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Abstract
Objective

Conservation of the genetic diversity of indigenous animals is very important. For the sustainable
use of genetic resources, it is necessary to first study the genetic structure of populations. The
main goals of this research were to identify the population structure of Turkmen and Darehshori
horses using dense SNP markers and to compare the effectiveness of PCA, DAPC, and SPC
methods in clustering these populations.

Materials and methods

For this purpose, 67 Turkmen and 39 Darehshori horses were genotyped using Illumina
EquineSNP70 BeadChip. After applying quality control steps, five Turkmen horses and one
Darehshori horse were removed. Then, the structure of populations was identified by three

methods of principal component analysis (PCA), discriminant analysis of principal components
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(DAPC), and superparamagnetic clustering (SPC). These methods do not depend on previous
assumptions and make it possible to analyze very large genome databases without prior
knowledge of individual ancestry. These methods are also very fast and efficient.
Results
This study compared the efficiency of these three clustering methods in identifying population
structures. All three methods were successful in separating the two breeds, and Turkmen and
Darehshori breeds were grouped into separate genetic groups. The difference is that the DAPC
method only separated the two main populations, but the PCA and SPC methods could identify
several subpopulations in each breed. The results of this study showed that the SPC method for
studying the population structure of indigenous breeds with unknown information can be more
useful than other methods. Therefore, using this method, a suitable program can be designed to
conserve and use genetic resources.

Conclusions

PCA, DAPC, and SPC methods were able to successfully identify the genetic structure of

Turkmen and Darehshori breeds, and in general, it can be said that the information obtained from

dense SNP markers can be a powerful tool for identifying the population structure of indigenous

breeds.
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Figure 1. The distribution of the first two dimensions. The numbers 1 to 62 belong to the
Turkmen breed and the numbers 63 to 100 belong to the Darehshori breed
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Figure 2. Determining the optimal number of clusters by Elbow (right) and Silhouette (left)

methods. The result of the Elbow method was ambiguous, but the Silhouette method
suggested the number of 9 clusters

G )3 (ely BY) 58 5 015 4 slate (sladiges caomis [l 4 B8 A shaws b K-means o551 ol ol
9 bzl QQW/ 3‘)—‘ 92 dl.bd)w O .M)f Lgl> 4_..\»9> dw (uu]) Y‘A) Lg)ﬁ_a.f:o)b .)l)) 4 sl:wo v dl.bdu}o.) 9 4_«»9>

AR

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



B L R L R R L R

VELY o), 0n o 3 yoilen

L O L e . R R R R R R R S

Cluster plot

cluster
bt |8 | 1

i | —|
m &~ W N

0 W N o>

pc 1
g i 3131 LS bl a3 o i 1 ogd bl dlgo Y ye5xe o Jal ol dlse X yemee Y IS
g Wmd (G ygmid )d 33 cdiged ¥ 9 ¥ <) sLdadigd Cowl bauwd 231> g lod Blides gl STy U aiss

Woud p0S 33 35 diged A gAY (10 & glradiss

Figure 3. The x-axis represents the first principal component and the y-axis represents the
second principal component. The dots represent the samples and the clusters are displayed
in different colors. Clusters 1, 2, and 3 are samples of the Darehshori breed, and clusters 4,

5,6, 7, 8, and 9 are samples of the Turkmen breed
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Figure 4. Inferring the number of optimal clusters using the Bayesian information criterion
(BIC)
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Figure 5. DAPC cross-validation. The number of PCs retained is on the x-axis, and the
proportion of successful outcome prediction is on the y-axis. Single repetitions appear as
dots, and the density of those dots in different areas is shown in blue

YVY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



B L R L R R L R

VELY o), 0n o 3 yoilen

L O L e . R R R R R R R S

w PCA egernvalues

alll

Densily

10 5 0 5 10

Descriminant function 1
ol ol 2313 iuled o S5, b (gy9m00,0 3135 g o8 SOy b opeS 55 315 DAPC a1 JSWS
a3 o i 1y o Lads Lol sWailge bawgi 0awh dwngi wili )l e WU Sy Cuons 0 )5 gannsd
(PCs = 40)
Figure 6. DAPC result. The Turkmen breed is shown in red and the Darehshori breed is

shown in blue. The upper right histogram shows the amount of variance explained by the
remaining principal components (PCs = 40)
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Figure 7. SPC clustering responses for different k-NN values. The y-axis represents the
temperature and the x-axis represents the samples. The horizontal distance of the clusters

from each other indicates the degree of their neighborhood and the vertical distance of the

clusters indicates the degree of stability of the clusters
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