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CRISPR-Cas system Introduction: Homeodomain transcription factor 1 (PDX-1) is necessary for proper

Gene editing pancreatic development and -cell function. The Clustered Regularly Interspaced Short

Iig\}t;vgus_d Palindromic Repeats (CRISPR) system, in conjunction with CRISPR-associated
uide

protein 9 (Cas9), facilitates modifications, particularly deletions, within the genome.
The use of lentiviral vectors for gene transfer to somatic stem cells has increased
significantly. They harbor advantageous features, including a relatively high gene
loading capacity, a diminished likelihood of gene expression silencing following
integration into the genome, and high efficiency in delivering genes to a variety of
target cells. Furthermore, they elicit no undesirable immune reactions and offer a broad
selection of alternative envelope proteins.

Aim: This study aims to introduce a mutation in the chicken PDX-1 gene. A guide
RNA (gRNA) will be designed to complement a specific region of the PDX-/ gene.
This approach aims to create targeted mutations with potential therapeutic applications
in gene therapy.
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Creation of a lentiviral recombinant construct containing the PDX1 gene using the CRISPR/Cas9 system

Materials and Methods: The PDX-1 gene was cloned using the
LentiCRISPRvV2GFP vector. To delete and modify the PDX-1 gene, a specific single
guide RNA (sgRNA) sequence is designed. This sgRNA sequence is approximately
100 base pairs (bp) in length, with about 76 bp derived from the scaffold segment
already integrated into the LentiCRISPRv2GFP vector.

The region responsible for binding the sgRNA to the target genomic sequence is 20
nucleotides long and is complementary to 20 nucleotides in exon one of the PDX-1
gene. The CRISPR Design Tool (http://crispr.mit.edu) was used to design a specific
sgRNA sequence targeting the PDX1 locus (sgPDX1).

The double-stranded oligonucleotide fragment and the LentiCRISPRv2GFP vector
were subjected to enzymatic digestion using the Bsmbl restriction enzyme. To create
the LentiCRISPRv2GFP-sgPDX1 vector, the cleaved sgPDX1 sequence was joined
with the cleaved vector. This was accomplished by mixing the vector and nucleotide
fragment and subjecting them to a ligation reaction using the T4 ligase enzyme. The
resulting vector contains a transcript of the sgRNA, specifically sgPDX1.

The heat shock method was employed to transform Escherichia coli Top10 host cells
with the cloned LentiCRISPRv2GFP-sgPDX1 vector. To confirm the presence of the
sgPDX-1 gene in the vector, a polymerase chain reaction (PCR) was conducted using
primers targeted at a portion of the U6 promoter sequence (forward primer) and a
segment downstream of the sgRNA gene region (reverse primer). Additionally, each
PCR product was analyzed using enzymatic digestion with EcoRV and BsmBI
enzymes. To confirm the successful cloning, the PCR product was sequenced.

Results: The PCR results showed an amplified fragment measuring 267 base pairs (bp),
which indicated the presence of the sgPDX-1 gene. This was visualized on an agarose
gel. Additionally, the reverse digestion with two restriction enzymes produced a 2000
bp fragment isolated from the vector. The sequencing results confirmed that the cloning
process was successful.

Discussion: Genome editing technology has been highlighted in bird species due to
their significant potential for economic production and creating models for biological
research. The application of CRISPR gene editing technology in avian research has
yielded promising advancements, particularly in the modification of somatic cells and
tissues in birds. By precisely targeting primordial germ cells (PGCs), researchers can
implement specific genetic modifications within the chick genome, thereby facilitating
the development of genetically edited chicks. Numerous studies have investigated the
role of the PDX-1 gene in gene therapy using the CRISPR/Cas9 system across various
organisms. However, this study is the first to design and produce a recombinant
construct containing the chicken PDXI/ gene using a lentiviral vector with the
CRISPR/Cas9 construct. This advancement aims to create a practical research platform
for future studies by enabling the direct transfer of this recombinant construct into chick
embryos and cells.

Conclusion: The chicken PDX-/ gene was cloned into a lentiviral vector containing
the CRISPR/Cas9 construct. The recombinant vector LentiCRISPRv2GFP-sgPDX1
was successfully obtained. The gene construct developed in this study has significant
potential for investigating gene function and for use in gene therapy. Consequently,
utilizing this construct may enable the creation of an animal model in chicken embryos
featuring defects, including an empty organ or tissue cavity. Such a model will allow
for the investigation and treatment of the defects using specific drugs and cell lines.

Journal of Cell and Tissue 16(3), Autumn (2025) 277-292



Yo B YYY Olrio AFF Jlu o ¥ o,lods I8 038 bl g Jobu

'gz u.éb 9 JS'L"‘

YYFO-YOPY : Sig Il Lo
\ra.

5 o0litiasl o (y9lS PDXT (35 g9l S i g8 (omog 9 (55 03w Sy Sloxy]

CRISPR/Cas9 poicwsw

T i danans 00 ¢! (5 B S yleo (11 30 (| (G s (o )y NS dodie

Ol el (ol (g slogs gl (oaass olSadls (555l Canyj 008ty (il s 5 s0lty (slo Joko 055 Labil

Ol ol sy @b sladshe (5)slid 5 (ool oy dnmsgn o Joho pole Dl S 10 ¢ 2 3ST (oulid Commj g s0Lis (sl gk 095 (orass (555
Oyl el el (pg slas yglid (oaasss olSiils o5 ,gld o ; 0aSild ¢ 09,Ke (5 y5lid Cns ) 09,5 ¢ Lobiwl T

Ol ol «olisy 6ol sladshe (5)5lid 5 (oalid Comn; damga (ko pole Dlaiod 5 50 (5SS owlid Canj 5 s3b slaJsho 09,5 leadls T

PRV

Sols 5519

L oS GRNA Sy olol 3o,k jl cazgz PDX-1 55 15 opsmeilise ol walllae cpl 5l Gan :on
50 osdll Sleys sl IS L siadan gla iz olxl 0 S0s, cpl Baw cwl PDX-1 3 5l e
S glealy RNA g cazg> PDX-1 5 30 Ol pess g Bi> S (b ghgy 9 Olgw .ol Slojo )
&,k 5l g .as >I,b CRISPR Design Tool 5zl I8l 0,5 51 (single guide RNA, sgRNA)
S5 Bk 5l 5 ab slS LentiCRISPRV2ZGEP (css 05 (2 15555 5o Gladl (255 5 (o5 (slaga ]
axhd G PCR mlis :gmld .o py9auil 5 Escherichia coli Topl0 ;\Lyw slaJshe o )l
9y Aaxkad pl 55y SGPDX-1 (45 5424 oasmoylis a5 ols oLas |y (bp) 5L cam VPV Jsbay ouds ;55
(S5l i Yo+ aalah S couiiSsgamo 5] 90 b oS it il 5 opdle o3 camlie 15 5,057 s
(G S A 05 9l |y Sisls At B (g el ¢ g (e gl 0,8 a5 |y JB 5l on Lo
S F$ )5Sy b sl CRISPR/Cas9 JLsle ssl> (cwsnssid 15555 o 5o 0 PDX-1 5
Ty aslllas ol )0 ablanwss 55 Lo ael Cawday cubdge L LentiCRISPRV2GFP-sgPDX1
O LSl ol 5l eslasul s o s jls gloyoyy jo eolaiul g o5 o Sles gy p sl e BB
02l 1l b pladl B oji alox 5l eali b &0 slagmin 5o sl oo oKy sbmyl olSel can
WS (oo wold o5 (Joke laos; g ag)ls jleslitul L) baads leys g (ow)yp Ol (Joo (im0

S — yind 53 (it
== 3 o=l
Lo-l.bb RNA CO¥9r9

VECF VTN el o b

VE-F/- OV 15,553k gl

VEF/ OV 1 b iy gyl

FPRV-PR

Lol o (g g ol €395 pg35 10 DA £33l pgasdy Ol i sbl Gl Wilg o 45 555 il g Lo 518 5l S

Clustered regularly interspaced short palindromic) (sl asss elaie o alols sog,0idl obsS slasgls b
b e CRISPR/Cas9 | repeat (CRISPR) and CRISPR-associated (Cas9)

SYAYYOPYO -V 1 S8 e YAV SFAL 15,00 ¢ Jgtuns odinmgi #
snafiseh.hassani@royaninstitute.org : g xS Cuny o ,o]


mailto:snafiseh.hassani@royaninstitute.org

CRISPR/CaSY ,5:55 15 00 (55l PDXI (5 (s> S s smg s i oo 2 olml | yp,

soa) s b LS o ol yo a8 wsb oo (Cas) Scwgsigp 9 (CRISPR)  (Sogsy slix! 51 ISia (g y9li8 o
Ll oShas oluld canb ;o o id Jlasl 5 sl aes> 4 ol o o 5,1 g lag ,xSL 5l auo,0V0 Lo i o oLl
phiie (o0l obsS slaJlgs Jold sagif Cuand (Y1) Winds o] Bdo 5 sax gy lolid 4 o8 s ()]
B YO 5l owisd, S5 Jsi Jsb o)l 3575 SPACET b Il alols abiay (5 wiie obisS sla Isi by nles 5o 45 03gs (5,1,55
el anld b o () abb e o a55tlSe VY B YY1 5lal alols JIg Jab a5 Jb> o sl juiite 059ilSes -
Az 0 (Nigh oo pledl e pgj909,5 ;8 CRISPR T jlasl alols o jo >, DNA 51 abgS cilakad ¢ gL
L oS o Sslr p2les lon 4 oanl 02l 5l ojlace 0B 1) lie o5 3550 &Lyl (L3 cughe 5| (Sos ainle S
45 555 g0 oyl CRISPR RNA (CRNA) abiay &l olisS sl RNA oy 5l alols adlaze i (55055 5 omusis,
3l et el (65,55 oyl phate a4l b LoSo 3'Ceond 5l g ol 2,15 5ll alols ankad LoSe 3l 5" o |
5L 5390l i Codled S 25 g0 dCRISPR s jo ()15 o 5l oS JIg5 s CRNA s lasl alols 0
aige S (Y) 058 oo a3 len & pgo 3955 50 (>, RNA L DNA axld (o 56 5 olulid 4 e a5 o0y Cas
Protospacer adjacent (PAM) aJgl 5l alols jolxe caige plias Gb i O B Y) obgS ooy cbila> Jlgs ol
35 5 ol s bl 2wl 13 ozles DNA g5, CrRNA L 0wty 5,500 Jlsi & jslns 4o a5 motif
Dgd o ks ciliste i & 4 CRISPR (slapiacw .0iS o Lyl Cas/CRISPR lagiuaw 51,0 Gas DNA
Slp les 63lS g slaiaegs b as ail 0 Cas-9 sbay DNA o35 (S5 5llS gigail S slls « o clo ol 5o
anlad pbay o SLSI olisS RNA dabad G pizan 0gi 0 DNA als) 90 50 caasls sbnl 4 e DNA 1 as, o
cax> CRNA o 6,155 plate 4B b aS o0 jei> wiuaw ol ,o 5o tracer-RNA L cCRNA il 5 saus Jlaé
guide Lual, RNA a5 &5 g0 slaal, RNA 1l ams 155 1, lails 50 ou,mp RNA sl o b 553 o0
Vo JoSe o Jlg G g9l DNA ats) 50 b oS o culon 1, Cas9 ;LS gigail g oo oanali RNA (gRNA)
ol & Sl (85 5205 55 eSS S 51 JSCtte g p5l8 (ol alpls o(F 5T w3y yslme PAM 5 quigals'ss
() 0500 DNA as ) 90 10 olacenSs oyl el a5 aib o SERNA) S5 slacal, RNA S 5 Cas9 (.55,
Sl 4 e «Selgen e lol Jlasl bcais, 9o 4 atusly (EITOT-Prone) Uas suivw 935l yoons ol Jsb o
55 5005 5 ol s e WIS o S S5l 5 Wahion 55 Akt o] o (Indel) SsS sloio b ag e
ciz Sy 4 Lt CRISPR/CASY (s 45 slowT 5l 055 B slaniisy sles o0,5kas S 5 ilys gz >
Ao ¥l soad I35 IS L B o5 ST sl aradly 53l ealel wols Sl B I (g5l auspilS 555y
ol 0) cusl 3 adyo ay gyke g 5 ol o (S5 quaige 0 a8, 5 4 ST lo b anglie ;5 oy
(F) 0,10 0,5 o0y ilige (slapmsls )l adgs g Joko slacisS o 55 6,105 Ban ;0 (gl Cudbye jgbas (o551l
5 S5 g dxg>) pls alox 5l alisie Slogge ;0 peih ialpg 4o Ulg g oolw LIl G CRISPR/Cas9 yiww
el 10,555 5 e Gloys 05 50 2,8 9 (5 9, Nee gy sbiwly jo (2L 508 Sl s (] (V1 -F) wlbi o 555 5
V) 2Blos o az gz iz 53 (F05SS Olalllas o by, (5 il e cnl bl cnl o .(P)
oo L5 S glyls PDX-1 i, (Homeodomain transcription factors) cess— tega o 1559, eS8
50950 90 Gedgdl 05 Ot pelad )3 Gl (omsi; L3Sl S plsiear wSlbie LSS B sladsle i o Ll s
972 Sk Sle G ladshe pled g g5l und G5k 5 WSSl (b 0l 5 (0555 50 9SB (nl A Grizeen

oyl ¥ 0y90 [ V8 ule [ 1F+F sub/cdl g Job



YM (e doninds 00w (6 a8 Syl 13 10 ¢(§ e (o ¢y @S| aoulic

PDX-1 . 5|l 058 o aseie PDX-1 zg slaige ;o ol Sib s 3351 ol b sanalljel ;o PDX-1 cooal ool

AT Sl 5ls 3550 Lo sla sk o Sdas 55 9 (lS0L canlin 05 sl
3 sl oo p)l5 Ban b doug g (i p (e b9y 5 oolatul wlizee S5 el lee o allAS ans o
byl 6l qmg g s sloyeiSy el azils (Bl T slaJshe 5 Silogu solits slaJsl 4 a3 lauly Jas!
alies glo sk i logys &5, 50 b (2l iy 49955 5 G 05 Ol 08 Ghgels Jlal rals Vb Ls (55 6050
Cool Sbaisn ;0 QB gy ek (Al 5 atuliB U el sl STy sl pae (5 Ole Oliee GYL Gl Bas
a lapy laly JUl gl aldS ams o) (cwgns (S Slo)siSy 5l g lamil Loy eolasul Lelse cnl waailge (30l
PDX-1 &5 asllas o) 5 (V0-VY) 4iS o dzrgs il sl )5 o b T (glaJshos 5 Sailogms (s0liis csla oo
ol ol (omany 58Sy 0 (Slyd 05 5 Sl sles )l L wedan lagseulise sbml Cux x>
a5 050 8l b plasl JB LS 5 Lals glyls ax g i 50 Sloas Jaw adss Bas b aS sus y5l5 CRISPR/Cas9

2,5 5leyd g wyp |y el (nl Blgn (e (Jeke 03 5 gl &4k 51U Wbl o

b by 3 Slge =T

wan &,50a LENtICRISPRV2GFP sbay 6,555 5| PDX-1 5 o905 oolS <> LentiCRISPRv2GFP 455
A solatul (55,01 Addgene) jwals asgs 5l sl

o8 —goly g9 51 a5 adllas oyl o Single guide RNA SgRNA) b lLaly RNA 40,5 48l5 9 20
5 (XM_040658386.2) PDX-1 .5 LentiCRISPRV2GFP 955 ;0 PDX-1 (y5 0905 olS cqz il o
O ol ols 18 asg> 10 G ol pyige9,S 9y p PDX-1 (5 .05 céb o nebinlm.gov . sl 4 NCBI ol
b SERNA L S5 slozal, RNA JIsi 05 ol 55 Sl 5 B g il o 99 5 5 0,lad 5555 99 (g5l
abgy e 1555 50 a8 318 Bled ol Lisu 4 g5 ol 5IDPYS sgam I8 Jsbo Vv BP sgam s Jlss ol a5 9 o
Ll Jgts a5 glaml .ol oud sl i 5l ¢55's (55, YYAY-YYQY bp es5ue ,o (LentiCRISPRV2GFP)
aS Cal PDX-1 5 51 S5 o)les 049557 51 0ug2lSsi Vo JoSe a5 ol Jobo DPY ¢ el oa 0935 JIg5 & SGRNA
23l oo JS T g JIF g o) Jl elo

3 5'-CACCGTTGACAGCTCGCCGCTCCGT-3'

5'-AAACACGGAGCGGCGAGCTGTCAAC-3
CRISPR Design Tool sl J38les 51 (SgPDXI) PDXI sS4l o35 SGRNA Jlg b sl

anad pl 0,5 elS g slas ) 90 axkad 0gv 9 o grlS 5565l 9o Jlasl sl .(VF) o ol (http://crispr.mit.edu)

A ol Jee p5 & ,ba LentiCRISPRV2GFP 455 o
e 455 93 (Gol> bglie ol angs bglee (sl 90 obgS anlad S JoSi5 9 SeuSh & 9 gtlS 5365l g0 JLail sl )
3 ) sl 35, 5 T4 o351 ooty PDX-T 05 e 05551 51 )5 3,90 (sloaistS g8l 5| s (5T 5

Dbl oo STy 5l catie g

ooyl /Y 093 [ 1P als [ VFoF jul/cdly g Jolw



CRISPR/CasY 1555 5 oass o5l PDXI (55 55l oS 555 (smopnes (o o3l S ol | ypy

a>,0 A0 sles ;o aids O sy ol (15 6] T100 Jow bio rad oy ) JISGloge 5 olKiws 5l eoliiwl b 398 Lol .Y
oals uals adds o ol F sile a0 F Sles ol b ol)S ol ax 0 YO U Lod s g 0 algs (6,)0aSS ol 5 5l
sdsn iy & ankd 5 Jlail 4 e o5
S 55 el 5 35 5| ey LentiCRISPRV2GFP |55 1,55) g g0t pl5pip Sull delad sy 53T i iy
555 5 oad Ay (sl 455, 5 anipilS sl ank i 35 l5ay JLail 5 pda slajen Sy 5 A5l 3/
CGTCTCN oy Jg b ocnls o3k %5, BSmbl oy mpl b oyl pan cos LentiCRISPRv2GEFP
S99l B sl sl wilgs co g i o |y 395 Lauseidd Jome Cawd ol BSMDI o 510 00ls )3 )7353-7373bp(
S sl 1y ol 5 Ceand 2 51 olas]
sg PDX-1 J\g Jlail cq> :LentiCRISPRV2GFP 555 4 sg PDX-1 (sgRNA) j/ iy <lekd sl
ORSTy 50 03,93 b (sagilS g axkad g 515y bgle (Bl Glod b osyg3 (b 1955 g BSMBL 0351 b 0o y95- by
5l cgig, o aS oS Wl cewsas LentiCRISPRV2GFP-sgPDX-1 55 b .cé 5 13 550 T4 5T L sl
| azsz G PDX-T 050 (09351 50 @8ly 0,8 4 yamio JIgi G Wl o0 457 00,8 bl |, SgPDX-1 |, sgRNA
ol ol (25515 (o 5 SIS T 55T alwsgay (Bl askad 5 ,52575 il (s Sl amy Gl (2355 020 1,8 Bua
B S oo S8 Los gl o ools S8 oL il am )3 VY=V e glos 4o cslis 18 Saedy il 5 95578 5 Jol bglce
|y el 3ST5 Y5 o 55 el (8 s (5t b 5 5ol ooz S 59 (ot (39 hen (slasisny S5
il Bl 1) (g sl (§090md gy JSt (sl B oy S 3l a5 amo o
Ooges EBu )l g il iU Gl 4 LentiCRISPRv2GFP-sgPDX-1 ol 4ol5 19i55 o) gbani]y
Sed by, ;| LentiCRISPRV2GFP-sgPDX1 ooy oy3lS 954 L Escherichia coli Topl0 Ly slaJshes
(8,5 5o ) e A ol d ol ooliul le S
g e ol B 03l 18 G (g5, 5 00 gzl oLF il azm s Ve gles 5l axies glasbes Jbs lazl )
Ll a5l Jskos (pgmilimnsn 5| il S Yoo il Ll 3 Blol (2085 Jpama 51 iy Sea )+ 25T Y
A (6,045 & 59y 2 b Jly 4B e ey (93,5 bgloe I
ety yids Koo FY slos b ((LSTBSH25D i) g )bo o 5o 5 00 25 & 5l s ol S Jlos! cgr Y
Ao eols 1,8 a4l Q-
ool )3 d sl Byl L0 4k Bs ¥ oy o s alolid ¥
(5 50l g1 ¥ 03 5)) wolo Luria-Bertani (LB) b 51 s Lo ) oyl Lol jo 4l 0550 Jbg a0 0
o ot B sk St (nl ) et Sl ST il 4z 0 YV slos 5o el ) Sotedy g 0 adlol Sism 251 e
S 50 Gl 99850 95 Sy Jansgi o5 |y (S (5T Cnglive uig o 5l 45 5 CACT Sl I 36 slacg]
oy 590 9y Jelre 9 o wimles (el puiadsn i iy 5I) Sk il Yoo e @X ey b aide ¥ Saeas b Jbs #
abg yo SSgm 5l gl (elz) o STLB s (59, » g 0 Jo 0)bgo wle LB lazs 5idg Seo 00 j0 gm0
YV les o el VO S 5 000 catS (1550 e ylT LoSios s ey oo o o5 0,800 Vo v clale ay ke o)
DNA 036 a5 o] bl aiiS as, L (59, alyi o 0idly dronsdly (g5l a5 ol Jphos s 235551 o5 5l az o

oyl ¥ 0y90 [ V8 ule [ 1F+F sub/cdl g Job



YAY | (G dnd 00w (5 paod S ylo p9 3o (6 ymas (o yg3 @51 doulae

50 3l 1y S 595 DNA (ol (slaJshor o)li oo 6,50b 58 cnl b g st JoSgm 51 Loz 0 0 4 06 i
2,5 S5 o sk
555y 5 SEPDX-1 o5 jea> snb cax PCR G5 (og, -~ roste] cowsts (slo sl auli
eVl (FOrward) U6 jiges s i 3 cies a5 bgsyo oy b (gl yoglys 5l oslizsl s LentiCRISPRV2GFP
G5BT U5 50 o plmil ek (gl o yum; L2STs (Reverse)sgRNA 5 ab caws opsl 5l (oo g SERNA a >
s bo, YV DD o5lail b oads iS5 dakes
s ECORV ooy w3l 55 3l oslinsl b PCR Gl (35 50 a5 ool ooty gloslS 51 Ko s om 5l e (39, -
laz> ;555 51 Yoo e D ojlasl b (gl ankad o9, o jlasl axid )5 )13 el pan (2381 40 (cpl5 «oy5LS %ip ) Bsmbl
S
sl PCR G5lS" gy y0 onal Cewsas slaaily 51 Soye SPDX-1 (5 50 (5l5 ol 9l cuz il JIs5 ¢
2 Jlosl (@lnl pllin <550) b Jls

-y

O OAYT KDa) sg0> 50 .0l co fybiw (ool 4 Cunglin )5 55l 58,0 Job) YV YA bp LentiCRISPRV2GFP ,4:5
3ga> o yizmad )l )13 BF-1-alpha core jsegy cows (publ a5 ail 0 Cas-9 Jlgs 4 slaie «)5355 59,F) - Tbp
3,10 B hUG gegp cawd b ,0 5 (YYOV bp -YYAY bP) ;9555 o0l 59, » s BRNA & by o Jlss 5| YSbp

O JS) oyl 1,3 Cas-9 g caws sl 55 (VIYPD) GFP 5155 o5 a0 bgs e Jlos

A
Chromosome 1

L A4T64nt
Ori Amp?

Scafold

BS @

o o)led 09551 » oo SERNA ()b a5 PDX-1 (5 53 0750 09351 99 5 azsz 55 Sy ojlod pojsng ) A Silads ales 1) U
LentiCRISPRV2GFP 35, 5 _Swilos a2 B il s

ooyl /Y 093 [ 1P als [ VFoF jul/cdly g Jolw



CRISPR/CasY 15555 10 oass o5l PDXI (55 55l S 555 smoppes (5 o3t S ol | ype

Db oo Ceond ]y 3oz SGRNA

G STy 3 o 5T i g

el 5yt sl xS 5 b 5 5555 50 b sair (sl 59 b slansd BMBI 5L o pin i,
B ate S00SG a bl 2aiSTy 50 a8 awl Cawsas PDX-1 5 51 6 y955]

O3l U g o) sduddl i yiiSTy g2 L

sty ¥ JS5) (LentiCRISPRV2GFP-SgPDX-1) oss slS 15555 csolo sl aipls «ppimsl i 28Ty 51

Sl

oyl 5 (23S Ty 5wy cetS Sl Jol> slagglS Y S

i (F S5 PCR _SslS s, 5l eslical b s _islS 5 s o > LentiCRISPRV2GFP-sgPDX-1 )55 5
85 18 ol anli oyse ol Il Gob 5l eodel Casody slo slS 51 G e izren ol wl (T JS ) eu ]
O JS5)

GeneRuler™ 1kb DNA Ladder Plus

Ladder 1 kb
Colony 2
Colony 3
Colony 5
Colony 7
Colony 9
Colony 10
Colony 12
Colony 13
Colony 14
Colony 15
Colony 16
Vector

NTC

20000
10000
7000
5000
4000

— 3000

2000
— 1500

AAT Cwddy ‘)Lka.)‘ S0 Yey

oyl ¥ 0y90 [ V8 ule [ 1F+F sub/cdl g Job



YAD | (S Ao 00w (G yocnod S jluo (13 30 (G o (puunio <399 G doulie

~
a—— - —
o = o
= o —
o I — e = =
= -— O w O o
S 8% Sz 3
> D O a0 o 9
L T D = =2 D
2 c o - O =
g = e 1 =) )

sgGPDX1-3

LentiCRISPRv2GFP-sgGPDX1-3 TATATCTTGTGGAAAGGACGAAACACCGTTGACAGCTCGCCGCTCCGTGTTTTAGAGCT

Lenti_12_U6_forwardab! TATATCTTGTGGAAAGGACGAAACACCGTTGACAGCTCGCCGCTCCGTGTTTTAGAGCT

Trace data

A
I\ |

b Jls L LentiCRISPRV2GEP 5255 s5l> slo sl j0 SGPDX-1 5 (slS auls 0 JSi

ooyl /Y 093 [ 1P als [ VFoF jul/cdly g Jolw



CRISPR/CasY 1555 5 oass (5lS PDXI (55 55l oS 555 (smonnes (o o3l S ol | pps

:.7’_f

2 el 00,8 Gl |y Glg sladue wdgi 5 ol slags 9,8les (55, 2 Dlankos pgif 2Ohol (G5I5SS 0,
o155 sm Jln sl bl 4t (g0l i 55 o 5 Sliiond iy 5 o (35 5] Sl (853955 (! lal Sl
p95 Tl 35155 0 )15 5 (B slaaiss 3 .l o,Lal (6 Lo 4 polie Sllg 0 b g Sllg> a5 al 3l 4
0u lgld WSt (Sojalsm Slinios glp ploae obml rizen o solasdl Sladg Bl 5l gl oV <ol Lloa,

(VYY) el
Gan slasls 05, o)l lary JEs! jslitedy yiiny wisd se eolitl Cik i BB, obxl gl a5 ol s,
Gotebe lacglas Jdoas 0929 1l b sl ol slpaioy con | B0, ol (gl Aloe o g, 95S L asil o
Gas 55 W Sy JUSl U5 o )l (5w a5 lowl w015 575 sl 5 S ol 45 (Sasslseed
Pronuclear) wiva i J3bas 6,5 Jold goanie slabg, 5l ool odgr purie ol atils 1) ow Jus @
5! Jisl Somatic Cell Nuclear Transfer (SCNT) sw slaJgho atwn 3,k 5 sl (Microinjection
Embryonic Stem Cell (ESCGT) s> ol slaJsbw 3,k 51 Jsl «(Viral Infection) s g,y &b
Sperm e ol 3,k 51 sl Testis Mediated Gene Transfer (TMGT) aas s,k 51 Js! Transfer Gene
sansly sl sk @,k 5l Jlanl ¢ i py05mdl slo sl &,k 5l Jlasl Mediated Gene Transfer (SMGT)
Jsl 4  Spermatogonial Stem Cells (SSC) ¢ sl s3ls slo Jskw <Primordial Germ Cell (PGC) aJ,|
S0l sl LalS o Al 3o aiilos oS aiiass 0955 3ol § (1] (6505 B (10 &S QST L (9590 5 alanslots
Tale transcription (TALEN) g5, 00isS Jlad 4t 5,55581 sla;lelS'ss Zine finger nuclease (ZFN) s,
ONA) ool sais ool oo S5 (55,900 sl o CRISPR/Cas9 4 activator- like effector nuclease
sl bt & litos 45 el (i s o3 VL Cmaz 5 oS o s o ol 1wtz oo 5,08 Sis
5 Er 035 oo SlEgn 05 loerdisn (Shezm Ol 4 G el joSlS (G581 aalid LS (oo S |,
s 5l ool b (5 it (G 50 el azgz oo sleolinal sblie 51 Sy a8y a1 (9580 (et 53000 )58
S DMl el onds 5155 el 5 Fwy (Seloges sl sl 6565 Bam 4y 3game Sllllae s CRISPR
Syl (S o (lal g slaaz gz adsi g PGCs) gl bl slaJsbe (ols 3 Baa b lsi oo |y 4252 pgi5 o>

(V) 5903
5 B sladshe jalos (oL 03 ) (sage (15 45 355 00 oS HOX el (ingogioge (5 bawsgs PDX-1 sgis) 152516
b ooed Salis g Gl Jdoar Colis 5 PDX-1 oy alayl) 090 50 Sligios oo dlb B slogbo o ,Slos Laa>
oy PDX-1 os 51 o lo a8 ail eols las ps ] Sldllas sl 00,5 Cd> 093 a0 1) (g0l as g5« wgide ol
it (ol S3Lil 59 Sl G rimad 235 0n oyl 5 5 B sl sk et el 5 435 o alis 1, ol S5
GResi 5> (V) ws e Gl |y Gusile colis & ol PDX-1 3525 pas (oSe S o0 L) )l ansgi 5 05
5o 59551 b JeSe (s0u59ilSe Yo @RNA aalas (CRISPR Design Tool i il 1580 6 5 51 eolaiwl b lol ¢ pol>
Bmsbl o311 9559 584,9 4b 5 Loy SSRNA 5| 6055421845681 ankad .oy 0okl § >k a9 PDX-1 5
s9l> LentiCRISPRV2GFP-sgPDX1 ugpg o 19555 o aislo oS 5 J36 580 DNA 351 9 oo p

oyl ¥ 0y90 [ V8 ule [ 1F+F sub/cdl g Job



YAV (o il 00uw (6 a0 S jloo o9 30 «(§ jmas o yg3 @51 dolae

axk b 55 5 PCR S g, eolisd b o pgid 5 b 551 olisee &2 (ol S5 g, b S 555 U
28,5 518 anl 050 odel Cavods olS ERINA dabad g4l Yo o+ b ddlaio 5l o 3] puad 9 00l 555 bpYSY

o)Lw 65[} 919 QSHJ )9_455 )‘ oolaiul la d>g> PDX—I U) 65[} u..S).'y O)Lw ;S.» a)l.g U"JB‘ 61).1 PP (129 Q"‘ 5o
st 4297 Jshoo 5 iz 2 oS g8 0jl (ol e JUI L padlsty oais] 50wl adgs g 1,1 CRISPR/Cas9
ol S8 4y Sloys f Ban L PDX-T (5 25 5 51 g5, 2 sob; Dlalllas (3356 5] el b Slinions (sl 50,08
Oy B> L «VF) o) en g Liu lawgs (ol asdllae ;o (YY-Y)) Conl ooy ploul calisee &log>g0 ,0 CRISPR/Cas9
14655 4 wisls L8 [, PDX L jYslugila logians,l5 Sl Joo 50 Vshugila poiew )5l 10 (55505500 collad
@ Ceoglie g 00,5 Cusis |, ey Sl 158lea jobay pilivlgarw 59,0 b oaizdol sla Jsho ol oS 5 b auuilys a5
w335y Sl Jlad praily G drwgs 4 a5 (YO) o, San g HU Lawgs gl asdllas jo pizen L ails 2alS 1) Sloys sl
yebas 1) lagys (ile Jld suudlys wil axsls  (Cas-9 cazas oy é ases :dCas-9) CRISPR-dCas-9 , o
Crlpbe W8S J 7S (55058 s PDX-1 (05 5l Jad Gasbo 5 (ol (o350 slodse 1o (ogas a1 0l 5 0lej 5 e
ol G50 g Sloj B8 S b Sleys 5 9 MICTORNA MIRNA) (g5l pgad sl p ared ;08 15l G oo il ol
By 69,5 sanT o cubs g b yleyo yo wilgs o 9 amsle o Jb Jlasl e LS as

oS Sl 00 ol 5.0 o5 0, 8es i 5 B> &,k ) peis ol (sl sauie 5l wilg o CRISPR/Cas9 v
aiS g, 99 4 Cuws CRISPR/Cas9 s 5l o0lainl jo (6 )by Ll 5e (TT) el (Sijpals o Sludl Sy j0 o2
slewl gl g ojlo 1y aline 8 g alie slo Jlgv o gz oloul oUlgs CRISPR o ¢Syl aloz 10 lo 3929 00l
0 bl W86 ZFN § TALEN oile gz (i sloig, a5 Il 50 0,08 5L 0isilSs Ve 8o 4 b5 g
35 i | analasl Gla g sods (55, » b 50k Gla Sz 5 oloy e Bro b eop alie ol by
Al Sl g g S (e 2b JIg5 Gasb 5l S b Gl e 1) S 9590 Slagier Geizmes (TF,V0) sl
iz S g eS¢l (paiz U eoges o,ls CRISPR wl)T G o olss o |y BRNA oz cogdleas 5.5 ooy g 2bo,
3 el ST slx! sl oles o 3 1) Sy gRNA laasluls g aas 1,3 GBan 5,40 5 oS o SO o | adlats
s kel 5 03 Gialng ,o CRISPR/CASY s 00,5 iz po (YY) 05wl lisee muecdlS] 50 0335 (oo
Insertion-deletion GBi> -z,0 3850 Ligs alllas paix jo Ll el céin, b 0 e (Buiy slaass
Jins00 Ahn Ly glaallas jo .ol oo sols lis Eaiy Jeko slees, .o CRISPR/Cas9 alauly L )indel(
@h L ozl uldsdle usS's) 5o Janl iz casz CRISPR @l 5 e 555's 51 eolistal b «(YA) () 1Sen
CRISPR/Cas9 ol jl eolana b o(¥+) o), Ke2 5 Qisheng Zuo lawg 6,50 aslllas ,o .0 ol o5 s ,o YU
ol sl Jolw & (ESCs) ax¢> ool slo Jolw pled jo O—‘ i A CIEIS O 6lS Bas g us o Fe LS{‘JLS L
b (5550 anllls 43 35500 oo 325 (il (55 (! 5o oselise bl b 45 55y 3 (op (SSCS) (isF lo e
5 05 SSCs & axg> ESCs il anl g ,05tra8 5 o Slee (cwyp Ban L aS (V) ) Kee 5 Yani Zhang
9SG Lawgs SSCs odgs a5 amo oo (lis asly e oo SFA8 5 B> 4 i Lpas 4 Cas9/gRNA a5 ols Lis

ooyl /Y 093 [ 1P als [ VFoF jul/cdly g Jolw


https://onlinelibrary.wiley.com/authored-by/Zuo/Qisheng

CRISPR/CasY 555 15 00 (55lS PDXI (55 sl S i (smons i) ojlo 2 ol | ppp

o5 aawly wilgs o CRISPR/Cas9 v a5 wisls (ylias cplplo 0gd oo Sgdme aBinle;l Ll jo Stra8 3
S 5lee 1, SSCs 4 ECSs by 5 0l az 9> sla ok yo Jloul Strad

S Az -0

Slogygmmbise slml S 0oy Gialng 30 (wans i Lo )9xSy s CRISPR o3l 0,08 5l ous S8 sblie 4 az g5 L
CRISPEMCAS9 O)L..u 65[} 99 QSHJ )5.455 )Q sd_‘>5.’> PDX—I L)) ‘LS;LQ)Q Q) 9 sbLo)é L_SLQQ).))lS la J...Q.SJ.Q
G085l andllas opl 4o oo adg 55 ojle .ol cuvsas LentiCRISPRV2GFP-sgPDX1 oS 3¢5 J36 9 o (yolS
Olei oo «s! oslu iz loolainl b o i s c el 1o ,95 50 ¢ loyo (5 50 0,58 5 5 0, Ses sy sliwly o YL
ok 035 9 9500 Gayb 5B 0S pladl 2l b plail (JB pLS g (all sl azgr iz o (Slse Joe oy S 5o

Dged Loy g oy 2 |y el (ol plg el
@‘é)..\..‘% 9 s & e _?

ol 5l g wvgel alren 1) Lo IS cul plal )3 &5 (lies g, oltigly SB) (cwiieen G pime (e Sl aliwgin s

rmled oo ;SET g (G10,08 G (pl azdg (el g 4 dge

Lo -A

1. Qu D, Lu S, Wang P, Jiang M, et al. Analysis of CRISPR/Cas system of Proteus and the factors
affected the functional mechanism. Life Sci. 2019; 231:116531.

2. Chekani-Azar S, Gharib Mombeni E, Birhan M, Yousefi M. CRISPR/Cas9 gene editing technology
and its application to the coronavirus disease (COVID-19): a review. J Life Sci Biomed. 2020;10(1):1-
9.

3. Jiang F, Doudna JA. CRISPR—Cas9 structures and mechanisms. Annu Rev Biophys. 2017; 46:505-
29.

4. Briner AE, Barrangou R. Guide RNAs: a glimpse at the sequences that drive CRISPR—Cas systems.
Cold Spring Harb Protoc. 2016;2016(7):pdb. top090902.

5. Basiri M, Behmanesh M, Tahamtani Y, Khalooghi K, et al. The convenience of single homology arm
donor DNA and CRISPR/Cas9-nickase for targeted insertion of long DNA fragment. Cell J.
2016;18(4):532-9.

6. Oishi I, Yoshii K, Miyahara D, Kagami H, et al. Targeted mutagenesis in chicken using
CRISPR/Cas9 system. Sci Rep. 2016; 6:23980.

7. Li Q, Qin Z, Wang Q, Xu T, et al. Applications of genome editing technology in animal disease
modeling and gene therapy. Comput Struct Biotechnol J. 2019; 17:689-98.

8. Xu X, Gao D, Wang P, Chen J, et al. Efficient homology-directed gene editing by CRISPR/Cas9 in
human stem and primary cells using tube electroporation. Sci Rep. 2018; 8:11649.

9. Proudfoot C, Lillico S, Tait-Burkard C. Genome editing for disease resistance in pigs and chickens.
Anim Front. 2019;9(3):6-12.

oyl ¥ 0y90 [ V8 ule [ 1F+F sub/cdl g Job



YA e diud odgw (6 a8 S jlo o2 30 ¢(§ s (o ¢y @S| daoulic

10.Kalds P, Zhou S, Cai B, Liu J, et al. Sheep and goat genome engineering: from random transgenesis
to the CRISPR era. Front Genet. 2019; 10:750.

11.Brackett B, Baranska W, Sawicki W, Koprowski H. Uptake of heterologous genome by mammalian
spermatozoa and its transfer to ova through fertilization. Proc Natl Acad Sci U S A. 1971;68(2):353-7.

12.Chojnacka-Puchta L, Sawicka D. CRISPR/Cas9 gene editing in a chicken model: current approaches
and applications. J Appl Genet. 2020;61(2):221-9.

13.Jonsson J, Carlsson L, Edlund T, Edlund H. Insulin-promoter-factor 1 is required for pancreas
development in mice. Nature. 1994;371(6498):606-9.

14.Poletti V, Mavilio F. Designing lentiviral vectors for gene therapy of genetic diseases. Viruses.
2021;13(8):1526.

15.Naldini L, Blomer U, Gallay P, Ory D, et al. In vivo gene delivery and stable transduction of
nondividing cells by a lentiviral vector. Science. 1996;272(5259):263-7.

16.Balaggan K, Ali R. Ocular gene delivery using lentiviral vectors. Gene Ther. 2012;19(2):145-53.

17.Chojnacka-Puchta L, Kasperczyk K, Plucienniczak G, Sawicka D, et al. Primordial germ cells
(PGCs) as a tool for creating transgenic chickens. Pol J Vet Sci. 2012;15(1):31-5.

18.Brackett B, Baranska W, Sawicki W, Koprowski H. Uptake of heterologous genome by mammalian
spermatozoa and its transfer to ova through fertilization. Proc Natl Acad Sci U S A. 1971;68(2):353-7.

19.Park TS, Kang KS, Han JY. Current genomic editing approaches in avian transgenesis. Gen Comp
Endocrinol. 2013; 190:144-8.

20.Zhang Y, Fang X, Wei J, Miao R, et al. PDX-1: a promising therapeutic target to reverse diabetes.
Biomolecules. 2022;12(12):1785.

21.Krishnamurthy M, Kechele DO, Broda T, Zhang X, et al. Using human induced pluripotent stem
cell-derived organoids to identify new pathologies in patients with PDX1 mutations. Gastroenterology.
2022;163(4):1053-63. 7.

22.Bheeman C, Vann K, Astapova O. The role of PDX1 in beta cell response to GLP1. J Endocr Soc.
2024;8(Suppl 1): bvael63.971.

23.Zhang WH, Zhuang JH, Guo YY, Chen XY, et al. Pancreatic agenesis and altered m6A methylation
in the pancreas of PDX1-mutant cynomolgus macaques. Zool Res. 2024;45(6):1188-200.

24.Liu H, Wang G, Yu X, Luo J, et al. CRISPR/Cas9-mediated SHP-1-knockout T cells combined with
simvastatin enhances anti-tumor activity in humanized-PDX HCC model. i Science. 2025;28(4):108745.

25.Hu C, Sun X, Guo B, Wang F. Toehold-based CRISPR-dCas9 transcriptional activation platform for
spatiotemporally controllable gene therapy in tumor and diabetic mouse models. ACS Nano.
2025;19(12):45678-90.

26.Mancanares ACF, Cabezas J, Manriquez J, de Oliveira VC, et al. Edition of prostaglandin E2
receptors EP2 and EP4 by CRISPR/Cas9 technology in equine adipose mesenchymal stem cells.
Animals. 2020;10(6):1078.

27.Gaj T, Gersbach CA, Barbas CF. ZFN, TALEN, and CRISPR/Cas-based methods for genome
engineering. Trends Biotechnol. 2013;31(7):397-405.

28.Wang S, Peng Z, Wang S, Yang L, et al. KRAB-type zinc-finger proteins PITA and PISA specifically
regulate p53-dependent glycolysis and mitochondrial respiration. Cell Res. 2018;28(5):572-92.

ooyl /Y 093 [ 1P als [ VFoF jul/cdly g Jolw



CRISPR/CasY 1555 5 oass o5l PDXI (55 55l oS 555 (smopnes (o o3l S ol |y,

29.Ahn J, Lee J, Park JY, Oh KB, et al. Targeted genome editing in a quail cell line using a customized
CRISPR/Cas9 system. Poult Sci. 2017;96(5):1445-50.

30.Zuo Q, Jin K, Wang Y, Song J, et al. CRISPR/Cas9-mediated deletion of C1EIS inhibits chicken
embryonic stem cell differentiation into male germ cells (Gallus gallus). J Cell Biochem.
2017;118(8):2380-6.

31.Zhang Y, Wang Y, Zuo Q, Li D, et al. CRISPR/Cas9 mediated chicken Stra8 gene knockout and
inhibition of male germ cell differentiation. PLoS One. 2017;12(2): e0172207.

oyl ¥ 0y90 [ V8 ule [ 1F+F sub/cdl g Job



