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Extended Abstract

Background: In recent years, wide access to molecular polymorphism data has increased
attention to identifying patterns within the genome that indicate positive selections occurring
continuously in populations. The basic view about positive selection is the phenomenon of
Genetic Hitchhiking. When a beneficial allele is the target of positive selection during different
times, it creates signs at the genome level and these signs can be identified and tracked by different
methods. The meta-analysis of different methods of selection signature at the genome level can
lead to a much more accurate identification of these signature, because each of the different
methods of identifying selection signature follow different criteria for identifying marks in the
genome of organisms. In fact, the purpose of performing different methods of identification of
selection signature is to improve the discovery and identification by using the combination of
information and increase the accuracy and precision of the results.

Methods: The number of samples in this study included 111 Thoroughbred and Turkoman horses
(44 and 67 respectively). Blood samples were obtained from the veins of the vedic and subcaudal
veins of horses. In this research, single nucleotide polymorphism data (SNP chips, 60k) were
used. Genotyping of the samples was done using 60 K arrays from Illumina company at the
University of Kentucky. To ensure the quality of the genotyped genomic data, quality control
analyzes were performed with a series of filters including MAF, SNP-CR, Animal-CR, HWE test.
One of the important points in identifying signature of selection is to consider subpopulations in
each population, for this reason, the principal components in this section was obtained based on
the kinship matrix. Principal components analysis was done in R software. In this research, Fst,
iHS (EHH), Rsb methods were used to identify the selection signature, and finally meta-analysis
was performed. The regions under genome selection and the genomic positions obtained from
whole genome linkage studies were further investigated to find the genes present in these regions.
The genes reported in these regions in horses and related regions in cattle were identified using
the ENSEMBL database and based on the assembly of the latest horse genome version available
from the NCBI and BioMart databases. The identification code related to the identified genes was
done in DAVID software to check the biological pathways related to the selected regions.
Results: Primary quality control was performed on 111 animals from 2 populations (67 Turkoman
and 44 Thoroughbred). 3 Turkoman animals were excluded from further analysis due to the
missing genotype rate of more than 9%, and finally 108 samples remained. A total of 59,349 SNP
markers, 52,036 markers remained after quality control. A total of 118 SNPs were excluded due
to the minimum allelic frequency of less than 1%, 704 SNPs out of Hardy-Weinberg equilibrium,
6493 SNPs with a missing genotype rate greater than 5%. The results of PCA analysis show that
the samples examined in this study were placed in two completely separate groups. Finally, 5
regions on the genome were selected for further investigation. 5 regions with theta value higher
than 0.28 between Turkmen and Thoroughbred horse breeds are located on chromosomes 4, 5,
10, 13, and 15, respectively. The highest number of selected markers were located on
chromosome 5, and the lowest number of identified markers were located on chromosomes 13
and 15. According to the results obtained from the iHS analysis, the number of 8 and 23 snps, ,
in Thoroughbred and Turkmen breeds had the highest iHS value respectively, and the number of
3, 2, 2, 1 snps were respectively on chromosomes 28, 21, 1 and The highest iHS value is for the
BIEC2_548092 snp located on chromosome 21 of this breed. The results of meta-analysis showed
that these regions are located on chromosomes 10, 12, 14, 15, 16, 17, 32. Rsb analysis was
performed between two populations of Thoroughbred and Turkoman horses, and the results
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showed that selection markers are located on chromosomes 12, 16, 17, 31, 32. After examining
the genes in the obtained regions, the most important genes were involved in glycosylation,
cellular response to stress, metabolic process of cellular macromolecules, repair of broken
peptides.

Conclusion: The present research, taking into account the various methods of identifying
selection marks in Turkmen and Thoroughbred horses and combining the results of each of the
methods, implements a new approach to infer the positive points of selection marks in the horse
genome. From the results of this research, it can be concluded that the combination of methods to
identify the signs of selection increases the strength and accuracy of the results. Also, the genes
identified in this research are involved in important pathways such as glycosylation, cellular
response to stress, metabolic process of peptides and organization of protein subunits, cellular
macromolecules catabolic process and extracellular transport.
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Table 1. Quality control of genomic data related to Thoroughbred and Turkoman breed horses

95 0S¥ e
Thoroughbred Turkoman population
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Number of animal in populations
59349 59349 oS S ) S LSl S ol
Number of markers before quality control
118 118 1oV 5158 506 T Jlgls b SNP slas
The number of SNPs with rare allele frequency less than 0.01
704 704 Sy eyl ol 5l )5 WSNP sl
The number of SNPs discharge the Hardy Weinberg equilibrium
6493 6493 olen pbe 035 05 5955 £ LSNP sl
The number of SNPs with a missing genotype rate greater than 0.05
0 3 [ aby Cawd Sl Gasgiy 5 L olydlslass
The number of animals with a missing genotype rate of 0.09
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Figure 1. PCA analysis of Thoroughbred horse breeds (blue) and Turkoman (green) using SNP
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Table 2. Markers with the highest iHS value in Thoroughbred breed

iHS o3 Cadse £339°555 el Pl
Genomic Position Chromosome SNP Name
-4.35 5030403 21 BIEC2_548092
-4.34 45097396 28 BIEC2_745459
-3.93 44680548 28 BIEC2_745385
-3.91 112650539 1 BIEC2_47180
-3.88 5026970 21 BIEC2_548091
-3.87 45186697 28 BIEC2_745469
-3.82 112751114 1 BIEC2_47251
-3.66 77913275 7 BIEC2_1007560
_ o _ S5 315 3 THS o5 cn s YL (ol sl Solis =¥ Jgu
Table 3. Markers with the highest iHS value in Turkoman breed
iHS ) Cube 9392555 el
Genomic Position Chromosome SNP Name

738 58264781 7 BIEC2_867460
-4.34 8498964 8 BIEC2_1027164
4.28 24590167 25 BIEC2_665593
4.20 42935127 18 BIEC2_411742
4.10 15211001 5 BIEC2_894650
4.02 104984674 4 BIEC2_882951
-3.97 8138630 8 BIEC2_1027098
3.96 108136351 4 BIEC2_885665
3.95 58352096 4 BIEC2_867482
3.95 91269455 1 BIEC2_38058
3.94 10763970 5 BIEC2_891593
3.94 56134845 4

BIEC2_867049
3.87 28826556 1 BIEC2_12789
3.86 1109903 14 BIEC2_238237
3.82 23868607 5

BIEC2_898305
3.79 10954654 5 BIEC2_891633
3.74 23674756 5

BIEC2_898277
371 12437611 5 BIEC2_892648
371 8722189 8 BIEC2_1027310
-3.70 8470201 8 BIEC2_1027146
367 21373000 25 BIEC2_663913
3.67 14979173 29 BIEC2_754760
3.67 7756449 27

BIEC2_702123

1- Creeping Window
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Figure 2. Manhattan graph for meta-analysis of SNP-data of Thoroughbred and Turkoman horses
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Table 4. Ontology information of genes identified in regions under positive selection

p-value Term > L. sbogj 1o 3 oy ol yaaano pb (sl gt 357
Candidate Genes In Term TermCount Pathway Name Ontology Code
0/089 ALG11- COG6 2 Q}:N)'{i)'s - G0:0070085
Glycosylation
0/068 SEML-SETMAR-ITPRL 3 el 4 ol gl G0:0033554
Cellular response to stress
SEM1-SETMAR-BHLHE40- ok JsSgog,5ke SJplie iyl 5 !
0/048 6 59 ¥ 2 G0:0044260
CRBN-SUMF1- TRNT1 Cellular macromolecule metabolic process
0/071 SEMI1-SETMAR 2 shid) 5 (LS o G0:0006302
double-strand break repair
0/084 LXN- PTX3- RARRESL 3 I e G0:0005615
Extracellular transport
ACCS- ALKBH3- AMBRAL- 51 S5 ks toold
ATG13- CHST1- F2- DGKZ- 5 3 o A .
0/047 1 S ) wgle K21y G0:0044710
EXT2-HSD17B12-MAPK8IP1- single organism Metabolic process
SLC35C1
CDC42EP3-NDUFAF7- Lo 5 Lo 5 bbb .
0/007 5 o9 ST ) (B G0:0071822
CYP1B1- EIF2AK2-SPAST protein subunits Organization
0/0202 MCTS1- UPF SB- LAMP2- 4 oty Sl )8 G0:0006518
peptide Metabolic process
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cellular macromolecules Catabolic process
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