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Abstract: Chicken interleukin 2 (chll.-2), a primary cytokine excreted mainly by activated T cells, can
significantly enhance immunity. The chll.-2 has been proven to play an important role not only in the host’s
response to coccidiosis and salmonella among parasite and bacterial diseases but also m the host’s enhanced
immune responses to vaccines. To examine the genetic polymorphisms and their potential impact on the
structure and function of the chll-2, we first reviewed the history of identification of chIl.-2 mRNA and genomic
DNA sequences and analyzed the distribution of nucleotide variation in both coding and intronic sequences
that were deposited in the GenBank database. Then a short DNA fragment of 374 bp to 386 bp withun chll.-2
intron 2, in which a number of discontinuous insertions/deletions (in/dels) were involved in defining major
sequence variations and structures, was targeted for re-sequencing in this study. A total of 15 novel haplotypes
were identified in 66 indigenous and commercial chickens sampled from six countries. Three major haplogroups
were characterized by two big mn/dels of eight and 11 nucleotides, of which one group seemed to have
experienced a recent and rapid expansion associated with domestication. Complete chll.-2 genomic DNA
sequences comprised of these haplotypes are expected to match the major structural lineages and groups within
the coding and intronic sequences and to contribute to a deeper understanding of the evolution and function

of chlIL-2 gene.
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INTRODUCTION

Interleukan 2 (IL-2) 1s a primary cytokine in the form
of glycoprotein secreted mainly by activated T helper
(CD4%) lymphocytes. Tt plays a critical role in the rapid
expansion, differentiation and swrvival of T and B
lymphocytes, monocytes and natural killer cells during
immune response in mammals (Smith, 1988; Kaplan et al.,
1992. Lowenthal et al., 1994, Kaiser et al., 2004,
Olejniczak and Kasprzak, 2008). Hilton et al. (2002)
recognized similar biological activities of chicken IL.-2
(chIL.-2) to those of mammalian 11.-2. The first complete
mRNA sequence of chll.-2 was cloned from spleen cells
of Obese chicken strain but reported to be
homologous to both mammalian 1L-2 and IL-15
(Sundick and Gill-Dixon, 1997). Kaiser and Mariani (1999)
further cloned a nearly complete genomic DNA sequence
of ¢chIL.-2 from erythrocytes of inbred White Leghorn line
N birds using primers designed according to the coding
sequence reported by Sundick and Gill-Dixon (1997) and

a modified version of 5°- and 3’-rapid amphfication of
cDNA ends. They verified this sequence to be chll.-2 in
a single copy with four exons encoding 143 amino acids.
A backcross analysis was further performed to map chllL-2
as the first non-mammalian cytokine gene on chicken
chromosome 4. This was validated via a genomic analysis
(Kaiser et al., 2005). However, Cho1 et al. (1999) wrongly
assigned a full length of 800 bp long ¢DNA sequence
cloned from a CD4"™ T cell hybridoma of Hy-Line variety
SC birds as T1.-15 based on its fow highly conserved
cysteine residues that form two mtra-chain disulplide
bonds present in mammalian TL-15 secuences
(Sundick and Gill-Dixon, 1997). This sequence was later
re-classified and correctly assigned back as chll.-2 by
Choi and Lillehoj (2000} as well as Lillehoj et af. (2001)
based on its sole transcription in activated T lymphocytes
and the presence of a short 5° region preceding the open
reading frame and a short leader sequence in its
mRNA which 1s a characteristic of IL-2 (Sundick and
Gill-Dixon, 1997). This finding was further supported by
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the identification of chlL-2 from a clone of the cDNA
library constructed from T-cell-enriched population of
spleen lymphocytes and chIL-15 from a clone of the
¢cDNA  library  constructed
(Tirunagaru et al., 2000).

On the functional analysis of chIl.-2, Choi and
Lillehoj (2000) as well as Miyamotoet al. (2002) found that
host immune responses to Eimeria acervuling and
Eimeria tenella infections involved an up-regulation of
chll.-2 secretion. Li et al. (2002) observed that chll.-2
production after re-infection with Eimeria tenella may be
an important factor contributing to the genetic differences
between SC chickens’ resistance or TK chickens’
susceptibility to coccidiosis. Berndt et al. (2007) found
that chIL-2 mRINA expression between 4 h and 9 days
after infection seemed to be more dependent on infection
of epithelial cells in day-old chicks infected orally with
four different Salmonella enterica subspecies. ChIL-2 has
also been used as an adjuvant (Asif et al, 2004) to
enhance the responses of vaccines to infectious bursal
disease virus (Hulse and Romero, 2004; Kumar et al.,
2009, Park et al., 2009), H5 subtype avian influenza virus
(Hu et al., 2006) and Fimeria tenella (Xu et al., 2008).
ChIL-2, therefore, is mdicated to have a practical
importance in enhancing immune responses to vaccines.

Through a mutational analysis, Kolodsick et al.
(2001) found that, similar to mammalian IL-2 and [L-15, the
aspartic acid at position 17 1s a critical N-terminal contact
site for binding to putative chll.-2 receptor while the
removal of C-terminal amine acids leads ¢hll.-2 protein
with decreased bicactivity as a function of the kind and
number of amino acids removed. Gu et al. (2010) used mine
neutralizing monoclonal antibodies to the chllL.-2 that were
produced by recombinant chlL.-2 monomer expressed in
prokaryotic cells as an immunogen and to map three
conformational functional domaimns with domam 1
positioned in the long A-B loop and the N terminal of
Helix B, T mostly situated in Helix C and TIT distributed in
the C-D loop and Helix D including partial Sheet B of the
predicted tertiary structure of chll.-2 molecule.

The DNA sequence variation in chIL.-2 has also been
investigated. Kaiser and Mariam (1999) found no variation
i 517 bp long promoter sequence and m all four complete
exons of the eight inbred lines of White Leghom.
Zhou et al. (2001) detected a Single Nucleotide
Polymorphism (SNP) of A/G at base -425 between the
highly mbred (99%) Leghom G-Bl and MHC congenic
Fayourni M15.2 lines. Following the mRNA sequence
reported by Sundick and Gill-Dixon (1997), Zhou et al.
(2003), Yan-Bin et al (2006) and Huang et al. (2007)
cloned mRNAs from concanavalin A stimulated spleen or
blood lymphocytes of a few indigenous Chinese chicken

from liver tissue
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breeds and a commercial broiler chicken line to discover
sequence variation m chll-2 ¢cDNA. So far, a total of
19 mRNA or genomic DNA sequences have been
screened from different commercial and indigenous
chicken lines or breeds (Table 1). In this study, carried
out from September 2009 to January 2011, we first
analyzed the distribution of DNA sequence variation
among these 19 publicly available sequences and then
aimed to re-sequence the partial intron 2 carrying
discontinuous insertions/deletions (in/dels) for a detailed
haplotype characterization of chlL-2 in 66 birds of nine
indigenous chicken populations collected from six
countries.

MATERIALS AND METHODS

Publicly available mRNA and genomic DNA sequences
retrieved from the GenBank database: After a preliminary
alignment for general quality check, we retrieved 17
complete or nearly complete mRNA and two genomic
DNA sequences of chll.-2 from the GenBank database, of
which 12 were reported in various publications and seven
directly submitted to the database. Seventeen mRNA
sequences were screened from the ¢cDNAs recovered from
different lymphocytes and sequenced via cloning
procedure (Table 1). Ounly the coding sequences (three
sequences in 429 bp long and 16 sequences in 432 bp
long) were included for analysis of their nucleotide
variation. To assess their evolutionary relationship, a
neighbor-jomning phylogenetic tree was reconstructed
based solely on the number of nucleotide differences
between the 19 coding sequences following 1000
bootstrapping (replicates) using the MEGA software
version 4.0 (Tamura et al., 2007).

Samples and DNA extraction: A total of 66 blood samples
were collected from nine indigenous and commercial
chicken populations in China, Cambodia, Egypt, Fiji, Lao
and Uganda (Table 2). All the samples were preserved on
Whatman FTA® filter papers (Whatman BioScience,
Maidstone, UK) and genomic DNAs were extracted
following the protocol described by Smith and Burgoyne
(2004).

Selection of genomic region of interest, primer design
and PCR amplification: The two genomic DNA
sequences generated from the red jungle fowl and White
Leghorn chicken (Table 1) were further aligned and
compared to each other to identify additional variation
within three introns of chlL.-2. There were two SNPs
within 108 bp of intron 1, 21 SNPs and six in/dels within
1740 bp of intron 2 and seven SNPs and one in/del within
413 bp of intron 3. We were interested in a unique
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Table 1: Detailed information of 19 mRNA and genomic DNA sequences of chll.-2

GenBank Type of Sequence
accession No. sequernce Source of tissue Breed or line length (bp) Reference®
AF000631 mRNA Spleen Obese chicken 747 Sundick and Gill-Dixon (1997)
AJ224516 Genomic DNA  Red cells White Leghomn-N line 3818 Kaiser and Mariani (1999)
AF017645 mRNA CD*T cell 8C chicken (a F1 cross of bvo 800 Choi et al. (1999)
hybridoma moderately inbred White Leghorn lines)
AY029588 mRNA Spleen Xiaoshan (Zhejiang, China) 737 Li et al. (2001)
AY370778 mRNA Spleen Chongren (Jiangsu, China) 429 Fei (2002)
AY370777 mRNA Spleen White Leghom (SPF) 429 Fei (2002)
AF502412 mRNA Spleen Silkie (Zhejiang, China) 734 Zhou et al. (2003)
AF4AR3600 mRNA Spleen Xianju (Zhejiang, China) T34 Zhou et al. (2003)
AF483599 mRNA Spleen Avian commercial broiler 734 Zhou et al. (2003)
ATST6T mRNA Blood lymphocyte Synthetic broiler dam line (Tndia) 432
NW_001471685  Genomic DNA Inbred line of Red jungle Chromosome 4  Hillier et ai. (2004)
tfowl (Gallus gallus)
AY510091 mRNA Spleen Unknown (SPF) 439 Xu et al. (2004)
AYT66163 mRNA Unknown Unknown 429
AYT66162 mRNA Unknown Unknown 432
DQY0G1 57 mRNA Blood lymphocyte G. g murghi 432
GU11989%0 mRNA Spleen Lushi (Henan, China) 432
AM231331 mRNA Blood lymphocyte Unknown (India) 492 Kumar et al. (2009)
HQO08780 mRNA Spleen White Leghom 734
NM_ 204153 mRNA Spleen Kestrel Leghom 798
*Sequences without linked publication were directly retrieved from the GenBank database
Table 2: 8ampling information of indigenous and commercial chicken
populations A
Population Category Sampling location No. of samples Red jungle fowl TTCCACAC ----==------ AA
Local Huining  Indigenous  Huining, Gansu, China 5 white Leghorn  -------- CAGAGAACTAA - --
Local Jingning  Indigenous  Jingning, Gansu, China 7 B
Silkie Indigenous  Taihe, Jiangxi, China 6 H3 TTCCACAC ———m——mmmmmm A A-
Anak Commercial Wuwei, Gansu, China 5 H16 TTCCACAC =i i sy A --
Local Cambodian Indigenous  Cambodia 10 H6 TTCCACAC CAGAGAACTAA - A-
Local Egyptian  Indigenous  Egypt 5 H7 TTCCACAC CAGAGAACTAA - AA
Local Fiji Indigenous  Fiji 8 H10 TTCCACAC CAGAGAACTAA - --
Local Laos Indigenous  Lao 9
Local Ugandan  Indigenous  Uganda 11
Total 66 Fig. 1: The structure of the four in/dels within intron 2 of

structure defined by the last four discontinuous in/dels
that consisted of eight, 11, one and two nuclectides
within 277 bp long fragments of intron 2. This unique
structire seemed to have balanced the fragments of the
two sequences into the same length (Fig. 1 A). Therefore,
a pair of primers was designed according to these two
genomic DNA sequences to generate PCR products
covering these variations. Forward primer sequence was
5-AAA GAG TTG GAA TGA GAT A-3 located in
2092-2110 bp of AT224516 and reverse primer 5°-TAA
GCA GGT TAA TGA GAC A-3’ located in 3686-3704 bp of
AJ224516. They were synthesized by the Sangon Biotech
(Shanghai) Co., Ltd. (Shanghai, China).

PCR amplification reaction was performed ina 50 ul.
total volume contaiming approximate 200 ng of genomic
DNA, 5 pL of 10x PCR reaction buffer (200 mM Tris-HCl,
pH 8.4, 200 mM KCI, 100 mM (NH,),SO,, 15 mM MgCl,),
0.25 mM of ANTPs, 10 pM of each primer and 2.5 unit of
Tag DNA polymerase (TransGen Biotech Co., Ltd,
Beyjing, China). The thermocycling profile was as
followed: an initial denaturation for 5 min at 94°C, followed
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chllL-2. (A) the four discontinuous in/dels between
the red jungle fowl and White Leghormn genomic
DNA sequences; (B) Five new haplotypes with
different combinations of the m/dels identified in
study. -’ represents the deletions

by 35 cycles of 30 sec at 94°C, 40 sec at 60°C and 2 min at
72°C and completed by a final extension for 10 min at
72°C. A clear product of around 1600 bp was obtained.

Sequencing and haplotype identification of the PCR
products: The amplicons were purified using the gel
purification kit following mstructions of the manufacturer
(Beying Sunbiotech Co., Ltd., Beymg, China) and then
directly sequenced using the forward PCR primer and the
BigDye® Terminator ¥v3.1 Cycle Sequencing Kit on an
ABI 3730 Sequence Analyzer (Applied Biosystems, Foster
City, CA, USA). The raw sequencing data was manually
edited using the Chromas version 1.45 (http:/www.
technelysium.com.aw'chromas.html) and aligned with the
MEGAA4 software (Tamura et af. 2007). Among the 66
samples, the readable sequences of the fragment covering
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the four in/dels ranged from 374 bp to 386 bp in length.
There were 31 homozygous and 35 heterozygous birds.
From the homozygous samples, we were able to identify
seven haplotypes that were subsequently used to deduce
the specific genotypes and haplotypes of the
heterozygous individuals. To verify the deduced
haplotypes, PCR products of five representatives of
different heterozygous genotypes determined by various
combinations of the four in/dels were chosen for
re-sequencing the fragment using a cloning procedure
mvolving a pBM19-T vector (Biomed Co., Ltd., Beijing,
China). Two to six clones per samples were selected for
the re-sequencing procedure using the forward PCR
primer. Finally, a total of 16 haplotypes (named as
haplotypes 1 to 16) were detected within 66 samples.

Statistical analysis: The DnaSP v3 software (Librade and
Rozas, 2009) was used to estimate the nucleotide diversity
values for each population. Both SNPs and in/dels within
the 17 haplotypes were mcluded to comstruct a
median-joining network using the Network 4.6.0.0
software (Bandelt et al., 1999).

RESULTS AND DISCUSSION

Distribution of nucleotide variation in chIL-2 coding
sequences: There were 13 SNPs, eight of which yielded
eight amino acid replacements and one m/del of AAG
leading to one amino acid deletion within the 19 coding
sequences. They could be classified into two major
lineages defined by one transition and three transversions
supported by a bootstrapping value of 98%. One lineage
included five haplotypes, consisted of 13 sequences; the
other had three haplotypes composed by six sequences.
There was no clear pattern of haplotype distribution, e.g.,
the 10 mRNA sequences derived from both Whte
Leghorn and indigenous Chinese chicken breeds fell into
the two lineages (Fig. 2). This implies that there is a need
to further characterize the genomic DNA sequences of
chll-2 in different chicken populations of various genetic
backgrounds.

Characterization of partial chIL-2 intron 2 fragment
carrying the discontinuous in/dels: Apart from the four
in/dels as shown in Fig. 1 A, the 16 haplotypes identified
from 66 birds included in this study were further defined
by 15 SNPs and two in/dels, of which seven SNPs and
one m/del were present between the two partial genomic
DNA sequences isolated from the red jungle fowl and
White Leghorn. Eight SNPs and the other in/del were
novel. One of the haplotypes (haplotype 11) was 1dentical
to the partial genomic sequence of the red jungle fowl.
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Fig. 2: A neighbor-joining phylogenetic tree of the 19
chll-2 coding sequences

The remaining 15 haplotypes were novel and formed five
additional combinations determined by the four in/dels
within the intron 2 fragment, in particular the two big
wnsertions of eight and 11 nucleotides were present in
haplotypes 6, 7 and 10 (Fig. 1B).

The phylogenetic relationship of all 17 haplotypes
including the partial genomic DNA sequence of the White
Leghom (haplotype 17) was further elucidated using a
median-joining network. Haplotypes 2 and 4 were the two
predominant omes with frequencies of 41 and 34,
respectively, followed by 13 haplotype 12, eight each of
haplotypes 1 and 11, seven haplotype 5, six each of
haplotypes 3 and 7 and two each of haplotypes 6 and 10
while the remaining seven haplotypes 8, 9 and 13 through
17 were present only once.

These haplotypes were divided mto three
haplogroups characterized by the two big in/dels of eight
and 11 nucleotides. The first group, at a frequency of 42
included haplotypes 2 and 17, was separated from the
remaiing 15 haplotypes by the big in/del of eight
nucleotides while the second group, at a very low
frequency of 10, consisted of haplotypes 6, 7 and 10. The
third group had a high frequency of 82 with 12 haplotypes
defined by the other big in/del of 11 nucleotides. The star
like pattern dominant in the third group centered by the
potential ancestral haplotype 4 and swrounded by nine
derived haplotypes carrying only single nucleotide
indicated a rapid ancestral

mutations recent and
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Fig. 3: Median-jomng network of 17 chIL-2 intronic haplotypes 1dentified in 68 chicken and jungle fowl samples. Circle
size 18 proportional to the munber of samples sharing particular haplotypes and color codes indicate 11 different
chicken and jungle fowl populations or samples. Lines between haplotypes represent mutational steps between

haplotypes

Table 3: Haplotype diversity of partial chIL-2 intron 2 fragment in nine
chicken populations

Population No. of haplotypes Haplotype diversity

Local Huining 4 (H2, H4, H11, H12) 0.622+0.138

TLocal Jingning 7 (H1, H2, H4, 0.769+0.076
H7, H11,H12, H14)

Silkie 6 (H2, H3, H4, 0.69740.090
H10,H11, H12)

Anak 4 (H2, H4, H12, H15) 0.600+0.131

Local Cambodian 8 (H1, H2, H3, H4, 0.721£0.058
HS, Hé, H7, H8)

T.ocal Egyptian 3 (H1, H2, HD) 0.467+0.132

Local Fiji 5(H2, H4, H11, H12, H16)  0.592+0.122

Local Laos 7 (H1, H2, H3, H4, 0.64140.097
HS, H9, H10)

Local Ugandan 7 (H1, H2, H4, Hb, 0.641+0.070
H11,H12, H13)

Mean 0.683+0.028

expansion of this group (Richards et al., 1998; Troy et al.,
2001; Malhi et ¢l., 2006; Larson et al., 2005). However, no
population or geographic structuring was observed for
the third group that was present in all the nine chicken
populations, indicating its demic expansion from ancestral
haplotypes  probably with  chicken
domestication and currently shared by different chicken
populations and subsequent migrations over a large
geographic area (Joy et al, 2003; Mirol et al, 2008;
Tofanelli et al., 2009, Zhao et al., 2011). The second group
predominated only by haplotype 2 also showed no
geographic structuring, pointing to its multiplication
being most likely coupled with very recent, fast spreading
of commercial chicken populations (Fig. 3).

associated
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Haplotype diversity of partial chIL-2 intron 2 fragments
among nine chicken populations: The number of
haplotypes ranged from eight in local Cambodian
chickens to three in local Egyptian chickens. The highest
haplotype diversity was observed in local Tingning
chickens but the lowest value was present again in the
local Egyptian chickens (Table 3). However, due to limited
and different number of samples analyzed among the
populations, it is meaningless to draw any conclusion and
a further mvestigation 1s called for.

CONCLUSION

Chicken interleukin 2 plays a crucial role in the
development and regulation of mmmune systems;
therefore, it has important implications to disease control
and vaccine development. We briefly reviewed the history
of identification of chll.-2 mRNA and genomic DNA
analyzed the distribution of nuclectide
variation in both coding and intromic sequences of
published data and then targeted re-sequencing a short
DNA fragment within the chIL-2 intron 2 where a number
of discontinuous m/dels were mvolved mn defiming major
sequence varlations and structures. A total of 15 novel
haplotypes were 1dentified m 66 indigenous and
commercial chickens representing different genetic
backgrounds, from which three major haplogroups were
characterized with one of them to have followed a recent
and rapid expansion associated with domestication.

sequences,
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Further and intensive investigation of complete chll.-2
genomic DNA sequences comprising these haplotypes is
expected to match the major structural lineages and
groups within the coding and intronic sequences for a
deeper understanding of the evolution and function of
chll.-2 gene.
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