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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

&35 BLAST (sl WSGRNA a5 alS s Yo g d3ls s
L b5 LSGRNA &5 553 Lol Olpabl b A3 eslizal IS o 535

VPV TE SOV S NV SV ve s

05 esliial 3550 (G S o3l bl (‘JN Sldedly
Ok (John Innes) 5ol Ol Slidiss S e 5l (Gaios oyl

Sl 5VDADL 03 sl LIS 5 wlantl SgRNA >~ b (ol .
o 3l e eslizel (Naito et al. 2015) CRISPR Direct -1
2 oS As bl GSgRNA 1l e 5 oalely sls SQRNA
S 5 sl 53 05 cpl el Cbli= 1y ol
JB AlS S5 s s s8I s om eld sk
WSGRNA ol 035 golazstl 51 xi oliebl (gl .55 e3lizal

VP Ll g jleg /) 0 Lol /(000 Jumw 0590 [ (St § (S| 9 Sl ) (oo


http://dx.doi.org/10.61186/gebsj.13.1.12
https://gebsj.ir/article-1-482-fa.html

[ Downloaded from gebs.ir on 2025-11-17 ]

[ DOI: 10.61186/gebs.13.1.12 ]

‘_/JS B J"‘:""‘i_)')':f‘)T BE) DADl Q) J‘i'}i)

O 5 gabl s

5 Golsiabe hg ead €l ia, 5l S & 05 JEsl sl
ol el (gl Al eslinl (Maheshwari et al. 2011) o1,
12MS L (55 Uoge o3, odd Sste Ao 5uds luzl LS
Jol laazmalS 5 Ssen 5l 5o, V5l e 5 Lad oiS
A Gln s L8 g el o (8 b 4 pladiseln)
A3 e ST sl MS Lasme) (ilueslel Lame (555 ol
oA Sl A 53 e S e 0 24D 1) s e S ke ) GSL
Sl sl p i SLs ST A asls L3 (MES dsys +/0Y0
A0S e 00 s LB L 2 e 00 55 (e S
S g b 00l AE pali ) 53 8 e YO 5 e LS
Vool mb MS Lme 3 68U (avsms 5 et Sle
ODeoo b i = 0358 o giel ¥ 505 Ko Yoo 5 5,800 Aoy
Sde & |58 gen Sadisaizny Ao Vo (68 O il o
o 3 RS el 13 8L Ol g D3 adSs T
22 ol S 0kl S 5 LS S e Olas 4 sk pi )
Cele A Gl ol Kol azs YY gl s Sob Lal s
Jize o5 Sl 4 bl gai s, e LA (IS
sl sl b sy S o Olen ol S Lapee i
A alal O 4 33 e S sl A s S ke YO S
o o033 b3S Sl s YY las s ada ¥ gl e
b dpes e Yor Sa b St csle A 5 55 cele 1
odd LS5 Gl e IS e LS (IS 5L e e
oo 0 L 1 s 6 S (gsl- MS 1550 cuiS b
52 S ke YO 0,8 Sl 1 55 0 S e 0 BAP 2 s S
o B eals JUEI e LS 2 53 0 S s Y0 5 s e 2
GLls MS ol gliaie; Jamee @ ol 1350 slaanalS Ol
ke YO 5 NAA 2 55 0 5 oo o) G 2 5 p ST
sy odalie 5| ey LS esls JUSl sy ) 3 0 S
LS 55, ¥ Gl Bk Jime il ey &) LamalS
Sy L (TCL6 Jue 05 01 518) A5 BB s 5 oS 5 3
Sunsd il e e s Soa 00 H8 DA ey Ve
sy YY gles 5 (SOU cel A 5 Ly, cele N1
VS s S w05 sl e o as ,ueS sl Sl
Lol 5 gl slacnY 51 e85 DNA .l ol adl

NS sy lul K5l 5 (Belhaj et al. 2013) o 4
L Ksls 55 o5 Ll 5l (Weber et al. 2011) 4 | »1 .S
o5 53 5 o CihS L sladkandly 5l al oS oS i,
S eslitad U badendly Jragn cnl 55 s eslizal S
2= (Grimm and VoR-Neudecker 2003) Kl 55,

LA

3 PDS_R (slawly L PCR STy Il aodls sk
(Addgene #46966) pICH86966 ... s, »sg_DAD1
0 = BE u,l*s‘} .34 J..pl} SgRNA axbs U oS rl}u\
A Vs S /0 el 2 SH0 e Jeld 2 S
Q5 3ok w31 3l oslial b 5 ANTPS [N pa5 Koo Yoo a5
(ol 0" ¥ 5l 5581 ol glLls 45 (NEB #M0493)
.hw};éMAjb\JU}))‘PCR Jwﬁxdtfwfl}u‘
'QJK d::)) L J"'.‘."'“ ..,\,J& c.}u:.w‘ (L' et a.l 2013) Q‘)&@ ») g;
58I Ta 5 (NEB #R0535) Bsal (slaw 31 51 eslial b 5 oS
PICHA7751 el 5 SGRNA J U4 (NEB #M0202)
E. Sk 4 05l S5 a2 )3 (Addgene #48002)
Sambrook and ) )l > Sgi S5, L Topl0 « . coli
SN VIO el 5l 5 dL Jll (Russel, 2001
SPCR L L S54S aub 5l e cbld Sl i gl S 4IS
Culg 5 Al el S8 Wbl gl b S5ls 51 SS oL s
Bpil slaw 31 3l eslizud b 5 <S0MS 55, L SJRNA anlas
Addgene ) pICH47742 ianl 53 5K Ts 5 (NEB #R0539)
(b s 5 PCR L L jyls uul 5l o A3 7,5 (#48001
SLs el el 8 Wbl gl LSS 1 S

St S Ol S 5 ey 3kl 51 4 (8 et S 0500 JUSH
o3 SN sy b GVB30L a e psy S ST ol
b SGRNA &8 sl 5138 w5 o5l JUisl 51 L3 .ol iz
was |3 G il o 50 1) e sl T DADL 05 o
Il (gl A 0313 JUl monns sl ,T 40 100l (6 o S 05l
Zhang etal. ) .51 IS (s)sabse sy 5l Leams sl 4 O3
A oslizal (2006

VP Ll g jleg /) 0 Lol /(000 Jumw 0590 [ (St § (S| 9 Sl ) (oo


http://dx.doi.org/10.61186/gebsj.13.1.12
https://gebsj.ir/article-1-482-fa.html

[ Downloaded from gebsj.ir on 2025-11-17 ]

[ DOI: 10.61186/gebs.13.1.12 ]

w8 5 s talsT s DADL 5 2l

O 5 gabl s

23,5 Il b 15 81 PCR Jgeaes i plail 3 51 esliel L oas gl (Doyle 1991) CTAB is,

215 5 3 &5 =5« PCR 2515 DADL 0 (sla ol

L 55 i geizny 0313513 51 G (A) L el (S 3l sl 68U L LSS pes Glaised s aESea Il IS 4 05 Jlist Jol e -) IS
535 (D) W eols JUisl pliais ) laos 4 01550 aoes (555 ool slaazealS (C) sl JUisl L1550 Lases 40 b IS Ga)y Ve e 4 (B) 15058

(F 5 E) was esls Jazl Sl ey a4 Jlaady, Jlans| ase )l 5 Slaamals culg

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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