29 w884 ; 50(1) 9~18, 2008 J. Anim. Sci. & Technol. (Kor.) 50(1) 9~18, 2008

Practical Use of DNA Polymorphisms in the Avian
Immunoglobulin Light Chain Constant Domain for
Species-specific PCR

J. W. Choi *, S. J. Kang*, M. S. Park**, J.-K. Kim** and J. Y. Han*

Department of Agricultural Biotechnology, Seoul National University, Seoul, Korea*, Department of
Microbiology, College of Natural Sciences, Changwon National University, Changwon, Korea**

alzel ol

B AoM =
2] 2] immunoglobulin light chain constant domain %
el g el 7Hed DNA @714 o7k 919
71 glete] & Afole] Ho]49) DNA 9714 %
E HaAPS $fsto]
ME AZskglth PCRA D Al o] Tejolm R
faidel 97149 ol
olulel Aol f&ahA olgE & AL Aol
(Key words : Avian inter-species chimera, Cytochrome b,

Species-specific PCR, Tapasin)

I. INTRODUCTION

Species identification using accurate and reliable
methods is necessary for the conservation of
endangered species (Teletchea et al. 2005).
particular, the identification of avian species by
molecular methods is important in studies of avian
inter-species chimeras. The avian inter-species
chimera, which has germ cells from different
species, is a valuable model system for the
conservation of endangered avian species.
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DNA polymorphisms, which contain species-
specific information, are used as markers for
species identification. For example, the mito-
chondrial sequences encoding cytochrome b
(Jéréme et al., 2003 Wan et al., 2003) and 12S
rRNA (Dalmasso et al. 2004 Rodriguez et al. 2003)
are preferentially used because they display
sufficient inter-specific variation and low
intra-specific variation (Teletchea et al. 2005).
Among the molecular methods used to detect
species-specific DNA polymorphisms are PCR-

Corresponding author :
151-921, Korea
Tel : +822-880-4810; Fax

. +822-874-4811; E-mail

Jae Y. Han, Department of Agricultural Biotechnology, Seoul National University, Seoul

: jaehan@snu.ac.kr

-9 -



Choi et al. ; Species Identification Using Avian IgLC

RFLP (Hold et al. 2001), species-specific PCR
(Rodriguez et al. 2003 Wan et al. 2003), and
PCR-FINS (Jérdbme et al. 2003). Of these
techniques, species-specific PCR is the simplest
because a single round of amplification is
sufficient to detect species-specific DNA.

Species-specific markers can also be used to
screen avian inter-species germline chimeras.
Avian intra-species germline chimera are produced
by transferring donor pluripotent cells to recipient
embryos (Han et al. 2002; Kim et al. 2005; Park et
al. 2003) resulting in more than two type of
genetically different germ cells in their germline.
Using the same method, avian inter-species
germline chimeras are produced by transferring
blastodermal cells (Li et al. 2002) or primordial
germ cells (Ono et al. 1996) from different species.
If the donor cells migrate to and proliferate in the
gonads of the recipient embryo, they will produce
donor-derived germ cells upon sexual maturation.
Thus, using species-specific PCR, donor-derived
DNA can be detected in sperm DNA samples. A
similar strategy has been used to identify germline
chimeric chickens using breed-specific PCR (Choi
et al. 2007).

Here, we identified species-specific poly-
morphisms in the immunoglobulin light chain
(IgL) gene among chicken, pheasant (Phasianus
colchicus), quail (Coturnix japonica), and turkey
(Meleagris gallopavo). Based on the differences in
sequence between species, species-specific primers
were designed for  species-specific PCR.
Additional species-specific primers were designed
for the cytochrome b and tapasin genes, for
purposes of comparison with the IgL primers.

0. MATERIALS AND METHODS

1. Animals

White leghorn chickens, wild pheasants (P.
colchicus), Japanese quail (C. japonica), and turkeys

(M. gallopavo) were used in this study. All
procedures for animal management, reproduction,
and surgery were performed in accordance with the
standard operation protocols of Seoul National
University, Seoul, Korea. Appropriate management
of the experimental samples and quality control of the
laboratory facility and equipment were also
conducted. The animals were maintained at the
University Animal Farm, College of Agriculture and
Life Sciences, Seoul National University.

2. Total RNA isolation and cDNA synthesis

Total RNA was isolated from blood samples
collected from the experimental animals using a
PURESCRIPT® RNA Purification System Blood Kit
(Gentra Systems, Minneapolis, MN). cDNA was
synthesized using Superscript Ill Reverse Trans-
criptase (Invitrogen, Carlsbad, CA).

3. Cloning of the Immunoglobulin Light
Chain Constant Domain

CKV.B and CKV.F (Park et al. 2005), which are
specific for the chicken immunoglobulin light chain
variable domain (IgLV), were used to amplify
immunoglobulin lighe chain constant domain (IgLC)
from each of the above species. The products were
then gel-extracted, ligated into pGEM-T Easy
(Promega, Madison, WI), sequenced, and aligned
using Clustal W 1.83 (Higgins et al. 1994).

3'-RACE PCR was used to clone the IgLC (Fig. 1).
Based on the alignment, two gene-specific primers
(Dieffenbach and Dveksler 2003), GSP1 (5-CCTGG-
CAGTGCCCCTGTCAC-3) and GSP2 (5'- CACAT-
TAACCATCACTGGGGTCC-3), which  match
framework regions 2 and 3 in all species perfectly,
were arbitrarily designed. Primer QT (5-CCAG-
TGAGCAGAGTGACGAGGACTCGAGCTCAAGC
TTTTTTTTTTTITTTTTIT-3) was used for cDNA
synthesis while primers QO (5-CCAGTGAGCA-
GAGTGACG-3) and Q1 (5-GAGGACTCGAGCT-
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GSP1

GSP2

V C

POIY A Ql Q0

QT

Fig. 1. Cloning of the immunoglobulin light chain by 3-RACE PCR. The mRNA sequence of
avian immunoglobulin light chain (IgL) is shown: variable domain (V), constant domain
(C), and poly A tail (Poly A). GSP1 and GSP2 are gene-specific primers (1 and 2)
that anneal to framework 2 and 3, respectively. QT contains 17 Ts, in addition to
overlapping sequences with Q0 and Q1 for primary and secondary nested PCR.

CAAGC- 3) were used for primary and secondary
nested PCR. The secondary nested PCR products
were gel-extracted and ligated into pGEM-T Easy
vector (Promega).

4. DNA Sequencing

DNA sequencing was carried out using an ABI
Prism 3730 XL DNA Analyzer (Applied Biosystems,
Foster City, CA). To minimize the possibility of
error, three clones were sequenced per species and the
highest quality clones, as judged from the
chromatogram, were selected. The IgL and
cytochrome b sequences from each species were
aligned using ClustalW 1.83 (Higgins et al. 1994).
The percent homology between each pair of species
was calculated using Blast 2 Sequences (Tatusova
and Madden. 1999).

5. Species-specific PCR

Genomic DNA was extracted from the blood of
each species using a PUREGENE® DNA Purification
Kit (Gentra Systems, Inc.) for use as the template.
Based on sequence differences in the IgL (Fig. 2),
cytochrome b (Fig. 3), and tapasin genes (Sironi et al.
2006), species-specific primers were designed (Table
2). All species-specific PCR was performed under the
following conditions: 94°C for 3 min followed by 35
cycles of 94 C for 30 s, 66°C (IgLC and cytochrome

b), or 68°C (tapasin) for 30 s, and 72 C for 30 s, plus
a final extension at 72°C for 5 min.

IM. RESULTS AND DISCUSSION

Primers specific for the chicken IgLV (Park et al.
2005) were successfully used to amplify DNA from
chicken (control), pheasant, turkey, and quail species,
and the amplified products were cloned and
sequenced. The sequences were very similar in
framework regions 2 and 3 (Fig. 2). To clone the
unidentified constant domain, 3’-RACE-PCR was
performed. Sequences from the variable domain to
the poly A tail were cloned and sequenced in each
species (Fig. 2). Cross amplification of the IgLV
between species using the same primers indicates that
both ends of the IgLV are similar among the
members of the Phasianidae family, and it suggests
that these primers may be used to clone the IgLV in
other avian species.

Our alignment of the IgLC from each species
indicates a high level of conservation; in fact, the
level of homology between each pair of species was
83-95% (Table 1). However, sufficient inter-specific
sequence variation was identified to allow the
development of species-specific primers, including a
three-base-pair deletion in the pheasant, turkey, and
quail IgL gene at position 385 (Fig. 2), compared to
the chicken IgL sequence (GenBank accession no.
KO00678.1). This indicates that the IgLC from any
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Signal peptide |— Variable region
TGAGGTTGCGTGGTGCAGGCA | GGGCTGAGTCAGCCGGCCTCGRTGTCAGCGAAGGGGGGA 60
| GOGGTGACTCAGCCGTCCTCGGTGTCAGCAAACCTGGGA 39
| GGGCTGAGTGAGGCGTCCTCGGTGTCAGCAAAGCTGGGA 39
| GOGGTGACTCAGCGGTCCTCGGTGTCAGCAAACCCGGGA 39
| GGGCTGAGTGAGGCGTCCTGGRTGTCAGGAAAGGCAGGA 39

wEAK Aok
CDR1
GAAAGGCGTCAAGATGAGCTGCTCCGGGGRT —————————————- AGTGGCAGCTATGGG 105
GGAACCGTCGAGATCACCTGCTCCRGAGAT TACAGC-——GACTATAGTGGCAACTATGGC 96
GAAAGCTGTCAAGATCAGCTGCTCTGGGAGT —————————————- AGCTATGCTTATGGG 84
GAAACCGTCAAGATCACCTGCTCCRGRGET ———————- GCCTGGTATGGCTGATATGGC 90

GAAACCGTCAAGGTCACCTGCTCCRGAGAT GRCAGCTATGCTGGAAGTTACTATTATGGC 99
Kok Rk KR ReRRRRRRR FoRk ok RfktkR

GSP1 CDRZ
TGGTATCAGCAGAAGTGAGGTGGCAGTGGCCCTGTCAGTGTGATCTATAGCAACGACAAG 165
TGGTTGCAGCAGAAGTCTCCTGGCAGTGCCGCTGTCAGTCTGATCTATAGCAACGACAAG 156
TGGTACCAGCAGAAGACACCTGGCAGTGCCCCTGTCAGTGTGATCTATGGTAGCACGTAGT 144
TGGTAGCAGCAGAAGGCAGGTGGCAGTGGCGCTGTGAGTGTGATCTATGACAACAGCAAG 150
TGGTTCCAGCAGAAGGCACCTGGCAGTGCCCCTGTCAGTGTGATCTATGACAACAACAAC 159
kg * *ok K%k ok K

AGAGCCTGGGACATGCGTTGACGATTCTGCGGTTGCAAATCCGGCT GCACAGGCAGATTA 225
AGACCCTGGGACATGCGTTGACGATTCTGCGGTTGCAAATCCGGCT GCACAGGGAGATTA 216
AGACCCTCGAACATCCCTTCACGATTCTGCGGTTCCAAATCCGGCT GCACAGCCACATTA 204
AGAGCCTGGAACATGCGTTTACGATTCTCGCGGTTGCAAATCTGGCT GCACACACAGATTA 210
AGACCCTCGGACATCCCTTCACGATTCTCCGGTTCCCTATCCGGCT GCACAAACACATTA 219
Ao kI RARAR AR

GSP2
ACCATCACTGGGGTCCAAGCCGAGGACGAGGCTGTCTATTTCTGTGGGAGCTACGACAGC 285
AGCATCACTGGGGTCCAAGCCGAGGACGAGGCTGTCTATTTCTGTGGGAATGAAGACAGE 276
ACCATCACTGGRGATCCAAGCCGAGGACGAGGCTGTCTATTACTGTGGGAGCTACGACAGE 264
ACCATCACTGGGGTCCAAGCCGACGACGAGGCTGTCTATTACTGTGGGAATGCAGACAGG 270
ACCATCACTGGGGTCCAAGT CGAGGACGAGGCTATCTATTACTGTGGGAGTGCAGACAGC 279

ook ol ek ofR kil kR ks seskok
J
CDR3
-—TATGTTGGTA-—————————— TATTTGGGGCCGGGACAACCCTGAGCGTCCTA 327
ACCTATGTTGGTAGTTATGATGCTGCTATATTTGGGGCCGGGACAACCCTGACCGTCCTA 336
AGGATTATGGGTGGT—————— ATATTTGGGGCCGGGACCACCCTGACCGTCCTA 312
AGTGGTGGTGGAA-———————————- TATTCGGGT CCGGGAGCACCCTGAGCGTCCTA 315
ACCAGTAGTGCTG——————————— TATTCGGGT CCGGGACCATGTTGAACGTCCTA 323
* ok dofesek sfotok skkofoRel e fetel skofaletolole

___|— Constant region
GGG | CAGOCCAAGGTGGCGCGCAGCATCACCCTOTTCCCAGOGTCAAAGGAGGAGCTGAAC 387
GGG | CAGCCCAAGRTGGCGCGCAGCATCACCCTOTTCCCAGOGTCAAAGGAGGAGCTGAAC 396

GGC| CAGCCCAAGGTGGCCCCCACCATCACCATCTTCCCLIMHAIH NI R H ey 369
GGG | CAGCGCAAGGTGGCCCCCACCATCAGCCTCTTCCCLIMHARE YR It HIE R 372
GGC| CAGCCCAAGGTGTCCCCCACCGTCAACCTCTTCCOHHNIH NI RRIH I 380

Aok K Fokok oKk kR
GAAGCCACCAAGGCCACCCTGGTGTGCCTGATAAACGACTTCTACCCCAGCCCAGTGACT 447
GAAGCCAGCAAGGCCAGCCTGGTGTGCCTGATAAAGGACTTCTACGCCAGCCCAGTGACT 456
A GCACCAAGGCCACCCTGGTGTGCCTGATAAACGACTTCTACCCCAGCCCGGTGACC 429
CEANHAGAACAAGGCCAGCCTAGTGTGCCTGATAAGCGACTTCTACGCCAGCCCGGTGACA 432

[HXEIBAGGGCAAGGCCACCCTGGTGTGCCTAATGAACGACTTCTACCCCAGCAAAGTGGAC 440
* Rk sk ofeoRRRskoReekk Rk Kook
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K00678. 1 GTGGATTGGGTGATCGATGGCT GCACCCGCTCTGGCGAGACCACAGCACCACAGCGGCAG 507
White leghorn  GTGGATTGGGTGATCGATGGCT CCACCCGCTCTGGCGAGACCACAGGACCACAGCGGTAG 516
Pheasant GTGGATTGGGTGATCGATGGCT CCACCCRORI M R AHHAREIHIBGCAGCGGCAG 489
Turkey GTGGAGTGGCTGGTCGATGGCT CCACCCOAEELCI M IHAHHA MG CAGCGGCAG 492
Quail GTGCAGTGGTCGGTCGATGGGACCACCT ACEERIHIN AR I IR IHAGCGGCAG 500
sk ko koksk ok sk K
K00678. 1 AGCAACAGCCAGTATATGGCCAGCAGCTATCTGTCACTGTCTGCCAGCGACTGGTCAAGC 567
White leghorn  AGCAACAGCCAGTATATGGCCAGCAGCTACCTATCACTGTCTGCCAGCGACTGGTGAAGC 576
Pheasant AGCAACAGCCAGTACATGGCCAGCAGCTACCTGTCACTGTCTGCCAGCGACTGGTCAAGC 549
Turkey AGCAACAGCCAGT ACATGGCCAGCAGCTACCTGTCACTGACTGCCAGCGACTGGTCAAGT 552
Quail AGGAACAAGCAGTACATGGGCAGCAGGTAGCTGTCTCTGTCTGCCAACGACTGGGAAAGC 560
* dok ok ks eokokaksiol slokokokaksk koo
K00678. 1 CACGAGACCTACAGCTGCAGGGTCACACACGACGGCACCTCTATCACGAAGACCCTGAAG 627
White leghorn  CACGAGACCTACACCTGCAGGGTCACACACGACGGCAGCTCTATCAGGAAGACCCTGAAG 636
Pheasant CACGAGACCTACACCTGCAGGGTCACACACGACGGCACCTCTATCACGAAGACCCTGAAG 609
Turkey CACGAGACCTACAGCTGCAGGGTCACACACGATGGCACCGCTGTCACGAAGACCCTGAAG 612
Quail CATGAGAAGTACTCCTGCAGGGTCACACATGATGGCAACACTGTCACGAAGACCCTGAAG 620
Aok ook sdokok teokskskskookofeok dofeokaikok Aok sdkokol sk sk Aleteofesleteotestaksiaeteof Aateofokak
Stop
K00678. 1 AGGTCCGAGTGCTAGTCGCACTGGGGATGGAATGTGAGGAGAGTGGTTCGTGAGCCT 687
White leghorn AGGTCCGAGTGCTAGTCGCACTGGGGATGGAATGTGAGGAGAGTGGTTCGTGAGCCT 696
Pheasant AGGTCCGAGTGCTGTTCGCACTGGGGATGGGATGTGAGGAGGGTGATTCGTGAGCCT 669
Turkey AGGTCCGAGTGCTGTTCGCACTGGGGATGGGATGTGAGGAGGGTGGCTCGTGAGCCT 672
Quail AGATCCGAGTGCTGTACGCGCTGGGGGTGGGATGTGAGGAGGGTGGTTCGTGAGCAT 630
Aok sfolofookslokokk ok kol sfekaksiolok dotok skl seakk *
K00678. 1 GGCTATCCCTCTGGGCCGCTGOTGGTGRGCAGCAGCCCT CAGTTCCCACTCAGATGTCCCGE 747
White leghorn  CCCTGTCCCTCTGGGCCGCTGCTGRTGGCAGCAGCCCT CAGTTCCCACTCAGATGTCCCC 756
Pheasant GGCTATCCCTGCGGGCCACTGCTGGTGAGAGCAGCCCGCAGTTCCCACTCAGATGTCTCE 729
Turkey CCCTGTCCCTCTGGGCCACTGCTGGTGRCAGCAGCCCCCACTTCCCAGTCAGATGTCCCE 732
Quail GGCTGCTCCTCTGGTCAACTGCCGGTGRCAGCAGCCCCAACTTCCCCCTCAGATATCCGE 739
B T I T S T S S Kk pok
K00678. 1 CAGCGTGCCCGCATCAGCCAGGTCTGCCTGTTGACTCGTCTTGCCCTCATCTCTCCAGGT 807
White leghorn  CACCCTGCCCGCATCACCCACCTCTGCCTGTTGACTCGTCTTGCCCTCATCTCTCCAGRT 816
Pheasant CAGCGTGCCCGCATCAGCCACTTCTGCCTGTCGCCTCGTCTTGCCCCCATCCCTCCAGAT 789
Turkey CAGCGTGCCCCCACCACGCAGGTCTGCCTGTTGCCTCGTCTTGCCTCCATCCCTGCAGAT 792
Quail CAGCATGCCCCCAGCACCCAGCTCTGCCTGTCGCCTCCTCTTGCCCCCAGCCCTCCAGAT 799
Forokok * ofokokok *x K *
Poly A signal
K00678. 1 GTCACATTIAATAAACACGACACTGAACTAGTGCTGACTCTGG 849 poly A
White leghorn  GTCACATTAATAAACACGACACTGAACTAGTGCTGACTCTGC 858 poly A
Pheasant GTGAGATTIAATAAACATGACACTGAACT—————————————- 817 poly A
Turkey GTGAGATTIAATAAACATGACACTGAACT————————————- 820 poly A
Quail GTGAGATTIAATAAACATGACACTGAACTAGTGCTGACTGTGG 841 poly A

Fokok

Fig. 2. Alignment of the immunoglobulin light chain (IgL) sequences from white leghorn
chicken, pheasant, turkey, and quail. The annealing sites for GSP1 and GSP2 are
shaded. Nucleotides 366 and 478 of chicken IgL (KO0678.1) (black shading) are the
annealing sites of forward and reverse species-specific primers, respectively. The
positions of the variable domain, the constant domain, the complementarity-determining
regions (CDR), the J segment, and the poly A addition signal are taken from Reynaud
et al. (1983).
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Table 1. Percent homology between the chicken, pheasant, turkey, and quail immunoglobulin
light chain constant domain and cytochrome b sequences

% homology

Genes Chicken Chicken Pheasant Pheasant Pheasant Turkey
/Pheasant [Turkey /Quail [Turkey /Quail /Quail
IgLC 95 90 83 92 85 86
cytochrome b 86 86 86 86 86 85
Tapasin 73 76 N/A 92 N/A N/A

Blast 2 Sequences (Tatusova and Madden, 1999) was used to calculate the level of homology. The IgLC
includes nucleotides 331-635 from KO00678.1. The cytochrome b sequence included the entire coding region,
from the start codon to the stop codon. The tapasin sequence included exon 5 to 6 fragment of chicken
(AJ004999.1), pheasant (AJ972781.1) and turkey (AJ972757.1) tapasin genes. The nucleotide sequence of quail

tapasin is not available.
N/A : Not available.

species in which the IgLV is similar to that from
chickens can be cloned using chicken IgLV-specific
primers. In addition, direct amplification of an IgLC
fragment using primers designed for the chicken
IgLC is possible due to the high level of sequence
similarity between species.

The potential for species identification based on
inter-species polymorphisms in the IgLC was

Table 2. Pheasant-specific primers

confirmed by PCR using species-specific primer sets
(Table 2) which anneal to pheasant, turkey or quail
but not chicken DNA due to a sequence difference in
the IgLC. Additional sets of primer which amplify
the cytochrome b and tapasin genes were designed
for comparison with the 1gLC primers.

We used the cytochrome b gene because it is a
general vertebrate species-specific marker (Teletchea

Primer 1D Primer sequence (5'-3") Target gene
PSP-1gLC-F ACCATCAAAGGAGGAGCTGGAA
PSP-IgLC-R GGTGCTGTGGTCTCGCCACT
TSP-IgLC-F ACCATCAAAGGAGGAGCTGGA TC lgLC
TSP-IgLC-R GCTGGTGTGGTCTCGCCTTT
QSP-IgLC-F ACCATCAAAGGATGAGCTGCAGC
QSP-1gLC-R TGAGATGCTGTGGTCTCGCCTTT
PSP-cytob-F CACACATGTCGAAATGTGCAG
PSP-cytob-R CTCATGGAAGGACATATCCTACG
TSP-cytob-F CTTGCATTCTCTTCTGTGGCCT
cytochrome b
TSP-cytob-R AGGACATAGCCTACAAAGGCTGTT
QSP-cytob-F CCACACATGTCGAAACGTACAG
QSP-cytob-R GGTAAGACGTATCCTACGAAAGCA
PSP-tapasin-F CAATGGTTAGGAGTGTCACAGGG
TSP-tapasin-F CCGTGGTTAGGAGGGATATTGA tapasin
tapasin-R GTAGAGCCAACGGATGAGGC
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A

Chicken (AF354171.1)
Pheasant {(AY368060. 1)
Turkey (L083&1.1)

Quail (AF119094. 1)

Chicken (AF354171.1)
Pheasant {Y368060. 1)
Turkey (L083&1.1)

Quail (AF119094. 1)

Chicken (AF354171.1)
Pheasant {AY368060. 1)
Turkey (L08381.1)

Quail (AF119094. 1)

Chicken (AF354171.1)
Pheasant (AY368060. 1}
Turkey (L083&1.1)

Quail (AF119094. 1)

B

Chicken
Pheasant
Turkey

Chicken
Pheasant
Turkey

Chicken
Pheasant
Turkey

Chicken
Pheasant
Turkey

Chicken
Pheasant
Turkey

Chicken
Pheasant
Turkey
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TCCCTAGCCTTCTCCTCCGTAGCCCAGACT TGCCGGAACGTACAATACGGCTGACTCATC 240
TCCCTAGCCTTCTCTTCCRT AGCOHAHTHANIRELENNIHIET ACGGCTGACTCATC 240
ACTHREHANMIMEMEIEEERIACACAT GOCGAAACGTACAATACGRTTGACTCCTC 240
TCCCTAGCCTTCTCTTCCGT AGCIHHAHIH AN IR R IHARARIST ACGGCTGACTCATT 240
Bk ok ool R Mol NORR oloR ol ok oR oR R Sololl SRR %

CGGAATCTCCACGCAAACGGCGCCTCATTGTTCTTCATCTGTATCTTCCTTCACATCGGA 300
CGAAATCTCCATGCAAACGRCGCCTCATTCTTTTTCATTTGCATCTTCCTCCATATCAGA 200
CATAACCTCCATGCGAATGGGGRCCTCATTCTTCTTCATCTGCATCTTCCTACACATTGGEA 300
CGCAATCTCCATGCAAACGGCGCATCATTGTTCTTCATCTGCATCTTCCTCCACATCGGA 300
B oo oRolloR ok o ok ok olololioiol ool ol ool R ok ok

CGAGGCCTATACTACGGCTCCTACCTCTACAAGGAAACCTGAAACACAGGAGTAATCCTC 360
CGCGGCCTCTATTACGGCTCTTACCTGTACAAAGAGACATGAAACACTGGAGTCGTCCTA 360
CGCGGCCTATATTATGGTTCGTACCTATATAAAGAAAGCTGAAATACAGGAGTAGTCTTA 360
CGAGGCCTATATTACGGCTCCTACCTTTACAAAGAAACCTGAAACACAGGAGTAATCCTG 360

CTCCTCACACTCATAGCCACCGCCTTTGTGGGCTATGTTCTCCCATGGGGCCAAATATCA 420

sk oRsoR ok oloRdoR ok ok ok ok ook ol R R ookl R SoRololoh

CCGTGGTTAGGAGGGTCTGAGGGA 264
GAGTGGTTAGGTGGGTCTAAGGGACAT TGAGATCATGGCTGGGGACACCAAGGGACACTG 300
LRI - TGATGGCTGGGGACACCAAGGGACACCG 290

CCGTGGTTAGG
HHHHHHAAH oA

CA 266
GAACTGAGGTTGGGGACATCAAGAGACATT GGGARTAIHANEICERN N I HACA 360
GAACT GAGGTTGGGGACATCAAGAGACATTGGGACCGTGGT TGGGAGT GTGGCAGGGACA 250

#

TCAGGACCATGGCCTGEGACAATGEGAGAT -CATGGATT TGRRTTRGEGGACE -~~~ a7
TCAGGACCATGGCTTGGEACAAGAAGAGATGCATGGATTTGGGT TGGGGACCACAGCCCC 420
TCAGGACCGTGRCTTGRGATAATGAGAGATGCATGGATT TGGGRTTGGGGACCGTAGCCCC 410
soloRRORRRR RORRORIGRION R ool ool R R R
------------- CCACCCAGBATRGTGACACTGTGCTTAGGGCTGTCATTATCCCCACA 64
AGGGCTGRAGACCCCACCCAGRGTGRTGACAGCATGOTTCAGRCTRTTGTTGTCCCCAAA 480
AGGGT TGGAGACCCCACCCAGRGTGGTGACACCATGCTT AAGRCTGATGTTGTCCCCAAA 470

soksemRRi SRoRRORICRN  MNOREN  Neee SRRkl ¥

GGCACCGAGGGACCGCACCTGRAGGACATCACGGGGCTCTTCTTGGTGGCCTTTGTCCTC 424
GGCACAGAGGGGCCACACCTGGAGGACATCACGBGACTCTTCTTGGTGACTTTTATCCTT 540
GGCACTGAGGGGCCGCACCTGGAGGAGATGACGRGRCTCTTCTTGGTGGCTTTTATCCTC 530

sk RokloR sk . e sk ok

TGTGGCCTCATCCGTTGGCTCTAC 448
I GCCTCATCOGTTRRCTOT ACKLES
MEEGCCTCATCOGTTGRCTCT ACKESES

Fig. 3. Sequence alignment of the cytochrome b (A) and tapasin (B) genes. (A) The chicken,
pheasant, turkey, and quail cytochrome b sequences were obtained from GenBank
(accession numbers AF354171.1, AY368060.1, L08381.1, and AF119094.1, respectively).
The annealing sites of the forward and reverse species-specific primers in cytochrome
b are shaded black. (B) The alignment result for tapasin is quoted from Shironi et al.
EZIOOI?). The annealing sites of the species-specific primers in tapasin are shaded

ack.
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PSP-IgLC
W P - M

TSP-IgLC QSP-IgLC
w T = W D

PSP-tapasin
M W P -

TSP-tapasin
M W T -

Fig. 4. Species-specific  PCR using species-specific primers.

M W P -

QSP-Cytob
M W Q -

PSP-Cytob TSP-Cytob

M W T -

AS3554-19
P T

The primer sets used are

indicated at the top of each figure. M: 100-bp ladder, W: white leghorn genomic DNA,
P: pheasant genomic DNA, T: turkey genomic DNA, Q: quail genomic DNA -—:

negative control (distilled water).

et al. 2005). The chicken, pheasant, turkey, and quail
cytochrome b sequences were obtained from
GenBank (AF354171.1, AY368060.1, L08381.1, and
AF119094.1) and aligned; for each pair of species,
the level of homology was about 86% (Table 1). The
species-specific primer sets in cytochrome b were
designed based on the regions with high inter-specific
variations in cytochrome b (Fig. 3A).

Tapasin was selected due to the existence of avian
species-specific polymorphisms (Sironi et al. 2006).
The primer set PSP-tapasin was designed on the basis
of a sequence difference between pheasant and
chicken involving a 95-bp insertion in pheasant
tapasin, and the primer set TSP-tapasin which is
specific for turkey was designed on the 8-bp deletion
in turkey tapasin (Fig. 3B).

The species-specific primer sets produced products
in their target species, whereas no amplification was
detected in white leghorn (WL) chicken (Fig. 4). As a
control, the primer set AS3554-19 (Choi et al. 2007)
was used to amplify a 222-bp fragment in WL
chicken only (Fig. 4). Based on our results, our
species-specific primer sets are species-specific and

may be used to screen for interspecies germline
chimeras between chicken and the other species
including pheasant, turkey and quail.

The avian species-specific polymorphisms in the
IgLC described in this study may be used as markers
for species-specific PCR. This simple and
unambiguous method may be applied to species
identification and for screening avian inter-species
germline chimeras.
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V. ABSTRACT

Species-specific  polymorphisms in  chicken,
pheasant, turkey, and quail were identified by cloning
and sequencing of the immunoglobulin constant
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domain (IgLC). A set of species-specific primers
were then designed on the basis of polymorphisms in
the 1gLC between species, as well as two additional
sets of primers for the cytochrome b and tapasin
genes, for the purpose of species identification.
Together, the primers successfully distinguished

specific species from chicken by species-specific 7.

PCR. This simple but unambiguous method may be
used to screen avian inter-species germline chimeras,
which are valuable models for the conservation of
endangered species.
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