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Abstract: The genomes of three native goat populations were screened by using microsatellite as molecular
markers; the populations were Markhoz, Najdi and Tali goats. A total of 13 microsatellite markers were used and
genetic diversities and genetic distances were also determined. The thirteen tested loci were all polymorphic
in the three goat populations. Within the thirteen polymorphic loci, allele frequencies, number of effective
alleles (Ne), heterozygosity (He), polymorphism information content (PIC) and Nei's standard genetic distance
(D) were calculated and UPGMA phylogenetic tree was constructed based on allele frequencies. The average
number of alleles was 7.3, ranging from two to eleven at the thirteen assessed loci. The average values of Ne,
He and PIC of all loci were 4.764, 0.759 and 0.720 respectively. The Markhoz population showed the highest
variability (PIC=0.767, He=0.799). Tests of genotype frequencies for deviation from the Hardy-Weinberg
equilibrium (HWE), had been tested in the level of probability (p<0.005). An unweighted pair group method with
arithmetic means (UPGMA) diagram based on Nei's standard genetic distances, yielded relationships between
populations that agreed with what known about their origin, history and geographical distribution. It was
concluded that microsatellite technique is a useful tool for evaluation of genetic variation among of
domesticated animals.
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INTRODUCTION

Species are the most recognized and protected units
of biodiversity, yet if the importance of biodiversity that
is fundamental to new species is ignored [1]. Genetic
diversity is shaped by past population processes and
affects the sustainability of species and populations in
the future [2]. The maintenance of genetic diversity is a
key to the long-term survival of most species [3]. Farm
animal genetic diversity is required to meet current
production needs in various environments, to allow
sustained genetic improvement and to facilitate rapid
adaptation to changing breeding objective [1,4]. Genetic
variation between and within breed is described as

diversity. It is essential to characterize a breed for its
conservation. Microsatellites are ideal molecular markers
for characterization [5]. If genetic diversity is very
low, none of the individuals in a population may
have the characteristics needed to cope with the new
challenges. Such a
population could be suddenly wiped out. Low amounts of
genetic diversity increase the vulnerability of populations
to catastrophic events such as disease outbreaks.
Also, low genetic diversity may indicate high levels of
inbreeding with its associated problems of expression of
deleterious alleles or loss of over-dominance. Change in
the distribution of the pattern of genetic diversity can
destroy local adaptations and break up co-adapted gene

environmental conditions or
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complexes. These problems combine to lead to a poorer
‘match’ of the population to its habitat increasing and
eventually leading to the probability of population or
species extinction. Microsatellite markers, also known as
simple sequence repeats (SSRs) or short tandem repeats
(STRs), are regions of DNA that exhibit short repetitive
sequence motifs. Because of their high degree of
polymorphism, random distribution across the genotypes,
microsatellite markers have been proved to be one of the
most powerful tools for evaluating genetic diversity snd
estimating genetic distances among closely populations
of ruminant species [6-8]. There are close similarities
between cattle, sheep and goat chromosomes [9-11].
Microsatellite markers present in all three specice could be
amplified with the same primer paire, so microsatellite
markers developed in cattle and sheep also work in goats
[11] and they can be used for the analysis of genetic
diversity [12].

Indigenous livestock breeds are considered, for
diverse reasons, as treasured genetic resorces that
tend to disappear as a result of new market demands,
crossbreeding or breed replacement and mechanized
agricultural operations. There is terrible risk that most
breed may perish before they have been exclusively
recognized and exploited.

The existence of a large gene pool is important for
the potential future breeding preservation and for
the development of a sustainable animal production
system. Comprehensive
genetic variability is the first step for the conservation
and exploition of domestic animal bidaiversity [5].

This study attempted to analyze the diversity of

knowlege of the existing

three goat populations in the Iran by using thirteen
microsatellite as molecular markers, so as to help breeders
to implement rational decisions for conservation and
improvement of valuable germ plasm.

MATERIAL AND METHODS

Characterizations of Three Native Goat Populations:
The Markhoz is mainly used for wool, which is sold as
mohair. Markhoz was originally kept in the province of
Kordestan. The Markhoz goats are medium-sized and
mostly are black, white and chocolate brown colored.
Natural service is method of breeding for this goat. The
male and female have horns. Height at shoulder and body
weight is 60cm and 45kg in adult male and 50cm and 35kg
in adult female goat, respectively (Figure 1.A). The Najdi
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goats are medium-sized and adapted to extremely high
temperatures, grey, dark brown, brown with a black back
line colored. This goat was originally kept in the province
of Khouzestan. Height at shoulder is 70 and 60cm in adult
male and female goat, respectively. This goat is polled
(Figure 1.B). The Tali goats are medium-sized and mostly
are brown or light brown colored. Most animals is polled.
Natural service is method of breeding for this goat. Its
main distribution areas are the coastal region of
Hormozgan province along the gulf and in some parts of
Boushehre province especially near the towns of Minab,
Bandarabbas, Khamir, Bandarlengeh and on Qeshm Island
in the Strait of Hormuz. The male and most of female have
horns. Height at shoulder is 76cm in adult male and 68cm
in adult female goat (Figure 1.C).

Blood samples were collected from (146) goats
the by puncturing the jugular vein in the
vacationer's tubes having EDTA as blood
anticoagulants were cooled, transferred to laboratory
(in an ice-cooled bo and they were kept under-20°C
in a deep freezer until DNA isolation) and DNA
genomic was extracted by salting out method [13].
both spectrophotometery and agarose gel (0.8%) were
used for DNA quality definition.

In this study, 13 microsatellite primer pairs were used,
including MAF64, BM4621, BM121, LSCV36, TGLA122,
oarJMP23, oarFCB304, oarAE133, ILSTS005, ILSTS022,
ILSTS029, ILSTS033 and ILSTS34. Most of primers
used were independent and belonged to different
chromosomes. These loci in prior studies had been
amplified on the goat [14-17]. They showed polymorphism
in the goat of world. Thirteen microsatellite markers, their
sequences, type of repeat, size rang and their locations
are showed in Table 1.

All PCR reactions were continued the following
componenet: 200uM dNTPs, 3.5-6mM MgCl,, 0.25uM
each of primer, 0.5 units Tag DNA polymerase, 150ng
DNA. The final volume was 15ul. Reactions were run on
a thermal cycler (Biometra 96 block T-gradient,Germany).
In this study anealing temperature was modified as
folowing: MAF64(62.5°C), BM4621(58°C), LSCV36(55°C),
0arFCB304(60.5°C) and BM121(65.5°C). The rest of PCR
process is in accordance with the Table 2.

For 0oarJMP23 and TGLA 122 primers were used PCR
program was used [18], for oarAE133 PCR program was
used [16] and For ILSTS00S, ILSTS022, ILSTS029,
ILSTS033 and ILSTS34 primers, The 'touchdown' PCR
protocol was used.
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Fig. 1A-C: A. Markhoz Goats, B. Najdi Goat, C. Tali Goat

Table 1: Microsatellite markers, their sequences, type of repeat, size rang and location

Locus Primer sequence Type of repeat  Size range  Chromosome No.
BMI121 TGGCATTGTGAAAAGAAGTAAAA CTAGCACTATCTGGCAAGCA (TC)s 165-185 16
BM4621 CAAATTGACTTATCCTTGGCTG TGTAACATATGGGCTGCATC (CA)y 106-148 6
ILSTS005 GGAAGCAATGAAATCTATAGCC TGTTCTGTGAGTTTGTAAGC (nn)3e 174-190 10
ILSTS022 AGTCTGAAGGCCTGAGAACC CTTACAGTCCTTGGGGTTGC (GT), 186-202 Ann
ILSTS029 TGTTTTGATGGAACACAGCC TGGATTTAGACCAGGGTTGG (CA)y 148-191 3
ILSTS033 TATTAGAGTGGCTCAGTGCC ATGCAGACAGTTTTAGAGGG (CA)12 151-187 12
ILSTS34 AAGGGTCTAAGTCCACTGGC GACCTGGTTTAGCAGAGAGC (GT)y 153-185 5
LSCV36 GCACACACATACACAGAGATGCG AAAGAGGAAAGGGTTATGTCTGGA (CA)6 524 19
MAF64 AATAGACCATTCAGAGAAACGTTGAC CTCATCGAATCAGACAAAAGGTAGG (TG)15 121-125 1
oarAE133 AGCCAGTAGGCCCTCACCAGG CCAACCATTGGCAGCGGGAGTGTGG (TG)24 152 Ann
0arFCB304 CCCTAGGAGCTTTCAATAAAGAATCGG CGCTGCTGTCAACTGGGTCAGGG (CT)11(CA);s 119-169 Ann
oar]MP23 GTATCTTGGGAGCCTGTGGTTTATC GTCCCAGATGGGAATTGTCTCCAC - - 27
TGLA122 AATCACATGGCAAATAAGTACATAC CCCTCCTCCAGGTAAATCAGC (CA)y 145 21
Table 2: PCR reaction conditions for all loci exceptional TGLA122, oarJMP23 and oarAE133 loci

Stage PCR process Temperature(°c) time

1 denaturation 95 2.5 min
2 denaturation 95 30s

3 anealing - 30s

4 extension 72 30s

5 Final extension 72 2.5 min
6 maintenance 4 -
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The alleles and genotypic frequencies were identified
directly from the gel. Hardy-Weinberg equilibrium
(HWE) had been tested based on likelihood ratio for
different locus-population combinations and observed
number of alleles (N), effective number of alleles (Ne)
and expected hetrozygosity (He) were computed by
the software POPGENE (Version 3.2). Polymorphism
information content (PIC) was computed according to
Botstein et al. [19]. Nei's standard genetic distance were
calculated by POPGENE (Version 3.2), a phylogenetic
tree was constructed by UPGMA method based on
pair wise Nei's standard distances using the same
software by a bootstrapping method.

Data Analysis: Genotypes were assigned for each animal
based on allele size data. On the basis of allele and
genotypic frequencies, a likelihood ratio test (G*;) was
conducted to test for deviations from Hardy-Weinberg
equilibrium [20]. The most common measures of genetic
diversity such as allelic diversity, heterozygosity and
proportion of polymorphic loci were considered. The
effective number of alleles (estimates the reciprocal of
homozygosity) was calculated according to Hartl and
Clark [21]. Nei unbiased expected heterozygosity
(He=1-Zp’, where p; is the frequency of allele i) were
estimated for all loci [22]. These parameters were
statistically analyzed using POPGENE software package
version 1.31 [23]. Polymorphism information content (PIC)
[19]. values were estimated in order to assess the
relevance of each locus for linkage.
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RESULTS

All the markers were successfully amplified in all the
populations. Each 13 loci were found to be polymorphic
in all populations.

Morkhoz and Tali populations present no deviation
of HWE in locus-population component at the level of
probability (p<0.005). Najdi in two loci (LSCV41, BM121)
showed the deviation of Hardy-Weinberg equilibrium
(HWE).

Most and least unbiased expected hetrozygosity
is for Markhoz (0.799) and Tali (0.736). The
population statistics generated by the thirteen
microsatellite markers in three goat populations is
presented in Table 3.

The number of observed alleles for each locus ranged
from 2 to 11. Highest number of allele's objective for
oar]MP23 locus with the Tali goats and lowest number of
allele's objective for oarAE133 locus with the Najdi goats.

Highest and lowest number of allele effective was
8.8 and 2 for oarJMP23 locus in Tali and oarAE133 locus
in Najdi, respectively.

All  average number of objective and
effective alleles was 7.3 and 4.8, respectively. Highest
and lowest PIC value was 0.767 and 0.688 for Markhoz
and Najdi, respectively; it was between 0.746-0.8 in
Chinese goats.

The average expected hetrozygosity overall loci in
Tali, Markhoz and Najdi were 0.736, 0.799 and 0.741,
respectively.

————————————— MARKHIZ

HAIDI

Fig. 2: UPGMA of 3 native goat populations by Nei's (1978) genetic distance

Table 3: Mean numbers of alleles per locus, Ne, He, PIC and related SD (Standard division) un three goat populations

Population Mean number of alleles Ne He PIC

Markhoz 8.08(1.59) 5.262(1.84) 0.799((0.09) 0.767(0.08)
Najdi 6.46(2.47) 4.177(1.78) 0.741(0.12) 0.688(0.14)
Tali 7.38(2.26) 4.854(2.22) 0.736(0.11) 0.704(0.11)

He value of 0arFCB304 locus estimated 0.854 on Chinese goats but it was 0.884, 0.541 and 0.543 in Markhoz, Najdi and Tali goats populations respectively.

Table 4: Nei's (1978) genetic distance (D) in three goat populations

goat populations Markhoz Najdi
Markhoz

Najdi 0.4395

Tali 0.4261 0.2708
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The mean effective number of alleles, polymorphism
information content and expected hetrozygosity over all
populations were 4.764, 0.720 and 0.759, respectively.
No significant difference in the number of alleles, Ne,
He and PIC was found among these goat populations.
Among the three populations, Tali populations displayed
the highest values for both mean He and PIC, while
the Najdi populations showed lower variability levels
(Table 3).

The standard genetic distances were calculated
for these populations. The closest distance was
observed between Tali and Najdi (D=0.2708) and
the largest between Markhoz and Najdi (D=0.4395),
(Table 4; Figure 2).

DISCUSSION

The study of genetic variation plays an important
role in developing rational breeding strategies for
economical animal species [24]. The advantage of
the wuse of microsatellites for estimation genetic
variations among breed and among closely related
populations has been investigated in farm animals such
as, water buffalo [4,25,26], cattle [27], sheep [28] and goat
[24,29].

In the present study, thirteen microsatellite loci were
used to evaluate the genetic diversity within and between
Markhoz, Najdi and Tali goat populations reared in
Iran. The thirteen microsatellite are all polymorphic in
the three goat populations. Major differences between
the three goat populations were observed. The use of
microsatellites to evaluate the genetic diversity on the
basis of allel frequency distribution has also been
employed to differentiate between Italian, Greek and
Egyptain buffalo populations [26]. The average expected
heterozygosity overall loci in Markhoz, Najdi and Tali
were 0.799, 0.741 and 0.736, respectively. High value of
average expects heterozygosity within the populations
could be attributed to the large allele numbers detected in
the tested loci [30]. The average direct count of
heterozygosity overall loci in each of the three goat
populations is less than the expected heterozygosity.
This finding is an evidence for the presence of overall
loss in heterozygosity within the three tested goat
populations (allele fixation) [31]. Test of genotype
frequencies for deviation from HWE at each locus over all
populations showed only Najdi goat population in some
loci, revealed significant departure from HWE. Deviation
from HWE at microsatellite loci have, also been reported
in various studies [29,32,33]. It was known that a

population is considered to be within HWE only when it
is able to maintain its relative allele frequencies.
Heterozygosis deficiency is one of the parameters
underlying departure from HWE. Heterozygosis
deficiency may results from one or more of the following
reasons:

*  The presence of a null allele which is the allele that
fails to multiply during PCR wusing a given
microsatellite primer due to a mutation at the primer
site [34,35].

«  Small sample size, where rare genotypes are likely to
be included in the samples;

» The Wahlund effect, ie. presence of fewer
heterozygotes in population than predicted on
account of population subdivision;

¢ The decrease in heterozygosity due to increased
consanguinity (inbreeding) [4].

The information obtained in this study will aid their
rational development, utilization and conservation.

The result of UPGMA was consistent with the
background of the origin, history and geographical
location of these breeds. The UPGMA tree shows that
two goat populations (Najdi and Tali) are distinct from the
other goat population (Markhoz). The close kinship
between Najdi and Tali might suggest some past crossing
between these two geographically close populations.
However, only a small number of microsatellite loci
populations were analyzed. Additional markers and
samples are required to increase the accuracy of the
results. In conclusion this research shoed high variation
within and between studied Iranian goat’s populations
for 13 microsatellite loci. It also demonstrated that
microsatellite genotyping is a useful tool for evaluating
variation evolutionary relationships among important goat
populations. Microsatellite-based estimates of population
relationships were consistent with know demographic
history and geographic distances.

REFERENCES

1. Crawford, A.M. and R.P. Littlejohn, 1998. The use of
DNA markers in deciding conservation priorities in
sheep and other livestock. Agriculture, 23: 21-26. a

2. Soule, M., 1987. Viable populations for conservation.
Cambridge University press, Cambridge.

3. Hall, S.J.G. and D.G. Bradley, 1995. Conserving
livestock breed biodiversity. Trends. Ecology
Evolution, 10: 267-270.



10.

11.

12.

13.

14.

Global Veterinaria, 4 (2): 118-124, 2010

Kumar, S., T. Gupta, N. Kumar, K. Dikshit, N. Navani,
P. Jain and M. Nagarajan, 2006. Genetic variation and
relationships among eight Indian reverie buffalo
breeds. Molecular Ecology, 15: 593-600.

Li, M.H., S.H. Zhao, C. Bian, H.S. Wang, H. Wei,
B. Liu, M. Yu, B. Fan, S.L. Chen, M.J. Zhu, S.J. Li,
T.A. Xiong and K. Li, 2002. Genetic relationships
among twelve Chinese indigenous goat populations
based on microsatellite analysis. Genetics Selection
Evolution, 34: 729-744.

Moore, S.S., L.L. Sarageant, T.J. King, J.S. Mattick,
M. Georges and D.J.S. Hetzel, 1991. The conservation
of dinucleotid microsatellites among mammalian
genomes allows the use of heterologous PCR
primer pairs in closely related species. Genomics,
10: 645-660.

Buchanan, F.C., L.J. Adams, R.P. Litlejohn,
J.F. Maddox and A.M. Crawford, 1994. Determination
of evolutionary relationships among sheep breeds
using microsatellites. Genomics, 22: 397-403.
Ellegren, H., S. Moore, N. Robinson, K. Byrne,
W. Ward and B.C. Sheldon, 1997. Microsatellite
evolution — a re-ciprocal study of repeat lengths at
homologous loci in cattle and sheep. Molecular
Biology Evolution, 14: 854-860.

Crawford, A.M., G.W. Montgomery, C.A. Pierson,
T. Brown, K.G. Dodds, S.L.F. Sunden, H.M. Henry,
A.J. Ede, P.A. Swarbrick, T. Berryman, J.M. penty and
D.F. Hill, 1994. Sheep linkage mapping:nineteen
linkage groups derived from the analysis of paternal
half-sib families. Genetics, 137: 573-579.

Kemp, S.J., O. Hishida, J. Wambugu, A. Rink,
M.L. Longeri, R.Z. Ma, J. Da, H.A. Lewin,
W. Barendse and A.J. Teale, 1995. Apanel of
polymorphic bovine, ovine and caprine microsatellite
markers. Animal Genetic, 26: 299-306.

Vaiman, D., L. Schibler, F. Bourgeois, A. Oustry,
Y. Amigues and E.P. Cribiu, 1996. A genetic linkage
map of the male goat genome. Genetics, 144: 279-305.
Saitbekova, N., C. Gaillard, G. Obexer-Ruff and
G. Dolf, 1999. Genetic diversity in Swiss goat breeds
based on microsatellite analysis. Animal Genetics,
30: 36-41.

Miller, S.A., D.D. Dykes and H.F. Polesky, 1988.
A simple salting out procedure for extracting DNA
from human nucleated cells. Nucleic Acids Research,
16: 1215-1215.

Maudet, C., G. Luikart and P. Tberlet, 2001.
Development of Microsatellite Multiplexes for wild
goats using Primers Designed from Domestic
Bovidea. Genetics Selection Evolution, 33: 193-203.

123

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Yang, L., S.H. Zhao, K. Li, Z.Z. Peng and
G.W. Montgomery, 1999. Determination of Genetic
Relationships among five Indigenous Chinese Goat
Breeds with Six Microsatellite Markers. Animal
Genetics, 30: 452-455.

Hanrahan, V., A.J. Ede and A.M. Crawford, 1994.
Ovine x-chromosome microsatellite at the oarAE25
and oarAE133 loci. Animal Genetics, 25: 370-375.
Dixit, S.P., N.K. Verma, S.P.S. Ahlawat,
R.AK. Aggarwal, S. Kumar, R. Chander and
K.P. Singh, 2008. Molecular genetic characterization
of Kutchi breed of goat. Current Science, 95: 946-952.
Crawford, A.M., K.G. Dodds, C.A. Pierson, A.J]. Ede,
G.W. Montgomery, H.G. Garmonsway, A.E. Beattie,
K. Davies, J.F. Maddox, S.W. Kappes, R.T. Stone,
T.C. Nguyen, J.M. Penty, E.A. Lord, J.E. Broom, J.
Buitkamp, W. Schwenger, J.T. Epplen, P. Matthew,
M.E. Matthews, D.J. Hulme, K.J. Beh, R.A. McGraw
and C.W. Beattie, 1995. An autosomal genetic linkage
map of the sheep genome. Genetics, 140: 703-724.
Botstein, D., R.L. White, M. Skolnick and
R.W. Davis, 1980. Construction of genetic linkage
map in man using restriction fragment length
polymorphism. American Journal of Human Genetics,
32:314-331.

Guo, S.W. and E.A. Thompson, 1992. Performing the
exact test of Hardy-Weinberg proportions for
multiple alleles. Biometrics, 48: 361-372.

Hartl, D.L. and A.G. Clark, 1989. Effective allele
number in: Principle of population genetics, 2nd Edn.
Sinaure Associates, Stunderland, M.A.(Eds.),
pp: 125.

Nei, M., 1978. Estimation of average heterozygosity
and genetic distance from a small number of
individuals. Genetics, 89: 583-590.

Yeh, F.C., R. Yang and T. Boyle, 1999. POPGENE
Version 3.1, Microsoft Window—based Freeware for
Population Genetic Analysis, University of Alberta.
Edmonton, AB, Canada.

Maudet, C., C. Miller, B. Bassano, C. Breitenmoser-
Waursten, D. Gauthier, G. Obexer-Ruff, B. Michallet,
P. Taberlet and G. Luikart, 2002. Microsatellite DNA
and recent statistical methods in wildlife
conservation management: applications in Alpine
Ibex (Capra ibex). Molecular Ecology, 11: 421-436.
Barker, J.S.F., S.S. Moore, D.J.S. Evans, S.G. Tan and
K. Byrne, 1997. Genetic diversity of Asian water
buffalo: microsatellite variation and Comparison with
protein-coding loci. Animal Genetic, 28: 103-115.



26.

27.

28.

29.

30.

31.

Global Veterinaria, 4 (2): 118-124, 2010

Moioli, B., A. Georgoudis, F. Napolitano, G. Catillo,

E. Giubilei, C.H. Ligda and M. Hassnane, 2001.

Genetic diversity between Italian, Greek and Egyptian
buffalo populations. Livestock Production Science,
70: 203-211.

MacHugh, D.E., M.D. Shriver, R.T. Loftus,
P. Cunningham and D.G. Bradley, 1997. Microsatellite
DNA variation and the evolution, domestication and
phylogeography of Taurine and Zebu cattle (Bos
taurus and Bos indicus). Genetics, 146: 1071-1086.
Gutierrez-Gil, B., M. Uzun, J. Arranz, F.S. Primitivo,
S. Yildiz, M. Cenesiz and Y. Bayon, 2006. Genetic
diversity in Turkish
Scandinavia, Section A-Animal Science, 56: 1-7.
Barker, J.S.F., S.G. Tan, S.S. Moore, T.K. Mukherjee,
J.L. Matheson and O.S. Selvaraj, 2001. Genetic
variation within and relationship among populations
of Asian goats (Capra hircus). J. Animal Breeding
and Genetics, 118: 213-233.

Kalinwski, S.T., 2002. How many alleles per locus
should be used to estimated genetic distances.
Heredity, 88: 62-65.

De  Araujo, AM., S.EF.  Guimaraes,
T.M.M. Machado, P.S. Lopes, C.S. Pereira, F.L.R. Da
Silva, M.T. Rodrigues, V.D.S. Columbiano and
C.G. Da Fonseca, 2006. Genetic diversity between
herds of Alpine and Sannen dairy goats and the
naturalized Brazilian Moxoto breed. Genetic
Molecular Biology, 29: 67-74.

sheep. Acta Agriculture

124

32.

33.

34.

35.

Laval, G., N. Iannuccelli, C. Legault, D. Milan,
M.AM. Groenen, E. Giuffra, L. Andersson,
P.H. Nissen, C.B. Jorgensen, P. Beeckmann,
H. Geldermann, J.L. Foully, C. Chevalet and L. Olivier,
2000. Genetic diversity of eleven European pig
breeds. Genetics Selection Evolution, 32: 187-203.
Luikart, G., M.P. Biju-Duval, O. Ertugral,
Y. Zagdsuren, C. Maudet and P. Taberlet, 1999.
Power of 22 microsatellite markers in fluorescent
multiplexes for parentage testing in goats (Capra
hircus). Animal Genetic, 30: 431-438.

Callen, D.F., A.D. Thompson, Y. Shen, H.A. Phillips,
R.I. Richards, J.C. Mully and G.R. Sutherland, 1993.
Incidence and origin of "null" alleles in the (AC)n
Microsatellite markers. American Journal of Human
Genetics, 52: 922-927.

Pemberton, J.M., J. Slate, D.R. Bancroft, J.A. Barrett,
1995. Non amplifying alleles at microsatellite loci: a
caution for parentage and population studies.
Molecular Ecology, 4: 249-252.



