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Construction of zgw6 Mutants in Rice Based on CRISPR/Cas9 Technology

WANG lJia-Feng, ZHENG Cai-Min, LIU Wei, LUO Wen-Long, WANG Hui, CHEN Zhi—Qiang*, and GUO
Tao

National Engineering Research Center of Plant Space Breeding, South China Agricultural University, Guangzhou 510642, China

Abstract: A set of tgw6 (Thousand grain weight 6) mutants were constructed using CRISPR/Cas9 technology in this study. Three
sites of 20 nt guide RNA (gRNA) targeted to the exon of TGW6 were designed and transcribed from the U3, U6a and U6b pro-
moters, respectively. The three target sites of gRNA were then ligated to the vector pYLCRISPR/Cas9-MT(I) based on golden
gate cloning strategy. The recombinant plasmid was transferred to a rice cultivar, H447 (R819/Yuzhenxiang//R819 BC;Fg) by
Agrobacterium-mediated transformation. Sequencing for the genomic DNA of TGW6 locus in T, rice showed the mutagenesis
frequency for TGW6 was more than 90%, including 51% of the homozygous deletion mutations. Further analysis for the T, mu-
tants showed almost all the homozygous deletion mutants improved the thousand grain weight significantly (more than 5%). The
successful #gw6 editing not only provided a series of rgw6 mutants for high and stable yield of rice but also proved that
CRISPR/Cas9 is a facile and powerful means of rice genetic engineering for scientific and agricultural applications, which has
important theoretical and practical significance for rice breeding.
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Fig. 1 Maps of YLCRISPR/Cas9-MT(I) and pYL-U3/U6a-b-gRNA vectors
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#1 gRNA#BSURBZERFT
Target sites of the gRNA and the oligonucleotide se-
quences

Table 1

RNA
gRNA Oligonucleotide sequence (5'-3")
TGW6U3-T1-F ggcaGCCAGCATCTGGACCTCGG
TGW6U3-TI1-R 2aacCCGAGGTCCAGATGCTGGC

TGW6U6a-T2-F
TGW6U6a-T2-R
TGW6U6b-T3-F
TGW6U6b-T3-R

gccGGCTACAGCCATGAGAAGCA
2aacTGCTTCTCATGGCTGTAGC
gttgAGGCAAGCGGCGACCGCGG
2aacCCGCGGTCGCCGCTTGCCT

1.3 pPYLCRISPR/Cas9-tgw6-gRNA

Ma [ (1)
1 gRNA
( 1 pmol L), 95
30 s, ; (@) :
pYL-U3-gRNA pYL-U6a-gRNA pYL-U6b-gRNA
1 pg, 20 pL , 5~10 U Bsa I
(NEB) 20 min, 70 10 min ; (3)
PCR : pYL-U3-gRNA
pYL-U6a-gRNA pYL-U6b-gRNA
, B1°/B2 (B1’:
5'-TTCAGAGGTCTCT CTCGCACTGGAATCGGCA
GCAAAGG-3'; B2: 5'-AGCGTGGGTCTCGTCAGG
GTCCATCCACTCCAAG CTC-3") B2’/B3 (B2’: 5'-
TTCAGAGGTCTCTCTGACACTGGAATCGGCAGC
AAAGG-3'; B3: 5'-AGCGTG GTCTCGTCTTGGTC
CATCCACTCCAAGCTC-3") B3’/BL (B3’: 5'-TTCA
GAGGTCTCTAAGACACTGGAA TCGGCAGCAAA
GG-3'; BL: 5'-AGCGTGGGTCTCGACCGGGTCCA

TCCACTCCAAGCTC-3") gDNA (gRNA
DNA ) , 95 1 min, 95
15s 60 15s 68 30s 30 ;(4)
: gDNA PCR
20U Bsal 37 30 min, 75
5 min; Bsa 1
pYLCRISPR/Cas9-MT(I) T4 DNA
ligase (NEB) 20 2 h; (5)
DH5a )
R Asc 1 R
(Asc 1) Thermo Fisher Scientific
1.4
Hiei % ,

pYLCRISPR/Cas9-tgw6-gRNA
EHA105 , PCR
1.5 DNA PCR
CTAB DNA[?!

PCR 2.5 pL 10xbuffer for KOD-Plus 0.5
uL KOD plus (5U uL™") 1 pL 25 mmol L™
MgSO; 2.5puL2mmol L' dNTPs  0.5uL (10
pumol L") (Cas9-TGW6testF  Cas9-TGW6testR) 0.5

pL DNA, 25 uL 94
3 min; 32 94 30s 55 30s 68 60
S , 68 5 min 1%

( 1xTAE), BIORAD

, Thermo Fisher Scientific
, 2
1.6 T-DNA tgwb
PCR To
T, T,
DNA PCR , tgwb

hptF: 5'-AAGCTG
CATCAT CGAAATTGC-3" hptR: 5'-AAGAATCTC
GTGCTTTCAGCTTCG-3' PCR

T-DNA tgwé
T-DNA
tgwéb H447, 2 s
6 6 20 cm x 20 cm,
(
)
1000 (g), 2
<5% SPSS13.0
, (One-Way
ANOVA) Duncan s
P=0.05
2 FEREDH
2.1 gRNA
CRISPR/Cas9 tgwé ,
CRISPR/Cas9 )
pYLCRISPR/Cas9-MT(I) pYL-U3/U6a-b-gRNA
3

TGW6 (1),
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3 ( 2-A), TGW6 gRNA pYLCRISPR/Cas9-MT(I)
, Golden gate (18] 3 ( 2-B)

ATG TGA

PAM
..AGCCAGCATCTGGACCTCGGCGGATCAC..
Target 1

Initiation codon PAM PA
..GGCTACAGCCATGAGAAGCACGGCGAGGCAAGCGGCGACCGCGGCGGC..

Target 2 Target 3

Lef ner | pubi [EESST Tnos -mf'}lgRNgRN ¢eRNA—] RB

Targetl Target2 Target3

2 gRNA #8475 % CRISPR/Cas9-gRNA RI¢A %R E E
Fig. 2 Target sites of the gRNA and cloning of gRNA cassette into the CRISPR/Cas9 vector
A:3 TGW6 ;B:3 pYLCRISPR/Cas9-MT(I) T-DNA
A: position of the three targets in the7G W6 gene locus; B: T-DNA fragment assembled with the three targets and the pYLCRISPR/Cas9-MT(I)
vector.

2.2 pYLCRISPR/Cas9-tgw6-gRNA 2.3 tgwé
pYLCRISPR/Cas9-tgw6-gRNA CTAB To ,
Asc 1 R 3 .3 gDNA Cas9-
(1.8 kb ), gRNA TGW6testF  Cas9-TGWo6testR  tgw6
pYLCRISPR/Cas9-MT(I) 200 bp DNA PCR
, U3s (5'-GCATG ( 5-A) , tgw6
GATCTTGGAGGAATCAGA-3') U6as (5'-GGCTA ,
TCGAGATG CCATACA-3") U6bs (5'-AGAGAAGC ( 5-B), tgw6
CTAGTGTGCTCT-3") (Target 1~3) 90%, 51% (
( 4), Bsal 3 100 bp ), 39.5%
«n 24 T-DNA 1gw6
pYLCRISPR/ Cas9-tgw6-gRNA
T-DNA 1gw6
M1 , T, tgw6 ,
hphF  hphR PCR
, Ty
10000 bp ( ), 6
3000 bp 1gw6 PCR ,
2000 bp T,
oot € 2. ;
(5%
250 b 3 itig
3 Ascl Bg11% F pYLCRISPR/Cas9-tgw6-gRNA % {& CRISPR/Cas9

Fig. 3 Identification of the pYLCRISPR/Cas9-tgw6-gRNA
plasmid digested with Asc I
M: 1 kb DNA ladder marker; 1: pYLCRISPR/Cas9-tgw6-gRNA. (zinc-finger nucleases, ZFNs)?*?Y  TALE
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Fig. 4 Sequencing results for the three target sequences
A
M123 4567 8 91011121314151617 1819 20 21 22
1000 bp
750 bp —
500 bp
250 bp
B . .
WT GCCATGAGAAGC......oveeveeeeereerrerieranan CCTGGACCTCGGCG....ACTACA Deletion/Insertion Frequency
8 GCCATG AGAAT..CCTGGACC-CGGCG...ACTACA -102/-1 1
10 GCCATGA------GCA..CGACCG TCGGCG..ACTACA —3/-120 1
2 GCCATG GGACCTCGGCG..ACTACA —141 1
11.. GCCATGAGAA GGCG..ACTACA —144 5
18.. GCCATG GGCG..ACTACA -148 6
4. GCCATG ACTACA -369 2
4 GCCATGAGA--GCA...c.ooeeeeeeererreeerreeesssesssrrnsss e CCTtCGGCG.ACTACA -1+1 3
7 GCCATGAG--GCA....oooereeereerereeeseereenseereess s s saeens CC--CGGCG..ACTACA —2/-1 2
9 GCCATGAGCACGCA...CGACC-Cuunrrrrrrrrrs cerveereernen CCTCGGCG..ACTACA —2/+3/-1 2
B 5 tgw6 RETIKAY PCR M & H 554 8 F 5 Eb 33 4 47
Fig. 5 PCR identification and sequence alignment of 7gw6 mutants compared to the WT line
A: Ty (1~22) tgwé DNA PCR , (WT) H447, 953 bp; B: A PCR
(WT) « 5 A

A: PCR identification results for the DNA fragments near the edited locus of the tgw6 Ty mutants (1-22) and WT line (H447); B: sequence
alignment of zgw6 mutants compared to the WT line. “Frequency” refers to the frequency of the same edited mutation among the corre-
sponding mutants in the electrophoresis map of A.

(transcription  activator like effector nucleases, (Cas9) DNA
TALENs)>271 2 , CRISPR/Cas9 CRISPR/Cas9

) gRNA
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1112 13 1415 16 17 18 19 20 21

M 1 23 456 7 8910

2000 bp

1000 bp
750 bp
500 bp

250 bp

Bl 6 A5 tgwo REMKE B REEH PCR &
Fig. 6 PCR identification for hph gene of parts of 1gw6 mutants
; 6~9: 123 bp ; 10~13: 141 bp ; 14~17:
148 bp
1: WT; 2-5: the 103-bp deletion-mutants; 6—9: the 123-bp deletion-mutants; 10—13: the 141-bp deletion-mutants; 14—17: the 144-bp
deletion-mutants; 18-21: the 148-bp deletion-mutants.

1: WT; 2~5: 103 bp 144 bp ; 18~21:

F2 TEEB 1gw6 RERTHBTRENESR
Table 2 Thousand grain weight of different types of homozygous deletion mutants of 1gw6

Mutant type Base deletion (bp) Thousand-grain weight (g) Percentage increased (%)

Wide type 0 22.0+0.50 a 0

1 103 23.1+£0.57 b 5.0

2 123 23.4+0.50 b 6.3

3 141 23.1+0.47 b 5.0

4 144 23.7+£0.38 b 7.7

5 148 24.0+£0.35 b 8.2
+ ; 0.05 (Duncan’s )

Data listed in the table are mean+standard error; values followed by the same letter within the same column are not significantly dif-

ferent at the 0.05 probability level (Duncan’s method).

tgwo , To tgwb
tgwo
To
T,
Xu 19
s T2
1) ,
b b 2

T,

gRNAS

51%,

PCR

:Tl

gRNA

90%,

To
1gwé

20% 19 PCR
DNA
, gRNA
[28]
CRISPR/Cas9
tgwé (313 bp
15%" ,
CRISPR/Cas9

(20 bp

5%
)
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[29-35]
, CRISPR/Cas9
[36-37] 1~2
4 it
( )
tgwo ,
(fer
Chalk) (tms5)

Bist: Roastded Rk K5 xR R R R
pYLCRISPR/Cas9-MT(I) % gRNA # 4k (pYL-U3/U6ba-
b-gRNAs).
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