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ABSTRACT

To understand DINA sequence structural variation and its relationship with allelic distribution
pattern obtained from genotyping data of microsatellite markers, Polymerase Chain Reaction (PCR)
products of major alleles at two supposedly simple di-nuclectide chicken microsatellite loci of
MCWO0330 and LEIO094 were directly sequenced. The new sequences were compared with
published data retrieved from the GenBank and Ensembl databases. The results showed that
repeat unit at LEI0O094 locus was a simple di-nucleotide of (AC)n for most alleles while the
remaining alleles had their (AC) n irregularly interrupted by one or two (GA) nuclectides. On the
other hand, MCWO0330 locus carried a very complicated compound microsatellite consisted of three
big structural blocks as its repeat units. These units consisted of CACAGACACA, CAGACACA and
CTCAGACA. A few SNPs detected in upstream flanking sequences and specific combinations of
basic structural units in repeat sequences of MCWO0330 and LEIC094 loci contributed to define not
only alleles different in both fragment sizes and sequence structures but also to alleles of the same
fragment sizes but different in sequence structures that may lead to different peak patterns
observed during genotyping exercise. Such ‘cryptic’ alleles of the same sizes but different in
sequences can lead to an underestimated value i1n diversity and an ascertainment bias in
interpreting microsatellite data. Therefore, an intensive characterization of DNA sequences in
major microsatellite alleles derived from different genetic backgrounds is warranted to understand
the evolutionary mechanism of different microsatellite DINA markers.

Key words: Gallus gallus domestica, simple sequence repeat, polymorphism, cryptic allele

INTRODUCTION

Microsatellite DINA 1s termed as simple sequence repeats (55Rs) and composed of a core repeat
unit of often 1 to 10 nucleotides and unique flanking sequences. A simple example of a
microsatelhte 1s “CACACACACACACA", where the di-nucleotide motaf ‘CA’ is repeated seven times;
this can be represented as (CA).. 55Rs are quite common in the genomes of higher organisms. They
are highly mutable because the enzymatic process that replicates DNA each time a cell
divides makes ‘errors’ at a relatively high rate in regard to the number of repeat units.
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Therefore, numerous alleles usually occur at a microsatellite locus, with each allele differing in the
number of repeat units (e.g., CA, vs. CA,). A slipped-strand mispairing between the two strands of
DNA double helix is considered the major force to increase or decrease one or more repeat
units at nascent chains during its duplication and repair processes (Ellegren, 2004;
(tholizadeh and Mianj, 2007). After examining over 100 highly dispersed (dG-dT)n. (dC-dA)n
sequences in human genome, Weber (1990) realized that the sequences differed from each other
both in numbers of repeats and in repeat sequence types; then divided the sequences into three
categories: perfect repeat sequence, imperfect repeat sequence, and compound repeat sequence. The
same researcher found that informativeness (PIC) of the perfect repeat sequence increased with
increasing numbers of repeat units; PIC in the imperfect repeat sequence was lower than expected
on the basis of the total numbers of repeat units and the uninterrupted CA or GT repeat units had
the highest PIC regardless of the repeat sequence categories. Wintero et al. (1992) found that the
structure, number of repeat blocks and chromesomal distribution of the (dG-dT)n. (dC-dA)n
sequences in pig genome were very similar to those of human genome.

Microsatellites have been developed inte widely used genetic markers because they are easy to
type using a Polymerase Chain Reaction (PCR) involving primers specific to unique sequences
flanking the repeat units (Weber and May, 1989) and automatic sizing of PCR products on DNA
sequencing facilities. Some studies showed that micresatellite DINA sequences have a lot of
interspecific and intraspecific variations. Garza ef al. (1995) compared DINA sequences of six alleles
at Mfd59 microsatellite of chimpanzees with humans and found that the differences in intraspecific
allele sizes were related not only to the change in numbers and combinations of two di-nuclectide
repeat units of CA and TA but also to the nuclectide replacements within TA repeat region that
may lead to alleles of the same fragment sizes but different in DNA sequence structures.
Fulton et al. (2008) and Wan et al. (2010) conducted a comprehensive characterization of 51 and
26 DNA sequences of an extremely polymorphic compound chicken microsatellite locus LEIO258
carrving alleles ranging from 182 base-pair (bp) to 552 bp in fragment sizes, and found very
complicated combinations of two repeat units of 12 and 13 nucleotides and a number of single
nucleotide polymoerphisms (SINFs) and insertions/deletions {in/dels) present in the sequences of both
repeat units and flanking regions that defined a few alleles sharing the same fragment sizes but
different in sequence structures. Feng ef al. (2010) found that yak, taurine and indicine cattle had
different. sequence characteristics present in alleles at ILSTS013, TLSTS050 and SPS115
microsatellites.

Following the applications of microsatellite DINA markers to genetic characterization of chicken
genetic resources (Van Marle-Koster and Nel, 2000; Wimmers et al., 2000; Rosenberg ef al., 2001;
Hillel et al., 2003; Ya-Bo et al., 2008), the joint ISAG (International Society for Animal Genetics)
and FAQO (Food and Agriculture Orgamzation of the United Nations) Standing Committee updated
the original 25 markers and recommended 30 microsatellites including 29 markers carrying di-
nucleotide and one marker with tetra-nucleotide repeat units to be used for measuring biodiversity
within and genetic relationships among domestic chicken breeds (lines) or populations. This gesture
is a part of the secondary guidelines for development of national management plans of farm animal
genetic resources (Barker ef «l, 1993; Hoffmann ef al, 2004). However, each of these
microsatellites was only screened and defined by a single reference DNA sequence
{Crooyymans et al., 1993, 1994, 1996, 1997; Cheng ef al., 1995; Ruyter-Spira et al., 1996, 1998;
Gibbs ef al., 1997, McConnell ef al., 1999). The reference genome sequence of a red jungle fowl
(Gallus gallus) published later contributed to the second sequences to all these microsatellites
(Hillier et ad., 2004).
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Sheng-Cheng et al. (2010) apphed 20 out of these 30 microsatellites in the assessment of genetic
diversity and relationship of three indigenous chicken populations from Papua New Guinea and
found that: (1) the number of alleles per locus varied between 4 and 14; (2) a few alleles at some
loci were different by a single nucleotide; (3) a few alleles at particular loci showed irregular peak
patterns and (4) some loci had very different alleles or allelic groups with big gaps of more than
10 bp. In this study, conducted from September 2009 to January 2011, the authors aimed to carry
out an intensive DNA sequence characterzation of the LEIO094 locus which had 14 continuously
distributed alleles ranging from 245 to 2832 bp and the MCWO0330 which had only six different
alleles from 254 to 286 bp with a big gap of 10 bp between two alleles of 254 and 264 bp.

MATERIALS AND METHODS

Samples: In this study, 20 chicken samples (Table 2, 3) were selected following the results of
Sheng-Cheng ef al. (2010). All blood samples were preserved on Whatman FTA® filter papers
{Whatman BioScience, Maidstone, UK) and genomic DNA was recovered following the protocol of
Smith and Burgoyne (2004).

Primers: The forward PCR primer (F1) and sequencing primer (F2) of LEIO094 locus
located on chicken chromosome (GGA) 4 and the forward PCR primer (F1) of MCWO0330
locus mapped on GGA 17 were designed according to the extended homologous sequences of
UJCD00OL inbred red jungle fowl (G. gallus; Hillier ef al., 2004) retrieved from the Ensembl
database (Flicek et al., 2010); while the sequencing primer {(F1) of MCW0330 and reverse
primers (R) of the two loci were obtained from the recommendations (Hoffmann et al., 2004)

Table 1: The information of all primers designed and used in this study

Locus Primer sequence (5 - 37) *Primer position

MCWO0330 GGA ATT GCT CAC GTA TGA GG (F1) 4368420-4368439
TGG ACC TCA TCA GTC TGA CAG (F2) 4368913-4368933
AAT GTT CTC ATA GAG TTC CTG C (R) 4369178-4369199

LEI0094 GTG TAC TTA TGC AGG TGS GAT (F1) 51608987-51609007
GAC AACTTC TAT TGC CAT AAC (F2) 51609075-51609075
TCT CAC ACT GTA ACA CAG TGC (R) 51609811-51609831

*Primer positions were scored based on the Eusembl Database

Table 2: Allelic polymorphism at MCW0330 locus

Upstream flanking region

Allele size (bp) Samples -27 -11 -1 Repeat region

G. gallus C C T (CACAGACACA),CTCAGACA(CACAGACACA)

332085 C C T (CACAGACACA);CTCAGACA(CACAGACACA)
254 P11, V16, M20 B B . (CACAGACACA),CAGACACA
266 Mo5 T B G (CACAGACACA),
266 EOT . . . (CACAGACACA),
266 Vie . . G (CACAGACACA),
272 T57 . . . (CACAGACACA)CTCAGACACACAGACACA),
272 Mz20 . T G (CACAGACACA).CAGACACACTCAGACA(CACAGACACA)
274 040, TB7 . . . (CACAGACACA);CTCAGACA(CACAGACACA)
286 P11, E07, NO9 . . G (CACAGACACA);

Dots in the same column indicate identical bases to the two reference sequence
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Table 3: Allelic polymorphism at LEI0094 locus

Upstream flanking region

Allele size (bp) Samples -32 -1 Repeat region

G. gallus T A (AT,

X83246 C T (AC);
247 L8o C A (AT
247 F17 T A (AC),GCAC);
253 E47 T A (AT
253 La6 T A (AC)GC(AC),
245, 251, 259, 261, L22, M07, 024, A47, K29, F17, I A (AC)10, 13, 17.90, 22 21
263, 265, 269, 279, P34, E07, E47, E353, M07, N0O9
281, 283, 287 Lso, E07, Ls6, No9 T A (AC)yy 15 17GCACGCAC),,

{Table 1). The expected sizes of PCR products were around 240 bp for MCWO0330 and 700 bp for
LEIO094. It was noticed that the primer sequences included in the recommendations for genotyping
MCWO0330 locus were same with their original design (Crooijmans et al., 1997) while those for

LEIO094 were redesigned to amplify a fragment larger by 73 bp than that from their original
design (Gibbs et al., 1997).

PCR conditions and procedures: This study performed two separate PCR conditions. All PCRs
were performed with 3 pL (70-100 ng uL.™") DNAs in a 60 uL final reaction volume. The reaction
of MCWO0330 contained 10 pmol of each primer, 4 pli (2.5 mM) dNTPs (Tiangen Biotech (Beijing)
Co., Ltd., Beijing, China), 6 pL of 10xbuffer and 0.8 uL (2.5 units uL.™") Taq DNA polymerase
{Tiangen) while the reaction of LEIO094 contained 10 pmol of each primer, 4 puli (2.5 mM) dNTPs
(Tiangen) and 30 pL of 2xGC buffer I incorporated with 1 unit of LAX-Taq polymerase
{Beijing Huitian Dongfang Sei. and Tech. Co., Litd., Bejjing, China). The thermocycling procedure
of PCR included an initial denaturation at 94°C for 5 min, followed by 35 eycles of denaturation
at 94°C for 30 sec, primer annealing at 59°C for LEI0094 or 80°C for MCWO0330 for 1 min and 72°C
for 1 min and completed by a final extension at 72°C for 7 min.

Direct sequencing and data analysis: The PCR products were purified using the gel
purification kit following instructions of the manufacturer (Beijing Sunbiotech Co., Ltd., Beijing,
China) and then directly sequenced using the sequencing primers and BigDye® Terminator v3.1
Cyele Bequencing Kit on an ABI 3730 Sequence Analyzer (Applied Biosystems, Foster City, CA,
UUSA) by the Beijing Sunbictech Co., Ltd. The raw data was manually edited using Chromas
version 1.45 and aligned with MEGA4 software (Tamura et al., 2007). In order to explain the
structural changes of DNA sequences within the repeat units and flanking regions, we only
compared and analyzed sequences that were masked by the forward and reverse primers included
in the recommendations (Hoffmann ef al., 2004),

RESULTS AND DISCUSSION

DNA sequence variation of alleles at MCW0330 locus: According to the differences of allele
sizes in discontinuous distribution with one big gap of up to 10 bp and regular peak patterns
observed during the genotyping of MCWO0330 locus (Fig. 1), five alleles (254, 266, 272, 274 and
286 bp) of eight samples were selected for direct sequencing and analyzing their nuclectide
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Fig. 1. The peak pattern and allelic distribution of MCW0330 locus

variations. The original single reference sequence ((G32085) isolated from a White Leghorn
chicken (Crooijmans ef al., 1993, 1997) retrieved from the GenBank database and the homologous
sequence of UCDOO0O1 inbred red jungle fowl (&G. gallus;, Hillier et al, 2004) retrieved from
the Ensembl database (Flicek et al., 2010) were included for comparison. The results showed that
the upstream flanking sequence had three SNPs with a T/G transversion at -1 site present among
a number of samples, a CfT transition at -11 site present only in M20 sample and a C/T transition
at -27 site present only in M0O5 sample. The repeat umt, however, was not the expected CA
di-nucleotide that was screened using synthetic poly-nucleotides of (TG),; (Crooijmans ef al., 1993,
1997). Instead it had three types of fixed structural blocks consisted of CACAGACACA, CAGACACA
and CTCAGACA that can form very different and complicated combinations involving single, two
or all three blocks in a particular allele, rendering MCWO0330 locus a compound microsatellite
{(Table 2). One may argue that there is a chance of errors in generating these repeat unit
sequences. However, the 15 and six sequences that were obtained using either the direct
sequencing (13 and four from this study) or the cloning procedure (both two reference sequences)
carried C/GG and A/T transversions that were involved in constructing all three blocks. It 1s well
known that transversion is much less common than the transition; therefore, these structural blocks
were most likely the products of long-term evolution of chicken gencme.

The CACAGACACA block was a primary structure and present two to six times in all alleles
while the other two blocks were both minor structures and present only once separately or jointly
in one each in some alleles. These unique structures with big sequence blocks further explained the
limited number of alleles detected at MCWO0330 locus. There was no hnkage between definite SNPs,
in particular the T/G transversion located at -1 site in the upstream flanking sequences and specific
combinations of three blocks in the repeat sequences and also no correlation between the allelic
sizes and specific combinations of three blocks. Furthermore, both SNPs in the upstream flanking
region (e.g., alleles in 266 bp) and different. combinations of the blocks (e.g., alleles in 272 bp)
contributed to define alleles of the same fragment sizes but different in sequence structures
{Table 2).

DNA sequence variation of alleles at LEIO094 locus: Based on the differences of allele sizes
in nearly continuous distribution and a few irregular peak patterns cbserved at LEIO024 locus
(Fig. 2), six alleles (247, 253, 259, 269, 279 and 287 bp) from 13 samples were selected for direct
sequencing. The new sequences were aligned and compared with the criginal single reference
sequence (X83248) that was isclated from the genomic DNAs pooled from a muxture of five
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Fig. 2. The peak pattern and allelic distribution of LEIO094 locus

individuals of ISA lines and a WL female parent of the East Lansing reference pedigree following
a screening using AC olige-nuclectides (Gibbs et al., 1997) retrieved from the GenBank database
and the homologous sequence of UCDOO1 inbred red jungle fowl (G. gallus; Hillier et al., 2004)
retrieved from the Ensembl database (Flicek ef al., 2010). The results indicated that most alleles
at LEI0094 locus carried a repeat unit of the expected AC di-nucleotide (Gibbs et al., 1997), making
this locus a nearly perfect microsatellite. However, there were two SINPs within the upstream
flanking sequences with a T/ transversion at -1 site (T present only in the reference chicken
sequence) and a T/C transition at -32 site (T and C present in each of nearly half of the alleles). The
simple AC di-nuclectide repeat sequences in alleles of 247 and 253 bp were irregularly interrupted
by a single GC while alleles bigger than 280 bp seem to have a fixed structure of GCACGC{AC)
located towards the end of repeat sequences. In addition, varicus combinations of SNPs in the
upstream flanking sequences with different structures in repeat region (e.g., alleles in 247 bp) or
different sequence structures in repeat region (e.g., alleles in 253 bp) also defined alleles of the
same fragment sizes but different in sequence structures (Table 3). These different sequence
structures explained the different peak patterns observed at least for alleles of 247 and 253 bp
during the genotyping exercise (Fig. 2).

CONCLUSION

In this study, we attempted to validate the repeat sequence structures of two supposedly simple
di-nucleotide microsatellites of MCW0330 and LEIO094 that were included in the international
panel of chicken mecrosatellite DNA markers recommended by the ISAG/FAO Standing Committee

810



Astan J. Antm. Vet. Adv., 6 (8): 805-813, 2011

{(Hoffmann et al., 2004). However, the results of an intensive characterization of DINA sequences
for major alleles at the two loci from this study were much more complicated than what we had
previously thought.

Firstly, a number of novel SNFPs were detected in both upstream flanking sequences of the two
loci. This phenomenon was observed in both upstream and downstream flanking sequences of a
mono-nucleotide microsatellite within the 165 rRNA gene in chicken mitochondrial genome
{Zhao et al., 2009) as well as of the LEIO258 locus within chicken MHC-B region
(Fulton et al., 2006; Wan et al., 2010). Feng et al. (2010) also identified one SNF in the upstream
flanking sequence among yak, taurine and indicine cattle alleles at ILSTS013 locus.

Secondly, the presence of three big structural blocks consisted of CACAGACACA, CAGACACA
and CTCAGACA and their various combinations in the repeat sequences of all alleles made
MCWO0330 locus an unexpected, very complicated compound microsatellite with limited variations
while most alleles at LEIO094 locus carrying AC repeat units proved it to be a nearly perfect
microsatellite with rich variations. These findings validated a correlation between the PIC value
and the perfectiveness of repeat sequences in microsatellites (Weber, 1990): the simpler and more
perfect a repeat sequence is, the richer PIC and more alleles a microsatellite has.

Thirdly, both SNFs in the upstream flanking sequences and specific combinations of basic
structural units in the repeat sequences of MCW0230 and LEI0094 loci contributed to define not
only alleles of different fragment sizes and sequence structures but also ‘eryptic’ alleles of the same
fragment sizes but different in sequence structures that may lead to different peak patterns
observed during genotyping exercise. These observations were in agreement with the reports by
Garza et al. (1995), Fulton et al. (2008), Feng et al. {(2010) and Wan ef al. (2010). Some
microsatellites that carry such ‘cryptic’ alleles may show different peak patterns as what were
observed in this study for LEI0094 locus only if the PCR products were sized using an automatic
DINA sequencer (Fig. 2). Yet the resclution and sizing procedure applied for traditional agarose or
polyacrylamide gel cannot resclve the fragments of such ‘cryptic’ alleles at all (Amirinia ef al., 2007,
Fanbar1 et al, 2007, Chatterjee et al., 2008, Xin-Sheng ef al, 2008; Ismoyowati and
Purwantini, 2010; Mahmeoudi, 2010).

It is therefore particularly worth noting that misidentification of such ‘cryptic’ alleles can lead
to an underestimated value in diversity and an ascertainment bias in interpreting microsatellite
data. Therefore, intensive characterization of DNA sequences in major microsatellite alleles derived
from different genetic backgrounds is warranted to improve the quality of genotyping data and to
contribute to a complete understanding of the evelutionary mechanism of different microsatellite

DNA markers.

ACKNOWLEDGMENTS

This study was supported by the National Key Project of Scientific and Technical Supporting
Programs funded by Ministry of Science and Technology of China during the 11th ‘Five-Year’ Plan
{No. 2008BADB2B01), the Sino-German bilateral cocperative project (14/10-11CHN11(2010-3-23)),
and the CAAS-ILRI joint research program.

REFERENCES

Amirinia, C., H. Emrani, M. A R. Arbabe, R.V. Torshizi and A N. Javaremi, 2007. Evaluation of
eight microsatellite loci polymorphism in four Japanese quail (Coturnix japonica) strain in Iran.
Pak. J. Biol. Sei., 10: 1185-1199.

811



Astan J. Antm. Vet. Adv., 6 (8): 805-813, 2011

Barker, J.5., D.GG. Bradley, R. Fries, W.(G. Hill and M. Net ef al., 1993, An integrated global
programme to establish the genetic relationships among the breeds of each domestic animal
species. Rome: FAO Report. http:/fwww .genetics.orglegi/content/full/162/1/473.

Chatterjee, K.N., R.F. Sharma, A. Mishra, M. Dange and T.K. Bhattacharya, 2008, Variability of
microsatellites and their association with egg production traits in chicken. Int. J. Poult.
Sei., 7: 77-80.

Cheng, H.H., I. Levin, R.L.. Vallejo, H. Khatib, J.B. Dodgson, L.B. Crittenden and J. Hillel, 1995,
Development of a genetic map of the chicken with markers of high utility. Poult. Sci.,
74: 18556-1874.

Croojjmans, R.FP., A.J van Kampen, J.J. van der Poel and MA. Groenen, 1992, Highly
polymorphic microsatellite markers in poultry. Anim. Genet., 24: 441-443.

Crooijmans, PR.MA,, AJA. van Kampen, J.J. van der Foel and M. AM. Groenen, 1994. New
microsatellite markers on the linkage map of the chicken genome. J. Hered., 85: 410-413.
Crooijmans, R.P., P.A van Oers, J.A. Strijk, J.J. van der Poel and M.A. Groenen, 1996, Preliminary
linkage map of the chicken (Gallus domesticus) gencome based on microsatellite markers:

77 new markers mapped. Foult. Sei., 75: 746-754.,

Crooiyjmans, P.R.M.A., R.JM. Dijkhof, J.J wvan der Poel and MAM. Groenen, 1997. New
microsatellite markers in chicken optimized for automated fluorescent genotyping.
Anim. Genet., 28: 427-437.

Ellegren, H., 2004, Microsatellites: Simple sequences with complex evolution. Natl. Rev.
Genet., b 435-445,

Feng, D.M., Y.Z. Luo, J.L.. Han and H.J. Zhac, 2010. Species specific alleles at three microsatellite
loal in yak and cattle. J. Gansu Agric. Univ,, 45: 22-27.

Flicek, ., B.L.. Aken and B. Ballester, K. Beal and K. Bragin et al., 2010. Ensembl’s 10th year.
Nuecl. Acids Res., 38: D557-D562.

Fulton, J.E., HE. Juul-Madsen, C.M. Ashwell, AM. McCarron, J.A. Arthur, N.P. O'Sullivan and
R.L. Jr. Taylor, 2006. Molecular genotype identification of the Gallus gallus major
histocompatibility complex. Immunogenetics, 58; 407-421,

Garza, J.C., M. Slatkin and N.B. Freimer, 1995, Microsatellite allele frequencies in
humans and chimpanzees, with implications for constraints on allele size. Mol. Biol.
Evol., 12: 594-603.

Gholizadeh, M. and G.RE. Mianji, 2007, Use of microsatellite markers in poultry research.
Int. J. Poult. Sal., 6: 145-153.

Gibbs, M., D.A. Dawson, C. McCamley, A F. Wardle, JJA L. Armour, T. Burke and J A.L.. Armour,
1997. Chicken microsatelhte markers isolated from libraries enriched for simple tandem repeats.
Anim. Genet., 28: 401-417.

Hillel, J., M.A.M. Groenen, M. Tixier-Boichard, A.B. Korol and L. David ef al., 2003. Biodiversity
of 52 chicken populations assessed by microsatellite typing of DNA pools. Genet. Sel.
Evol., 35: 533-567.

Hillier, LW., W, Miller, E. Birney, W. Warrenl and R.C. Hardison ef al., 2004, Sequence and
comparative analysis of the chicken genome provide unique perspectives on vertebrate
evolution. Nature, 432: 695-718.

Hoffmann, 1., P.A. Marsan, J.S5.F. Barker, K.G. Cothran and O. Hanotte et al., 2004. New MoDAD
marker sets to be used in diversity studies for the major farm animal species: Recommendations
of a joint ISAG/IFAO working group. Proceedings of the 29th International Conference on
Animal Geneties, Sept. 11-16, Tokyo, pp: 107-107.

812



Astan J. Antm. Vet. Adv., 6 (8): 805-813, 2011

Ismoyowati and [, Purwantini, 2010. An estimation of genetic variation in indonesian loeal duck
using microsatellite marker. Asian J. Poult. Sei., 4: 198-204,

Mahmoudi, B., 2010. Genetic diversity of lori geat population based on microsatellite marker.
Asian J. Anim. Sal., 4: 13-19,

McConnell, S K.J., D.A Dawson, A, Wardle and T. Burke, 1999. The 1solation and mapping of 19
tetranucleotide microsatellite markers in the chicken. Anim. Genet., 30: 183-189.

Fanbari, S., R. Osfoorn and M.P. Eskandari Nasab, 2007, A preliminary study of marker data
applicability in gene introgression program for afshari sheep breed. Biotechnolegy, 6: 513-519,

Rosenberg, N.A., T. Burke, K. Elo, MW, Feldman and F.J. Freidlin et al., 2001, Empirical
evaluation of genetic clustering methods using multilocus genotypes from twenty chicken
breeds. Genetics, 159: 899-713.

Ruyter-Spira, C.P., PR.M.A. Crooijmans, R.J M. Dijkhof, P.A M. van Cers, J.A. Strijk, J.J. van der
Poel and M.A.M. Groenen, 1996, Development and mapping of polymorphiec microsatellite
markers derived from a chicken brain ¢cDINA library. Anim. Genet., 27: 229-234.

Ruyter-Spira, C.P., D.J. de Koning, J.J. van der Poel, P.E.MA. Croojjmans, R.J.M. Dijkhof and
M.AM. Groenen, 1998, Developing microsatellite markers from cDINA: A tool for adding
expressed sequence tags to the genetic linkage map of the chicken. Amim. Genet,., 29: 85-90.

Sheng-Cheng, 7., G. Danbaro, W. Nano, S. Dcka, T. Gerega, O. Hanotte, H. Jian-Lan, 2010.
(Genetic diversity and relationship of three indigenous chicken populations from papua new
guinea using microsatellite analysis. Acta Vet. Zootech. Sin., 41: 797-803,

Smith, L.M. and L.A. Burgoyne, 2004, Collecting, archiving and processing DNA from wildlife
samples using FTA databasing paper. BMC Ecol,, 4: 4-4.

Tamura, K., J. Dudley, M. Nei and 5. Kumar, 2007. MEGA4: Molecular evolutionary genetics
analysis (MEGA) software version 4.0. Mol. Biol. Evol., 24: 1596-1599,

Van Marle-Koster, K. and L.H. Nel, 2000. Genetic characterisation of native southern African
chicken populations: Evaluation and selection of polymorphic microsatellite markers. South Afr,
J. Anim. Sei., 30: 16,

Wan, JX.,, Y.Z. Luo and J.L. Han, 2010. Sequence variations in alleles at the compound
microsatellite locus LEIO258 within chicken MHC-B region. J. Gansu Agric. Univ., 45; 16-21.

Weber, J L. and P.E. May, 1989, Abundant class of Human DINA polymorphisms which can be
typed using the polymerase chain reaction. Am. J. Human Genet.., 44: 388-396.

Weber, J.L., 1990. Informativeness of human (dC-dA), (dG-dT), polymorphisms.
Genomies, 7: 524-530,

Wimmers, K., 8. Ponsuksili, T. Hardge, A. Valle-Zarate, P.K. Mathur and P. Horst, 2000, Genetic
distinetness of African, Asian and South American local chickens. Anim. Genet., 31: 159-165.

Wintero, A K., M. Fredholm and T.D. Thomsen, 1992, Variable (dG-dT) .(dC-dA), sequences in the
porcine genome. Genomics, 12: 281-288,

Xin-Sheng, W., W. Tian-Wen, Z. Hui-Ling, C. Guang-Long and X. Qi ef af., 2008, Correlation
analysis of wool vield in wan line angora rabbits using microsatellite DNA markers. J. Boil.
Sei., 8: 679-682.

Ya-Bo, Y., W. Jin-Yu, D.M. Mekki, T. Qing-Ping and L. Hui-Fang et al., 2006, Evaluation of
genetic diversity and genetic distance between twelve Chinese indigenous chicken breeds based
on microsatellite markers. Int. J. Poult. Sci., 5: 550-5586.

Zhao, 5.G., O, Hanotte and J.L. Han, 2009, Identification and characterization of a polymorphic
mono-nucleotide microsatellite within 165 rENA gene in chicken mitochondrial genome.
Philipp. Agric. Sei., 92: 353-361.

813



	AJAVA New Title.pdf
	AJAVA New Title.pdf
	Page 1





