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CRISPR/Cas9 £i g4 MPK7 fil MPK14
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Generating Pre-harvest Sprouting Resistant Germplasms by
Editing MPK7 and MPK14 via CRISPR/Cas9 Technology
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Abstract: Pre-harvest sprouting ( PHS ) is one of the most serious problems in indica rice production.
Generating new germplasm with elevated PHS resistance is applicable by editing dormancy-related gene. Taifeng
B ( TB) is a maintainer line of indica hybrid rice showing high eating quality, whereas this line shows higher
PHS. Two genes MPK7 and MPK14 negatively regulates seed dormancy in japonica rice, but whether both result
in elevated PHS resistance in indica rice remains unclear. In this study, in order to generate the germplasms with
PHS resistance, we deployed CRISPR/Cas9 technology to edit MPK7 and MPKI4 in TB via Agrobacterium-
guided transformation. Six lines harboring modified target sequences were screened from the transgenic offspring

by sequencing, and two were selected for analyzing the seed dormancy. The results showed that the homozygous
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mutant significantly delayed the seed germination, rather than heterozygous mutants which also exhibited

improved PHS resistance if compared to the wild type TB. No significant difference in plant height, number

of tillers and grains per spike between the homozygous mutant and TB was observed. As a result, this study

generated PHS resistant lines by CRISPR/Cas9 strategy, which provided theoretical technology and material

support for the PHS resistance research and rice breeding.

Key words: rice ( Oryza sativa L. ); pre-harvest sprouting ; seed dormancy ; CRISPR/Cas9
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Table 1 List of primers used in this study

L/ ER S S1YPs) (5-3") H

Primer Name Sequence Purpose

U-F CTCCGTTTTACCTGTGGAATCG CRISPR/Cas9 ZR A HEET— 404 1Y
gR-R CGGAGGAAAATTCCATCCAC

MPK7-6aF TGTGGATGCACTGAGGACCcggcagecaagecagea

MPK7-6aR GGTCCTCAGTGCATCCACAgttttagagctagaaat

MPK14-6bF TCGGGCGAGGAGCTTATGGGcaacacaageggcage

MPK14-6bR CCCATAAGCTCCTCGCCCGAgttttagagctagaaat

Pps-GGL TTCAGAggtctcTetcgACTAGTATGGAATCGGCAGCAAAGG CRISPR/Cas9 Z{AMAES 4o 1
Pgs-GG2 AGCGTGggtctcGteaggg TCCATCCACTCCAAGCTC

Pps-GG2 TTCAGAggtctcTetgacacTGGAATCGGCAGCAAAGG

Pgs-GGR AGCGTGggtctcGaccgACGCGTATCCATCCACTCCAAGCTC

SP1 CCCGACATAGATGCAATAACTTC RNk walll

SP2 GCGCGGTGTCATCTATGTTACT

MPK7-decF AACTGTTGGAATCTGGGTTGGA MPK7 #2791 53 Hr
MPK7-decR TGGGATGGGTAACCAAGGGA

MPK 14-decF GGGTGCCCTTAGGTGTTTCAG MPK 14 58 557751 53 Hr

MPK 14-decR CATGGTGGAACCGCTGCTT

HPTF ATTTGTGTACGCCCGACAGT piEE - 2PNp walll

HPTR GTGCTTGACATTGGGGAGTT

1.2 FHEERRE

FR A /K R s W 387 (http: //rice.plantbiology.msu.
edw/index.shtml ) 1 MPK7( LOC Os06g48590 ) I
MPK14( LOC_Os02g05480 ) (1) 3£ A 1§ 5], 2 B8 Xie
281201 gr3 {E CRISPR-GE [®3; ( http: //skl.scau.edu.cn/
home/ ) 1% 11 # i, LA 55 1 48 7 X 3843 51
TE 1A ST 91 (CBR T R I R 2K, GC &
50%~65% ).

FHE S & (Overlapping  PCR ) #% sgRNA
Fk&'7 5 1% PCR FI#3L51%) U-F/MPK7-6aF
Al U-F/MPK 14-6bF §"1#4 Uba, U6b & 311 F#EL5|
¥ gR-R/MPK7-6aR #il gR-R/ MPK14-6bR 4" 1 U6a
U6b 24 1kF, PCR i #&fF:95 C 105,60 C 15 s,
68 °C 20 s, 20 MEFF, HEF 148 PCR /24 3 wL it
17 B W R i L UK, R e G BRI ot a DA R
A HAb A . WA TCEE, MR 1 5 =i ke
10 /7%, 480 1 WL /455 2 % PCR Bk, FH B
51 ¥ Pps-GGL/Pgs-GG2 F1 Pps-GG2/Pgs-GGR 47 il
HEATES 2 %891, PCR [ 4544: 95 €C 105, 58 C
15,68 °C 20,25 MGI. 38 2k B BE A € i fL UK
Kty e sh 5 F PCR F=#alifbidsn & alifbss 2

% PCR 729, (GBI A Rk & BRI E
B 20 ng, ¥ /il 80 ng pYLCRISPR/Cas9Pubi-H Jii %,
TE 1 x Cutsmart Buffer #1 il A 243 & 4 1.0 mmol/L
f] ATP, 0.2 U/pL Bsa 1,3 U/uL T4 DNA FE4ER, %
FE450F: 37 °C 5 min, 10 °C 5 min, 20 °C 5 min, 10~15
PE¥R;37 °C 5 mine F BB T WA
DHS5 o &2 KT, 55 5% 2o %5 PR i v,
S1¥1%F SP1/SP2 #E4T PCR Bl PCR S 4544 H
94 °C 150'5; 94 °C 30's, 58 °C 30's, 68 °C 1 min, 30
PEER; 68 °C 5 min, ZfRHHEERS VKRG A HG 2,

AT A T B AR AKIRE 22+ B
(TB ), R 75bidt = B By L83 (CTAB ) #£
BT, AR5 RE DI BR M A DNA, SR )5 i 25 K% B A
5|49 Hpt-F/Hpt-R X DNA #£17 PCR #;ll, PCR %
M4 94 C 1505;94 °C 308,56 °C 305,72 C
1 min, 30 MEFF; 72 °C 5 min, ZRBENEAEE I Uk
Jei HE 3B S A%ty 1 BRI Oy e 35 DR BH PR AR , T A% 1)
FEIVERE PR, T, ACH R T 35 s 2 T 5 3% 1A
PR,
1.3 TRIEREM

5 #5%F ( MPK 7-decF/MPK 7-decR #11 MPK 14-
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decF/MPK 14-decR ) 43 Jill 9" 34 £ % MPK7 #H 5 5
MPK 14 #0514 F B, PCR W A5F 0 94 C TR
150 s, ff5 4% 94 °C 30's, 60 °C 30's, 72 °C 30 s AYFE
JFHEAT 30 MRS, fie )i 72 CCIEAH 5 min, 28 1.5%
BiNEHEE I F VIR AT o e 6 A THEA Ty o
Snap gene Xl 745 R AT 400, Wi [ -5 2% -
B (TB) JFHilEAT LLXT, PO S e tafik ok R AR AR S o0
BY AR PSR YL AR R AR AR AR o A AR S B
AP Ok R A RN AR A 5 ARG AR K
AR SR AR S WA 6 AR 5
14 EZFSH

PIZER SRR 2 1 mm 15 R & ZEbR e, K20
30 KL (A e sbire ) T, AREER g ik R A1 Kz
24 h, BTHIA —)ZREIELRH 9 cm BEFR ML,
ARG FRAG (30 °C 1B >95% ) AR TRARE , 7645
FERIT R GETT R 2%

FEFEFENE

2020 4F 7 H FA), AR IN SRR, T8 AWDKE T,
AR R R I, B0 R 9 7 47, 4T 7 8K,
PREEANATIEYS S 20 em, H )48 B[] A7 7E
LR RS SAJ 301, 23 i) e A v R O BE S, SRS
LA H AT, I 58 BRI R Tk 45 2
FERZMEIR, ] Excel FAF A Bdls 2t 47 48 1Al
FEHT

2 FHRESH

2.1 EREEE

R4 Xie 2512 )5, 41 % MPK7 ( LOC_Os06g
48590 ) F11 MPK14( LOC Os02g05480 ) 4% 1 /5, 34
M 1ANEFIX(E 1), $2HCTB Ay 7 DNA, H
5% MPK7-decF/MPK7-decR #1 MPK 14-decF/MPK 14-
decR 43y S A X IR ST S X P S A 5

1.5

Start code, ATG,+1

Target: GGGTCCTCAGTGCATCCACACGG+207~+229 ( Reverse )

PAM

MPK7 Exon2

%

Target: CCCATAAGCTCCTCGCCCGATGG,+110~+132 (Reverse )

PAM

Start code, ATG,+1
MPK 14

E1

Exon2

P

|
L

BRFIEMERR

Fig.1 Target sequences and target sites information

2.2 CRISPR-CASY Rix#iknytgiE

FIFHHE & PCR J5 40 2 & A 0 5507 91 K 7
sgRNA F£ik &, 2 1.5% B W Bk e i Tk A 0, 565
— R E B Y A WS Ak YR AR
55 (K 2A ). 28 4P H4 1 U6a-MPK7 £ ik &K
/N 629 bp, U6b-MPK 14 ik & K/NHN 515 bp,
P A ARAR B B (1 2B ). W5 Rk & R A
pYLCRISPR/Cas9Pubi-H #4H, i 42 7= 9 % fk
PR Z 25 KA ( DHS o ), P B 78 Fe T dE AT
PCR " 14, 28 1.5% By RE W Bk Js v Uk A D Js $ /s 24
1100 bp BYZ&4HT (& 2C )o FEIUTRE , 2528 F) 55 Uk
J¥ %1 5 pYLCRISPR/Cas9Pubi-H & ik %5 4 41 % 1%
B, IR T E IEH
23 HREAERERE

DL TB N2 kTt te 4k, 4645 10 1~ T, 1R
BEIL IR PR L1~L10, 43 SRR BT Tt DNA, H
RN (HPT ) 514 HPTF/HPTR Xf DNA 47

PCR ¥4, ¥tk L2 L5.L7.0L8 L9 . L10 {33 W=
547 (29577 bp ), R EL I FHVERE R, L1, L3, L4,
L6 M FHEAAR , e AL PR 2353 60% (1 3 ),
24 BRTREBSW

X 16 HH R 6 2 35 DR B MK R AR A 5 A52
MBSO R ST B, EA TN LX)
Mres R Bon, 3 B0 3 FpR S 2 A0 e L R s A
MPK7 #5548 A8 5, MPK 14 #0594 B85 &
AR (AR (R2), FeILPAIMR REEIORIER,
HED ] BSR4 AR S P BT S5 5% TR, L8 FIL10
(25 S0 A, WILR AP g 21 2 M S ¥ &R
AR SR BRR . L8 A L10 A MPK7 a7 5 73 1]
BT 7 AH 4 AT, MPK 14 A7 SR A T 1 /8
F(E 4), R 2 MRRTH 2 MLS B RARE
AR, Frdmi E FHDIRE T 2 1e 0k JR 2 TAEHX 2
MERIAT
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AR EEE R B S TR IES R C KBTI PCR %45 5L ; M: DL2000 Marker; P: JH 8l T: 21115
u6a-MPK7 ., u6b-MPK14: 2 3K 55 1. 2 BRI RIGFF 3 v b, T 1]

A': Results of the first PCR, B: Results of the second PCR, C: Results of PCR identification of monoclonal bacteria, M: DL2000 Marker,
P: Promoter, T: Termintor, u6a-MPK7 ., u6b-MPK14: two sgRNA expression cassette, 1.2: The monoclonal bacteria, the same as below
E2 #HiFaE
Fig.2 Construction of a CRISPR/Cas9 expression vector

M TB P LI L2 L3 L4 L5 L6 L7 L8 L9 LI10

TB: J{] TB DNA §87 H ERIPEX I ; P2 FBRLY 84 A o iR
TB: A Negative control amplified with TB DNA as template,
P: A Positive control amplified with plasmid DNA as template
E 3 PCREE T, REEFEPREEE
Fig.3 PCR-based identification of T, transgenic plants

K2 T REKESTRER

Table 2 Mutation types of transgenic plants in T, generation

AR A
B Mutation type
Target
L2 LS L7 L8 L9 L10
MPK?7 1 3 2 2 3 2
MPK 14 2 0 0 2 2 2

0: BFARD 1. G 7R s 20 G 7R e s 30 XU S

0: Wild type, 1: Homozygous mutant, 2: Heterozygous mutant,

3: Biallelic mutant

2.5 EERERERKERMES T

Tl 2 2F TR J IR HIR P 68 58 1 P A < K
IR 5 ) PR R 28 R ZEAN R SR R & 2 AR
PRSI B & ZE P HL %55, 2020 4F 11 A BA), ik
KT, AR AT 4T R 2500, BRFMET,
2 I S B R Al G AR S 0 bR IR EE R LT R R
255 2 M S BRGSO BRI T I R 2
W BT TB (B 5A.B), Nik— %50
SRR A ZEE T, FATHAT T 5T K ZF S
¥, W5, 4iA R L8 M L10 T, fCHL AP 1Y &
ZER I, 90N 65.6% F172.2% (K 5 C.D), ¥
B MPK7/14 7% 391 % H S 80M FIe Rk K258 71,
L8, L10 £l 78 SFpF Wirc il & 2 AN i T RHR
PR
2.6 FERZHERDHH

FEMIR A K AT, LR gt T, fRali ARk &R
FEF AR AU B TB bR = A R TR 255K
BRI TR ZE MR (£ 3). Z5HEow, L8
Wi GRS SRS TBAFfE R E 257, 1K
iR 5 TB 22 5 AN 1 25 L10 2liG 0k 5 W FE T4
B IOR AR SRR 5 TB 1Y 22 48 5 i
E I E K. 2 ANBR RS SR 5 TB R
KT 4.5% 1 6.0%.
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MPK74E 55, MPK?7 target site MPK 144 )5 MPK 14 target site

cCCcCGTGTGG 2T GC ACTGAGG ACTCOC CCATCG G GCGAGG A26GCTTATG G G

TB

o My ot Ml
o M

= AR R T AR S 5 o S AR AR A KR T AR S
—: A deletion mutation occurred in the offspring,e: The insertion mutation corresponding to this site occurred in the offspring

B4 AEERERREISFIISN

Fig.4 Target sites of homozygous mutant plants
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A ST TR RN R 285 B A 7e R 2FHE 4 KRR ; C: IFTRh-FASIR] I [F] 09 2 2% 5
D: BFE R TR 4 KB H: ai SRR F; Z: 22 B AERR T 01

A': Germination result of seeds with husk, B: Germination performance of seeds with husk after 4 days of treatment, C: Germination result of seeds without

husk, D : Germination performance of seeds without husk after 4 days of treatment, H: Seeds of homozygous plants, Z: Seeds of heterozygous plants
5 TRERRFHEDN

Fig.5 Germination results of mutants
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*3 EFREHETRHR L8 M L1 fRZHER
Table 3 Agronomic traits of gene-edited lines L8 and L10

R P (em) AR BE ThE(g) GEIAR (%) TERIEL A (mm )
Line Plant height Tiller number 1000-kernel weight Seed setting rate Spikelets per panicle Kernel length
TB 749 +3.7 62+0.6 22.6+0.8 50.5+2.5 136.9+6.2 11.2+0.3
L8 73.9+25 58+09 21.8+0.9 46.0+4.9 131.4+7.6 11.47 0.9
L10 74.5£3.5 5912 19.9=1.1" 44559 129.7 £ 9.0 10.13+0.5™

B FHE 80 = ARifE2E 3R " 78 P<0.05 KF L 2R B3 18 P<0.01 K L2 8%

Values are shown as mean = SD, ": Significant difference, ~: Extremely significant difference

3 itig

AWFFE LA RGO R R 22 F B(TB) N2k,
iH it CRISPR/Cas9 K 2 i 22 40 A1) il i A IR A o
. L4 MPK7 Fl MPK14, %t T, AL
MEAT B A e S 5 R i A0 S A6 0 7 26 3] MPK7
I MPK14 JIREE R (45 AR SRR &R W AT T
WIHATHY

— K FE R AL BE 2 d BRI kL AR Z Fh
T3 diRARRERTEEE . TB A AR 1 d il
TR & 2, Ab T 2 d AR &, A vt & B
TB R & 2E. TB BA ZERII W, s HEAA 55
PRIE JE P, MKK3-MPK7/14 2 #i % MAPK 2% 1,
i H MAPK A% 5138 1 B R AL AE 1 iR (5 5 ok
AL TN E T2 ZGIEAE R T iy
FHFEBIF ST, 5 5 6 TARR R AR 8 0, A
v [R5 # % MPK7 1 MPK 14 J5 R PR IR P i 7
w L S B AT TS S, MPKT7/14 S K RS R TR IR
PEVRHR I — AR A A SRR I &
LEHCR R R 0] Tl A s R 2R A
it — 52 .

TB 4 BAKHRYESS , MPK7 1 MPK14 ]I 75 5
J& , R KR 8, B MPK7/14 F A T TB (1)
PRB P 55 L SE ], TB R H AR 53 5 AR R PR B 4 A 52
00 SR RE. W5 AT DU AR T &, Al
L8 .L10 T, fRAH kA 1 Wi 72 5 1 & 2F il % 0 . I
Vi, 5 75 MPK7 F1 MPK 14 %0 55,35 % A 4l 5715 53
ORI IR SR 0 O RE 10855 . LIRS 5 R IR
FLA LU IR J = A A UAREE g, X B RH ) 3 22 B 4
JOBE = A 5 R 2 TR R AR L AN M A 55 1L, B i
P AR R 2R 70 AW AE ST R R MPK7/14
B GA (55, X WG 2emtoede it 78 % .

[l B 4 MPPK 7 Fl MPK 14 7] D) 45 & K A il &
ZEPUTE, (B2 L10 MR RN Tk 514K 5 35 5 B, 1
L8 [k KA TR TE 5 TB 2 A B 3, X SLgh R

P, T SR AR TR R, R T R T
A A R e R, TG 255 | A— SN T ZE 1R B A
PERAR S R, ZE R BRa sl HARHRRAR 5, W20
W FE DR e A R R R 5 2 A R R S0 T T S8 R
BE, IR R B AR T B A R

3 2o 35 PR TR T BB R BR i 2 3Rz
AT 13530 AT A 223 ok e PR T A A b
A ARG R . AR, FIH CRISPR/Cas9 4l
AR L, HEAT L IS R Bk
R A i seiAR £ R P BA A ek B
CRISPR/Cas9 ZHIL i R 45, [ 2 8 N7,
R AR R L T A A T B SR P R A A e
BAPRHAA RO T 5 B 7 SIE I 5L
SRR AR AT USRS AT, 2 R R E
FiE RT&E

B2 AW R TS ARIR R BT TB )4, i it
CRISPR/Cas9 4B H AR Hil T w5 RAR A5, Bk A
A A HLHI BTSN E] T8 RE, i — 25 UE S KA
H MPK7/14 FERPEGIFF ORI 5 [RIEEASAF 5T 48 1
T MPK7/14 3 AT TB H B BRI A,
F 8 T AT KRR FHLER R B AN

B3
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