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Abstract

Hybrid seed production, which is one of the effective strategies to
increase crop Yield, relies on production of male sterile lines. The objective
of this study was to investigate the possibility of producing male sterile lines
in rapeseed using CRISPR technology. Different genes involved in the
development of pollen and anthers were analyzed and the DADL gene,
which encodes a chloroplast phospholipase and has two copies in the
rapeseed genome, was selected as the target gene. After designing the
CRISPR construct for this gene, the efficacy of this construct was
investigated in Arabidopsis and rapeseed plants. In total, 18 Arabidopsis
plants and 8 transgenic rapeseed plants containing the CRISPR construct
were obtained, but none of the putative transgenic rapeseed plants reached
the stage of seed production, and the putative transgenic Arabidopsis plants
produced empty capsules. To check the effect of the CRISPR construct,
DNA from three putative transgenic rapeseed plants was extracted and the
sequence in the desired region of the DAD1 gene was analyzed. Sequencing
results showed that deletions and additions have occurred in the target site of
the CRISPR construct in the genomes of these 3 lines, and the lack of seed
production in transgenic plants may be due to the failure of the DAD1 gene.
The results of this study indicate that it is possible to achieve sterility using
site-directed mutagenesis in DAD1 gene. To confirm the results and restore
fertility to these lines, more investigations using inducible promoters for
driving the CRISPR construct are required.
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Table 1.Sequence of the primers used for assembly of the DAD1 CRISPR construct.

Sequence (5°— 3°) Primer Name
GTGGTCTCAATTGACGTTTAAACGTGCGCCGATGGGTTTTAGAGCTAGAAATAGCAAG sgDAD1
CGGACGTTTTTAATGTACTG LB
ATCCTGTCAAACACTGATAG RB
TGTGGTCTCAAGCGTAATGCCAACTTTGTAC PDS_R
AGATTGAATCCTGTTGCCGG Det_F
CAAGATGGATTGCACGCAGG NPTII-F
GGCCACAGTCGATGAATCCA NPTII-R
GAATCGACCTCTCTCAGC Cas9
TGATCAAAAGTCCCACATCG AtU6
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Fig.1. Summary of rapeseed transformation. Hypocotyl explants were co-cultivated with Agrobacterium harboring the
CRISPR construct (A). After incubation of the explants on callogenesis media (B), calli were transferred onto regeneration
media for 14 days (C). Regenerated shoots were transferred onto rooting media (D), and finally the putative transgenic plants
were transferred to sterile peat moss (E and F).
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Table 2. Key genes involved in male sterility in Arabidopsis and rapeseed.

Arabidopsis Copy Number in

Gene Orthologue Gene Description B. napus
R2R3 MYB Transcription

MYB80 AT5g56110 factor 8

MYB26 AT3G13890 MYB26 Transcription factor

CDM1 AT1G68200 Zinc finger Transcription factor 5
R2R3 MYB Transcription

TDF1 AT3G28470 factor 3

MEE48 ATA4G14080 bHLH Transcription factor 11

DYT1 AT4G21330 bHLH Transcription factor 3

MS1 AT5G22260 PHD Transcription factor 2

CEP1 AT5G50260 Cysteine protease 6

DAD1 AT2G44810 Chloroplastic phospholipase 2

AMS AT2G16910 HLH Transcription factor 4

CYP704B1 AT1G69500 P450 cytochrome 2
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Fig. 2. Site-directed mutagenesis in Dadl gene. The scheme of the CRISPR construct (A), and the results of sequencing of 2 clones
harboring this construct (B) are shown.
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Fig. 3. Results of PCR amplification of nptll gene in putative transgenic Arabidopsis lines. From left to right: 1 and 18 are GeneRuler 100 bp
DNA Ladder, 2: negative control (water), 3: positive control (Cas9-sgRNA_Dad1 plasmid), and 4 to 17: DNA samples extracted from
Arabidopsis lines 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, and 17, The size of the expected band is 700 bp.
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Fig. 4. Results of PCR amplification of nptll gene in putative transgenic rapeseed lines. From left to right: 1 and 13 are GeneRuler 100 bp
DNA Ladder, 2 to 9: DNA samples extracted from putative transgenic rapeseed lines, 10: negative control (water), 11: negative control (non-
transgenic rapeseed), and 12: positive control (Cas9-sgRNA_Dad1 plasmid), and. The size of the expected band is 700 bp.
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Fig.5. Results of sequencing of the target region of the CRISPR construct. Sequence of the sgDAD1 sequence on DAD1 gene in non-
transgenic rapeseed plants and 3 putative crispered lines (CrisprL1-L3). Sequence and the position of the sgDAD1 are shown. The PAM
sequence (TGG) is indicated on the sequences.
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