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Efficient screening system of effective sgRNA for cotton CRISPR/Cas9 gene
editing
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Abstract: Single guide RNA (sgRNA) is one of the important elements of the CRISPR/Cas9 genome editing technology system.
However, studies have shown that many sgRNAs cannot work effectively. It is worth screening to verify the effectiveness of mul-
tiple design candidate sgRNAs. Instantaneous transformation of protoplasts or leaves with complete editing vectors were used to
verification of the effectiveness of sgRNA in the early stage. These methods are time-consuming and laborious, and the success
rate is not high, especially for cotton with low efficiency of the protoplasmic system. In this study, target sequences were designed
for GAMAPKKK?2 and GhAE genes, and two vectors of GhU6-5P::MAPKKK2-sgRNA-1300, GhU6-5P::4E-sgRNA-1300 which
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transcibed only sgRNA were constructed and injected YZ-1 Cas9 transgenic cotton plant leaves through Agrobacterium; mean-
while, two corresponding complete CRISPR/Cas9 genome editing vectors of GhU6-5P::MAPKKK2-sgRNA-Cas9 and
GhU6-5P::AE-sgRNA-Cas9 were constructed and injected YZ-1 wild-type cotton leaves with Agrobacterium. In addition, target
sequences were designed for GhPDS, GhCLAl, GhMAPKKK?2, and GhAE genes, respectively, and GhU6-5P-2::PDS-sgRNA-
CLCrVA, GhU6-5P-2::CLA1-sgRNA-CLCrVA, GhU6-5P-2::MAPKKK2-sgRNA-CLCrVA and GhU6-5P-2::4E-sgRNA-CLCrVA
virus delivery vectors were constructed and injected YZ-1 Cas9 transgenic cotton plant leaves through Agrobacterium. In the
above experiments, the plants transformed with the empty vector were used as controls. The genomic DNA of the transformed
cotton leaves was subjected to PCR and enzyme digestion, and the PCR products which were not completely digested were cloned
and sequenced. The results showed that no mutation in target gene was detected in the cotton plants transformed with the
GhU6-5P::AE-sgRNA-1300, GhU6-5P::MAPKKK2-sgRNA-Cas9 and GhU6-5P::4E-sgRNA-Cas9, and the target genes mutation
in the Cas9 transgenic plants transformed with GhU6-5P::MAPKKK2-sgRNA-1300, GhU6-5P-2::PDS-sgRNA-CLCrVA,
GhUG6-5P-2::CLA1-sgRNA-CLCrVA, GhU6-5P-2::MAPKKK2-sgRNA-CLCrVA and GhU6-5P-2::4E-sgRNA-CLCrVA vector
was uncovered. The types of mutations included base substitution, base deletion and base insertion. The results indicated that the
strategy of using Cas9 transgenic plants as transformation recipients can efficiently and truly verify the effectiveness of sgRNA,
which eliminated false negative results due to low transformation efficiency, and the strategy of using virus as vectors to deliver
sgRNA was more efficient and accurate. The establishment of this sgRNA high-efficiency verification system provides an impor-
tant technical basis for cotton functional genomics research.

Keywords: cotton; transient transformation; CRISPR/Cas9; genome editing
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Table 1 Primer sequences used in this study

GV3101,

Primer name

Forward sequence (5'-3")

Reverse sequence (5'-3")

GhU6-5P-MAPKKK2-sg
GhU6-5P-AE-sg
GhU6-5P-2-PDS-sg
GhU6-5P-2-CLA1-sg
Test MAPKKK?2-sg

Test AE-sg

Test PDS-sg

Test CLAI-sg

AAGGGTTCCCAGCTGACATA
GAGTTTGGAGGGCTTACAAT
GAAGCGAGAGATGTTCTAGG
TATGCTCGCGGAATGATCAG
CCATGTCGTAGCTTATAAAGG
AGACTTGTTTCAATGGACTC
TGCATGATCCATCACTCAAGTTT
GGATCTGAAAGGTGAAAGGAATC

TATGTCAGCTGGGAACCCTT
ATTGTAAGCCCTCCAAACTC
CCTAGAACATCTCTCGCTTC
CTGATCATTCCGCGAGCATA
TCATTTACCTTCTCTTCCCAG
AATAAGCTGACAGCAGTTGG
GAACGAAAGGCCCTTTCTTTC
TACCGTGATACTTGTCAGCAGCT
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Fig. 1 Identification of gene editing vector by restriction enzyme digestion
Al 2 GhUG6-5P::MAPKKK2-sgRNA-1300  GhU6-5P::MAPKKK2-sgRNA-Cas9. B: 1 2 GhU6-5P::AE-sgRNA-1300
GhU6-5P::AE-sgRNA-Cas9. C: 1~4 GhUG6-5P-2::PDS-sgRNA-CICrVA GhU6-5P-2::CLAI1-sgRNA-CICrVA GhU6-5P-2::MAPKKK?2-

sgRNA-CICrVA  GhUG6-5P-2::4E-sgRNA-CICrVA. M: 2K plus 11 DNA marker
A: 1, 2 are GhU6-5P::MAPKKK?2-sgRNA-1300 and GhU6-5P::MAPKKK2-sgRNA-Cas9. B: 1, 2 are GhU6-5P::AE-sgRNA-1300 and GAU6-5P::
AE-sgRNA-Cas9. C: 1-4 are GhU6-5P-2::PDS-sgRNA-CICrVA , GhU6-5P-2::CLAI-sgRNA-CICrVA, GhU6-5P-2::MAPKKK2-sgRNA-

CICrVA and GhU6-5P-2::4E-sgRNA-CICrVA. M: 2K plus II DNA marker.

2 GhU6-5P:: MAPKKK2-sgRNA
MAPKKK2-sgRNA-1300 GhU6-5P::MAPKKK?2-sgRNA-1300
( 2-B), GhU6-5P:: 636bp ) GhMAPKKK
MAPKKK2-sgRNA-1300 PAM
> R AD ,
( 2-C D),
3 sgRNA
A B
bp M1 2 3456 bp Nde 1
8000 GhMAPKKK2-sgRNA: AAGGGTTCCCAGCTGACATATGG
§§§§ WT: AACAACAAGGGTTCCCAGCTGACATATGGGCGCTTGG
D M1: AACAACAAGGGTTCCCAGCT - - - ATATGGGCGCTTGG
1%)8 A M2: AACAACAAGGGTTCCCAGCTGAIATATGGGCGCTTGG
500 636 A M3: AACAACAAGGGTTCCAGCT - - - ATATGGGCGCTTGG
250 375
100 261
D
MI: 400 ¢ M2: 410 M3: 300
CCAGICTATIATG GG GCTGIATATIATG GG CATAITAGCTA|IG G

2 GhU6-5P::MAPKKK2-sgRNA ¥ [5) 58 25 B 46 1)
Fig.2 GhU6-5P::MAPKKK2-sgRNA targeted mutations

A: M: 2K plus I DNA marker; 1 2 PCR ; 3~6 GhU6-5P::MAPKKK?2-sgRNA-Cas9
PCR B: M: 2K plus II DNA marker; 1 2 PCR ;3 3~6
GhU6-5P::MAPKKK2-sgRNA-1300 PCR C: GhMAPKKK2-sgRNA PCR
Ml D GhMAPKKK2, M2 M3 A GhMAPKKK2 D: PCR s

PCR/RE PCR
A: M: 2K plus II DNA marker; 1, 2: PCR/RE assay of negative control genome before and after the enzyme digestion; 3—6: PCR/RE assay of
GhU6-5P::MAPKKK2-sgRNA-Cas9 genome of single plant sample after enzyme digestion. B: M: 2K plus II DNA marker; 1, 2: PCR/RE
assay of negative control genome before and of single plant sample after the enzyme digestion; 3-6: PCR/RE assay of
GhU6-5P::MAPKKK2-sgRNA-1300 genome after enzyme digestion. C: sequencing of GhMAPKKK2-sgRNA target sequence and mutant PCR
products. M1 occurred at GAMAPKKK?2 from D subgenome, M2, M3 occurred at GhMAPKKK?2 from A subgenome. D: sequencing peak dia-
gram of the mutant PCR product clone, the red box indicates that the base has a mutation region compared to the control. PCR/RE indicates

PCR/restriction enzyme assays.
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AE-sgRNA (659bp), Mfel 436 bp 223 bp
GhU6-5P::AE-sgRNA-Cas9 10 YZ-1 2 ( 3-A), GhU6-5P::AE-sgRNA-1300
, YZ-1 GhUG6-5P::AE-sgRNA-Cas9
GhU6-5P::AE-sgRNA-1300 10 ( 3) ,
YZ-1 Cas9 , YZ-1 GhU6-5P::AE-sgRNA-Cas9 GhU6-5P::AE-sgRNA-
Cas9 1300 ,
DNA PCR AE-sgRNA AE-sgRNA
, , 1
A B
bp M 1 2 3 4 5 6 7 8 9 10 11 12 bp bp M T 2 3 4 5 6 7 8 9 10 11 12 bp

3 GhUG6-5P::AE-sgRNA #f [5] 58 25 B9 4& 1)
Fig.3 GhUG6-5P::AE-sgRNA targeted mutations

A: M: 2K plus II DNA marker; 12 11 PCR ; 3~12 GhU6-5P::AE-sgRNA-Cas9
PCR B: M: 2K plus II DNA marker; 1 2 PCR ;3~12
GhU6-5P::AE-sgRNA-1300 PCR PCR/RE PCR

A: M: 2K plus II DNA marker; 12, 11: PCR/RE assay of negative control genome before and after the enzyme digestion; 3—12: PCR/RE assay
of GhU6-5P::4E-sgRNA-Cas9 of single plant sample after enzyme digestion. B: M: 2K plus II DNA marker; 1, 2: PCR/RE assay of negative
control genome before and after the enzyme digestion; 3—12: PCR/RE assay of GhU6-5P::4E-sgRNA-1300 of single plant sample genome
after enzyme digestion. PCR/RE indicates PCR/restriction enzyme assays.

sgRNA MI13F MI3R PCR
VIGE , Mfe 1 , PCR
AE-sgRNA
GhUG6-5P-2::MAPKKK?2-sgRNA-CICrVA ( 5-0 sgRNA R
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, PDS-sgRNA-CICrVA 8 YZ-1 Cas9
( 4-0 , GhU6-5P-2::PDS-sgRNA-
GhAE , GhUG6-5P::AE-sgRNA-CLCrV CICtVA  GhU6-5P-2::CLA1-sgRNA-CICrVA
(659 bp)(  5-B), 3 YZ-1Cas9 ,
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4  GhU6-5P-2::MAPKKK2-sgRNA-CLCrVA 85 448 3 57 i Fr 46 45 SR
Fig. 4 Results of GhU6-5P-2::MAPKKK2-sgRNA-CLCrVA partial editing effect sequencing

A: M: 2K plus II DNA marker; 1 2 PCR B: M: 2K plus II DNA marker; 3~6
GhU6-5P-2::MAPKKK2-sgRNA-CLCrVA PCR C: M: 2K plus II DNA marker; 1~10
PCR PCR/RE PCR

A: M: 2K plus II DNA marker; 1, 2: PCR/RE assay of negative control genome before and after the enzyme digestion. B: M: 2K plus II DNA
marker; 3—6: PCR/RE assay of GhU6-5P::MAPKKK2-sgRNA-CLCrVA genome of single plant sample after enzyme digestion. C: M: 2K plus
II DNA marker, 1-10: clony PCR product after enzyme digestion. PCR/RE indicates PCR/restriction enzyme assays.

B
bp bp
650 825
436 497
223 312

5 GhUG6-5P-2::AE-sgRNA-CLCrVA 84> 4748 30 N Fr 46 i) 45 2R

Fig.5 GhU6-5P-2::AE-sgRNA-CLCrVA partial editing effect sequencing results

A: M: 2K plus IT DNA marker; 1 2 PCR B: M: 2K plus IT DNA marker; 3~7

GhU6-5P-2::AE-sgRNA-CLCrVA PCR C: M: 2K plus II DNA marker; 1~10 PCR
PCR/RE PCR

A: M: 2K plus I DNA marker; 1, 2: PCR/RE assay of negative control genome before and after the enzyme digestion. B: M: 2K plus Il DNA

marker, 3—-7: PCR/RE assay of GhU6-5P::4E-sgRNA-CLCrVA genome of single plant sample after enzyme digestion. C: M: 2K plus II DNA

marker; 1-10: clony PCR product after enzyme digestion. PCR/RE indicates PCR/restriction enzyme assays.

Cas9 PDS-sgRNA , GhUG6-5P-2::
DNA PCR ,  CLAI-sgRNA-CICrVA 621 bp ( 7-B),
GhPDS , , 1 CLAI-sgRNA
(486 bp), Bfa'l 340 bp GhU6-5P-2::PDS-
146 bp 2 ( 6-A), GhU6-5P-2::PDS- sgRNA-CICrVA  GhU6-5P-2:CLA1-sgRNA-CICrVA
sgRNA-CICrVA 486 bp 621 bp
( 6-B) GhCLAl , , GhPDS  GhCLAI PAM
1 (621 bp),  Bcll AD
417 bp 204 bp 2 ( 7-A), ,
GhU6-5P-2::CLAI-sgRNA-CICrVA ( 6-C, D; 7-C, D),
( 7-B)
GhU6-5P-2::PDS-sgRNA-CICrVA  GhU6-5P-2::CLAI- sgRNA  Cas9 p1300 GhAE-sgRNA
sgRNA-CICrVA Cas9 p1300 ,
R , sgRNA  pCLCrV
PCR s sgRNA R
3 GhU6-5P-2::PDS-sgRNA-CICrVA

486 bp ( 6-B), GhU6-5P-2:: sgRNA sgRNA
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Fig. 6 Results of GhU6-5P-2::PDS-sgRNA-CLCrVA partial editing effect sequencing

A G TTAG

A VY

A: M: 2K plus II DNA marker; 1 2 PCR B: M: 2K plus II DNA marker; 3~5
GhUG6-5P-2::PDS-sgRNA-CLCrVA PCR C: GhPDS-sgRNA PCR
M1 M2 A GhPDS, M3 D GhPDS D: PCR s
PCR/RE PCR

A: M: 2K plus II DNA marker; 1, 2: PCR/RE assay of negative control genome after and before the enzyme digestion. B: M: 2K plus II DNA
marker; 3—5: PCR/RE assay of GhU6-5P-2::PDS-sgRNA-CLCrVA of single plant sample genome after enzyme digestion. C: sequencing of
GhPDS-sgRNA target sequence and mutant PCR products. M1, M2 occurred at GAPDS from A subgenome; M3 occurred at GhPDS from D
subgenome. D: sequencing peak diagram of the mutant PCR product; the red box indicates that the base has a mutation region compared to
the control. PCR/RE indicates PCR/restriction enzyme assays.

A B C
bp bp
Bel 1
GhCLAI-sgRNA: TATGCTCGCGGAATGATCAGTGG
WT:GTTGATGAG TATGCTCGCGGAATGATCAGTGGTTCTGGA
021 621 M1: GTTGATGAGTATGCTCGCGGAAT - ATCAGTGGTTCTGGA
ééz a7 M2: GTTGATGAGTATGCTCG t GGAATGAT - AGTGGTTCTGGA
204 M3: GTTGATGAGTATGCTCGCGGAATGA - - - GTGGTTCTGGA
D
Mi: 160 M2: 460 M& 460
GCGGA|ATAT|ICAGT G AT GIATAGITGGT AATIGAGTIGGT TC
f . N A ‘r“\ ‘, N N
./ Il'"-Il \ II|' \ A\ |ll '.Il (R \ |"‘“."l “\ “".' '-,l { ‘ IJ \ | |
AW INIVAY N YA/ AW
B 7 GhUG6-5P-2::CLAI-sgRNA-CLCrVA 043 458 % 57 N Fr 46 0 45 52

Fig. 7 Results of GhU6-5P-2::CLAI-sgRNA-CLCrVA partial editing effect sequencing

A: M: 2K plus II DNA marker; 1 2 PCR B: M: 2K plus II DNA marker; 3~5
GhUG6-5P-2::CLA1-sgRNA-CLCrVA PCR C: GhCLAI-sgRNA PCR
M1, M3 D GhCLAI, M2 A GhCLAI D: PCR s

PCR/RE PCR

A: M: 2K plus II DNA marker; 1, 2: PCR/RE assay of negative control genome before and after the enzyme digestion. B: M: 2K plus II DNA
marker, 3—-5: PCR/RE assay of GhU6-5P::CLAI-sgRNA-CLCrVA genome of single plant sample after enzyme digestion. C: sequencing of
GhCLAI-sgRNA target sequence and mutant PCR products. M1, M3 occurred at GACLAI from D subgenome; M2 occurred at GACLAI from
A subgenome. D: sequencing peak diagram of the mutant PCR product; the red box indicates that the base has a mutation region compared to
the control. PCR/RE indicates PCR/restriction enzyme assays.

GhMAPKKK2 GhCBP GhAE GhPDS

PCR , YZ-1 GhCLAI PCR ,
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