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Abstract
Aksay Kazakhs are the easternmost branch of Kazakhs, residing in Jiuquan city, the forefront of the ancient Silk Road.
However, the genetic diversity of Aksay Kazakhs and its relationships with other Kazakhs still lack attention. To clarify this
issue, we analyzed the non-recombining portion of the Y-chromosome from 93 Aksay Kazakhs samples, using a highresolution analysis of 106 biallelic markers and 17 STRs. The lowest haplogroup diversity (0.38) was observed in Aksay
Kazakhs among all studied Kazakh populations. The social and cultural traditions of the Kazakhs shaped their current pattern
of genetic variation. Aksay Kazakhs tended to migrate with clans and had limited paternal admixture with neighboring
populations. Aksay Kazakhs had the highest frequency (80%) of haplogroup C2b1a3a1-F3796 (previous C3*-Star Cluster)
among the investigated Eurasian steppe populations, which was now seen as the genetic marker of Kerei clan. Furthermore,
NETWORK analysis indicated that Aksay Kazakhs originated from sub-clan Kerei-Abakh in Kazakhstan with DYS448 =
23. TMRCA estimates of three recent descent clusters detected in C2*-M217 (xM48) network, one of which incorporate
nearly all of the C2b1a3a1-F3796 Aksay Kazakhs samples, gave the age range of 976-1405 YA for DC1, 1059-1314 YA for
DC2, and 1139-1317 YA for DC3, respectively; this is coherent with the 7th to the 11th centuries Altaic-speaking pastoral
nomadic population expansion.
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Aksay, located in Gansu province, is bounded on the west
by Xinjiang Uygur Autonomous Region and the south by
Qinghai province and is the only one Kazakh autonomous
county in China except in Xinjiang. Aksay is under the
jurisdiction of Jiuquan city, which was one of the four
prefectures in Hexi Corrider, an important part of the
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ancient Silk Road in Han dynasty. Many populations
migrated frequently via this region during historical periods,
including Kazakhs [1].
The Kazakhs are the second largest Muslim group of
Central Asia. Most of the Kazakhs live in Kazakhstan.
About 18.6 million Kazaks are scattered throughout Central
Asia, China, Russia, and as far away as Turkey and Germany. Approximately 1.5 million Kazaks were counted in
China according to the 2010 census. They are centered
primarily in the Ili Prefecture in northern Xinjiang. Moreover, about 2712 Kazaks live in Aksay Kazakh autonomous
county, the northwest part of Gansu Province. Kazakh
language belongs to the Western group of the Turkic language family and in China it can be roughly divided into
two dialects: Northeastern Kazakh and Southwestern
Kazakh (http://www.ethnologue.com). The Alban and
Suwan tribes speak the southwest dialect; Kerei, Naiman,
and Kazay tribes speak the northeastern dialect [2]. Traditionally, as their nomadic pastoral lifestyle, the Kazakhs
lived in dome shaped felt tents called yurts. However,
present Kazakhs took up a semi-nomadic or sedentary
lifestyle, with only some Kazakhs maintaining the seasonal
migrations. The Kazakhs’ marriage system is monogamy in
a patrilocal and exogamous way.
From the 13th to 15th century, Kazakhs emerged as an
ethnic group on the Kazakh Steppe in Central Asia, and set
up the Kazakh Khanate in now southern Kazakhstan [3, 4].
During the 16th century, Kazakhs split into three groups,
separately called the Senior, Middle, and Junior Zhüz, or
Hordes [3]. With the attack of Kalmyks in the 18th century,
Kazakhs had to submit themselves to Russians. Then some
Kazakhs, who mainly came from Kerei clan of the Middle
Zhüz, spread to northwestern China, the Altai Mountains in
western Mongolia and southern Russia [3–5]. Kerei originated from Keraits who were under the rule of the Genghis
Khan’s empire [6]. In alliance with the Keraits, Genghis
Khan destroyed the Naimans, and then redirected all the
force against his former ally. Some Keraits migrated from
Mongolia to Central Asia, and assimilated some Turkic
populations, such as Kazakhs, Uzbeks, and Kyrgyz [6]. In
this context, the population incorporating Keraits and
Kazakhs formed the Kerei clan. Kerei clan comprises two
sub-clans, Kerei-Abakh and Kerei-Ashmaily [6]. Kerei in
China mainly belong to its sub-clan Kerei-Abakh [5].
During the early 20th century, Kerei-Abakh mainly stayed in
Xinjiang and partially migrated to Gansu [3]. In 1954, the
Aksay Kazakh autonomous county was established and
most Kazakhs in Gansu province gathered in this place [5].
Previous studies found Kazakhs shared a common
paternal source and showed the genetic inﬂuence by the 13th
century Mongol Empire [3, 7, 8]. However, these studies
mainly focused on Kazakhs in Kazakhstan, the Altai
Republic of Russia, and the Xinjiang Uygur Autonomous

Region of China [3, 7–10]. The genetic relationships of
Aksay Kazakhs with other Kazakhs still lack attention. To
address this issue, we collected and tested 93 male Kazakh
samples from Aksay Kazakh autonomous county in
northwestern China.

Materials and methods
We collected blood samples of 93 Kazakh male individuals
in Aksay Kazak Autonomous County, Gansu province of
China (Fig. 1). Genealogical relationships were recorded
prior to sample collection, conﬁrming that all participants
were unrelated within at least the last three generations. All
individuals were adequately informed and signed informed
consent forms before their participation. The ethics committee for biological research at the School of Life Sciences
in Fudan University approved the study. Genomic DNA
was extracted using QIAamp DNA Blood Mini Kit (QIAGEN, Germany). About 100 Y-SNP markers and 17 STR
loci were tested in all DNA samples as described in previous studies [11–13]. Data were submitted to the YHRD
(Y-chromosomal haplotype reference database) and
received the accession number YA003979. Our Kazakh
sample was compared with other Central Asian/Altaicspeaking populations and to surrounding areas using data
from previous studies performed at a similar level of haplogroup resolution (Supplementary Tables 2 and 3). Furthermore, we analyzed Y-chromosomal STR data for haplogroups
C2*-M217 (xM48) and C2b1a3a1-F3796 by NETWORK v.
5.0.0.1 (http://www.ﬂuxus-engineering.com). For use in the
analyses, the locus DYS389b was obtained after subtracting
the DYS389I from DYS389II. The loci DYS385a and
DYS385b were excluded from calculations. The time to the
most recent common ancestor (TMRCA) of each DC was
determined by using the average squared distance (ASD)
estimator as described previously [10–12]. A generation
time of 25 years was used to produce time estimates in
years [14].

Results and discussion
We typed 17 Y-chromosomal microsatellites and 106 binary markers in 93 male Aksay Kazakh samples, and deﬁned
31 different haplotypes and 12 haplogroups according to the
nomenclature of Y-Chromosome Consortium and ISOGG
Y-DNA Haplogroup Tree 2018, respectively (Supplementary Table 1). The Y-chromosomal haplogroup distribution
in Aksay Kazakhs was compared with the other Kazakh
populations in Xinjiang of China [15], southeastern and
southwestern Altai Republic of Russia [3], and Kazaly,
Zhanakorgan, Arys, and Shymkent area of Kazakhstan [10]
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Fig. 1 Map with the sampling points of Aksay Kazakhs and other
studied Kazakhs. The distributions of the Kazakhs are shown in gray.
The phylogenetic relationship of Y-chromosome haplogroups surveyed in this study and their frequencies in the studied Kazakhs is
exhibited in the lower half of the ﬁgure. The marker names are shown

along the branches, and haplogroup names are shown on the right side
according to ISOGG Y-DNA Haplogroup Tree 2018. Potentially
paraphyletic undeﬁned subgroups are distinguished from recognized
haplogroups by the asterisk symbol
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(Fig. 1). Haplogroup diversity was lowest for the Aksay
Kazakhs (0.38) in all Kazakh populations. The most prominent clade, C2*-M217 (xM48) as a whole, represents
82% of Y chromosomes among the Aksay Kazakhs, 27%
among the Xinjiang Kazakhs, 6%-61% among the Kazakh
populations in Kazakhstan, and 16–33% among the Kazakh
populations in Russia. In Altaic-speaking populations,
especially most Mongolic-speaking populations, there are
four predominant paternal lineages of C2*-M217 clade,
including C2b1a3a1-F3796 (previous C3*-Star Cluster)
[16], C2a1a1b-M48 [17], C2b1a1a1a-M407 [18] and
C2a1a1a2a-F1756 (with deletion on DYS448) [19]. In this
study, C2b1a3a1-F3796 accounts for about 80% of the
Aksay Kazakhs and reaches the highest frequency among
reported Eurasian steppe populations (previous population
screening revealed its highest frequency (76.5%) in Kerei
clan from Kazakhstan [6]). In Aksay Kazakhs, Haplogroup
C2a1a1b-M48 and C2a1a1a2a-F1756 are found at relatively
low levels (3% and 2%, respectively) and Haplogroup
C2b1a1a1a-M407 is absent. The rest detected haplogroups
including present-day western Eurasian lineages (E-M96, IM170, J-M304 and R2a-M124) and eastern Eurasian
lineages (D1a2a-P47, N1a2b-P43, O1b1a1a-M95, O2a2*P201+, M7-,P164-, and Q1a*-MEH2 + ,M120-,M25-,
M346-) were found at low frequencies (<5%, Fig. 1).
We then compared our data to published data from 5115
males from 70 Eurasian populations covering Central Asia,
East Asia, South Asia and West Asia (Supplementary
Table 2 and Fig. 2). Results of the Y-SNP-based PCA are
presented by the plots of the ﬁrst two principal components,
which together account for 29.53% of the studied Ychromosome variation in these populations. Populations
from a particular region or ethnic group tend to cluster
together. For example, rather than dispersed throughout the
plots, most East Asian populations are seen in the right-

Fig. 2 Phylogenetic relationship
between Aksay Kazakhs and
reference populations analyzed
by PCA with the frequencies of
haplogroups

hand part, while South Asian and West Asian populations
are shown in the left-hand part of the plots. Kazakh populations and other Central Asian populations tend to lie
between the right-hand part (East) and left-hand part (West)
cluster. Aksay Kazakhs (KAZ8) close to other Kazakh
populations and Mongolian populations.
To reveal the detail relationship at individual level
between the prominent haplogroup C2b1a3a1-F3796 in
Aksay Kazakhs and other related populations, a reduced
median network was constructed based on Y-STR haplotypes of haplogroup C2*-M217 (xM48) (Fig. 3 and Supplementary Table 3a). Although the tested Y-SNP vary a lot
in different studies, we merged the data into the following
haplogroups with different colors: C2b1a1a1a-M407 (skyblue), C2b1a1b1-F1756 (green), C2a1a3-M504 + s (+s
means certain haplogroup and its sublineages (red),
including C2a1a3-M504/F1918/M546/F914 and its sublineages C2b1a3a-M401 and C2a1a3a-F3796), other minor
lineages (gray) and not further typed C2*-M217 (xM48)
samples (yellow) (Supplementary Table 2). The C2*-M217
(xM48) haplotypes belonging to the identical lineages
(colors) tend to cluster together; the undetermined samples
(yellow) therefore should be assigned to certain haplogroups. The C2*-M217 (xM48) network has three marked
star-like shape, the “skyblue cluster” of C2b1a1a1a-M407
haplotypes, the “green cluster” of C2b1a1b1-F1756 haplotypes, and the “red cluster” of C2a1a3-M504+s haplotypes.
Recent descent clusters (DCs) are characterised by a highfrequency Y-microsatellite haplotype and a set of close
mutational neighbors, which means the signals of continued
transmission of success over generations. In Fig. 3a, at least
three DCs patterns (we used the criterion that haplotypes
linked to the modal haplotype fewer than 5 mutational steps
in the shaded area [10]) can be detected in C2*-M217
(xM48) network. All Aksay Kazakhs haplotypes of
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Fig. 3 Reduced Median joining network of Y-chromosome haplogroups C3*-M217(xM48) (a) and haplogroup C2a1a3-M504+s (b). Haplotypes
are represented by circles with area proportional to the number of individual
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haplogroup C2b1a3a1-F3796 belong to DC1. The TMRCA
estimates for DC 1-3 obtained using ASD are shown in
Supplementary Table 4. The age of TMRCA of DC1
(975.8-1404.5 YA), DC2 (1058.9–1314.2 YA) and DC3
(1138.7–1316.8 YA) is almost identical to the published
estimates [20], which corresponds to the time of the rise of
Altaic-speaking pastoral nomadic populations, such as the
Khitan (Great Liao), Tangut Xia, Jurchin, Kara-Khitan and
the Mongol Empires [21].
Furthermore, in the network of C2a1a3-M504+s (haplotypes enclosed by dash dotted line in Fig. 3a), the basic
information (geography, tribe or clan) of samples has been
shown in Fig. 3b (Supplementary Table 3b). The samples
from China (Han and Hui) and South/West Asia are likely
derived haplotypes, as they are mostly at the terminals.
There are a series of central haplotypes in the right lower
part of network. This network displays a bipartite structure,
deﬁned by the difference at DYS448 locus as reported by
previous analyses [6]. The left central haplotype is determined by allele DYS448-22, and right central haplotype by
allele DYS448-23. These central haplotypes are occupied
by the Eurasian steppe populations, such as Altai Kazakhs
(green) and Kalmyks (yellow) from Russia, Mongols from
Mongolia (orange), Xinjiang Kazakhs (magenta) and Aksay
Kazakh (red) from China, Middle Zhüz Kazakhs (slate blue)
from Kazakhstan, especially subclane Kerei-Abakh (blue)
and Kerei-Ashmaily (cyan). The Kerei clan samples have
been detected in left central haplotypes and right central
haplotypes at 18.37% and 13.79%, respectively. Serikbai
Abilev et al. found the Kerei clan appears to be descending
from a common Y-chromosome ancestor, C2b1a3a1-F3796
and all members of the Kerei-Abakh belong to DYS448-23
subcluster, while the Kerei-Ashmaily belong to DYS448-22
subcluster [6]. In this context, Aksay Kazakhs are in or
closer to the right central haplotype (DYS448-23), which
matches the history records that its origin can trace back to
“Twelve lineages of sub-clan Kerei-Abakh”, such as
ZHantekej (坚铁开), ZHadik (加迪克) and Iteli (依铁里)
[22]. Aksay Kazakh samples share the haplotypes with the
Kerei-Abakhs (n = 17, blue), Xinjiang Kazakhs and
Uyghurs (n = 14, magenta, and n = 2, pink), Mongols from
northwestern Mongolia (n = 3, orange), Altai Kazakhs (n =
3, green), and one Kalmyk (buzawa tribe) from Kalmykia
Republic and one Karakalpak from Uzbekistan (yellow),
suggesting their potential paternal genetic relationships.
Xinjiang Kazakh, by contrast, have a more complex origin,
which is also consistent with historical records [5].
In this study, we ﬁnd that Aksay Kazakhs had a very low
paternal genetic diversity, implying that they have experienced a serial of founder effects or strong bottlenecks.
Aksay is located in a border region of trans-province; hence
Aksay Kazakhs were surrounded by many other populations, including Han Chinese, Uyghurs, Huis, Tibetans, and

Mongolians [5]. However, Aksay Kazakhs were mostly
maintained by their tribal afﬁliations, they rarely absorbed
male members of neighboring populations [3, 23]. Figure 1
and Supplementary Table 1 showed that Aksay Kazakhs
had the highest frequency of haplogroup C2b1a3a1-F3796
among investigated Eurasian steppe populations, which was
once seen as the lineage of Genghis Khan and his male
descendants [24]. Subsequent studies revealed that the
haplogroup C2b1a3a1-F3796 is a genetic marker of the
Kerei clan, rather than Genghis Khan’s descendants.
NETWORK analysis indicated that Aksay Kazakhs originated from sub-clan Kerei-Abakh in Kazakhstan with
DYS448 = 23. TMRCA estimates of DCs detected in C2*M217 (xM48) network showed the genetic inﬂuence by the
7th to the 11th centuries steppe nomadic Empire [20].
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