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Abstract 

Pluripotent stem cells from domesticated animals have potential applications in transgenic 
breeding. Here, we describe induced pluripotent stem (iPS) cells derived from bovine fetal 
fibroblasts by lentiviral transduction of Oct4, Sox2, Klf4 and c-Myc defined-factor fusion 
proteins. Bovine iPS cells showed typical colony morphology, normal karyotypes, stained 
positively for alkaline phosphatase (AP) and expressed Oct4, Nanog and SSEA1. The CpG in 
the promoter regions of Oct4 and Nanog were highly unmethylated in bovine iPS cells com-
pared to the fibroblasts. The cells were able to differentiate into cell types of all three germ 
layers in vitro and in vivo. In addition, these cells were induced into female germ cells under 
defined culture conditions and expressed early and late female germ cell-specific genes Vasa, 
Dazl, Gdf9, Nobox, Zp2, and Zp3. Our data suggest that bovine iPS cells were generated from 
bovine fetal fibroblasts with defined-factor fusion proteins mediated by lentivirus and have 
potential applications in bovine transgenic breeding and gene-modified animals. 
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Introduction 

As a new type of pluripotent stem cells, repro-
grammed by ectopic expression of defined factors 
Oct4, Sox2, Klf4 and c-Myc from differentiated so-
matic cells (1), iPS cells have unlimited self-renewal 
capacity, maintain pluripotency, and are very similar 
to embryonic stem (ES) cells in morphology, prolifer-
ation, pluripotent gene expression, promoter methyl-
ation, teratoma formation and the capacity to differ-
entiate into all of the cell types in vivo or in vitro under 
appropriate induction conditions (1-5). Similar to ES 
cells, mouse iPS cells possess the ability to form 
germline chimera upon injection into early blastocysts 
(6) and can produce viable offspring using a tetra-

ploid complementation strategy (7, 8). Considering 
the abundant resources, identical self-renewal and 
unlimited proliferation abilities, iPS cells are regarded 
as a potential source that can be easily genetically 
manipulated to produce transgenic, chimeric and 
knock-out domestic animals. iPS cells may provide an 
invaluable tool not only for research aimed at drug 
development and regenerative medicine in human 
beings but also for transgenic breeding and genet-
ically modified domestic animals. Additionally, 
mouse ES cells can efficiently produce both presump-
tive oocytes and sperm cells under defined culture 
conditions (9-11).  
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Cattle are the most common type of large do-
mesticated ungulates and are raised as livestock for 
meat, as dairy animals for milk and other products. 
Bovine iPS cells are artificially derived from adult 
somatic cell without the use of rare and excellent em-
bryos, so bovine iPS cells and their derivatives espe-
cially germ cells will enable the precise genetic engi-
neering of livestock for improved production traits, 
are also powerful reproductive tools and could sig-
nificantly speed up the breeding process. In the cur-
rent study, we report the characterization of bovine 
iPS cells by lentiviral transduction of Oct4, Sox2, Klf4 
and c-Myc reprogramming factor fusion proteins with 
enhanced green fluorescent protein (EGFP) and 
demonstrate the differentiation capacity of bovine iPS 
cells, including oocytes, in vitro under defined induc-
tion conditions.  

Materials and Methods  

Cell culture and lentivirus infection 

Bovine primary fibroblasts from the skin of in-
dividual 2.5 and 4-month-old Holstein breed fetuses 
were established by culturing tissue explants in high 
glucose DMEM medium (Hyclone) with 10% fetal 
bovine serum (FBS, Hyclone) and were expanded for 
several passages before virus transduction. Lentiviral 
expression vectors (pLentilox 3.7) for human Oct4, 
porcine Sox2, c-Myc and Klf4 fused with EGFP were 
constructed as described in ref (12). Lentiviruses were 
packaged and produced in 293T cells, collected, fil-
tered, concentrated by ultrafiltration and added onto 
bovine fibroblasts (1.0 × 104 cells/cm2) with high 
glucose DMEM containing 10% FBS, 10 μg/ml 
polybrene (Sigma). After 2 days, the cells were cul-
tured with stem cell medium consisting of 1000 U/ml 
LIF (Chemicon), 4 ng/ml bFGF (Sigma), 15% FBS and 
high glucose DMEM. After the cells formed colonies, 
the colonies were relocated from culture dishes using 
1 mg/ml dispase (Sigma) and seeded onto mouse 
embryonic fibroblasts (MEFs) for subsequent culture. 

Teratoma formation and in vitro differentia-

tion 

After digesting from culture dishes with trypsin 
solution, cells were pelleted, resuspended at 1×107 

cells/ml in serum-free DMEM, and 200 μl was in-
jected subcutaneously into the dorsal flank of 
6-week-old severe combined immunodeficient 
BALB/C nude mice. At 9 weeks after injection, tumor 
tissues were generated and fixed in 4% paraformal-
dehyde and stained with hematoxylin/eosin.  

In vitro differentiation of cells was performed via 
spontaneous differentiation of embryoid body (EB) 
formation. The cells were detached from culture 
dishes using 1 mg/ml dispase, collected after cen-
trifugation, resuspended in culture medium without 
LIF and bFGF, and seeded in low-adhesive dishes 
(Qingdao Alpha). After 7 days in suspension culture, 
EBs were transferred to gelatin-coated dishes and 
cultured for another 7 days.  

For the derivation of female gametes, cells were 
cultured and passaged without feeders after digestion 
with trypsin solution. After 4 days, cells were resus-
pended in culture medium without LIF and bFGF and 
formed EBs by hanging drop culture. The resulting 
EBs were transferred to low-adhesive dishes. After 4 
days in suspension culture, EBs were transferred to 
gelatin-coated dishes and cultured in DMEM/F12 
medium containing 10% FBS, 10% porcine follicular 
fluid and 0.5 μM retinoic acid (RA) for another 4 days. 

Karyotype analysis and AP staining 

For karyotyping, cells were treated for 2.5 hours 
with 0.1 μg/ml colchicines (Sigma), digested with 
trypsin solution, resuspended in 0.075 mol/L KCl and 
incubated at 37°C for 25 min before fixation with 
methanol and acetic acid (3:1) for 10 min. After cen-
trifugation, cells were resuspended, spread on slides, 
stained with giemsa dye, air-dried, mounted and 
examined.  

Cellular AP activity was displayed with AP 
staining solution after fixation with 4% paraformal-
dehyde using standard protocols. Cells exhibiting 
brown stain in cytoplasm were identified as positive. 

RT-PCR and quantitative real-time PCR 

Purified RNA samples were isolated from the 
different cells and treated with an RNase-free DNase 
kit to effectively remove contaminating genomic 
DNA. After genomic DNA elimination, the RNA 
samples were ready for reverse transcription to syn-
thesize first-strand DNA according to the manufac-
turer’s instructions (Qiagen). The primers used are 
described in Table 1. PCR products were examined by 
1% agarose gel electrophoresis.  

Real-time PCR was performed in an ABI 
Step-One Plus real-time PCR system using a Power 
SYBR Green PCR Master mix (ABI 4367659) using the 
standard curve method with β-actin as the internal 
control. The primers used to amplify EndoOct4, Nanog 

andβ-actin (13) are described in Table 2. Amplifica-
tion was performed in 20 μl reaction volume accord-
ing to the manufacturer’s instructions. 
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Table 1 The primers used for RT-PCR 

Genes Sequences of primers Productions (bp) Tm (°C ) 

ExoOct4 F: 5′-GCTCTCCCATGCATTCAAAC-3′ 
R: 5′- TCGTCCTTGAAGAAGATGGTG -3′ 

350 55 

EndoOct4 F: 5′- CAGACACCACCGCCACCAGC -3′ 
R: 5′- TCCCTCCACACAAGTCATAG -3 

416 55 

ExoKlf4 F: 5′- TCCAGTGCCAGAAGTGCGAC -3′ 
R: 5′- TCGTCCTTGAAGAAGATGGTG -3′ 

380 55 

EndoKlf4 F: 5′-ACTGTCATCCTGCCCTGCC -3′ 
R: 5′-CCTTGTGTCTCCTGATTATC -3′ 

412 55 

Nanog F: 5′- ACCAGA GAATGAAATGTAAG -3′ 
R: 5′- ATTTTCCCCAGCAGTTCC -3′ 

382 55 

GDF9 F: 5′- TTTGCCTGGCTCTGTTT-3′ 
R: 5′- GTGGCTTCTGTTGGATTTA -3′ 

288 53 

ZP2 F: 5′- AGAATGACGGTGAGGTGC -3′ 
R: 5′- AAGGTGGTTCTGTGGTTGTC -3′ 

353 53 

ZP3 F: 5′- CTTCAGCAAGTCCTCCAACA-3′ 
R: 5′- CAGCCAGAGTCAAGGTCATC-3′ 

293 57 

VASA F: 5′- GGTAGTTTCCGAGGTTGC -3′ 
R: 5′- ATGCCTGTTTGATAATGTGC-3′ 

347 52 

DAZL F: 5′- TCCTCCACCACAATTTCA-3′ 
R: 5′- CACCGTCTGTATGCTTCT-3′ 

364 50 

GAPDH F: 5′- TTGGTATCGTGGAAGGACTCTA -3′ 
R: 5′- TGTCATATTTGGCAGGTT -3′ 

270 55 

 
 

Table 2 The primers used for quantitative real-time RT-PCR△ and bisulphite genomic sequencing◇ 

Genes Sequences of primers Productions(bp) Tm (°C ) 

△EndoOct4 F: 5′- GAACCCTGAGGAGTCCCAGGACATCA -3′ 
R: 5′- ACACCGGCTACTCTTCCCAGAGAA -3′ 

306 60 

△Nanog F: 5′- CGACACGGACACTGTCTCTCCTCTTC -3′ 
R: 5′- ACCAGGTCTTCACCTGCTTGTAGCT -3′ 

287 60 

△β-Actin  F: 5′- GAGCGGGAAATCGTCCGTGAC -3′ 
R:5′- GTGTTGGCGTAGAGGTCCTTGC -3′ 

278 60 

◇Oct4 F:5′- GTTTGGAGAGGGGTTTTGAAGAATGTGTAG -3′ 
R:5′- ATCCCACCCACTAACCTTAACCTCTAAC-3′ 

260 60 

◇Nanog F:5′- TAGGTGGTTATAGGAGATGTATTTTTGATT - 3′ 
R:5′- ACCTATAAAATAAAAACCATCCAATCCAAT -3′ 

260 60 

 
 

Bisulphite genomic sequencing 

Genomic DNA was prepared from cell colonies 
using a DNA isolation kit (Takara) according to the 
manufacturer’s instructions. The isolated DNA was 
treated with sodium bisulfite using a MethylampTM 
DNA modification kit (Epigentek) according to the 
manufacturer’s instructions. The primers used to am-
plify Oct4 and Nanog are described in Table 2. Ampli-
fied fragments were cloned into the T-vector and at 
least 10 randomly selected positive clones were cho-
sen and sequenced for each sample. 

Flow cytometry  

Cells were washed with PBS and digested from 
culture dishes with trypsin solution and then incu-
bated with a 1:200 dilution of mouse-anti SSEA1 an-
tibody (Chemicon, MAB4301) for 60 minutes on ice. 

Cells were washed with PBS prior to staining with 
fluorescein isothiocyanate (FITC)-conjugated donkey 
anti-mouse IgM secondary antibody (Jackson) for 60 
min in a 1:200 dilution on ice and washed again with 
PBS prior to flow cytometry analysis. Cells were ana-
lyzed using BD FACS Calibur flow cytometer and cell 
quest software. Next, cells were probed with an ap-
propriate isotype antibody as a negative control. All 
treatments were performed in duplicate. 

Fluorescent immunochemistry and western 

blotting 

For immunocytochemistry, cells were fixed with 
4% paraformaldehyde for 15 min, permeablized with 
0.5% Triton X-100 in PBS for 10 min, and blocked with 
1% BSA in PBS for 30 min. The primary antibodies 
anti-Oct4 in rabbit (Abcam, ab19875), anti-Nanog in 
goat (R&D, BAF1997), anti-SSEA1 in mouse 
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(Chemicon, MAB4301), anti-SSEA3 in mouse 
(Chemicon, MAB4303), anti-SSEA4 in mouse 
(Chemicon, MAB4304), anti-TRA-1-60 (Chemicon, 
MAB4360) and TRA-1-80 in mouse (Chemicon, 
MAB4381), anti-α-Actinin (Sarcomeric) in mouse 
(Sigma, A7811), Anti-α-Fetoprotein (AFP) in mouse 
(Sigma, A8452), Anti-Neurofilament 200 in rabbit 
(Sigma, N4142), anti-Nobox (Abcam, ab41521) in rab-
bit and anti-Vasa (Abcam, ab13840) in rabbit were 
diluted 1:200, added onto cells and incubated at 4°C 
overnight. Cells were washed with PBS, incubated 
with CY3-labeled secondary antibody (1:200 dilution) 
at room temperature for 1 h and then washed with 
PBS. The cells were stained with DAPI (Roche) and 
then examined.  

Cells were washed with PBS, collected in sample 
buffer, and then heated to 100℃ for 10 min. After 
centrifuging at 12 000 rpm for 4 min, whole-cell ly-
sates were separated using SDS-PAGE and then 
transferred to polyvinylidene difluoride (PVDF) 
membranes. The membranes were blocked for 1 h at 
room temperature in TBST buffer (10 mM Tris, 100 
mM NaCl, 0.2% Tween-20, pH 7.4) containing 5% 
low-fat milk, incubated in fresh buffer containing 
primary antibodies anti-Oct4 in rabbit (Abcam, 

ab19875) and anti-β-actin in rabbit and then diluted 
1: 1000 for 1 h at room temperature. After five 5-min 
washes in TBST, the membranes were incubated with 
AP-conjugated anti- rabbit (1:1000) for 1 hour at room 
temperature. Immunoreactive proteins were dis-
played with AP staining solution. 

Results 

Derivation of bovine iPS cells 

After infection with lentiviruses 2-4 times, a 
small portion of bovine fibroblasts gradually dis-
played sphere morphology, proliferated and formed 
cell colonies that consist of two cell types: one with 
EGFP in the nucleus and the other without EGFP ex-
pression 2 days after the 4th lentivirus infection. The 
spherical cells were able to form colonies with clear 
boundaries, displayed morphological uniformity, 
grew rapidly after digestion with dispase, and pas-
saged at a 1:4 ratio every 2-3 days (Fig.1A, B, C, D). In 
these experiments, under the culture conditions of 
medium containing 1000 U/ml LIF, 4 ng/ml bFGF 
and feeders, the bovine iPS cells morphologically re-
sembled human ES cells rather than mouse ES cells. 
After the 4th lentivirus infection, 45-150 AP+ cell colo-

nies from 2.15×105 bovine fetal fibroblasts were ob-
tained, and the induction efficiency was approxi-
mately 0.0002-0.0007%. However, after only 1 round 
of lentivirus infection, 5-10 AP+ cell colonies from 2.15

×105 bovine fetal fibroblasts were obtained. Repeated 
lentivirus infections could clearly improve the induc-
tion efficiency and shorten the induction period. As 
the number of passages increased, the proportion of 
cells expressing EGFP in the nucleus decreased and 
the fluorescence intensity in the nucleus of cells at-
tenuated gradually. After passaging more than 20 
generations, the fluorescence in cell colonies was no 
longer visible. Through continuous culture and pas-
sage, 4 bovine iPS cell lines were established and have 
been stably passaged for over 40 passages.  

AP staining and karyotype analysis of bovine 

iPS cells 

AP is highly expressed in ES cells, but expression 
is low or even absent in differentiated cells. Therefore, 
AP expression is a key criterion for ES cells. Bovine 
iPS cells produced in the current study displayed 
strong AP expression. After staining with AP solu-
tion, colonies displayed a reddish-brown or red-
dish-purple color. The intensity of color varied among 
colonies; for example, some colonies were strongly 
positive along the boundary but weak in the center, 
while others were strong in the center but weak along 
the boundary. In contrast, mouse feeder cells were 
negative (Fig.1E). When cultured with feeders and 
stem cell medium, iPS cells generated in this study 
exhibited normal karyotype (2n = 60) (Fig.1F). 

 

Stem cell gene expression of bovine iPS cells 

RT-PCR analysis indicated that the bovine iPS 
cells that were generated in the current study ex-
pressed not only endoOct4, endoKlf4 and Nanog but 
also exoOct4 and exoKlf4. In contrast, the bovine fi-
broblasts did not express these genes (Fig.2A). The 
expression of the endogenous pluripotent genes Oct4 
and Nanog in bovine iPS cells were highly evaluated 
by quantitative real-time PCR (Fig.2B). In addition, 
bovine iPS cells expressed not only endoOct4 but also 
exoOct4 protein by western blotting (Fig.2C). Exami-
nation of stem cell antigens indicated the presence of 
Oct4, Nanog and SSEA1 antigens in bovine iPS cells 
(Fig.3). Under the same condition, feeders or bovine 
fibroblasts were negative for these antigens. The cells 
with strong EGFP expression were also strongly posi-
tive for Oct4 antigen expression, while those with 
weak or negative EGFP were moderate in Oct4 anti-
gen expression. However, SSEA1 and Nanog antigen 
expression were not different in colonies with or 
without EGFP expression. In addition, the stem cell 
markers SSEA3, SSEA4, TRA-1-60 and TRA-1-81 were 
negative in bovine iPS cells. 
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Figure 1. Generation of bovine iPS cells from Holstein fetal fibroblasts by lentiviral transduction. (A) Time schedule of bovine iPS cell 

generation after the 4th lentivivus infection. (B)Round cells and colonies (1: normal light, 2: under fluorescence) appeared after the 4th 

lentivivus infection. (C) The 10th passage bovine iPS cell colonies at the 2nd day after passage are shown (1: normal light; 2: under fluo-

rescence). (D) The 10th passage bovine iPS cell colonies at the 3rd day after passage are shown (1: normal light; 2: under fluorescence), scale 

bar: 200 μm. (E) Positive AP staining of the 9th passage bovine iPS cells is shown. (F) Normal karyotype (30 pairs) of the 10th passage bovine 

iPS cells is shown. 
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Figure 2. Expression of stem cell marker genes and methylation status in the promoter regions of Oct4 and Nanog. BEF1 and BEF2 

represented different Un-infected bovine embryonic fibroblast lines; BiPS1 and BiPS2 represented different 10th passage bovine iPS cell 

lines. (A) The exogenous and endogenous gene expression was analyzed by RT-PCR. (B) The endogenous Oct4 and Nanog expression was 

analyzed by quantitative RT-PCR. (C) The exogenous and endogenous Oct4 expression was analyzed by western blotting. Exogenous 

Oct4 protein (70KDa) was composed of Oct4 protein (43KDa) and EGFP (27KDa). (D) Bisulfite sequencing analysis of the Nanog and Oct4 

promoters is shown. White and black circles indicate unmethylated and methylated CpG, respectively. 
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Figure 3. Expression of pluripotent markers in the 10th passage bovine iPS cells. scale bar: 100 μm. (A1) Bovine iPS cells were used as 

pluripotent marker Oct4 analysis. (A2) The immunofluorescence staining of marker Oct4 is shown. (A3) EGFP expression is shown. (A4) 

The merge is shown. (B1) Bovine iPS cells were used as pluripotent marker Nanog analysis. (B2) The immunofluorescence staining of 

marker Nanog is shown. (B3) EGFP expression is shown. (B4) The merge is shown. (C1) Bovine iPS cells were used as pluripotent marker 

SSEA1 analysis. (C2) The immunofluorescence staining of marker SSEA1 is shown. (C3) EGFP expression is shown. (C4) The merge is 

shown. 

 
 

Methylation status of bovine iPS cells 

Bisulfite genomic sequencing analyses showed 
that the cytosine guanine dinucleotides (CpG) in the 
promoter regions of Oct4 and Nanog were highly 
unmethylated in bovine iPS cells compared to the fetal 
fibroblasts (Fig.2D). These results reveal that the 
promoters were reactivated in bovine iPS cells and the 
fetal fibroblasts were reprogrammed by lentiviral 
transduction of Oct4, Sox2, Klf4 and c-Myc repro-
gramming factor fusion proteins with EGFP. 

In vitro differentiation and in vivo teratoma 

formation of bovine iPS cells 

In vitro differentiation of 10th passage bovine iPS 
cells was performed through the spontaneous and 
defined differentiation of EB formation. Immunocy-
tochemistry confirmed that 10th passage bovine iPS 
cells were able to differentiate into all three germ lay-
ers in vitro, as assessed by positive expression of 
Neurofilament (Ectoderm), α-Actinin (Sarcomeric, 
mesoderm) and a-Fetoprotein (AFP, endoderm). In 
addition, the cells with EGFP expression in the colo-
nies had pluripotency and were able to differentiate 

into all three germ layers in vitro (Fig.4). When in-
jected into subcutaneous abdominal tissue of BALB/C 
nude mice, the 10th passage bovine iPS cells formed 
teratomas in 9 weeks, and the teratomas displayed 
hair follicles as well as muscle and gastrointestinal 
tissues from ectoderm, mesoderm and endoderm 
germ layers (Fig.5). Flow cytometeric analysis indi-
cated that endogenous stem cell marker SSEA1 in the 
colonies was stably expressed and positive 91.33% 
and 91.38% in 20th and 30th passage bovine iPS cells, 
but 79.41% in 10th passage bovine iPS cells (Fig.6A). 
Under defined culture conditions using porcine fol-
licular fluid and RA to induce differentiation, the 12th 
passage bovine iPS cells could be induced into female 
germ cells and expressed early and late female germ 
cell specific genes Vasa, Dazl, Gdf9, Zp2, and Zp3 
(Fig.6B). Multiple oocyte-like cells and follicular-like 
structures were observed, and the diameter of some 
oocyte-like complexes was measured and varied from 

30μm to 150μm. Immunofluorescence staining 

showed that germ cell specific markers Vasa and 
Nobox were positive in oocyte-like cells (Fig.7).  
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Figure 4. In vitro differentiation analyses for the three germ layers in the 12th passage bovine iPS cells. scale bar: 100 μm. (A1) EBs 

expressing marker α-Actinin (Sarcomeric, mesoderm) are shown. (A2) The immunofluorescence staining of mesoderm marker α-Actinin 

is shown. (A3) EGFP expression in EBs is shown. (A4)The merge is shown. (B1) EBs expressing marker Neurofilament (ectoderm) are 

shown. (B2)The immunofluorescence staining of ectoderm marker Neurofilament is shown. (B3) EGFP expression in EBs is shown. 

(B4)The merge is shown. (C1) EBs expressing marker a-Fetoprotein(AFP, endoderm) are shown. (C2) The immunofluorescence staining 

of endoderm marker a-Fetoprotein is shown. (C3) EGFP expression in EBs is shown. (C4)The merge is shown. 

 

 

Figure 5. Teratoma formation in vivo including three germ layer with the 10th passage bovine iPS cells. Three germ layers including muscle 

tissue (mesoderm) (A), gut-like gland tissue (endoderm) (B), hair follicle (ectoderm) (C) in the teratomas (D) are shown.  
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Figure 6. SSEA1 stable expression in bovine iPS cells by flow cytometer and the expression of female gamete specific genes in the EBs by 

RT-PCR. (A1) Negative control as quantitative flow cytometric analysis of bovine iPS cell surface antigen SSEA1 is shown. (A2) Quanti-

tative flow cytometric analysis of the 10th passage bovine iPS cell surface antigen SSEA1 is shown. (A3) Quantitative flow cytometric 

analysis of the 20th passage bovine iPS cell surface antigen SSEA1 is shown. (A4) Quantitative flow cytometric analysis of the 30th passage 

bovine iPS cell surface antigen SSEA1 is shown. (B) the expression of female gamete specific genes in the EBs from 10th passage bovine iPS 

cells is shown. 
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Figure 7. Expression of female gamete specific markers in the EBs from the 12th passage bovine iPS cells. scale bar: 100 μm. (A1) Arrow 

indicated oocyte-like cell. (A2) Arrow indicated oocyte-like complex in suspended EBs. (A3) Arrow indicated oocyte-like cell in sus-

pended EBs. (A4) Arrow indicated oocyte-like cell in adherent EBs. (B1) Bovine iPS cells were used as marker Vasa analysis. (B2) The 

immunofluorescence staining of pluripotent marker Vasa is shown. (B3) EGFP expression is shown. (B4) The merge is shown. (C1) Bovine 

iPS cells were used as marker Nobox analysis. (C2) The immunofluorescence staining of marker Nobox is shown. (C3) EGFP expression 

is shown. (C4) The merge is shown. 

 
 

Discussion 

The four defined factors Oct4, Sox2, Klf4 and 
c-Myc have been successfully used in the induction of 
pluripotent stem cells from somatic cells. Previous 
studies have shown that the four defined factors from 
human or mouse are able to transform somatic cells of 
other species into pluripotent stem cells (14-16), 
demonstrating the commonality of these highly con-
served factors. In our previous study, human Oct4 
and the other three porcine factors were successfully 
used to generate porcine pluripotent stem cells (12). In 
the current study, the combination of these factors 
was also effective in the derivation of bovine iPS cells. 
The fusion proteins between EGFP and exogenous 
functional genes have been applied widely in the 
study of gene functions and protein properties. In the 
current study, EGFP fusion proteins were effective in 
the induction of bovine iPS cells when introduced by 
lentivirus, demonstrating that the EGFP portion does 
not interfere with the functioning of exogenous de-

fined factors in the fusion proteins during somatic cell 
reprogramming.  

In the current study, as the number of passages 
increased, the proportion of cells expressing EGFP 
decreased and the fluorescence intensity attenuated 
gradually. Additionally, after more than 20 passages, 
the fluorescence in cell colonies was no longer visible. 
During somatic cell reprogramming, partially repro-
grammed cells still express high levels of exogenous 
factors, and the incomplete silencing of exogenous 
factors was also observed in iPS cells of other species, 
such as human (17), rat (5) and pig (16). Chin et al (18) 
discovered that upon comparing gene expression 
profiles among different passages, human iPS cells at 
54-61 passages more closely resemble ES cells than 
those at 5-9 passages. Therefore, iPS cells may gradu-
ally establish reprogramming ability during contin-
uous culture. In addition, through fusion proteins, the 
cells expressed exogenous defined factors in the colo-
nies also exhibited pluripotency and were able to dif-
ferentiate into all three germ layers in vitro. The results 
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indicate that somatic cell reprogramming is complex 
and tracking the exogenous defined factors through 
fusion proteins is very effective.  

Therefore, EGFP fusion proteins of exogenous 
defined factors mediated by lentivirus have been 
successfully applied in the generation of bovine iPS 
cells. Accordingly, this study is of value for further 
tracking the reprogramming mechanism and the ap-
plication of bovine iPS cells. 
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