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Abstract
Effective conservation, rational management and inadequate information on genetic
diversity arethe major challengesin livestock production. Genetic diversity hasbeen used to
reveal the extent of differentiation within livestock species. However, information on the use
of allozymes in genetic diversity of the West African Dwarf (WAD) goat is insufficient.
Therefore, genetic diversity of the WAD goat populations in southwestern Nigeria was
investigated in this study. Three protein loci markerswere used. Blood (5 mL each) samples
wererandomly collected from20, 20, 40 and 60 goatsfromOndo, Oyo, Ogun and Osun Sates
respectively. The samples were subjected to cellulose acetate electrophoresis to determine
the genetic variants at Haemoglobin (Hb), Carbonic Anhydrase (CA) and Transferrin (Tf)
loci. Another set of blood (5 mL) from 20 different individual animals were randomly
obtained from each of Ondo, Oyo, Ogun, and Osun Sates. Allele frequency, observed
heterozygosity (H,), Polymorphic Information Content (PIC), F-statistic (Fg; F,; and F,J),
geneflow (Nm), genediversity (D), number of allelesper loci (A,), effective number of allele
(Ao), Mean Number of Allele (MNA) were generated from the data obtained. Data were
analysed using Hardy-Weinberg equilibrium (HWE) at a ,,, The allele frequency ranged
between 0.11 (Hb™) and 0.58 (Hb™), 0.17 (CA™) and 0.44 (CA™) and 0.08 (Tf*) to 0.60
(Tf"®). Deviation from HWE was not significant in all populations except at Tf locus (0.00).
The H,ranged from 0.43 to 0.62 andNm and D ranged between 3.68 and 32.40 and 0.34 to
0.50 respectively. The MNAwas 0.67 but Acranged from 1.52t0 2.00. The allozymesrevealed
some level of genetic diversity and a genetic differentiation indicative of the amount of
genetic differencesamong individual swithinthe West African Dwarf goat population.
Keywords: Goat polymorphism, allozyme markers, genetic and biochemical
characterisation, geneticvariability

Introduction

Geneticimprovement of indigenous breeds mean number of alleles (MNA), observed
of livestock is very valuable because of (H,) and expected (H,) heterozygosity are
high adaptability to harsh environmental the most commonly calculated population
conditions of nutrition, climate and disease genetic parameters for assessing within
compared with exotic breeds (Fitzhugh et breed diversity (Hanotteand Jianlin, 2005).
al., 1992). According to Groeneveld et The time of goat domestication was before
al.(2010) many breeds of livestock may 7000BC around the boarders of the present
becomelost germplasmin many thirdworld day Iranand Iraqg, (Mason, 1984). Domestic
countries due to crossingwith exotics,  goatswithscimitar-likehorn areconsidered
which in addition to uncontrolled breeding to have descended from Bezoar goat
in extensive management systems pose a  (Capra hircus aegargus) in South Asia,
greatrisk fortheloss of valuablegenes. The  where the wild form still exists. However,
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the short-eared and short-horned goat
maintained their presence in the equatorial
West, Central and East Africa In humid and
hot climate of West and Central Africa, the
present day goats of this type tend to be
dwarf, whichisbelieved to bedueto natural
selection on thermoregulation under the
unfavourable humid and hot climate. In
addition the West African Dwarf (WAD)
goat often has short bowed legs attributed
to achondroplasia (Wilson, 1991). The
distribution of this goat type extends
southwardsthrough Central Africaasfar as
Zaire, Angola and the north of Namibia
(Mason, 1984). WAD goat probably
evolved specidly in response to the
conditions of the humid forest zone by
selection of recessive genes for dwarfism
(Wilson, 1991). Thetruetypeof thisgoat is
considered to be confined to fifteen
countries in West and Central Africa, al of
which except the Central African Republic
have an Atlantic coastline (Guinea Bissau,
Guinea, Liberia, Sierra Leone, Cote
d'lvoire, Ghana, Togo, Benin, Nigeria,
Cameroon, Congo, Equatorial Guinea,
Gabon, Zaire, and Central African
Republic). It is also found in Senega
(Wilson, 1991). The ability of goats to
tolerate harsh climates, the presence of
trypanotolerance in some breeds (Salako,
2004), suitability to traditional systems on
account of small size, short generation
interval (Abdul-Aziz, 2010) and ability to
thrive on poor quality diets provided by
scarce grazing on marginal lands (Adedgi
etal., 2011) all combineto make WAD goat
strategic to increasing livestock
productivity in rural agricultural systems
(Adebambo et al., 2004; Adedgji et al.,
2011). Despite these advantages, little
attention had been paid to the genetic
characterization and possible improvement
of small ruminants in Nigeria. Severa
reports on performance characteristics
have been published by Odubote and
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Akinokun (1992); Odubote (1994a, b);
Ebozoje and Ngere (1995); Ozoje (1998)
and Imumorin et al. (1999). There arethree
main breeds of goat in Nigeria, the West
African Dwarf, the Sokoto Red and the
Sahel. Goats are renowned for their
hardiness and can survive in most
environments. West African Dwarf goats
are kept in the forest zones and in the
Middle belt; Sokoto Red are kept
throughout the north; and Sahelgoats are
restricted to a strip along the frontier with
the Republicof Niger (Bourn et al., 1994).
The future development of livestock
production in sub-Saharan Africa is
hindered by limited knowledge of the
genetic potential of the local genetic
resources and ways to best utilize these
resources in a sustainable manner.
Traditional methods used to study
genetic variability of animals and
populations employed polymorphism in
protein markers and genetic variation of
haemoglobin (Buvanendran et al., 1981;
Imumori et al., 1999) and transferrin types
in goats (Moruppa, 1985; Kitalyi, 1998;
Yakubu et al., 2010a, b; Mourad et al.,
2001). Although DNA-based technologies
are now the methods of choice for genetic
characterization of livestock (Arora et al.,
2011), several alternative assays, such as
protein/ allozyme polymorphisms, remain
tremendously useful, especially in
developing countries, because of their
utility, ease, cost and amount of genetic
information accessed or simplicity of data
interpretation (Rege and Okeyo, 2006).
Mwacharo et al. (2002) reported that for
populations whose genetic status is
unknown, protein polymorphism may be
used first to verify the degree of genetic
relationship and to prioritize breeds to be
analysed using microsatellites. There is
dearth of information on the genetic
variability of Nigerian breeds of WAD goat
based on blood protein polymorphism
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especially the extent of natural genetic
variation in WAD goats in Nigeria
Therefore, the present study aimed at using
allozyme analysis in investigating and
estimating genetic diversity among
different populations of WAD goat breeds
in Southwestern Nigeria. Theresultsof this
study will provide useful genetic
information essential for developing more
effective extensive molecular
characterization of WAD goat in Nigeria
and understand the genetic diversity of
WAD goat to implement steps so as to
ensure their conservation and rational
utilization for improvement of this genetic
resourcesand productivity for thebenefit of
thefarmers.

Materialsand methods

Experimental procedure

One hundred and forty animals, twenty
from each sampling area comprising |jebu-
Ode and Ado - Odo, (Ogun state), Ondo,
(Ondo dtate), lle —Ife, Osogbo and Iwo,
(Osun state), and Ibadan, (Oyo state), were
randomly selected. Blood was collected
from each animal by jugular venipuncture
and placed in heparinized tubes to prevent
coagulation. Red blood cell was harvested
from the blood blood by centrifuging at
2500-3000 rpm for 10 mins at 4 °C. The
Red Blood Cell (RBC) was washed in
sdine (0.155M NaCl) three times and
centrifuged at 2500-3000 rpm for 5 mins at
4 °C. The RBCs were lysed with a
fourthfold volume of digtilled H,O to
release heamoglobin according to RIKEN
(2006). The plasma fraction is separated
from the erythrocyte fraction of
haparinized blood by centrifuging at 2500-
3000 rpm. Cellulose Acetate
Electrophoresis was performed according
to RIKEN (2006). Band scoring was
carried out to visualizethe protein bands.
Statistical analysis

Tools for Population Genetic Anayses
(TFPGA) (Miller, 1997) software was used
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to generate the genetic distance according
to Nei (1972), the allele frequency,
observed and expected heterozygosity,
Hardy-Weinberg Equilibrium, the
inbreeding coefficients i.e Wright's F,, and
F., F, egtimates, from the data obtained
from the laboratory analysis and drawing
UnPaired Group Method of Algorithm
(UPGMA) dendrogramswasal sao done.

Resultsand discussions

Proteins markers used in this study were
similar to Rout et al. (2008) for diversity in
Indian goats. From Table 1, all loci studied
were polymorphic as indicated by the
Shannon information index (SI1)>0.50,
which make them useful in genetic
diversity studies. The Shannon information
index ranged between 0.53 to 0.69 with an
overal mean of 0.63+0.09. The tota
numbersof allelesper locus(2) and high Sl1
values suggested that these markers are
informative for genetic diversity in WAD
goats sampled and that Nigerian goats
possess a wide genetic base that alows for
adaptation to a wide variety of ecological
environments. Allelic richness of 2 in this
study, is lower than 8.1-9.7 obtained from
microsatellite analysis of Indian goats by
(Rout et al., 2008), average of 7.3inIranian
goats (Mahmoudi et al., 2010), averageof
5.9 in Canary Island goats (Martinez et al.,
2006), and aso lower than the Spanish
Guadarrama goats with 9-36 (Serrano et
al., 2009) and Nigeria goats with 8-26
(Okpeku et al., 2011). This may be due to
higher level of polymorphism in
microsatellite than in protein markers.
However it falls within the range 2-7
obtained for Nigerian sheep using the same
protein maker (Akinyemi and Salako
2012). Salako et al. (2007) reported same
value for haemoglobin in WAD goat while
higher value (3) was reported by Jaayid
2012 for transferrin in Iragi goat. Gene
diversity of 0.34inHband 0.50in Tf, were
lower than 0.54 and 0.51 reported by
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Muema et al. (2009) and Adebambo et al.
(2011) in Nigerian goats for microsatellite
loci. However this value was higher than
0.44 and 0.38 reported by Salako et al.
(2007) and Akinyemi and Salako (2012) in
Nigerian WAD goat and sheep. Thishigher
value indicated an increasing genetic
variability in Nigerian WAD goat.
However, al the loci except transferrin
locus had H, lower than their
expectedvalues indicating departure from
random mating which suggest that they are
homozygousin these popul ations and may
indicate on-going selection or may be
linked to other loci affecting
morphological, productive or adaptive
traits under going selection (Dixit et al.,
2008; Bruno-de-Sousa et al., 2011) or
result from mating between relatives and
consequent genetic drift, similar to what
has been observed in many other goat
populations (Aghaet al., 2008; Rout et al .,
2008; Dixitetal., 2009).

Measuresof geneticvariability

Table 2 Showed that the average H,ranged
from 0.43 in sample from Ondo to 0.62 in
sample from Ogun.The mean H. an
indication of gene diversity ranged from
0.39 in the sample from Osun to 0.48 in
sample from Ogun, indicating that the
sample from Osun showed the lowest gene
diversity, while the sample from Ogun
showed the highest gene diversity among
WAD goats populations. The mean
numbers of dleles per locus (MNA)
remained constant (0.67) for the entire
populations. Also the Total Number of
Alleles (TNA) was constant for all the
populations. Deviations from Hardy-
Weinberg's Equilibrium (HWE) were
statistically significant (P< 0.05) in 1 locus
in Oyo and Osun state and 3 loci in both
Ogun and Ondo state. The mean number of
alleles observed over a range of loci in
different populations in Table 2 was
considered to be a reasonable indicator of

28

genetic variation within the populations
(Cavalli-Sforza 1998). When compared to
7.77 from the Kalahan Red goat breed from
South Africa(Kotze et al., 2004), the WAD
goat showed lower mean number allele of
0.67 in all sample population. This was
lower than what was reported by Ganai and
Yadav (2001) in three Indian goat breeds
using heterol ogous microsatel lite markers-
Sirohi (4.12), Jamnapari (4.00) and Barbari
(3.37). Generaly, the mean number of
aleles is highly dependent on the sample
Size because the number of observed alleles
tends to increase depending on the
population size.Heterozygotes values
obtained with microsatellite markers are
generally higher (due to higher levels of
polymorphism) than those obtained with
protein markers. In comparison studies
between protein markers and
microsatellites, have brought out the
advantages of the latter, Arranz et al.,
(1996).

Observed and expected Heter ozygosity
Alsofrom Table2theH,isgenerally higher
than the H. for al populations sampled
except for sample from Ondo, indicating
departure from random mating which
suggested that the populations were
homozygous in nature and may aso
indicate on-going selection or may be
linked to other loci affecting
morphological, productive or adaptive
traits undergoing selection (Dixit et al.,
2008; Bruno-de-Sousaet al., 2011) or may
have resulted from mating between relative
and consequent genetic drift, smilar to
what has been observed in many other goat
populations (Aghaet al., 2008; Rout et al.,
2008; Dixit et al., 2009). A more
appropriate measure of genetic variation
within a population was gene diversity
(average expected heterozygosity) (N,
1987) and it ranged from 0.39 in popul ation
from Osunto00.48in population from Ogun.
These value falls within the recommended
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average heterozygosity of 0.3 and 0.8
(Takezaki and Nei, 1996). According to
them, markers are considered useful for
measuring genetic variation, when they
have an average heterozygosity ranging
from0.3 to 0.8 in the populations. This
again confirmed that these markers were
appropriate for measuring genetic
variation.H; value reported in this study
(0.39-0.48) is lower than 0.51 reported by
Adebambo et al. (2011) in Nigerian goats,
0.72for Egyptian goats (Aghaet al., 2008),
0.63-0.69 in South African goats (Visser et
al., 2004) and 0.60-0.92 reported by
Okpeku et al., 2011 though they are al
from microsatellite loci which are highly
polymorphic. These values were higher
than 0.44 reported by Salakoet al., 2007 for
proteinlocus.

Deviation from Hardy-Weinberg's
equilibrium

Also from table 2, deviation from Hardy-

Weinberg's Equilibrium which was very
highly significant (P<0.001) in three
populations (Ogun, Ondo, and Osun state)
and was highly significant (P<0.01) in
sample from Oyo state was a confirmation
of departure from random mating which
suggest that the populations were
homozygous in nature as revealed by the
measure of heterozygosities and may also
indicate on-going selection or may be
linked to other loci affecting
morphological, productive or adaptive
traits undergoing selection (Dixit et al.,
2008; Bruno-de-Sousa et al., 2011). These
result alsoimplied that the popul ations must
have been subjected to certain level of
inbreeding as a result of some form of
selection within the various sampled
populations, (Dixit et al., 2008; Bruno-de-
Sousaetal., 2011).

Table 1. Measures of genetic variation at studied blood protein loci in West African dwarf goat

SN Loci Sample Observed Effective  Shannon's  Heterozygosity Heterozygote
size no of number of information Observed Expecteds Nei's deficiency
aleles aleles index

1 Hb 123 246 152 0.53 0.34 0.34 034 028

2 CA 123 246 194 0.68 0.46 0.49 048 -0.70

3 Tf 125 250 2.00 0.69 0.84 0.50 050 -0.13

Mean 123.67 247.33 1.82 0.63 0.55 0.44 044  -0.18

St. Dev 0.00 0.26 0.09 0.26 0.09 0.09 0.50

Hb ----->Haemoglobin, CA ---->Carbonic anhydrase, Tf---->Transferrin

Table 2: Total number of alleles, mean number of alleles, observed and expected heterozygosity and
deviation from Hardy-Weinberg’s equilibrium in different population of WAD goat

Population Sample  Total number  Alleleslocus  Heterozygosity Heterozygosity  DHWE
size of dleles (MNA) (Observed)(Ho) (Expected)(He)
(TNA)
Ogun 40 2 0.67 0.62 0.48 Kk
Ondo 10 2 0.67 0.43 0.47 il
Osun 53 2 0.67 0.52 0.39 TH**
Oyo 20 2 0.67 0.55 0.46 1**

Themean number of alleles per locus (NA), Total Number of Alleles (TNA), Mean Number of Alleles (MNA), Deviation

from HardyWeinberg’s Equilibrium (DHWE)
F- Statistic
From Table 3 observed F, values ranged

from -0.66 for Tf to 0.18 for Hb. Increasing
F. values suggested some measure of
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homozygosity and heterozygote deficit
resulting from relatedness of individuals
which may be as a result of inbreeding
within the populations of WAD goat. F
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valuesranged from -0.67 (Tf) to 0.13 (Hb)
with amean of -0.21. Negative F . suggest
that the populations are outbred (has an
excess of heterozygotes), though the value
is positive for two (Hb and CA) loci
suggesting that the population is deficient
in heterozygote (an in bred populations) at
those loci while negative F¢ at Tf locus
suggested excess heterozygote which have
also been reported in other studies on goats
(Barker et al., 1997; Luikart et al., 1999;
Aghaet al., 2008; Rout et al ., 2008; Dixit et
al., 2009). Heterozygote deficiencies may
be due to factors like, population
subdivision owing to genetic drift, null
alleles and selection against heterozygotes
or inbreeding (Hoarau et al., 2005).
Although locus Hb showed the highest F,¢
values indicating fixation at this locus,
distinguishing among these factors is
generally difficult according to
Christiansen et al. (1974). The F, values
ranged from0.01 for Tf to 0.06 for Hb. Low

Fs; indicates some measure of gene flow
between the sampled populations, with Hb
locus recording the highest gene flow of
0.06. Mujibi (2005) reported a low F; of
5.8% for WAD goats in Kenya; therefore,
gene flow estimatesin this study suggested
mobility and considerable exchange of
genetic material among these WAD goats
populations. These could be attributed to
thefact that most of theseanimal sarereared
under extensive system of management
allowing the animals to roam freely and
fend for themselves in most rural
households and communities and also as a
result of interstate movement of these
animals by man. This enables and
reinforces the ability of related animals to
meet on pasture to breed or for neighbours
to exchange related animals for up keep or
breeding. According to Laval et al. (2000),
migration may exert a greater effect than
mutation or drift on thereductionin genetic
differentiation between populations.

Table 3: Wright’s F-statistics analyses for 3 protein loci in WAD goats

Locus F (Fig) O (Fs7) F (Fir) Nm
Hb 0.13 0.06 0.18 3.68
CA 0.05* 0.03* 0.08 8.15
Tf -0.67 0.01** -0.66 32.40
Mean -0.21 0.03* -0.17 14.74
*Nm = Gene flow estimated from Ft =0.25(1 - Fst)/Fst.Hb ----->Haemoglobin, CA-->Carbonicanhydrase, ~ Tf ----

>Transferrin.

Number of alleles

Table4revealedtotal numbersof allelesper
locus across all populations was 2 and this
aleicrichness(2) waslower than observed
8.1-9.7 in Indian goats (Rout et al., 2008),
average of 7.3 in Iranian goats (Mahmoudi
et al., 2010), and average of 5.9 in Canary
Island goats (Martinez et al., 2006), 9-36 in
Spanish Guadarrama goats (Serrano et al.,
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2009) and 8-26 in Nigeriagoats (Okpeku et
al., 2011), but similar to what was reported
by Salako et al. (2007). A total of 6 aleles
were observed in the investigated loci. All
loci sampled were polymorphic. Equal
numbers of alleleswere observed in all the
investigated loci and the highest number of
aleles(2aleles) occurredinall theloci and
acrossall populations.
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Table 4: Allele frequencies at thehaemoglobin, carbonic anhydrase and transerrineloci of WAD goat

population from Ogun, Ondo, Osun and Oyo state

Locus Allele Ogun Ondo Osun Oyo AveragetSD
Hb Hb* 0.33 0.40 0.10 0.23 0.26+0.13
Hb® 0.68 0.60 0.90 0.78 0.74+0.11
CA CAF 0.43 0.25 041 0.48 0.39+0.10
CAS 0.58 0.75 0.59 0.53 0.61+0.10
Tf TfA 0.50 0.50 0.45 0.58 0.51+0.05
Tf® 0.50 0.50 0.55 0.43 0.49+0.05

Hb ----->Haemoglobin, CA ---->Carbonic anhydrase, Tf---->Transferrin.

Table5: Genotype frequencies of WAD goat population from Ogun, Ondo, Osun and Oyo state at
haemoglobin, carbonic anhyrase and transferrin loci

Ogun Ondo Osun Oyo AveragetSD
Haemoglobin
HoA NA 0.30 0.02 0.10 0.11+0.14
Hb"B 0.65 0.20 0.17 0.25 0.32+0.22
HoB* 0.35 0.50 0.81 0.65 0.58+0.20
Carbonic anhydrase
CAF 0.28 0.20 0.15 0.05 0.17+0.09
CAFS 0.30 0.10 0.51 0.85 0.44+0.32
CAS 0.43 0.70 0.34 0.10 0.39+0.25
Transferrin
TA 0.05 NA 0.02 0.30 0.09+0.14
TfAB 0.90 1.00 0.87 0.55 0.83+0.20
TfB* 0.05 NA 0.11 0.15 0.08+0.07
NA --- Not available
Hardy-Weinberg'sexact test in the sample from Ondo with the P value

Results of the Fisher's exact test for Hardy-
Weinberg's (HW) equilibrium across laci
and populations, considering the
heterozygote deficit as the alternative
hypothesis, are shown on Table 6. No
significant (p<0.05) multi-locus departures
from HWE proportions were found for all
the populations except population from
Ogun that is significant (p<0.05). Only Tf
locus showed very high significant
(p<0.001) departures from HWE while al
other loci showed no significant (p<0.05)
deviations from HWE. Also, the following
markers were found to be in HWE (P <
0.05) disequilibrium for a specific
population (Table 7). For sample from
Ogun state all the markers showed
significant difference in the HWE
disequilibrium, where the P value ranged
from 0.00 to 0.01, sametrend was observed

ranging from 0.001 to 0.04. In the sample
from Osun state only Tf markers was
significant in the HWE disequilibrium with
P value of 0.00. Also in the sample from
Oyo state only CA maker was found not to
be in HWE with P value of 0.00. The two
talbes (Table 6 and 7) reveded avery high
significant (P<0.001) deviation from
Hardy-Weinberg's equilibrium across all
the populationsfor Transferrin locus, while
all the populations were in Hardy-
Weinberg's disequilibrium except
population sample from Ogun state. The
other two protein marker (Hb and CA) were
found not to be significant (P<0.05) Hardy-
Weinberg's disequilibrium, which suggest
that those WA D popul ationswerein Hardy-
Weinberg's equilibrium for the two protein
loci. All the populations were very highly
significant (P<0.001) in Hardy-Weinberg's
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disequilibrium for Transfferin locus except
for sample from Oyo state which is not
significant (P<0.05). Li et al. (2002)
reported a case of five Hardy-Weinberg's
disequilibrium out of thirteen populations.
Likewise all samples were significant
(P<0.05) in Hardy-Weinberg's
disequilibrium for Carbonic

anhydraselocus except in population
sample from Osun state. For Haemoglobin
locus only sample from Ogun and Ondo
state were significant (P<0.05) in Hardy-
Weinberg's disequilibrium while
population from Osun and Oyo were not
significant (P<0.05).

Table 6: Hardy-Weinberg’s exact test in the WAD goat populations

Population  Pop. Size P-va Locus P-val S.E.
Ogun 40 0.012** Hb 1.000Ns 0.000
Ondo 12 0.732Ns CA 0.714"s 0.013
Osun 53 0.736NS Tf 0.000*** 0.000
Oyo 20 0.631Ns

*=P<0.05 ** =P<0.01 *** = P< 0.001
Tf ---->Transferrine.

Hb

----- >Haemoglobin, CA ---->Carbonic anhydrase,

Table 7: Hardy Weinberg’s equilibrium for four populations of Nigerian WAD goat

Locus/Population  Ogun Ondo Osun Oyo

Hb 0.003** 0.043* 0.467NS 0.157Ns
CA 0.011* 0.010** 0.732N8 0.002**
Tf 0.000*** 0.001*** 0.000*** 0.655NS

*=P<0.05 ** =P<0.01, *** = P< 0.001
Tf ---->Transferrin

Hb

Effective sample size, expected and
observed heter ozygosity

The H, and H, for each locus and goat
population are shown in Table 8. It can be
seenthat H, wasgenerally closetoHfor all
populations indicating no overall loss in
heterozygosity. The value for H. andHin
each of the locus and population ranges
from 0.19 for Hb locus in samples from
Osun to 0.52 for Tf locus in sample from
Ondoand 0.10for CA locusin samplesfrom
Ondoto 1.00 for Tf locus in sample from
Ondorespectively. The H. and H, values
across al loci for different populations
ranged from0.39+ 0.18 and 0.43 + 0.49for
sample from Osun and sample from Ondo
to 0.48 + 0.03and 0.62 + 0.30 for sample
from Ogun. WAD goat sample from Ogun
showed ahigh degree of observed diversity
(i.ehigh heterozygosity) whereas WAD
goat samplefrom Ondo werelessdiversein
termsof theanalyzedloci.
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————— >Haemoglobin, CA ---->Carbonic anhydrase,

Genediversity and Heterozygosity

Aso In table 8 Gene diversity indicated by
H. had arange of 0.19 for Hb in population
from Osunto 0.52 for Tf in population from
Ondo state while the H, ranged between
0.10 for CA in population from Ondo state
and 0.90 for Tf in population from Ogun
state. However, at Transfferin locusin all
the populations and Carbonic anhydrase
locus in two out of the four populationsH,
values were higher than their expected
values indicating random mating which
suggest that they are heterozygous in these
populations and this was confirmed in the
measure of deviation from Hardy-
Weinberg's Equilibrium which was not
significant (P<0.05) in sample from Ogun
state while at the Haemoglobin locus, H,
values were lower than the expected
valuesexcept in sample from Ogun
indicating departure from random mating
which suggest that they are homozygousin
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these populations,and also indicate on-
going selection or may be linked to other
loci affecting morphological, productive or
adaptive traits undergoing selection (Dixit
etal., 2008; Bruno-de-Sousaet al., 2011) or
result from mating between relatives and
consequent genetic drift, similar to what
has been observed in many other goat
populations (Aghaet al., 2008; Rout et al.,
2008; Dixit et al., 2009). Thiscould also be

as a result of scoring bias (heterozygotes
scored wrongly), selection against
heterozygotes or inbreeding Barker et al.
(2001).These result also implied that the
sampled are more of homozygousin nature
meaning that they have been subjected to
certain level of inbreeding as a result of
some form of selection within the various
populations, (Dixit et al., 2008; Bruno-de-
Sousaetal., 2011).

Table 8: Effective sample size (n) and expected and observed heterozygosity (H and Ho) at each locus

for the populationsand for the overall sample

Locus Ogunn=40  Ondon=12 Osunn=53 Oyon=20 Overall sample n= 125
Hb He 0.44 051 0.19 0.36 0.34

Ho 0.65 0.20 017 0.25 0.34

CA He 0.50 040 0.49 051 0.49

Ho 0.30 0.10 051 0.85 0.46

T He 051 0.52 0.50 0.50 0.50

Ho 0.90 1.00 0.87 0.55 0.84

All'Loci He ~ 0.48+0.03 0.47+0.07 0.39£0.18 0.46% 0.09 0.44+ 0.09

Ho 0.62+ 0.30 0.43+ 0.49 0.52+ 0.35 0.55+ 0.30 0.55+ 0.26

Hb ----->Haemoglobin, CA ---->Carbonicanhydrase, Tf---->Transferrin

Conclusion

This study provides important information
for the future conservation of WAD goat
resources. Thereforeitisatool for breeding
improvement because it will alow the
preservation of the WAD goat populations
and control of crossbreeding in future re-
stocking programmes. The result of this
study will be an addition to the basdline
information about the WAD goat
populations in the Southwestern Nigeria
which will be useful for the improvement
programmes of the breed and serve as
reference for larger-scale diversity studies.
Heterozygosities and allelic richness
estimates for protein loci in this study
indicate that WAD goat populations
sampled are a reservoir of WAD goat
diversity. FAO, 1988 reported that Hb"
confer helminth resistance on the carriers
such that the degree of helminth resistance
isdirectly related to the number of dose of
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the A alele in the locus, the result of this
study present the possibility for increasing
helminth/disease resistance (for diseases
that are associated with the hemoglobin
genetic type) through selection against the
Hb® alee. Protein loci analysis reveaed
additional information apart from the
closeness between sample from Ogun and
Oyo which is distinct genetic
differentiation between sample from Ondo
and that of Osun that can suggest that they
are different from each other indicating
greater room for improvement between the
two populations through improvement
programme. The genetic diversity of the
WAD goat popul ation was high asindi cated
by the mean number of allelesand expected
heterozygosities observed for the
populations. The genetic distance results
reveaded a closer relationship between
WAD goat population from Ondo state and
Osunstate.
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