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Abstract. Goats play a variety of roles all around the globe due to their capability to acclimatize different environmental conditions quite quickly since they have
been regarded as one of the first sets of animals domesticated by the human. Even though domestic goats harbor precious genetic materials, research funding
among developing countries is a major drawback for thorough study on them. Therefore, microsatellite markers seem to be affordable and informative.
Genotypic data from different goat breeds across five countries (Nigeria, South Africa, Pakistan, France and Spain) was generated using eleven microsatellite
markers for a comparative study in order to evaluate the usefulness of the available data for genetic characterization and identify the shortcomings of meta-
analyses for combined data. The mean number of alleles (MNA) per population range from 6.44+2.83 alleles for Spanish to 10.25+0.96 for Pakistani goats,
with an overall mean of 13.55+7.28. Observed heterozygosity (Ho) ranges from 0.61+0.02 to 0.83+0.01 for Spanish goats and Pakistani goats, respectively
with an overall mean of 0.65. Ho of the markers used ranged from 0.569 (INRA5) to 0.793 (MM12). Highest and least polymorphic information content (PIC)
was observed in loci MM12 (0.925) and MAF209 (0.489), respectively. All the populations showed significant change from Hardy-Weinberg equilibrium
(P>0.05) indlicating a low level of inbreeding. The genetic distance of each country's goat populations ranged from 0.151 to 4.245. The highest genetic distance
(4.245) was observed between Spanish and Pakistani goats while the lowest were observed between Spanish and French goats. Spanish and French goats
are from a common ancestor while South African, Nigerian and Pakistani goats came from another ancestor or cluster. Alot of genetic admixture in the Nigerian
ecotypes has been observed whereas France and SaudiArabian breeds have been subjected to high amount of selection pressure.

Keywords: goat populations, microsatellite markers, genetic characterization, population structure

Introduction livestock keepers, by reducing poverty and increasing food security
through sustainable agriculture, through the provision of a range of
useful products such as meat, milk and by-products (hide and skin,
hair) (Okpeku etal., 2011).

Over many centuries, goats have been subjected to natural and
artificial selection resulting in a variety of unique indigenous breeds
that need to be conserved for future utilization (Adebambo, 2004;
Hanotte and Jianlin, 2006). Goat populations in several countries
have often been classified according to their phenotypic attributes
such as coat color, ear length and body conformation or size. Some
of the breeds have been named according to their geographical
region or related communities (Blench, 1999; Lawal-Adebowale,
2012). Most of these rural types have not been classified on a
phenotypic or genetic level.

Archeological evidence suggests that goats were one of the
earliest animal species to be domesticated by humans in the
mountainous area of Western Asia (Shrestha and Fahmy, 2005)
around 10000 years ago (Dubeuf and Boyazoglu, 2009; Groeneveld
et al., 2010). This domestication process resulted in a wide
distribution of domestic goats with more than 500 recognized breeds
all over the world (FAO, 2008; Aziz, 2010). Goats have played a
variety of roles such as agricultural, economical, cultural,
sociological and even religious throughout human civilization (Joshi
etal., 2004; Castel etal., 2010).

Small goats (Capra hircus) are considered to be the most

prolific ruminant under a wide range of climatic conditions (Yadav In develo - -

. ped countries some goat breeds have been subjected
and Yadav, 2008; Afroz etal., 2010), and currently play an important to formal selection programs andganimal recording (e.g. Frénce -
role in terms of food and household security worldwide, due to their Ramsay et al., 2000; Baker and Gray, 2004; Lopes et al., 2012
adaptability, resistance to diseases and ability to survive under low 2013) Despité’these ,efforts in some co,untries’ goats seem.t’o havé
input production systems (Joshi et al., 2004; Fajemilehin and ;004 hehind with regards to genetic research and improvement

Salako, 2008; Serrano et al., 2009; Castel et al., 2010). Goat ) oo et a1, 2003; Galal, 2005; Pandey et al., 2006). The studies
production has been pivotal in improving the living standard of poor

* e-mail: faiz.marikar@fulbrightmail.org
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which have tackled genetic diversity of African goats using
microsatellite markers are not few but they have used different
number and distinct microsatellite markers. Therefore, these studies
are not able to give a clear picture about phylogenetic origin of
African goat populations and genetic relationships between them
(Chenyambuga et al., 2004; Hanotte and Jianlin, 2006; Agha et al.,
2008; Missohou et al., 2011; Okepku et al., 2011). Very few studies
have been conducted using SNP markers for performance analyses
of African goat resources (lamartino et al., 2005; Traoré et al., 2009;
Mahmoudi et al., 2010; Lashmar et al., 2016), and usually sample
sizes were the limiting factor due to financial constraints.

Genetic characterization of available goat resources is
important as it describes and defines their genetic makeup and
variation in order to design selection and conservation programs
(lamartino et al., 2005; Mahmoudi et al., 2010). Developments in
molecular biology have revolutionized genetic characterization of
animal genetic resources (Van Marle-Koster and Nel, 2003;
Barcaccia et al., 2013). As a consequence of these developments,
microsatellite markers have proved to be a usable and affordable
marker for a wide range of molecular genetic studies such as
evaluating population structure, analyzing population differentiation
and the reconstruction of phylogenetic relationships among
populations (Li et al., 2002; Baumung et al., 2004; Marikar and
Mustafa, 2014).

In this study, five countries from Africa, Asia and Europe
contributed microsatellite genotypic data from various goat breeds
for a comparative study. The aim was to evaluate the usefulness of
the available data for genetic characterization of the populations and
to identify the challenges for using these genotypes in a meta-
analysis of the combined data.

Material and methods

Genotypic data generated using microsatellite markers were
provided for a comparative analysis by research groups involved in
goat characterization from Nigeria, South Africa, Pakistan, France
and Spain. The details of the samples collected and the sampling
location were tabulated in Table 1.

The rest of the microsatellite markers used to generate the data
are listed on the ISAG/FAO recommended goat panel for genetic
characterization and diversity studies (Rischkowsky and Pilling,
2007; FAQ, 2011). The number of markers varied from only three
markers in Saudi Arabian goats to eleven markers in Nigerian Goats,
with nine markers shared (BM1818, CSRD247, MM12, OarFCB48,
SRCRSP8, INRA063, MAF209, ILSTS011, ETH10, INRA5 and
SRCRSP5) across all the countries for the combined analyses
(Table 2). Since the shared number of markers was so low in
Pakistan and Saudi Arabia, their goat breeds were not included in
the final meta-analyses.

Each separate data set was analyzed using GENALEX 6.5
(Peakall and Smouse, 2012) and Microsatellite Toolkit version 3.1
(Park, 2001) to determine descriptive parameters of genetic
diversity, including MNA (Mean Number of Allele), number of
effective alleles (NEA), H, (Observed Heterozygosity) and expected
heterozygosity (H;) according to Nei (1987). Genetic differentiation
based on Wright's F Statistics between the types within a country
was estimated using FSTAT 2.9.3.2 (Goudet, 2002) and confirmed
with Arlequin . Genetic distances among populations were estimated
using standard genetic distance (Ds) of Nei (1978; Weir and
Cockerham, 1984).

Table 1. Details of goat samples data sourced from five different countries

Country Longitude and Latitude Breed(s) Sample size Microsatellites
France 48°52'N, 2023’ N Saanen 36 10
41053'N, 12027 N Alpine 37 10
Nigeria 6°36°N, 3°21°E Red Sokoto/Maradi 47 1
West African Dwarf 67 1
Sahel 47 1
Pakistan 33°36° N, 73° 04 E Lehri 20 4
Local hairy 20 4
Barbari 20 4
Beetal 20 4
Damani 20 4
Pahari 9 4
Teddy 20 4
Kamor? 20 4
Khurasani 20 4
Nachi 18 4
Jattal 25 4
DDP 25 4
South Africa 25°43'S,28°10°E Boer 46 10
Kalahari 1
47
Spain 37°03°N, 3°36" W MG 40 9

*DDP- Dera Din Panah; MG- Murcia-Granada
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Table 2. Microsatellite markers shared between the countries and respective breeds/populations for combined analyses

Population Sample Microsatellites markers
size
5 I & = o
E 8 o« 8 2 8 8 3 2 o 2
S £ s £ g & %2 5 I £ g
m o = o 7] = = = L = »n
MG 40 X X X X X X X X X
Maradi 47 X X X X X X X X X X X
WAD 67 X X X X X X X X X X X
Sahel 47 X X X X X X X X X X X
Saanen 36 X X X X X X X X X X
Alpine 37 X X X X X X X X X X
Boer goat 46 X X X X X X X X X X
Kalahari 47 X X X X X X X X X X X
Lehri 20 X X X X
Local hairy 20 X X X X
Barbari 20 X X X X
Beetal 20 X X X X
Damani 20 X X X X
Pahari 9 X X X X
Teddy 20 X X X X
Kamori 20 X X X X
Khurasani 20 X X X X
Nachi 18 X X X X
Jattal 25 X X X X
DDP 25 X X X X
Ardi 44 X X X
*MG- Murcia-Granada; WAD- West African Dwarf; DDP- Dera Din Panah
Results

The combined analyses consist of data from Nigeria, France,
Spain and South Africa based on the nine to eleven markers present
in the respective breeds. The analyses for descriptive statistics were
repeated for the parameters mentioned above. A population
structure analysis was performed using STRUCTURE 2.3.4
(Pritchard et al., 2000., Falush et al., 2003) to determine the true
number of populations (K), by using Bayesian-based assignment
principles. The model used for the simulation assumes admixture in
the ancestry, and therefore assumes correlated allele frequencies.
The model assumed the probability of the number of populations (Ln
Pr/X|K/) to be 2 < K < 8. Five independent runs were performed for
each K, and the probability value for each K was averaged over the
runs. The runs were carried out with a burn-in period of 100000
steps, followed by 500000 Markov chain Monte Carlo (MCMC)
iterations.

Analyses of the data by countries are presented in Table 3. The
mean number of alleles (MNA) per population ranged from
6.44+2.83 alleles for Spain to 10.3+0.96 for Pakistani goats, and an
overall mean of 13.6£7.23 (Table 3). The number of effective alleles
(NEA) contributing to the population ranged from 3.23+0.98 for
South Africa to 7.51+1.60 for Pakistani goats. The mean Shannon
index (1) for these five populations showed 1.90+0.70 with the
highest value for Pakistani goat population and the lowest for South
Africa, whereas overall F s was 0.08 with the highest value for Saudi
Arabia Ardi population. Ho values ranged from 0.61£0.02 to
0.83+0.01 for Spanish and Pakistani goats, respectively (Table 3). A
deviation from HWE test, which was performed at each locus on the
overall goat population, revealed significant departure from HWE
(P>0.05).
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Table 3. Basic indicators of genetic variation for the goat populations by countries

Country Sample MNA NEA | H, H, F
size
France 73 7.10(3.25) 3.96(2.18)  1.42(0.60)  0.64(0.02) 0.67(0.23) 0.03
Nigeria 161 9.55(3.64) 409(1.82)  1.53(0.44)  0.65(0.01) 0.71(0.13) 0.07
Pakistan 237 10.25(0.96) 751(1.60)  2.13(0.17)  0.83(0.01) 0.87(0.03) 0.04
South Africa 93 6.55(2.46) 323(098)  1.32(0.27)  0.62(0.02) 0.67(0.09) 0.06
Spain 40 6.44(2.83) 3.90(1.83)  142(054)  0.61(0.02)  0.68(0.21) 0.08
Overall 604 13.55(7.23) 6.47(4.05)  1.90(0.70)  0.65(0.01) 0.78(0.14) 0.08

*MNA=Mean number of alleles; NEA=Number of effective alleles; I=Shannon Index; H,=0Observed heterozygosity;

H.=Expected heterozygosity; Fs=Inbreeding coefficient

All the goat populations showed limited inbreeding, with
inbreeding coefficients (F) values that were low and positive. The
deviation from HWE test, which was performed at each locus on the
overall goat population revealed a significant departure from HWE
(P>0.05) (Table 4). The tested microsatellite markers showed low
levels (p>0.05) of F s with low positive values for 10 loci with only one
locus (INRAS) having a negative value.

However, the average values obtained are not reliable as some
loci were only used in four populations, and will not give an accurate
reflection of the parameters. As a sample, SRCRSP5 was only used
in 4 populations, while ILSTS011 was applied in all the populations'
analyses. The values obtained from these two loci are very similar
forthe first parameters in Table 4, but differ significantly for F , and F;
estimation. This is due to the limited use of SRCRSP5 in the total
population and indicates the bias that will be part of the meta-
analyses if the loci are not included at a similar rate across
populations.

The mean F; value (0.334) demonstrates that only about
33.4% of the total genetic variation was attributable to differentiation

Table 4. Diversity indices for microsatellite markers commonly

between populations and 66.6% was due to intrapopulation
differentiation.

The global F; is 0.333, while in this study F; ranged from 0.113
shown by OarFCB48 to 0.749 by SRCRSP5, which indicates
different degrees of genetic differentiation.

The genetic distance in each country goat populations based on
Nei (1978) have been observed from 0.151 and 4.245 (Table 5). The
highest genetic distance (4.245) was observed between Spanish
and Pakistani goats and the lowest was observed between Spanish
and French ones. The genetic relationship dendrogram (Figure 1)
showed that the Spanish and French goats are from a common
ancestor (the same cluster) while South African, Nigerian and
Pakistani goats came from another ancestor or cluster.

used in this analysis from the five countries

Country Ho Hs Ht PIC Fi Fie Fr Nm

Bm1818 0.720 0.792 0.875 0.901 0.084 0.176 0.100 2.243
CSRD247 0.689 0.702 0.793 0.777 0.011 0.364 0.357 0.450
MM12 0.793 0.845 0.915 0.925 0.053 0.130 0.081 2.832
OarFCB48  0.782 0.803 0.883 0.902 0.020 0.113 0.095 2.381
SRCRSP8  0.660 0.724 0.832 0.808 0.081 0.408 0.356 0.453
INRAG3 0.587 0.679 0.699 0.645 0.128 0.418 0.332 0.503
MAF209 0.330 0.367 0.482 0.489 0.096 0.605 0.563 0.194
ILSTS 011 0.659 0.758 0.848 0.875 0.124 0.221 0.111 1.998
ETH10 0.607 0.634 0.655 0.587 0.035 0.376 0.353 0.458
INRAS 0.569 0.544 0.567 0.505 -0.052 0.595 0.615 0.156
SRCRSP5  0.604 0.692 0.773 0.785 0.120 0.749 0.715 0.100
Overall 0.636 0.685 0.757 0.746 0.064 0.378 0.334 1.070

*Ho= mean observed heterozygosities; Hs= mean gene diversities within population; Ht= Gene diversities overall;
PIC= Polymorphic Information Content; F = Inbreeding Coefficient; F,.= Global deficit of heterozygote;
F.,= Differentiation among sub-populations; Nm= gene flow/ number of migrant alleles
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Figure 1. Genetic distance trees (Nei's 1978) among
the goat populations studied

Table 5. Nei's genetic distance (below diagonal)
and genetic identity (above diagonal)

SPN NGN FRN SAF PAK

SPN - 0703 0860 0504 (014
NGN  0.352 - 0779 0733 002
FRN 0151 0.250 - 061 0020
SAF 0686 0311 0493 - 002
PAK 4245 3651 3904  3.802

*SPN= Spanish; NGN= Nigerian; FRN= French;
SAF= South African; PAK= Pakistani

Figure 2. Population structure for the combined analyses for four countries with 11 common markers (K = 8)

Figure 2 shows the population structure of the combined
analyses for four countries with nine markers in common where eight
populations can be distinguished. Populations are all Nigerian
ecotypes, these are followed by France, South African and Spain
ecotypes. Nigerian ecotypes showed high amount of different
admixture whereas South African and Spanish showed highly
homogenous admixture.

Discussion

Mean number of alleles is 13.6+7.23 for the tested populations
which is higher than the value obtained (8.1) for the Croatian spotted
goat (Mahmoudi et al., 2009) and the Markhoz goat (Ramljak et al.,
2011), Egyptian and Saudi goat breeds (8.5) (Mahrous et al., 2013)
and Egyptian and ltalian goat breeds (6.5) (Agha et al., 2008) and
Pakistani goat breeds (3.2 in Damani and 4.6 in Nachi) (Hussain et
al., 2013). Whereas Indian indigenous goat breeds such as Kutchi,
Gohilwari, Mehsana, Zalawadi, Gohilwari and Surti showed close
value to our study. However, a mean number of alleles depends on
sample size and number of observed alleles. When the sample size
is increased, the presence of unique alleles within populations,
which occurs in low frequencies, tends to increase. The number of
alleles scored for each marker is a good indicator for the future
usefulness of the marker in genetic diversity studies. Number of
effective alleles usually increases with the increase in
heterozygosity. Therefore, alleles with low frequencies contribute
very little to the effective number of alleles. The high values obtained
for the PAK population is probably an overestimation due to the
limited number of markers used. These values compare favorably
with diversity studies conducted in a number of goat populations by

Croatian spotted goat (Mahmoudi et al., 2009) the Markhoz goat
(Ramljak etal., 2011) and Egyptian and Saudi goat breeds (Mahrous
etal.,,2013).

In population diversity studies, Shannon index is the most
widely used which considers the abundance and evenness of the
species studied. The mean Shannon index for overall populations
was 1.90+0.70 suggesting the species richness is on the higher side
therefore, the conservation strategies for these goat populations
would be an ideal option. Lower Shannon index values were
reported in Jamunapari (1.07+0.51) (Gour et al., 2006) and Marwari
(1.30) (Kumar et al., 2005) goats of India. On the other hand,
Gohilwari (1.60+0.69) (Kumar et al., 2009) and Mehsana
(1.91£0.64) (Aggarwal et al., 2007) goats showed higher values.
This level of inbreeding may be as a result of moderate level of
mating between closely related individuals (Mahrous et al., 2013).
Low inbreeding values were also reported within 45 rare breeds of
15 European and Middle East countries (Canon etal., 2006).

Similar values for expected heterozygosity were observed in
Gohilwadi (0.67), Surti (0.64) (Fatima et al., 2008), Damani (0.56)
and Nachi (0.63) goat (Hussain et al., 2013), Swiss goat breeds
(0.66) (Glowatzki-Mullis et al., 2008), Marwari (0.63) (Kumar et al.,
2005), Australian Saanen (0.62) (Kim et al., 2002) and Kalahari Red
goats (0.63) (Kotze et al., 2004). An overall Ho mean of 0.65 was
obtained, which is lower than that of the Croatian spotted breed
(0.76) (Jelena et al., 2011), Spanish Guadarrama (0.78) (Serrano et
al., 2009) and Damani (0.73) (Hussain et al., 2013), but higher than
Sub-Saharan breeds (0.56) (Muema et al., 2009), Korian goats
(0.36) (Kim et al., 2002), Nachi of Pakistan (0.51) (Hussain et al.,
2013) and Jamunapari of India (0.42) (Gour et al., 2006). Observed
heterozygosity values were lower than the H; values for all the
populations and yet still show high genetic variability, which might be
due to low selection pressure, large population size and immigration
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of new genetic materials (Mahrous et al., 2013). The value obtained
for the Pakistani goats from this study is, however, most probably an
overestimation, due to the small number of markers. Higher genetic
variability is due to low selection pressure, large population size,
insertion of new genetic material through immigration of new gene
and the instability of the population at the majority of the
microsatellite loci studied.

Most of these indices, i.e., heterozygosity measures, allele
frequencies, number of alleles and PIC clearly show that these goat
populations have considerable amount of genetic polymorphism
that could be used in conservation programs and for sustainable
livestock raising. According to Hartl (1989), per pair F;value equals
to 0.05is indicative of moderate differentiation between populations.
The pair F; values reported in the present investigation in all tested
loci was higher than 0.05, which may indicate a high differentiation
between populations under investigation. A situation which could be
expected of populations geospatially separated while undergoing
local selection.

Our results are intermediate between observed Heterozygosity
levels varying between 0.64 and 0.61, but it should be noted for the
countries with nine to one markers indicating a moderate level of
diversity. Estimates from studies on Croatian spotted breed (0.76)
(Jelena et al., 2011), Spanish Guadarrama (0.78) (Serrano et al.,
2009) were similar to this study. Lower values have been reported for
Sub-Saharan breeds (0.56) (Muema et al., 2009), Korian goats
(0.36) (Kim et al., 2002) and Jamunapari of India (0.42) (Gour et al.,
2006), butit should be noted that studies are not directly comparable
due to number of markers, choice of markers and samples sizes.
This may be due to the high geographic distance between the areas
in the investigated countries. The Nm value ranges from 0.100 for
locus SRCRSP5 to 2.832 for MM12 locus. This is an indication that
migration has a great effect on genetic differentiation reduction
between populations (Laval etal., 2000).

All the goat populations showed limited inbreeding, with F
values that were low and positive. Low inbreeding values were also
reported within 45 rare breeds of 15 European and Middle East
countries (Canon et al., 2006). As Ollivier and Foulley (2005)
concluded, low level of inbreeding (<0.10) can be a result of lower
levels of mating between closely related individuals in field
conditions. A positive value of F ¢ indicates that there is an increased
percentage of homozygote, and population may be inbred, the larger
the percentage, the greater the extent of inbreeding. The negative
value for F indicates that there are more heterozygote individuals
than expected; this might happen for the first few generations after
two previously isolated populations become one.

Only about 33.4% of the total genetic variation was attributable
to differentiation between populations and 66.6% was due to within
population differentiation. According to Hartl (1989), per pair Fq;
value equals to 0.05 is indicative of moderate differentiation between
populations. The pair F; values reported in the present investigation
in all tested loci was higher than 0.05, which may indicate a high
differentiation between populations under investigation. The global
F; is 0.33, while in this study F, ranged from 0.11 shown by
OarFCB48 to 0.75 by SRCRSP5 which indicates different degrees
of genetic differentiation. Generally animal species F; ranges from 0
to 0.2 whereas plants show higher values. This may be due to the
high geographic distance between the areas in the investigated
countries. The Nm value ranged from 0.10 for SRCRSP5 to 2.8 for
MM12 locus with a mean of 1.07, which reflects the high gene flow
between these isolated populations. This is an indication that
migration has a great effect on genetic differentiation reduction
between populations (Laval etal., 2000).
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The average values obtained for fixation indices come to
reformulate the real image since some loci were only used in four
populations, and will not give an accurate reflection. As a case in
point, SRCRSP5 was only used in four populations, while ILSTS011
was applied in all the populations' analyses. The values obtained
from these two loci are very similar for the first parameters in Table 3,
but differ significantly for F; and F; estimation. This is due to the
limited use of SRCRSP5 in the total population and indicates the
bias that will be part of a meta-analysis if the loci are notincluded ata
similar rate across populations.

The cluster analysis from Nei's dendrogram confirmed the
closeness of Spanish and French goat populations, both clustered
independently from Nigerian, South African and Pakistani goat
populations at 14.7, 28.5 and 194.7 genetic distance. Itis interesting
to note that a lot of admixture has been displayed by four Nigerian
ecotypes, whereas South African and Spanish breeds showed
homogenous admixture. Thus, Nigerian ecotypes face higher
selection pressure to be confirmed by F value when compared to
other breeds evaluated in this study. This displays that genetic
diversity of breeds is directly linked to the areas of origin, suggesting
that breeds which have diverged recently have a closer relationship
than breeds which diverged long time back (Maudet et al., 2002).
Low levels of population structure in various animal-production
systems is an attribute of non-random mating systems, selection by
features of economic importance, and the intensive use of
reproductive technologies (Serrano et al., 2009). Overall, structure
and phylogenetic analysis displays a complex genetic structure of
goat populations prevailing in these countries, where different
management systems and reproductive techniques have been
employed.

Conclusion

The goat populations from the five different countries showed
higher after intrapopulation variations which are contributed by few
numbers of effective alleles. The set of microsatellites used in this
study are a very useful and good tool for genetic characterization of
Nigeria, South Africa, Pakistan, France and Spain goats and the
study of their genetic structure. The highest and lowest genetic
diversity was shown by Pakistani and Spanish goats, respectively.
Spanish and French goat populations have a very close genetic
distance, whereas compared to them Pakistani counterparts
possess high genetic distances. The information elucidated through
the present study would be useful for the formulation of effective
conservation strategies and meeting the demands of a future
breeding programme.

Acknowledgement

This study was partially funded by Centre for Excellence in
Biotechnology Research of King Saud University, Riyadh, Saudi
Arabia and Higher Education Commission of Pakistan for funding
the sheep and goat genetic diversity project.



References

Adebambo OA, 2004. Animal genetics and the quality of life. In:
Proceedings of the 29" Annual conference of the Genetics Society of
Nigeria, pp. 11-14.

Afroz MF, Faruque MO, Husain SS, Han JL and Paul B, 2010.
Genetic variation in relations in different goat populations of
Bangladesh. Bangladesh Journal of Animal Science, 39, 1-8.
Aggarwal RAK, Dixit SP, Verma NK, Ahlawat SPS, Kumar Y,
Kumar S, Chander R and Singh KP, 2007. Population genetics
analysis of Mehsana goat based on microsatellite markers. Current
Science, 92, 8.

Agha SH, Pilla F, Galal S, Shaat I, D'andrea M, Reale S,
Abdelsalam AZA and Li MH, 2008. Genetic diversity in Egyptian
and ltalian goat breeds measured with microsatellite polymorphism.
Journal of Animal Breeding and Genetics, 125, 194-200.

Aziz MA, 2010. Present status of the world goat populations and
their productivity. World. 861. 1078.2.

Baker RL and Gray GD, 2004. Appropriate breeds and breeding
schemes for sheep and goats in the tropics. Worm control for small
ruminantsin tropical Asia, p. 63.

Barcaccia G, Felicetti M, Galla G, Capomaccio S, Cappelli K,
Albertini E, Buttazzoni L, Pieramati C, Silvestrelli M and
Supplizi AV, 2013. Molecular analysis of genetic diversity,
population structure and inbreeding level of the Italian Lipizzan
horse. Livestock Science, 151, 124-133.

Baumung R, Simianer H and Hoffmann |, 2004. Genetic diversity
studies in farm animals — a survey. Journal of Animal Breeding and
Genetics, 121,361-373.

Blench R, 1999. Traditional livestock breeds: geographical
distribution and dynamics in relation to the ecology of West Africa,
London: Overseas Development Institute pp. 44-50.

Canon J, Garcia D, Garcia-Atance MA, Obexer-Ruff G, Lenstra
JA, Ajmone-Marsan P and Dunner S, 2006. Geographical
partitioning of goat diversity in Europe and the Middle East. Animal
Genetics, 37, 327-334.

Castel JM, Ruiz FA, Mena Y and Sanchez-Rodriguez M, 2010.
Present situation and future perspectives for goat production
systemsin Spain. Small Ruminant Research, 89, 207-210.
Chenyambuga SW, Hanotte O, Hirbo J, Watts PC, Kemp SJ,
Kifaro GC, Gwakisa PS, Petersen PH and Rege JEO, 2004.
Genetic characterization of indigenous goats of Sub-Saharan Africa
using microsatellite DNA markers. Asian-Australasian Journal of
Animal Sciences, 17,445-452.

Dubeuf JP and Boyazoglu J, 2009. An international panorama of
goatselection and breeds. Livestock Science, 120, 225-231.
Excoffier L and Lischer HE, 2010. Arlequin suite ver 3.5: a new
series of programs to perform population genetics analyses under
Linux and Windows. Molecular Ecology Resources, 10, 564-567 .
FAO, 2008. L'état des ressources zoogénétiques pour I'alimentation
et I'agriculture dans le monde, édité par Barbara Rischkowsky et
Dafydd Pilling. Rome, p. 556 (F).

FAO, 2011. Draft guidelines on molecular genetic characterization of
animal genetic resources. Commission of genetic resources for food
and agriculture. Thirteenth Regular Session, Rome, 18-22 July
2011, p.68.

Fajemilehin OS and Salako AE, 2008. Body measurement
characteristics of the West African Dwarf (WAD) Goat in deciduous
forest zone of Southwestern Nigeria. African Journal of
Biotechnology, 7, 2521-2526.

Falush D, Stephens M and Pritchard JK, 2003. Inference of
population structure using multilocus genotype data: linked loci and

correlated allele frequencies. Genetics, 164, 1567-1587.

Fatima S, Bhong CD, Rank DN and Joshi CG, 2008. Genetic
variability and bottleneck studies in Zalawadi, Gohilwadi and Surti
goat breeds of Gujarat (India) using microsatellites. Small Ruminant
Research, 77,58-64.

Galal S, 2005. Biodiversity in goats. Small Ruminant Research, 60,
75-81.

Glowatzki-Mullis ML, Muntwyler J, Baumle E and Gaillard C,
2008. Genetic diversity measures of Swiss goat breeds as decision-
making support for conservation policy. Small Ruminant Research,
74,202-211.

Goudet J, 2002. FSTAT version 2.9.3.2, a program to estimate and
test gene diversities and fixation indices. Institute of Ecology,
Lausanne, Switzerland. Website http://www2. unil.
ch/popgen/softwares/fstat. htm (accessed 20 August 2012).

Gour DS, Malik G, Ahlawat SPS, Pandey AK, SharmaR, GuptaN,
Gupta SC, Bisen PS and Kumar D, 2006. Analysis of genetic
structure of Jamunapari goats by microsatellite markers. Small
Ruminant Research, 66, 40-149.

Groeneveld LF, Lenstra JA, Eding H, Toro MA, Scherf B, Pilling
D, Negrini R, Finlay EK, Jianlin H, Groeneveld E and Weigend S,
2010. Genetic diversity in farm animals-a review. Animal Genetics,
41,6-31.

Hanotte O and Jianlin H, 2006. Genetic characterization of
livestock populations and its use in conservation decision-making.
In: The Role of Biotechnology in Exploring and Protecting
Agricultural Genetic Resources. Food and Agriculture Organization
of the United Nations, Rome, pp. 89-96.

Hartle DL and Clark AG, 1989. Principles of population genetics.
SinauerAss. Inc., Sunderland, MA, USA.

Hussain T, Babar ME, Sadia H, Shaheen M, Nadeem A, Ali A,
Wajid A and Shah SA, 2013. Microsatellite markers based genetic
diversity analysis in Damani and Nachi goat breeds of Pakistan.
Pakistan Veterinary Journal, 33, 520-522.

lamartino D, Bruzzone A, Lanza A, Blasi M and Pilla F, 2005.
Genetic diversity of Southern Italian goat populations assessed by
microsatellite markers. Small Ruminant Research, 57, 249-255.
Jelena R, Mioc B, Curkovic M, Pavic V, Ivankovic A and
Medugorac I, 2011. Genetic diversity measures of the Croatian
spotted goat. Acta Veterinaria (Beograd), 61, 373-382.

Joshi MB, Rout PK, Mandal AK, Tyler-Smith C, Singh L and
Thangaraj K, 2004. Phylogeography and origin of Indian domestic
goats. Molecular Biology and Evolution, 21, 454-462.

Kim KS, Yeo JS, Lee JW, Kim JW and Choi CB, 2002. Genetic
diversity of goats from Korea and China using microsatellite
analysis. Asian-Australasian Journal of Animal Sciences, 15, 461-
465.

Kotze A, Swart H, Grobler JP and Nemaangani A, 2004. A genetic
profile of the Kalahari Red goat breed from southern Africa. South
African Journal of Animal Science, 34, 10-12.

Kumar D, Dixit SP, Sharma R, Pandey AK, Sirohi G, Patel AK,
Aggarwal RAK, Verma NK, Gour DS and Ahlawat SPS, 2005.
Population structure, genetic variation and management of Marwari
goats. Small Ruminant Research, 59, 41-48.

Kumar S, Dixit SP, Verma NK, Singh DK, Pande A, Chander R
and Singh LB, 2009. Genetic diversity analysis of the Gohilwari
breed of Indian goat (Capra hircus) using microsatellite markers.
American Journal of Animal and Veterinary Sciences, 4, 49-57.
Lanari MR, Taddeo H, Domingo E, Centeno MP, Gallo L, 2003.
Phenotypic differentiation of exterior traits in local Criollo goat
population in Patagonia (Argentina). Archiv flr Tierzucht
Dummerstorf, 46, 347-356.

189



Lashmar SF, Visser C and van Marle-Koster E, 2016. SNP-based
genetic diversity of South African commercial dairy and fiber goat
breeds. Small Ruminant Research, 136, 65-71.

Laval G, lannuccelli N, Legault C, Milan D, Groenen MA, Giuffra
E, Andersson L, Nissen PH, Jorgensen CB, Beeckmann P and
Geldermann H, 2000. Genetic diversity of eleven European pig
breeds. Genetics Selection Evolution, 32, 187-204.
Lawal-Adebowale OA, 2012. Dynamics of ruminant livestock
managementin the context of the Nigerian agricultural system.

Li MH, Zhao SH, Bian C, Wang HS, Wei H, Liu B, Yu M, Fan B,
Chen SL, Zhu MJ and Li SJ, 2002. Genetic relationships among
twelve Chinese indigenous goat populations based on microsatellite
analysis. Genetics Selection Evolution, 34, 1-16.

Lopes FB, de los Reyes Borjas A, da SilvaMC, Fac6 O, Lobo RN,
Fiorvanti MCS and McManus C, 2012. Breeding goals and
selection criteria for intensive and semi-intensive dairy goat system
in Brazil. Small Ruminant Research, 106, 110-117.

Lopes FB, Silva MCD, Miyagi ES, Fioravanti MCS, Facé O and
McManus C, 2013. Comparison of selection indexes for dairy goats
inthe tropics. Acta Scientiarum Animal Sciences, 35, 321-328.
Mahmoudi B, Bayat M, Sadeghi R, Babayev M and Abdollahi H,
2010. Genetic diversity among three goat populations assessed by
microsatellite DNAmarkersin Iran. Global Veterinaria, 4, 118-124.
Mahmoudi B, Daliri M, Babayev MS and Sadeghi R, 2009.
Genetic analysis of Markhoz goat based on microsatellite markers.
Journal of Animal and Veterinary Advances, 8, 1815-1818.

Mahrous KF, Alakilli SY, Salem LM, El-Aziem SHA and El-Hanafy
AA, 2013. Genetic diversity in Egyptian and Saudi goat breeds using
microsatellite markers. Journal of Applied Biosciences, 72, 5838-
5845.

Marikar FM and Mustafa MM, 2014. Usefulness of short sequence
repeat markers in goat genetic diversity studies on the Asian and
African continents. Turkish Journal of Veterinary and Animal
Sciences, 38,606-611.

Maudet C, Luikart G and Taberlet P, 2002. Genetic diversity and
assignment tests among seven French cattle breeds based on
microsatellite DNA analysis. Journal of Animal Sciences, 80, 942-
950.

Missohou A, Poutya MR, Nenonene A, Dayo GK, Ayssiwede SB,
Talaki E, Issa Y and Fané A, 2011. Genetic diversity and
differentiation in nine West African local goat breeds assessed via
microsatellite polymorphism. Small Ruminant Research, 99, 20-24.
Muema EK, Wakhungu JW, Hanotte O and Jianlin H, 2009.
Genetic diversity and relationship of indigenous goats of Sub-
saharan Africa using microsatellite DNA markers. Livestock
Research for Rural Development, 21, 28.

Nei M, 1978. Estimation of average heterozygosity and genetic
distance from a small number of individuals. Genetics, 89, 583-590.
Okpeku M, Peters SO, Ozoje MO, Adebambo OA, Agaviezor BO,
O'Neill MJ and Imumorin IG, 2011. Preliminary analysis of
microsatellite-based genetic diversity of goats in southern Nigeria.
Animal Genetic Resources, 49, 33-41.

190

Ollivier L and Foulley JL, 2005. Aggregate diversity: new approach
combining within-and between-breed genetic diversity. Livestock
Production Science, 95, 247-254.

Pandey AK, Sharma R, Singh Y, Prakash BB and Ahlawat SPS,
2006. Genetic diversity studies of Kherigarh cattle based on
microsatellite markers. Journal of Genetics, 85, 117-122.

Park S, 2001. Excel Microsatellite Toolkit. Version 3.1.1. Animal
Genomics Lab website, University College, Dublin, Ireland.

Peakall R and Smouse PE, 2012. GenAlEx 6.5: genetic analysis in
Excel. Population genetic software for teaching and research-an
update. Bioinformatics, 28, 19.

Pritchard JK, Stephens M and Donnelly P, 2000. Inference of
population structure using multilocus genotype data. Genetics, 155,
945-959.

Ramljak J, Mio¢ B, Curkovi¢ M, Pavié V, Ivankovié A and
Medugorac |, 2011. Genetic diversity measures of the Croatian
Spotted goat. Acta Veterinaria, 61, 337-382.

Ramsay K, Swart D, Olivier B and Hallowell G, 2000. An
evaluation of the breeding strategies used in the development of the
Dorper sheep and the improved Boer goat of South Africa. In:
Proceeding of Workshop on Developing Breeding Strategies for
Lower Input Animal Production Environments (eds. S. Galal, J.
Boyazoglu and K. Hammond), Bella, Italy, 22-25 September 1999.
ICAR Technical Series 3. Rome, Italy: International Committee for
Animal Recording, pp. 339 — 346.

Rischkowsky B and Pilling D, 2007. The state of the world's animal
genetic resources for food and agriculture. FAO, Rome.

Serrano M, Calvo JH, Martinez M, Marcos-Carcavilla A, Cuevas
J, Gonzalez C, Jurado JJ and de Tejada PD, 2009. Microsatellite
based genetic diversity and population structure of the endangered
Spanish Guadarrama goat breed. BMC Genetics, 10, 1.

Shrestha JNB and Fahmy MH, 2005. Breeding goats for meat
production: a review: 1. Genetic resources, management and breed
evaluation. Small Ruminant Research, 58, 93-106.

Traoré A, Alvarez |, Tamboura HH, Fernandez |, Kaboré A, Royo
LJ, Guitiérrez JP, Sangaré M, Ouédraogo-Sanou G, Toguyeni A,
Sawadogo L and Goyache F, 2009. Genetic characterization of
Burkina Faso goats using microsatellite polymorphism. Livestock
Science, 123, 322-328.

Van Marle-Koster E and Nel LH, 2003. Genetic markers and their
application in livestock breeding in South Africa: a review: review
article. South African Journal of Animal Science, 33, 1-10.

Weir BS and Cockerham CC, 1984. Estimating F-statistics for the
analysis of population structure. Evolution, 38, 1358-1370.

Yadav A and Yadav BR, 2008. DNA Fingerprint: Genetic
relationship in six Indian goat breeds. Indian Journal of
Biotechnology, 7, 487-490.



AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 10, No 3, 2018

CONTENTS

1/2

Genetics and Breeding

Usability of metadata analysis of goat genetic resources among five countries from Africa, Asia and
Europe: Metadata analysis of goat genetic

M.M. Musthafa, T. Hussain, M.E. Babar, R.S. Aljumaah, M.A. Alshaikh, I. Muritala, V. Landi, A. Martinez, M.
Anmills, O. Dadi, J.V. Delgado, A.B.J. Aina, A.A. Onasoga, O.A. Adebambo, C. Visser, E. Van Marle-Kéoster,
A.O. Adebambo, F.M.M.T. Marikar

Knezha 560 - a new mid-late maize hybrid
V. Valkova, N. Petrovska

Sources of resistance in chickpea (Cicer arietinum L.) to ascochyta blight (Ascochyta rabiei)
M. Koleva, Y. Stanoeva, I. Kiryakov, A. lvanova

Variability and grain yield potential of maize (Zea mays L.) genotypes under irrigated condition in
central Sudan
M.B. Alhussein, S.H. Suliman, A.A. Mohammed

Nutrition and Physiology

Effect of monosodium glutamate dietary supplementation on some productive traits of common carp
(Cyprinus carpio L.), cultivated in net cages
G. Zhelyazkov

Effect of experimentally induced aflatoxicosis on haematological parameters and bone marrow
morphology in mulard ducks
. Valchev, N. Groseva, D. Kanakov, Ts. Hristov, L. Lazarov, R. Biinev

Effect of dietary phytoextracts supplementation on the chemical composition and fatty acid profile of
rainbow trout (Oncorhynchus mykiss W.), cultivated in recirculation system
K. Georgieva, G. Zhelyazkov, Y. Staykov, D. Georgiev

Production Systems

Yield and seed quality of some soybean (Glycine max. L) varieties, cultivated in Osmaniye region,
Turkey
F.F.Asik, R.Yildiz

Productivity and yield stability at late treatment of durum wheat (Triticum durum Desf.) with
antibroadleaved herbicides.

I. Influence at treatment during 1* stem node stage

Gr. Delchev, D. Delchev

The effects of inoculation and N fertilization on soybean [Glycine max (L.) Merrill] seed yield and
protein concentration under drought stress
0.Basal,A. Szabo

Soil structure after treatment with different operation modes of spading machine
Y. Stoyanov, K. Trendafilov, N. Delchev, G. Tihanov

183

191

195

199

204

208

215

222

227

232

236



AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 10, No 3, 2018

CONTENTS 2/2
Application of herbicides on common winter wheat (Triticum aestivum L.) at different doses and 241
their reflection on the structural elements of spike
Z.Petrova, M. Nankova
Agriculture and Environment
Differences in carbon forms under two land use types in Abia State, South-east Nigeria 246
B.N. Ndukwu, D.N. Osujieke, C.M. Ahukaemere, P.E. Imadojemu
Theoretical analysis of the heat energy savings in wood pellets production 253
R. Georgiev, K. Peychey, V. Dimova, D. Georgiev
Agricultural characteristics of sugar factory waste products 257
B.B. Asik, S. Dorak
Product Quality and Safety
Ontogenetic and diurnal variations of essential oil content of Hypericum montbretii Spach, 262
cultivated in Kazdagi (Edremit/Balikesir), Turkey
C. Pasa, E. Esendal, T. Kilig

266

Effect of Artemisia annua L. extract on growth performance, biochemical blood parameters and meat

quality of rainbow trout (Oncorhynchus mykiss W.), cultivated in recirculating system
R. Koshinski



Instruction for authors

Preparation of papers

Papers shall be submitted at the editorial
office typed on standard typing pages (A4,
30 lines per page, 62 characters per line).
The editors recommend up to 15 pages for
full research paper ( including abstract
references, tables, figures and other
appendices)

The manuscript should be structured as
follows: Title, Names of authors and
affiliation address, Abstract, List of
keywords, Introduction, Material and
methods,Results, Discussion, Conclusion,
Acknowledgements (if any), References,
Tables, Figures.

The title needs to be as concise and
informative about the nature of research. It
should be written with small letter /bold, 14/
without any abbreviations.

Names and affiliation of authors
The names of the authors should be
presented from the initials of first names
followed by the family names. The
complete address and name of the
institution should be stated next. The
affiliation of authors are designated by
different signs. For the author who is going
to be corresponding by the editorial board
and readers, an E-mail address and
telephone number should be presented as
footnote on the first page. Corresponding
authorisindicated with *,

Abstract should be not more than 350
words. It should be clearly stated what new
findings have been made in the course of
research. Abbreviations and references to
authors are inadmissible in the summary. It
should be understandable without having
read the paper and should be in one
paragraph.

Keywords: Up to maximum of 5 keywords
should be selected not repeating the title
butgiving the essence of study.

The introduction must answer the
following questions: What is known and
what is new on the studied issue? What
necessitated the research problem,
described in the paper? What is your
hypothesis and goal ?

Material and methods: The objects of
research, organization of experiments,
chemical analyses, statistical and other
methods and conditions applied for the
experiments should be described in detail.
Acriterion of sufficientinformation is to be
possible for others to repeat the experi-
mentin order to verify results.

Results are presented in understandable

tables and figures, accompanied by the
statistical parameters needed for the
evaluation. Data from tables and figures
should not be repeated in the text.
Tables should be as simple and as few as
possible. Each table should have its own
explanatory title and to be typed on a
separate page. They should be outside the
main body of the text and an indication
should be given where it should be
inserted.

Figures should be sharp with good
contrast and rendition. Graphic materials
should be preferred. Photographs to be
appropriate for printing. lllustrations are
supplied in colour as an exception after
special agreement with the editorial board
and possible payment of extra costs. The
figures are to be each in a single file and
their location should be given within the
text.

Discussion: The objective of this section
is to indicate the scientific significance of
the study. By comparing the results and
conclusions of other scientists the
contribution of the study for expanding or
modifying existing knowledge is pointed
out clearly and convincingly to the reader.
Conclusion: The most important conse-
quences for the science and practice
resulting from the conducted research
should be summarized in a few sentences.
The conclusions shouldn't be numbered
and no new paragraphs be used.
Contributions are the core of conclusions.
References:

In the text, references should be cited as
follows: single author: Sandberg (2002);
two authors: Andersson and Georges
(2004); more than two authors: Andersson
et al.(2003). When several references are
cited simultaneously, they should be
ranked by chronological order e.g.:
(Sandberg, 2002; Andersson et al., 2003;
Andersson and Georges, 2004).
References are arranged alphabetically by
the name of the first author. If an author is
cited more than once, first his individual
publications are given ranked by year, then
come publications with one co-author, two
co-authors, etc. The names of authors,
article and journal titles in the Cyrillic or
alphabet different from Latin, should be
transliterated into Latin and article titles
should be translated into English.
The original language of articles and books
translated into Englishisindicated in
parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, ifinthe Cyrillic, Mongolian =

Mo, Greek = Gr, Georgian = Geor.,
Japanese = Ja, Chinese = Ch, Arabic = Ar,
etc.)

The following order in the reference list is
recommended:

Journal articles: Author(s) surname and
initials, year. Title. Full title of the journal,
volume, pages. Example:

Simm G, Lewis RM, Grundy B and
Dingwall WS, 2002. Responses to
selection for lean growth in sheep. Animal
Science, 74,39-50

Books: Author(s) surname and initials,
year. Title. Edition, name of publisher,
place of publication. Example:
Oldenbroek JK, 1999. Genebanks and
the conservation of farm animal genetic
resources, Second edition. DLO Institute
for Animal Science and Health,
Netherlands.

Book chapter or conference proceedings:
Author(s) surname and initials, year. Title.
In: Title of the book or of the proceedings
followed by the editor(s), volume, pages.
Name of publisher, place of publication.
Example:

Mauff G, Pulverer G, Operkuch W,
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of
unconverted and converted C3. In:
Provides of the Biological Fluids (ed. H.
Peters), vol. 22, 143-165, Pergamon
Press. Oxford, UK.

Todorov N and Mitev J, 1995. Effect of
level of feeding during dry period, and body
condition score on reproductive perfor-
mance in dairy cows,IX" International
Conference on Production Diseases in
Farm Animals, September 11-14, Berlin,
Germany.

Thesis:

Hristova D, 2013. Investigation on genetic
diversity in local sheep breeds using DNA
markers. Thesis for PhD, Trakia University,
StaraZagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not
responsible for incorrect quotes of
reference sources and the relevant
violations of copyrights.

Animal welfare

Studies performed on experimental
animals should be carried out according to
internationally recognized guidelines for
animal welfare. That should be clearly
described in the respective section
“Material and methods”.



AGRICULTURAL Volume 10, Number 3

September 2018
SCIENCE AND TECHNOLOGY
Journal web site: v\ ishr:

www.agriscitech.eu www.alfamarket.biz



	korica-1
	01
	TABLE OF CONTENT
	korica-2

