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reduction replacement

I.   

i.     9  10 mL DPBS 

ii.    3 mL  0.25% Trypsin / 0.02% EDTA  6 cm 

 5 mL  0.25% Trypsin / 0.02% EDTA 

iii.   0.25% Trypsin / 0.02% EDTA  6 cm   38.5  

 5 

iv.   0.25% Trypsin / 0.02% EDTA  DMEM + 10% FBS + 1% 

Penicillin / Streptomycin, Sigma-Aldrich  10 mL  5 

v.  358 × g  5  10 mL

vi.  1 × 106 /mL 10 cm  38.5° C  5% CO2  100% 

vii.  2 3  70 80% 

II.  reprogramming

set of lentivirus EF1A-driven LIN28, NANOG, SOX2, OCT3/4, KLF4 and C-MYC, 

Cat. # LV01006L, Creative Biogene, USA  mdEFs 

6 3 L/  -80   2 3  mdEFs  6 × 105 

/mL 3 Thermo Fisher, Nunclon Delta for adherent cells, Cat. No. 140675

 50 70%  30  

 1 mL  2 mL  

mdEFs  37° C  5% CO2 24 

 mTeSR ™ 1 Medium (mTeSR ™ 1 Complete Kit Cat. #85850, STEMCELL Technologies, USA

 30 mitomycin C

 30  STO 

  0.1% Matrigel®  4 

III. 

alkaline phosphatase, AP   Schiff periodic acid-Schiff stain, PAS

alkaline phosphatase, AP  

PBS  1 mL  4%  5  PBS  1 mL 

alkaline phosphatase detection kit, Chemicon  15  PBS 

 Schiff periodic acid-Schiff stain, PAS  

PBS  1 mL  4%  5  PBS  1 mL Periodic 

acid Sigma-Aldrich  5  PBS  Schiff reagent Sigma-Aldrich

 15  PBS 

IV. embryoid body, EB
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 mTeSR ™ 1 Medium  20 L 5mL PBS 

 2.0 × 106  mdiPSCs  38.5 ° C  5%  

CO2  EB 

V.  

 08212 

i.     miPSCs 2.0 × 105/mL  10 cm Thermo Fisher, Nunclon Delta for adherent cells, Cat. No. 

150464  DMEM + 10% FBS  38.5 ° C  5%  CO2  24  DMEM 

+ 2 % FBS  12 

ii.    101.5 102.5 TCID50 / mL  500 L  38.5 ° C 

iii.   36 72 cytopathic effect, CPE

 VI.

 80 90% CPE  15 mL 

i.     2 3 mL 

ii. /

iii. /  15 mL  -80   805 × 

g  20  -80  

 VII.

Xpress Virus DNA/RNA 

Kit, Cat# K1361-4, BioVision, Inc. USA  DNA 

5'-CCAAGCTACAACAACCACAT-3' sense   5'-TGAGCGAACATGCTATGGAAGG-3'
antisense PCR 94 1  35  cycles denature 94 15 annealing

50 30 extension 72 30  72 5  4

 1  539 bp DNA Zàdori et al., 1995.

I.   

mdEFs  9  mdEFs  DMEM+10% FBS  100 

U/mL penicillin 100 g/mL streptomycin  mdEFs   24 

 2 3 

 mdEFs  2    48 

 mdEFs   6 7  mdEFs  1

 3  mdEFs  6  6 × 105 

 iPS Lentivirus-LIN28, Lentivirus-NANOG, Lentivirus-SOX2, Lentivirus-OCT3/4, Lentivirus-KLF4  Lentivirus-C-

MYC 24  mTeSR1 stem cell medium

 mdEFs  mdEFs  7 10

 35 40 colonies

 2  iPSC 

5 6  9 

Liou et al., 2019   24 

 6 Lu et al., 2012 Fuet et al. 2018

 iPSC  5 8  30 40 

avian 
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species  6,000 

1.  9 mdEFs

m.

A C

D E

B

 2. mdEFs LIN28, NANOG, SOX2, OCT3/4, KLF4  C-MYC

A mdEFs B  9 C:  11 D  32 

E  45 

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

 mdEFs 

mitomycin C

STO  STO 

 iPSC  iPSC  STO 

 0.1% Matrigel®  mTeSR1 stem cell medium  iPSC Lu et al., 

2012  STO  1  STO 

 0.1% Matrigel®  4  STO 

 3

 3. mdiPSC 

Fig. 3. The mdiPSC proliferated and aggregated to form distinct colonies. 

Scale bar = 100 m.
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 mdiPSCs  mdEFs 

 mdEFs 

 8  12 13  mdEFs  4

 mdEFs  mdEFs 

 mdiPSCs  mdiPSCs 

 45 380  mdiPSCs 

 4. mdiPSCs A  6 B 12 C  26 

Fig. 4. Colony morphology of mdiPSCs at different passages. A: Passage 6. B: Passage 12. C: Passage 26.   Scale bar=100 

m

II.  

EGCs glycogen  PAS 

Meyer, 1960  AP 

ESCs

 EGCs Guan et al., 2010  PGCs Chen et al., 2019  PAS  AP 

Jung et al., 2005 van de Lavoir et al., 2006 Liou et al., 2012

 mdiPSCs PAS  20  AP  25  5

BA

 5. mdiPSCs  periodic acid-Schiff PAS  Alkaline phosphatase AP A PAS  20 

B AP  (  25 

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.

III. 

 ESCs  EGCs  EBs  ESCs Evans and  

Kaufman,1981  EGCs pluripotent  EBs 

Doetschman et al., 1985 Shen and Leder, 1992 Desbaillets et al., 

2000  EBs Guan et al. 2010

EG  8  EBs  20  mdiPSCs 

 mdiPSCs  7 – 10  6
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 6.  mdiPSCs 

Fig. 6. The embryoid body formation of was mdiPSCs induced by hanging-drop culture. 

cale bar = 100 m.

IV. 

 mdiPSCs 

mdiPSCs  DMEM + 10 % FCS  80 90%  DMEM + 2 % FCS  12 

 48 72  CPE 

 7

Saleh and Khodier 2020 goose parvovirus, GPV  GPV 

 72  CPE 

 96 120 monolayer  CPE 

Zhang et al. 2019 indirect 

 GPV  DFEs GPV  24 48 

48  96  120 

BA

 7. mdiPSCs A B  72 

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.

 100 120  80 90% mdiPSCs  CPE  mdiPSCs 

 -80  3 -80  / 37

805 × g / 5  mdiPSCs 

 mdiPSCs 

 mdiPSCs  PCR 

539 bp  mdiPSCs 

 mdiPSCs  PCR  mdiPSCs 

 parvovirus free  8
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Parvovirus: 539bp

 8.  mdiPSCs M 100 bp DNA ladder marker A

B  C D

P N

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.

Madin-Darby canine kidney cells MDCK

 African green monkey kidney epithelial cells Vero

Liu et al., 2009; Ehrlich et al., 2012  iPSC Shittu et al., 2016; 

Liou et al., 2019 EB66 Olivier 

et al., 2010  iPSC 

 MD 

 iPSCs 

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. 

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

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

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 

in 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 

s41598-019-52282-7

Vaccine 27: 6460–64603.

Lu Y., 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.

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, I., 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 Newcastle disease vaccine. Biologicals 44: 24–32.

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 

Zádori, 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



106

Establishment of induced pluripotent stem cell line in muscovy 

duck and its waterfowl parvovirus infection test (1)
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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 

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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