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e By B T HIE L e MEae A (muscovy duck induced pluripotent stem cells, mdiPSCs) » ifi #E{77K
2/NiE (waterfowl Parvovirus ) BASHIES - AL FEAHREARIE Rz e A2 e 2 78 7 - ilBp 1895 (lentivirus) F
LIN28, NANOG, SOX2, OCT3/4, KLF4 1 C-MYC ZFfE % [N Ty B WE AR fa 48 4 RF4HPE (muscovy duck embryonic
fibroblasts, mdEFs) - ££4J 7 — 10 K% mdEFs 207 %R 5 B 2 F 7 4HREIP RS - Fraghse 35 — 40 RiRANP
R AAEE S A8 - mdiPSCs #3/MT R T 45 #K (380 K) » &M LEREMATAEMESE AP B PAS Juftfg 2
WRGPERIE © (A INEES BRI E - AP EEREE (embryoid body ) B/ 3 BURFTEIL Z BISHELEENE
FrAi R A L R B LVERE - DUB GBS B TR S8 EEUKE/ M E BRI % 2 mdiPSCs » k&K
B Y mdiPSCs 7 [a 4HARE H 5535 /Y mdiPSCs » 45539 251 E - 58 B /K& /Ni 3 T A28 B i 128y
mdiPSCs > W ] DUE HARRE A NE A& S5 5580 - BURAWTFEAT 1LY mdiPSCs FI{E F/K &/ N a1 T 4HAE R 2L
EEENET] -

REfEEE - NS - MERGARAERIANE - SHE L R ERAIRE - KB/ IVES -

i

Takahashi and Yamanaka i3 2006 S5 K332 » FlIFH Oct3/4, Sox2, c-Myc, Kif4 45 8 YRN8 2 /N B IR R a4
4iff2 (mouse embryonic fibroblasts, MEFs ) - sFZ4HH#EI T FE{E (reprogramming) -~ EHIH EAHTEZLEEM 2
HRANRE > 30 H AT DR TAE VR AR (teratoma) YU o Ao B A Er 4HAE ~ &S 4Rt ~ AILAAHRE - RERR4HAE
Bl | R RSN IR HYARRE © 22 SR —BIRYEE B 2R 4MHE (induced pluripotent stem cells, iPSCs ) >[R[t
ZEH IR FE R Yamanaka BASEEFIEE57 John B. Gurdon H:[EJE(S 2012 35 H B 245 2 TR2E - 1245 iPSC 4R
2 TEFT RIS ~ BG4I IR E LT YR RO - R AR R B A B G Al 2 S RV I, -

RS AOEA — - —&H stage X AYMARAHRE T BEIERS Z IRr4HAE (embryonic stem cell » ESC) » 2
AEFRAE TE AT RO ESE T AR AR 2R FEES 4T (embryonic germ celLEGC) (Pain et al., 1996; van de Lavoir ef al., 2006) - Lu
et al. (2012) FIFTA BN R (POUSFI, NANOG, SOX2, LIN28, KLF4, C-MYC) HE5E 458 IR RG4S
A (quail embryonic fibroblasts, qEFs ) » G IJahk 2 AR RGAEAE CRAMA A T FIAZ UL - S s B A U IR S A AT 14
EBATRERVAIRERR - NSRBI AVAHRERSAE B ZEARRG - W E S SR A RS NIRRT b - TP & RS

(chimaera) ° 3225 —FIE A HIEALEYRERETIC R D E R & A E L s MR 4iREnIptst -

REE—ERFESAEY . B TR S AV R B = 2 B 58 (Naito 2003; Farzanch et al., 2016;
Farzaneh et al., 2017) ° 5341 » FF2 95 HIN A L E R Z S IR R UM EFE VAR 4 CF4HRE (primary chicken
embryonic fibroblasts ) £ > {H 7 FHEA HUBEAVEESR - FIA0EEERRHEE R - RS AR A FH ZEAR
ERE o B > AT E RN - 2 BT L ARSI RS - BYMNEE R O SRR E B
RAEVREBARETIREAE - DUREVE A 2 Ffoll - ARREREE A4 R B it 2 Bt i i R 7% » Rk > 2T
FEATINVA R R FH TR ER4HAE. (EB66 4lifEik ) 1FRfamEiE '8 A E 5 (Olivier e al., 2010)

H K&/ N i RS2 DU /DR (minimum disease, MD) B 1E (Muscovy, Cairina moschata) 2 Wh8&
HEATAEEE - 281 > BINEEA TN - NIEEEFELAMERIERNE 2R - MR RNIEEEZREIFH A TR

ill[
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SHET AR E BB A P TR IR EE - 28T B N EPAZUKERIS S - A SRNAGIR S R E IS SRR E B P B e
HEMAEREIY RN R - AU EeE A INAE st - IR BINHE L aE M duis IEDH“STM T’E
R RS A EFE 2B » DURESRITUIRE A EE S 2 0T« 59 - BISFEL R Airtkey R R o]
RALERA A Bt Ba i A - WREZE T E (reduction) ~ HUf{ (replacement) -~ #F&{L (refinement) 7 sXEnE)Y)
EHERE -

MR TR

I FHIEPLAAEAELEANNE (muscovy duck embryonic fibroblasts, mdEFs ) 4 BEELE:E
i HUAWE 9 REVEIGAERG - RAIMURBLERIEHE - AR R 5 —IFEEH 10 mL DPBS HYEF & I RAR A HYEE
G N

il FFEFREEE B BEHIIL AR TS 2225 3 mL #Y 0.25% Trypsin / 0.02% EDTA JZKHY 6 em fEEEFE ML - DURET]
T HARY) Rt HERE R - DR~ 5 mL JFEE{E R Fall 2 4H8%RE A 1Y 0.25% Trypsin / 0.02% EDTA AR AJE
SIfE T P LAHEL - EETIEEIOR AR 4B -

iii. A L2 AHERFE R #Y 0.25% Trypsin / 0.02% EDTA 7571 A 6 em SEEEFEILF » £ A 38.5C 8y _ & ChixiEE
FEEEE S 8 -

iv. S tHARE #Y 0.25% Trypsin / 0.02% EDTA 775G e 0E > IIAESE R (DMEM + 10% FBS + 1%
Penicillin / Streptomycin, Sigma-Aldrich) %] 10 mL » &40 E&% B E B EE TR S j}ﬁg

v. DA358 x g Bl 5 oy > MR EIERIR R TR - EIDAREEIRE] 10 mL - DUHEGRIFHEEEL—

vi. TEFARREE I ELY 1 x 10° /mL B 10 cm AYEZENLH » # A 38.5° C Bl & 5% CO, 225 S AHENEE 100% iﬁﬁﬂﬂ—
iz EEE e -
vii. PRS2 — 3 REH—TEER - SiERFEZ 70 — 80% ZEPE MR - T RIE TR EE0E
TR DRI A 43 A46E
II. 2L (reprogramming ) 5K -#E L BRI EE 220 GE MR 4TAR

FI R ERYE RN FE4] (set of lentivirus : EFI1A-driven LIN28, NANOG, SOX2, OCT3/4, KLF4 and C-MYC,
Cat. # LV01006L, Creative Biogene, USA ) #:{T mdEFs 4HUFEFEAL o A5 BN 1R R 7 B U (F i FR B ot
AR - S 6 EEEREERA T (3 wL/ ) B -80°C (RIEMHF - BHEE 2 — 3 {42 mdEFs Y 6 x 10°
/mL HY4HPE B HA R 3 N\ oAy S FLEZEE ( Thermo Fisher, Nunclon Delta for adherent cells, Cat. No. 140675 ) #EfTi%% »
IEZEHQEEE?J 50 — 70% ik ESERISER o [EIRFEH T 3 2 BFIVEESEEERA T BN 30C Kaig
fiz  TRAIIACH %2 1 mL fYEER - KEORGRIAZIREEILF - Hi0A 2 mL fYE&ER » &5 PUETT
mdEFs BZLRE 5 FER RIS A @460 37 C BiE 5% CO, fiRfF MEE » 24 /NI ERIEZIRFAYES
TR W R R mTeSR ™ 1 Medium (mTeSR ™ 1 Complete Kit Cat. #85850, STEMCELL Technologies, USA )
TR AR AR - 4 30 RIZFHRIATAELE 43 A @3 (mitomycin C) FUE(LEHL /N AERS B4 RHATAE

(STO mouse embryonic fibroblast, CRL-1503, ATCC ) #E{THE5E4Y 30 K » FHE4MEE STO HErEtomE » &=
HrEHREILE 0.1% Matrigel® JRH > 4 FLANHRSE M THEE -

o5 25 RE MR AR R e 3 A

WA i 5 A% B SRR A B B v 2 SRR - 288 FH 2 0 38 2 T 2R R R % 8 s A REL Y R 8 A R ASE 15 o 2 gk e B

(alkaline phosphatase, AP) FUE E ML S Schiff (K24 (periodic acid-Schiff stain, PAS ) 4 &34
SR AEITHRREES T MRS (alkaline phosphatase, AP) FilFUEME3 T ¢ T ERE VAR BRI bR - D
PBS JF7E—X ﬁ?‘m/\ 1 mL & 4% 18 EMAVEE/ KIS E E 40 5 7358 » DL PBS JEE — K& > fILA 1 mL SZfE
7 (alkaline phosphatase detection kit, Chemicon ) » FAZEJE NRJE 15 47881200 PBS JERE X - BHLIBEMETETE
B BiEE -

M Schiff [Cufs (periodic acid-Schiff stain, PAS) AHREZL B 50AT @ B2 &8 4T BE RS 2 R L s - DL
PBS JE—R » FHIIA 1 mL & 4% 1RE MOV EEE S 400 5 4388 - DL PBS JE%E —XK{% > A 1 mL Periodic
acid (Sigma-Aldrich) - AZJE TNEIE 5 588{% 0L PBS JE5E 2 » FJILA Schiff reagent ( Sigma-Aldrich) > A=
i NI 15 538z DL PBS JEPE R > FLAEMERETE B EZ Bz -

IV RRAS (embryoid body, EB) JEZEHIE

III.

—
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MR EN Y FEEF mTeSR ™ 1 Medium U FREE/IVE - B84 20 L - BEEIERESHIA SmL PBS
DU HERIER (F/NEZESE © 1649 2.0 x 10° {435 mdiPSCs B A B —R03 8/ NE T - BEER 38.5 "C BlE 5%
CO, 2 ZERHEEFEY » LIsA# EB JPK -

K&/ N B R R
K&/ NRFEEEAKS VR ETEE (BIYRIEESE 08212 5F - el - 28 ) EITREE: - 1R
T2anr
i. % miPSCs (2.0 x 10¥mL) B 10 cm JEEEZE M ( Thermo Fisher, Nunclon Delta for adherent cells, Cat. No.
150464) LL DMEM + 10% FBS 2 38.5 ° C 814 5% CO, = 22§ Rsafarihsss » 24 /NI%/% - Fiffip DMEM
+2 % FBS @8 12 /N TR HE -

ii. RHRFETEEE R 10 — 10 TCID50 / mL » BY 500 1 L §GHET AR ss 8 MU TR s WCER 38.5° C 5%
ah Lﬁiﬁ§

iil. HEREERERE 36 — 72 /N\IF - KBS MIE A S MR E(E A (cytopathic effect, CPE) BZETHYERE -

Bl

K& i3 B AR % ZE 4 80 — 90% CPE BRI » BIRFAHAR R gl NUXEE R 15 mL B0 » DU YD ER
TR EAEL
i RERER YRR SRR (€9 2 — 3 mL BRI E N -

ii. DAHREEIFYE] T 4R / R a g - AR TSR a9 S -

iii. RAEE{E R MAVARRE / i B S RIEEF R M B Y 15 mL BB - 12 -80°C /2R =2 1% » DL 805 x
g AETTHEL 20 7788 o YL BRI AERFR -80°C KFE

K& INEEE R

K BN R e AR B o A 40 » U RAR S A 3254 ( Xpress Virus DNA/RNA
Kit, Cat# K1361-4, BioVision, Inc. USA) #£1T DNA Z£H{ » B LU Sl ash S fE ) = Tl - $HE/KE/ VR
e oHl B 2% 51 2 5] F + 5'-CCAAGCTACAACAACCACAT-3' (sense) il 5'-TGAGCGAACATGCTATGGAAGG-3'
(antisense ) ° PCR SZJEMRAE © 94 C o 1 4788 5 21847 35 { cycles HY denature : 94 °C » 15 ¥ ; annealing :
50°C » 30 #b ; extension : 72 C » 30 #b » £ 72°C > 5 47§#%7% (final extension) > #EFRF(E 4C - HAIEMEE » &
kTRl IERE 1 ERRE 539 bp DNA H EF ( Zadori et al., 1995.) -

AR

NG 2 R A REIRR oy BB 28 20 R PR Al i

mdEFs 4HALE 5 B FISMELE 9 RAVIRARHELR > BEM 15 - HUS 2 mdEFs 4f{AEL DMEM+10% FBS (& 100
U/mL penicillin 5z 100 g/mL streptomycin ) 7 BEFER#ETERE - HHZIBIRAGAHARAT 70 BERY mdEFs A& 24 /B
% > RETRIEIR R » DISERARAEITHISE C AR B EAVAHERRE /o &80 2 — 3 RAVEFERE R - BIRTREARRS
FHYZE T 4HRE B AV AR AR 7 A5 EREZF - (NBEEI RIS 4i LAY mdEFs - 2 & Efif 2 REHRER - &0 48
/NEFERE R T b, mdEFs BRAAS4E -4 6 — 7 REFHEITEA » B EAYIBE /@92 mdEFs £ ([& 1) MR -

HUBS#5E 3 {0y mdEFs #{TEBNFEGEE - (T 6 TR EFUELT 6 x 10° AY4HAE - FEFIFEH#EE
~ iPS Lentivirus-LIN28, Lentivirus-NANOG, Lentivirus-SOX2, Lentivirus-OCT3/4, Lentivirus-KLF4 #{1 Lentivirus-C-
MYC PR LB R R A TR - 24 /NIF IR B PRI » WK TR £ mTeSR1 stem cell medium © 353 HAR
JEH R AR B - T2 mdEFs 2P AR L - B2 2 )0 mdEFs 48 7 — 10 KEFER; - 4ifTPREA
HMOINESR A 2 F R AIRIPRE 5 48 35 — 40 RIFEABE FIYANBGETEE - TP RERAIIEE (colonies)
AR ([E 2) - HEHEMEEERE AR E RN T EAEST iPSC sFE 5T RAFTRIE - ZERRRaSE
R AR A L E BN L - 5 — 6 RATELRMPRRLEE - 49 9 RIB 4B GR £ B4R
ZEE&IVEER (Liou et al., 2019) ; $RIRAVARARARAERIANNT - &R LR - 4y 24 /IS5 ] LARAEIE RE
HIE - 6 RigRIP RS ERA 2 BRETZRE (Lu et al., 2012) ° Fuet et al. (2018 ) DAZEEINS IR RG 4 4E REAH A
FIFHEE LR T8 - ME(TEENE iPSC SRE 2 ITHE Y - REBNS 3 RITEEAL%4Y 5 — 8 KRB 30 — 40 R4S
EIP R  BEE R RS » ISP RSB IS R A B Y 2 52 - RN A BIS [E) & B )78 (avian
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species)  {HAEBILAEFEHY 6,000 BAERTHHEAERN EESEA T 77 HISEERTEL -

[P
1. AWML 9 REBIGIEAG 7 B IBARAR4EREMEAE (mdEFs) HYIPRE -
Fig. 1. The morphology of muscovy duck embryonic fibroblasts (mdEFs) collected from a 9-day-old embryo. Scale bar =100

[m.

[E 2. FEHE 2 IRABRAEREAHRE (mdEFs ) &R EEREET (LIN28, NANOG, SOX2, OCT3/4, KLF4 fl C-MYC) {#Z%1%
ZHIHEIPRE © A - mdEFs FARZEEREIN AT 0 B - ELR5E 9 K CEIEHEE 11 X D EELEEE 32 K -
E @ ELFiRE 45 K -
Fig. 2. The morphology of mdEFs infected with reprogramming factors (LIN28, NANOG, SOX2, OCT3/4, KLF4 and C-MYC) >
A: mdEFs prior to infection, B: Day 9 post transduction, C: Day 11 post transduction, D: Day 32 post transduction. E:
day 45 post transduction. Scale bar =100 ¢ m

Auge s it i 2 L E R A T8 Y4 1% 2 mdEFs B8 BRSSP el - BEE I RE > T
ﬂ}qﬂ’ﬂ%}ﬁéy%‘%ﬁﬁﬁ AR RELEE A PR FAE S LB HE R 71 28 AT P S AR R Y B R T U S T AR S SR T R A A
% HAERRBHIRMAREIIAS - Wit HEEERNVARERRIK %A EZE (mitomycin C) AIE(LREM
STO fE Ryt &= 4Rt THE S - BRI STO (g B4t iE i MY A RIS SRS - (HE
HEAMMPRREEEN B AHE » R NAIREEES A G — ARl AR AR AR T DU R R B T ey 0%
TEEMAIREEE S 258 - BSR4 108558 iPSC 1UsEH » (EERERENVEREE iPSC B STO 155 » EHER
FLL 0.1% Matrigel” pRFH > B2 » A6 B E G F#25L mTeSR1 stem cell medium FY 32T 4628 iPSC (Lu ef al.,
2012) - AREEISIRERE > (FE4IMEE STO HE274Y 1 {1k » BRI E B STO HasE o
B EHFILL 0.1% Matrigel® JEH > 4 FLANFERSEMN - EERL4HANIE STO S iifk B b e  H/A R ACRIFRANE -
if EL8 2B Y AHRE & AH B B SR AR B AR RS (& 3) -

3. mdiPSC 34 4= R IP R HIRERVATIRL AL -
Fig. 3. The mdiPSC proliferated and aggregated to form distinct colonies.
Scale bar =100 ¢ m.
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M4 AR R LR, - #ET mdiPSCs sFEEE T - WIEATA mdEFs HHp I, - (ALt 1255
gy gied > oIy T2 2] mdEFs AYFAE - MR M & A (U a Ry i 2 e -
YIELIRELSHE 8 4 gt VAR  FEEE 12 — 13 BB Et2E % mdEFs (Y7EAE (@ 4) -
mdEFs &ESHMEZ MM - AN BRIMRIS RIS » SUL SR ER RSN T 2 mdEFs fEEREY
GFEE G RIFRIAVRE IR - R E R N AR EEEAY mdiPSCs 775 - £ H Al mdiPSCs A8/ ME
TERERERMET - B 45 810 (380 X) » WERFIIRREEH - 2 HIRTHY mdiPSCs fHI% PR E T
trA ﬁ#?éﬁfxﬁ+,\$5x&?

4. mdiPSCs PX A [FIE A E - HERBSRARZEREPE A F 6B HF 120 C: 526 {0 -
Fig. 4. Colony morphology of mdiPSCs at different passages. A: Passage 6. B: Passage 12. C: Passage 26. Scale bar=100
[ m

1L 5FEZ s AR s AT A

TEARAEJE4HAE (EGCs) Z 4SS A RTEE (glycogen) FEAL » TE4HARZE LA PAS Ly At iy (&5
SBE o WHHE B SR LI — (Meyer, 1960) - 4RGSR ol fgt AP 2 S M 380 4 A 2 88 2 R RS 4R
(ESCs) ZZREVERVRHERIEGE - AWt 7R S A iE U LER B R P R D AR A v = 4R - 2B Rt wiag 2=
FH A A6 HIERY EGCs ( Guan ef al., 2010) #1 PGCs (Chen ez al., 2019) #5{EZRE ME4MAEIESE PAS F1 AP #E1T45ME
2HeMOHIE (Jung ef al., 2005 ; van de Lavoir et al., 2006 ; Liou ef al., 2012) - &5 RAEREHEEREA LEER A
Pl AHAEEE AT/ AR 2 mdiPSCs KDL PAS (5238 20 48(0) B AP (23 25 %) WIS 2 ERIE (8 5) >
R B AR S EZREE

5. mdiPSCs D/ periodic acid-Schiff (PAS) F1 Alkaline phosphatase ( AP) Jat5 2[5 M E A @ PAS Fufa (5 20
) BT AP R (FE258) -
Fig. 5. The mdiPSCs were stained positive with periodic acid-Schiff (PAS) and alkaline phosphatase (AP). A: PAS staining
(Passage 20). B: AP staining (Passage 25). Scale bar =50 ¢ m.

L ARSI AR

HA {62 REER ESCs f1 EGCs [ T FIFF & BH— LRV A REEEE S - JP R EBs 752 ESCs (Evans and
Kaufman,1981) 1 EGCs BA &7 1LZ%HEME (pluripotent) HYHRiE 2 — o MRERMHAENTAZHY EBs B (BIP = 1E
IR F@ I BE 1 R o Bk &8 [E B BE Y 4H B BE ( Doetschman ef al., 1985 5 Shen and Leder, 1992 ; Desbaillets ef al.,
2000) - Ht EBs BYIERGE T T RIEER 4Rk B = IR 4R (78 JIHVFEEE © Guan er al. (2010) #5HITS
EG dHptETRIFHEIENES 8 RTEIZ2F] EBs HYIPRK o AHSTHETE 20 4 Y mdiPSCs DU EMEITER
FIEIRRE NI - 455 8UR » mdiPSCs ARFHIE 7 - 10 R12EIZE 7] RAAR SR EIBRIRGE1#E 2 JHiRaE (B 6) >
FURAIEE ARSI M T ERVRE
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6. I F 78 v] 5 %% mdiPSCs JERUSHLAS -
Fig. 6. The embryoid body formation of was mdiPSCs induced by hanging-drop culture.
cale bar =100 gy m.

IV. /N 35 B A

Ryt R T AV AR R S AT AE Ry K&/ N S Y 18 - ARG 18 S s Rk - DASTAL #E — PR iU e B 2R
EZ AT - SR E AT £ ENKE/NEEE B mdiPSCs 41T /K& /N 58 BRI -
mdiPSCs L DMEM + 10 % FCS £2%& - {F4ifE4: E 712 80 — 90% - f&HraE iz DMEM + 2 % FCS 448508 12
INEHE » FETTIREEEE o ARSI R 48 — 72 /N R B2 R AV AT SR B i . CPE B3R T
HyERSe (& 7) -

Saleh and Khodier (2020) DLJE H ¥R 350 B A4 #E/NE 55 (goose parvovirus, GPV ) AYIE & 738 ! GPV ¥
T R R IS IR AG 44 RR ARG - TR ERE 1R 72 /NI Al 22 31 A7 UL HY AR BY RE SR B G 45 /N 2 CPE 4
F] 96 — 120 /NEf > F2{E B JZ (monolayer) AR/ NEER R A MIEHTEEE - RHVEZ% 34 CPE
FY HF ] B AR Y R Y LB T A B R N B ZZ FIAE VB © Zhang er al. (2019) F #8473 # (indirect
immunofluorescence assay, IFA ) JE#{T GPV {£ DFEs 825 » GPV (FFL1% 24 — 48 /T Al 225 g Sl
T 48 /NP FEDRE RN IE 96 B Z R B S - Y 120 /NIF 2R E CEINRE -

7. mdiPSCs /K&/INHHERGHE - A MDA RREUKSE/ VKT - B MRERAEKE/ NRFRETE 72 /N -
A= AR EEER] (CPE) -
Fig. 7. Morphology detection of mdiPSCs after waterfowl parvovirus infection. A: Control cells without infection. B:
Cytopathic effect (CPE) exhibited at 72 hours after waterfowl parvovirus infection. Scale bar = 100 /# m.

AIHGCAER BRI %4 100 — 120 /\B% > BHZ2549 80 — 90% mdiPSCs ¥R CPE B » E[I4 mdiPSCs [ Hoiz
BREIT RO HAFT -80°C o FFEIU AR R AR 3 Y -80°C &8 / 37°C ffsR » SUF MR R R &
SRR - PRI TEREC, (805 x g/ 54788 [MULEH RN Y BFER « 10 DAL EER - FF20EST mdiPSCs 2 4HREREE: -
DU B R K & N B 25 0] AR mdiPSCs 2 AR T 5 25 T 1 18 B T o

FIF RO BRI % Y mdiPSCs » 8 PCR fy 7 =VETTROH] » S5 i HRBUKE N B E— R AN
539 bp F ERIPS MR IE o 4SS B AT LY mdiPSCs 4HFEIRRHEE T (E R K&/ NR 375 400 - EKE
/NEBIRARRE TR E TR S H TR SRR BRI A RS o pEAt - AW R A DATEE
HHEIT/KE N5 BRI FAVE HE4H mdiPSCs 4fiAfl PCR il 2P tE L E 2 4558 » BURAERE. 2 mdiPSCs 4
Rt By parvovirus free (& 8) -
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700bp
600bp .
500bp 4 Parvovirus: 539bp

400bp

300bp
200bp

100bp

8. U &y it ol S B AR R SEK S/ N B2 IRIEALHY mdiPSCs 4] M : 100 bp DNA ladder marker » A * DUKE/MiEE
RN 4t © B A C  DUKE/ Vi3RI % WA EB R R 2 4R - D @ AT /K S IVm B R 4 -
P IUEEIEEE o N o R PR -
Fig. 8. Polymerase chain reaction (PCR) analysis of waterfowl parvovirus-infected mdiPSCs. M: 100 bp DNA ladder
marker. A: Cells infected with waterfowl parvovirus. B and C: Cells infected with cell supernatants isolated from the
waterfowl parvovirus-infected mdiPSCs. D: The mdiPSCs without infection with waterfowl parvovirus. P: Positive

control. N: Negative control.

H AT e e A e £ PR A AR R SR AR R e L =0 AR DA AR AR AR A e e e A VB E U
WN— BRI E  SRFRERVIIGER AR e - DB ERNEm A EIFRE - HEHY > diissafiEik
flo > & H AT EARRHI S i S R RS, - BIYME MR & S HOE (UIRRG BRI A YA AR Ty e 2B 7E - DA
B L R - AHREERE A AR R 2 Bl 2R R FE U7 % - Madin-Darby canine kidney cells (MDCK )
I African green monkey kidney epithelial cells ('Vero) S SRANAL AR50 Z BT A T B4 P PR A AT IR 35
Y& (Liu et al., 2009; Ehrlich et al., 2012) ~ ZR1 > #EZAC AR LIESE iPSC AEEE 4% (Shittu et al., 2016;
Liou et al., 2019 ) Z W52 - TR BRI A A ST HIRRER AR (EB66 Atk ) {F Fyy Bt 1 'E 4 & P& (Olivier
et al., 2010) AYRPZESER - {HR] AR BSR4 EE RS HH iPSC AlRbkAy AR e TR EL - [EISHE— DT
[T BAE A M B Ryl -

BIN/KE/ M E i H A2 MD BISIREETAE - NENEERAFEN - NIREERE I REERAE
EPLERIERATERE - MEPRH AT EISIFEE AN - ATERAH A ORI E AR (e s A EE AR Z IR EE - (BAE
BN EAZUKEISS - RAERT AR ENE S R R A S O R EHE RS - RIS e E R A SRS R L - B
HERELR Y REERFREN SR > MRS 2 ES ERRE B B E - WIS A Bt E L R 7R
— Tk o AHFEC I NS L R MR AR - LSRRk Z IRRAOK S MR REE - DU Sl
SN ETT AT > SRS 2R IE - SSE AT L BN B L RE MR AR R AT 1E R K&/ Vi 35
YTE ZANRE > HEUKSE/ MR E R &R T 1 AR E TR - B ATERE AR SRR o] SR 165
ZREVEERAINE - REF AR I B IRSE 5 2 REMERr AP M B AL EE Y PTG - IR &
JAiPSCs #fTER EEN V& > DUNAECR ) ISR ENEHE -

ZEXR

Chen, Y. C., S. P. Lin, Y. Y. Chang, W. P. Chang, L. Y. Wei, H. C. Liu, J. F. Huang, B. Pain, and S. C. Wu. 2019. In vitro
culture and characterization of duck primordial germ cells. Poult. Sci. 98:1820-1832.

Desbaillets, I., U. Ziegler, P. Groscurth, and M. Gassmann. 2000. Embryoid bodies: an in vitro model of mouse
embryogenesis. Exp. Physiol. 85: 645-651.

Doetschman, T. C., H. Eistetter, M. Katz, W. Schmidt, and R. Kenter. 1985. The in vitro development of blastocyst-derived
embryonic stem cell lines: formation of visceral yolk sac, blood islands and myocardium. J. Embryol. Exp. Morphol. 87:
27-45.

Ehrlich, H. J., J. Singer, G. Berezuk, S. Fritsch, G. Aichinge, M. K. Hart, E. A. Wael, D. Portsmouth, O. Kistner, and P. N.
Barrett. 2012. A cell culture-derived influenza vaccine provides consistent protection against infection and reduces the
duration and severity of disease in infected individuals. Clin. Infect. Dis. 54: 946-954.

Evans, M. J. and M. H. Kaufman. 1981. Establishment in culture of pluripotential cells from mouse embryos. Nature
292:154-156.

Farzaneh, M., S. Khoshnam, and P. Mozdziak. 2017. Concise review: avian multipotent stem cells as a novel tool for



105 T2 e MR AR 2 VT K 8 MR BRI

investigating cell-based therapies. J. Dairy Vet. Anim. Res. doi:10.15406/jdvar.2017.05.00125.

Farzaneh, M., S. E. Khoshnam, and M. Nokhbatolfoghahai. 2016. First scientific record of two cases of partial twinning in the
chick embryo, gallus gallus domesticus. Vet. Rec. Case Rep. doi:10.1136/vetreccr-2016-000353.

Fuet, A., G. Montillet, C. Jean, P. Aubel, C. Kress, S. R. Gervier, and B. Pain. 2018. NANOG is required for the long-term
establishment of avian somatic reprogrammed Cells. Stem Cell Rep. 11: 1272—-1286.

Guan,W., Y. Wang , L. Hou , L. Chen , X. Li , W. Yue, and Y. Ma. 2010. Derivation and characteristics of pluripotent
embryonic germ cells in duck. Poult. Sci. 89: 312-317.

Jung, J. G., D. K. Kim, T. S. Park, S. D. Lee, J. M. Lim, and J. Y. Han. 2005. Development of novel markers for the
characterization of chicken primordial germ cells. Stem Cells 23: 689—-698.

Liou, J. F., J. W. Shiau, J. Tailiu, C. Tai, L. R. Chen, and M. C. Chang. 2012. Culture of chicken gonadal primordial germ
cells (gPGCs) in chicken embryonic fibroblast (cEF) cells conditioned medium and iz vivo migration. J. Anim. Vet. Adv.
11: 2196-2203.

Liou, J. F., W. R. Wu, L. R. Chen, and Y. L. Shiue. 2019. Establishment of an induced pluripotent cell line from Taiwan
black silkie chick embryonic fibroblasts for replication-incompetent virus production. Sci. Rep. https://doi.org/10.1038/
s41598-019-52282-7

Liu, J., X. Shi, R. Schwartz, and G. Kemble. 2009. Use of MDCK cells for production of live attenuated influenza vaccine.
Vaccine 27: 6460-64603.

LuY., D. W. Franklin, J. J. Brian, L. M. Jennifer, T. J. Erin, G. C. Amalia, B. B. Robert, and L. S. Steven. 2012. Avian induced
pluripotent stem cells derived using human reprogramming factors. Stem Cells Dev. 21: 394-403.

Meyer, D. B. 1960. Application of period acid—Schiff technique to whole chick embryos. Stain Technol. 35: 83—89.

Naito, M. 2003. Development of avian embryo manipulation techniques and their application to germ cell manipulation.
Anim. Sci. J. 74: 157-168. doi:10.1046/j.1344-3941.2003.00101.x.

Olivier, S., M. Jacoby, C. Brillon, S. Bouletreau, T. Mollet, O. Nerriere, A, Angel. S, Danet, B. Souttou, F. Guehenneux, L.
Gauthier, M. Berthomé, H. Vié, N. Beltraminelli, and M. Mehtali. 2010. EB66 cell line, a duck embryonic stem cell-
derived substrate for the industrial production of therapeutic monoclonal antibodies with enhanced ADCC activity. mAbs
2:405-415.

Pain, B., M. Clark, M. Shen, H. Nakazawa, M. Sakurai, J. Samarut, and R. Etches. 1996. Long-term in vitro culture and
characterisation of avian embryonic stem cells with multiple morphogenetic potentialities. Development 122: 2339—
2348.

Resnick, J. L., L. S. Bixler, L. Z. Cheng, and P. J. Donovan. 1992. Long-term proliferation of mouse primordial germ cells in
culture. Nature 359: 550-551.

Saleh, A. A. and M. H. Khodier. 2020. Preliminary studies on the virus causing outbreak of duckling short beak and dwarfism
syndrome (SBDS) in Egypt. J. Appl. Vet. Sci. 5 (4): 55-60.

Shen, M. M. and P. Leder. 1992. Leukemia inhibitory factor is expressed by the preimplantation uterus and selectively blocks
primitive ectoderm formation in vitro. Proc. Natl. Acad. Sci. USA. 89: 8240-8244.

Shittu, 1., Z. Zhu, Y. Lu, J. M. Hutcheson, S. L. Stice, F. D. West, M. Donadeu, B, Dungu, A. M. Fadly, G. Zavala, N.
Ferguson-Noel, and C. L. Afonso. 2016. Development, characterization and optimization of a new suspension chicken-
induced pluripotent cell line for the production of Newecastle disease vaccine. Biologicals 44: 24-32.

Takahashi, K. and S. Yamanaka. 2006. Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures
by defined factors. Cell 126: 663—-676.

van de Lavoir, M. C., J. H. Diamond, P. A. Leighton, C. Mather-Love, B. S. Heyer, R. Bradshaw, A. Kerchner, L. T. Hooi, and
T. M. Gessaro. 2006. Germline transmission of genetically modified primordial germ cells. Nature 441:766—769.

Zadori, Z., R. Stefancsik, T. Rauch and J. Kisary. 1995. Analysis of the complete nucleotide sequences of goose and muscovy
duck Parvoviruses indicates common ancestral origin with adeno-associated virus 2. Viro. 212: 562—-573.

Zhang, J., P. Liu, Y. Wu, M. Wang, R. Jia, D. Zhu, M Liu, Q. Yang, Y. Wu, X. Zhao, S. Zhang, Y. Liu, L. Zhang, Y. Yu, Y. You,
S. Chen, and A. Cheng. 2019. Growth characteristics of the novel goose parvovirus SD15 strain in vitro. BMC Vet. Res.
15: 63-71 https://doi.org/10.1186/s12917-019-1807-y



Taiwan Livestock Res. 57(2) : 98-106, 2024 106
DOI : 10.6991/JTLR.202406_57(2).0004

Establishment of induced pluripotent stem cell line in muscovy

duck and its waterfowl parvovirus infection test ‘"

Jenn-Fa Liou ® Chia-Yu Chang ® Fung-Hsiang Chu ® and Lih-Ren Chen ®®

Received: Sep. 7, 2023; Accepted: Nov. 2, 2023

Abstract

The purpose of this study was to establish duck induced pluripotent stem cells (mdiPSCs) lines from the muscovy duck,
and to evaluate their potential for vaccine production. The results showed that the morphology of muscovy duck embryonic
fibroblasts (mdEFs) transformed into colony type from spindle type 7-10 days after being infected with lentivirus, which
was constructed with reprogramming transcription factors of LIN28, NANOG, SOX2, OCT3/4, KLF4 and C-MYC. The
transformed cells have been maintained in vitro for more than 45 passages (380 days). These putative mdiPSCs continuously
expressed pluripotent markers of avian stem cells including AP and PAS antigens. The capability of embryoid body formation
of the putative mdiPSCs was excellent when induced by hanging-drop culture. These results demonstrated that the mdiPSCs
line established in this study were pluripotent. The specific 539 bp DNA fragment was recovered in the mdiPSCs after
infection with waterfowl parvovirus, and also the mdiPSCs infected with the cellular content recovered from previously
waterfowl parvovirus-infected mdiPSCs when detected by polymerase chain reaction. These results showed that mdiPSCs

cell line with the potential for production of the vaccines against waterfowl parvovirus.
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