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Abstract

The study was aimed to evaluate the haplotype diversity and patterns of linkage disequilibrium (LD) of
Kisspeptin (KISS1) gene in Woyto-Guji and Gondar goat populations in Ethiopia. Target regions of the
KISS1 gene which include Exonl (1210 bp) and Exon2 (325 bp) were amplified. A total of 29 haplotypes
in exonl and three haplotypes in exon2 were detected. The first haplotype of exon2 registered highest
haplotype frequency (f=0.947) of all. In exonl, seven haplotypes showed haplotype frequency <1%.
Lowest (0.083 for Woyto-Guji and 0.081 for Gondar goats) and modest (0.656 for Woyto-Guji and 0.635
for Gondar goats) average estimates of R® and |D’| were obtained in LD decay analysis of the haplotypes
observed in exonl, respectively. Based on the loci linkage combination analysis, loci 3649, 3808, 3963
and 3989 showed highly significant LD accumulation. The neutrality tests showed significant and
negative values of Fs (Fs = -8.098 for Woyto-Guji and Fs = -12.08 for Gondar goat populations) in the
goat populations studied; whereas, the Tajima’s D test was positive and non-significant. Overall,
remarkable haplotype diversity was observed on the KISS1 gene in the goat populations studied, and
measures of LD decays revealed effect of selection implying importance of the target region as a
candidate gene for the fecundity trait.
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Introduction

Apart from the study of genomic DNA (nuclear as well as mitochondrial DNAS), the study of association
of alleles, which is non random, plays fundamental role in evolutionary and history of demographic
expansion of population genetics (Fields, 2014). Linkage disequilibrium (LD) plays a pivotal role in
genomic selection, mapping quantitative trait loci (QTL), estimates for effective population size, marker
assisted selection and association study (Nachman, 2002; Khatkar et al., 2008; Zhu et al., 2013). At
genome wide scale, LD can serve to uncover the population history, population characteristics, the
breeding system, patterns of gene exchange and geographic subdivision (Zhu et al., 2013); whereas, at the
level of genomic region/s it reflects the history of natural selection, gene conversion and mutation
(Slatkin, 2008). Linkage disequilibrium is facilitated by genetic and non-genetic factors like, genetic drift,
genetic linkage, mutation, selection, population structure, demographic expansion and non random mating
(Majo, 2008; Zhu et al 2013). However, these forces which affect LD in the genomic region depends on
rate of recombination (Slatkin, 2008) and the extent of their effect vary they each other. For instance,
natural selection affects only one or a small number of loci; by contrast, population subdivision, changes
in population size and the exchange of individuals among populations affect LD throughout the genome.

Methods that directly evaluate LD by using haplotype data are more powerful than methods that
examine multiple loci without evaluation of haplotype sharing (Service et al., 1999). It is believed that
true haplotypes are more informative than genotypes (Gong et al., 2007; Pei et al., 2009) and are more
powerful than single markers for genetic association analysis due to the highest statistical power
haplotype based association test has than tests using single SNPs (Shifman et al., 2002; Pei et al., 2009).
Balding (2006) also mentioned LD will remain crucial to the design of association studies until whole-
genome re-sequencing becomes routinely available. However, there is the issue of uncertainty of
individual haplotype in haplotype based analysis, which can be resolved by haplotype phasing algorithm
like haplotype trend regression analysis, which is an efficient genetic association analysis method (Pei et
al., 2009). In addition, the information loss that arises from phasing is small when linkage disequilibrium
(LD) is strong (Balding 2006). The pattern of LD varies across chromosomes and genomic regions (Zhu
etal., 2013).

The extent and distribution of linkage disequilibrium (LD) in livestock is becoming a center of

discussion. It is because of the fact that it plays a fundamental role in gene mapping, both as a tool for
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fine mapping of complex disease genes and in proposed genome wide association studies (Service et al.,
1999; Nachman, 2002; Slatkin, 2008). In line with this, number of markers required for a purpose like
marker-trait association study and mapping is determined by the extent of LD (Abecasis et al., 2001,
Khatkar et al., 2008). Moreover, if alleles at two loci are in LD and they both affect reproductive fitness,
the response to selection on one locus might be accelerated or impeded by selection affecting the other
(Slatkin, 2008). The ultimate value of SNPs for linkage and association mapping studies depends, in part,
on the distribution of SNP’s allele frequencies and inter-marker linkage disequilibrium (LD) across
populations (Goddard et al., 2000).

Analyses of haplotype and linkage disequilibrium have been carried out in various farm animals
like cattle, sheep, pig and chicken. However, there is limited effort conducted on domestic goats. On the
other hand, smaller effective population size and selection practices led LD to be far reached in farm
animals than in human (McRae et al., 2002). However, analysis of haplotype and linkage disequilibrium
at a segment of the genome has been rarely carried out in livestock species. Instead, genome wide
analysis of LD has been extensively done by various scholars. This is because of the fact that the number
of haplotypes would be small in a segment of DNA (Shifman et al., 2002; Beaty et al., 2005; Balding,
2006). Moreover, due to the smallest size of sequenced region which leads to have shortest physical
distances among segregating sites, short physical distances among polymorphic regions are not suggested
for association study (Pritchard and Przeworski, 2001). Therefore, scholars prefer to focus analysis of LD
at genome wide level.

However, it does not necessary mean that a segment of DNA,; i.e. a target gene, cannot be useful
for association study. There are genes, called polygenes or pleiotrphy, which help for the expression of a
phenotype trait/s. Moreover, literatures confirmed that haplotypes can explain more information about an
unobserved causal variant by identifying it uniquely or by identifying related haplotypes which are
overrepresented among cases (Beaty et al., 2005). Therefore, polymorphism analysis on specific genes
and their associations to targeted traits of interest have been carried out by various scholars. GPR54 and
KISS1 genes for litter size in goats and sheep, major histocompatibility complex (MHC) gene for
immunity in goats are some of the genes which the polymorphism and gene-trait association studies were
carried out (Cao et al., 2010 and 2011; Grossen et al., 2014). In a recent study, on the same target regions
of the KISS1 gene and the SNPs observed, we carried out the polymorphism analysis and association of
the KISS1 gene with twining ability in Gondar and Woyto-Guji goat populations of Ethiopia (Getinet

Mekuriaw et al., 2017). As a follow up, this study was initiated to evaluate the haplotype diversity and
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extent of linkage disequilibrium of detected loci in KISS1 gene in Woyto-Guji and Gondar goat
populations in Ethiopia.

Materials and Methods

In this study Woyto-Guji and Gondar goat populations were included. These populations were selected
for this study because parts of the goat community based breeding program supported by BecA-Sweden
partnership program. The sample size included in the study were 115 sequences for exonl and 130
sequences for exon2 of Woyto-Guji goat and 58 sequences for exon and 112 sequences for exon2 of
Gondar goat. The sample size difference between the exon regions in both goat populations was due to
poor quality of some sequences. Information related to the agro-ecology and the production systems the
populations are being reared, the sample type and size, the DNA extraction and extraction protocol,
primers employed, PCR conditions, target regions for sequencing and data management are described in
our former study (Getinet Mekuriaw et al., 2017).

Estimates of haplotype frequencies, measures and patterns of pairwise LD and neutrality test were
computed for both goat populations using the built-in infinite site models of Tajima’s D and Fisher’s
exact tests. To investigate the variability associated with fine-scale measures of LD, measures of pairwise
LD decays (R, R’ D, D’ and |D’|) between adjacent markers were calculated in both populations.
Measures of pairwise LD decays, recombination rate, number of haplotypes, haplotype diversity estimates
and neutrality test were analyzed by DnaSP 5.0 software (Rozas et al., 2003); whereas, loci linkage,
heterozygosity estimation of haplotypes were analyzed by Arlequin ver. 3.0 (Excoffier et al., 2005).
Measures of haplotype diversity were evaluated based on estimated haplotype frequencies (Beaty et al.,
2005). This measure of gene diversity is analogous to the heterozygosity at a single locus and attains its
maximum when haplotypes observed in the sample occur at equal frequencies. The number of different
haplotypes in each population reflects this haplotype diversity. To understand whether the observed
number of unique haplotypes was different among populations, we first calculated the number of
expected haplotypes for each population sample. To calculate Fst, single-nucleotide polymorphisms
(SNPs) contain much less information when taken one at a time (Browning and Wei et al., 2010); and
hence Fsr values have not been tested for this study. Moreover, the preliminary analysis indicated
negative result, which is unexpected that might be because of the least information each SNP contain

when it is taken at a time and the overall smaller numbers of SNPs obtained in the target regions. In
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relation to this, it is suggested to calculate averages over windows of markers or even over the whole

genome (Weir et al., 2005), which is far from the objective, approach and target regions of this study.

Results

Estimation of haplotype frequencies and heterozygosities

A total of 29 haplotypes in exonl and three in exon2 were obtained in both populations, of which only 10

of them in exonl and two in exon2 were shared haplotypes by both populations (Table 1).

Table 1. Haplotype frequency of KISS1 gene of the goat populations studied

Exonl Exon2
Haplotype Woyto-Guji Gondar (n=62) Woyto-Guji (n=133) Gondar (n=117)
(n=116)
Hap-1 0.0435 0.0172 0.9470 0.9830
Hap-2 0.2430 0.2410 0.0301 0.0171
Hap-3 0.1910 0.1550 0.0226
Hap-4* 0.0087
Hap-5 0.1480 0.2240
Hap-6 0.0174 0.0172
Hap-7 0.0261 0.0345
Hap-8* 0.0087
Hap-9 0.0609 0.0172
Hap-10 0.0783 0.0690
Hap-11* 0.0522
Hap-12 0.0261 0.0172
Hap-13* 0.0435
Hap-14 0.0087 0.0345
Hap-15* 0.0870
Hap-16* 0.0087
Hap-17* 0.0087
Hap-18** 0.0172
Hap-19* * 0.0172
Hap-20** 0.0172
Hap-21* * 0.0172
Hap-22* * 0.0172
Hap-23* * 0.0172
Hap-24* * 0.0172
Hap-25 ** 0.0172
Hap-26 ** 0.0172
Hap-27 ** 0.0172
Hap-28 * 0.0087
Hap-29 * 0.0087

Key:- *= Private haplotypes in Woyto-Guji population; **= private haplotypes in Gondar population
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The remaining haplotypes were uncommon for both populations. These 29 haplotypes were generated
from previously reported 20 segregating sites (Getinet Mekuriaw et al., 2017). The haplotype frequencies
in exonl range from 0.0087-0.243 and from 0.0171-0.983 in exon2. The 2™, 3™ and 5™ haplotypes in
exonl and the 1% haplotype in exon2 registered the highest haplotype frequencies in both goat

populations.
Haplotype diversity

The overall gene (haplotype) diversity was 0.870 + 0.014 for exonl and 0.0703 + 0.022 for exon2;
whereas the mean nucleotide diversity estimated to be 0.00275 + 0.00157 for exonl and 0.00029 +
0.00002 for exon2 of both populations. The lowest haplotype diversity obtained in exon2 might be
because of the smallest number of haplotypes observed in this target region. On the other hand, the
overall mean expected and observed haplotype heterozygosities were 0.034482755 and 0.034482731,
respectively with a range of 0.0057803 - 0.2665826 in exonl and 0.0225564 - 0.9473684 in exon2 (Table
2 and 3). The highest haplotype heterozygosity was observed in the first haplotype, and the second and
third haplotypes follow in exonl and in the first haplotype in exon2. Low values of both heterozygosity
estimates (Ho and Hg) were observed in most of the haplotypes. The expected heterozygosity (Hg)
estimations were not consistently higher than observed heterozygosity (Ho) estimates (Supplementary
Figure S1) implying the absence of sampling bias (Dorji et al., 2012).

Table 2. Estimates of haplotype heterozygosity (Ho and Hg) in Exon2

Hap Over all Woyto-Guji Gondar

Ho He Ho He Ho He
1 0.9640000 0.7891760 0.9473684 0.7799023 0.9829060 0.8716068
2 0.0240000 0.1760640 0.0300752 0.1803008 0.0170940 0.1283932
3 0.0120000 0.0347600 0.0225564 0.0397970 - -
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Table 3. Estimates of haplotype heterozygosity (Ho and Hg) in Exonl

Hap Over all Woyto-Guji Gondar
Ho He Ho He Ho He

1 0.2427746  0.2043179 0.2434783  0.2665826 0.2413793 0.2015172
2 0.1791908  0.1294046 0.1913043  0.1590348 0.2241379 0.1310172
3 0.1734104  0.0978786 0.1478261  0.1118696 0.1551724 0.0997586
4 0.0751445  0.0779538 0.0782609  0.0859478

5 0.0462428  0.0642428 0.0608696  0.0678000 0.0689655 0.0810000
6 0.0346821  0.0542601 0.0521739  0.0550870 0.0344828 0.0669310
7 0.0346821  0.0460000 0.0434783  0.0448870 0.0344828 0.0572931
8 0.0289017  0.0396069 0.0434783  0.0374522

9 0.0289017  0.0347341 0.0260870  0.0310087 0.0172414 0.0492241
10 0.0231214  0.0303988 0.0260870  0.0260435 0.0172414 0.0427931
11 0.0173410 0.0267052 0.0173913  0.0215739

12 0.0173410 0.0236821 0.0086957  0.0182522 0.0172414 0.0376379
13 0.0057803  0.0208266 0.0086957  0.0153043

14 0.0057803  0.0184624 0.0086957  0.0127391 0.0172414 0.0330862
15 0.0057803  0.0164971 0.0086957  0.0106087

16 0.0057803  0.0147572 0.0086957  0.0094696

17 0.0057803  0.0130000 0.0086957  0.0088957

18 0.0057803  0.0116012 0.0172414 0.0288103
19 0.0057803  0.0103584 0.0172414 0.0251207
20 0.0057803  0.0090462 0.0172414 0.0219310
21 0.0057803  0.0078555 0.0172414 0.0192759
22 0.0057803  0.0069480 0.0172414 0.0181207
23 0.0057803  0.0064162 0.0172414 0.0174828
24 0.0057803  0.0060347 0.0172414 0.0172759
25 0.0057803  0.0058613 0.0172414 0.0172414
26 0.0057803  0.0058035 0.0172414 0.0172414
27 0.0057803  0.0057861 0.0172414 0.0172414
28 0.0057803  0.0057803 0.0086957  0.0087391

29 0.0057803  0.0057803 0.0086957  0.0087043

Analysis of linkage disequilibrium and neutrality test

Linkage disequilibrium (LD): it is a sensitive indicator of the population genetic forces that structure a

genome (Slatkin, 2008). In this study, most estimates of D’ and R were obtained below and close to zero

(Supplementary Table S1). This could be contributed by ceiling effect of D’ and is largely responsible for

the low rank correlation between populations for the D” measure (Evan and Cardon, 2005). Similarly, the

average estimates of coefficient of LD (R?) which is the major measure of LD, was very low.

The average R® values were 0.083 and 0.081 for Woyto-Guji and Gondar goat populations,
respectively (Table 4). Whereas, the mean value of |D’| were 0.656 for Woyto-Guji and 0.635 for Gondar
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goat. However, most relationships of the SNPs and LD measures are concentrated at the maximum value
for [D’| (ID’] = 1) and minimum value for R* (R® = 0). The average distance among
segregating/polymorphic sites is comparable for both goat populations. It was estimated 226.19 bp for
Woyto-Guji and 234.86 bp for Gondar goat populations. On the other hand, the |D’] regression showed
positive relationship whereas the R? had negative but weak relationship with respect to the physical
distances of polymorphic sites in all categories of the goat populations (Figure 1). It is believed that the
regression analysis helps to indicate the relationship between linkage disequilibrium with physical
distance (Sokal and Rohlf, 1981).

Table 4. Descriptive statistics of measures of linkage disequilibrium

Woyto-Guji Gondar

Meanzsd Range Min Max Meanzsd Range Min Max
D  0.00440+0.06 0.31 -0.14 0.17 0.01500+0.05 0.26 -0.080 0.18
D' -0.18052+0.74 2.00 -1.00 1.00 -0.11405+0.72 1.85 -1.000 0.85
D] 0.65633+0.36 0.86 0.14 1.00 0.63462+0.32 0.97 0.033  1.00
R 0.02410+0.29 1.26 -0.57 0.69 0.07643+0.28 1.08 -0.338 0.74
R® 0.08334+0.15 0.47 0.0006  0.47 0.08111+0.15 0.55 0.00005 0.55
Dis. 226.19+161.86 570.00  3.00 573.00 234.86+170.64 570.00 3.00 573.00

Key: Dis.= distance among segregating sites, Measures of LD

Table 5. Correlation analysis of LD measures: Woyto-Guji (below diagonal) and Gondar (above

diagonal)
D D' |D'| R r’
D 0.665" 0.013" 0.952™ 0.719™
D' 0.588™ -0.562™ 0.795" 0.461"
|D'| -0.105" -0.465" -0.092™ 0.148™
R 0.972” 0.728™ -0.146™ 0.759™
r? 0.204™ 0.260" 0.224" 0.272"

Key: *=significant at 5% significant level; **= significant at 1% significant level; ns=non significant

On the other hand, the correlation analysis indicates that there is modest to highest correlation among
most of the LD measures in the goat populations studied (Table 5). For instance, R and D had shown

strong correlation whereas modest correlation was observed between R and D’. However, R? showed non-
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significant correlations with all the LD measures. Negative correlations with variable power of
correlations were observed between |D’| and D’, and R and |D | in both goat populations.

Among the twelve loci (polymorphic sites which occurred in more than 1% of the sequences; Getinet
Mekuriaw et al., 2017) combinations in both goat populations 16.67% of them had significant marker-
marker linkage disequilibrium in exonl of both goat populations (Table 6). Comparatively, highest LD
accumulations were detected in associations at 3649, 3808, 3963 and 3989 loci. The detection of
significant linkages observed in few of the loci goes in line with the percentage estimations of linked loci
per locus (Table 7). Similarly, association of the nine polymorphic sites in each goat population indicated
that there was similar (16.67%) accumulation of linkage disequilibrium (Table 6). The highest significant
LD accumulation was observed at 3989 locus association in Gondar goat population and at 3649 and
3963 loci in Woyto-Guji goat population. There was no any LD accumulation detected at loci 3416, 3533
and 3770 with the respective loci combinations in Woyto-Guji goat population and at loci 3354, 3416,
3696 and 3963 in Gondar goat population. On the other hand, the overall estimated recombination rate
was 0.0567 in this study. Based on Hudson (1987) test, in exonl, the estimated recombination rate was
detected in five adjacent sites: (3416, 3649), (3783, 3808), (3808, 3811), (3811, 3963), (3963, 3989).

Table 6. Linkage analysis observed among loci in exonl

Both goat populations simultaneously Woyto-Guji  (below diagonal) and Gondar
(above diagonal)

L/L

H a9 ®mIBIRI S SN I a® I RS 9§ B8

B 83 SE 583883 S8 8 H 883 8 38
3354 * - - - - - - -
3416 - * * - - - - - -
3533 - - * - - - - - - -
3649 + - - * - - * + - - -+
3696 - - - - * - - - - -
3770 - - -+ - - - - * - - - - -
3783 - - -+ - - F - - + - - - - - -
3808 - - -+ - - - - - + - - * - - -+
3811 - S T T - - - - - - T + o+
3927 - T R - -
3963 - - - - - - -+t - - - - - - -t * o+
3989 + - -+ -+ -+ - -+ - - + - -+ - - + *
Key: L=locus
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Figure 1. Measures of LD decays (|D’] and R?) with respect to distances among segregating/polymorphic
sites

Neutrality test evaluation: the randomly evolving mutations are called "neutral”, while mutations under
selection are "non-neutral” (Tajima, 1989b). The neutrality tests used for the study were Tajima’s D and
Fu’s Fs, which both assume infinite-site model. In our study, Fu’s Fs test showed significant negative
values for both goat populations (Fs = -8.098 for Woyto-Guiji; Fs = -12.080 for Gondar goat population),
providing evidence for the effects of selection on KISS1 gene, especially in Gondar goat population. It
was also consistent with the haplotype frequency differences obtained (Table 1); the increased inter
population haplotype frequency differences are indications of selection pressures (Voight et al., 2006;
Weir et al., 2005). The ZnS test, which is a measure of allele frequency equivalency across polymorphic

sites in the absence of recombination (Kelly, 1997), is also very minimal (0.0265; Table 8). This suggests
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that there was almost absence of recombination rather presence of selective sweeps (Kelly, 1997).

Table 7. Percentage of linked loci per locus (a. (P)=0.05)

y\Locus 3416 3533 3649 3770 3783 3808 3811 3963 3989 No. of
loci
1 0.0 0.0 375 0.0 125 250 125 250 375 9
. 2 0.0 * 500 * 16.7 333 167 333 500 7
g 3 0.0 * 400 * * 40.0 200 400 600 6
=3 4 0.0 * 400 * * 40.0 200 400 600 6
o
= 5 * * 50.0 * * 500 250 50.0 750 5
y\Locus 3354 3416 3649 3696 3808 3811 3927 3963 3989 No. of
loci
1 0.0 0.0 250 0.0 250 250 0.0 25.0 50.0 9
2 * 0.0 333 * 333 333 0.0 33.3 66.7 7
3 * 0.0 400 * 400 400 * 40.0 80.0 6
-‘8" 4 * 0.0 400 * 400 000 * 40.0 80.0 6
3 5 * * 500 * 500 50.0 * 500 1000 5
Table 8. Neutrality test in exonl across populations
Neutrality model Over all Woyto-Guji Gondar
ZnS (Kelly, 1997) 0.0265 0.0504 0.0509
Za (Rozas et al 2001) 0.0064 0.0636 0.0203
ZZ (Rozas et al 2001) -0.0200 0.0132 -0.0306
Fs values (Fu, 1997). -17.7960 -8.0980" -12.0800™
Tajima’s D (Tajima, 1989b) 0.19900" 0.85931"™ 0.46476"™

Fay and Wu's H (Fay and Wu, 2000) -2.11640

The neutrality estimates vary among polymorphism and divergence, and overview of polymorphism in all

tests of both populations. The neutrality test for polymorphism and divergence were 0.82933 (Tajima's D
test), -0.22458 (Fu and Li's D* test), 0.16986 (Fu and Li's F* test) (Fu and Li, 1993) and -7.114 (Fu's Fs
test). Whereas, the overview of polymorphism was 0.19900 (Tajima's D test), -1.29583 (Fu and Li's D*

test, -0.89153 (Fu and Li's F*) and -17.796 (Fu's Fs test).
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Discussion

Haplotype analysis

In these days, fine-mapping studies and identification of candidate genes are conducted by haplotype
analysis of the SNPs detected in the target regions (Beaty et al., 2005). However, it is mentioned that
there has been surprisingly little work done on haplotype based multivariate association analyses (Pei et
al., 2009). Haplotype based analysis of the Kisspeptin gene was carried out in this study. The result
indicated that more number of rare haplotypes was detected in Woyto-Guji goat population. This might be
due to relatively more sample size used in Woyto-Guji goat population compared to Gondar goat. Large
sample size in a population is more likely includes more rare haplotypes (Beaty et al., 2005). In the shared
haplotypes, relatively more haplotype frequencies were obtained in Woyto-Guji population than Gondar
except the 1% haplotype of exon2 (Table 2). However, almost all non-shared haplotypes have less than 2%
haplotype frequency estimates, and all private haplotypes except hap-13 registered frequencies closer to
1% (Table 1). However, no haplotype was observed having a frequency of <1% in Gondar goat
population. This is contrary to small sample size used for the latter goat population. In line with this, three
nonsynonymous mutations showed a frequency <1% in populus nigra cinnamyl alcohol dehydrogenase
(CAD4) gene and stated that it would not have been identified by studies using smaller sample size
(Marroni et al., 2011).

Linkage disequilibrium

The study of variations in both linkage disequilibrium (LD) and haplotype frequencies within and across
populations is highly relevant in the choice of “tagging” SNPs for candidate gene or whole-genome
association studies (Beaty et al., 2005). This is due to the fact that some markers will not be polymorphic
in all samples and some haplotypes will be poorly represented or completely absent. In the LD measures,
very low estimated D’ and R were obtained the current study. This might be because of the shortest size
of target region that leads to short physical distances among segregating sites (Supplementary Table S1).
The average distances among segregating sites are 226.19 bp for Woyto-Guji and 234.86 bp for Gondar
goat populations (Table 4). When markers are separated by <1 kb of DNA, D’ values could be on average

<1 (Abecasis et al., 2001) implying that an excess of LD does not appear in short physical distance (e.g.
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<10kb) (Pritchard and Przeworski, 2001). However, it’s agreed that, in analysis of whole genome or large
size target region, measures of LD decay decreases as physical distance among loci increases. This is due
to the fact that the recombination events will make the distribution of alleles at linked loci occur
independently of each other (Lin, 2005). Another argument is, the low estimates of D’ can be explained
Ho were lower than He (i.e; ©,< ©k) (Table 3; Supplementary Figure S1) in most of heterozygosity
estimates. This could be due to presence of more rare alleles at low frequencies and there might have been
recent selective sweep and population expansion (Tajima, 1989a). In another study of Ethiopian goat
population we found that there was high level of population migration per generation (Nm = 24) (Getinet
Mekuriaw Tarekegn, 2016) and recent and rapid bi-modal demographic expansion events (Getinet
Mekuriaw Tarekegn et al., 2018).

Similarly, the average R? value was very small (R?= 0.08334 + 0.15) (Table 4) suggesting the little
power of coefficient of correlation to detect association among the loci (Pritchard and Przeworski, 2001)
and no difference (P>0.05) between both populations. However, in terms of magnitude, there was slightly
higher estimate |D’| for Woyto-Guji goat population. This might be explained by the highest flock size
farmers owned in Woyto-Guji area than Gondar (Netsanet Zergaw, 2014; Alubel Alemu, 2015) which
could provide better selection practice in the latter goat population studied. Population growth leads to an
excess of low-frequency variants (Tajima, 1989a); whereas, population structure tends to increase levels
of LD (Pritchard and Przeworski, 2001). Similarly, in other reports, the source of variation of LD
measures among populations could be selective sweeps, history of natural selection, gene conversion,
mutation, genetic drift and other forces that cause gene-frequency to evolute (Abecasis et al., 2001;
Slatkin, 2008). Geographical distance (>1500 km) among Gondar and Woyto-Guji goat populations
might be one possible reason which contributed for the LD variation observed among themselves. Though
the biological reasons have not been known yet, majority of residual variation for the distribution of LD is
explained by physical distance among study populations (Abecasis et al., 2001; Pritchard and Przeworski,
2001).

Trends of linkage disequilibrium decays for all SNPs detected are illustrated at figure 1. Both |D’|
and R? suffer ceiling and floor effects, respectively. Most of the pairwise comparisons of polymorphic
sites are concentrated at maximum value for |D’| (|[D’] = 1) and at minimum value for R* (R = 0)
(Marroni et al., 2011). This could be because of one of the four possible haplotypes is not observed in the
sample for the former (Mueller, 2004; Marroni et al., 2011) and presence of excess rare alleles for the
latter (Hedrick and Kumar, 2001). The abundance of pairwise comparisons of the ceiling and floor effects

are irrespective of they each other (the combination graph of |D’| and R? is not indicated).
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On the other hand, very low recombination rate (¢ = 0.0567) was observed in both goat populations
indicating the non significant contribution of genetic drift on LD accumulation rather it could be
happened by selection and migration or population expansion. The lowest neutral estimate of ZnS (ZnS =
0.0265), discussed below, strengthened this argument. When a favorable mutant at the locus under
selection sweeps detected in the population, it drags along the neutral locus and therefore the pattern of
polymorphism at the neutral locus can be strongly affected by the linkage to the selected locus (Fu, 1997).
However, this recombination evaluation in this specific segment of the DNA does not represent the status
of the recombination in the whole genome. It is because of that the rate of recombination varies across the
genomic regions (Payseur and Nachman, 2000; Yu et al., 2001).

Most of the SNPs detected have no/lack strong linkage disequilibrium indicating they are not likely
appropriate for genetic association studies. In regions of high LD, a reduced set of haplotype tag SNPs
may be selected to detect efficient associations between variations in that gene or region and a trait of
interest (Beaty et al., 2005; Gong et al., 2007). Another possible reason could be, variability in LD is also
a function of sample size (Beaty et al., 2005). Sample size of Gondar goat population is by half smaller
than that of sample size of Woyto-Guji goat population. In the shared loci, both goat populations have
almost similar patterns of pairwise LD accumulation except at two loci combination in each population;
this can ease to identify the minimum number of SNPs that tag the most common haplotypes, termed
“tagging SNPs”. The similar trends of haplotype frequencies of shared haplotypes of both goat
populations (Table 2) strengthened this argument. However, according to Evans and Cardon (2005),
whenever haplotype frequencies vary considerably across populations, it becomes more difficult to
predict which SNPs will identify enough of the existing haplotypes in all subpopulations to ensure
adequate coverage, and the chance of spurious findings due to confounding increases in tests of
association. Of course, factors such as sample size become important when estimating haplotype
frequencies too; but, the key determinant of differences remains underlying level of haplotype diversity
and LD across populations (Beaty et al., 2005). The relative higher estimates of LD in the study
conducted (Table 4), is because the more practice of selection than the effect of genetic drift. The later
argument can be strengthened by the relative low estimate of recombination of linked loci obtained and is
supported by Slatkin (2008). Genetic drift which can create small amounts of LD, interacts with selection
(Hill and Robertson, 1966; Slatkin, 2008) and this reduces the response to selection. The low
recombination rate has also an implication that the common ancestor in the sequences was created

recently which was initially linked to the selectively favored mutation (Kelly, 1997).

49



Getinet Mekuriaw et al, /Eth. J. Anim. Prod. 18(1)-2018:36-58

In addition, it is explained that changes in population size, particularly an extreme reduction in size (a
population bottleneck), can increase LD (Slatkin, 2008). With respect to this, the population/flock size of
Gondar per household is lowest compared to Woyto-Guji. On the other hand Netsanet Zergaw (2014)
reported that in Woyto-Guji area, the maximum goat holding in her study group was 200 per house hold;
however, we had also observed up to 400 heads of goats per house hold during the field work.

From the total SNPs detected, the association analysis among loci indicated that only four loci
showed highest and significant LD accumulation (Table 6 and 7). Strong LD is expected in tightly linked
loci (Pritchard and Przeworski, 2001). Variability at linked markers will be higher on chromosomes
bearing that allele than other chromosomes whenever an advantageous allele is fixed (Slatkin, 2008). In
another association study of the KISS1 gene of the same goat populations and the same loci studied, we
observed significant (P<0.001) contribution of mutations at 9.950T>C, ¢.3416G>C, ¢.3811G>T and
0.3963T>C on multiple birth ability of Gondar and Woyto-Guji goat populations (Getinet Mekuriaw et
al., 2017). It is reported that strong positive selection quickly increases the frequency of an advantageous
allele (Slatkin, 2008). This results linked loci to remain in strong LD with that allele, which is called
genetic hitch-hiking (Maynard and Haigh, 1974). The second primarily route of selection, epistatic
selection, might have its own contribution for relatively higher estimates of measures of LD in Woyto-
Guji goat population than Gondar. The latter selection type leads to have the association of particular
alleles at different loci that provide motivation of historical studies of LD in the study population. The
insignificant recombination rate estimate strengthens this argument. It is explained that epistatic selection
would have to be very strong to maintain allelic associations at the scale of megabases, in the face of

substantial recombination (http://www.as.wvu.edu/~kgarbutt/QuantGen/Gen535-2-2004/Linkage-

disequilibrium.htm).

In general, the significant population variation in that candidate gene was also observed,
particularly in the shared haplotypes, in haplotype diversity and in differences in LD implying that some
of the SNPs and haplotypes are ‘‘useful’’ for association studies (Beaty et al., 2005). Woyto-Guji goat
populations had fairly similar haplotype diversity but slightly higher levels of measures of LD than did
Gondar goat population. The rate of recombination is also relatively lower in Woyto-Guji goat population
(c=0.0505) than in Gondar goat population (c=0.0765) and strengthened the idea that the recombination

rate decreases as LD accumulation increases.

50


http://www.as.wvu.edu/~kgarbutt/QuantGen/Gen535_2_2004/Linkage_disequilibrium.htm
http://www.as.wvu.edu/~kgarbutt/QuantGen/Gen535_2_2004/Linkage_disequilibrium.htm

Getinet Mekuriaw et al, /Eth. J. Anim. Prod. 18(1)-2018:36-58

Neutrality test

In the current study, the estimates in polymorphism and divergence were higher than the polymorphism
overview estimates in all neutrality tests. Negative and highly significant Fs values were obtained in both
goat populations studied. According to Fu (Fu, 1997), Fs test is especially sensitive to population
demographic expansion, which generally leads to have large negative Fs values. However, Gondar goat
showed higher significant negative value of Fs than Woyto-Guji. This could be because of high
demographic expansion towards Gondar area. As result, a recent genome wide study revealed that Gondar
goat has more than four genetic backgrounds, which could let this goat population to have higher negative
values whereas Woyto-Guji has only two genetic backgrounds (Getinet Mekuriaw Tarekegn, 2016).
However, all the estimates, except the Tajima’s D test, were negative values in the latter group (Table 9).
Large negative value which indicates a one-sided test, for in instance in Fs, is an indicator against the
neutrality of mutations implying an excess of number of rare alleles and a reduction of the number of
common alleles (Fu, 1997). Fu ibid proved that in showing the effect of population growth on neutrality
test, the Fs test is the most powerful one; in fact, it is often more than twice as powerful as any other test
examined. On the other hand, Watterson's test W is the least powerful test. In between are Tajima's test T,
Fu and Li's tests D* and F* and the new test F' (-1, 1).

Moreover, negative values of Tajima’s D in particular, which is non-significant positive value in our
study, shows presence of negative selection, population growth and genetic hitchhiking (Tajima, 1989b).
In the current study, we obtained negative value of Fay and Wu’ H (H= -2.11640) suggesting genetic
hitchhiking (Fay and Wu, 2000). In another study, we observed positive (D = 0.10) and negative (D = -
0.22) values of Tajima’s D estimates for Gondar and Woyto-Guji goat populations (Getinet Mekuriaw
Tarekegn et al., 2017). The coexistence of negative values for both Tajima’s D and H could be related to
demographic history of the population (Marroni et al., 2011) that could be explained by a bottleneck event
(Heuertz et al., 2006).

On the other hand, the lowest ZnS, where ZnS has a range of 0 to 1 estimate, obtained in the current
study implies acceptance of the neutral model and encourage to use it as a test (Kelly, 1997). According
to Kelly (1997), the values ZnS measures declines as asymmetry among loci increases; when natural
selection acts on a polymorphism that is closely linked to neutral sites, allele frequency asymmetries may
be reduced. For this reason, higher expected values of ZnS may represent a molecular signature of natural
selection. The considerable codon bias index (CBI = 0.301) obtained could also strengthen the effect of

natural selection.
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In General, the overall neutrality evaluation of the KISS1 gene shows influence of selection on the
goat population studied. However, it is mentioned that neutrality tests are quite sensitive to variations in
sample size (Marroni et al., 2011). The reason is small sample sizes lead to a relatively large variance of =
and D (Lohse and Kelleher, 2009). However, how small sample size is small and how variable sample
size differences among study populations need to be defined. For instance, in the current study the
average estimate of z (z = 0.00275) and its variance were very low and neutrality test was detected in
contrast to highest variation of sample size between the two goat populations included in the study.

From the total 29 haplotypes, only 12 of them are common for both goat populations studied.
Majority of them are not shared haplotypes resulted from the rare alleles. Gondar and Woyto-Guji goat
populations are geographically isolated as described in the methods section. It is noted that individuals
from different geographic areas could cause allelic frequencies to be skewed toward rare alleles resulting
in the detection of negative Tajima’s D values due to population structure (Stadler et al., 2009). However,
the positive Tajima’s D value detected in the KISS1 gene could be due to high estimation of level of
population migration per generation (Nm=18.17) and this is strengthened by lowest pairwise Fs distance

(FsT=0.0267) between the two goat populations (Getinet Mekuriaw Tarekegn, 2016).

Conclusion

Kisspeptin can be is an essential gene for fecundity trait. It plays a role of secretion of kisspeptin protein
in the hypothalamus region of the brain and facilitates hormonal regulation in the female reproduction
system. In the current study, haplotype frequencies, together with patterns of pairwise LD, were used to
assess genetic variation in Woyto-Guji and Gondar goat populations. These goat populations showed
fairly similar haplotype frequencies and heterozygosity. However, relatively higher LD decays were
observed in Woyto-Guji goat population than Gondar. In addition, the neutrality tests confirmed effect of
natural selection on the former goat population. In general, some of the polymorphic loci detected in the
target regions showed comparatively highly significant linkages among themselves suggesting the
importance of the gene for multiple births, as confirmed in former study (Getinet Mekuriaw Tarekegn et
al., 2017). Therefore, the kisspeptin gene can be suggested to be part of the designs of improvement
program in goat breeding. However, it is wise to note that sequencing the whole length of KISS1 gene
and testing both the haplotype and measures of LD decays with more sample size may help to suggest

strong recommendation.
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Supplementary Table S1. Summary of linkage disequilibrium measures of exonl for both goat
populations

Locusl Locus? Dist D D R Fisher Chisq Locusl Locus? Dist D D R Fisher Chi-sg
T4 136 62 0000 -1000 -1.000 1.000 0.049 369 528 139 0118 0694 0492 0000**B  41007**B
T4 233 179 0000 -1000 -0.006 1.000 0.006 360 331 162 0.024 0316 0.137 0.083 3230
T4 360 293 0.003 1000  0.080 0474 1.116 369 647 278 0.000 0.049 0.006 1.000 0005
T4 416 342 0000 0000 -0.006 1.000 0.006 369 623 314 0011 0096 0052 0593 0459
T4 400 416 0000  -1000 0006 1.000 0.006 360 709 340 0174 0.715 0698  0.000%*B B4300*+*B
T4 303 429 0000 -1000 0008 1.000 0012 416 490 T4 0000 -1000 -0.006 1.000 0.006
T4 328 454 0.004 1000 0.102 0358 1.801 416 303 g7 0000 -1000 -0.00% 1.000 0012
T4 331 437 0001 -1000 -0.031 1.000 0170 416 528 112 0002 -1000 0037 1.000 0.362
T4 647 373 0000 -1000 0008 1.000 0012 416 531 115 0001 -1000 0031 1.000 0.170
T4 683 609 0001 -1000 0043 1.000 0322 416 647 231 0000 -1000 0008 1.000 0012
T4 709 633 0.003 1.000 0082 0462 1.169 416 633 267 0001 -1000 0.043 1.000 0322

136 233 117 0000  -1000 0017 1.000 0.049 416 709 293 0003 -1.000 0071 1.000 0.865
136 360 233 0013 0325 0122 0152 2563 400 303 13 0000 -1000 0008 1.000 0012
136 416 280 0000 -1000 0017 1.000 0.049 490 528 38 0002 -1000 0057 1.000 0.362
136 400 354 0000 1000 -1017 1.000 0.049 490 331 41 0001 1000 0031 1.000 0170
136 303 367 0001 -1000 0024 1.000 0.098 490 647 137 0000 -1000 -0.00% 1.000 0012
136 528 392 0017 -1000 D163 0.052 4.685* 490 683 193 0001 -1.000 D043 1.000 0322
136 331 395 0007 -1.000 -0.090 0370 1417 490 709 219 0.003 1.000 0.082 0462 1.169
136 647 311 0001 -1000 0024 1.000 0.098 303 528 25 0.002 0221 0.032 1.000 0176
136 683 347 0011 1000 0125 0201 2680 303 331 28 0002 -1000 0044 1.000 0342
136 709 573 0013 0333 0127 0.146 2.790 303 647 144 0000 -1000 0012 1.000 0024
253 360 116 0003 1000 0072 1.000 0906 303 683 180 0003 -1.000 0061 1.000 0.640
233 416 163 0000 -1000 -0.006 1.000 0.006 303 709 206 0005 -1.000 0100 0.500 1.741
233 400 237 0000 -1000 -0.006 1.000 0.006 528 331 3 0.018 0.190 0.104 0.183 1.880
233 303 250 0000 -1000 0008 1.000 0012 528 647 119 0.002 0221 0.032 1.000 0.176
233 528 272 0.004 1000 0.102 0358 1.801 528 6283 133 0.034 0221 0.167 0.041%* 4838*
253 331 278 0001 -1000 0031 1.000 0170 528 709 181 0108 0631 0431 0000%B  33250%*B
233 647 3904 0000 -1000 0008 1.000 0012 331 647 116 0002 -1000 -0.044 1.000 0342
233 623 430 0001  -1000 0043 1.000 0322 531 683 152 0.104 0.947 0688  0.000**B R1.773**B
253 709 436 0003 -1000 -0071 1.000 0.863 331 709 178 0.026 0330 0.146 0081 3707
369 416 47 0003 -1000 0072 1.000 0906 647 623 36 0003 -1.000 0061 1.000 0.649
369 400 121 0.003 1.000 0080 0474 1.116 647 709 62 0005 -1000 -0.100 0.500 1.741
369 303 134 0.006 1000 0.114 0223 2245 623 709 26 0.044 0336 0.203 0.008** 7264

Key” Dist=Distance (bp)

Supplementary Figure S1. Trend of observed (Obs) and expected (Exp) haplotype heterozygosities
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