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Abstract Allele frequencies and forensic statistics of 21 au-
tosomal short tandem repeat loci (i.e., D6S474, D12ATA63,
D22S1045, D10S1248, D1S1677, D11S4463, D1S1627,
D3S4529, D2S441, D6S1017, D4S2408, D19S433,
D17S1301, D1GATA113, D18S853, D20S482, D14S1434,
D9S1122, D2S1776, D10S1435 and D5S2500) were estimat-
ed in Han population from northern China (n0220). Signifi-
cant deviation from Hardy–Weinberg equilibrium was
detected only for D22S1045. The observed heterozygosity,
the expected heterozygosity, the discrimination power, the
probability of paternity exclusion in trios, the probability of
paternity exclusion in duos and the polymorphic information
content ranged from 0.591 to 0.836, 0.594 to 0.830, 0.762 to
0.948, 0.341 to 0.659, 0.189 to 0.487 and 0.535 to 0.807,
respectively. Triallelic patterns were observed at D19S433
and D10S1435. Mutations occurred at D22ATA63,
D10S1248, D19S433 and D14S1434 loci with all single-step
mutations. The expected mutation rates of these four loci are
0.0042 with 95% confidence interval [0.0001, 0.0232] in a
total of 238 meioses. Our results show that these 21 non-
CODIS STR loci are highly polymorphic and can be useful

for human identification and kinship analysis in Northern Han
population in China.
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Introduction

Short tandem repeats (STRs) are important genetic markers
and widely used in forensic applications because of their
highly polymorphic characteristics [1, 2]. The STRs in the
Combined DNA Index System (CODIS) are commer-
cially available in many multiplex amplification kits (e.g.,
AmpFℓ STR Identifiler®). Testing with these loci usually can
meet the requirements of human individual identification and
standard triopaternity test. However, duo paternity testing [3,
4], complex kinship analysis cases (e.g., full-sib, grandpar-
ents–grandchildren, etc.) [5], and cases with mutations [6]
may need more STR loci to obtain reliable identifications.
Extra STR loci can provide additional genetic information and
are a complementary tool to the conventional STR analysis
[7–10]. There have been studies on seeking additional poly-
morphic STR loci independent from the current CODIS loci
[11, 12]. This study is to validate a panel of 21 autosomal non-
CODIS STR loci for Northern Han population in China.

Materials and methods

Population and DNA samples

Han population is a native ethnic group in China and, by
most modern definitions, the largest single ethnic group in
the world. In this study, 220 healthy unrelated Han volunteers
in northern China were sampled. One hundred fifty-eight two-
generation families including 80 father–child–mother trios
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and 78 mother–child or father–child duos were collected to
estimate the mutation rates of the STR loci. All samples were
genotyped with a AmpFℓSTR Identifiler® multiplex STR kit
(Applied Biosystems, Foster City, CA, USA). Paternity index
of each family is at least 10,000 to confirm the relationships
based on the STRs in Identifiler.

DNA extraction and quantification

Genomic DNA was extracted by using the Chelex-100 pro-
tocol as described by Walsh et al. [13]. The quantity of

recovered DNA was determined by Qubit® Quantitation
System (Invitrogen, CA, USA) according to the manufac-
turer's specifications.

DNA amplification

Amplification of STRs was carried out using a multiplex
PCR system AGCU 21+1 fluorescence amplification
reagents (AGCU ScienTech Incorporation, Wuxi, Jiangsu,
China), which includes Amelogenin, D6S474, D12ATA63,
D22S1045, D10S1248, D1S1677, D11S4463, D1S1627,

Table 1 The genomic mapping information of 21 non-CODIS loci with some loci in the Identifiler® kit which locate on the same chromosome with
the non-CODIS loci

Chromosome Locus UCSC STS id Band Physical (bp) Genetic (cM) Reference 9947A genotype

1 D1S1677 5370 1q23.3 163 559 700—163 560 041 175.62 – 13, 14

D1S1627 5280 1p21.1 106 963 665—106 963 777 139.02 – 13, 14

D1GATA113a – 1p36.23a – 17.377 Mba – 11, 12

2 D2S441 5578 2p14 68 239 016—68 239 157 86.82 – 10, 14

D2S1776 5575 2q24.3 169 645 172—169 645 775 173.00 – 10, 10

TPOX 104909 2p25.3 1 493 368—1 493 481 – [22]

D2S1338 5591 2q35 218 879 369—218 879 717 215.78 [22]

3 D3S4529 5699 3p12.1 85 852 474—58 852 736 112.42 – 13, 13

D3S1358 162309 3p21.31 45 582 205—45 582 335 – –

4 D4S2408 5889 4p15.1 31 304 231—31 304 513 45.97 – 9, 10

FGA 212610 4q31.3 155 508 848—155 509 043 – –

5 D5S2500 6096 5q11.2 58 697 041—58 697 348 69.23 – 14, 23

D5S818 22478 5q23.2 123 111 125—123 111 402 127.29b –

CSF1PO 168109 5q32 149 455 735—149 456 053 – –

6 D6S474 6246 6q21 112 878 950—112 879 283 118.64 – 14, 18

D6S1017 6276 6p21.1 41 677 174—41 677 509 63.28 – 9, 10

9 D9S1122 6686 9q21.2 79 688 594—79 688 849 75.88 – 12, 13

10 D10S1248 6816 10q26.3 131 092 374—131 092 796 165.27 – 13, 15

D10S1435 15291 10p15.3 2 243 220—2 243 552 – – 10, 11

11 D11S4463 116998 11q25 130 872 239—130 872 721 – – 12, 13

TH01 167016 11p15.5 2 192 277—2 192 522 – [22]

12 D12ATA63a – 12q23.3a 55 349—55 437a 106.825 Mba – 13, 13

vWA 7162 12p13.31 6 093 104—6 093 253 14.23 [22]

14 D14S1434 7278 14q32.13 95 308 123—95 308 685 113.17 – 11, 13

17 D17S1301 7525 17q25.1 72 680 786—72 681 109 100.02 – 12, 12

18 D18S853 24104 18p11.31 3 990 524—3 990 853 – – 11, 14

D18S51 7683 18q21.33 60 948 678—60 949 364 95.46 [22]

19 D19S433 7730 19q12 30 416 990—30 417 261 51.88 – 14, 15

20 D20S482 20134 20p13 4 506 248—4 506 466 13.21b – 14, 15

22 D22S1045 7934 22q12.3 37 536 285—37 536 570 42.81 – 11, 14

21 non-CODIS loci were denoted in italics

Genetic (cM) Marshfield genetic map position (genetic distance from p-telomere)
a The information of D1GATA113 (chromosomal position 17.377 Mb) and D12ATA63 (chromosomal position 106.825 Mb) in this study see http://
www.cstl.nist.gov/biotech/strbase/pub_pres/Promega2006_Hill.pdf
b deCODE genetic map position (genetic distance from p-telomere)
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D3S4529, D2S441, D6S1017, D4S2408, D19S433,
D17S1301, D1GATA113, D18S853, D20S482, D14S1434,
D9S1122, D2S1776, D10S1435 and D5S2500. A multiplex
PCR amplification was performed with a total volume of
10.0 μl containing 0.2–1.0 ng genomic DNA, 4 μl Reaction
Mix, 2 μl 21+1 Primers, 1 U HS-Taq DNA polymerase and
ddH2O. PCR was conducted with a GeneAmp PCR System
9700 Thermal Cycler (Applied Biosystems, Foster City,
CA) following a protocol with an initial denaturation step
at 95°C for 11 min, followed by 10 cycles at 94°C for 1 min,
62°C for 1 min, 72°C for 1 min, and 20 cycles at 90°C for
1 min, 60°C for 1 min, 72°C for 1 min, a terminal extension
step at 60°C for 60 min. The experiments were conducted in
accordance with quality control measures. Cell lines 9947A
(Promega, Madison,WI, USA) were used as positive standard
reference materials [14] and ddH2O was used as negative
control.

Genotyping

The PCR products were separated by Capillary Electrophoresis
on ABI PRISM 3130 Genetic Analyzers (Applied Biosystems,
Foster City, CA, USA). Raw data were analyzed using Gene-
mapperID 3.2 software (Applied Biosystems, Foster City, CA,
USA), and alleles were determined by comparing with the
allele ladder (AGCU ScienTech Incorporation, Wuxi, Jiangsu,
China). If off-ladder peaks, triallelic patterns [15, 16] or muta-
tions between children and parents were encountered, the
samples would be typed again to confirm the genotypes. Off-
ladder alleles were determined by the method described by Gill
et al. [17].

Statistical analysis

Hardy–Weinberg Equilibrium (HWE) and expected hetero-
zygosity (He) of each locus as well as Linkage Disequilib-
rium (LD) between each pair of loci were tested with the
Genepop Version 4.0.10 software package (http://genepop.
curtin.edu.au). Polymorphism information content (PIC),
observed heterozygosity (Ho), discrimination power (DP)

and probability of paternity exclusion (PE) of Han popula-
tion were calculated by PowerStats program (http://www.
promega.com/geneticidtools/). Further, the Han population
data were compared with Tibet population [18] by the
shuffling testing method described in Ref. [19].

Quality control

All laboratory procedures are accredited according to
ISO17025. Furthermore, laboratory internal control standards
were employed according to recommendation published by
the Paternity Testing Commission of the International Society
for Forensic Genetics [20].

Table 3 The significant Link-
age Disequilibrium values of 13
pair of loci after pairwise
comparison

After Bonferroni correction,
only two pairs (D2S441 and
D2S1776, D12ATA63 and
D19S433) were still significant

Locus D2S441 D10S1248 D11S4463 D12ATA63 D14S1434 D17S1301 D20S482

D1S1627 0.0237

D2S1776 0.0000 0.0353 0.0075

D3S4529 0.0019

D4S2408 0.0225

D6S1017 0.0162

D6S474 0.0294 0.0462

D10S1435 0.0184

D18S853 0.0033

D19S433 0.0000 0.0300

Table 4 Shuffling test
for Han and Tibet
populations (10,000
shuffles). The method
is described in Ref. [19]

Marker P-value

D6S474 0.2713

D12ATA63 0.0000

D22S1045 0.0000

D10S1248 0.0844

D1S1677 0.2708

D11S4463 0.5578

D1S1627 0.2586

D3S4529 0.0000

D2S441 0.0360

D6S1017 0.0001

D4S2408 0.0040

D19S433 0.0782

D17S1301 0.0106

D1GATA113 0.0022

D18S853 0.0005

D20S482 0.3515

D14S1434 0.2492

D9S1122 0.7346

D2S1776 0.7275

D10S1435 0.0004

D5S2500 0.0017
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Results and discussion

The genomic mapping information of the 21 non-CODIS
loci showed in Table 1 is based on UCSC genome data
(http://www.genome.ucsc.edu) and STRbase (http://www.
cstl.nist.gov/biotech/strbase). No peak appeared in negative
control. The genotypes of 9947A were the same as the
standard reference in all experiments and listed in Table 1.
Allele frequencies and forensic statistics of each locus were
shown in Table 2. Triallelic patterns were observed at
D19S433 (e.g., 12, 13 and 14) in a male and D10S1435
(e.g., 12, 13 and 14) in a female, respectively. Deviations
from Hardy–Weinberg equilibrium were only detected at
D22S1045 (p-value00.0000) and D14S1434 (p-value0
0.0047). After Bonferroni correction (i.e., 0.05/2100.00238),
only D22S1045 was still significant in HWE test.

Sixteenout of 21 loci had the observed heterozygosity
(Ho) greater than 0.7. The highest Ho was 0.836 at
D19S433 and the lowest Ho was 0.591 at D1GATA113.
Discrimination power (DP) varied between 0.762 at
D1S1627 and 0.948 at D19S433. The probability of pater-
nity exclusion (PE) in trios varied between 0.341 at
D1S1627 and 0.659 at D22S1045. The probability of pater-
nity exclusion (PE) in duos varied between 0.189 at
D1S1627 and 0.487 at D19S433 and D22S1045. Cumula-
tive DP of these 21 loci is 0.999999999999999999991.
Combined probabilities of exclusion in duos and trios are
0.999025 and 0.9999997, respectively. These statistics indi-
cate that these 21 loci have high or medium probability of
exclusion as well as discrimination power and can be useful
in human identification.

Thirteen pairs of loci were detected in significant Linkage
Disequilibrium (LD) in a total of 210 pairwise comparisons
in Table 3. After Bonferroni correction (e.g., p-value00.05/
21000.000238), only two pairs D2S441 and D2S1776 (P0
0.0000), D12ATA63 and D19S433 (P00.0000) were still
significant in the LD test.

Table 1 also shows that some loci in the Identifiler® kit
(TPOX, D2S1338, D3S1358, FGA, D5S818, CSF1PO,

TH01, vWA and D18S51) are on the same chromosomes with
the 21 non-CODIS loci. However, almost all physical distan-
ces between STR loci on the same chromosome are closed to
or more than 50 Mb, except for D3S1459 and D3S1358 (i.e.,
40 Mb). Thus, all 21 non-CODIS loci together with loci in the
Identifiler® kit may be treated as independent loci, although
further genetic linkage study on recombination fraction be-
tween D3S1459 and D3S1358 may be required.

In addition, we compared Northern Han population in
China and Chinese Tibetan population in Lhasa [18] with
these 21 non-CODIS loci. Table 4 shows the p-values of the
shuffling tests [19] for population differentiation. Eleven out
of 21 markers have p-value less than 0.05. Even after
Bonferroni correction (0.05/2100.00238), there are eight
markers with significant p-values. Apparently, Northern
Han and Tibet populations are significantly different in a
good proportion of the tested markers.

In some complex kinship analysis cases (e.g., distant
relatives or with mutations [21]), current commercial kits
with CODIS core STRs may not be able to provide high
enough likelihood ratio or probability of paternity to obtain
reliable identifications. More STRs can provide extra infor-
mation to raise the confidence of identifications. However,
increasing the number of STR loci detection will also in-
crease the probability of mutation. It would be better to
select markers with low mutation rates. In the family geno-
type data, mutations were detected in four cases at four
different loci (i.e., D22ATA63, D10S1248, D19S433 and
D14S1434). All mutations were one step mutation (Table 5).
With a total of 238 meioses, the expected mutation rates of
these four loci are 0.0042 with 95% confidence interval
[0.0001, 0.0232]. More pedigree samples will be tested to
obtain more precise mutation rates.
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Table 5 Mutations detected from the pedigree analysis

Locus Genotype Origin Type Mutation
rate (%)

Maternal Child Paternal

D22ATA63 12,18 11,15 15,16 Mother-to-son −1 0.42

D10S1248 12,14 13,15 Father-to-daughter +1 or −1 0.42

D19S433 13.2,16.2 15.2,17.2 15.2 Mother-to-daughter +1 0.42

D14S1434 15,15 11,15 10,10 Father-to-daughter +1 0.42

In the genotypes of children, alleles with the mutation were denoted in italics

+ repeat gain, −1 repeat loss
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