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Abstract
The chicken primordial germ cell (PGCs) has the unique characteristic of settling in gonad through blood
migration, which was the only way to realize the recovery of bird species. However, the PGCs obtained
from a single embryo was far from enough to meet the practical application, while somatic cells can be
obtained in large quantities. Therefore, the problem of insu�cient PGCs can be solved by the induction of
somatic cells into PGCs. Here, we successfully transdifferentiate somatic cells into PGCs, which can be
transplanted to the recipient to produce offspring. In detail, The CEF of Black-Feathered Langshan
Chicken was reprogrammed into iPS by reprogramming factors Oct4, Sox2, Nanog and Lin28, then was
induced into PGCs by BMP4/BMP8b/EGF system. The induced PGCs has similar biological
characteristics to the primary PGCs, which was transplanted into White Plymouth Rock Chicken, which
self-crossed to produce clone-like offspring. It was the the �rst time to demonstrate the feasibility of
avian cloning from somatic cells.

Introduction

Reagents
DMEM (Hyclone, SH30243.01), Trypsin-EDTA (Gibco, 25200072), FBS (Gibco, 10099141), Knockout-
DMEM (Gibco, 10829018), β-Mercaptoethanol (Sigma, M3148), L-Glutamine (Sigma, 59202C), Non-
Essential Amino Acid (Sigma, M7145), Knockout-DMEM (Gibco, 10829018), mLIF (Millipore,ESG1106),
bFGF (Sigma, F0291), hSCF (Sigma, S7901), Chicken Serum (Gbico, 16110-082), Streptomycin (Solarbio,
P1400-100), SEA-1 Antibody (Abcam, AB16285), 4% Paraformaldehyde (Solarbio, P1110), Triton X-100
(Solarpore, T8200), Tween-20 (Solarbio, T8200), T8220), Accutase Digestive Juices (Gibco,40506ES60),
Polycoagulant (Santa Cruz, SC-134220), Mitomycin-C (MCE, Hy-13316), BMP4 (ProSpec,CYT-361),
BMP8b (R&D, 9316-BP), EGF (Thermo Scienti�c, PHG0314), DAPI (Beyotime, C1005), Anti-Fluorescent
Quench Sealant (Solarbio, S2100), PAS staining KIT (Solarbio, G1281), CVH Antibody (ABCAM, AB13840),
c-Kit Antibody (Themo Fisher Scienti�c, 14-1172-81), PKH26(Sigma, PKH26GL), Coloximide (TCI, C0380),
Potassium Chloride (Shanghai Test, 67-56-1), Methanol (Shanghai test, 7447-40-7), Sodium Citrate
(Shanghai Trial, 6132-04-3), Jimsa (Solarbio, G1015), Acetic Acid (Shanghai Trial, 1-101)

Equipment
Fluorescent Microscope (Olympus, Tokyo, Japan, DP72), Inverted Fluorescence Microscope (Olympus,
Japan, DP70), FACS LSRFortessa (BD Biosciences, USA), Fluorescent Enzyme Scale Instrument (Tecan,
Switzerland, Spark 10M), Bench Speed Automatic Balancing Centrifuge (Hunan Xiangji Laboratory
Instrument Development Co., LTD., TDZ4-WS), Frozen Slicer (Leica, Dresden, German, CM1950)

Procedure
1. Transfection of CEF with Chicken Oct4, Sox2, Nanog, Lin28 lentivirus overexpression vector
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(1) The well-grown CEF of Black Feather Langshan Chicken was inoculated in 24-well plate
(1.5×105/well), and cultured in DMEM containing 10% FBS.

(2) It is estimated that when the cell density is about 60%, 300 μL of virus diluted in serum-free DMEM
medium is added to each well, four mixed lentiviral vectors (1: 1: 1: 1) were used to infect CEF under 10
multiplicity of infection and 5ng/mL polybrene.

(3) Virus was diluted by adding serum-free DMEM medium containing 5ng/mL polybrene amine at 6
hours of transfection.

(4) Culture medium was replaced by DMEM containing 10% FBS at 24 hours of transfection. The
expression of enhanced green �uorescence protein was detected at 72 hours of transfection.

1.2 iPSCs induction system in chickens.

1.2.1 Preparation of feeder cells

(1) The well-grown CEF was collected and passed to the second generation in 60 mm diameter petri dish,
and treated with culture medium containing 10μg/mL mitomycin C for 2.5 hours at 37℃, 5% CO2

conditions.

(2) After mitomycin C containing medium was removed, the CEF was washed 8 times with PBS.

(3) The CEF was digested by using 1 mL 0.25% trypsin for 3 minutes. Then 2 mL DMEM containing 10%
FBS was added to stop the digestion.

(4) The cells were inoculated with 2×105 cells/well and cultured in 24-well plate.

 1.2.2Induction culture of chicken iPS cells

(1)  The transfected �broblasts were cultured in 10%FBS medium for 72 hours. The status of cells were
observed and the culture medium was replaced with iPSCs induction medium.

(2)  On the 5th day of induction, the morphology of cells changed signi�cantly, gradually gathered and
became round, and the ability of adhesion decreased. The cells were transferred onto CEF feeder layer
treated with mitomycin.

(3)  According to the status of the cell, half of the DMEM medium was changed every day.

(4) When the distinct monoclonal colonies were observed, single-cell clone colony was picked up under a
stereo �uorescence microscope; it was inoculated into 96 well dishes with feeder cells after 10 minutes of
accutase digestion.

(5) After the feeder layer cells fell off, CEF was sub-cultured into 48-well dish and then sub-cultured into
24-well dish by the same method. 
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1.2.3 Passaging of Chicken iPS

(1)  Collect the culture supernatant of iPS cells and the super�uous serum was removed by gently
washing the bottom of the 24-well dish with PBS.

(3)  Add 200 μL of accutase digestion solution to 24-well dish and digested at 37 ℃ for 5 minutes.
Collect the digested cells, and centrifuge together with the supernatant at 1000 g for 8 minutes.

(4)  After discarding the supernatant, the accutase digestive juice of 1mL was added to the cell
precipitation to digest the iPS clone. The iPS clone was digested at 37 ℃ for 10 minutes, shaking every 3
minutes.

(5)  After digestion, the accutase digestive juice was diluted by adding more than 3 times the volume of
factor medium according to the number of 24-well dishs, �ltered with 400mesh �lter cloth, and inoculated
onto the new feeding layer.

(6)  After iPS cells adhered to the new feeder layer cells for 6 hours, the new medium was replaced.  

1.2.4 The identi�cation of chicken iPS

1.2.4.1 indirect immuno�uorescence of SSEA-1

(1) Wash the cells inducted for 21d twice with 200μL PBS.

(2) The cells were �xed by 200μL 4% paraformaldehyde for 30 minutes, then washed 3 times by 200μL
PBS.

(3) Treated with 200μL 1% Triton for 20 minutes, then washed 3 times by 200μL PBS.

(4) The cells were blocked by 200μL antibody blocking solution for 2 hours.

(5) Incubate the cells with 200μL primary antibody at 37°C for 2 hours and 4°C overnight.

(6) Next day, Wash the cells with 200μL PBS-T 3 times, each time for 5 minutes.

(7) Incubate the cells with 200μL secondary antibody for 2 hours at 37°C in the dark.

(8) Wash with 200μL PBS-T 3 times, 5 minutes each time.

(9) 5ng/μL DAPI staining for 10 minutes.

(10) Fluorescence inverted microscope was used to observe the results.

1.2.4.2 Alkaline Phosphatase staining

(1) Remove the supernatant of the cultured cells and wash with PBS.
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(2) Add ALP �xative to �x the cells for 3 minutes and wash with PBS.

(3) Add ALP incubation solution, protect from light for 15-20 minutes, and wash with PBS.

(4) Add nuclear fast red staining or methyl green staining solution for counterstaining for 3-5 minutes.

(5) The cells were washed with PBS and microscopic examination.

1.2.4.3 karyotype analysis

(1) 5×106 iPS were inoculated in a 100mm culture dish.

(2) The cells were cultured to the logarithmic growth stage and colchicine was added to the existing
culture medium in the culture dish at a �nal concentration of 0.1 mol/L.

(3) After 4 hours of culture, discard the medium, add 2mL 0.25% trypsin, and incubate for 3 minutes.

(4) DMEM with 10%FBS was added to terminate digestion and centrifuged at 1000g for 8 minutes.

(5) With 5mL 40mmol/L KCl; The cells were re-formed by hypoexuding 25mmol/L sodium citrate and
stood at 37℃ for 20min.

(6) Add cold 1:3 methanol acetate �xative solution prepared by equal volume fresh to precipitate
suspended cells.

(7) The cells were suspended and allowed to stand for 10 minutes, and centrifuged at 1000g for 10
minutes

(8) The �xed solution was discarded and 0.2mL methanol acetate solution was used to re-form the
suspended cell mass.

(9) Suck a drop of cell suspension through a pipette into a Pasteur pipette and drop from about 30 cm
onto a slide cooled with ice cubes. Tilt the slide to allow droplets to �ow down and spread out.

(10) The slides were put into the oven to dry, and the cell density was observed and adjusted through a
phase contrast microscope until the slides without cell overlap were prepared.

(11) The slides were placed in the tissue box for giemsa staining.

(12) Add Jimsa working �uid to completely cover the slides and stain for 5 minutes

(13) Wash away the dye solution slowly with running water and observe the glass slides under
microscope after drying.

1.3.1 Induction of chicken PGCs
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(1) The iPS supernatant from culture was collected, and the cultured cells were digested with accutase for
3 minutes and centrifuged together with the supernatant at 1000g for 8 minutes.

(2) Inoculated in a 100mm petri dish, differential adherent for 45 minutes, supernatant was collected, and
feeder layer cells in iPS were removed

(3) iPS (or ESCs) cells were inoculated into the pore plate with 5×104/well, and 40ng/mL BMP4, 40ng/mL
BMP8b and 50ng/mL EGF were added into the medium with inducible medium components as the base
factor. Change half of the induction medium every 12 hours.

1.3.2 Identi�cation of chicken PGCs

1.3.2.1 PAS glycogen staining

PAS glycogen staining was performed using soleppo PAS staining kit, and the methods were as follows:

(1)  The cells were �xed in a 24-well plate with PAS �xed solution for 10-15 minutes.Wash PBS twice and
air dry.

(2)  Add oxidants into cells, oxidize for 15-20 minutes at room temperature, and wash with PBS twice.

(3)  Add Schiff reagent into cells, soak in the dark for 10-20 minutes

(4)  Add sul�te solution 200 L to rinse into cells twice, 2 minutes each time.

(5) The cells were rinsed with PBS twice.

(6) Add hematoxylin in cells and redye for 1-2 minutes.Wash twice with PBS.

1.3.2.2 Indirect Immuno�uorescence of CVH(C-KIT)

The speci�c operation steps are shown in 1.2.4.1.

1.3.3 Vascular injection

(1) Incubate fertilized eggs(White Plymouth Rock Chicken) in a humidi�ed incubator at 38 ℃ until Day
2.5 and the alcohol cotton balls was used to clean the broader edge.

(2) Create a small window by forceps at the broader edge of eggshell, exposure the embryo vessel.

(3) Inject the 1μL cell suspension (5000 cells/μL) to embryo vessel by microinjection needle.

(4) Drop the 20μL of penicillin-streptomycin solution om top of embryo.

(5) Seal the small window with plastic tape and move back to incubator to hatch.
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1.3.4 Detection of migration and homing ability of chicken PGCs by frozen section

(1)  Put the sample on the frozen section holder and added the embedding agent to spread evenly, so that
the sample holder remained �at.

(2)  Quickly put the sample into liquid nitrogen, freezed and �xed it about 20 seconds until no bubbles
were generated.

(3)  Put the frozen �xed sample into the frozen microtome to equilibrate the temperature.

(4)  Installed the blade and trimmed it with a thickness of 20μm.

(5)  After cutting to the sample, sliced it with a thickness of 8μm, attached it with a glass slide, and
observed under a microscope.

1.3.5 Somatic cell induction reprogramming mediated transgenic chicken production

(1)  The embryos of White Plymouth Rock Chicken injected with PGCs of the Black Feather Langshan
Chicken were incubated until they exuded the shell (F0 generation).

(2)  F0 generation was raised to sexual maturity, male and female hens mated, and eggs (F1 generation)
were collected and hatched.

(3)  Observed and recorded the phenotypic traits such as feather color and tibial color when the F1
generation chicken was out of its shell.

(4)  F1 chickens were collected from the wing vein at the age of 1 month, and the blood genome was
extracted for genome sequencing or microsatellite detection.

Troubleshooting

Time Taken

Anticipated Results
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