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Abstract
Objective: Goose immunoglobulin Y (IgY)-Fc fragment gene is cloned.
Material and methods: In order to obtain a certain length (106 bp) of constant domain gene, a pair

of primer was designed according to the conserved nucleotide sequence of duck (CAA46322) and chick-
en (S00390) IgY-Fc fragment that was published by the GenBank. Special primers were designed by the
Race method to amplify the 3' terminal cDNA.

Results: Goose IgY heavy chain C domain partially unknown gene is successfully cloned, and it is
782bp. The full-length gene covers the Cυ3 and Cυ4 domains, i.e. Fc gene encoding 202 amino acids,
the predicted molecular mass of Fc gene is 22.32 kDa. The deduced amino acid sequence of goose Fc
showed 89.6% and 65.3% identity with those of duck and chicken, respectively.

Conclusions: Conserved sequence amplification PCR combined with Race is effective in searching
and isolating Fc gene of goose. It is successfully submitted to the GenBank; GenBank accession num-
ber is KC254644. The structure of goose IgY-Fc was analyzed using bioinformatics tools. In the 3D
structure of goose IgY-Fc, the sequence identity is 64.29% to the template (chicken: 2w59A).
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Introduction
Immunoglobulin Y (IgY) is the principal serum anti-

body in birds and reptiles, and an IgY-like molecule was
the evolutionary precursor of both mammalian IgG and
IgE [1]. The IgY heavy chain consists of four constant
domains, and the Fc fragment mainly contains two con-
stant domains on the C-terminal, the Cυ3 domain and the
Cυ4 domain [2, 3]. Immunoglobulin Y Fc fragment not
only has the ability to activate the complement system,
but also induces the binding of the antigen-antibody
complex and the antigen-presenting cell through the Fc
receptor (FcR). It can also promote the phagocytosis of
the antigen-presenting cells to foreign antigens in the
receptor-induced, and thus stimulate the cellular immune
response of the body of specific antigens [4, 5]. Fc recep-
tors link the specificity of the adaptive immune system
with the effector mechanisms of innate immune cells [6].
Recently several avian IgY-Fc receptors have been iden-
tified, such as CHIR-AB1, a newly identified avian

immunoglobulin receptor that includes both activating and
inhibitory motifs and therefore classified as a potentially
bifunctional receptor [7]. But the source animal of the
research is chicken. Not too much in-depth study of goose
in this field is done. Although the homology between the
two species is high, there are still a lot of differences in
their sequences. The nucleotide sequences and amino acid
sequences of chicken and duck IgY have been assayed and
submitted to the GenBank. The structure of the first non-
mammalian Fc region of an antibody (chicken) has been
determined [8].

In this study, we firstly cloned the goose IgY-Fc frag-
ment gene and submitted the sequence to the GenBank.
Then, we constructed a 3D structural model of goose IgY-
Fc fragment through the fully automatic procedure of the
SWISS-MODEL server. The results of the study will pro-
vide the basis for understanding the differences of IgY-Fc
between avian and mammalian species. It can also lay the
foundation for the study of goose IgY-Fc with its recep-
tors.
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Material and methods
Sample collection and tissue preparation

The domestic geese were purchased from a goose farm,
Taian, China. Spleens were harvested and frozen in fridge
(–20°C).

Total RNA isolation and synthesis of cDNA

Total RNA samples were extracted from spleens using
Trizol (TransGen) and the cDNA pool was obtained using
the PrimScript RT reagent Kit (TaKaRa).

RT-PCR, 3’Race and sequencing

Apair of homologous primers (Table 1A) was designed
with DNASTAR 5.0 software in the conserved region
(Fig. 1) of the duck (GenBank: CAA46322) and chicken
(GenBank: S00390). All primers used in this study are list-
ed in Table 1. With the primers, a cDNA fragment was
amplified by RT-PCR using the first strand cDNAs as tem-
plates. The PCR reaction was performed under the follow-
ing conditions in a thermal cycle: initial denaturation at 94°C
for 5 min; 30 cycles of denaturation at 94°C for 30 s; anneal-
ing at 58°C for 30 s and extension at 72°C for 10 min. PCR
products were analyzed by electrophoresis in 1% agarose,
and purified by Agarose Gel DNA Extraction Kit (Shang-
hai Sangon Biotech Co., Ltd.). The products were cloned
by Peasy-T1 (TransGen) and sent to Shanghai Sangon
Biotech Co., Ltd. for sequencing. According to the results
of sequencing, two pairs of specific primers (Table 1:
3’Race 1 and 2) were designed. In the 3’Race, Nested PCRs
were performed with the first pair of 3’Race and the sec-
ond pair for the second round. PCR products were analyzed

by electrophoresis in 1% agarose, then purified and cloned
into Peasy-T1, detected and sequencing was performed.

Multiple alignment and phylogenetic sequence
analysis

The nucleotide sequence of goose IgY-Fc fragment,
along with that of avian and several mammalian species
from GenBank, were aligned by DNAMAN software. Phy-
logenetic analysis was made using DNAMAN5.2 software.
Sequence analysis of the predicted goose IgY-Fc protein
translated from the nucleotide sequence of goose IgY-Fc
fragment was performed using the NCBI and ExPaSy soft-
ware. Signal peptides were predicted using the SignalP 3.0
server. The domain structure of the caprine protein was ana-
lyzed on the SMART server. The SWISS-MODEL server
was used to model the protein 3D conformation.

Results
Molecular cloning and analysis of goose IgY-Fc

A cDNA fragment of goose IgY heavy chain of 106 bp
(Fig. 2) was obtained from single RT-PCR that was identi-
fied from the spleen cDNA library of domestic goose which
are homologous to duck and chicken. Based on this se-
quence, the 3’terminal cDNAwas cloned using 3’Race PCR.
After splicing, a 782 bp fragment of IgY heavy chain was
obtained. It covers the CH3 and CH4 region, i.e. Fc gene.
It encodes a protein 202 amino acids in length.

Analysis of the translated amino acid sequence
of IgY-Fc

The deduced amino acid sequence has an estimated iso-
electric point and Mr of 6.47 and 22.32 KD, respectively.
The number of negatively charged residues (Asp + Glu) in
the sequence is 19. The total number of positively charged
residues (Arg + Lys) is 17, indicating that the protein has
an overall negative charge. The N-terminal of the sequence
considered is I(Ile) residue. The instability index (II) is com-
puted to be 48.53, which classifies the protein as unstable.
The aliphatic index is 74.70 and the grand average of hydro-
pathicity (GRAVY) is –0.168. The number of the phos-
phorylation sites predicted is 12 (Ser: 7 Thr: 4 Tyr: 1). No
signal peptide was identified by the SignalP software. The
secondary structure of the protein was predicted to be main-
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Fig. 1. Conserved nucleotide sequence of duck and chicken IgY-Fc. The sequence in the box is highly conserved, and it is used
as forward and reverse primer

Table 1. Conserved sequence amplification PCR and 3’race
products using forward and reverse primer sequences

Primer name Primer sequences

A 5’-cagagctgcagccccatc-3’(f)

5’-cgctgggcaggttgaccac-3’(s)

3’Race1 5’-cagctgcagccccatccag-3’(f)

5’-ctagcgtcgctcctgactcgtttttttttttttttttt-3’(s)

3’Race2 5’-gcctctacgtccgccagga-3’(f)

5’-ctagcgtcgctcctgactcg-3’(s)
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ly random coil, separated by an extended strand and α-helix
(Fig. 4).

The SMART domain architecture analysis results indi-
cated that goose Fc has two domains. The first domain starts
position 16 and ends position 90. The second domain starts
position 121 and ends position 198. The predicted two
domains have a structure that is similar to IGc1 domain
which is classical of Ig-like domains resembling the anti-
body constant domain.

Alignment and phylogenetic analysis

The deduced amino acid sequence of IgY-Fc was com-
pared with those of the several avian and mammalian species
using DNAMAN (Fig. 5). The alignment analysis showed
that goose Fc fragment shared 90.0% and 65.3% identity with
those of duck (CAA46322) and chicken (S00390), and 36.0-
41.0% identity to mammalian counterparts. The arrows

labeled amino acid residues in Fig. 6 were well conserved in
avian and mammalian, yet goose IgY-Fc Gly193, Thr200 were
different from chicken’s equivalent amino acids. The phylo-
genetic tree was constructed from the deduced goose IgY-Fc
and the IgG(Y) sequences from avian and mammalian with
software DNAMAN 5.0. The result revealed the highest
homology was with duck, and avian IgY-Fc formed a mono-
phyletic group distinct from mammalian IgG-Fc (Fig. 6).

Predicted 3D structural model of goose Fc fragment

The fully automatic procedure on the SWISS-MODEL
server was used to construct a 3D structural model of goose
IgY-Fc fragment. The homology modeling revealed that this
segment was similar to that of the avian (chicken) IgY-Fc
in the Protein Data Bank (PDB:2w59A:349-557).

Not too many differences were found in the number
of amino acids and orientation in the goose IgY-Fc frag-

Structure analysis of goose immunoglobulin Y Fc fragment

Fig. 2. RT-PCR amplification result of the conserved sequence
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Fig. 4. The predicted secondary structure of the goose IgY-Fc amino acid sequence. The network secondary structure predic-
tion method was used. The blue line represents α-helix, the red line represents extended strand, and the purple line represents
random coil
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Fig. 5. Comparison of the predicted amino acid sequences of goose, duck, chicken IgY-Fc. The dark shadow reveals the con-
served amino acid residues. Semi-conserved residues are marked in pink shadow. The arrows indicate the FcRY(FcRn)-bind-
ing site in IgY(G) [9]

Fig. 6. Phylogenetic tree of IgG(Y) amino acid sequences of three poultry and several mammalian species. The GenBank num-
bers of the compared sequences are in the Figure which are behind the name of the different species
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ment of the 3D structures. However, for example, at cor-
responding positions in the two structures, there were two
“bend” and one α-helix between amino acids 504-515 in
the avian IgY-Fc, but there was no bend or α-helix in
goose IgY-Fc. Perhaps the absence of three residues at
positions 155-158 in goose IgY-Fc caused the difference.
But it was basically the same in both three-dimensional
structures. They would have the same function. So the 3D
structural analysis may provide the basis for studying the
relationship between the structure and function of the IgY-
Fc in the avian.

Discussion
The gene of Fc region antibody (chicken) of non-

mammalian has been determined. The amino acid
sequence of duck Fc showed 66.8% identity with those
of chicken. Previous studies have reported that duck IgY
failed to bind to chicken CHIR-AB1 [10]. It is likely that
both chicken and duck IgY interact with their respective
receptors in a broadly similar manner: the positive residue
in the duck sequence being accommodated by a comple-
mentary site in the duck receptor, while other pairings

Structure analysis of goose immunoglobulin Y Fc fragment

Fig. 7. The 3D structure of goose IgY-Fc based on homology modeling. (A) The goose IgY-Fc amino acid sequence was mapped
onto the crystal structure of the avian (chicken) IgY-Fc in the Protein Data Bank (PDB:2w59A:349-557) using SWISS-MODEL.
(B) “S” indicates the residues that form the “bend”; and “h” indicates the residues that form the “α-helix”
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remain identical [11]. The highest homology of goose
IgY-Fc was with duck (89.6%). In the 3D structure of
goose IgY-Fc, the sequence identity is 64.29% to the tem-
plate (chicken:2w59A). For the FcRY-binding site,
goose’s two amino acid residues differ from chicken’s
equivalent amino acids.

It was said that IgY transport ability into egg yolks can
be enhanced by substitution of amino acid residues located
on the Cυ3/Cυ4 interface [12]. However, information about
goose IgY-Fc and its receptors has not been available.

In this study, we isolated the goose IgY-Fc gene and
used various bioinformatics tools to analyze the gene and
predicted protein sequence. The nucleotide sequence was
successfully submitted to GenBank; GenBank accession
number is KC254644. The acquirement of the full sequence
of goose IgY is underway in our lab. This study will pro-
vide the basis for understanding the differences of IgY-Fc
between avian and mammalian species. It can also lay the
foundation for the study of goose IgY-Fc with its receptors.
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