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ABSTRACT: Transgenic animals have been widely used 
in the fields of experimental and applied biology such as 
gene function and important protein production studies. 
However, the aberrant gene expression of transgenic ani-
mals severely limits the application of transgenic technolo-
gy. Copy number variation and promoter methylation 
changes are associated with gene expression. In the present 
study, we systematically analyzed the relationship between 
gene expression, gene copy number, and promoter methyla-
tion level in transgenic positive, negative and natural con-
trol piglets. Our results showed that the copy number of the 
transgene has a significant effect on transgene expression. 
We also found that cloning piglets using SCNT technology 
can influence DNA methylation status, which can potential-
ly effect gene expression. 
Keywords: Transgenic cloned piglet; Copy numbers; DNA 
methylation; Gene expression 
 
 

Introduction 
 

Transgenic animals are useful in studying gene 
function and for the production of valuable animal products. 
The combination of transfection and somatic cell nuclear 
transfer (SCNT) can greatly improve transgenic efficiency 
(Houdebine (2002)). Mainil et al. (2002) reported that Fu-
cosyltransferase (FUT1) is a candidate gene for controlling 
the expression of the receptor for Escherichia coli F18 
(ECF18) (Melinet al. (2004)). To study the function of the 
FUT1 gene, we previously produced FUT1 transgenic pig-
lets through SCNT technology. In the present study, we 
analyzed the relationship between gene expression, its copy 
number and promoter methylation in FUT1 transgenic 
Yorkshire piglets. 

 
Materials and Methods 

 
Animals. In the present study, we obtained thir-

teen transgenic positive piglets by somatic cell nuclear 
transfer (SCNT) in whose genome the FUT1 gene was ran-
domly inserted. Furthermore, two negative cloned piglets 
and eight natural piglets were included in order to compare 
the differences of copy number, promoter methylation and 
gene expression between SCNT piglets and natural piglets. 

 
DNA and RNA isolation and cDNA synthesis. 

DNA was extracted from liver, spleen, heart, kidney, stom-
ach, thymus, lung, pancreas, brain, small intestine, skin, ear 
and skeletal muscle tissues using the TIANamp Genomic 

DNA Kit (Tiangen Biotech CO., Beijing, China). RNA 
extraction was performed with TRIZOL Reagent according 
to the manufacturer’s protocol (Life Technologies, Carlsbad, 
CA, USA). The first strand cDNA synthesis was performed 
using 1µg of total RNA by PrimeScriptTM RT reagent Kit 
with gDNA Eraser (Takara Bio INC., Japan). 

 
Quantitative real-time PCR. Real-time PCR was 

performed using a Light Cycler○R 480 Real-Time PCR Sys-
tem (Roche, Hercules, CA, USA) and the Roche SYBR 
Green PCR Kit (Roche, Hercules, CA, USA) according to 
manufacturer’s instruction, with the following conditions: 
95℃ for 10 sec, followed by 45 three steps cycles at 95℃ 
for 10 sec, 60℃ for 10 sec and 72℃ for 10 sec. 

 
FUT1 copy number and expression analysis. 

Relative quantitative real-time PCR was used to detect 
FUT1 copy numbers and expression. To examine the copy 
numbers of FUT1, the Glucagon (GCG) gene was used as a 
reference gene. To test the FUT1 expression, the house-
keeping genes GAPDH and ACTB in pig were used to com-
pare the mRNA expression data. Triplicate qRT-PCRs were 
performed on each DNA and cDNA sample and the average 
Ct values were used for copy number and expression analy-
sis using 2-ΔΔCt formula. 

 
DNA bisulfite treatment and hot start PCR. The 

concentration of genomic DNA was tested by the 
NanoDropTM ND-2000c Spectrophotometer (Thermo Sci-
entific, Inc., USA). The EZ DNA Methylation Golden kit 
was used for sodium bisulfite conversion of genomic DNA 
according to manufacturer’s instructions (ZYMO Research, 
Irvine, CA, USA). Both PCR and sequencing primers of 
FUT1 gene used for DNA methylation were designed with 
Oligo 6.0 software and PSQ Assay Design software (Qi-
agen, GmBH, Germany). The hot start PCR was carried out 
in 40µL system including 20µL hot start PCR premix 
(ZYMO Research), 1µM forward primer, 0.1µM reverse 
primer with universal tail, 0.9µM biotin-labeled universal 
primer and 4µL bisulfite-treated DNA. The PCR conditions 
were 95 � for 15 min, followed 94℃ for 30 sec, at 56 ℃ 
for 30 sec and at 72℃ for 30 sec, and 72 ℃ for 10 min for 
45 cycles. The PCR products were detected using 2% aga-
rose gels with ethidium bromide (Yu et al. (2008a), Yu et al. 
(2008b)). 

 
 
 



Table 1. ANOVA result of DNA methylation levels of 
FUT1 promoter in SCNT piglets and natural piglets 

 
 

Quantitative DNA methylation analyses by pyrose-
quencing. The pyrosequencing assays were used to  

quantitatively analyze the promoter methylation 
level of FUT1 gene in SCNT piglets and natural piglets. 
Three CpG sites located in the promoter region of swine 
FUT1 were tested to analyze the DNA methylation level. 
Pyro Q-CpG system (Qiagen) was used to analyze the DNA 
methylation according to manufacturer’s protocol. As fol-
lowed, bisulfite PCR products were bound with Streptavi-
din Sepharose High Performance (GE Health Care). The 
Sepharose beads grasping the biotin-labeled PCR products 
were purified in 70% ethanol for 5 sec, denatured in a dena-
turing buffer for 5 sec, and washed in washing buffer for 15 
sec using the Pyrosequencing Vacuum Prep Tool (Qiagen). 
Next, 0.5µM pyrosequencing primer was annealed to the 
purified single-stranded PCR product with annealing buffer 
(Qiagen). The levels of CpG methylation were expressed as 
the percentage mC/(mC+C), and non-CpG cytosine residues 
were used as internal controls to verify bisulfite conversion. 

 
Results  

 
The average copy number of FUT1 gene in transgen-

ic positive piglets and negative piglets were 7.60±2.86 and 
1.99±0.05 in liver tissues (P<0.01). The copy number of 
negative piglets was almost equal to the normal piglets 
(value=2). The FUT1 expression was analyzed in thirteen 
tissues of the piglets (each type included two samples). In 
all the detected tissues, the FUT1 expression in transgenic 
positive cloned piglets was significantly higher than the 
negative piglets (P<0.05) and the natural piglets (P<0.05). 

  

We further examined the FUT1 expression in liver, 
spleen and intestinal tissues of all samples and analyzed 
their association with transgene copy numbers. In the three 
tissues, the mRNA levels of transgenic positive piglets were 
significantly higher than the negative and natural piglets 
(P<0.01) (Figure 1). 

 
The promoter methylation levels of FUT1 gene in 

SCNT piglets and natural piglets were different as shown in 
Table 1. In liver and intestine, the methylation level of neg-
ative piglets was significantly lower than natural piglets. 
However, the methylation level of negative piglets was sig-
nificantly higher than natural piglets in spleen. In natural 
piglets, the methylation level was different in different tis-
sues. 
 

Discussion 
 

Copy number and promoter methylation are two im-
portant factors of regulating gene expression (Garrick et al. 
(1998)). In the present study, for most individuals, the more 
the copy number, the higher the expression levels. However, 
several individuals had high copy number but the expres-
sion levels were low (Figure 1). In random somatic cell 
nuclear transfection, previous studies (Martin et al. (1996)) 
reported that the transgene usually integrates into the host 
genome in a tandem manner and the higher copy number 
tandem integration is more likely to result in transgene si-
lencing (Chiaramonte et al. (2003)). 

 
As reported, the high promoter methylation level 

will inhibit gene expression. In the present study, the pro-
moter methylation levels were different between SCNT 
piglets and natural piglets. The methylation levels of spleen 
in transgenic negative piglets were higher than natural pig-
lets, but the gene expression were lower. Similar regular 
pattern was also found in liver and intestine. Schumacher et 
al. (2000) and Balow (1995) reported that epigenetic 
changes such as DNA methylation status can influence 
transgene expression. In the present study, we found that 
the cloning piglets produced by SCNT technology could 
influence DNA methylation status, and the altered DNA 
methylation level can affect the gene expression. 

 
In the present study, we found one interesting phe-

nomenon, the average copy numbers of transgenic positive 
piglets were 4-fold higher compared to the negative and 
natural piglets, but the expression of FUT1 gene in positive 
piglets was almost 20~200-fold higher than negative and 
natural piglets. Besides copy number and promoter methyl-
ation, other reasons such as inserted position can also affect 
the transgene expression. To clarify the exact expression 
mechanism of the gene in FUT1 transgenic swine, the study 
of inserted position for each positive transgenic piglet are 
warranted. 

Tissues Piglets Methylation levels 

Liver Positive  36.18±7.41a 

Negative 35.04±4.93ab 

Natural 44.43±2.52b 

P-value  0.068 
Intestine Positive  37.05±7.02A  

Negative 22.23±1.36B  

Natural 36.28±3.83A 

P-value  0.012 
Spleen Positive  49.12±4.49A  

Negative 59.63±0.21B  

Natural 55.72±1.8C  

P-value  0.002 



A  

B  

C  

D  
Figure 1: Relative real-time RT-PCR analysis of FUT1 
mRNA expression in different tissues in the three kinds 
of piglets. A. liver; B. spleen; C. duodenum. D. The copy 
number and expression of FUT1 in liver of all positive 
piglets 
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