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Development of transgenic and genome editing system in avian species
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v Germ cell-mediated gene editing

(Han and Rarks 2018 J AwmSa Batechr)



Significance of Primordial Germ Cells

¢ Evolution of biotechnology in avian species has been achieved by
development of the avian germiine transmission system using
primordial germ cells (PGCs) 9

Germline
Transmission

>

v" Precice genome editing

- v" Conservation of endangered bird species




Genome editing for germ cell sterilization
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CRISPR/Cas9 system: genetic scissors

Science The Nobel Prize in Chemistry 2020
A Programmable Dual-RNA-Guided e e
DNA Endonuclease in Adaptive
Bacterial Immunity

Martin Jinek,"** Krzysztof Chylinski,* Ines Fonfara,® Michael Hauer,™
lennifer A. Doudna, ™% Emmanuelle Charpentier®t

Yy pam protospacer 2
non-complementary 5’ -TTATATGAACATAACTCAATTTGTAAAAAABGBTATTGGGGAATTCATTA-3 " }/target DNA

T % B
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Cas9 programmed by single chimeric RNA
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(inek et al, 2012, Science)



Egg components modulation by PGC genome editing
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v" Egg components modification

v" Production of recombinant
* Recombinant protein in Egg White or Egg
Proteins,

Peptides Yolk
" Ovomucoid (Gald 1)

11% of egg white

28 kDa

Most allergenic

—————+— Ovalbumin (Gal d 2)

54% of egg white

Major albumen proteinsina 60 gegqg’ — 45kDa
) P 9c%9 a - livetin (Gal d 5) «—— // \ Most abundant
Constituent Weight (g) Fraction of total Ol S A B2 \
protein (%) ' ——  Ovotransferrin (Gal d 3)
X / 12% of egg white
Ovalbumin 220 54.0 76.6 kDa
YGP42 (Gal d 6) «—— \_ -/
Ovotransferrin 0.50 120 35kDa
. —" Lysozyme (Gald 4)
Ovomucoid 0.50 120 34% of egg whie
Lysozyme 0.15 34
e Minor allergens in egg yolk Major allergens in egg white
Lillicoet al, 2005 Drug Oscov Todsy)

(ona and Syphiogly 224 Interrational jourmal of molecular sciences)



Production of OVAL targeted genome edited chickens

Targeted gene knockout in chickens mediated

£ by TALENS

‘ Tae Sub Park™®, Hong Jo Lee®, Ki Hyun Kim®, Jin-Soo Kim®, and Jae Yong Han™'

v

“Department of Agricultural Biotechnology and Research Institute of Agriculture and Life Sciences, College of Agriculture and Life Sciences, Seoul National
- University, Seoul 151-921, Korea; "Institute of Green-Bio Science and Technology, Seoul National University, Pyecngchang-gun, Gangwon-do 232-916, Korea;

= and “Department of Chemistry, College of Natural Science, Seoul National University, Secul 151-921, Korea
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C OV TALEN#2 (mutant % in PGCs: 4/12, 33.3%)
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v" Knock-out of OVAL gene using TALEN in cultured PGC
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Production of OVALtargeted genome edited chickens (CRISPR/Cas)

©c OO L 00 OeNMN

OVAL**

OVAL endo 5’F-lgG 5'R

OVAL endo 5'F-OV endo 3R

GO0 Oﬁ

GO0 germline
chimeric rooster

—Al

Ny ——

OVAL** OVAL"
(H1384)

OVAL*- OVAL'"

(H1385)

OVAL"™ OVAL®- OVAL" OVAL"- OVAL" OVAL- OVAL-
(K0284) (KO0286) (K0294) (K0292) (K0722) (K0724)
OVAL- OVAL*

K0292 K0722 KO0724 K0284 KO0286 KO0294 OVAL** DW

OVAL**hen

OVAL**rooster

OVAL*-hen

OVAL*rooster

OVALZ- hen

OVAL--rooster

BOVeO OV

GO0 germline chimeric rooster

OVAL*- OVAL--
5’ junction sequencing
OVAL genome sequence PAM + gRNA Vector sequence
Referance CTGTTGTAGCCTACTATAGAGTACCL CTATTTGCTC TAGACAACTCAGAS
H1384 CTGTTGTAGCCTACTATAGAGTACC )
H1385 CTGTTGTAGCCTACTATAGAGTACCL T
3’ junction sequencing
Vector sequence PAM + gRNA OVAL genome sequence
Reference ALL TEGTACTATGTACAGCATTCCATCCTTACATTTTCACTGT
H1384 CCK ACTATGTACAGCATTCCATCCTTACATTTTCACTGT
H1385 ALCE ACTATGTACAGCATTCCATCCTTACATTTTCACTGT

Uputtished dats)



Production of OVAL targeted genome edited chickens

OVAL**
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204
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Production of OVAL targeted genome edited chickens
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Targeted nucleotide substitution (Base editing)

nacure

A PmCDA1
LETTER - il R
deit10.1038 natun dsasg e x f§~ fLNH
oo ssDNA- genomic DNA
specific V/ GEERIRAN 5 05! ™ binding llllgo ll\llgo
cfidne USRI . & N, R

deaminase

Programmable editing of a target base in genomic
DNA without double-stranded DNA cleavage

——
deamination E T
oftarget Cand | CYytosine uridine
nicking of
Alexis C, Komor'-, "ull:lij.:p:m B, Kim'2, Michael 5. Packer™2, John A, Zurls™? & David B, Liu'? .opposste strand BERMMR 3:: IIIIIIIHI“II"I“IIIIII""II :::‘;

\ “v y
Towr 05
Soor o3

C+Gto T*Abase conversion

ARTICLE doi:10.1038/nature24644 ABE Py 2 NH2 H,0 0

e ssDNA -'“;'" < ..: , «NfN </N l NH
Programmable base editing of A-T to G-C oo G wncow Ny
in genomic DNA without DNA cleavage T, Loy R woR
Nicole M. Gaudelli'*?, Alexis C. Komor"?3t, Holly A. Rees"??, Michael S. Packer"??t, Ahmed H. Badran'?3, \ ORI o(laarge'lmA;mnd adenosine inosine
David I. Bryson"?*t & David R. Liu"%? "4 nicking of

opposite strand

BERMMR ot =)
Toe " — . JIITEEITTTITTTITITE .,
Bove mmmmmmm; AT to G+C base conversion

v' dCas9 is a mutated Cas9 protein that does not have nuclease activity.
v" Cytosine base editor (CBE) converts a C/G base pair into a T/A base pair, and adenosine base editor (ABE)
converts an A/T base pair into a G/C base pair.
(Homoret al, 2016 Nature Gaudlll et &, Noture 2017)



Ovotransferrin (TF) KO-Applying base editing

RESEARCH ARTICLE

Highly elevated base excision repair pathway in primordial germ S s
oge . o . . TF gRNA Cas9
cells causes low base editing activity in chickens fras
TF
Bl base editing vector
Kyung Youn Lee' | Hong Jo Lee' | Hee Jung Choi' | Soo Taek Han' | Kyu Hyuk Lee' | C,C15ATC s TGATGACTGACTTGG ¢
» .. gw 2 - oy 2
Kyung Je Park’ | Jin Se Park' | Kyung Min Jung' | Young Min Kim' | Ho Jae Han® | : Targetable base within editing window
Jae Yong Han' AmpR N\ '
. . Neo® UGl PmCDA1
Induction of premature stop codon in exon2 of TF gene
/| 1K - oquorcy Nucotde Charge AninocidChage
T_F 2 3 f 1'& : : CDF1cells 0 APPKSVIRWcTIssPEEKFWYN(w"C""WA Ay
i ,' l" M D";T_' 7;:'5 i z . - . Reference GCT CCC CCC AAG TCA GTC ATC AGysA TG4Ga TGC ACC ATA TCC TCT CCA GAA GAGAAG
. T B CRTCATAT ACAACACAA GCT CCC CCC AAG TCA GTC ATC AG A TG 4G TG,,C ACC ATA TCC TCT CCA GAA GAGAAG  (16X) wn)
I S e i — ' oestac:. TlF " e De:,,’;;dl GCT CCC CCC AAG TCA GTC ATC AG A TA,G19 TG,/C ACC ATA TCC TCT CCA GAA GAGAAG (%) (G19: G loA) (W28 stop)
GCT CCC CCC AAG TCA GTC ATC AG4A TG4G,, T6G,,C ACC ATA TCC TCT CCA GAA GAG AAG \. SO R HeA: AcAcaa b . do Aol < s g s
-— . . o = A TR T 7 = = GCT CCC CCC AAG TCA GTC ATC AA, A TA, Ay TG,,C ACC ATA TCC TCT CCA GAAGAGAAG  (3x)  (G16; G to A/ G19; G to A) (R27K. W28 stop)
BE TF l | SUbSHIUBON. ! e e e AAT TCATTCATCACA! A Y ccarareen ACAA( g::;:’:‘::zgn GCT CCC CCC AAG TCA GTC ATC AC A TA4G TG;C ACC ATA TCC TCT CCA GAAGAGAAG () (G16; G to C/G19; G o A) (R27T, W28 stop)
S{ﬂ indel 7\ WA WV Indel  GCT CCC CCC AAG TCA GTC ATC. G14G0 TG,,C ACC ATA TCC TCT CCA GAAGAGAAG  (x) (-4 bp) (Frameshift mutation)
P P — (4 [CAGTCATC - - - - GO TGCACCATAT AGAAGAGAA

E PGCS F Frequency  Nucleotide Change Amina Acid Change
—— APPKSY IR W ¢ T 1 §8 PEEK

Reference GOT GGG GOC AAG TCA GTC ATC AG A T6Gan TG2:C AGC ATA TCC TCT CCA GAA GAGAAG

Expected Base editing C CCC AAG TCA GTC ATC AG, ATA 5A;
CCCCAAGTCAGTC ATC AG,ATA,Go

WT TF BE
PGC PGC

GCT CCC CCC AAG TCA GTCATC AG oA T6 1462 TGC ACC ATA TCC TCT CCA GAAGAGAAG  (2X) (wn)
Desired  GCT CCC CCC AAG TCA GTC ATC AG 1A TA 1Gaa TEC ACC ATA TCC TCT CCA GAA GAGAAG  (21) (619, GloA)

(W28 stop)

v" The efficiency of the desired nucleotide substitution
was 80.0% (12/15) in DF-1 cells, 28.0% (7/25) in PGCs

GOT GCC GO AAG TCA GTGATC AR A TA Az TGz ACC ATA TGC TGT CCA GAA GAG AAG

Unwanted  GCT COC CCCAAG TCA GTC ATC AGyeA TC ,Gzp TB2:C ACC ATA TCC TCT CCA GAA BAG AXG.
substitution GCT CCE CCC AAG TCA GTC ATC AT, A TA 4Ga TG,C ACC ATA TCC TCT CCA GAA GAG AAG
GOT GOC GO ARG TCA GTGATC AT A TT.:Ga TG2:GACC ATA TCG TCT CGA GAA GAG AAG
GOT CCC CCC MG TCA GTCATC AR A TG:5Cx0 TEC ACC ATA TCC TCT COA GAA BAG AMG

GCT CCC CCC ARG TCA GTC ATC AR TA 4Ly TGzC ACT ATR TCC TCT CCA GAA GAG AAG

Indel  GCT GCC COC MG TCA GTC G2 TG,C AGC ATA TCC TCT GOA GAA GAGAAG

substitution /| | VY \ Y GOT COC CCC MG TCA G ATG 4Gz TG0 ACC ATA TCC TCT CCA GAA GAG AAG
+indel  GCTH S Desired

substilution GCT CCE CCC AAG TCA GTC ATC AR, A T G240 AGC ATA TCC TCT CCOA GAA GAG AAG.

+indel

(Lee &t al, 2020 AR

SUBSHIIUEON GET CCE COC ARG TCA GTC ATC Ayh TG TG,,C ACC ATA TCC TCT CCAGAAGAG AMG (3] (GT6; G fo A/ GT9; G o A) (R27K, W28 stop)

(%) (G16; G to A/ G19; Gio A) (R27K W28 stop)

(1) (619:GtoC) (W28 5)

(39 (G16 G lo T/G19; G to A) (R27], W28 stop)

(1) (G16,Glo T/G19; Gl T) (R27, W28L)

(1) (G16, Gto A/ G20; Gio C) (R27K W26C)
(G16,G loA/G19, G toA

[ /60,Gloc) (TR W2EY)
(5% (-8 bp) {Frameshit mutation)
(M) (-7 bp} (Frameshift mutation)

() (G16; G to A-3bp) (R2TK, W28 del)



Ovotransferrin (TF) KO-Applying base editing

B Cc

Donor PGC
derived WT Hybrid

L

- \
o _— 55.0%
v . 0

RPWE "L

R27K, W28 stop Hybrid R27T, W28 stop

-1

TF progeny proportion

17.5%

Desired substitution  Unwanted substitution = Indel

D AP P K8 ¥V | R W € 7 1 88 pP 8 E
Refsrence  GCT CCC CCC AAG TCA GTC ATC AG A TG0 TB2C ACC ATA TCC TCT CCA GAA GAG AAG Freguency Nuciecode Change Amino Acid Change
Desired GCT CCC CCCAAG TCA GTC ATC AG oA TA 4G TG11C ACC ATA TCC TCT CCA GAA GAG AAG {5x) (G19, GoA) (W28 stop)
SUBSIRAON  GCT CCC CCCAAG TCA GTC ATC ARLA 16,466 T61C ACC ATA TCC TCT CCA GAA GAG AAG (2x) 1G16: G %o A) (R27K)
GCT CCC CCC AAG TCA GTC ATC AA A TA,,8, TG,,C ACC ATA TCC TCT CCA GAA GAG AAG (27%) (G16: G A/G19. G A) (R27K, W28 stop)
GCT CCC CCC AAG TCA GTC ATC AR, A TG A, TG,,C ACC ATA TCC TCT CCA GAA GAG AAG (3x) (G186 G 10 A/G20, G0 A) (R27K. W28 stop)
GCT CCC CCCAAG TCA GTC ATC AA A TA,A, TG,:C ACC ATA TCC TCT CCA GAA GAG AAG (7x) (G16; G to A/ G19; G fo A/ G20 G 0 A) (R27K. W28 stop)
Unwarted  GCT CCC CCC AAG TCA GTC ATC AG A TC .G TG1C ACC ATA TCC TCT CCA GAA GAG AAG (110 (G19; G to C} (W285)
SUDSINOIT  BGT CCC CCCAAG TCA GTC ATC AG A TT .G TG1,C ACC ATA TCC TCT CCA GAA GAG AAG (1x) 619, G N (W28L)
GCT CCC CCC AAG TCA GTC ATC AT, A 76,46 TG5C ACC ATA TCC TCT CCA GAA GAG AAG (1x) (G16:GoT) (R270
GCT CCC CCC AAG TCA GTC ATC AC, A TG 4G TG2C ACC ATA TCC TCT CCA GAA GAG AAG (1) (G16:G 1o C) (R277)
GCT CCC CCCAAG TCA GTC ATC AC A TA,,G3s TG,,C ACC ATA TCC TCT CCA GAA GAG AAG (7x) (G16:G 10 C/G19: G 10 A) (R27T, W28 stop)
GCT CCC CCC AAG TCA GTC ATC AT A TA /Gy TG4C ACC ATA TCC TCT CCA GAA GAG AAG () (G16:Gro T/G19. G0 A) (R2T, W28 s10p)
indel GCT COC O Smiiiiieraiin@,, 7G;,C ACC ATA TCC TCT CCA GAA GAG AAG (1x) (18 bp) (inframe mutaton)
GCT CCC CCC AAG TCA GTC ATC AS—A TG 4G TG,C ACC ATA TCC TCT CCA GAA GAG AAG (30 (1 bp} (Frameshit mutasion)
GCT CCC CCCAAG TC (1x) (+38 bp) (Framestt mutation)
GCT © +G3s TG,,C ACC ATA TCC TCT CCA GAA GAG AAG (1x) (-22 bp) (Framesit mutation)
GCT CCC CCC A A GTC ATC AG A TG G TG5:C ACC ATA TCC TCT CCA GAA GAG AAG () (4 bp) (Frameshit mutation)
GCT CCC CCC G A TG 4G 2 TG1:C ACC ATA TCC TCT CCA GAA GAG AAG (1x) (-13 bp) (Frameshit mutation)
GCT CCC CCC AAG TCA GTC ATC ARG 4G T6,:C ACC ATA TCC TCT CCA GAA GAG AAG {1x) (-3 bp) inframe mutaton)
GCT CCC COC AA GTC ATC AG A TG (G TG1C ACC ATA TCC TCT CCA GAA GAG AAG (1) (4 bp) (Framestit mutation)
GCT COC COC AAG TOm s Gy TG C ACC ATA TCC TCT CCA GAA GAG ARG (1) (11 be) (Frameshit mutstion)
GCT CCC CCCAAG TCA G ~A TG ,/G; TG,,C ACC ASTA TCC TCT CCA GAA GAG AAG (1) (-7 bp) (Framesht mutstion)

X

Wild type chicken (/1)

Germline chimera (i/i)

P AN
Donor PGC derived chicken (/1) Hybrid chicken (I/i)

L1 X Lx A 1.1 i_A A R EL s MM SRS
<5 TCAGTCATCABMATIMGTGCACCATA
Sanger sequencing analysis

Donor PGC derived
base-edited chicken (/1)

v 55.0% (44/80): the desired nucleotide substitution,
27.5% (22/80): unwanted nucleotide substitutions,
17.5% (14/80): deletion mutations.

v' The efficiency of nucleotide substitution within the
targeting window was highest at G in the 1%9th
position (G19) and lowest at G20; no base editing
occurred at G22

(Lee &t al, 2020 AR



Ovotransferrin (TF) KO-Applying base editing

Ovotransferrin protein (mg/ml)

N
o
)

104

— Sopecna v TF null mutant: embryonic
oo ik lethality between HH stages 16
| c o W, WS and 46
" | v TF concentration of the KO
| heterozygotes (10.70 mg/ml)
mw - “"\f’\’““ was ~60% of WT (16.70mg/ml)
|
J{

wT
R27T, W28 stop #1
R27T, W28 stop #2

IR

R27T, W28 stop #3

(Lee et al, 2020 FASB.)



Production of “recombinant proteins’ in egg white and yolk
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Production of “recombinant proteins’ in egg white

CCCTGCAT G T AL TAT G 18 AL b
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(Hmet al, 223 Roultry Saience)



Production of “recombinant proteins’ in egg white

A WT OVA EGFP WT OVA EGFP
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Production of “recombinant proteins’ in egg white
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WT EW with Adiponectin

30-90mg/egg

*1.47 - 4.59 mg/ml for total Adiponectin

460

171

7

a1

3N
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g
-

v" Hitrap Q hp column and Superdex G75 analytical size exclusion chromatography.

v Most egg white derived human ADPN: form a hexamer (=150 kDa) or HMW (=360 kDa or more).

HWmet al, 2023 Front Nitr)



Production of “recombinant proteins’ in egg white

Contents lists available at ScienceDirect

Biomaterials
‘. a s » Rituximab
journal homepage: www.elsevier.com/locate/biomaterials ..i.... ,f* =0/ CORRIBTEDRIN)
v 40 =3 i ©CD20 mAb Tg33(ho)d(ho)
The transgenic chicken derived anti-CD20 monoclonal antibodies 2" ¢ 14 ’ s ¥
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Egg Yolk: Production of recombinant proteins
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Conclusion

“Genome edited chicken: egg component regulation and production of recombinant
proteins in egg”

Change of egg composition @

Reduce egg allergy

Production of recombinant
proteins in egg white & yolk
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Possible strong bioreactor system
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