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Supplemental Figures 

 
Supplemental Fig. S1. Screening for A. thaliana genes and vector backbone of the 
transfer DNA (T-DNA). (A) Screening for A. thaliana genes. Among the total genes, 
2,662 were obtained by searching within the TAIR website using 26 queries (light green, 
except for GA4) related to reproductive organs. The gene GA4, of great interest, which 
involves the gibberellic acid biosynthetic pathway, was also picked up. The last 391 
genes were obtained following the process below: First, 808 highly expressed rapeseed 
genes (with average FPKM > 125) were identified in our transcriptomes of seeds under 
six developing stages (10 DAF, 17 DAF, 24 DAF, 30 DAF, 36 DAF, and 42 DAF); Next, 
391 A. thaliana genes homologous to the 808 characterized B. napus ones were 
obtained. (B) Primary functional elements in the T-DNA backbone of the CRISPR-Cas9 
expression vector DP-05. Hyg represents the hygromycin-resistant gene. 
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Supplemental Fig. S2. Quality evaluation of the pooled plasmids and agrobacteria. (A) 
SgRNA read counts from the constructed pooled plasmids detected by high-throughput 
sequencing (NGS). (B) Density plot of the correct sgRNAs with different read counts 
derived from the NGS data. The average number and the standard deviation are shown 
above. (C) Quality evaluation of the plasmid library derived from the sequencing data. 
The left panel is the ratio of the accurate sgRNAs to the mutated ones; the middle panel 
is the proportion of sgRNAs detected in the NGS data to the total selected; the right 
panel is the proportion of target genes derived from the NGS data to the whole designed. 
(D) Accuracy and representation analysis of the sgRNAs utilizing 355 randomly chosen 
Agrobacterium colonies. 

Total read number of sgRNAs: 8,079,743 

96.7% 3.3%Accurate Mutated

Coverage of designed sgRNAs

98.2% 1.8%

Covered sgRNAs
Not covered

Coverage of targeted genes

99.8%

Covered genes Not covered

0.2%

Multiple

170 (47.9%)

Single

185 (52.1%)

Total number of colonies: 355

Correct Mutated95.7% 4.3%

Total number of colonies: 185 

Number of unique sgRNAs: 171
Number of duplicate sgRNAs: 3

4

2

1

1

1-nt insertion
1-nt deletion
1-nt substitution
Severe mutation

Types of mutations

A

C

D

1000

800

600

400

200

0

R
ea

d 
co

un
ts

Number of correct sgRNAs: 16,228 (89.74%)

5000

4000

3000

2000

1000

0
Number of correct sgRNAs: 1,777 (9.83%)

16000

12000

8000

4000

0

D
en

si
ty

0

5.0e-4

1.0e-3

1.5e-3

2.0e-3

0 2500 >=5000
Read counts

Number of correct sgRNAs: 79 (0.43%)
Number of total detected correct sgRNAs: 18,084

B Mean: 432
Stdev: 728

Correct sgRNAs
Mutated sgRNAs

Correct sgRNAs Correct sgRNAs



 

Supplemental Fig. S3. Evaluation of single sgRNA and characterization of positive 
transgenic lines co-transformed with two distinct sgRNAs. (A) Single sgRNA analysis 
with 82 randomly selected Agrobacterium colonies from those transformed with the 
three times diluted pooled plasmids. (B) Sequencing results of 20-nt target recognition 
sequences in two Agrobacterium colonies of the first generation and four colonies of 
the subsequent generation. Two different sgRNAs were found in the first generation; 
however, these sgRNAs were separated into distinct single colonies in the following 
descent. (C) The schematic diagram shows the pooled agrobacteria solution harboring 
two distinct sgRNAs in equal amounts. The arrows point to the 20-nt target recognition 
sequences. (D) Representative Sanger sequencing chromatograms of the 20-nt target 
recognition sequences in the 19 positive transgenic plants transformed with the mixed 
agrobacteria described in (C). (E) The ratio of the transgenics containing two distinct 
sgRNAs to those harboring a single one. 
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Supplemental Fig. S4. Identifying 20-nt target recognition sequences in the transgenic 
rapeseed plantlets and characterizing the genotyping results in the T0 generation. (A) 
An example of the sgRNA amplicon for high-throughput sequencing. The four base 
pairs marked in green are the protected nucleotides, and nearby are the 6-bp barcodes. 
(B) The ratio of the positive transgenic plants to the negative ones. (C) Percentages of 
the transgenics harboring different numbers of distinct sgRNAs. (D) Summary of the 
genotyping results of the edited genes. Homo, homozygote; Hetero, heterozygote. (E) 
Overview of the genes with two alleles in the editing identification of the target sites. 
(F) Detailed information for the 17 genes with at least three identified alleles in the 
editing interrogation of the target sites. (G) Percentage of cleavage sites cut by the Cas9 
protein derived from the edited alleles with 1-bp insertions. 
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Supplemental Fig. S5. Representative sequencing results of the four target sites in line 
0312 harboring two distinct sgRNAs in the T0 and T1 generation. PAM sequences are 
marked in red and indicated by the black bars above the sequencing chromatograms. 
Inserted nucleotides in the target sites are marked in green and pointed by solid arrows. 
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Supplemental Fig. S6. Mutation examination and identification of marker-free plants 
in the gif1 and kcs6.A09 mutants of the T1 generation. (A) Detailed editing information 
for the gif1 (T0 ID: 0369) and kcs6.A09 (T0 ID: 0594) mutants used for reverse genetics. 
(B) Detection of marker-free plants by agarose gel electrophoresis. The above numbers 
indicate the plant IDs of gif1 mutants in the T1 generation. (C) Sanger sequencing 
chromatograms of the four target sites in gif1 mutant (0369-19). (D) Sanger sequencing 
chromatograms of the target site in the two kcs6.A09 mutants. In (C) and (D), PAM 
sequences are marked by solid black lines, and the arrows indicate the editing sites. 

Line Target Genes Mutations

0369-1

0594-21

 

GATCAGAGGTGACATTGCTG

BnaA02g31040D
BnaA06g29190D
BnaA09g03450D
BnaC09g02740D

Marker free

Yes

0369-4 GATCAGAGGTGACATTGCTG

BnaA02g31040D
BnaA06g29190D
BnaA09g03450D
BnaC09g02740D

Yes

0369-19 GATCAGAGGTGACATTGCTG

BnaA02g31040D
BnaA06g29190D
BnaA09g03450D
BnaC09g02740D

Yes

0369-21 GATCAGAGGTGACATTGCTG

BnaA02g31040D
BnaA06g29190D
BnaA09g03450D
BnaC09g02740D

Yes

CTTGTCTTCCGCACCCCGGT BnaA09g28510DNo
0594-33 CTTGTCTTCCGCACCCCGGT BnaA09g28510DNo

A

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

100 bp
500 bp

2000 bp
B

+1 bp/+1 bp (homozygote)
+1 bp/+1 bp (homozygote)
-3 bp/-3 bp (homozygote)
+1 bp/+1 bp (homozygote)

+1 bp/+1 bp (homozygote)
+1 bp/+1 bp (homozygote)
-3 bp/-3 bp (homozygote)
-1 bp/-1 bp (homozygote)

+1 bp/+1 bp (homozygote)
+1 bp/+1 bp (homozygote)
-3 bp/-34 bp (heterozygote)
+1 bp/-1 bp (heterozygote)

+1 bp/+1 bp (heterozygote)
+1 bp/+1 bp (homozygote)
-3 bp/-3 bp (homozygote)
+1 bp/+1 bp (homozygote)
+1 bp/WT (heterozygote)

+1 bp/+1 bp (homozygote)

BnaA02g31040D BnaA06g29190D

BnaA09g03450D BnaC09g02740D

C

0594-21D 0594-33



 

Supplemental Fig. S7. Capability of reverse genetic screening with the post-genotyped 
positive transgenic plants of T1 generation. (A) Decrease of seed number per silique in 
the gif1 mutant (n=100) compared to wild type (n=70). (B) Decrease of silique length 
in the gif1 mutant relative to the wild type (n=108). (C) Increase of linolenic acid 
(C18:3) percentage in the gif1 mutant (n=12) relative to that of the wild type (n=6). (D) 
Relative expression level of BnKCS6.A09 gene in leaf and 2-mm bud tissues. WT, wild 
type; Hetero, heterozygote; Homo, homozygote. In (A) and (B), the widest part of the 
violin plot indicates the highest point density and the top and bottom are the maximum 
and minimum data, respectively. The middle part of the violin plot is a box plot, the 
center line represents the median, and the top and bottom lines indicate the 25th and 75th 
percentiles. In (A)-(D), Student’s t-test (*P<0.05, **P<0.01, and ***P<0.001) was 
used for the statistical analysis. Error bars in (C)-(D) are standard deviations. 
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Supplemental Fig. S8. Other observed abnormal phenotypes in the constructed mutant 
collection. (A) Representative photos show the abnormal phenotypes of the gif1 mutant 
in the T1 generation relative to WT's. Perturbed primary inflorescences, leafier traits, 
and smaller flowers with narrow petals than WT were seen in the mutants. (B) Mutants 
with delayed emergence of true leaves in the T1 generation. (C) The mutant with 
wrinkled yellow leaves in the T1 generation. (D) Abnormal primary inflorescence was 
found in the T0 generation. (E) The transgenic seedling displays altered architecture in 
the T1 generation. (F) The mutant with wrinkled white leaves in the T1 generation. (G) 
The mutant shows white flowers in the T0 generation. (H) Abnormal petals were found 
in the T0 generation. (I) Mutant displays shorter filaments found in the T0 generation. 
(J) Fasciculate flowers in the T0 generation. 



 

Supplemental Fig. S9. Fatty acid compositions of the self-pollinated seeds from the 
23 randomly selected transgenic lines ahead of editing interrogation of the target sites. 
These seeds were from the plants of the T0 generation. Each dot represents a transgenic 
line, and IDs of the plants used for genotyping and showing significant changes in fatty 
acid compositions are marked alongside. Student’s t-test was used for the statistical 
analysis. 
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Supplemental Fig. S10. On-target efficacy scores and sequence compositions of the 
examined sgRNAs. (A) On-target efficacy scores of total interrogated non-mutagenic 
and mutagenic sgRNAs. Mann-Whitney U test (**P<0.01) was used for the statistical 
analysis. (B) The on-target efficacy scores of sgRNAs targeting different numbers of 
homoeologs. Student’s t-test (n.s.–not significant, *P<0.05, and ***P<0.001) was used 
for the statistical analysis. Numbers of the homoeologs are indicated below the solid 
black lines. In (A) and (B), the scores were predicted by GPP sgRNA Designer with the 
human and mouse reference genomes. In the box plots, the center line represents the 
median, and the top and bottom lines indicate the 25th and 75th percentiles. Each dot 
represents a data point. (C-F) Sequence compositions of total mutagenic sgRNAs (C), 
mutagenic sgRNAs targeting only one homoeolog (D), two homoeologs (E), and ≥ four 
homoeologs (F). The numbers 1 to 20 indicate the nucleotide positions of the sgRNAs. 

With edit
No edit

O
n-

ta
rg

et
 e

ffi
ca

cy
 s

co
re

O
n-

ta
rg

et
 e

ffi
ca

cy
 s

co
re

With edit No edit With edit No edit With edit No edit With edit No edit

One Two Three � Four

A B

C

0.0

0.1

0.2

0.3

0.4

Bi
ts

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Position of the sgRNA target site (total) Position of the sgRNA target site (one)

Position of the sgRNA target site (two) Position of the sgRNA target site (� four)

D

E F

0.00

0.10

0.20

Bi
ts

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

-2

-1

0

1

Human GRCh38

-2

-1

0

1

Mouse GRCm38

-2

-1

0

1
Mouse GRCm38

-2

-1

0

1
Human GRCh38

0.0

0.2

0.4

0.6

Bi
ts

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0.00

0.05

0.10

Bi
ts

0.15

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

n.s. n.s. * *****

** n.s. n.s. * ***



 

Supplemental Fig. S11. Expression features of the target genes and dwarf phenotype 
of line 0635 in the T1 generation. (A) The expression profile of the target genes of line 
0635 in ten indicated tissues of the ZS11 cultivar. Genes with TPM ≥ 1 were identified 
as expressed. (B) Relative expression levels of the two target homoeologs in the five 
tissues of J9709 WT. DAF, days after flowering. The statistical analysis was performed 
by Student’s t-test (n.s.–not significant). Error bars indicate the standard deviation. (C) 
Comparison of the plant height between the mutants of line 0635 in the T1 generation 
and the J9709 WT. Each dot represents a data point of an individual plant. Student’s t-
test (***P<0.001) was utilized for the statistical analysis. In the box plots, the center 
line represents the median, and the top and bottom lines represent the 25th and 75th 
percentiles. (D) The representative photo shows the dwarf phenotype of the line 0635 
mutants in the T1 generation compared to J9709 WT. 
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