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ABSTRACT. Invariant chain (Ii) isoform, through its thyroglobulin-like 
(Tg) domain, inhibits cysteine proteases during antigen presentation in 
vertebrates. In birds, the Ii of Muscovy Duck (MDIi) has 2 forms: MDIi-
1 and MDIi-2 (MDIi isoform). To understand the genetic information 
and expression characteristics of MDIi-2, polymerase chain reaction, 
and bioinformatic analysis were performed for MDIi-2 from healthy 
adult Muscovy Duck. The full-length MDIi-2 cDNA sequence was 
found to be 1377-base pairs, encoding a 285-amino acid protein. MDIi-
2 contains 63 amino acids with an insertion sequence in the Tg domain. 
MDIi-2 shares high identity (72.51-94.74%) with the same protein in 
other birds. The Tg domain of MDIi-2 is highly conserved and showed 
relatively high identity (96.83%) among all tested birds. The molecular 
structure of the Tg domain supports this conservation. MDIi-2 
expression was measured in various tissues using real-time quantitative 
polymerase chain reaction. Similar to MDIi-1, MDIi-2 was detected in 
all tissues but at different levels. Higher expression level was observed 
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in the spleen, intestinal mucosa, and bursa stipe (bursa of Fabricius 
stipe) than in other tissues. This suggests that MDIi-2, like MDIi-1, 
plays an essential role in all tissues and that its differential expression 
may be related to its functions in these tissues. The coexistence of 2 
MDIi isoforms indicates that their functions are correlated in Muscovy 
Duck. This study improves the understanding of poultry immunology 
and may be used to improve measures to protect Muscovy Duck from 
disease.

Key words: Clone; Differential expression; Invariant chain isoform; 
Muscovy Duck; Real-time quantitative PCR

INTRODUCTION

The invariant chain (Ii) plays an important role as a chaperone in major histocom-
patibility complex (MHC) class II molecules by properly guiding the MHC II heterodimer 
through the cell, peptide loading, and presenting the antigen on the surface of an antigen-
presenting cell (Arunachalam et al., 1994; Bergmann, 2012). Ii guides antigen presentation 
through its N-terminal sorting signal (Landsverk et al., 2009; Xu et al., 2013). Thus, Ii has 
been used as immune carrier (Chen and Yu, 2010; Wälchli et al., 2014) in the construction 
of genetic vaccines, in which the class II-associated Ii-derived peptide domain was replaced 
with sequences encoding for specific antigen epitopes. Genetic vaccines containing Ii promote 
significantly greater immune responses than DNA vaccines encoding the Ii alone or antigen 
epitope alone both in vitro and in vivo (Hung et al., 2007; Nagaraj et al., 2008; Holst et al., 
2011; Walline et al., 2014).

There are 4 isoforms of the human invariant chain, including p33, p35, p41, and 
p43, which are generated through a combination of alternative translation initiation and 
splicing events for a single gene (Strubin et al., 1986). p33 is the predominant isoform 
(Warmerdam et al., 1996; Bergmann, 2012) and forms a complex with MHC II to drive 
antigen presentation. p41 and p43 contain a thyroglobulin-like (Tg) domain encoded by 
exon 6b of the Ii gene (Gedde-Dahl et al., 1997). The Tg domain is a cysteine-rich stretch of 
64 amino acids and displays highly homology to a repetitive sequence of thyroglobulin (a 
precursor of thyroid hormone) near the C-terminal region of Ii (O’Sullivan et al., 1987). The 
Tg domain is a structural motif and inhibits cysteine proteases during antigen-presentation 
(Reich et al., 2011; Criscitiello et al., 2012). Although p33 and p41 have different structures 
and functions, each is involved in the antigen presenting process (Criscitiello et al., 2012). 
Since genetic vaccines containing Ii is constructed on antigen-presentation mechanism of 
Ii, the Ii isoform might be involved in the the antigen presenting process of the genetic 
vaccines. Thus, an increased understanding of the Ii isoform may be benefit for improving 
genetic vaccines containing Ii.

Only two isoform forms of Ii, p31 and p41, which are similar to human p33 and 
p41, have been discovered in rat and some birds (Yamamoto et al., 1985; Zhong et al., 2006; 
Chen et al., 2011). p41 also consistently contains conserved Tg domains, which are remark-
ably similar each other on the amino acid sequence level and in their molecular structures in 
various species (Zhong et al., 2006; Chen et al., 2013). Ii in Muscovy Duck (MDIi) might 
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contains these 2 isoforms, MDIi-1 [MDIi in reference (Liu et al., 2011), GenBank accession 
No. HQ909102; KF584915.1 referred to as MDIi-1 for convenience], which has been cloned 
previously, and MDIi-2. However, genetic information and the expression characteristics of 
the presumed isoform MDIi-2 have not been described. In this study, we identified MDIi-2 by 
amplification and bioinformatic analysis for a fragment of the Tg insertion sequence. Relative 
quantitative real-time polymerase chain reaction (real-time RQ-PCR) was also used to exam-
ine the different expression of MDIi-2 in various tissues of Muscovy Duck. Our results may 
increase the understanding of poultry immunology and KF584915.1may be used to improve 
the protection of Muscovy Duck against diseases.

MATERIAL AND METHODS

Sampling from Muscovy Duck, RNA isolation, and cDNA synthesis

Samples of blood, brain, bursa fundus (bursa of Fabricius fundus), bursa stipe (bursa 
of Fabricius stipe), heart, intestinal mucosa, kidney, liver, lung, skeletal muscle, spleen, and 
thymus were collected from healthy adult Muscovy Ducks at approximately 5 months of age. 
Ducks were purchased from a poultry farm in the suburban district of Hefei City, China. The 
methods used to extract total RNA from tissues and those for single-stranded cDNA synthesis 
from 5 μg RNA have been reported previously (Liu et al., 2011).

PCR amplification of the Tg domain of MDIi-2

The MDIi-1 gene (GenBank accession No. HQ909102) was aligned with the Ii 
isoforms (GenBank accession No. goose, HM636053.1; quail, HQ130789.1; chicken, 
AY597054.1) containing Tg domains for selected related species using the DNAMAN 
version 6.0 software (Lynnon BioSoft, Quebec, Canada). The insertion site of the Tg domain 
was found to potentially reside in MDIi-1 between 623-624 base pairs (bp), with a length of 
approximately 190 bp. The primer pair 2-Tg-F and 2-Tg-R (Table 1) was designed outside 
of the Tg insertion site in MDIi-1 to amplify the Tg sequence. The length of amplification 
products were approximately 100 bp (no Tg sequence) or 290 bp (with Tg sequence). 
Amplification products were purified from 1% agarose gels using a gel extraction kit (BioTek 
Instruments, Inc., Winooski, VT, USA). The purified fragment was cloned into the pMD-18T 
vector (TaKaRa, Shiga, Japan) and sequenced by Sangon Biotech Co. Ltd. (Shanghai, China).

Application 	 Primer 	 Sequence (5ꞌ to 3ꞌ)

MDIi-2 Tg PCR	 2-Tg-F	 CGGACGAGCGTAAAGCCATC
	 2-Tg-R	 TCAGCGCCCAGCTTGAGCATG
Full-length PCR 	 Full-Ii-F 	 TGGGGCAGCCATGGCCGAGGAG
	 Full-Ii-R 	 TCCTTCACACAACGCCCTCACT
Real-time PCR 	 2-RTP-F	 GCGGAGAAAGTGCAAACTAAGTG
	 2-RTP-R	 TGTCCACCCCGGAGAAGATCATC
	 β-actin-F	 ATGTGGATCAGCAAGCAGGA
	 β-actin-R	 ACAAGGGTGTGGGTGTTGG

Full-length PCR = PCR for obtaining the fragments including most partial sequence of full-length invariant chain 
isoforms of muscovy duck (MDIi isoform) cDNA; F = forward primer; R = reverse primer.

Table 1. Primers used in this study.
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Sequence assembly and verification

The deduced full-length MDIi-2 cDNA sequence was assembled using the full-length 
MDIi-1 cDNA sequence (GenBank accession No. HQ909102) and the amplified sequence of 
Tg using the DNAMAN software. To confirm the assembled full-length MDIi-2 sequence, the 
full-length primer pair Full-Ii-F and Full-Ii-R (Table 1) were designed based on full-length 
MDIi-2. Next, the assembled sequence was verified by sequencing the fragment that had been 
amplified with the primer Full-Ii-F and Full-Ii-R and subjected to homology analysis.

Bioinformatic analysis and homology modeling

The methods used for bioinformatic analysis and homology modeling have been report-
ed previously (Liu et al., 2011). Briefly, the cDNA sequences of MDIi-2 were analyzed using 
DNASTAR 5.0 (DNASTAR Inc., Madison, WI, USA). Similarity analysis was performed us-
ing the BLAST algorithm at NCBI (http://www.ncbi.nlm.nih.gov/BLAST) and the DNAMAN 
version 6.0 software. Multiple alignments of the MDIi-2 proteins were performed using the 
Clustal W multiple alignment programs (http://www.ebi.ac.uk/clustalw/). The structure model 
of Ii was obtained using the Expasy’s translate tool (http://swissmodel.expasy.org/). Theoreti-
cal models were displayed and analyzed using the RasMol software (http://www.RasMol.org). 

Real-time RQ-PCR

Differential expression of MDIi-2 in 12 tissues was detected by real-time RQ-PCR 
using the primer pair 2-RTP-F and 2-RTP-R (Table 1), which were designed based on the Tg 
sequences from the confirmed MDIi-2. Additionally, β-actin-F and β-actin-R primers (Table 1) 
were designed to amplify the duck β-actin gene as a internal control (GenBank accession No. 
GU564232). Real-time RQ-PCR amplification of MDIi-2 was carried; MDIi-1 was also am-
plified as reported in reference previous study (Liu et al., 2011), using the same methods and 
cDNA from 12 tissues, under the same conditions, on the same instruments. The lowest value 
of expression level of MDIi-2 in the tissue was used as calibrator. One-way analysis of vari-
ance was used for statistical analysis. P < 0.01 was considered to be statistically significant. 

RESULTS

Identification of Tg and MDIi-2 sequences

The amplification products of the Tg fragment from Muscovy Duck were analyzed on 
1% agarose gels (Figure 1). Two nucleic acid bands (first lane), approximately 100 and 290 
bp, were of the expected sizes, but the abundance of the 290-bp band determined to be the tar-
get fragment containing the Tg domain was clearly lower than that of the 100-bp band. After 
sequencing, the target fragment was verified to be a partial fragment of Ii according to NCBI 
BLAST analysis. A 189-bp conserved sequence contained the Tg domain. The deduced full-
length MDIi-2 cDNA was obtained by splicing and assembling the Tg fragment with MDIi-1. 
The full-length MDIi-2 cDNA was verified by full-length PCR (data not shown). MDIi-2 
(GenBank accession No. KF584915) is 1377 bp (Figure 2), including an 858-bp open reading 
frame located between nucleotides 35 and 892, a 34-bp 5ꞌ-terminal untranslated region, and 
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a 485-bp 3ꞌ-untranslated region followed by a 12-bp poly (A) tail. The Tg domain resides in 
MDIi-2 between 624-812 bp; the length of the Tg sequence is 189 bp (underlined in Figure 2).

Figure 2. Confirmed cDNA sequence of MDIi-2. The codons ATG and TAG shaded in gray are the initiation and 
termination codons, respectively. The nucleic acid sequences of the Tg domain are marked in red and with a single 
underline, while the amino acid sequences of the Tg domain are shown in blue. Two short sequences boxed outside 
of the Tg domain are the sites of the primer pair used to amplify the fragments of the Tg insertion sequence.

Figure 1. Amplification products of Tg fragments of MDIi-2. Lane 1 = amplification products of Tg fragments; lane 
M = standard marker of nucleic acids sizes.
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Conservation of Tg and MDIi-2 sequences

The nucleic acid sequences of full-length MDIi-2 and Tg from Muscovy Duck were 
compared with those of other birds, including goose, quail, and chicken (GenBank acces-
sion No. goose, HM636053.1; quail, HQ130789.1; chicken, AY597054.1) (Table 2). The Tg 
sequences of Muscovy Duck shared over 95.77% identity with other birds, while MDIi-2 
shared over 72.02% identity with Ii-2 from other birds.

Items for comparison	 Ii-2 of goose	 Ii-2 of quail	 Ii-2 of chicken

MDIi-2	 88.79	 74.39	 72.02
Tg of MDIi-2	 96.83	 95.77	 95.77
MDIi-2	 94.74	 74.83	 72.51
Tg of MDIi-2	 96.83	 96.83	 96.83

In comparison column, italics and upright letters indicate nucleic acid sequence and amino acid sequence, 
respectively, which were compared with those of goose, quail, and chicken. GenBank accession No. of Ii-2 
cDNA of muscovy duck, goose, quail, and chicken are KF584915, HM636053.1, HQ130789.1, and AY597054.1 
respectively. GenBank accession numbers of the amino acid sequences of Ii isoform containing Tg domain are: 
muscovy duck, AHB20201; goose, ADK91576.1; quail, ADM86479.1; chicken, AAT36346.1.

Table 2. Similarity of nucleic acid and amino acid sequences of MDIi-2 and Tg domain among different birds 
(similarity, %).

The open-reading frame of MDIi-2 encodes a 285-amino acids protein (Figure 2) 
with a predicted molecular mass of 31.6 kDa and a theoretical pI of 8.27. The amino acid 
sequences of MDIi-2 contain 38 strong basic (+) amino acids (K, R), 35 strongly acidic (-) 
amino acids (D, E), 88 hydrophobic amino acids (A, I, L, F, W, V), and 72 polar amino acids 
(N, C, Q, S, T, Y). A single transmembrane domain was predicted from residues 28-56 in 
MDIi-2. The 63-amino acid Tg domain was found to be at V197-S259 in MDIi-2. Homology 
analysis demonstrated that the amino acid sequence of MDIi-2 shared remarkably high ho-
mology (72.51-94.74%) with Ii-2 of other birds described above (Table 2). The closest rela-
tive to Muscovy Duck was goose (phylogenetic tree of Ii-2 in birds not shown). However, 
the amino acid sequence of the Tg domain was very similar to that of other birds (similarity 
of 96.83%, Table 2). There were few amino acid differences among the Tg domain of all 
tested birds.

Conservation in structure models of Tg domain among various species

The 3-dimensional structure models of the Tg domain of Ii among the 4 birds (Fig-
ure 3) revealed that the backbone of Tg was remarkably similar in each model. There were 
some similar secondary structures, such as 1 α-helix, 6 linear regions, 10 turns, and a few 
ring areas of different lengths in all models. The linear regions, turns, and ring areas were 
nearly the same regarding their spatial conformations. The Tg structure models of Muscovy 
Duck and goose were very similar; however, those of quail and chicken were more similar 
than the former 2 species. Differences in the Tg structure models between the former 2 spe-
cies and the latter 2 were based on the divergences of the α-helix structure. The differences 
in the individual amino acids of the α-helix may slightly disturb the helix framework.
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MDIi-2 was expressed in all tissues but at different levels

MDIi-2 expression was detected in various tissues, but expression levels were tis-
sue-specific (Figure 4), similar to the expression pattern observed for MDIi-1 (Liu et al., 
2011). MDIi-2 expression in the bursa fundus was the lowest of all tissues tested; thus, 
this level was selected as the calibrator. The highest expression of MDIi-2 was observed in 
spleen, which was 2.21-fold higher than in the calibrator. As a non-traditional immune tis-
sue, MDIi-2 expression was 1.58-fold higher in the intestinal mucosa than in the calibrator, 
and the level was nearly equal to the expression level in the bursa stipe at 1.54-fold vs the 
calibrator. Thus, the spleen, intestinal mucosa, and bursa stipe showed the highest expres-
sion levels. The thymus, lung, and kidney abundantly expressed MDIi-2, all exceeding 1.10-
fold vs the calibrator. In addition, the liver expressed MDIi-2 at a relatively lower level of 
approximately 0.79-fold over the calibrator. Other tissues, such as the blood, brain, heart, 
and muscle, expressed MDIi-2 at similar but extremely low levels. Interestingly, MDIi-2 
was also expressed at very high levels in the bursa stipe but extremely low levels in the 
bursa fundus. Thus, MDIi-2 expression was remarkably lower than that of MDIi-1 (Liu et 
al., 2011) in each tissue.

Figure 3. Three-dimensional structure models of Tg domain of Ii isoforms for 4 birds. The GenBank accession 
numbers of the amino acid sequences of Ii isoforms containing the Tg domain are: Muscovy Duck, AHB20201; 
goose, ADK91576.1; quail, ADM86479.1; chicken, AAT36346.1. The 3-D models of the Tg domain of Ii isoforms 
in Muscovy Duck (A), goose (B), quail (C), and chicken (D) were generated with the template 1icfI (2.00 A) of 
human Ii using the Swiss-Model server and were viewed using the RasMol software.
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DISCUSSION

Conservative Tg domain reflects rigorous alternative splicing of MDIi-2

This study demonstrated that the Tg domain is encoded in the MDIi gene. Previous 
results showed that the Tg domains of the Ii isoform in various birds, as well as in human 
and rat, were conserved (Zhong et al., 2006; Chen et al., 2011), as observed in our study. The 
conservative Tg domain is present in MDIi-1, so that MDIi-2 is expressed. Conservation of 
the Tg domain in MDIi is displayed in the following. First, Tg domains in various species are 
very high similar on the nucleic acid and amino acid levels according to sequence alignment 
(Zhong et al., 2006). Second, uniformity in the molecular structure of Tg was observed in 
structure modeling. Uniformity of molecular structure is ultimately determined by the amino 
acid sequence of the Tg domain. Third, the high level of consistency of insertion sites of the 
Tg domain in each Ii isoform also indicates the conservation of the Ii isoform and Tg domain 
in various species. High conservation of the Tg domain and nearly the same Tg insertion sites 
in the Ii isoforms imply rigorous and highly consistent mechanisms of alternative splicing 
during expression of Ii isoforms in various species (Chisa and Burke, 2007; Chen et al., 
2011). These results agree with those of Chisa and Burke (2007), who revealed that mRNA 
splice-isoform selection is tightly controlled.

Figure 4. Expression profile of MDIi-2 in various tissues of Muscovy Duck. Expression levels were measured by 
real-time RQ-PCR in samples from the blood, brain, bursa fundus, bursa stipe, heart, intestinal mucosa, kidney, 
lung, muscle, spleen, thymus, and liver from Muscovy Ducks that were approximately 5 months of age. MDIi-
2 expression was normalized to the endogenous control β-actin. MDIi-2 expression in the bursa fundus served 
as a calibrator. MDIi-2 expression levels were achieved using the 2-ΔΔCt method of quantification. The relative 
expression level of MDIi-2 in different tissues is shown as the mean of 3 measurements and analyzed by 1-way 
analysis of variance. P < 0.01 is denoted with a capital letter above each bar. Groups marked with the same letters 
were not statistically different.
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Conservation of MDIi-2 indicates the same function and similar evolution pressure 
among various species

Proteins with similar molecular structures likely have similar functions (Bajaj and 
Bludell, 1984). The cysteine-rich Tg domain in p41 serves as protease inhibitor based on its 
unique folding structure and can cause protein hydrolysis in humans (Guncar et al., 1999; 
Reich et al., 2011), such that degradation of MHC II molecules during antigen-presentation 
is prevented (Bevec et al., 1996). Thus, the Ii isoforms containing the Tg domain in birds, 
including Muscovy Duck, may have common and essential roles as protease inhibitors dur-
ing antigen-presentation. Protection of MHC II is also important in birds. As Ii has common 
functions among species, evolution has maintained the molecular structure of this protein. 
The tissue-specific expression of MDIi-2 may be related to its innate structure and essential 
function in each tissue (Ye et al., 2003; Liu et al., 2011). For example, MDIi-2 was expressed 
at very high levels in conventional immune organs such as the spleen, bursa stipe, and thy-
mus. Although the intestinal mucosa and lungs are not considered to be immune organs, they 
expressed MDIi-2 at relatively high levels. This may be because the mucosa membrane of 
these 2 organs is located at a strategic position between the external environment and the most 
extended lymphoid tissue in organs that resist pathogens from the external environment (Mal-
legol et al., 2005).

The universality and identity of the Ii isoform is observed in variant invertebrate spe-
cies, indicating its importance in biological evolutionary history. This suggests that similar 
survival pressures affect the evolution of Ii in different species. For example, pathogen inva-
sion must be prevented in all species. This has been observed in the study of MHC II molecu-
lar evolution (Surridge et al., 2008; Evans and Neff, 2009).

MDIi-2 is secondarily expressed to MDIi-1

Our results demonstrated that the 2 forms of MDIi were coexpressed in each tissue, 
but the expression level of MDIi-2 was relatively lower than that of MDIi-1. The following 
observations support this hypothesis. First, 2 nucleic acid bands of approximately 100 and 290 
bp were cloned using the same amplification system for the Tg fragment. However, the abun-
dance of the 290-bp band containing the Tg domain was clearly lower than that of the 100-bp 
band. Second, differential expression of MDIi-1 and MDIi-2 in various tissues indicated the 
coexistence of 2 MDIi isoforms according to our real-time RQ-PCR results. The expression 
level of MDIi-2 (Figure 4) was consistently lower than that of MDIi-1 (Liu et al., 2011) in all 
tissues examined. Thus, MDIi-2 was coexpressed with MDIi-1, but MDIi-2 expression was 
secondary. Additionally, the expression pattern of the 2 forms of MDIi was same as observed 
in other species (Yamamoto et al., 1985; Zhong et al., 2006; Chen et al., 2011). Thus, the co-
existence of the 2 forms of Ii illustrates the correlation between their functions in Muscovy 
Duck, similarly to in other species.

CONCLUSION

We cloned a 1377-bp cDNA sequence of MDIi-2 encoding a 285-amino acid protein 
that contained a 63-amino acid insertion sequence of the Tg domain. The MDIi-2 and Tg 
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domains showed high conservation, reflecting that MDIi-2 is rigorously alternatively spliced 
during expression, which is necessary for its function as a protease inhibitor during antigen 
presentation and expected based on similar survival pressures as other species, contributing to 
similar biological evolution. MDIi-2 was detected in all of the tissues tested at different levels, 
suggesting that MDIi-2 plays an essential role in each tissue and that tissue-specific expression 
may be related to the innate structures and essential functions of these tissues. The coexistence 
of MDIi-1 and MDII-2 illustrates that their functions are correlated in Muscovy Duck.
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