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Introduction: Myostatin (MSTN) is a member of transforming growth factor-p (TGF-p), which is
a negative regulator for muscle differentiation and growth in various mammals and plays a key role
in muscle growth and meat quality. Today, CRISPR technology can be used to accurately change
any attribute. The CRISPR/Cas9 technology creates double-strand breaks (DSBs) in the target
region of DNA, which can be repaired by homology repair (HDR) in the presence of the
corresponding homologous repair template or by non-homologous end joining (NHEJ).

Materials and Methods: Guide RNAs (sgRNA) were designed using CRISPOR online software.
Eggs collected from 150 Varami sheep were placed in 50-microliter drops of culture medium in an
incubator containing 7% CO, and 95% humidity. 22-24 hours after VM, a mixture of two guide
RNAs cloned in a CRISPR vector was injected into each oocyte at a concentration of 30 ng with a
microinjection microscope. After microinjection, the parthenogenesis method was used to fertilize
the eggs. After the activation of the eggs in the wells of the 96-well plate, the bottom of which was
covered with cumulus cells and sage medium for eight days in an incubator with a temperature of
38.5 degrees Celsius and 7% CO.gas, they were cultivated under conditions of maximum
humidity. After eight days, the zygotes that had reached the embryonic stage were analyzed with a
fluorescent microscope. The embryos of the test group that emitted green light, as well as one
embryo from the control group, were individually placed in nine microliters of DNA Lysis to
prepare their genomes. They were incubated in a temperature program of one hour at 65 degrees
and ten minutes at 90 degrees. In order to investigate the gene editing of the embryos that emitted
green light, the PCR products of five greened embryos along with one embryo of the control group
were sequenced by the trench method.

Results and Discussion: Finally, 12 sheep embryos were produced, which were analyzed with a
fluorescent microscope, and a total of five embryos emitted green light. The green light indicated
that they had received the CRISPR/Cas9 technology. Among the five embryos, two of the embryos
with guide RNA 1 showed a single nucleotide deletion upstream of PAM. Additionally, two of the
embryos showed a single nucleotide deletion in guide RNA 2, while one of the embryos remained
unchanged. Sequence analysis of the knockout embryos revealed that 83% of the cells were cut.
After creating two types of single nucleotide deletions in different positions of sheep embryos, the
effect of this genomic editing was detected by examining the amino acid sequence of the embryos
in the control group and those carrying the mutation. It was observed that the deletion of a single
nucleotide caused by guide RNA resulted in a change in the genome framework and termination
code, leading to a shorter amino acid sequence in the edited sheep compared to the control group.
This research marked the first time that laboratory embryos of Varamin sheep genetically
manipulated by CRISPR/Cas9 technology were produced.

Conclusion: The nucleotide sequence of MSTN gene in Varami sheep was different from the
sequence recorded in NCBI. Five embryos showed CRISPR technology markers. Both of the
designed guide RNAs caused mutations in the nucleotide sequence and termination code in the
amino acid sequence.
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A PAM sgRNAI
Control AAGACTAGAAG G CCATAAAAATCCAAATCCTCAGTAAGCTTCGCCTGGAAACAGCTCCTA
Testl AAGACTAGAAG G CCATAAAAATCCAAATCCTCAGTAAGCTTCGCCTGGAAACAGCTCCTA
Test2 AAGACTAGAAG G CCATAAAAATCCAAATCCTCAGTAAGCTTCGCCTGGAAACAGCTCATA
Test3 AAGACTAGAAG GCCATAAAAATCCAAATCCTCAGTAAGCTTCGCCTGGAAACAGCTCATA
Test4 AAGACTAGAAG - CCATAAAAATCCAAATCCTCAGTAAGCTTCGCCTGGAAACAGCTCATA

Tests AAGACTAGAAG - CCATAAAAATCCAAATCCTCGGTAAGCTTCGCCTGGAAACAGCTCATA

B PAM seRNA2
Control AGATGACAGCAGCTACGGGTCCTTGGAAGACGATGACTACCACGTTACGACGGAAACGGT

Testl AGATGACAGCAGCTACGGGTCCTTGGAAGACGAT - ACTACCACGTTACGACGGAAACGGT
Test2 AGATGACAGCAGCTACGGGTCCTTGGAAGACGAT - ACTACCACGTTACGACGGAAACGGT
Test3 AGATGACAGCAGCTACGGGTCCTTGGAAGACGATGACTACCACGAATGGGAGCAAACGGT
Test4 AGATGACAGCAGCTACGGGTCCTTGGAAGACGATGACTACCACGTTACGACGGAAACGGT
TestS AGATGACAGCAGCTACGGGTCCTTGGAAGACGATGACTACCACGTTACGACGGAAACGGT

PAM sVl 13 2y g 5k slagby 5o 45 amy o oylis |y (cditusS by, 2o 10 S5 el RNA 5 Slas (A) Y JS&
dw g 93 glalsy o aS aad o L |y (sdiawsS by i 53 90 Leialy RNA 5 Slae (B) .l 0033,8 CBls w5528 s5 S
Cawl 0430,8 Gls 4558l S CBaa oSl B g

el wute olS o > Sy @l s saaliie 9 Sl ob g5 5l odelcwday (slapl 59,89 iUl Lo g a0 550
GRNA/Cas9 (pShoS” (L5 51 (JS (el o plgicds o5 43S (0 @l 3 1) i 203 9 (lalig olesily (b))
Ll3Sleys cnl ad Llos 5 aes Ghalng DS L) sl ICE Jljdle s 5l eolinal b JIg5 gl iS00 Jos
A3 e )5 1y 0ad alpg slaJobe doyd e pbar Joho 1o Sy (owyp g el Sleg)S 03,5515
sl ICE Jilowi 15 )> Laialy RNA (sl Jls 5 cuto 0pslS iy osiipial g sladises 1 b Jly slailé
(¥ JS5) 60y93 o ol 3l duoys AY a8 cuily ol 51 o)lis o ol ST (sl ybg,y (il 5JUT 5

Status @ Guide Target @ PAM Sequence @ Indel % @ Model Fit (R?) @ Knockout-Score @
@ Succeeded GGCGAAGCTTACTGAGGATT TGG 83 .83 83

WARNING - Padding alignment window 10 be at

least 40 In length or to start of seq

RELATIVE CONTRIBUTION OF EACH SEQUENCE (NORMALIZED)

INDEL CONTRIBUTION v SEQUENCE

-1

9% ACTAGAGAGCCATAAAAATCCAAA-! COTCAGTAAGCTTCGCCTOGAAACAGCTCCTAACATCAGCAAAGATGCTA

Synthego ,lzsle s 9,5 £ JS

LbwgS (g a5 ub odalde pgif uiyd) b (el KawsS slaglig) MSTN (5 JIgs (9,5 5l5en 5l an
Mot Oglise mo b 05959 VY 4l G pd conl 00l 3 NCBI > oS pgi5 i3y Jlos b awslde )3 sl
b Js)
uw d‘ﬁ EW) bl.?gl dm; LSL“’QLB) QQl.é.’.‘.o ol.i.{l.? 93y ‘_5.&..355159; ST Bl &93 99 :\fo—l )’l ies)
s el cpls) 0 eaer 5 S 058 3 sy laieliel JIg o5 Gilig ol )Nt



S5 Jsb 5l el o il g MbusS laielipul Jlg5 Jobo 5 398 0 43l 1S 5 p5i5 Caylea ) e o

(7 JS8) ool S5 05,8 shaelaed

se q.NCbi TGCATGCTTGTGGAGACAAAACAATARATCCTCAAGACTAGAAGCCATAAAAATCCARAAT
seq. Irani TGCATGCTTGTGGAGACAAAACAATAARATCCTCAAGACTAGRAGCCATAARRATCCARAT

El o e e e e e e e e o ol e e e o o o o o e e e e e e e o e e o o o e e e e e e e i o ol ol o e o o o o

Seq_Ncbi_ CCTCAGTAAGCTTCGCCTGGAAACAGCTCCTAACATCAGCARAAGATGCTATAAGACAACT
seq.lrani CCTCAGTAAGCTTCGCCTGGAAACAGCTCCTAACATCAGCARMAGATGCTATAAGACAACT
hokk ok hk ok kokk ok ko ko kokk ok ko koh koo sk kok kb ko ko k ok ok ok ok ko ok k ok ko ok ko ok ok ko ok

8 eq.Ncbi TTTGCCCAAGGCTCCTCCACTCCGGGAACTGATTGATCAGTACGATGT CCAGAGAGATGA
seq Jrani TTTGCCCAAGGCTCCTCCACTCCGGGAACTGATTGATCAGTACGATGT CCAGAGAGATGA

E o i e e e e e e e o e e e e e e e i ol ol e e e ol e e e e e e e e e ol ol ol e o o

Seq-Ncbi CAGCAGCGACGGCTCCT-TGGAAGACGATGACTACCACGTTACGACGGAAACGGTCATTA
g eq.lrani CAGCAGCGACGGCTCCTGTGGTAGTCATCGTCTTCCAG-TTACGACGGARRCGGTCATTA

kLT X XTI A A A X XA XX XL FX Hhdedd % A B U i Eol i e e o e o e e e e o e o e o o o

seq Ncbi CCATGCCCACGGAGTGTGAGTAGTTCTGCTAGGGCAGAGCAACGACTCTGCTGACTGCTG
seq Irani CCATGCCCACGGASTGTGAGTAGTTCTGCTAGGGCAGAGCAACGACTCTGCTGACTGCTG

RS R R EEEEEEE S E SRS EEEEEEELEEEESEEEEEEEEEESEEEESE S SRS EEEEEEES

ey s 5 NCBI | 003458 (s2hmsf MSTN Sy 53551 s (355 e (s 0 JSd

A

MOKLQIFVYIYLFMLLVAGPVDLNENSEQKENVEKKGLCNACLWRQNNKSSRLEAIKIQILSKLRLETAPNISKDAIR
QLLPKAPPLRELIDQYDVQRDDSSDGSCGSHRLPVITETVITMPTECE -

B
MQKLQIFVYIYLFMLLVAGPVDLNENSEQKENVEKKGLCNACLWRQNNKSSRLEP -

Mg ST 3 an MSTN S 139337 diselipusl JIg5 (B) MidussS MSTN S5 39331 J 58 (slaiwolinnsl JIgs (A) 1 SIS

a5 ok 5y liawsS 815 daas AlgT o )8 Lide « ST ol 5l edlitwl bl 0058 ladsel jlus Sllges
P Nl igy S CRISPR/Cas9 SusS 1 oalaiwl by wiawsS ol oMol diad pbxl Siogi @0 )l S5
1y ainyge 215 g A g (MidwgS 1) wols slays B amd o oSl oS g 4 &5 conl S5 ple
. .oal s b%

Ok b g Sol Cawdy Sy bl Blo b dibwsS aw Jold (S5 oad il pg diaweS Vo (idoh S )0
Gls L dhm; d.u.o)s ‘C’L’ u;] LY JJJ; Ol.cS] L“’OT W) G,LM:LM: om&lm C:Ul%} FRRERT )1 C)B
oyl pogMe Cuwl 03,8 ol |y Wgs Jos CRISPR/Cas9 jl salawl b o8 9 oyl yobdy Ailey o S5 Slalab
S5 bld l adialpg slasibngS o L mbs 5 <85 )8 Lo g 455 9 wpmdise bl o 0js
33 03yl pg Sllges a8 €83 )8 Llod g 4500 3590 CBdd (i slaodld (ol pogMe N> U, S e
(Yietal., 2020) wsl> i |y Jg5 plSa 59 )8l (aivg llges b auslis
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Sy 20l s 3,9, K lacsgs; 4 CRISPR/Cas9 g Leialy RNA 5,5 5, 45 ol olis (6,500 adllae
RNA GMRNA 5,5 5, 550 cov by, 1y 5 by (sl «Cawl 0ad gl STMSTN b tidngS 43 yglcunsay
sl Glie 9 Vg5 Olie (Olgy 0w J 2 SIB Er oned Sl 48)S5 )15 pudhginw 4 Cas9 g Lainl,
At o iy Sllges ojlailay asl ins Sllgs d2d o lis a5 iis sdnlie 09,5 93 o (gl Aoy 51 s
J et Mg v ool a9 M9 Lk b oy cuin MSTN (55 5 g (b oy ol Ve olass
2 O% 0js 2P B GIEI L delas (SHas (5 o g MSTN GglST 4 oo baoyy ol 009 gl
.(Crispo et al., 2015) L34 g £¢5 Sblgas b dunldo

by Ve s plool oadjialyns MSTN Jols wiiwsS AJss clp CRISPR (65095 5 a8 (6,503 adlllas ,
55,5 W ay 3l 0 )3 B |y WiweS MSTN 5555T 4w aSloial, RNA ks 5 Casd MRNA b o 3,5
loian b JolS gl SEMSTN (ghyls 0 45 ol (Shols 51 oy 05,65 iy 1 ol 0 03 5 503 Jiiie
wortle Coigd 00dgl ST MSTN ol iS5 cdl i )5 ialig gued &5 Ndgs calises
i (doyup g dtazyy HMas (Saely ( Salo oz 5 aw o 3Vb o iy b o b plis | caslas
(Guo et al., 2023) 54 0 aSuie

MhosS 53 % 03 ORI el MSTN JY51 88 53,8 ol (8 slagt S b Gllas (6,505 oSty
Olao deudg sly Dozl LB o, G CRISPR/CaSY (659095 304k 5l 5 JMB] &8 s o )l o) Dgus 0
Sold a5 wmy o olis ondal) agh md e &) e IS8T Ll 4ds oS Sllgs > eolasdl
Glp syold cpl o)l 5 el (v Kl 5 By islpg wlie yuxi ) (slosll 348 sUley CRISPR/Cas9
ol Glr by (oBigp dlge Grizen 5 (B Sletdy 5 )b Cuenl Sy Sllse e plo dawg 5 elit]
(Chenetal., 2023) &S o w2l )3 jomol s youls

Sl o yglcmnds (glp W pEin )3 Wiy o CRISPRICASY (¢5oleiss ;| oolitl b Ban j )b gl
5 MYOI8A (5 o «%; Laialy RNA (gl CRISPOR Jf38la s il jlo fSiie (ol 5 <o ol sascgst
SLC4AA7 ABCA2 £5AR2 FBF1 DDX11 CHD4 OR2G2 CEL (¢l y; g3 Loialy RNA (¢l g ALOX5AP
J ot Jg 9 sl guaiel 0ad L)l 5,8 ololis ¥ 581 5 Gl )5 cule lsisas |, CASPY (SIDT2
slp o8 Ban J )l Colo (id pn ple )3 wuled 12 )0 329 (g g oMbp Mol HdusS (y oAEm e B
bl 0ad S5 oMol Sllges > Can | z )5 (ies zud 0l sl 1de MSTN o]y calises Luialy RNA auw
Cuid oy 3,00 ddllas S§ gl adllas (3 oolatul D)9 o b (SGRNA (oYL céd oniad lis &S Wi
oS g a3 shb alyerly Gun ) 2k el (ly 505 Jgie a5 MSTN 55 o0d iglcSh AidussS
P S YV Gl Sy 05 b)) Ban ) s ez Sl sgme b 5ad b I 5 iS5 Gun gyl o]
Ol 2590 90 s 1 b b Bus |z asl p Slles 51 K> (S WeilSes s ly S g Sllaes 5l diged 9
(Crispoetal., 2015) s plwliss oads b)) adlaie Can 13 (6,500 Bua jl 2,5 5z gy e 59 5 i

CRISPRICasY (5595 (agyar &5 |y (sualyg WihosS (altilof] sloglus) Jbods) sl oioiy ol b
5 GBan 390 1y oyilislsse 5 Sy 9351 45 Laial) RNA 3 adlllas oyl 53 o5 aJg5 31 005 (S35 () Casd
rl 2 ogMe 03)S Wl @sSo5 &GP sy Gub J WelSe S Bl ) e B Glojpr psbar N e

1. Off-target
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D90 03 g 5 )5 3,Shes Lal )l M3
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bl IS b iy MhisgS )3 Wl e gl 5 Bl ] ey 505 (A g 0 (98
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e o 53,Sesy e 5,05 5 3950 48,5 55 3> sl &0 FS35 o 0 5L b oo gl
(Yietal, 2020) s23 o &)l sl pojo (sloisylow (slp

Lalgiind 9 (5 o5 40 .0
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