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New technologies in gene transfer combined with experimental embryology make the chicken embryo an 
excellent model system for gene function studies. The techniques of in ovo electroporation, in vitro cul-
ture for ex ovo electroporation and retrovirus-mediated gene transfer have already been fully developed 
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of these techniques. The survival rates of different in vitro culture methods were compared and the EGFP 
expression areas of different gene transfer techniques were explored. It was that the optimal timings of 
removing embryo for EC culture and Petri dish system was at E1.5 and E2.5, respectively; and optimal 
timing of injecting retrovirus is at E0. Results indicated that the EC culture, in ovo electroporation, the 
Petri dish system and retrovirus-mediated method are, respectively, suitable for the very early, early, late 
and whole embryonic stages in chicken. Comparison of different gene transfer methods and establishment 
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INTRODUCTION

In the post genomic era, functional analysis of genes has rapidly become a focus of 
research. Chicken embryo provides an excellent model system for gene function stud-
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ogy) because of easy manipulation and cheap maintainance [12, 21, 22]. Meanwhile, 
new technologies in gene transfer have been extensively used in cultured cells, tissues 
and whole organisms for assaying eukaryotic gene function [3]. There were two prin-
cipal methods of gene transfer–virus-mediated method and non-viral method. 
Muramatsu 
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methods, including lipofection, microparticle bombardment and electroporation, 
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technique of in ovo electroporation, perhaps the most popular one, has been proved 
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to be powerful to induce the selected gene into the chicken embryo [27, 28, 31, 38]. 
The in vitro culture methods, including the EC (Early Chick) culture method [4, 25] 
and the Petri dish system [17], make the embryo more accessible and more handy 
during electroporation.

Virus-mediated gene transfer method has a long history [11], and different viral 
vectors have been used in chicken embryos [2, 14, 20]. Compared with the currently 
most popular lentivirus, the advantages of RCASBP virus (Replication-Competent 
Avian sarcoma-leukosis virus, long terminal repeat (LTR) with a Splice acceptor, 
Bryan RSV Polymerase) are its replication-competence, high-level infection to germ 
cells and that it can spread horizontally to neighboring cells as well as vertically to 
daughter cells [1, 10]. Retrovirus-mediated gene transfer method has been applied to 
the analysis of various systems in chicken particularly with the RCAS virus (espe-
cially subtype B, RCASBP.B) [9, 15, 24, 32, 33]. Although these methods have 
already been fully developed in chicken embryo, to our knowledge, there are no 
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previous studies.

In our study, the above-mentioned methods were compared by studying the sur-
vival rates of embryos during different in vitro culture methods at different stages and 
the EGFP expression areas applying different gene transfer techniques. Condition 
optimization and comparison of all these methods are expected to contribute to the 
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MATERIAL AND METHODS

Plasmids

The tetracycline (tet)-controlled expression system, including pCAGGS-rtTA2S-M2 
and pBI-EGFP, was a gift from Dr. Takahashi [37]. The DNA sequence encoding the 
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template, and subcloned into ClaIsite of the avian retroviral vector RCASBP.B [15]. 
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RCASBP.B-EGFP. Endotoxin-free pCAGGS-rtTA2S-M2, pBI-EGFP and RCASBP.B-
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Mini Kit (Omega, USA).

In ovo electroporation
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onic day 2.5 (E2.5, stage 17) [7]. In ovo electroporation was carried out according to 
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pair of needle L-shape platinum electrodes (CUY613P3, Nepa Gene, Japan) set with 
a micromaniputor (MN-153, Narishige, Japan) 4 mm apart, was subsequently placed 
on the vitelline membrane, and a 15 V, 50 ms square pulse was charged 5 times with 
100 ms duration by a CUY 21SC electroporator (Nepa Gene, Japan). Finally, the 
embryo was sealed and incubated, followed by doxycycline (Dox, an analog of tetra-
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incubated until the desired stage, and EGFP signals were detected under the inverted 
����
��
��
����������
�&j�Q���������6�

In vitro culture and ex ovo electroporation

Two kinds of in vitro culture methods, EC culture method and Petri dish system were 
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ring at E1.0 (stage 6), E1.5 (stage 10), E2.0 (stage 12) and E2.5 (stage 17) and then 
cultured on the warmed agar support medium and overlaid with 5% yolk supernatant. 
The paper ring, the agar support medium and the yolk supernatant were prepared as 
described previously [36]. The survival rates of embryos removed at different stages 
were compared to select an optimal timing. For electroporation, the removed embryo 
was placed onto the plate electrode (CUY701P2E, Nepa Gene, Japan), and the 
anodal electrode (CUY701P2L) was immediately placed on the hypoblast side of 
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$¢_���~�*���>`¢¢����Z`^S-M2 and 0.1% Fast Green). Ex ovo electroporation was 
performed with 5 times of 10 V, 50 ms, and then the embryo was incubated on the 
warmed agar support medium and overlaid with 5% yolk supernatant. After Dox 
addition, the embryos were incubated until EGFP signals were detected at the desired 
stage.

In the second group, embryos removed at E1.5, E2.5 and E3.5 (stage 20), were 
cultured using Petri dish system [17], and the survival rates were compared. The 
incubated eggs swabbed with 70% ethanol were cracked, and the whole contents 
including the embryo were transferred into a small Petri dish (9.0 cm × 1.6 cm). Then, 
this Petri dish without lid was placed into a big Petri dish (15 cm × 2 cm) that was 
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lid and incubated at 37.8 °C. Ex ovo electroporation was performed in the same way 
as in ovo electroporation. Dox was added 6 h later, and the embryos were incubated 
until EGFP signals were detected at the desired stage.

Retrovirus-mediated gene transfer
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10 days, and then active viruses were harvested and concentrated with the method of 
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Logan and Tabin [15]. Viral titre was assessed by adding serial dilutions (10–3–10–8) 
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minal cavity at day 0 (E0, stage X) or between the vitelline membrane and the epi-
blast ectoderm at E1.0 and E2.0. The survival rates of embryos infected with virus at 
different stages were compared. EGFP expression was detected several days later 
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RESULTS

In ovo electroporation-mediated EGFP expression

Of the embryos electroporated at E2.5, only 20% were alive at the examined period 
(E4.5), and about 70% of the live embryos showed EGFP expression. EGFP expres-
sion was mainly observed in the ectoderm tissues including the dorsal region  
(Fig. 1a1) and pars buccalis (Fig. 1b1) of embryos examined at E4.5. No EGFP 
expression was shown without Dox injection.

Ex ovo electroporation-mediated EGFP expression

Embryos at different developmental stages showed different survival rates when 
treated with different in vitro whole-embryo culture methods. With EC culture meth-
od, embryo removed at E1.5 showed the highest survival rate at various examined 
periods, while embryos removed at E2.5 showed the lowest survival rate (Table 1). 

Fig. 1. In ovo electroporation- and retrovirus-mediated EGFP expression. In ovo electroporation was 
performed at E2.5, and EGFP signals were observed in the dorsal region (a1, a2) and pars buccalis  
(b1, b2) of embryos examined at E4.5. RCASBP.B-EGFP virus was injected into the subgerminal cavity 
at day 0, and almost global EGFP expressions, including the mesonephros and gonad (c2), was detected 
in the infected embryo examined at E7.5. Asymmetric EGFP expression (strong in the limbs and trunk 
but relatively weak in the brain) was showed in the infected embryo examined at E4.5 (c1) compared with 
��
���������
������&��6��������������
����?������������������?�������
����?�������������?����������?��
��

�
���
�����������~^��*�



Gene transfer methods at different embryonic stages 457

Acta Biologica Hungarica 63, 2012

Although the hearts of some embryos were still beating at 6 and 9 days later, no mor-
phological growth was observed. With Petri dish system, embryo transferred at E2.5 
showed the highest survival rate. Two embryos transferred at E2.5 were still alive 16 
days later, but their legs were extremely weak. The results indicated that the optimal 
timings of removing embryo for EC culture and Petri dish system are at E1.5 and 
E2.5, respectively. Therefore, these two methods are, respectively, suitable for study-
ing gene functions at the very early and late embryonic stages.

EGFP expression was mainly observed in the somite (Fig. 2a2) of embryos exam-
ined at E3.0 using EC culture method, and in the somite (Fig. 2b1) and ventral region 
(Fig. 2c1) of embryos examined at E4.0 using Petri dish system. But no EGFP signals 
were detected in the mesoderm and endoderm tissues.

Table 1
Survival rates of removing embryos at different stages using different in vitro culture methods

Methods Age Survival rate  
of 1 day later

Survival rate  
of 6 days later

Survival rate  
of 9 days later

Survival rate  
of 16 days later

EC culture 
method

E1.0 ������&^"+"�6 ^����&~+"�6 0 0

E1.5 ������&^^+"^6 ��"��&^+"^6 "�~��&~+"^6 0

E2.0 ���'��&~'+"�6 "�"��&~+"�6 0 0

E2.5 "�����&~~+"^6 0 0 0

Petri dish 
system

E1.5 ���'��&"�+��6 "~�~��&~�+��6 ��'��&"+��6 0

E2.5 '�����&""+�^6 ������&^~+�^6 ~ ����&�+�^6 �����&^+�^6

E3.5 �'�~��&~�+"�6 ~~����&�+"�6 0 0

Fig. 2. Ex ovo electroporation-mediated EGFP expression. The DNA solution was injected between the 
blastoderm and the vitelline membrane of embryo at E1.5 (b1), and ex ovo electroporation was performed, 
then the embryo was cultured using the EC method; EGFP expression was observed in the somite of 
embryo examined at E3.0 (b2). Petri dish system for ex ovo electroporation was carried out at E2.5, and 
EGFP expression was detected in the somite (b1, b2) and ventral region (c1, c2) of embryos examined at 
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Retrovirus-mediated EGFP expression

DF-1 cells transfected with RCASBP.B-EGFP were grown and passaged for 10 days. 
EGFP expression was detectable 3–4 days later, and 100% transfection rate was 
showed 7–8 days later (Fig. 3a2) compared with the control DF-1 cells (Fig. 3a1). 
Viral titre of 2 × 109������+�������������
��&_����"�~���6������������
��
��������-
sis revealed that p27 straining was detectable in infected DF-1 cells (Fig. 3b2) but not 
in the control DF-1 cells (Fig. 3b1). Embryos infected with virus at different stages 
showed different survival rates and transfection rates. Embryos injected with virus  
at E2.0 and day 0 showed the highest survival rate and highest transfection rate  
(Table 2). Compared with the control (Fig. 1c0), most embryos infected at E0 showed 
global (including the mesonephros and gonad) (Fig. 1c2) and stable (at least until 
E12.5) EGFP expression, and some embryos showed asymmetric EGFP expression, 
for example, being strong in the limbs and trunk but relatively weak in the brain  
(Fig. 1c1). 

Table 2
Survival rates of injecting retrovirus at different embryonic stages

Age Survival rate  
at 4.5 day 

Survival rate  
at 6.5 day

Survival rate  
at 8.5 day

Survival rate  
at 10.5 day

Survival rate  
at 12.5 day

E0.0 ���'��&"^+��6 ������&^^+��6 "~�"��&~�+��6 ~�����&'+��6 ��"��&"+��6

E1.0 ������&"^+�"6 �~����&^^+�"6 ^�����&~~+�"6 '����&�+�"6 0

E2.0 '"����&"~+�^6 ������&^"+�^6 "��'��&~�+�^6 ~��'��&'+�^6 '�~��&"+�^6

Fig. 3.�����������
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fected into DF-1 cells, and 100% EGFP expression was showed (a2) compared with the control cells (a1); 
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cells (b1, only blue); viral titre was assessed on the fresh DF-1 cells, and the dilutions were as follows: 

10–3 (c1), 10–5 (c2), 10–7 (c3), 10–8�&��6������~���*�
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DISCUSSION

Chicken embryo is one of the classical model systems for exploring the molecular 
mechanism behind embryonic development. There are mainly two methods introduc-
ing exogenous genes into chicken embryo, one is electroporation, and the other 
involves retrovirus-mediated gene transfer. The electroporation method has been 
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embryo survival rate are variable, and the transfection rate is also not stable in exper-
iment. Regular conditions, including voltage, pulse length, number of pulses and 
electrode diameter have fully been explored previously [5, 12, 23]. Nevertheless, our 
study aimed to determine the optical timing of removing embryos. Here, transfection 
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lower than that of previous reports in which viability of embryos 24–48 h after elec-
troporation is about 50% [6]. The type of injected vector may be the most restrictive 
factor causing this big difference, which is in accordance with Sato’s result that 
8–20% target cells carry the transgene using the same vector as in present study [30]. 

With EC culture method, embryo removed at E1.5 showed the highest survival rate 
and E2.5 the lowest rate. In our opinion, the appearance of the fragile blood vessels 
may result in the lowest survival rate of embryos removed at E2.5, while appropriate 
visible size, certain vitality and no vessel-network contribute to the highest survival 
rate of embryo removed at E1.5. After the removing of embryo at the optical timing 
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invalid since no obvious morphological growth was observed at the examined period. 
This result indicated that EC culture method is advantegeous for the very early 
chicken embryo studies. Recently, Tanaka et al. [35] successfully maintained the EC 
cultured embryo for longer vitality until E5.5. This practice strengthens the durability 
and accessibility of EC method.

The Petri dish system was used to study gene functions at late embryonic stages. 
In this study, embryos transferred at E2.5 showed the highest survival rate, which is 
in agreement with previous study that cracking the embryo before and after E2.5 
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ing are that (1) compared with E1.5, embryo at E2.5 has stronger vitality and better 
adaptability to the environment in vitro; (2) More thick albumin, which can protect 
the yolk against cracking during the transferring of the whole content of egg, remains 
in the embryo at E2.5 than E3.5. A few embryos removed at E2.5 survived until 
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period is long enough for gene function studies. 

No matter the embryo was treated with in or ex ovo electroporation, EGFP expres-
sion was always detected in the limited areas of ectoderm tissues because of the nar-
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positions of electrode pairs. Anyhow, rapid expression of targeted gene in a local and 
temporal manner can be obtained by electroporation. Correspondingly, long-term, 
whole-body and stable gene expression can be obtained by retrovirus. The avian 
replication-competent virus RCASBP can integrate into host genome [34]. Thus 76% 
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embryos examined at E12.5 survived and showed sustained and whole-body EGFP 
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previous study of Smith et al. [33], only 68% embryos survived when examined at 
E9.0. According to another study of Smith et al. [34], the global EGFP expression was 
still maintained at E14.5. RCASBP virus is considered to infect dividing cells only 
[15, 19]; accordingly, the timing of infection is very important. Although the embryo 
infected virus at E0 did not show the highest survival rate, it exhibited complete and 
global EGFP expression. In other words, the optimal timing of infecting virus is  
at E0.
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expression of the selected gene. Hence for long-term, whole-body and stable gene 
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method, in ovo electroporation, Petri dish system and retrovirus-mediated method are 
suitable for the very early, early, late and whole embryonic stages in chicken respec-
tively. The study is expected to provide help for proper choice of the most effective 
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