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SHORT COMMUNICATION

Phylogeny of Y-chromosome haplogroup C3b-F1756,
an important paternal lineage in Altaic-speaking
populations
Lan-Hai Wei1,2,4, Yun-Zhi Huang1,4, Shi Yan1, Shao-Qing Wen1, Ling-Xiang Wang1, Pan-Xin Du1,
Da-Li Yao1,3, Shi-Lin Li1, Ya-Jun Yang1, Li Jin1 and Hui Li1
In previous studies, a speciﬁc paternal lineage with a null value for the Y-chromosome short tandem repeat (Y-STR) marker
DYS448 was identiﬁed as common among Mongolic- and Turkic-speaking populations. This paternal lineage (temporarily named
C3*-DYS448del) was determined to be M217+, M93–, P39–, M48–, M407–, and P53.1–, and its origin and phylogeny remain
ambiguous. Here, we analyzed Y-chromosome sequences of 10 male that are related this paternal lineage and redeﬁned it as
C3b1a1a1a-F1756 (C3b-F1756). We generated a highly revised phylogenetic tree of haplogroup C3b-F1756, including 21
sub-clades and 360 non-private Y-chromosome polymorphisms. Additionally, we performed a comprehensive analysis of the
C3*-DYS448del lineage in eastern Eurasia, including 18 270 samples from 297 populations. Whole Y-chromosome sequences,
Y-STR haplotypes, and frequency data were used to generate a distribution map, a network, and age estimations for lineage
C3*-DYS448del and its sub-lineages. Considering the historical records of the studied populations, we propose that two major
sub-branches of C3b-F1756 may correspond to early expansions of ancestors of modern Mongolic- and Turkic-speaking
populations. The large number of newly deﬁned Y-chromosome polymorphisms and the revised phylogenetic tree for C3b-F1756
will assist in investigation of the early history of Altaic-speaking populations in the future.
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INTRODUCTION
Previous studies of the paternal gene pool of Altaic language family
populations identiﬁed high frequencies of the haplogroup C3*, which
were determined to be M217+, M93–, P39–, M48–, M407–, and
P53.1–.1–5 This category contains many different sub-branches of
C3*-M217 for which deﬁnitive Y-chromosome single nucleotide
polymorphism (Y-SNP) markers have yet to be discovered. The
majority of C3*-M217 haplogroups belong to the C3*-Star Cluster
(currently referred to as C3-F1918), a well-known proﬁle proposed as
the paternal lineage of Genghis Khan or his close relatives;3 however,
there is another particular lineage among C3*-M217 haplotypes
with a null value for the Y-chromosome short tandem repeat
(Y-STR) marker DYS448.6,7 This lineage was temporarily named
C3*-DYS448del.
In previous studies, C3*-M217 samples null for DYS448 were
mainly obtained from males from Mongolic- and Turkic-speaking
populations.4–7 A small number of studies have investigated the
history of the paternal lineage C3*-DYS448del;8 however, its origin
and downstream lineages remain ambiguous. In this study, we
genotyped Y-SNPs and Y-STRs in additional samples carrying
C3*-DYS448del and closely related lineages from eastern Eurasia.
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Moreover, we sequenced whole Y-chromosomes from 10 samples.
The resulting data were used to explore the origin and unique Y-SNP
markers of lineage C3*-DYS448del, and to investigate their contributions to the formation of modern Mongolic- and Turkic-speaking
populations.
MATERIALS AND METHODS
Blood or saliva samples were collected from unrelated healthy males
from populations in eastern Eurasia over the past 10 years. 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. DNA was extracted from the samples. A number of Y-SNP
markers (M130, M217, M93, P39, M48, M407, P53.1, and so on) and
17 STR loci were tested in all DNA samples. Y-chromosome
haplogroup frequencies and Y-STR data for haplogroup C-M130
from 297 eastern Eurasian populations were collected from the
literature (Supplementary Tables S1 and S2). DNA extracted
from 10 selected samples relative to C3*-DYS448del was sent for
next-generation sequencing using the Illumina HiSeq2000 platform
(San Diego, CA, USA). The details of molecular methods, statistical
analysis, workﬂows for next-generation sequencing, settings for age
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Figure 1 Distribution of the Y-chromosome lineage C3*-DYS448del (referred to as F1756 in this study) across Eurasia. A full color version of this ﬁgure is
available at the Journal of Human Genetics journal online.

Figure 2 Revised phylogeny of the Y-chromosome lineage C3b-F1756. A full color version of this ﬁgure is available at the Journal of Human Genetics journal
online.
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Figure 3 Y-STR network of C3*-DYS448del (referred to as F1756 in this
study) based on 15 Y-STRs. A full color version of this ﬁgure is available at
the Journal of Human Genetics journal online.

calculations, nomenclature details, and the ﬁnal data set for age
calculation are provided in Supplementary Text, Supplementary
Tables S3 and S4. The raw sequence data reported in this paper have
been deposited in the Genome Sequence Archive in BIG Data Center,9
the Beijing Institute of Genomics (BIG),10 the Chinese Academy of
Sciences, under accession number PRJCA000419, and are publicly
accessible at http://bigd.big.ac.cn/gsa.
RESULTS
Among 18 270 samples from 297 populations throughout eastern
Eurasia, we identiﬁed 135 C3*-DYS448del Y-STR haplotypes on 141
samples (Supplementary Tables S1 and S2). The distribution of
C3*-DYS448del in eastern Eurasian populations is shown in
Figure 1. Generally, the frequencies of this haplotype are low in all
studied populations, ranging from 0 to 16.7% (Supplementary
Table S1). A distribution peak can be observed in the eastern region
of the Mongolian Plateau. Moderate frequencies of C3*-DYS448del
were also found in Altai, Teleut, Uzbek, and Kalmyk populations.
The revised phylogenetic tree for haplogroup C3*-DYS448del
contained 21 sub-clades, 360 non-private polymorphisms, and a
number of private mutations (Figure 2, see also Supplementary
Tables S5 and S6). As shown in Figure 2, haplogroups C3b1a1bF8535, C3b1a1a3-B77, and C3b1a1a2-P39 are close to C3b1a1a1a-F1756
in the phylogenetic tree. Since all of the sequenced C3*-DYS448del
samples had the derived state at marker F1756, we redeﬁned this
haplogroup as C3b1a1a1a-F1756 (abbreviated to C3b-F1756). We found
that all samples from the Mongolic-speaking populations belonged to
sub-branch C3b1a1a1a1a-F3889, while those from the Altai and
Hui populations belong to another sub-branch, C3b1a1a1a1b-F8497.

Furthermore, two samples from Turkic-speaking populations, FD-Kaz65
and FD-NYG394, also belonged to sub-branch C3b1a1a1a1a-F3889.
Additionally, a speciﬁc sub-branch C3b1a1a1a1a3-F4022 was found in
two samples from Tungisic-speaking populations.
The Y-STR network also provides clues to understanding the
internal diversiﬁcation of lineage C3*-DYS448del. As shown in
Figure 3, samples from Altai-kizhi, Kyrgyz, Hui, and Kalmyk populations form a deﬁned clade in the upper right part of the Y-STR
network (hereafter referred to as Clade I). Two samples in Clade I
from the Hui ethnic group (TJA-033 and TJA-034) were sequenced
and form a sub-clade, C3b1a1a1a1b-F8497; however, the relationship
among the sequenced samples illustrated as a network (Figure 3) is not
entirely consistent with their phylogeny based on Y-SNPs (Figure 2),
possibly due to the high mutation rate of Y-STR markers.
The divergence time between haplogroup C3b-F1756 and its most
closely related lineage (represented by sample Koryak22071) is
~ 12 000 years ago (kya).8 The age of the most recent common
ancestor (TMRCA) of C3b1a1a1a1-F3830, the major sub-branch of
C3b-F1756, was estimated at 4329 years (95% CI, 3538–5 168 years).
The ages of the sub-branches of C3b-F1756 are also presented in
Supplementary Figure S1. Both the phylogenetic tree and results of age
estimation indicate a continuous expansion of C3b-F1756 since ~ 5.5
kya; however, the frequencies of C3b-F1756 are generally low in
modern north Asian populations. This may be caused by recent, very
successful, expansions of Mongols.
The cause of the null value of DYS448 in C3b-F1756 samples was
investigated. According to sequence data from C3b-F1756 samples,
large Y-chromosome deletion of ~ 0.66 M bp were observed in the
region hg19: 24242430–24907270. DYS448 (hg19: 24365070–
24365225), DYS589 (hg19: 24485693–24485757), and another nine
Y-SNP markers map to this region (Supplementary Tables S5 and S6).
Thus, testing of these Y-STR and Y-SNP markers will result in null
values in C3b-F1756 samples, and we suggest that special care should
be taken when analyzing data in this region from C3*-M217 samples.
DISCUSSION
In this research, we carried out a comprehensive analysis of the
paternal lineage C3*-DYS448del in eastern Eurasian populations. We
consider that the splitting of two major sub-branches of C3b-F1756,
C3b1a1a1a1a-F3889 and C3b1a1a1a1b-F8497, may corresponds to the
initial west–east differentiation of the common ancestor group of
lineage C3b-F1756. Sub-branch C3b1a1a1a1a-F3889 samples were
mainly from modern Mongolic- and Tungusic-speaking populations
in the eastern part of the Mongolian Plateau and nearby regions. By
contrast, C3b1a1a1a1b-F8497 sub-branch samples were mainly from
populations around the Altai Mountain region or regions further west.
In addition, the sub-branch C3b1a1a1a1a3-F4022 in Tungisicspeaking populations may represent a particular historical event that
is yet to be discovered.
The expansion times for C3b-F1756 and its branch C3b1a1a1a1aF3889 (~5.5 and 3.3 kya, respectively; Supplementary Figure S1) were
much earlier than those for the C3*-Star cluster (~1.1 kya) and
C3c-M86 (~2.8 kya).3,8 We propose that haplogroup C3b-F1756 and
its sub-branches may be candidates for the paternal lineages of the
ancient Donghu, Xian-Bei, and Shi-Wei tribes who were once the
dominant populations in the eastern part of the Mongolian Plateau
before the expansion of the Mongols;11 however, more studies of
ancient DNA are needed to verify these relationships. The large
number of newly deﬁned Y-chromosome polymorphisms and the
revised phylogenetic tree of C3b-F1756 generated in this study will
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be helpful for exploration of the early history of Mongolic- and
Turkic-speaking populations in the future.
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