy A2 F WAL OB T GmFT2a M GmFTSa HIN Fik i, n=3 ;#3522 F i (P<0.001)

A-D: Main stem flowering nodes of WT (wild type)and GmphyA2 mutants after 31 d post emergence; E,F: Comparison of flowering schedule
between GmphyA2 mutant and WT, n=18; G,H: Gene expression of soybean V5 stage flowering core integrators GmFT2a and GmFT5a, n=3;
***indicates a highly significant difference with P<0.001
B3 GmphyA2 REFMEFERF RN ERBENER THFAEEXERRESH
Fig.3 Observation of flowering schedule phenotypes of mutant and WT and downstream flowering-related genes

expression analysis

2.3 GmphyA2 REBEITEERZ R W/ T 1.6 M3 (EI4E) o 34> GmphyA2 527 14
XFHT A2 B “Jack” R GmphyA2 Z 7S R MR R A AU FORCEAR OB AR AU R R AR (B 4F) o 25 B
ROOTROE ARREL MR  FZEECRARRIE IR, GmphyA2 B RS RO ORI R AR B
RS ELERZMERET THE (K 4A) . 4580 72, FERICHA RO EESE I bk R 2500
IR, GmphyA2 FE7BAR A RO BBCR E W, b BORAR AR R R B OR BE n  BR  E
gmphya2-3 WA BB N2, F3 5.8, W MR B A R F 2 ml e . 78 AR AT
FeEF AR Z2 4240~ (4B) . gmphya2-1F1 gmphya2-3 BOTE LT, QN ER FRRRR S0 38 i mT M R D
() MR & R 2 IR T B AR R, Ay BRI T 4.8% A1 b IR AR A A AT REARFEANE o gmphya2-2
13.7%, T gmphya2-2 Wbk 5B AE RUTE W B 22 5% M gmphya2-3 1 P RRR B0 50 38 0 1 15.7% Al
(E14C) . gmphya2-2 Fl gmphya2-3 ([ HEARRIECR 2 23.0%), 3506 2 DLARMEE 7 RL 3 (1 BEAIG, PR 3 4
o AR R A BRI T 15.7% RN 23.0%, T GmphyA2 7R ARRE FR Y HMORLE 15 BT AR AR LY
gmphya2-1 W ERRR S By AR RG] B 25 5 (K1 4D) . Tolt E 25 (K 4G) .
gmphya2-1F1 gmphya2-3 ) 32575508 E W0, 705
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A BT Gmphy A2 278K 0 A Z L, B3 N 10 em; B~G < 8742 BT Gmphy A2 588 VR AT BB AR ARORIE, 25080 Aok
AR, n=5; * TR 25 57 3 (P<0.05) , **F/R 2257+ W (P<0.01) , *** FyR 2254 i 2 (P<0.001)

A': Agronomic traits of maturity in WT and GmphyA2 mutants, bar is 10 cm;B-G: Effective number of branches, plant height, number of grains

per plant, number of main stem nodes, 100-grain weight, and grain weight per plant for the wild type and GmphyA2 mutants, n=5; * indicates a

significant difference with P<0.05, ** indicates a significant difference with P<0.01, and *** indicates a highly significant difference with P<0.001
4 GmphyA2 REFREFF=ERB X R
Fig. 4 Analysis of plant type and yield-related agronomic traits in GmphyA2 mutants
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