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Targeted Editing of Rice SD1 Gene Using CRISPR/Cas9 System
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Abstract: [Objective] In the last century, the usage of semi-dwarf rice varieties brought about significant improvements
and great achievements in rice breeding. Most of the semi-dwarf rice varieties have loss-of-function mutations in the
Semi-Dwarfl (SD1) gene. In order to obtain sd1 mutant, targeted editing of SD1 gene was performed. [Method] SD1 gene
editing vector CRISPR-SD1 was constructed by using CRISPR/Cas9 system, and transformed into two rice restore lines
Shenfan 17 and Shenfan 24 by the Agrobacterium-mediated method. [Result] Homozygous sd1 mutants were obtained in
T, generation in both varieties, and vector-free sd1 mutant lines were segregated from the T, population. The plant heights
of the two sd1 mutants were decreased by 25% as compared with those of their wild types. [Conclusion] CRISPR/Cas9
is a powerful tool for rice target gene editing, and has enormous potential in rice molecular breeding.

Key words: CRISPR/Cas9; gene editing; rice; Semi-Dwarfl
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Table 1. Primers used in this research.

GlE/EZ SIMFFIG -3 )

Primer name Primer sequence (5" -3' )

Oligo-F TGGCGGAGGATGGAGCCCAAGATCC
Oligo-R AAACGGATCTTGGGCTCCATCCTC
M13-F TGTAAAACGACGGCCAGT

SEQ1-F GGGTCATTGATTCGACCATC

SEQ1-R GTGCTCGGACACCTGGAAGAAC
EXON1-F GTCATTGATTCGACCATCATGTCTGTC
EXON1-R GAATTACTTGTTCTGTTGCTTCGAAGCA
EXON3-F CTCTCCGTTGATGAATGATGATG
EXON3-R CTTCTGTTCGTTCCGTTTCGTTC
HYG-F CGTGCTTTCAGCTTCGATGTAGGA
HYG-R GCATATGAAATCACGCCATGTAGTGT
CAS9-F CTTCATCGAGCGGATGACCAACT
CAS9-R AGATCGTGGTATGTGCCCAGGGA
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Table 2. Putative CRISPR/Cas9 target sites in rice SD1 gene.
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H Z<H§ Nipponbare =~ ATHGEFQVSEHGVDAALAR  PSAATPQHYPDFTWAD
Kasalath ATHGEFQVSGHGVDAALAR  PSAATPRHYPDFTWAD
ZR213 ATHGEFQVSGHGVDAALAR  PSAATPRHYPDFTWAD
CR3 ATHGEFQVSGHGVDAALAR  PSAATPRHYPDFTWAD
1 %17 Shenfan 17 ATHGEFQVSGHGVDAALAR  PSAATPRHYPDFTWAD
£ %24 Shenfan 24 ATHGEFQVSGHGVDAALAR  PSAATPRHYPDFTWAD

B 1 7kFE SD1 SERSFFIREL XY

Fig. 1. Comparison of rice SD1 amino acid sequence.
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B T HEAL T B VR (7 £ T 4 8 5 fr e DNA %
Target number Sequence of target site Protospacer adjacent motif Site / bp DNA strand
1 GAGGATGGAGCCCAAGATCC CGG 108 +
2 AGATCCCGGAGCCATTCGTG TGG 122 +
3 GAGCCATTCGTGTGGCCGAA CGG 130 +
4 GGATCTTGGGCTCCATCCTC AGG 107 -
5 ACGAATGGCTCCGGGATCTT GGG 120 -
6 CACGAATGGCTCCGGGATCT TGG 121 —
7 TTCGGCCACACGAATGGCTC CGG 129 -
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psgR-Cas9-0Os-SD1
3 4 5 6 7 8

250 bp

CRISPR-SD1
M N 1 2 3 4 5 6 7 8

250 bp -

S o et o N s

M—D2000 #ric; N—RIPEX i 1~8— ik,

M, D2000 marker; N, Negative control; 1 to 8, Clones.
2 PEMTEFERIEE PCR fHik

Fig. 2. Screening positive clone by colony PCR.
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PREL 4)o [RIEE, XA 7 L R 0 A 17 1) B ok (1)
DRI AT EAT I, 45 R T AR AR B BEAT A5 A
AR, 3693 CRISPR/Cas9 %[l 4 35
B R IR 8L 1. TEIL, 2l aRTg
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NERE 17T FIHRE 24, 16 T, A%, WE THRZE 17 il
R 24 HRE. AROES. BEK. TRIE. AR
AL SLRERZMR, RS EA1E 3 REA R
HZE 17 FIHIE 24 AHLEG, FR T PR B2 T 4
(FB&EZ) 25%), TR ZHRE3%A HBLEE T
B (K 5).

RERY  REMS

Line * Mutant type Homozygous
WT CGGTGTGCGACCTGAGGATGGAGCCCAAGA' TCCCGGAGCCATTCGTGTGGCCGAACGGC or not
#17-1 CGGTGTGCGACCTGAG CCCGGAGCCATTCGTGTGGCCGAACGGC  d15 B Yes
%172 CGGTGTGCGACCTGAGGATGGAGCCCAAGAAITCCCGGAGCCATTCGTGTGGCCGAACGGC i T No
#17-4 CGGTGTGCGACCTGAGGATGGA TGGCCGAACGGC  d25 2 Yes
#24-2 CGGTGTGCGACCTGAGGATGGAGCCCAAGAGITCCCGGAGCCATTCGTGTGGCCGAACGGC i1 % No
#24-5 CGGTGTGCGACCTGAGGATGGAGCCCAAGAATCCCGGAGCCATTCGTGTGGCCGAACGGC it 2 Yes
%24-8 CGGTGTGCGACCTGAGGATGGA d69 £ Yes
#:24-11 CGGTGTGCGACCTGAGGATGGAGCCC---GA TCCCGGAGCCATTCGTGTGGCCGAACGGC — d2 7 No
%24-16 CGGTGTGCGACCTGAGGATGGAGCCCAAGATITCCCGGAGCCATTCGTGTGGCCGAACGGC i1 £ Yes

IREOFARFTRIET S, N RIERF R B R AL S W REAR I T (PAM) T 51, JrHER RHENGREE, B2k R R, #75kFoR Cas9 BV .
The grey letters indicated the target sequence. The underline indicated protospacer adjacent motif(PAM) sequence. The box represented the insert
base. The transverse line indicated deletion sequence. Arrow indicated the Cas9 cleavage site.

3 ToREBEEREHRFZRS SD1 EFERTHEBK S

Fig. 3. Mutation type in SD1 gene of T, transgenic lines.
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#17-4
Fan 17-4

24-5
Fan 24-5

M—D2000 $rict; W—H A A5 1 ~24— T, B 5L KA A P1— 514 M13F 1 Oligo-R; P2— 514 HYG-F 1 HYG-R; P3— 5|4 CAS9-F 1 CAS9-R.
M, D2000 marker, W, Wild type; Lanes 1-24, T, transgenic plants; P1, Primer M13F and Oligo-R; P2, Primer HYG-F and HYG-R; P3, Primer

Cas9-F and Cas9-R.
4. T RPFASHEEFEDBAFFIEKRD PCR ik
Fig. 4. PCR screening of transgenic-free plants in T, generation.
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Fig. 5. Agronomic traits of wild type and T,-generation sd1 mutants (n=20).
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