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Abstract
The Y-chromosome haplogroup C2b1a3a2-F8951 is the paternal lineage of the Aisin Gioro clan, the most important brother
branch of the famous Mongolic-speaking population characteristic haplogroup C2*-Star Cluster (C2b1a3a1-F3796).
However, investigations on its internal phylogeny are still limited. In this study, we used whole Y-chromosome sequencing
to update its phylogenetic tree. In the revised tree, C2b1a3a2-F8951 and C2*-Star Cluster differentiated 3852 years ago
(95% CI= 3295–4497). Approximately 3558 years ago (95% CI= 3013–4144), C2b1a3a2-F8951 was divided into two
main subclades, C2b1a3a2a-F14753 and C2b1a3a2b-F5483. Currently, samples of C2b1a3a2-F8951 were mainly from the
House of Aisin Gioro clan, the Ao family from Daur and some individuals mainly from northeast China. Although other
haplogroups are also found in the Ao family, including C2b1a2-M48, C2b1a3a1-F3796, C2a1b-F845, and N1c-M178, the
haplogroup C2b1a3a2-F8951 is still the most distinct genetic component. For haplogroup C2b1a3a2-F8951, the time of the
most recent common ancestor of the House of Aisin Gioro clan and the Ao family were both very late, just a few hundred
years ago. Some family-specific Y-SNPs of the House of Aisin Gioro and the Ao family were also discovered. This revision
evidently improved the resolving power of Y-chromosome phylogeny in northeast Asia, deepening our understanding of the
origin of these two families, even the Mongolic-speaking population.

Introduction

In recent years, the male-specific region of the
Y-chromosome (MSY) has shown to be a powerful tool in
paternity testing, genetic genealogy, biogeographical

ancestry, and analysis of population demographic structure
[1–3]. Two genetic markers in MSY, Y-STRs (short tandem
repeats), and Y-SNPs (single-nucleotide polymorphisms),
are often used to identify the genetic relationships between
samples, but both of them have substantial limitations.
Distinct patrilineal lineages can easily be identified by high-
resolution Y-STR haplotyping [4, 5], but there are two
widely used but very different mutation rates for Y-STR,
which are often controversial in paternal lineage dating
[6, 7]. The Y-SNP markers have a lower mutation rate than
Y-STRs, so they are stable in paternity identification.
However, except for the inevitably incomplete resolution of
the SNP-defined phylogenic tree, exponentially available
Y-SNP data bring disorder to geneticists [8].

Compared with the common Y-STR and Y-SNP mar-
kers, whole Y-chromosome sequencing has unparalleled
advantages, even though it is more expensive and contains
more precise workflows. First, the new Y-SNP sites, even
family-specific Y-SNPs, can be discovered quickly and
efficiently [9, 10]. Second, after ancient DNA data correc-
tion, the molecular clock based on whole-sequence is gra-
dually becoming a more reasonable choice in
Y-chromosome dating than Y-STR methods [11, 12].
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The people in northeastern China have profoundly influ-
enced the demographic history of the eastern part of Eurasia.
While some general population genetics studies have been
carried out [13–16], little research has been conducted to
explain the history of important genealogies, in addition to
that of the Aisin Gioro clan [17]. The House of Aisin Gioro,
as the core of Manchu, conquered other Jurchen tribes and
established the last empire in Chinese history—the Qing
Dynasty. The paternal lineage of this clan belongs to hap-
logroup C2b1a3a2-F8951, the most important brother branch
of the famous Mongolic-speaking population characteristic
haplogroup C2*-Star Cluster [17]. On the basis of the scat-
tered Y-STR data in published literature, previous researchers
speculated that the Aisin Gioro clan may share a patrilineal
ancestor with some of the current Daur population [17].

The origin of the Daur population, in other words, the
genetic relationship between the Daur, the ancient Khitan,
and the Mongolian peoples, has been a hot topic in popu-
lation genetics and ethnohistory for a long time [17–19].
Initially, the Daur population settled on the north beach of
the Heilongjiang River (Amur River) [20]. After the invasion
of the Russian Cossacks in the 17th century, the Daur people
gradually migrated southward [21]. In the Qing Dynasty, the
Daur people acquired a high social status and were often
dispatched to suppress rebel forces [22]. Now, they mainly
live in Hulunbuir (Inner Mongolia Autonomous Region),
Qiqihar (a city near Hulunbuir, in Heilongjiang Province),
Tacheng (Xinjiang Autonomous Region), and the far east of
Russia. In the Qing Dynasty, the paternal social units of
the Daur population were composed of Hala and its sub-
ordinate Mokun [23]. Currently, Hala has the same meaning
as the surname. There are ~20 surnames in the Daur popu-
lation, of which, the ancient clan of Ao has the largest
population [23]. Based on a large amount of Y-STR inves-
tigation in East Asia (unpublished data in our laboratory), we
found that a similar haplotype was shared by the House of
Aisin Gioro and some individuals from the Ao clan.

In this study, we analyzed the paternal lineage of the Ao
family, including Y-STR and Y-SNP data. Moreover, we
revised phylogenetic tree of haplogroup C2b1a3a2-F8951
according to sequences from the House of Aisin Gioro, the
clan of Ao and other scattered but genetically related sam-
ples mainly from northeast China.

Materials and methods

Samples and ethical requirements

Saliva or blood samples of 633 individuals from more than
40 populations were collected (see Table S1) from healthy
males from populations in eastern Eurasia between 2003 and
2018. Except for two sequences from the Aisin Gioro clan

[17], we selected 13 samples to conduct whole Y-
chromosome sequencing, containing six samples from the
Ao clan and seven samples from northeast China, including
Daur, Mongolian, and Ewenk. The ethics committee for
biological research at the School of Life Sciences at Fudan
University approved the study.

Workflows for next-generation sequencing and
statistical analysis

Genomic DNA was extracted using the DP-318 Kit (Tian-
gen Biotechnology, Beijing, China) according to the man-
ufacturer’s protocol. The DNA was sent for sequencing on
the Illumina HiSeq2000 platform (Illumina, San Diego, CA,
USA). A series of bait libraries were designed to capture the
sequences of an ~7.33M region on the Y-chromosome. A
mature procedure, including DNA shearing, adding an
adaptor, and gel electrophoresis, which we described pre-
viously, were performed prior to next-generation sequen-
cing [24]. Typical pipelines were employed to perform
whole-sequencing analyses and determine genotypes and
haplogroups for each sample [25, 26]. The raw sequence
data reported in this study have been deposited in the
Genome Sequence Archive (GSA) [27] in the BIG Data
Center (Members BIGDC 2017), Beijing Institute of
Genomics (BIG), Chinese Academy of Sciences, under an
accession number HRA000024, which is publicly acces-
sible at http://bigd.big.ac.cn/gsa-human.

Standard procedures (bwa+samtools) were used to analyze
the sequencing results [25, 28]. Some details of the statistical
analysis were consistent with the relevant chapters of our
previous papers [10, 24]. The revised phylogenetic tree for
F8951 was constructed under regulations of the Y Chromo-
some Consortium (YCC). Beast v.2.4.3 was employed to
estimate the coalescent times for haplogroup F8951 [29]. To
gain a better substitution model, a Bayesian skyline coalescent
tree prior was chosen with the bModelTest package in Beast
2.0 software [29]. The calculation was conducted with 10
million iterations and sampling every 1000 steps. Our results
were visualized in Tracer v.1.6 and FigTree v1.4.2 with a
burn-in of 20%, and all effective sample sizes were above 200.

The corresponding Y-STR data for these sequencing
samples and a series of available Y-STR haplotypes from
previous studies, which are close to the profiles of the Ao
and Aisin Gioro clans, were collected (Table S1).

Result

The paternal lineage of the Ao family

A total of five haplogroups were discovered in the Ao
family, including haplogroups C2b1a3a1-F3796 (N= 5),
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C2b1a2-M48 (N= 12), C2a1b-F845 (N= 4), N1c-M178
(N= 1), and C2b1a3a2-F8951 (N= 6). For haplogroups
C2b1a2-M48, C2b1a3a1-F3796, and C2b1a3a2-F8951, a
large amount of data has been accumulated from published
literature (Table S1), so additional Y-STR profiles were
collected and used to construct the reduced-median network
(Figs. 1 and 2). As shown in Fig. 1a, the five samples from
the Ao family were scattered in the C2b1a3a1-F3796 net-
work. Except for one sample that was located in a branch
containing slightly more Tungusic samples, the other four

samples were clustered with populations of Mongolian
origin. Since the C2b1a3a1-F3796 haplogroup is high in
almost all Mongolic populations [30, 31] and the Daur
people are an ancient part of the Mongolic populations, this
distribution is very reasonable. The sample close to Tun-
gusic groups can be explained as extended genetic com-
munication with Ewenki and Oroqen since the Qing
Dynasty. In Fig. 1b, in addition to one sample that may be
differentiated from the Kazakh population, most of the
samples clustered to the root Tungusic population rather
than the later differentiated Kalmyk population. C2b1a2-
M48, the absolute main paternal lineage of the Tungusic
population [32] and an important paternal lineage of the
Mongolic population [33], has been widely distributed in
the Mongolian plateau before the expansion of Mongols. It
is very likely that the Ao family obtained this genetic
component from the nearby Ewenki and Oroqen or other
ancient populations. According to unpublished data from
our laboratory, C2a1b-F845 is a new downstream hap-
logroup, with high frequency in the southern Chinese
population, such as Tujia, Miao and Yao. This suggests that
the genetic components of the Ao family are not only from
northeast Asia but also include the unknown gene flow from
distant southern China. Haplogroup N1c-M178 is widely
distributed in northeast Asia with many unknown branches
[34], so it is normal that this haplogroup appeared once in
the Ao family.

Fig. 1 Y-STR network of C2b1a3a1-F3796 and C2b1a2-M48. a
Y-STR network of C2b1a3a1-F3796 based on 15 Y-STRs (DYS19,
DYS389I/II, DYS390, DYS391, DYS392, DYS393, DYS437,
DYS438, DYS439, DYS448, DYS456, DYS458, DYS635, and
Y-GATA H4). b Y-STR network of C2b1a2-M48 based on 9 Y-STRs
(DYS389I/II, DYS389I/II, DYS390 DYS391, DYS392, DYS393,
DYS437, DYS438, and DYS439). To determine the root of C2b1a2-
M48, we added the typical Y-STR value of C2-M217 as a reference,
located to the right of the red line in the lower right corner of the
figure. Note: For the raw Y-STR data used to construct the Network,
please see the “used for network” section in Tale S1. Different colors
represent different populations. The size of the pie chart is positively
related to the size of the population. The distance between the circles
symbolizes the genetic distance between corresponding populations

Fig. 2 Y-STR network of C2b1a3a2-F8951 based on 15 Y-STRs
(DYS19, DYS389I/II, DYS390, DYS391, DYS392, DYS393,
DYS437, DYS438, DYS439, DYS448, DYS456, DYS458, DYS635,
and Y-GATA H4). Note: For the raw Y-STR data used to construct the
Network, please see the “used for network” section in Tale S1. Dif-
ferent colors represent different populations. The size of the pie chart is
positively related to the size of the population. The distance between
the circles symbolizes the genetic distance between corresponding
populations
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For C2b1a3a2-F8951, the samples from the Aisin Gioro
family are characterized by DYS389I= 14 and DYS439=
10, while the samples from the Ao family are characterized
by DYS389I= 13 and DYS439= 11 (Table S1). As shown
in Fig. 2, samples from the Aisin Gioro family and Xinbin-
Manchu group form a clade in the lower right part of the
Y-STR network, whereas other samples from the Ao clan
and the Daur, Mongolian, Xibe, Oroqen, and Buryat groups
cluster together on the other left branch. Moreover, all the
samples of the Ao family cluster with other Daur, Mon-
golian, Buryat, and Evenk groups, forming the largest circle
in the figure. It shows that these samples of the Ao family
came from a male ancestor in a relatively recent time, and
his descendants have successfully spread in the Daur group
and even other Mongolian groups around them. In other
words, the haplogroup C2b1a3a2-F8951 is likely to be the
core paternal lineage of the Ao family.

Above all, although various haplogroups have been found
in the Ao family, C2b1a3a2-F8951 is still the most distinct
genetic component of all. In addition, it is the paternal
lineage of the Aisin Gioro clan, the most important brother
branch of the haplogroup C2b1a3a1-F3796. It is necessary
to carry out an investigation on its internal phylogeny.

Revised phylogeny and time estimates for
haplogroup C2b1a3a2-F8951

Based on whole Y-chromosome sequencing data, we show
a revised phylogenetic tree of haplogroup C2b1a3a2-F8951
in Fig. 3. The new tree contained several subclades and a
series of new polymorphisms. Thirty Y-SNP markers were
unique for the Aisin Gioro clan, while 91 Y-SNP markers

were distinct for the Ao clan. The new phylogenetic tree for
haplogroup C2b1a3a2-F8951 is divided into two distinct
secondary branches, C2b1a3a2a-F14753 and C2b1a3a2b-
F5483. Two samples from the Aisin Gioro clan belong to
one subbranch, C2b1a3a2a-F14750, while six samples from
the Ao clan belong to the other subbranch, C2b1a3a2b-
F5483. A sample from the Hulunbuir-Ewenk group has a
closer genetic relationship with the Aisin Gioro clan, but
their ancestors separated 2350 years ago (95% CI=
1840–2885). The sample from the Xinbin-Manchu group is
the closest known sample to the Aixinjue family (Fig. 2),
but unfortunately, we are unable to obtain its sequencing
data in this study. In addition, we must note that six scat-
tered samples, which also carry the genetic marker F5483,
were all from minorities (Daur, Mongolian, and Evenk) in
Hulunbuir. Considering that Hulunbuir has been managed
by the Daur population for hundreds of years and is now the
largest settlement of the Daur population, we speculate that
these samples may be a result of recent spread from the Ao
family.

As shown in Fig. 1, the divergence time between hap-
logroup C2b1a3a2-F8951 and its most closely related
lineage (represented by sample ELT00023) is ~3852 years
old. Although the haplogroup C2b1a3a2-F8951 appeared
very early, the time of the most recent common ancestor
(TMRCA) of the Aisin Gioro and the Ao clan are both
relatively young. The Aisin Gioro family originated
~470 years ago, while the Ao clan has a genetic history of
~787 years. This may be due to the population bottleneck
caused by the long-term battles between many nationalities
and shortages of living resources in ancient
northeast China.

Fig. 3 Revised phylogenetic tree and time estimates for haplogroup C2b1a3a2-F8951 (Note: The age of the Aisin Gioro clan cited the previous
result [17]. The blue numbers indicate the number of mutations for each segment of the tree.)
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Discussion

It is easy to speculate that sometimes families who share the
same surname tend to share the same Y-chromosome. Pre-
vious scholars have researched this kind of case using Y-STR
and Y-SNP data [5, 35–38]. However, in this study, the Aisin
Gioro family is the leader of Manchus, speaking a language
that belongs to a branch of Tungusic, while the Ao family has
the largest population among all Daur populations, speaking a
language that belongs to a branch of Mongolic (http://www.
ethnologue.com). Although they have different surnames,
languages, ethnic identities, and no common patrilineal
ancestor in their memories, they did share a paternal ancestor
of 3558 (95% CI= 3013–4144) years ago by Y-chromosome
whole-sequence analysis. It is difficult to find specific his-
torical events to answer why the two families developed
independently because we know very little about the history
of their differentiated time. Interestingly, TMRCA of the
Aisin Gioro and Ao clans are both a few hundred years old.
This may be the result of a bottleneck caused by the long-term
battles and migrations in ancient northeast China, as men-
tioned above. In particular, we have sufficient evidence to
prove that the Daur people experienced a terrible population
loss in the invasion of the Russian Cossacks in the 17th
century and subsequent migrations [21, 22]. To understand
the early genetic traits of these two families, it is necessary to
conduct more work on DNA testing covering more popula-
tions, including ancient DNA analysis.

After discovering the paternal kinship and related time
between the two families, the next two interesting questions
are the ancestors and birthplaces of haplogroup C2b1a3a2-
F8951. First, haplogroup C2b1a3a2-F8951 is the most
important brother branch of haplogroup C2b1a3a-F3796
(Fig. 3). There is no doubt that haplogroup C2b1a3a-
F3796 plays a vital role in the formation of the Mongolian
population, even though it may not be the paternal type of
Genghis Khan himself [30, 31]. We speculate that the earliest
ancient population, carrying haplogroup C2b1a3a2-F8951,
also has a direct relationship with the origin of the Mon-
golians. This hypothesis is more convincing when
we consider that the Daur language also belongs to a
branch of Mongolic and conserved some ancient Mongolian
vocabulary, which was lost in modern Mongolian [39]. Sec-
ond, in northeast China, it was not until ~3000 years ago that
Dong-Hu, the first ancient ethic group, appeared in history
[40]. By coincidence, the time when Dong-Hu appeared was
just a little later than that of C2b1a3a2-F8951 (~3558). Fur-
thermore, it is widely accepted that Mongolians have devel-
oped from Dong-Hu. Therefore, we conclude that haplogroup
C2b1a3a2-F8951, carried by the Aisin Gioro and Ao families,
may be traced back to the ancestors of Dong-Hu.

Although, except for the Aisin Gioro family, the known
samples of C2b1a3a2-F8951 are almost entirely from

Hulunbuir, it is clearly a result of the migration of the Daur.
According to previous research on the Aisin Gioro family
[17] and the memories of the Daur people [22], we can only
speculate that the northern bank of Heilongjiang was an
important settlement to the population of C2b1a3a2-F8951
before the 17th century. More genetic investigations are
needed to trace the birthplace of this haplogroup.

As mentioned above, the origin of the Daur is mainly
related to the Khitan and Mongolians [17–19]. On the one
hand, the representative haplogroups of Mongolic-speaking
populations, including C2b1a2-M48, C2b1a3a1-F3796,
C2b1a1a1-F1756, and C2a1a1a1-M407, have been studied
thoroughly [9, 10, 30–32]. This paper confirms that some
Daur populations represented by the Ao family are indeed
an ancient branch of the Mongolic-speaking population.
On the other hand, the ancient Khitan population dis-
appeared for almost a thousand years. To clarify whether
they have a patrilineal relationship, it is necessary to
compare the samples from the modern Daur with those
from the ancient Khitan. We need more families and
more samples to understand the origin of the Daur more
comprehensively.

In summary, our research provides a somewhat atypical
application of whole-sequence analysis to genealogy study.
The revised phylogeny tree of C2b1a3a2-F8951 evidently
improved the resolving power of Y-chromosome phylogeny
in northeast Asia, deepening our understanding of the origin
of the Aisin Gioro and Ao families, even the Mongolic-
speaking population. However, in East Asia, the genetic
history of many important families has not been ascertained,
such as the Wanyan family (the founder of Jin Dynasty) and
the Liu family (the founder of Han Dynasty). These may be
important research directions for future anthropology
scholars.
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