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Abstract
Background Genetic polymorphism and haplotype distribution characteristics analysis of
mitochondrial DNA in Chinese Guangdong Liannan Yao group was conducted in this study, to
provide genetic basis for tracing the origin and historical migration of Liannan Yao people.
Results 46 mutation sites were found, and among which single nucleotide transition was the most
commonly observed variant (86.17%). Multiple (sub)haplogroups were detected in Liannan Yao
ethnic group, among which haplogroup D was the most common haplogroup (29.80%), and the
least were C and Y(0.48% respectively). Conclusions The Liannan Yao population had the
commonalities of the ethnic groups in southern China, but it was significantly different from other
Chinese ethnic populations. The present results revealed that Liannan Yao ethnic group was
genetically closer related to Fujian She ethnic population, Yunnan Yao population, and Hunnan
Miao population. The data enriched the Chinese mtDNA database and provided a reference for
forensic identification and screening for potential pathogenic mutations.
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Background
The genetic analysis of human mitochondrial DNA(mtDNA) is a very important part of the
genetic research of the global population. Due to its molecular characteristics, genetic patterns,
specific polymorphisms, rapid evolution speed and low recombination rate, highly variable
mtDNA fragments have become a research hotspot in related genetics.[1-5]Genetic analysis of
mtDNA is not only widely used in forensic medicine [6-8], but also in anthropological research
because it could indicate the genetic migration and evolution of the maternal population[9-10]. The
researchers draft a phylogenetic tree of human mtDNA sequences referring to mutations of related



genomes in mtDNA, and classified them into different haplotypes and haplogroups. Migration
history of maternal ancestors of modern populations can be deduced by exploring the distribution
of mtDNA haplogroups of different nationalities in different regions of the world[11-13]. The
haplogroups named after letters composed the human mtDNA phylogenetic tree, the root of the
tree represented the common maternal ancestry of all humans, which was recorded as "*".
Haplogroup “L” was unique to Africa, which indicated that modern humans originated in Africa.
Haplogroup “L3” branched into three large groups “M”, “N”, and “R” (a branch of “N”), which
contained all the variations observed outside Africa.
The Yao nationality, one of the 56 ethnic groups in China, distributed most widely in southern
China, including Guizhou, Hunan, Yunnan, Guangdong and Guangxi provinces. According to the
6th population census in China (www.stats.gov.cn), Yao ethnic group has a population of
2,796,003. The Yao Autonomous County of Liannan, a small county town in northwest
Guangdong province, has its own language, culture and genetic characteristics, because of less
intermarriage with other groups.[14] Therefore, the Liannan Yao nationality’s genetic analysis
should be the most valuable data among the previous Yao nationality’s data, but its genetic
polymorphism has not been reported.
Here we used an Expressmarker mtDNA-SNP 60 kit ((AGCU ScienTech Incorporation, Jiangsu,
Wuxi) to detect 209 samples collected from unrelated Liannan Yao individuals, analyze the
genetic polymorphism of 60 mtDNA loci, reveal the genetic relationships between Liannan Yao
group and the reference populations, as well as provide useful information for the maternal lineage
study and migration history study of Chinese Liannan Yao group.

Results
Allele frequencies of the 60 mtDNA loci detected in Chinese Liannan Yao ethnic group were listed
in Table 1. As for the 58 selected mtDNA SNP loci of Liannan Yao ethnic group, the most
common polymorphism was single nucleotide transition (79.31%), followed by single nucleotide
transversion (nt5178, nt7196, nt9824, nt13928 variants, 6.89%). At nt9824 locus, single nucleotide
transition and transversion were simultaneously observed (A/T/C). While at loci nt1719, nt2706,
nt3348, nt4491, nt7600, nt9123, nt9477, nt11251, nt15784, no polymorphisms were detected.
MtDNA haplogroups and haplotypes based on polymorphisms of the 60 mtDNA loci in Liannan
Yao ethnic group were presented in Table 2 and Fig. 1. Fifty-one polymorphic loci (excluding
nt1719, nt2706, nt3348, nt4491, nt7600, nt9123, nt9477, nt11251 and nt15784 loci) defined 13
haplogroups and 50 haplotypes. Among them, Haplogroup M was the most common haplogroup
(55.02%) in Liannan Yao group, while the most common haplotype was D4e(19.14%).
Among the total 50 haplotypes, 22 of them were observed for only once, 11 for twice, and 17
for three times or more. The frequency of each haplotype observed in Liannan Yao ethic group
was not high but the diversity of haplogroups was rich.
The values of the random match probability(RMP), the discrimination power(DP), and variability
of the mtDNA haplotype in the Liannan Yao population was 0.074334, 0.9225665, and 0.9301159
respectively. Genetic distance Fst values of mtDNA haplogroup polymorphism in Liannan Yao
ethnic group together with that of 12 other ethnic groups were presented in Table 3. Moreover,
Liannan Yao nationality and Fujian She nationality belong to the same group, while Yunnan Yao
nationality, Guizhou Dong nationality, Hunan Miao nationality, and Hunan Tujia nationality
belong to another group, presented in Fig. 2. And the genetic distances of Liannan Yao, Yunnan



Yao, Hunan Miao and Fujian She are relatively close, presented in Fig. 3.

Discussion
There are many advantages to using mtDNA for the study of human evolution, expansion, and
migration. In the process of sperm-egg fusion, the egg cytoplasm is mainly retained, so mtDNA is
transmitted exclusively by maternal inheritance. MtDNA exists in the haploid form and lacks
germline recombination, so it can retain the complete genetic information of the ancestors in the
process of transmission. The mutation rate of mtDNA is 10-fold that of chromosomal DNA, which
allows mtDNA to accumulate stable mutations more quickly and form genetic markers for specific
populations, thereby increasing the resolution and information amount in mtDNA detection. There
are hundreds to thousands of copies of mtDNA in each cell, making it more convenient to detect
mtDNA than chromosomal DNA. These advantages make mtDNA analysis widely used in the
studies of population evolution and migration.
Thanks to the rapid development of sequencing technology, the genetics community has
conducted a large number of assessments and analysis of mtDNA haplogroup diversity in the past
few decades in different regions and ethnic groups in China.[18-26] MtDNA plays an important role
in studying the matrilineal origins of various ethnic groups in the contemporary East Asian
population. Although many problems remain to be solved and the related database is not perfect,
the historical migration route of the population is still relatively clear. Previous mtDNA
haplogroup polymorphism studies showed that in East Asia, the mitochondrial characteristic
haplogroups of southern China were B, M, F and R haplotypes, and the haplotype A, C, D and G
appeared frequently in the northern area were also likely coming from the south.This also verified
the conclusion in archaeology that modern people gradually migrated to the north and expanded
there after entering Southeast Asia.[27]

According to the results in this study, Chinese Liannan Yao group’s RMP value of 58 mtDNA SNP
sites was lower, which was consistent with that in other Chinese reports. The most common
haplogroups of Liannan Yao ethnic group were M and N, belonged to the Asian population, which
was consistent with our previous research on the Y chromosome gene haplotype.[28] Haplogroups
M and N were two large groups based on mtDNA, haplotypes A, B, R9, and N9 in haplogroup N
and haplotypes C, D, G, M7, M8, and M9 in haplogroup M were specific for the East Asian
population, which was verified in this study.
There were large differences in genetic markers in Chinese different ethnic groups, Liannan Yao
ethnic group is a relatively closed group, and its genetic characteristics are also different from
other ethnic groups. Liannan Yao group had more close genetic distance with Guizhou Miao,
Yunnan Yao and Fujian She group, which supported the statement "three ‘miao’ groups derived
from a same group" in anthropology, linguistics and archaeology.

Conclusions
This study is the first to investigate 60 specific mtDNA loci and test the genetic mtDNA
polymorphisms in the Liannan Yao nationality, which provides support for Chinese mtDNA
genome databases and further research on population genetics. It can be concluded from this study
that the mtDNA haplogroup of Liannan Yao ethnic group has obvious genetic characteristics of the
southern Chinese population, and closer genetic distance to Fujian She, Yunnan Yao, and Hunan
Miao ethnic groups. However, in order to further determine the genetic background of Chinese



Liannan Yao group, more referenced populations and genetic markers need to be collected in our
future research.

Methods
Blood samples from 209 unrelated healthy volunteers were randomly collected from Chinese
Liannan Yao ethnic group in Guangdong province. The written informed consent was acquired
from each of them and migration events did not exist in their family history of the participants for
at least three generations. Blood samples were collected respectively in terms of the standard
procedure. MtDNAwere extracted to build up gene database. 60 mtDNA loci were sequenced,
compared with the revised Cambridge Reference Sequence(rCRS) to determine the haplogroups,
then haplotype frequency of mtDNAwas calculated and Principal Component Analysis(PCA) was
conducted between Liannan Yao nationality and other ethnic groups.
MtDNAwas extracted according to the previous protocol [15]. The Expressmarker mtDNA-SNP 60
kit (AGCU ScienTech Incorporation, Jiangsu, Wuxi) was used for direct polymerase chain
reaction amplification of 60 mtDNA loci(709，3010，3970，5178，6446，7196，8414，10310，
10398，10873，12705，13104，13928，15043，16311，8794/8793，16126/16129，9bp，1541，
1719，2706，4216，4883，5460，8020，8584，9123，1541，9698，9824，10400，11215，
11251，11719，12372，12811，16362，8701/8697，152，1811，3348，4491，4833，5417，
5442，7600，8684，8964，9477，9545，10397，11944，12007，14569，15784，16316/16319).
25ul PCR reaction system included: 10ul reaction mix, 1ul hot start C-Taq enzyme, 5ul
amplification primer, and 9ul water. PCR amplification cycle parameters were as follows: 95℃
for 3 min, 94℃ for 30 s, 60℃ for 45 s, 10 cycles of 72℃ for 1 min, 94℃ for 10 s, 59℃ for 1
min, 15 cycles of 65℃ for 80 s, 60℃ for 20 min, finally stored at 4℃. Electrophoresis was
performed by 3130XL Genetic Analyzer, analyzed by GeneMapper ID-X software.
The study was conducted following the recommendations of the DNA Committee of the
International Society for Forensic Genetics (ISFG) as described by Carracedo, et al.[16]

The results of genotyping were referred to the rCRS [17]for subsequent statistical analysis.
Haplotype determination were referred to the HaploGrep 2.0 platform
(https://haplogrep.i-med.ac.at), Haplogroups were classified by phylotree
(http://www.phylotree.org). Genetics parameter statistics include RMP, DP, and genetic distance.
RMP = ∑Xi2(Xi represents the frequency of the i-th mtDNA haplotype), DP=1-ΣX2,
variability=[n(1-X2)]/(n-1)(n represents number of samples, x represents the frequency of the
haplogroups). Genetic differentiation index (Fst) between groups were analyzed by PHYLIP, and
phylogenetic tree was reconstructed by POPTREEW based on the pairwise population genetic
distance values to infer the genetic background of the Liannan Yao nationality.

List of abbreviations
mtDNA mitochondrial DNA
SPN Single nucleotide polymorphism
rCRS revised Cambridge Reference Sequence
PCR Polymerase chain reaction
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