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ABSTRACT. The invariant chain (Ii) plays an important role as a 
chaperone for MHC II maturation and facilitates antigen presentation 
in vertebrates. We cloned, characterized and made a homology analysis 
of healthy adult muscovy duck Ii (MDIi), from a poultry farm in the 
suburban district of Hefei city in China, by rapid amplification of 
cDNA ends (RACE)-PCR and by measuring expression of the MDIi 
gene in various tissues by real-time quantitative PCR. A full-length 
cDNA sequence of MDIi was obtained, 1188-bp long, encoding a 
222-amino acid protein. A comparison of the amino acid sequence 
of Ii between muscovy duck and other birds showed high similarity 
(66.3-95.3%). Characteristic functional domains found in Ii of other 
species, such as cytoplasmic domain, transmembrane domain, class ІІ-
associated Ii-derived peptide (CLIP) and trimerization domain, were 
identified in MDIi. Although all functional domains of Ii were found 
to be highly conserved, small differences in the CLIP sequence occur 
among the various species. Expression of MDIi was detected in all 
tissues at different levels. A higher expression level was found in the 
spleen, intestinal mucosa and the bursa stipe (bursa of Fabricius stipe) 
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than other tissues. This tissue-specific expression suggests that MDIi 
plays an essential role in all tissues and differential expression may be a 
function of the innate structures and essential functions of these tissues.

Key words: Clone; Differential expression; Invariant chain; RT-PCR;
Muscovy duck; RACE

INTRODUCTION

Major histocompatibility complex class II (MHC II) association invariant chain (Ii, 
also named CD74) is a conservative type-II transmembrane glycoprotein (Claesson and Pe-
terson, 1983; Strubin et al., 1984). Alternative initiation of translation and differential splicing 
of the transcription products from a single gene generate four isoforms in humans (O’Sullivan 
et al., 1987), but only two isoforms in mice (Lennon-Dumenil et al., 2001) and bird (Zhong et 
al., 2006). Ii is mainly expressed on the surface of specialized antigen-presenting cells (Bryant 
and Ploegh, 2004), as well as on tumor cells (Voutsas et al., 2007; Holmes et al., 2008). The Ii 
contains the following functional domains: i) a short amino-terminal cytoplasmic domain; ii) 
a single transmembrane (TM) domain; iii) a large carboxy-terminal luminal region, which has 
a class II-associated Ii-derived peptide (CLIP) domain, and a trimerization (TRIM) domain; 
iv) Ii may also have a thyroglobulin type I domain (Lipp and Dobberstein, 1986; Bremnes et 
al., 1994, 2000; Silva et al., 2007; Xu et al., 2008).

Ii plays an important role as a chaperone for MHC II protein expression and facilitates 
antigen presentation by blocking the MHC II peptide binding groove in endoplasmic reticu-
lum and regulating the loading of MHC II molecules with peptides (Denzin and Cresswell, 
1995; Ghosh et al, 1995; Cresswell, 1996; Pieters, 1997; Busch et al., 2005). The interac-
tion mechanisms between Ii and MHC II have been further studied in mammal and human 
diseases such as infection, allergy and tumors. Based on the immune carrier characteristic of 
Ii presented in the interaction with MHC II (Adams et al., 1997; Nagata et al., 2001), some 
genetic vaccines encoding an Ii protein, where the CLIP domain has been replaced by se-
quences encoding special antigen epitopes, have been produced and show significantly greater 
epitope-specific CD4 (+) T-cell immune responses than DNA vaccines encoding the Ii alone 
or antigen epitope alone either in vitro or in vivo (van Bergen et al., 2000; Nagata et al., 2002; 
Hung et al., 2007; Nagaraj et al., 2008). However, to date Ii has not been reported in the mus-
covy duck, a waterfowl species widely raised in China. To study the function and evolution of 
Ii of muscovy duck (MDIi), we report the cloning, characterization, homology analysis, and 
homology modeling of MDIi by rapid amplification of cDNA ends (RACE)-PCR followed 
by bioinformatics analysis. To investigate the distribution of MDIi in organism, we also show 
the differential expression of MDIi in various tissues by real-time relativity quantitative PCR 
(real-time RQ-PCR). This study will attempt to help broaden our knowledge of poultry im-
munology and could eventually lead to measures to protect poultry from disease.

MATERIAL AND METHODS

Muscovy duck and sampling

Healthy adult muscovy ducks at approximately 5 months of age were purchased from 
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a poultry farm in the suburban district of Hefei city, China. Samples of blood, brain, bursa fundus 
(bursa of Fabricius fundus), bursa stipe (bursa of Fabricius stipe), heart, intestinal mucosa, kid-
ney, liver, lung, skeletal muscle, spleen, and thymus were collected and kept at -80°C until use.

RNA isolation and cDNA synthesis

Total RNA was extracted from tissues using RNAiso Plus (TaKaRa Biotechnology 
Co., Dalian, China) and single-stranded cDNA from 5 μg RNA was synthesized using TaKaRa 
PrimeScriptTM (TaKaRa) 1st-Strand cDNA Synthesis kit according to manufacturer instructions.

Degenerate PCR

A pair of degenerate primers, Ii-D-F and Ii-D-R (Table 1 and Figure 1), was designed 
within the conserved sequences of Ii genes among the selected birds (GenBank accession 
Nos.: duck, AY905540; goose, HM208131; chicken, AY597053) using the DNAMAN ver-
sion 6.0 software (Lynnon BioSoft, USA). The primers were used to amplify the MDIi cDNA 
fragment (called the degenerate fragment) with Taq DNA polymerase (TaKaRa). Amplifica-
tion products were purified from 1% agarose gels using a gel extraction kit (BioTek Instru-
ments, Inc., Winooski, VT, USA). The purified fragment was cloned into the pMD-18T vec-
tor (TaKaRa) and sent to Sangon Biotech Co. Ltd. (Shanghai, China) for sequencing.

Application	 Primer	 Sequence (5ꞌ to 3ꞌ)

Degenerate PCR	 Ii-D-F	 (G/T)TCCATCCTGGTG(A/G)C(C/T)CTGCT
	 Ii-D-R	 CAG(C/G)AGCCA(A/C)T(G/T)GTGCACCA
5'-RACE-PCR	 5ꞌ-Outer-GSP	 CCAATTGTGCATCCAGGACTC
	 5ꞌ-Outer-primer	 CATGGCTACATGCTGACAGCCTA
	 5ꞌ-Inner-GSP	 CCTGACTTGGTCCTCGGTCTTGTTG
	 5ꞌ-Inner-primer	 CGCGGATCCACAGCCTACTGATGATCAGTCGATG
3'-RACE-PCR	 3ꞌ-Outer-GSP	 AGCAACAAGACCGAGGACCAAG
	 3ꞌ-Outer-primer	 TACCGTCGTTCCACTAGTGATTT
	 3ꞌ-Inner-GSP	 GCCTGCTGGACAACCTCAAGA
	 3ꞌ-Inner-primer	 CGCGGATCCTCCACTAGTGATTTCACTATAGG
Full-length PCR	 Full-Ii-F	 TGGGGCAGCCATGGCCGAGGAG
	 Full-Ii-R	 TCCTTCACACAACGCCCTCACT
ORF PCR	 ORF-F	 TGGGGCAGCCATGGCCGAGGAG 
	 ORF-R	 CCTCTTCTACTTGGCTTTCTCA 
Real-time PCR	 RTP-F	 GCAACAAGACCGAGGACCAAG
	 RTP-R	 CTTCAGGCTCTTGAGGTTGTC 
	 β-actin-F	 ATGTGGATCAGCAAGCAGGA 
	 β-actin-R	 ACAAGGGTGTGGGTGTTGG

RACE = rapid amplification of cDNA ends; Full-length PCR = PCR for obtaining the fragments including most 
partial sequence of full-length invariant chain of muscovy duck (MDIi) cDNA; ORF PCR = PCR for obtaining the 
fragments including the open reading frame of MDIi cDNA; F = forward primer; R = reverse primer; GSP = gene 
special primer.

Table 1. Primers used in this study.

RACE-PCR

RACE was used to obtain the 5ꞌ- and 3ꞌ-end sequences for isolating full-length cDNA 
of MDIi genes. Four specific nested primers (5ꞌ-Outer-GSP and 5ꞌ-Inner-GSP, 3ꞌ-Outer-GSP 
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and 3ꞌ-Inner-GSP; Table 1 and Figure 1) were designed according to degenerate fragment 
sequences. 5ꞌ-Outer-primer and 5ꞌ-Inner-primer, 3ꞌ-Outer-primer and 3ꞌ-Inner-primer (Table 
1 and Figure 1) were in the corresponding RACE Kit (TaKaRa). 5ꞌ-Outer-GSP and 5ꞌ-Outer-
primer, 5ꞌ-Inner-GSP and 5ꞌ-Inner-primer were used for amplification of the 5ꞌ-end of MDIi 
cDNA. 3ꞌ-Outer-primer and 3ꞌ-Outer-GSP, 3ꞌ-Inner-primer and 3ꞌ-Inner-GSP were used for 
amplification of the 3ꞌ-end of MDIi cDNA. 5ꞌ-RACE and 3ꞌ-RACE were carried out using the 
5ꞌ-Full RACE Kit (TaKaRa) and the 3ꞌ-Full RACE Core Set Ver. 2.0 (TaKaRa) according to 
manufacturer instructions. The products of 3ꞌ- and 5ꞌ-RACE were purified and cloned into the 
pMD-18T vector and sent to the Sangon Shanghai Biotechnology Co., for sequencing.

Sequence being assembled and verified

The deduced full-length MDIi cDNA sequence was assembled using the degenerate 
fragment sequences, the 3ꞌ- and 5ꞌ-RACE products using the DNAMAN software (Lynnon 
BioSoft). To confirm the assembled full-length MDIi cDNA and the complete open reading 
frame (ORF) sequence, the full-length primer pair (Full-Ii-F and Full-Ii-R; Table 1 and Figure 
1) and the ORF primer pair (ORF-F and ORF-R; Table 1 and Figure 1) were designed accord-
ing to the assembled full-length MDIi cDNA. Then, the assembled sequence was verified by 
sequencing the fragment amplified from the primer pairs Full-Ii-F and Full-Ii-R and subjected 
to homology analysis. The ORF was also verified by ORF PCR and sequencing using the 
primers ORF-F and ORF-R.

Bioinformatics analysis and homology modeling 

The cDNA sequences were analyzed by DNASTAR 5.0 (DNASTAR Inc., Madison, 

Figure 1. Relative position of the primer pairs used for obtaining the fragment sequences of invariant chain of 
muscovy duck (MDIi) cDNA. Each primer pair was shown by two arrows of the same shape in opposite direction.
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WI, USA). Similarity analysis was performed with the BLAST algorithm at NCBI (http://
www.ncbi.nlm.nih.gov/BLAST) and the DNAMAN version 6.0 software. The putative do-
mains, signal sequence and motif prediction were identified by the Simple Modular Archi-
tecture Research Tool (SMART, http://smart.embl-heidelberg.de), the ScanProsite programs 
in the PROSITE database (http://ca.expasy.org/prosite) and Motif Scan (http://hits.isb-sib.ch/
cgi-bin/PFSCAN), respectively. Multiple alignments of the Ii proteins were performed with 
the Clustal W multiple alignment programs (http://www.ebi.ac.uk/clustalw/). The neighbor-
joining phylogenetic tree was constructed using MEGA 4.0 (http://www.megasoftware.net/
mega). The structure model of Ii was obtained using the Expasy’s translate tool (http://www.
expasy.org/). The theoretical models were displayed and analyzed with the RasMol software 
(http://www.RasMol.org).

Real-time RQ-PCR

The differential expression of MDIi in various tissues was detected by real-time RQ-
PCR with the primer pair (RTP-F and RTP-R; Table 1 and Figure 1) designed according to 
the confirmed MDIi cDNA. Also the primer pair (β-actin-F and β-actin-R; Table 1 and Figure 
1) was designed according to the duck β-actin gene (GenBank No. GU564232). The cDNA 
from 12 tissues was generated by 2-stage real-time RT-PCR using PrimeScript RT Master Mix 
Perfect Real Time (TaKaRa). Finally, cDNA was adjusted to 50 ng/μL and stored at 4°C for 
subsequent fluorescent real-time PCR.

Real-time RQ-PCR was conducted on a 7500 Real-Time PCR system (Applied Bio-
systems, Carlsbad, CA, USA) with the primers RTP-F and RTP-R for amplifying the Ii frag-
ment. Amplifications were carried out at a final volume of 20 μL, containing 100 ng cDNA 
sample (2 μL × 50 ng/μL), 10 μL SYBR Premix Ex TaqTM II (2X) (TaKaRa), 0.4 mL ROX 
Reference Dye II (50X), 0.4 μL of each primer (10 μM) and 6.8 μL ddH2O. PCR amplification 
was performed in triplicate per tissue, under the following conditions: 30 s at 95°C, followed 
by 40 cycles consisting of 5 s at 95°C and 34 s at 60°C. β-actin was used as internal control. 
Expression of MDIi in the tissue, which had the lowest value of expression level, was used as 
calibrator. ANOVA was used for statistical analysis. P < 0.01 indicates statistical significance.

RESULTS

Conservation of MDIi cDNA sequence

A degenerate fragment of 426 bp was first amplified from total RNA of the muscovy 
duck (Figure 1). Then, a 744-bp 3ꞌ-RACE fragment and a 459-bp 5ꞌ-RACE fragment were 
amplified separately (Figure 1). The above fragments were verified as partial fragments of Ii 
by NCBI blast analysis. After splicing, assembly and analysis on the above fragments, a de-
duced full-length MDIi was obtained and verified to be true by full-length PCR and ORF PCR 
(Figure 1). The full-length MDIi cDNA (GenBank accession No. HQ909102) was 1188 bp, 
including a 669-bp ORF located between nucleotides 35 and 703, a 34-bp 5ꞌ-terminal untrans-
lated region (5ꞌ-UTR) and a 485-bp 3ꞌ-UTR followed by a 12-bp poly(A) tail.

The full-length MDIi cDNA sequence of the muscovy duck was compared with that 
of other birds, mice and human in homology. The ORF, 3ꞌ-UTR of MDIi were also compared 
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with those of other Ii species (Figure 2). The data were not shown on the 5ꞌ-UTR because it 
was too short to reflect the homology among the species listed. The cDNA sequence of MDIi 
showed high conservation, sharing 62.7-95.6% identity with other bird Ii and even showing 
similarity with mouse Ii (48.7%) and human Ii (49.2%). The ORF sequences were more con-
servative than 3ꞌ-UTR among Ii of all species listed.

Figure 2. Homology analysis of fragment sequences of invariant chain (Ii) cDNA among various species. The 
GenBank accession numbers of Ii cDNA sequence are: moschata (muscovy duck), HQ909102; duck, AY905540; 
goose, HM208131; chicken, AY597053; quail, HM011049; pigeon, AY904337; guttata, DQ215319; mice, 
NM_010545; human, X00497.1. The ORF, 3'-UTR and full-length denote open reading frame, 3'-terminal 
untranslated region and full-length cDNA sequence of Ii, respectively. The Y-axis represents the identity of 
corresponding fragment sequence of Ii cDNA between muscovy duck and other species.

Diversity in CLIP domains of conservative Ii among various species

The ORF of MDIi cDNA encodes a protein consisting of 222 amino acids (Figure 3), 
with a predicted molecular mass of 24.68 kDa, a theoretical pI of 9.19 and a charge of 4.26. 
All the characteristic functional domains found in Ii of other species, such as cytoplasmic 
domain, TM domain, CLIP domain, and TRIM domain, were identified in MDIi by SMART 
(Figure 3). The MHC II interaction region, which was required for association with MHC II in 
the MHC II processing pathway, started at position 1 and ended at position 113 in the amino 
acid sequence of MDIi. This region contained a cytoplasmic domain, a single-TM domain and 
a CLIP domain. The locations of the functional domains in the amino acid sequence of MDIi 
are shown in Figure 3. A potential N-glycosylation site at 123-126 was found in the MDIi 
protein by ScanProsite (Applied Biosystems) programs, but no signal peptide was found us-
ing the Motif Scan software. Homology analysis (Figure 4) demonstrated that the amino acid 
sequence of MDIi shared remarkably high homology (66.3-95.3%) compared with that of 
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other birds, yet lower homology (about 40%) with Ii of mice and human. The homologies of 
different domains of MDIi with corresponding domains of other Ii species are also shown in 
Figure 4. The TM domains displayed the highest conservation, sharing 60.7-100% identity 
among the Ii listed, and the cytoplasmic domains were the next. Although the CLIP domains 
revealed slight diversity, they still maintain over 50% identity. The TRIM domains displayed 
coincident conservation with the full-length Ii listed.

Figure 3. Multiple alignments of amino acid sequences of the invariant chain (Ii) protein among various species. 
The GenBank accession numbers of the amino acid sequences of Ii proteins among various species are: moschata, 
MDIi (Ii of muscovy duck); duck, AAX89536; goose, ADK11994; chicken, AAT36345; quail, ADG01642; pigeon, 
AAX47311; guttata, ACH44981; mouse, NP_034675; human, CAA25193. The functional domain of Ii was 
characterized and named above the corresponding sequences, which are marked by a black rectangle box. Amino 
acid sequences of Ii proteins were compared through domain-by-domain among various species. CLIP = class II-
associated Ii-derived peptide domain.

Similar frequency of amino acid in Ii among various species

The phylogenetic tree (Figure 5) showed that birds and mammals were divided into 
two evolutionary clusters, a bird cluster and a mammal cluster. MDIi was more closely re-
lated to Ii of duck (95.3%) and goose (93.8%) than others (Figure 4). In the bird cluster, the 
divergence of amino acids in Ii of 7 birds was compared and 19 kinds of amino acids besides 
Cys were detected in each Ii with MEGA 4.0. The 19 kinds of amino acids were coincident at 
similar average frequency in each Ii. Among the 19 kinds of amino acids in MDIi, the six kinds 
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of amino acids Leu (13.06%), Lys (9.46), Ala (9.01%), Ser (8.53%), Pro (6.76%), and Asp 
(6.76%) were found at higher rates than the others. Total rates of the six kinds of amino acids 
of MDIi were 54%, thus the six kinds of amino acids were the mainly components of MDIi. 

Figure 4. Homology analysis of the functional domains of invariant chain (Ii) proteins among birds, mice and 
human. The GenBank accession numbers are listed in Figure 3. Here, cytoplasmic, TM, CLIP, TRIM, and full-
length denote the cytoplasmic domain, transmembrane domain, class II-associated Ii-derived peptide domain, 
trimerization domain, and the full-length sequence of the Ii protein, respectively. The value at each node represents 
the identity of corresponding amino acid sequences of Ii between muscovy duck and other species.

Figure 5. Phylogenetic tree of Ii proteins among various species created by the MEGA 4.0 software with the 
neighbor-joining method based on amino acid sequence references listed in Figure 3. Numbers under each branch 
line indicate the evolutional distance assessed by 1000 bootstrap repetitions with confidence values above 50% 
presented on nodes.
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Conservation in structure models of Ii among various species

The three-dimensional (3-D) structure models of partial TRIM domain of Ii among 
six species (Figure 6) showed that the backbone of Ii in each model was remarkably similar 
and there were 3 similar α-helix in all models. Among the 3 α-helix, two turns were formed 
with similar amino acids. For instance, Met (Met 160 in muscovy duck, Met 159 in duck, Met 
160 in goose, Met 161 in chicken, Met 155 in mice, and Met 157 in human) were found in the 
first turn of each model. In the second turns of all models, there were same amino acids (e.g., 
Pro, Lys, Asp, Ser, et al.) in the corresponding site. However, more different amino acids were 
found in the second turns than in the first ones. Interestingly, the different amino acids at key 
sites of each model did not disturb the framework of Ii. 

Figure 6. Three-dimensional (3-D) structure models of partial trimerization region of six Ii species of which the 
amino acid sequence references are listed in Figure 3. The 3-D models of the Ii protein in muscovy duck (A), duck 
(B), goose (C), chicken (D), mice (E), and human (F) were generated on template 1iieA (99.9 A) of human Ii using 
Swiss-Model sever and viewed by the RasMol software. Amino acid residues at key sites of models are marked 
individually.
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MDIi gene expressing in all tissues tested at different levels

The expression of MDIi was detected in all tissues, but their expression levels were 
tissue-specific (Figure 7). The highest expression of MDIi was found in spleen, 1.65-fold over 
the calibrator, and the intestinal mucosa, which is not a traditional immune tissue, exceeding 
1.54-fold versus the calibrator. Next to them, bursa stipe, blood, liver, and kidney abundantly 
expressed MDIi, all exceeding 0.85-fold versus the calibrator. Interestingly, distinct expres-
sion of MDIi was found in two parts of bursa of Fabricius. Bursa stipe expressed MDIi 1.11-
fold higher than the bursa fundus. In contrast, the expression of MDIi reduced dramatically in 
the thymus, lung, heart, and muscle at an almost similar expression level about 0.5-fold over 
the calibrator. In addition, the brain had the second lowest level of MDIi expression next to 
the bursa fundus.

DISCUSSION

The structural conservation under evolution pressure

In this study, we found that the MDIi protein showed high similarity of full-length 
amino acid sequences with other Ii species (Figure 4), with a similar format of domain struc-
ture of Ii among various species. The cytoplasmic, TM, CLIP and TRIM domains identified 

Figure 7. Expression profile of MDIi in various tissues from the muscovy duck. The expression levels are measured 
by real-time RQ-PCR in samples from blood, brain, bursa fundus, bursa stipe, heart, intestine mucosa, kidney, 
lung, muscle, spleen, thymus, and liver from the muscovy duck at about 5 months of age. MDIi gene expression 
is normalized to endogenous control β-actin. MDIi expression in bursa fundus serves as calibrator. MDIi gene 
expression levels are achieved using the 2-ΔΔCt method of quantification. The relative expression level of MDIi in 
variant tissues is shown as the mean of three measurements and analyzed by one-way ANOVA. P < 0.01 is denoted 
with capital letter above each bar. Groups marked with the same letters are not statistically different.



2877

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 10 (4): 2867-2880 (2011)

Molecular characterization and expression of invariant chain

in MDIi were coincident with those of other Ii protein species (Figure 3). These domains of 
MDIi show high identities with corresponding parts of Ii among other species as well. Al-
though the CLIP domain revealed slight diversity, it still maintained over 50% identity. The 
conservation of Ii is also evidenced in similar amino acid frequency in Ii of each species, so 
that the backbone in 3-D models of Ii in various species is remarkably similar. Furthermore, 
the framework in each model of Ii was not disturbed in spite of the amino acid difference in 
the key site of each model (Figure 6). Moreover, the conservation is revealed in the structure 
models of Ii in various species as well. Therefore, the MDIi gene might be derived from 
common progenitor gene with the Ii gene of other species. Also the high conservation of Ii in 
various species might result in similar functions. In this sense, muscovy duck may serve as a 
useful research animal model in the future.

Although Ii is highly conservative in various species, the structural alteration of Ii 
in the process of phylogeny dose exists among them, similar to the slight diversity in CLIP 
among various species. Although the alteration of CLIP is not alone in evolutionary history, 
there may be coevolution occurring with other immune molecules, such as the pleomorphic 
MHC II. The CLIP domain is essential for MHC II folding, transport, and peptide occupancy. 
Nevertheless, the MHC II molecule has a high degree of polymorphism, especially in the 
groove, which is bound by the CLIP. This diversity of MHC II is believed to be driven by 
selection for resistance to pathogens (Bernatchez and Landry, 2003; Surridge et al., 2008; 
Meyer-Lucht et al., 2010). The CLIP might be modified to fit the variant MHC II under the 
selection pressure. Therefore, the alteration of CLIP may be a selective advantage by mutat-
ing under environmental pressure, especially under the various disease pressures in evolu-
tionary history (Marchalonis et al., 2002).

Tissue-specific expression of MDIi is related to structure and function of tissues

In this study, MDIi was extensively expressed in various tissues at different levels. 
The patterns of MDIi expression in various tissues in the muscovy duck were coordinate 
with that in chicken (Zhong et al., 2004), duck (Zhong et al., 2006) and mammals (Koch 
and Harris, 1984). This demonstrates that MDIi is necessary in all tissues. Why tissue-
specific expression? We find that tissue-specific expression of MDIi may be related to the 
innate structures and essential functions of these tissues. As conventional immune organs in 
which there are lymphoid tissues, spleen and bursa stipe highly express MDIi but thymus 
expresses MDIi at a low level. Difference of MDIi levels in these immune tissues may be 
closely related to their structural change accompanying body up-growth. Because the mus-
covy ducks used in this study were approaching adulthood, the spleen was fully developed 
to be the main immune organ. Thus, the highest level expression of MDIi in spleen was 
detected. However, the structure of bursa stipe and thymus gradually degenerate accompa-
nying up-growth to adulthood, so that the functions of bursa stipe and thymus are evidently 
down-regulated, with thymus being down-regulated faster than bursa stipe. Interestingly, 
bursa fundus expresses MDIi at a very low level. This may be the result of the structural 
differences between bursa stipe and bursa fundus. The bursa stipe is the T-dependent area, 
which first appears after hatching and grows rapidly to reach adulthood in the second week 
of postnatal life, yet rare lymphoid tissues are found in the bursa fundus (Cortes et al., 1995; 
Zhang et al., 2000; Qi and Chen, 2006). The differential expression of Ii in different parts 
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of the bursa of Fabricius is consistent with histological and immunological studies, which 
reveal distinctions among different parts of bursa of Fabricius. Intestinal mucosa expresses 
MDIi at the second high level. We can speculate that the epithelial cells of intestinal mucosa 
(IEC) are the major contributor of the MDIi expression. This notion is supported by studies 
on human mucosal immunity demonstrating that the Ii expressed in IEC plays an impor-
tant role as potential regulators of local immune responses (Barrera et al., 1998; Hershberg 
and Mayer, 2000). Analogously, it has been reported that gastric epithelial cells and colon 
epithelial cells have a high expression level of surface Ii, which is closely correlated with 
anti-tumor immunity (Barrera et al., 2005; Tamori et al., 2005; Maharshak et al., 2010). IEC 
are located at a strategic position between the external environment and the most extended 
lymphoid tissue in the body. They provide antigenic information to the immune system and 
are involved in the balance tolerance/allergy to food antigens in addition to their central role 
in the absorption of nutrients (Mallegol et al., 2005). Therefore, the role of Ii in mucosal 
immunity is very important for the integrity and function of digestive tract. Liver, kidney 
and blood, which are highly active in metabolism, also abundantly express MDIi, implying 
that there may be immune events involved in the course of metabolism. The brain belongs 
to the central nervous system where there is a hematoencephalic barrier to protect it against 
external antigen in order to safely perform neuroregulation or decision control. Although im-
munity is not the main function of brain, lower level of Ii, possibly expressed by microglia 
cells, may help protect the brain tissue. 

Therefore, the body not only has conventional immune organs or tissues such as 
spleen, bursa of Fabricius, thymus, and blood, but also has untraditional ones, just like 
intestinal mucosa, liver, and kidney in the muscovy duck. Expression of MDIi in these tis-
sues suggests that some cells may function as immune cells to collaborate with the immune 
system to protect the tissues. Moreover, expression of MDIi relies on the innate structures 
and essential functions of tissues by some regulatory mechanism, so that the MDIi expres-
sion level is tissue-specific. However, the regulatory mechanism of MDIi expression in 
different tissue remains yet to be investigated. Future investigation may focus on this area 
of study.

CONCLUSION

We cloned a 1188-bp cDNA sequence of MDIi encoding a protein of 222 amino acids. 
The MDIi shows high conservation compared with Ii of other species. Among conservative 
functional domains of Ii among various species, the CLIP domain shares a slight diversity, 
which may be a selective advantage under the selective pressure of the environment in the 
process of phylogeny. MDIi can be detected in all tissues tested at different levels, suggesting 
that MDIi may play an essential role in various tissues and tissue-specific expression may be 
related to the innate structures and essential functions of tissues. 
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