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Disruption of OsRhoGDI2 by CRISPR/Cas9 technology leads
to semi-dwarf in rice
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Abstract: OsRhoGDI2 was isolated as a putative partner of Rho protein family member OsRacD from rice panicles by yeast
two-hybrid, but its function remains unknown. In order to identify the function of OsRhoGDI2, OsRhoGDI2 knockout mutants
were created by CRISPR/Cas9 technology. The results showed that two different homozygous mutants were obtained in Tg
generation, and eight kinds homozygous mutants were identified in T, generation. Sequence analysis revealed that the base
substitution or base deletion occurred near the editing targets of the gene in knockout rice, and it could be expected that the
truncated OsRhoGDI2 proteins lacking the RhoGDI conserved domain would be generated. Phenotype analysis showed that
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the OsRhoGDI2 knockout rice plants were significantly lower than the control plants. Statistical analysis confirmed that the
significant decrease of plant height was due to the shortening of the second and third internodes, suggesting that OsRhoGDI2

gene may be related with rice height control.
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(Oryza sativa L. Japonica cv. Nipponbare).

1.2 E#HRSHIF

K% FF 5 Escherichia coli DH5a -5 R 9 4 F 14
Agrobacterium tumefaciens EHAL105 Hh A S 2 ff
1£, 3K pw-A-cas9 5 pw-B st A w4t
1.3 FERFRRAFE

FR&IPE DI . T4 DNA ¥R . ok HRBGRA
Ml oA S B oK% TaKaRa A F]. K
MR WER | B E SN A A5t
HEPEARARR AW .

1.4 5|41

ASCIE 514035k Primer Premier 5 #ifi%
i, BT (R8) B5 A RA AR
(#1).

1.5 OsRhoGDI2 #m48 401 = A% 1%

# OsRhoGDI2 (AY364312) # 3 & NCBI
(https://www.ncbi.nim.nih.gov/) #4742, HoF4
B, FRSNEFER . R gRNA It
W, 7E 1 54hEF B 2 4~ gRNA #0755, Jf
K H 5K RESE N4 blast HoXF AT 50 TE, BRIASE
G YRR

1.6 HEIHKRREE

ik PLP2 3R, Hil# gRNAL F B,
NAKFRUNT : P1/P2 £ 5 pL, Hp0 40 pl; JWisk
4R . 95 CAFE 10 min, 55 ‘CiBk 10 min,
gRNA2 J Brifi ) P3/P4 5| Wil kil &, KR [F) |

Pl 45 2 4 gRNA F B2 3 5 # 1k
pw-A-cas9 Fll pw-B &%, BEUIERIKRWT
gRNA FBt2puL, #fk 1.5uL, Bsal 0.5uL, T4
DNA #4520 0.5 uL, T4 &bk 1 pL, H,0 4.5 L,
RAIAT 37 TRV 2 h,
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x1 KWMRETABSY
Table 1 Primers used in this study

Primer name Primer sequence (5'-3") Usage
P1 CAGTGGTCTCAGGCACGATGACGAGGAAGATGAG Synthesis of sgRNAL

P2 CAGTGGTCTCAAAACCTCATCTTCCTCGTCATCG

P3 CAGTGGTCTCAGGCACCCCTCCGTGAGCTTCTCG Synthesis of sgRNA2

P4 CAGTGGTCTCAAAACCGAGAAGCTCACGGAGGGG

P5 ACGGTGTCGTCCATCACAGTTTGCC Amplification ok Fyglnens
P6 TTCCGGAAGTGCTTGACATTGGGGA

P7 CCACCTATTCTTCTCGCACATTC Amplification of OsRhoGDI2 editing target
P8 AGGCTCTCATCCTCCTTCCAAGT region

off-1-F CCTATGCCCTGGACCTGAAT

off-1-R GGGACCAAGAAAAGGAAAGAGT

off-2-F CATTTGAGCCTGCCTATCTG

off-2-R CCTATCCCGACCTTAAACCAA

off-3-F GCAAACAAACAACCTAACTGACCG Amplification of off-target
off-3-R CAAAGCCCAGCCGAATAAAC

off-4-F AATCTGAACGCCCAAATGC

off-4-R GGATGAACTGAACAGGTACAAGC

off-5-F GGCTTCCCCTGGACTGTAAA

off-5-R ATCTCGCTTCCCTGATGACC

Note: Bsa [ restriction site is underlined.

DL 43 B 3R 2 AN %5 4k DH5o
JRAZASANNL, ZBAVERE AL T ROTHEE . I, BRI
Bk J5 0 B 4 B B S Bl i 44 GDI2-A 5
GDI2-B.

1.7 HEWRIEFHA pW-T-OsRhoGDI2 B#iE

BUE A9 GDI2-A 5 GDI2-B Jiikr, ##HELT
TR R AT RV E R N . /RRWF . GID2-A1 L,
GID2-B 1.5 pL, Lgul 0.5 uL, T4 DNA %
0.5 uL, T4 ZZupi 1 pL, Ml ddH,0 % 10 pL, &
10T 37 TRV 2 he DLHGEEE I T4 327 (1
1k, FATBAYER AL F 0L . AR, #RIA S
A AR 4% R pW-T-OsRhoGDI2,

1.8 JKFEHNIR R L K IF ik

DIARFF R A 154 pW—T—OsRhoGDI2 LS AN
b HAIE K R A2 2, H M ik e o 1o AR A 7K
e (TofR) KZEpuntbimt, 3BT H 3L R4 DNA,
L P5/P6 5| ¥4 A 1E4 7 2 K 4] DNA f) PCR A,
PHAZ N 10 pL: 2xEs Taq Master Mix 5 pL,
P5/P6 4 0.4 uL, DNA 0.4 uL, ddH,O 3.8 uL; ¥~
B 4F . 94 CHASME 2 min; 94 °C 30s, 57 C
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30 s, 72 'C 20 s, {7 34 PMEIR; 72 CAIEA

2 min, 1% A HEEE R HL UK A I P I 25 5 . SR T4

[FIAZR, DL P7IP8 5| A& 340 % dni 4 v ST 41

FEXT PCR 7=y e [mI il J, 0 P 25 SR SR Primer

Premier. DNAMAN 5 Chromas #1437 .
LR KA To AR 2 ik [m] I .

1.9 OsRhoGDI2 #riE/KFERYFRE 247

PR 3 #k ToAR4liA 19 OsRhoGDI2 i K A
FEMR, WML SEAERDKE H AR ZSR . fi4
K ZERAJHEr, W HEikE . SRR,
AT BB ] Microsoft Excel 2018 ¥EA 74811274y
Br, JEA] DPS {4 #E4T 85 25 ko, W
Origin85 HH-1ER .

2 BREMT

2.1 OsRhoGDI2 4miE R = BY 1L ¥ R B A E
OsRhoGDI2 JFH#2R B, ZEKd 5 b

WA 4D E AL AR G A A ]

FE 1 SH0 P BT (8] 1), Hidr, #4
M1 (Target 1) i F 1 54ME 725 230-252 bp 4b;
HOA S 2 (Target 2) T 1 54MEF55 153-175 bp
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A EAME |, FLBE A S A RS 54 bp.
LG R % gRNAL 5 gRNAZ, E 1153
M52 pw-A-cas9 Fl pw-B 4%, il % Al Ak
GDI2-A 5 GDI2-B. i 2 Al gk EE U4 42,
T A FR R 3R pW-T-OsRhoGDI2 (A 2),
M) Hyg JE N Cas9 LR 4 H1 CaMV35S
BT, gRNAL 5 gRNA2 ¥ OsU3 J5 8+

Target 2

[ACCCCTCCGTGAGCTICTCGGGG]

kg, DA NOS & F+41).

2.2 OsRhoGDI2 i KFEHTFIE S £ E

ZRATF R F IR TR A R E, 76 To
RIEIRAT 11 MRS A PR REAR . W1 KL B
PR ER, 11 PR IERUKFG . gl s
FPANY s R BoR, P 5 598 bp K
IR H R B (B 3).

LOC4340881

Target 1

5"-GCQCCCCGAGAAGCTCAC GGAGGGGTt_‘C TCGCGCGCCGCTGAGGC TGAGGAGGAGGAGGAGGTGGTGGAGGATGAGGAGGIACGATGACGAGGAAGATGAGGGG}AAG— 37

—
~—

5_UTR iExon IF E&iﬁ 2

Intron 1

1 OsRhoGDI2 EEZEH N EHEHLSHMNE

Intron 2

Exon 3 Exon 4 Exon 5 3-UTR
H 1 I

Intron 3 Intron 4

Fig. 1 Schematic diagram of OsRhoGDI2 gene structure and the sites of target sequences. PAM sequences are

underlined.
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promoter

gRNA2 35S Cas9

promoter termmator

Fig. 2 Construction of pW-T-OsRhoGDI2 vector. LB: vector left border; RB: vector right border; Hyg: the resistance
gene of hygromycin; OsU3 promoter: rice U3 promoter; 35S promoter: Cauliflower mosaic virus (CaMV) 35S promoter;
Nos terminator: Agrobacterium tumefaciens nopaline synthase gene (Nos) terminator; gRNA1 and gRNA2: guide RNA,;

Cas9: the gene of Cas9.
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Fig. 3 Agarose gel electrophoresis of the editing target
sequences amplification products. M: DL2000 marker;
1-11: T, transgenic lines.
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¥ Eik PCR =¥l e, FdAT e sl ot . 45
RiIR (£2), TR A G FR 61 (4 54.5%).
WENRAEMRR 2 4 (4 18.2%). 4iftkR 2 4>
(5 18.2%). AWK R 11 (5 9.1%). Toft

11 MRRR G AE R T AR AT S HURT, Rt
6 NMRGHRRTAH 24 (#1. #5) TEMOALE 2 bk
AR, A0S (H2, #3. #8., #11) TEHRA S 1 4b %K
HGRAR s 2 AN RARKR R (#7. #9) BITEHLAL
ML RAAR 2 A RAR (#6., #10) HYFERD
s 1 Ab RAERA (K 4).

XF 1538k Ok A TofCHIZR &5 WEE A RAL R T
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F2 T ETREEFRKERTLEILR
Table 2 Comparison of mutation type between T, and T, transgenic lines

T, generation (n=153) T, generation (n=24)
(from T, Heterozygous and Bi-allielic lines) (from T, Homozygous lines)

Mutation type T, generation (n=11)

Heterozygous mutation 6 (54.5%) 65 (42.5%) 0
Bi-allielic mutation 2 (18.2%) 6 (3.9%) 0
Homozygous mutation 2 (18.2%) 45 (29.4%) 24 (100%)
No mutation 1 (9.1%) 37 (24.2%) 0
A . Sequence
Line Target 2 Type
#1  Allelel: CCGCCGCCGCGCGCCCCGAGAAGCTCACGGAGGGGTCCTCGCGCGCCG WT
Allele2: CCGCCGCCGCGCGCCCCGA - -AGCTCACGGAGGGGTCCTCGCGCGCCG d2
#5 Allelel: CCGCCGCCGCGCGCCCCGAGAAGCTCACGGAGGGGTCCTCGCGCGCCG WT
Allele2: CCGCCGCCGCGCGCCCCGAGGGGAA ~— -~ - - - - oo m oo o G m4/d22
Ref: CCGCCGCCGCGCGCCCCGAGAAGCTCACGGAGGGGTCCTCGCGCGCCG
Sequence
Line Target 1 Type
#2  Allelel: GAGGAGGACGATGACGAGGAAGATGAGGGGAAGGT WT
Allele2: GAGGAGGACGATGACGAG ------- AGGGGAAGGT d7
#3  Allelel: GAGGAGGACGATGACGAGGAAGATGAGGGGAAGGT WT
Allele2: GAGGAGGACGATGACGAGGAGAAGGGAAGGGGGGG m9
#8  Allelel: GAGGAGGACGATGACGAGGAAGATGAGGGGAAGGT WT
Allele2: GAGGAGGACGATGACGAGGACGAGGATGGGCTCGG m7
#11 Allelel: GAGGAGGACGATGACGAGGAAGATGAGGGGAAGGT WT
Allele2: GAGGAGGACGATGACGAGGAA - - TGAGGGGAAGGT d2
#7  Allelel: GAGGAGGACGATGACGAGG ------ AGGGGAAGGT dé
Allele2: GAGGAGGACGATGACGAGG --------- GGAAGGT d9
#9  Allelel: GAGGAGGACGATGACGAGGA - - - - GAGGGGAAGGT d4
Allele2: GAGGAGGACGATGACGAGGAA - - - GAGGGGAAGGT d3
#6  Allelel/2: GAGGAGGACGATGACGAGGAAGA - - - GGGGAAGGT d3
#10 Allelel/2: GAGGAGGACGATGACGAGGA - - - - GAGGGGAAGGT da
Ref: GAGGAGGACGATGACGAGGAAGATGAGGGGAAGGT
B Line Sequence Type
Target 2 Target 1
WT  CCCCGAGAAGCTCACGGAGGGGTCCT.. ACGATGACGAGGAAGATGAGGGGAAG WT
#1-1 CCCCGA - -AGCTCACGGAGGGGTCCT... ACGATGACGAGGA - -- - - - GGGGAAG d8
#5-1 CCCCGAGGGGAA---------------- ... ACGATGACGAGGAAGATGAGGGGAAG m4/d22
#5-2 CCCCGAGAAGCTCACGGAGGGGTCCT... ACGATGACGAGGA - - - - GAGGGGAAG d4
#9.1 CCCCGAGAAGCTCACGGAGGGGTCCT... ACGATGACGAGGA - - - - GAGGGGAAG d4
#7-1 CCCCGAGAAGCTCACGGAGGGGTCCT.. ACGATGACGAGGA- - -- - - GGGGAAG dé
#7-2 CCCCGAGAAGCTCACGGAGGGGTCCT.. ACGATGACGAGG --------- GGAAG d9
#8-1 CCCCGAGAAGCTCACGGAGGGGTCCT... ACGATGACGAGGACAAGGATCAG-——-- m6/d21
#8-.) CCCCGAGAAGCTCACGGAGGGGTCCT.. ACGATGACGAGGAAG -- - - - GGGAAG ds
#11-1 CCCCGAGAAGCTCACGGAGGGGTCCT.. ACGATGACGAGGAA - - TGAGGGGAAG d2
#10-1 CCCCGAGAAGCTCACGGAGGGGTCCT... ACGATGACGAGGA - - - - GAGGGGAAG d4

4 ToRE T REEERBERRIELSFHI LR

Fig. 4 Comparison of the editing target sequences between T, and T transgenic plants. (A) Comparison of the editing
target sequences between T, transgenic lines and WT. (B) Comparison of the editing target sequences between T,
homozygous transgenic lines and WT. The targeted sequences are highlighted with underline and PAM sequences in
shadow. The deleted sequences are shown by black hyphens, and red fonts are mutated bases. m: mutation; d: deletion;
WT: wild type; #1 to #11: T, transgenic lines; #1-1 to #11-1: T, homozygous transgenic lines.
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#1, #2. #3. #5. #7. #8. #9. #11) T AAU/KREH%,
SRR (R 2) B 65 MAHA (5 42.5%).
6 NN RAFRR (5 3.9%) .45 M AR AR (H
29.4%) . 37 DARBEIGIBRR (f 24.2%). T4k
bk R 5 B AR R T Y AR U 91 LR, e PR A
2 MR A RAT AT 1Rl (#5-1); ¥B4 4 1 bRk AE
RAFMA 6 Fp (#5-2 5#9-1. #7-1. #7-2. #8-1,
#8-2. #11-1); $BA7s 1 58005 2 ¥R AR
A 1HP (#1-1) (& 4).

Xt 24tk CkA TofRM4liA 284 FF#10) T,
ROKRET e, 45 B, 24 ¥k (#10-1) 24007
A LA 4 S BRILCAGAT”, 2828 3 5 5 To AA#10
—F JFASHTUEN, T A AR SR R PR R
HAT 6 Fr (#1-1, #5-1, #5-2 5#9-1 5#10-1. #8-1,

#8-2, #11-1), Hi4b, TEXT A0 s HE A P 1Y
St R, JEARECA IR R B B

TR 3 AN AR oA 1) T AREE Gk R 5P
A I T T OsRhoGDI2 25 [ 1 22 L R 471 HE %o
(B 5). HHT 3 Al MRk R AL AR Bl L Bk
&K, FHEOZIH =AM RA S T LR, BER
FIZ k., A B 2 1 R SF 1) RhoGDI 4543,
TR, DRI A R DR KRS H OB TE R T AR E R
OsRhoGDI2 & .

NPEAL 2 ARSI ALN, , AT IR
T AUHY 3 RRali AR AR IR#L-1, #5-1, #5-2)dE T
i o Xt 5 ANVELE IR 64T PCR 978, Iy
LT 2 B0, JIT A A 00 AR %) 0 A J A7 S 3R
MR7E (R 3),

EEEFPARAALRPENENY: Goatait]
EEEPAZARRPEESNN GEERN)

rssaagepssssaaaaaiscsssnddekpppslegkelrrveeeepaaaarpe g

WT EAEEEEEVVEDEEDDDEECEBRVAEAICLGERVEIKECLEMDKECESLRRNKECLILG 120

#1-1 RR. ittt it inensascanananns

#5-1 EAEEEEEVVEDEEDLL . EERGRWRR
#5-2 BLRRRRRWWRMRRTMIR. . .KMRGRWRR

.............................. 62

< @S B..... GSASRSS TRRMR. 108
...BS ... GSASRSS TRRMR. 102

-

WT SVDLNSVBESLEPCVRITSLCILSPERECVIEPLPVEPSNSKEPWFTLKEGSTYRLKETF 180
Hl-1] cscccssssccsscssssssscssssssssssssssssssssssssscssoscsssssesss 62

3 0 62

B R I I 122

F T I I I 116
!

WT AKTKFVOLDCRKCYLEINYTFLDIRRLCWECK 269
7 62
HG.] sceesserecnsserttctassensanane 122
H5) ereesrettsntatetenesaarnenens 116

5 FERE T, RASHMRKARERIR OsRhoGDI2 REBRF 5B 3T Lt
Fig. 5 Comparison of amino acid sequences of endogenous OsRhoGDI2 between wild type and T, homozygous
knockout lines. The conserved domain of RhoGDI is underlined. WT: wild type; #1-1, #5-1, #5-2: T, homozygous

transgenic lines.
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23 OSRhOGDI2 BiI K FEE R 4347 (4 6A, C). XF RS REZE 11 R K LA PR
X R FH AR OsRhoGDI2 Rl /K REMIEF AT 25N, 3 ANRlBRER AR 11250 SER IS K
IKREATIRES . FEMEAY, 3 MK RIRR bR M ELIF A RO S REAIG 19.005 27.0%, 45T 1,
AR A BORH B A, Geit2fombrieon, 3AVmiBR  ZRINREIN i E K (Kl 6B, 6D). {HZ 3 bR
WAV TR 9.3%, H2EFRRIMEEKE HREANERKSEERML IS E2ER.

*3 BERBMLSDHW
Table 3 Analysis of putative off-target sites

Mismatching Detected Mutation

Putative off-target Putative off-target locus Sequence of putative off-target site bases No.  plant No. plant No.

Targetl-off-1 Chr1:15308-15330 GCGAGCACGAGGAAGATGAGGGG 3 3 0
Targetl-off-2 Chr11:114855-114877 AACGGATCGAGGAAGATGAGGGG 6 3 0
Target1-off-3 Chr12:45131-45109 GAAGGGGCGAGGAAGATGAGGGG 6 3 0
Target2-off-4 Chr2:87871-87893 CCATCTCCTTGAGCTTCTCGGGG 4 3 0
Target2-off-5 Chr8:47065-47087 CCTCCTCCGCGAGCTCCTCGGGG 4 3 0

Note: mismatching bases are in red fonts; PAM sequences are underlined.

!
v

Plant height (¢cm)
£ N
s 3

[
=

Panicel and stem length (cm)

WT  #1-1  #5-1  #5-2

6 FERET REEEKARIULER

Fig. 6 Phenotypes of wild type and T, homozygous transgenic lines. (A) Morphologies in the mature stage. (B)
Morphologies of panicles and internodes. There are WT, #1-1, #5-1 and #5-2 lines from left to right. (C) Height of
plants in the mature stage. (D) Length of panicles and the first to fourth internodes. Bar=5 cm; * P<0.05, ** P<0.01,
n=10; I : first internode; II: second internode; III: third internode; IV: forth internode; V: fifth internode; P: panicle;
#1-1, #5-1, #5-2: T, homozygous transgenic lines; WT: wild type.
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3 i

FRIE B, FF CRISPR/Cas9 H A 4w 7k
P, YOI A Sk 5 R R AR B B 145
ARy, $REL DN g ShRE L S e RO AR
F| ] ALHE & CRISPR/Cas9 3 ik % 1A %t /K 75
OsRhoGDI2 it [H if 17 & s g i, LM T
OsRhoGDI2 JE [F] ) i B

F 5T 8%, FH CRISPR/Cas9 + A 4w 7k
T A 11 272 1T AR AL B S AR R e, A
WFRAE To RARAT 2 Fhali & mtBrK RS, 4300 R ik
SRR (#6) 5 4 MIEKR (#10), HF
B 3 3 3 fEE B I S8 AR AN S RS A 2R AR
PRZR#6 ST, R LT 2 T Rk T4l &
PRR BT, RAGF RS ZRAE AL . Xt T ARKFE
(24 BRAH A To A4l & Fl7#10, 153 #Rok B To U4
BRAGWEN AT FH#L, #2, #3, #5. #7.
#8. #9. #11) 4hZLifivk, RTS8 Fhali & bRk
Fi o XF To AR ElA ml Bk K RS 4 4 8 A 4 o0 B 2 B
T To ARG 1#10 bR R ILJF IR RS To AR
PYRARRAY, il To RIS GHRRTE TR
Al DR E A%, Wil B2k H CRISPR/Cas9 £ AR 7E
To AU A AT RERVE 2 4 G bRk AT, X 5 E3EU0
a0l B gy 46 3, JEW] CRISPR/Cas9 4 A H.
A SRt

FIA Ty ARl A @Rk R ST R 1 R 53
M, R IHR 3  25 SR e AR i — MR b Bk
PR LR A KR S R PR I R S R Y R
SRR B bk s 0 TS A M T A AL 64 2
KETFME LYy T a5 B A s P,
HE, PR AR — A fE . Liang 84
IKF IE H AR 50%- 5 50%—100% F) 1 43 1)
SE SUN BRI B, AW 0 3
OsRhoGDI2 FE[H Ty U4l & bRk Feikk R AH HLEF
AT BRI AL TR A RURE & 50%-100%2 [H]
J&F AR R AR AR TR SR — R ek o
i BB FH R 55 B BU R AVE DB b Bl DA A S
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P TRa e ER AUk R RS S K
k), Takahashi 5 Takeda ZHR#E /K A%
BETHEKME, BKREARZARS R dn, dm,
sh, d6 5 nl 5 FhSAY, ASCHRAS A ZS AR (R 35 H 81
BIAFEIEEN B EHEMRL, BT dm 2K,
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