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Introduction: The CRISPR/Cas9 (Clustered Regularly Interspaced Palindromic Repeats/CRISPR-associated
Protein9) method can create a nucleotide sequence complementary to the target sequence in the desired gene by
Guide-RNA (gRNA) together with the Cas9 protein, which is a cutting enzyme for cutting in the both DNA strands
of the desired sequence accurately and clearly. The DAZL (Deleted in azoospermia-like) gene encodes potential
RNA-binding proteins that are expressed in male and female germ cells before and after birth. DAZL, which acts
by post-transcriptionally binding mRNA in 3' untranslated regions, regulates the germ cell cycle. DAZL initiates
the sexual differentiation of embryonic germ cells. The transfer and transplantation of gene-edited germ cells into
recipient males is an effective method for targeted mutagenesis engineering. In mice knocked out for the Dazl
gene, the number of testicular stem cells was reduced and it was found that the DAZL gene plays an important
role in the differentiation of spermatogonial cells. The purpose of the current research is to edit the DAZL gene by
knocking it out using the CRISPR/Cas9 technique and transferring the somatic cell nucleus into the genome of
the Bakhtiari goat embryo. The inactivation of the gene will be investigated both at the level of the embryonic cell
and the resulting embryo. There are no reports on the production of Bakhtiari goat cells and embryos edited for
the DAZL gene by CRISPR technique and somatic nuclear transfer to improve any traits, including reproductive
ones.

Materials and methods: To target the DAZL gene and explore (predict) potential off-target genomic sites, guide
RNA (20 bp sequences) immediately upstream of each 5-NGG in the DAZL gene was designed using the
CHOOPCHOOFP tool. Plasmid pX459 (9151 bp) was used to insert the gRNA sequence into the CAS9 vector and
determine the characteristics and replication of the vector. This plasmid encodes the Cas9 protein along with the
puromycin resistance gene under the promoter/enhancer, CAGGS, as well as the gRNA scaffold under the U6
promoter. Plasmid pX459 was digested by BbsI-HF (NEB #R3539) at 37°C for 10 min, followed by purification
by NucleoSpin Gel and PCR Clean-up Midi kit (#740,986.20, Machery/Nagel). The purified piece was kept at -
20°C for later use. Ligation of oligoduplex carrying diluted gRNA sequence (1:20 ratio from 10 uM source) (1
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uL), digested pX459 vector (50 ng), 10x T4DNA ligase buffer (2 puL), and T4ADNA ligase (1 uL) in the final
concentration of 20 pL of the reaction was carried out. Ligation mixture transformation was performed with NEB
S-alpha Competent E. coli (#C29871) and then placed on agar culture medium with 100 pg/mL ampicillin and
incubated at 37°C overnight. From the cultured plate, five colonies were selected and each was cultured in LB
culture medium, followed by miniprep plasmid extraction (Genejet Plasmid miniPrep kit, #K0502). Plasmids
carrying the CRISPR system were transferred into cells through an electroporation system.

Results and discussion: The present results proved the possibility of knocking out the DZAL gene using the
CRISPR/Cas9 technique in both fibroblast cell lines and Bakhtiari goat embryos. We performed somatic cell
nuclear transfer (SCNT) to examine the embryonic developmental capacity to transition to the cleavage and
blastocyst stages. The embryos created by knocking out the DAZL gene could grow and develop. The sequencing
analysis using DECODR (Deconvolution of Complex DNA Repair) software showed the knock-out rate of the
DAZL gene in fibroblast cells was 83.3% and in cloned blastocysts, it was 55.3%. The rate of blastocyst formation
resulting from the cloning process with knockout cells was not significantly different from the control group.
Based on these studies, we decided to edit the DAZL gene to produce knockout goat embryos by SCNT. The
embryos were examined and evaluated with the help of PCR-RFLP test and sequencing. It turned out that in the
first iteration, a knockout of 60.66% (the first ten embryos were paid), and in the second iteration, a knockout of
49.99% (the second ten embryos were paid) were achieved. Such mutations have not been described or detected
in Iranian Bakhtiari goats, although polymorphisms have been identified. Using genetic sequencing, the mutations
were of the INDEL type and were all in the form of frameshift, which resulted in a change in the protein.
Conclusions: The CRISPR/Cas9 system easily influences the desired gene and can be used as a strategy to
produce livestock animals that are superior in milk and meat production, reproduction, quality, disease resistance,
etc. This research demonstrated the possibility of gene editing using the CRISPR/Cas9 technique in fibroblast cell
lines and Bakhtiari goat embryos. The blastocytes produced can be used for transfer to the recipient animal and
production of DAZL gene knockout goats for further study and optimization of spermatogonial stem cell
transplantation.
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Table 1. The sequence of two gRNAs (DAZL188 and DAZL121) and their primers, and primers for DAZL gene

amplification
gRNA / Primer Sequences

1 gRNA/DAZLI188 CGACGCCATCTCGCGGAGGC

2 gRNA/DAZLI121 CCACCAACGAAAACAGTGTT

3 Primer -Oligo annealing /Dz188 F CACCGCGACGCCATCTCGCGGAGGC
4 Primer -Oligo annealing/Dz188 R AAACGCCTCCGCGAGATGGCGTCGC
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6 Primer -Oligo annealing/Dz121 R AAACAACACTGTTTTCGTTGGTGGC
7 Primer/DAZL F AGCCTGCAAATCCAGTGATGA

8 Primer/DAZL R ACAACATTACCCAAATCCCACT
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Fig. 3. Left: the oocytes whose nuclei are removed manually with the help of a pipette;
Right: the blue dots are the egg nuclei that have been separated from the mature eggs.
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Fig. 4. Checking the accuracy of gRNA cloning related to DAZL gene
(A: the control plasmid; B: the plasmid with the transferred gRNAs into the vector)

DAZL ;5 s yo gRNA SislS cmo gy -F IS
GFES9 09y 4 oad Jatie GLERNA L soendly B (] 15 aposdly :A)

B = :
Knockout§3 31 |
I | -
= ;

Lot b e 4w

PREN RUF AR E L A

Fig. 5. PCR-based genotyping of positive control cells (wt), negative control cells (ve) edited (E) DAZEL gene.
The output of the Decoder software, B) 83.3 % knockout in DAZL gene of goat embryo, C) the distribution and
the percentage of indels in the target region, D) the sequencing trace in the both control and edited groups
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Fig. 6. The stepwise fusion of the donor cell to the oocyte in 18 seconds, which shows the time steps to
complete the fusion
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Table 2. The total number of oocytes, cleavage, and
blastocysts in the two control and edited groups

Embryo development (%)

Name Total Cleavage  Blastocysts
Control 626 547 208
Edited 434 393 152
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. pazl
&
o \ow‘ﬁ &
v o

Fig. 7. The produced embryos percentage using
cells edited for the Dazzle gene
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Fig. 8. PCR-based genotyping of positive control blastocyst (wt), negative control blastocyst (ve), and edited
(E1-E2) DAZEL gene
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Fig. 9. Output of Decodr software (A 66. 60% knockout in DAZL gene of goat embryo (ﬁrst repetltlon) and B:
49.99% knockout in second repetition)
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Table 3. The rate of mutations created in genome editing embryos for DAZL
NAME WILD Non-frameshift Non-frameshift Frameshift Total
mutations mutations mutations
DAZL128 39.3 39.3 0 60.66 60.66
DAZLI121 50 50 0 49.99 49.99
average 44.65 44.65 0 55.35 55.35
SD 5.35 5.35 0 5.35 5.35
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