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Allele frequency of 19 autosomal STR loci
in the Bai population from the
southwestern region of mainland China

The aim of this study was to investigate a 19 STR loci database using the Bai population
from China. This multiplex amplification kit included 13 CODIS STR markers and six
plus STR markers (D19S433, Penta E, D2S1338, Penta D, D6S1043, and D12S391) that
were successfully analyzed by using 1158 DNA samples from the Bai population from
the southwestern part of mainland China. These results indicate that this multiplex am-
plification kit may provide significant polymorphic information for kinship testing and
relationship investigations.
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1 Introduction

STR is a repeated DNA sequence that has a 2–7 bp core repeat
unit; the number of repeats is highly variable among individ-
uals. Thus, it has a high practical value in forensic identifi-
cation and paternity testing. The Goldeneye DNA 20A PCR
amplification kit is a commercial PCR amplification kit that
is widely used in the crime STR database in mainland China.
It consists of 13 CODIS loci and six plus STR loci (D19S433,
Penta E, D2S1338, Penta D, D6S1043, and D12S391) [1]. In
this study, we reported the STR data of the Bai population
using this commercial kit. There are nearly 1.56 million Bai
people living in Yunnan province, and over 1.11 million live
in the Dali Bai Autonomous Prefecture (Supporting Infor-
mation Fig. 1). The Bai language is a particular dialect that
belongs to the Sino-Tibetan language family [2, 3].

2 Materials and methods

2.1 Ethics statement

All participants provided written informed consent prior to
inclusion. Blood sample collection was conducted in confor-

Correspondence: Professor Bingying Xu, Kunming Medical Uni-
versity, Chunrong West Road No.1168 Yuhua Subdistrict, Cheng-
gong New Town, Kunming 650500, P. R. China
E-mail: bingying_xu@126.com

Abbreviation: PE, probability of paternity exclusion

mity with ethical and human research principles of the In-
stitutional Ethics Committee, Kunming Medical University,
China.

2.2 Sample collection and DNA extraction

We studied 1158 unrelated and healthy individuals of the Bai
from Dali. Blood samples or buccal swabs were collected after
informed consent.

2.3 PCR amplification and STR typing

Genomic DNA was extracted by the Chelex100 method [4].
PCR amplification was performed in a GeneAmp PCR SYS-
TEM 9700 (AB: Applied Biosystems, Foster City, CA, USA)
following the manufacturer’s instructions for the Golden-
eye 20Akit (Peoplespot Company, Beijing, China). PCR prod-
ucts were separated by the GeneScan500 LIZ (AB) on a 3130
Genetic Analyzer (AB).

The laboratory participants in this study were accredited
according to the ISO/IEC 17025:2005 General Requirements
for the Competence of Testing and Calibration Laboratories
(CNAS-CL01 Accreditation Criteria for the Competence of
Testing and Calibration Laboratories).

Colour Online: See the article online to view Figs. 1, 2 and Table 1 in
colour.
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Figure 1. Pair Fst Matrix of Bai in Yunnan and other 56 worldwide populations.

2.4 Statistical analysis

Allele frequency and forensic parameters were calculated
using Powerstats v1.2 software. The p-values of the exact
test for Hardy–Weinberg equilibrium, observed heterozy-
gosity and expected heterozygosity were calculated using
CERVUS program [5]. The average number of pairwise dif-
ferences, Slatkins linearized Fst, and coancestry coefficients
were calculated using Arlequin v3.5 software [6] with the
raw genotypic data of 13 STRs (D8S1179, D21S11, D7S820,
CSF1PO, D3S1358, D13S317, D16S539, D2S1338, D19S433,
vWA, D18S51, D5S818, and FGA) from 57 populations all
around the world (Bai and [7–35]). The detailed popula-
tion genetic structure was performed using the above 13
STRs and model-based clustering method implemented in
Structure 2.3.4 [36, 37] under assumptions of admixture,
LOCPRIOR model, and correlated allele frequencies. Each

run used 100 000 estimation iterations for K = 2–12 af-
ter a 20 000 burn-in length with three replicates. Poste-
rior probabilities for each K were computed for each set of
runs.

3 Results and discussion

3.1 Forensic parameter analysis

Allele frequencies and forensic parameters are presented
in Table 1. The result shows that the highest value of the
power of discrimination and probability of paternity exclu-
sion were observed for Penta E, whereas the lowest value
was observed for TPOX. The combined power of discrimi-
nation value and combined probability of paternity exclusion
value were both �0.999999999. After Bonferroni’s correction

C© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.electrophoresis-journal.com



2502 Y. Li et al. Electrophoresis 2015, 36, 2498–2503

Figure 2. Estimated population genetic structure of Bai in Yunnan and other 30 worldwide populations using Structure 2.3.4 software.

(p = 0.00263) [38], there are no deviations from Hardy–
Weinberg equilibrium.

3.2 Population genetic distance study

The pair Fst matrix (Fig. 1 and Supporting Information
Table 1) and detailed population genetic structure (Fig. 2)
were calculated using genotype data from 57 populations
from all around the world. The lowest Fst values have been
observed in the Bai and Han Chinese in Henan, Shaanxi,
Jiangsu, and Yunnan (all �0.001). The Fst in the Bai with
Tibetan populations were slightly higher than the values with
the Han Chinese but were still lower than those with Lolo-
Burmese and Kam-Sui populations. The structure analysis
also confirmed the genetic similarities of the Bai, Han Chi-
nese, and Tibetan populations. Tibetan, southern Han Chi-
nese (Yunnan and Guangdong), and southern indigenous
populations (such as She, Mulam, and Maonan) contributed

most to the gene pool of the Bai people. The results indicated
that differences could be found in allelic frequency distribu-
tion between different populations of geographic locations
and varied linguistic families.

4 Concluding remarks

In summary, we provided complete data for the 19 STR loci in
the southwestern Bai population for the first time. Based on
allelic frequency and statistical parameters for the Bai people,
it can be concluded that these 19 autosomal STR loci indeed
represent a robust and efficient approach in forensic human
identification and parentage testing.

This study was financially supported by National Natural Sci-
ence Foundation of China, (81260467) and multiple Science and
Technology Planning Projects of Yunnan Province, PR China,
(2010CD226, 2011CA022, and 2011FZ113).
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