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ABSTRACT
Report 27 p., 1 book, 25 references., 2 figures, 3 appendixes.

Y-CHROMOSOME, HAPLOTYPE, PHYLOGENETICS, KEREY CLAN 

Object of research: polymorphism Y-chromosome of the Kazakh genus Kerey.

The purpose of the work: to construct the genetic genealogy of the genus Kerey with the help of the Y-chromosome.

Methods of work: fragmentary DNA analysis and phylogenetic analysis.

The results of the work and their novelty: for the first time the characteristic of the genera of kerey was carried out on 23 STR lokis of the Y-chromosome. Phylogenetic networks indicate that the formation of generic associations have genetic bases under them. At least three genetic lines with the founder effect were found.

Scope of the study: human populationgenetics, forensic genetics, history of Kazakhstan

Significance of the work: for the first time, the tribal group of kerei was studied at the level of subgens using polymorphism of the Y-chromosome, which made it possible to reconstruct their genealogy according to genetics.
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DEFINITIONS, DESIGNATIONS AND ABBREVIATIONS

The following definitions, designations and abbreviations are used in the research report. 
	SNP
	– 

	Single nucleotide polymorphism

	STR
	– 


	Short tandem repeat

	Haplotype

	– 


	a group of alleles in an organism that are inherited together from a single parent.

	Haplogroup
	– 


	a group of alleles in an organism that are inherited together from a single parent, and a haplogroup is a group of similar haplotypes that share a common ancestor with a single-nucleotide polymorphism mutation.


INTRODUCTION
Assessment of the current state of the scientific and technical problem being solved: 

Polymorphism of the Y-chromosome of the Kerey clan was studied only at the level of the Abakh and Ashamaily subclans. The polymorphism of 17 loci of short tandem repeats of the Y chromosome, which does not include rapidly mutating loci, and a number of single nucleotide substitutions, among which the marking of the haplogroup C2b1a3a1 – F3796, is the most frequently seen.



Basis and initial data for the development of the topic: The subclans such as Abakh-Kereys and Ashamaily-Kereys consist of more than a dozen genera for which the polymorphism of the Y-chromosome has not been studied and the genetic links between them have not been established. For this purpose, the blood of volunteers from the Kerey clan was collected with personal data on their births, and the data on the polymorphism of the Y-chromosome of the Kerey clan, published and unpublished scientific papers were used. 

Justification of the need for research: there are a number of versions of the genealogy of the Kerey clan. According to different ethnographic versions, the tribal composition of the associations, as well as their genealogical relationship, differ among themselves. They can only be verified by studying the polymorphism of the Y-chromosome, inherited on the paternal side.

Information about the planned scientific and technical level of development: polymorphism of the Y-chromosome is investigated at least 23 loci of short tandem repeats, including rapidly mutating loci, informative for closely related genetic lines within the genus. DNA fragment analysis and phylogenetic analysis are used.

Relevance and novelty of the topic: For the first time, the Kerey clan is investigated at the level of genera using polymorphism of the Y-chromosome, which makes it possible to reconstruct their genealogy according to genetics.

Connection of this work with other research works: thework isdirectly related to the study of the polymorphism of the Y-chromosome of the tribal structure of the Kazakhs, as well as their gene pool and ethnogenesis.

THE MAIN PART OF REPORT ABOUT RESEARCH WORK
1 Selecting a direction
Kazakhs are a Turkic-speaking indigenous population of Central Asia, whose gene pool was finally formed in the period of the XIII-XVI centuries [1-2]. A large number of tribes of different origins played in its formation. The memory of some is still preserved in the traditional genealogy of Kazakhs “shezire” and shapes the tribal structure of the Kazakhs.
Kerey is one of Kazakh tribe. The modern Kazakhstan population census does not analyze the tribal structure of Kazakhs. However, according to historical census data of the XIX century it’s known that kerey tribe was settled mainly in Petropavl (more than 20 thousand people), Omsk (13 thousand people), Karkaralinsk (about 12 thousand people), Kostanai (more than 8 thousand people), Semipalatinsk (about 12 thousand people) and Zaisan (4,5 thousand people) districts. The overall number was 65-70 thousand people [3]. Therefore, the main area of resettlement of kerey tribe is Northern and Northeastern Kazakhstan. According to the recent population census the total number of Kazakhs today is 16 million, 13 million of which live in Kazakhstan. The Northern region of Kazakhstan constitutes only 10% from total number of Kazakhs [4]. According to recent estimates a number of kereys in this region constitutes 350 thousand people [5]. Besides kereys densely lived in Western Mongolia (Bayan-Ulgiy aimak) and Northwest China (Xinjiang Uygur Autonomous Region, Gansu Province). Today 121 thousand Kazakhs live in Western Mongolia [6], 1,6 million Kazakhs - in Northwest China [7]. 
According to shezhire kerey tribe divides into two large clan associations: ashamaily and abak. By different ethnographic versions the clan composition of associations as well as their genealogical relationship differ among themselves. According to field materials of ethnographic expeditions (1956—1973) the tribal association as ashamaily consisted of tribes such as siban (subtribes – erimsary, kortyk, kungene, shokmatar, zhylybai, Kosai), balta (zhadyk, baigozha, karasary), koshebe (zholaman, tauzar, olmambet), tarashi (aksary, kursary, tokymbet, matakai, samai, emenaly, nuraly, nurumbet, akymbet). The tribal association as abak consisted of tribes such as zhanteke, zhadyk, karakas, shereushy, zhastaban, itely, molky, konsadak, merkyt, itemgen, sarbas [8]. Other sources claim that as part of abak other tribes are also included such as shimoyin, shubaraigyr, kultaibolat [9-11]. According to one version tribal associations as abak and ashamaily descend from the same ancestor man [12]. But another version states the ancestor for tribes of ashamaily association was Karabii, and the ancestor of abak association was his son-in-low, Abak, from uisun tribe [3], meaning tribal associations such as ashamaily and abak have different origin by direct male line. Kinship between separate tribes is realibly unknown. For example, the origin of merkit tribe is related to the medieval tribe as merkit, whose remained people joined kerey tribe after the defeat, and were eventually incorporated in their genealogy. 
Polymorphism of Y-chromosome has not been studied before, therefore, genetic connections between them were not established. Only generalizing results for tribal associations such as ashamaily and abak are known [13-14]. Polymorphism of 17 loci of Y-chromosome short tandem repeats has been described, not including rapidly mutated loci and a series of signle nucleotide substitutions, among which a marking haplogroup C2b1a3a1–F3796 (chrY:16466840 С>T on hg38) is most frequently encountered. As study showed 76.5% of kerey from Kazakhstan and 80% of kazakhs from Aksai (Gansu province, China) have a genetic kinship closer to abak association [14]. Differentiation based on locus DYS448 is observed between abak and ashamaily associations by numbers 23 and 22, respectively [13]. However, it is unknown which tribes were taken under this research, therefore, identified differentiation is ambiguous.  
The goal of the research is devoted to reconstruction of genetic genealogy of kerey at the level of tribal associations as ashamaily and abak using 23 Y-STR loci, including 17 standard and 6 rapidly mutated loci. Latter is informative for close genetic lineages inside a tribe. The obtained data is also observed in the context of Y-chromosome polymorphism of kazakhs in Northern region of Kazakhstan.

2 Materials and methods
During actual period of project realization – 4,5 months (from signing a contract on June 15 up to submitting an annual report on October 31) – 184 blood samples were collected from healthy Kazakh male volunteers, not related to each other in at least three generations from kerey tribe with knowledge of the ancestral affiliation. Samples collection was conducted accordingly to criteria of population-genetical biobank [15]. All participants in the study signed forms of informative agreement and questionnaires, approved by local ethical committee RSE “National Center for Biotechnology” SC MOE RK. Morevover, in the framework of cooperation with Institute of Molecular Biology and Biochemisrtry named after M.A. Aithozhin, applicants have unpublished data on 382 samples of kazakhs from Northern region of Kazakhstan, including data on 73 samples of kerey tribe with knowledge of the ancestral affiliation. In the framework of cooperation with private institution “Natioanl Laboratory Astana” there is data on 56 samples of kerey tribe with knowledge of the ancestral affiliation. From published scientific literature there is data on 54 samples of kerey tribe [13] and data on 93 samples of kazakhs from Aksai (Gansu province, China), which larger part was genetically identified as from kerey tribe [14]. 
DNA extraction from blood sampels were conducted using commercial kit such as Wizard(R) Genomic DNA Purification Kit (Promega) according to the manufature’s protocol. Concentration of DNA was measure using Quantus Fluorometer (Promega) device and QuantiFluor(R) ONE dsDNA System (Promega) kit according to the manufature’s protocol. Quality of DNA was determined using NanoDrop One (Thermo Fisher Scientific) device according to the manufature’s protocol. 
Fragmented analysis of 23 Y-chromosome STR loci was conduted using a kit for amplification as PowerPlexY23 (Promega) on 8-capillary genetic analyzer Applied Biosystems 3500 (Thermo Fisher Scientific) and GeneMapper IDx v.1.6. (Thermo Fisher Scientific) software. In the kit PowerPlexY23 17 STR loci are standard (DYS19, DYS385 a/b, DYS389I/II, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, DYS439, DYS448, DYS456, DYS458, DYS635, Y-GATA-H4) and 6 rapidly mutated loci (DYS481, DYS533, DYS549, DYS570, DYS576, DYS643). Affiliation of haplotypes to haplogroups was assessed using Nevgen Y-DNA haplogroup predictor (https://www.nevgen.org/) and by comparing haplotypes from published data with unpublished.
Phylogenetic network of Y-chromosome STR haplotypes was built using Network 5 and Network Publisher (fluxus-engineering.com; Fluxus Technology) softwares [16-17]. Locus-specific weights were given accordingly to mutation frequency for Y-STRs [18-19]. The age of clusters was defined with the help of rho-statistics [20-22], using coefficient 2,1 × 10-3 mutations per locus in each generation [23]. The generation time was taken equal to 30 years [24].
3 Results and Discussions

3.1 Polymorphism of the Y-chromosome of Kazakhs in the Northern region of Kazakhstan

In this research, 382 Y-chromosomes of male Kazakh individuals from Northern region of Kazakhstan were genotyped for 27 Short Tandem Repeats (STRs). Haplotypes are presented in Supplementary materials as an Appendix B in the prepared scientific article, which will be available after its publication. In total, 326 unique haplotypes were found among the 382 individuals. The most frequent haplotype was observed in 9 individuals from the Kerei tribe. The Discrimination capacity (DC) for the 27 loci was found to be 0.853, whereas the haplotype diversity (HD) in the sample of Kazakhs from the Northern Kazakhstan region was calculated as 0.998. The haplotype match probability (HMP) was calculated as 0.004. The forensic parameters of the population of northern Kazakhs turned out to be less than that of the general group of Kazakhs studied earlier [25]. A total of 168 distinct alleles were found at loci with single-copy, and their frequency varied from 0.003 to 0.843. The number of different alleles (n = 4) was found at DYS437, DYS438, DYS460, and DYS391; while the largest (n = 12) was found at DYS449. Gene diversity (GD) at single-copy loci ranged from 0.280 for DYS438 to 0.788 for DYS570. At multi-copy DYS385a/b loci were observed 37 allelic combinations with 12 different alleles. On the other hand, 31 allelic combinations with 9 different alleles were detected at DYF387S1a/b multi-copy loci. The greatest gene diversity was observed at the multi-copy locus DYS385a/b (GD = 0.855) and DYF387S1a/b (GD = 0.879). In addition, the several abnormal alleles have been observed. These are 18 microvariant alleles at loci DYS448 and DYS458. Tri-allelic patterns were observed in twelve samples at the DYF387S1 loci. Double alleles were observed in DYS19 and DYS518. Deletion of alleles was observed at loci DYS448 and DYS392.

3.2 Polymorphism of Y-chromosome of the Kerei tribe

The Kerei tribe is one of the main Kazakh tribes of the northern region of Kazakhstan. The study covered the following samples: the union of Abakh - Iteli (9), Karacas (14), Merkit (3), Molky (9), Sarbas (2), Sherushi (22), Shimoyin (1), Shubaraygyr (4), Zhadik (4), Zhantekey (21), Zhastaban (10), the union of Ashamaily - Balta (37), Koshebe (21), Siban (9), Taryshi (147), including its subclan Aksaras (34), Kursary (41), Matakai (11), Samay (28), Tokymbet (8).

Their belonging to the haplogroups was assessed according to haplotypes. The haplogroup C2b1a3a1-F3796 was often found in both the Abakh (78%) and Ashamaily (77%). The following data is consistent with the previous literature data: 80% among the Kazakhs of Aksai (Gansu province (China) [14], 90% among the union of Abakh clan and 55% among the Ashamaily [13]. Analysis at the geneology level reveals the following distribution of Y-chromosome polymorphisms:

1) half of the individuals of the Karacas clan belong to the J1 and J2 haplogroups;

2) two-thirds of individuals of Merkit clan belong to the N1a2 haplogroup;

3) among the union of Abakh clan, the Sherushi subclan is the most diverse in variants of the Y chromosome; the C2b1a3a1-F3796 (72%) noticed as the most frequent haplogroup and other haplogroups such as N1a1, O2a2, R1a, R2 were found;

4) the haplogroup O2a2 was found in one of the individuals from the Jantekei subclan from the union of Abakh clan; and from the Balta clan individual from the Ashamaily union.

5) the haplogroup C2a1a1a2a-F1756 was found in one of the individuals from the Zhastaban clan from the Abakh union, and in one individual from the Koshebe clan from the Ashamaily union;

6) four individuals from the Koshebe clan had haplogroups of R1a and R1b.

7) the Y-chromosome of one individual from the Siban clan belongs to the haplogroup C2a1a1b-M48;

8) among the abakh union, the Taryshy subclan is the most diverse in Y-chromosome variants; the most frequent haplogroup was C2b1a3a1-F3796 (80%) and other haplogroups as C2a1a1b-M48, C2b1a1a1a-M407, G1, J1, N1a, Q, R1b are found;

10) the haplogroup C2b1a3a1-F3796 was present in all clans, being most frequent haplogroup for all clans, with the exception of the Merkit and Karacas clans;

The phylogenetic networks were constructed for haplotypes assigned to haplogroup C2b1a3a1-F3796 to study the observed founder effect of the Kerei tribe (Figures 1 and 2).
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Figure 1. Phylogenetic Y-STR network of haplogroup C2b1a3a1-F3796 of the Kerei tribe: A) by traditional STR loci. B) by traditional and rapidly mutating STR loci.

As can be seen from comparative Fig. 1, it was possible to divide the “Ashamaily” cluster (blue), according to the fast mutating STR loci, into two star-like clusters: one consists mainly of Taryshy and Koshebe, and the other one from Balta. The separation occurs at the DYS576 locus. This separation at the geneology level was demonstrated in Figure 2. Most of the clans from Abakh union spread into their own cluster, with the exception of single individual, and the same figure can also be noticed in the Ashamaily cluster. The Shubaraygyr and Merkit clans were not included in the “Abakh” cluster. Figure 2 suggests that there are, together with haplogroup C2b1a3a1-F3796, at least three genetic lines with the founder effect within the Kerei tribe.
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Figure 2. Phylogenetic network of haplogroup C2b1a3a1-F3796 with the corresponding clans.

CONCLUSION
Within the framework of the study on the period of four and half months (from the signing of the contract on 15th June till the submission of the annual report on 31st October), instead of 12 months according to the grant competition, the following results were obtained: 

The unique samples (N = 184) from the Kerei tribe, including all kinds of clans from union Abakh and Ashamayly, were collected. For the first time, they were characterized by 23 STR loci of the Y chromosome. A phylogenetic analysis was carried out based on the phylogenetic network of the most frequently encountered (78%) haplogroup C2b1a3a1 – F3796. The features characteristic to distinct clans in the context of haplogroups have been determined. The study of the genetic genealogy of the Kerei tribe requires further study of the SNP markers of the subbranches of the detected haplogroups, as well as deep sequencing of the Y chromosomes of haplogroup C2b1a3a1 – F3796 from each clan. The pilot work carried out will be continued through a follow-up grant with a long-term implementation and related funding.

The analysis of polymorphism of the Y-chromosome of Kazakhs in the Northern region of Kazakhstan (N = 382) by haplotypes of 27 STR loci was carried out. The obtained results expand the diversity of the database of the Y-chromosome of Kazakhs, which can be used in genetic genealogy, population and forensic genetics. The result was formalized in a short scientific report and submitted to a scientific journal for publication (Appendix B, C).

The project was implemented in accordance with the activities planned in the yearly plan and within the technical specification of the contract, within the allocated amount of funding for the assigned tasks.
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KAJIEHJAPHBIN IUIAH
1. 1. PIII ua IXB «Haumonansusiii uentp duorexnosornmy KH MOH PK

1.1 Tlo npuoputery: Hayunsie nccne/iopanus B 00J1aCTH €CTECTBEHHBIX HAYK.

1.2 Io noampuopuTery: GyHIaMeHTATBHbBIC HCCIEI0BANNA B 061acTH GHOIOTHH.

1.3 Ilo Teme npoekta: UPH AP09561774 «Fenetnueckas remearorus posa Kepeii».

1.4 O6mas cymma mpoekta na 2021 rox 8 000 000 (BoceMb MHJUIMOHOB) TEHre JUIL
BBINOJIHEHUS PabOT COTJIACHO TYHKTY 3.

2. XapaKTepHCTHKA HAY4HO-TEeXHHIECKOMH MPOIYKIHH 110 KBATHPHKAUHOHHBIM
NPH3HAKAM H YKOHOMHYECKHE MOKA3ATe

2.1 Hanpasnenue padoTsi: [onyJisAunoHHas TEHETHKA.

2.2 O6nacTh NPUMEHEHHS: TEHETHYECKAs IeHCAIOTHS.

2.3 Koneunslii pesynsrat 3a 2021 rox: Byzer copmuposana kojiekims odpasios y 160
npezxctasuteneii 16 moaponos Kepeit. CorsacHo TpeGOBaHHSAM KOHKYPCHOH JIOKYMEHTalHH
(hopmMaMu peanH3aliH pe3yiIbTaTa IpoeKTa OyAyT ABIATHCS:

- He MeHee | (0yHOlt) cTaTh, ONMyGIMKOBAHHOMNM, NPHHATOH B NeYaTh WIM TIOJAHHOH B
PeleH3HpyeMoe HayqHOE H3/IaHue [0 Hay4HOMY HANPaBIEHHIO PoeKTa, Bxozsmee B 1 (epsbiif), 2
(BTopoii) 1mGo 3 (TpeTwii) kBapTHiIb B Gase Web of Science u (wm) uMeroliee IPOLEHTIb 1O
CiteScore B Gase Scopus He Menee 50 (natnmecsitn); Ipeanonaraercs myGmikaums B Journal of
Human Genetics (Q2) u ap.
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Translate in English
	Code
	Name of work under the Agreement and the main stages of its implementation
	Priod
	Expected Result

	
	
	start
	end
	

	2021 year

	1
	Blood collection from 160 representatives of 16 Kerey subclans
	May 2021
	July 2021
	160 blood samples will be collected

	2
	Characteristics of the Y-chromosome polymorphism of 16 Kerey subclans
	June 2021
	Aughust 2021
	Сharacterization of 160 haplotypes will be carried out

	3
	Phylogenetic analysis
	Jule 2021
	September 2021
	Phylogenetic analysis will be carried out and phylogenetic networks of Y - chromosomes will be built

	4
	Preparing of Report
	October 2021
	Until 1 November 2021

	Project report will be prepared

	5
	Preparing of Publications
	July 2021.
	Until 1 November 2021

	Publications according to call documentation for grant funding:  at least 1 (one) article published, accepted for publication or submitted to a peer-reviewed scientific publication in the scientific direction of the project, included in the 1 (first), 2 (second) or 3 (third) quartile in the Web of Science database and (or) having a CiteScore percentile in the Scopus database of at least 50 (fifty);
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Abstract

Background: Previous studies of the genetic polymorphism of the Y-chromosome of Kazakhs
were focused on the Eastern, Central, Southern and Western regions of Kazakhstan. In addition,
many of these studies were limited to 17 Y-STR loci from the Yfiler.

Aim: To enrich the existing Kazakhstan Y-chromosome Haplotype Reference Database from the
Northern Kazakh population data by a wide set of 27 Y-STR and investigate the population
genetic relationships with previously published data.

Subjects and methods: 27 Y-STR loci from the Yfiler Plus PCR Amplification Kit were
analyzed in 382 healthy unrelated Kazakh males from Northern Kazakhstan. Genetic
polymorphism was analyzed using Arlequin software.

Results: A total of 326 distinct haplotypes of the 27 Y-STR loci were observed in 382
individuals. The discrimination capacity (0.9982) and haplotype diversity (0.8534) were
computed. A total of 168 alleles at single-copy loci was observed and their frequencies ranged
from 0.003 to 0.843. The pairwise genetic distance (Rst) showed that the Northern Kazakh
genetic distinct from the Chinese Kazakh population.

Conclusions: Genetic polymorphism shows that the potential value of 27 Y-STR loci for
forensic casework in the Northern Kazakh population and the current findings might be

beneficial for paternal lineages in population genetics study.

Keywords: haplotype diversity, Y-chromosomal STR, Kazakh population, Yfiler Plus, YHRD
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The population of Kazakhs is the Turkic-speaking indigenous population of Central Asia,
the modern gene pool of which was fully formed during the 13th -16th centuries (Yunusbayev et
al. 2015, Gnecchi-Ruscone et al. 2021). The majority of Kazakhs live in the Republic of
Kazakhstan - 13 million Kazakhs (http:/stat.gov.kz, accessed 01/01/2021): from the Caspian Sea
in the west to the Altai Mountains in the east and from the plains of Western Siberia in the north
to the oases and deserts of Central Asia in the south. The Northern region of Kazakhstan
accounts for only 10% of the total number of Kazakhs. Therefore, previous studies of the genetic
polymorphism of the Y-chromosome of Kazakhs were focused on the Eastern (Tarlykov et al.
2013), Central (Balanovsky et al. 2015), Southern (Zhabagin et al. 2020) and Western (Zhabagin
et al. 2021) regions of Kazakhstan. The Kazakh population of Northern Kazakhstan remains
poorly studied. In addition, many of these studies were limited to 17 STR markers, so additional
Y-STR markers are needed to achieve improved discrimination capacity. To date, the Y
Chromosome Haplotype Reference Database contains only 341 Kazakhs studied by the widest
commercial Y-STR markers panel - Yfile Plus™. Only 47 samples belonged to the Northern
Kazakh population. The aim of this study was to enrich the existing Y-chromosome Haplotype
Reference Database from the Northern Kazakh population using 27 Y-STR loci and compare the

genetic relationships with other Kazakh populations.

Subjects and methods
Sample collection and DNA extraction

A total of 382 saliva samples were collected from unrelated healthy Kazakh male
individuals who are residents of Northern Kazakhstan region for at least three generations. The
sample collection was followed by the ethical guidelines and declaration of Helsinki. Participants
in this study provided their written informed consents prior to sample collection. Approval was
obtained from the ethics committee of National Center for Biotechnology. Genomic DNA was
isolated from the saliva samples using the Wizard Genomic DNA Purification Kit (PPY23,
Promega Corporation, Madison, WI, USA).
PCR amplification, genotyping and contribute data

Isolated DNA was amplified using a GeneAmp PCR 9700 thermal cycler with the Yfiler
Plus PCR amplification kit (Thermo Fisher Scientific, Waltham, MA, USA). The polymerase
chain reaction products were detected and separated by capillary electrophoresis with an ABI
3500XL Genetic Analyzer (Thermo Fisher Scientific, MA, USA). GeneMapper ID-X software
was used to analyze the raw data (Thermo Fisher Scientific, MA, USA). The 27 Y-STR
haplotype data of this study was submitted to YHRD (http://www.yhrd.org) with the accession



[image: image11.jpg]numbers YA004714. To contribute to the haplotype data, the laboratories passed the Quality
Control Test of the YHRD (YC000343).
Statistical analysis

Using the Arlequin program ver 3.5 (Excoffier et al. 2010), haplotype and allele
frequencies, haplotype diversities (HD), and genotype diversities (GD) were computed as HD =
n*(1-Yp:>)/(n—1), where n is the population size and p; is the allele frequency of certain
haplotypes or genotypes. The sum of squared frequencies of the observed haplotypes was used to
determine the haplotype match probability (HMP). The ratio between the number of distinct
haplotypes and the total number of haplotypes in the sample was used to calculate discrimination
capacity (DC). The dataset of Northern Kazakh population were compared with the dataset of
Kazakh population available in YHRD from the previous studies. (Shan et al. 2014; Zhabagin et
al. 2019, Li et al. 2020). The AMOVA/MDS tool on the YHRD (www.yhrd.org) website was
used to compute and visualize pairwise genetic distances (RST) between comparison

populations.

Results and discussion
Haplotype/allele frequencies and forensic parameters

The haplotypes distribution in the Northern Kazakh population is presented in Table S1.
A total of 326 distinct haplotypes of the 27-STRs were observed in 382 individuals. The distinct
haplotypes frequencies are presented in Table S2. The 28 haplotypes were shared among at least
two individuals. The most frequent haplotype was observed among 9 individuals. The
discrimination capacity (DC) and haplotype diversity (HD) were observed as 0.853 and 0.998,
respectively. The haplotype match probability (HMP) was 0.004. Forensic parameters were
separated into Yflier and Yflier Plus haplotypes, shown in Table 1. Forensic parameters of
Northern Kazakh population were less than the general group of Kazakh from different regions.
The Y-STR allele frequency and the gene diversity (GD) for each single-copy locus of the 23 Y-
STRs in the Northern Kazakh population were shown in Table S3. A total of 168 alleles at
single-copy loci was observed and their frequencies ranged from 0.003 to 0.843. The lowest
number of allele variants (n=4) was found in DYS437, DY S438, DYS460 and DYS391, whereas
the highest (n=12) was found in DYS449. The gene diversity (GD) at single-copy loci varied
from 0.280 for DYS438 to 0.788 for DYS570. The allelic combination frequencies and gene
diversity (GD) values for two multi-copy loci are presented in Table S4. At multi-copy loci
DYS385a/b, 37 allelic combinations with 12 different alleles were observed. 31 allelic
combinations with 9 different alleles were detected at multi-copy loci DYF387Sla/b. The
highest gene diversities were observed at multi-copy locus DYS385a/b (GD=0.855) and



[image: image12.jpg]DYF387Sla/b (GD=0.879). There were a number of abnormal alleles found in this study, shown
in Table 2. All the variants were confirmed by repeating experiments. A total of 18 microvariant
alleles were detected at loci DYS448 and DYS458. In the twelve samples, the DYF387S1 loci
were observed for triallelic patterns. Double alleles were observed in DYS19 and DYS518. A
null allele at loci DYS448 and DYS392 were also observed. The genetic data of these alleles will
be useful in forensic DNA application.
Population analysis of the Kazakh population

The resulted haplotypes of Northern Kazakh were compared on the 17 Y-STR haplotype
data to other Kazakh population haplotypes ("Altai, Xinjiang, China [Kazakh]" Contribution
with Accession Number YP001435 with 428 Haplotypes), ("Gansu, China [Kazakh]"
Contribution with Accession Number YA000997 with 93 Haplotypes), ("Xinjiang, China
[Kazakh]" Contribution with Accession Number YA000883 with 114 Haplotypes), ("East
Kazakhstan, Kazakhstan [Kazakh]" Contribution with Accession Number YP000745 with 67
Haplotypes), ("South Kazakhstan, Kazakhstan [Kazakh]" Contribution with Accession Number
YP000773 with 99 Haplotypes), ("Kazakhstan [Kazakh]" Contribution with Accession Number
YP001137 with 1476 Haplotypes) using the YHRD database (http://www.yhrd.org) and based on
the Rsr value. Pairwise Rst and corresponding P values among Northern Kazakh population and
other reference populations are given in Table S5. The highest genetic distances values from
Northern Kazakh were observed for China Kazakh populations (Rsr=0.3149) and East Kazakh
(Rs1=0.2530). The lowest genetic distances were obtained for South Kazakh (Rsr=0.0882).
There is no significant genetic distance between Northern Kazakh and General Kazakh. MDS
plot among 7 populations is shown in Figure S1. Populations formed three clusters: 1) Kazakhs
from China (Altai, Xinjiang and Gansu); 2) Kazakhs from Xinjiang (China), East and South
Kazakhstan; 3) Kazakhs from Northern Kazakhstan. China Kazakhs population showed genetic

distinction from the studied population.

Conclusions

This study enriches the existing Kazakhstan Y-chromosome Haplotype Reference
Database from the Northern Kazakh population data by a wide set of 27 Y-STR for the first time.
The genetic polymorphism of 27 Y-STR loci were shown to be effective in identifying paternal
lineage in the Northern Kazakh population. Northern Kazakh population data acquired in this
study demonstrates statistically significant variations, which could be used for routine forensic

examination in regional specifics and population genetics in Kazakh demographic history. The
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specific genetic structure from other Kazakh populations and requires further detailed research.
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