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This study was conducted in order to generate anti-viral transgenic chickens through transfected 
spermatogonial stem cell with fusion gene EGFP-MMx. After injecting fusion gene EGFP-MMx into 
testes, tissues frozen section, polymerase chain reaction (PCR) and dot blot of testes was performed at 
30, 40, 50, 60, 70 and 80 days. Few normal hens were inseminated artificially with cock semen of 60 
days. Finally, PCR, reverse transcription-PCR and Western blot were used to detect the integration of 
exogenous gene EGFP-MMx of the offspring. Dot blot positive rate of testes genome was 72.2%. PCR 
and RT-PCR positive rate was 25 and 10.53% (4/38) in sperm and F1 blood genome, respectively, while 
Western blot positive rate of F1 blood was 7.89% (3/38). Taken together, the possibility of cultivating 
anti-viral transgenic chickens by the method of testes injection which could integrate foreign genes into 
the genome was proved. 
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INTRODUCTION 
 
Spermatogonial stem cell (SSCs), found in male manuals 
with a renewable ability and differentiated potentiality, can 
transfer genetic information to the offspring (Schlatt, 
2002).

 
The spermatogonial stem cell-mediated transgenic 

animals have become one of the major research areas 
since 1994 (Brinster and Zimmermann, 1994). So far, 
Kalina et al., (2007), He (2006), Ni (2008) and Honaramooz 

et al., (2008) have already obtained the transgenic mouse, 
chicken and goats with GFP successfully by this method, 
in which all of the earlier mentioned proved the feasibility 
to generate transgenic animals by SSCs. 

Mx protein, being induced by interferon, is a member of 
the GTPases dynamin protein family which could resist 
viruses at the early stage of viral replication cycle. Some 
researchers showed that Mx protein confer resistance to 
influenza a virus, vesicular stomatitis virus and Newcastle 
disease virus (NDV) (Grimm et al., 2007; Schwemmle et 
al., 1995). Our previous study also proved this 
competence at the  cell  level  (Ni et al., 2008; Wu  2009).  
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But there are few successful reports on antivirus 
transgenic chicken so far. In this study, recombinant 
EGFP-MMx gene was injected into testes of chicken to 
generate transgenic chicken in order to provide the basis 
for further study of antivirus transgenic chicken. 
 
 
MATERIALS AND METHODS 

 
Intratesticular vector injection  

 
Eukaryotic expression plasmid pcDNA 3.0 expressing green 
fluorescence-MMx (EGFP-MMx) fusion protein under the control of 
CMV promoter was reconstructed in our laboratory and prepared by 
using standard alkaline lysis method followed by purification with 

CTAB precipitation. To prepare the transfection mixture, plasmid 
was linearized by Pvu I digestion and was entrapped by SofastTM 
according to Ni et al. (2008). After systemic anesthetization with Su 
Mian Xin II (0.2 ml/kg body weight, the Institute of Military Medicine, 
China), a 3-cm incision was made to expose testes and 520 L of 
each transfection solution was injected into 4 to 5 spots of each 
testis. After wound suturing, each chick was injected muscularly 
with 400000 IU of penicillin to prevent infection and bred in sepa-
rated cages. A total of 22 chickens were injected, 18 of them were 
detected with frozen sections and the other four chickens were 
detected with their sperm. Seven wild cocks were also feed at the 
same feeding conditions as negative control. 



Sun et al.       15679 
 
 
 

 
 
Figure 1. The fluorescence microphotographs of the testicular frozen sections at different periods after 

injecting (200×). 1 to 6, Cock testicular frozen section after 30, 40, 50, 60, 70 and 80 days injection, 
respectively; 7 and 8, normal cock testes frozen section (bright field and dark field). 

 
 

 
Detection of testicular frozen section  

 
The testicular frozen section (Osborne et al., 2008) was taken at 
30, 40, 50, 60, 70 and 80 days after injecting. One cock without 
injection was used as the negative control every time. 

After injection for 70 days, semen was detected and the positive 
one was used for artificial insemination for each wild-type female. 
The eggs were collected for hatching. 

 
 
PCR detection 

 
DNA from testes tissue, semen and the blood of F1 offspring was 
extracted with phenol-chloroform. Three testes tissues were 
obtained each 10 days. PCR was performed with rTaq (Takara, 
Japan) according to the manufacturer’s instructions. Two pairs of 

primer: forward (5’-CGGATATCCCCGGGATCCACCGGTCGCC-3’) 
and reverse (5’-ATGCGGCCGCCTTGTACAGCTCGTCCATGC-3’), 
and forward (5’- 
ATGCGGCCGCATAGAGCAAGCCAGAAGAACAGCAG-3’) and 
reverse (5’-GCTCTAGAGCTTTGACAAGGGTAGGCATATCAG-3’) 
were designed to amplify EGFP and MMx gene, respectively. PCR 
reactions were performed in PTC-200 PCR machine (M J Research 
Inc., MA, USA) according to following program: 30 cycles (95°C 1 
min; 62°C 2 min; 72°C 2 min), and final extension for 10 min at 

72°C. 
Dot blotting was performed according to the kit protocol. DNA 

probe was designed and luciferase-labeled according to EGFP 
gene coding region. The positive charged nylon membranes 
(Millipore, American) were used for dot-blotting analysis.  

 
 
RT-PCR 

 
Total RNA was extracted from the blood of F1 offspring with TRIZOL 
(Invitrogen, American) reagent according to the manufacturer’s 

protocol. Quantification of total RNA was done on a Nanodrop 8000 
(Thermo Scientific, American) in addition to purity assessment on a 
1% agarose gel. cDNA was synthesized from 5 μg of total RNA 
using Superscript II (Invitrogen, American) according to the manu-
facturer’s recommended protocol. PCR were performed according 
to the earlier mentioned primes. 
 
 
Western blotting 

 
According to Joseph and David (2002), Western blotting was 
performed to detect EGFP-MMx fusion protein in the blood of F1 
offspring. 10% SDS-PAGE was used to separate denatured pro-
teins. Then, the proteins were transferred to a PVDF membrane 
and detected by mouse monoclonal IgG2a (Santa Cruz) diluted 
1:500 and goat anti-mouse IgG: HRP (Boster) diluted 1:200. After 

that, DAB was used to stain the specific band. 
 
 

RESULTS 
 
The detection of testicular frozen section  
 
The testicular frozen section

 
was taken at days 30, 40, 

50, 60, 70 and 80 after the injection. The fluorescence 
microphotographs of the testicular frozen sections of the 
six groups are shown in Figure 1. Fluorescence was 
observed in seminiferous tubule. 
 
 
Detection of GFP reporter gene and MMx gene in 
experimental cocks 
 
PCR  results  showed  that  14  chickens’  testes (out of a  
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Figure 2. PCR detection of the EGFP-MMx gene in the testis tissue samples of the experimental chickens. A, The integration 

of EGFP gene; B, the integration of MMx gene; M, 1kb DNA ladder; 1, negative control (wild-type chicken); 2 to 4, injected for 
30 days; 5 to 7, injected for 40 days; 8 to 10: injected for 50 days; 11 to 13, injected for 60 days; 14 to 16, injected for 70 days; 

17 to 19, injected for 80 days; 20, negative control (water); 21, positive control (pcDNA3.0-EGFP-MMx). 
 
 
 

 
 

Figure 3. PCR analysis of the EGFP-MMx integration from cock’s sperm. A, The integration of 
EGFP gene; B, the integration of MMx gene; 1, experimental cocks’ sperm; 2, positive control 
(pcDNA3.0-EGFP-MMx); 3, negative control (wild-type cock’s sperm).  

 
 

 

 
 

Figure 4. Dot blot detection of the EGFP-MMx gene in the testis 
samples of the experimental chickens. 1, Negative control (wild-
type chicken); 2 to 4, injected for 30 days; 5 to 7, injected for 40 

days; 8 to 10, injected for 50 days; 11 to 13, injected for 60 days; 14 
to 16, injected for 70 days ; 17 to 19, injected for 80 days; 20, 
positive control (pcDNA3.0-EGFP-MMx). 

total of 18 chickens’ testes) carried the GFP reporter 
gene and MMx gene (Figure 2). PCR analysis of the 
genomic DNA extracted from the other four chicken 
sperms showed that one of them (25%) carried the two 
genes (Figure 3). 

The genomic DNA extracted from the testis was also 
analyzed by dot blotting according to the kit instruction. 
The positive rate was 72.2% (Figure 4). 
 
 
The detection of the F1 offspring 
 

Part of the embryonic discs in F1 showed green fluore-
scence under the fluorescence microscopy (Figure 5). 
There were 42 fertilized eggs, 38 F1 chicken were 
hatched, and PCR and RT-PCR results showed that four 
of them were positive (10.53%). Expression of EGFP-
MMx protein was further confirmed by Western blotting, 
and the positive rate was 7.89% (3/38) (Figures 6, 7 and 8).  
 
 

DISCUSSION 
 
Avian  influenza,  Newcastle  disease  and  other  serious  
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Figure 5. Fluorescence microphotographs of embryonic discs (400×). A, F1 embryonic disk under bright field;  

B, F1 embryonic disk under dark field; C, control embryonic disk under dark field. 
 
 
 

 
 
Figure 6. PCR detection of the EGFP-MMx gene in the blood samples of F1 offspring. M, 1kb DNA ladder; 1 and 12, 

negative control (wild-type cock’s blood); 2 to 10 and 13 to 21, F1 chicken blood; 11 and 22, positive control (pcDNA3.0-
EGFP-MMx). 

 
 

 

 
 
Figure 7. RT-PCR detection of the EGFP-MMx gene in the blood samples of F1 offspring. M, 1kb DNA 

ladder; 1 and 7, negative control (wild-type cock’s blood); 2 to 5 and 8 to 11, F1 chicken blood; 6 and 

12, positive control (pcDNA3.0-EGFP-MMx). 
 
 
 

 
 

Figure 8. Western blotting detection of the EGFP-MMx gene in the blood samples 
of F1 offspring. M, prestained protein molecular weight marker; B, EGFP standard; 
1, negative control (wild-type cock’s blood); 2 to 5, F1 chicken.  
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pathogenicity disease hinder the development of the 
poultry industry and cause enormous economic losses. At 
present, vaccination is the main way to prevent the disease; 
however, one of the most effective ways to resolve this 
problem is to transfer the anti-disease gene into the fowl 
to make anti-viral transgenic fowl. Mx protein has a broad 
antiviral capability, which is expected to generate resis-
tant transgenic chicken. In our previous study, a single 
nucleotide substitution between G and A at 2032 of 
chicken Mx cDNA was done using PCR site-directed 
mutation technique, which resulted in an amino acid Asn 
(AAT) replacing Ser(AGT). The antivial activity assayed 
on CEF and NIH-3T3 indicated that recombinant MMx 
protein has the ability of anti-ND and anti-VSV in the 
single cell level. 

Now, there are many methods to generate transgenic 
chicken. Sperm-mediation was performed to produce 
transgenic animal. However, this method had the low 
transfection efficiency, because seminal plasma may 
inhibit the combination of DNA and sperm cell. In this 
study, exogenous gene was injected into the testes 
directly to avoid that disadvantage. The principle of this 
method is that on one hand, the testis is a coiled tube 
made up of seminiferous tubule and liposome/plasmid 
complexes which are injected into it to integrate the 
exogenous gene to the chromosome; on the other hand, 
the complexes can enter into the testes tissue fluid and 
then get into the seminiferous tubule to transfect the 
SSCs in vivo (Cao et al., 2001). The researchers believed 
that the integration of exogenous genes took place in the 
whole process of spermatogonial stem cells differen-
tiation into the sperm (Virginie and Francois, 2005; Chang 
et al., 2002). After the integration, the exogenous gene may 
be duplicated with the proliferation of SSCs and remain 
for a long time in the stem cells. In this experiment, the 
liposome/EGFP-MMx complexes were injected into the 
cock’s testis to transfect spermatogonial stem cells in 
vivo, and then the positive sperms were injected into the 
normal hen by insemination to obtain the transgenic chic-
ken. Finally, the transgenic chicken was detected at the 
DNA, RNA and protein levels respectively. 

On the testicular frozen sections, the green fluoresce 
was observed, but did not appear in the control group, 
which suggested that EGFP gene was specifically 
expressed in testes. Meanwhile, the weak fluorescence 
was found after 30 days injection. Then, the fluorescent 
number increased gradually, peaked at 60 days and 
declined subsequently. This result was consistent with 
Sun (2007). PCR results showed that the positive rate 
was 77.8%. Finally, dot blotting result showed that the 
fusion gene had integrated into the genome, and the 
integration rate was 72.2%. 

PCR analysis of the genomic DNA extracted from the 
four chicken sperms showed that one of them (25%) 
carried EGFP and MMx gene. Artificial insemination was 
performed for wild-type female and the eggs were collected 
for hatching. PCR and RT-PCR showed that the positive 
rate  was  10.53%  (4/38).  Since  DNase was used at the  

 
 
 
 
process of extracting RNA from blood, it ruled out the 
possibility of DNA contamination and avoided the false 
positive in RT-PCR results. 

Western blotting result is shown in Figure 8. The 
EGFP-MMx fusion protein was about 113 kDa, which is 
consistent with the prediction. The positive rate was 
7.89%, which was not consistent with the results of PCR 
and RT-PCR. This may be as a result of the translation 
regulation since transcription and translation regulations 
play a very important role in protein expression and 
expression quantity. 

In this experiment, the transgenic chicken was obtained 
with 7.89% efficiency, which is lower than our prophase 
experimental results (56.5%). The possible reason was 
that the plasmid size (8.4 kb) was larger than the reporter 
gene EGFP (4.7 kb).This would reduce the integration 
rate. Our further study will focus on increasing the 
integration rate and the correct expression rate of the 
exogenous gene in acceptor animals. 
 
 
Conclusion 
 
Overall, spermatogonial stem cell-mediated method is a 
simple way when compared with other methods. It is a 
highly efficient and low-cost chicken transgenic method.  
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