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Abstract
We studied the allele frequency distribution of 21 autosomal STR loci contained in the AmpFlSTR1 IdentifilerTM (Applied Biosystems), the

Powerplex116 (Promega) and the FFFL (Promega) multiplex PCR kits among 936 individuals from the Royal Kingdom of Bhutan. As such these

are the first published autosomal DNA results from this country.

# 2006 Elsevier Ireland Ltd. All rights reserved.
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Population information: The Royal Kingdom of Bhutan

lies just south of the highest peaks in the eastern section of the

Himalayan mountain range, which runs from Pakistan in the

west to north-eastern India (Assam) in the east. As such, the

Himalayas are not only the highest land barrier on earth, they

also form a distinct barrier between Tibeto-Burman, which is

predominantly spoken north-east of the Himalayas, and Indo-

European, which is spoken south of the Himalayas [1]. In

Bhutan, nearly all people speak a language belonging to the

Tibeto-Burman language family. There are many distinct

isolated languages within Bhutan, many even not completely

characterized. It has been suggested that in the past humans

speaking a Tibeto-Burman language either have crossed the

Himalayas, or have navigated around the highest parts of the

Himalayas before settling in Bhutan. In order to be able to

reconstruct possible migration routes connecting human

populations North and South of the Himalayas, we collected

blood samples from 761 males and 175 females from Bhutan,

belonging to 17 different language groups defined by van Driem

[1] (see Fig. 1). Here we describe the first results of this study in

the form of the allele frequency distributions and summary

statistics of 21 different autosomal STR loci from the combined

group of 936 Bhutanese individuals. To our knowledge, this is

the first genetic study on autosomal STR loci from the Royal

Kingdom of Bhutan.
* Corresponding author. Tel.: +31 71 526 9540; fax: +31 71 526 8278.

E-mail address: knijff@lumc.nl (P. de Knijff).
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DNA extraction: DNA was extracted from whole blood,

using the Autopure LS1 from Gentra Systems, according to the

manufacturer’s specifications.

PCR and genotyping: IdentifilerTM, Powerplex116 and

FFFL1 PCR reactions were performed according to the

manufacturers’ specifications. PCR products were analysed

using an ABI 3100 automated DNA sequencer and the

Genemapper1ID software.

Statistical analysis of data: Allele frequencies and

heterozygosity values (observed and expected) were calculated

using GenePop version 3.4 [2], exact Hardy–Weinberg p-values

and PIC values were calculated using PowerMarker [3]. The

Excel PowerStats spreadsheet [4] was used to calculate power

of discrimination and power of exclusion. We used the exact

test of population differentiation included in Arlequin Ver. 2000

[5] to compare differences in allele frequencies among different

populations.

Results: Allele frequencies and summary statistics are

presented in Table 1. We identified a number of new alleles (i.e.

not yet reported in the NIST Short Tandem Repeat DNA

Internet DataBase [6]). These are shown underlined in Table 1.

Using the PowerMarker software, markers D16S539,

D8S1179, D21S11, FGA, TPOX and LPL were found to have

significant HWE p-values (i.e. below the Bonferroni corrected

p-value threshold of 0.0023). Similar results were obtained by

using GenePop. Further, GenePop analysis showed significant

heterozygote deficiency for FGA. Subsequently, in order to test

for the presence of undetected null alleles as a cause for

heterozygote deficiency, the data were analysed using the

genbank:D16S539
genbank:D8S1179
genbank:D21S11
mailto:knijff@lumc.nl
http://dx.doi.org/10.1016/j.forsciint.2006.04.006
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Table 1

Allele frequencies for 21 STR loci in 936 Bhutanese samples

D3S1358 VWA D16S539 D8S1179 D21S11 D18S51 TH01 FGA D2S1338 D19S433 PENTA E D5S818 D13S317 D7S820 CSF1PO PENTA D TPOX F13A01 F13B FES LPL

3.2 0.2297

4 0.1934

5 0.0256 0.1170

6 0.0887 0.0032 0.4348 0.0027

7 0.2607 0.0032 0.0069 0.0005 0.0021 0.0005 0.0214 0.0027 0.0123 0.0005

8 0.0422 0.0897 0.0011 0.1725 0.2126 0.0005 0.0689 0.5395 0.0059 0.1223 0.0011

8.2 0.0021

9 0.2559 0.4690 0.0144 0.0721 0.1234 0.0769 0.0497 0.2174 0.1501 0.0032 0.1966 0.0011 0.0016

9.3 0.0860

10 0.1106 0.0668 0.0005 0.0059 0.0011 0.0171 0.1784 0.1640 0.1966 0.2009 0.1400 0.0069 0.0005 0.6752 0.0246 0.6442

11 0.2601 0.0347 0.0043 0.0048 0.1036 0.3536 0.2975 0.2885 0.2821 0.2441 0.2585 0.0027 0.5214 0.1282

11.2 0.0005

12 0.2393 0.1074 0.0208 0.0684 0.1560 0.2105 0.1715 0.1859 0.3873 0.1501 0.0411 0.2788 0.2147

12.2 0.0166

13 0.0005 0.0812 0.2698 0.2441 0.1976 0.0636 0.1651 0.0561 0.0363 0.0759 0.0919 0.0011 0.1608 0.0101

13.2 0.0214

14 0.0342 0.1763 0.0069 0.1795 0.1955 0.2596 0.0929 0.0123 0.0139 0.0011 0.0032 0.0507 0.0005 0.0123 0.0011

14.2 0.1303

15 0.3312 0.0171 0.0037 0.2131 0.1928 0.0956 0.1154 0.0011 0.0005 0.0085 0.0016

15.2 0.1544

16 0.3665 0.2270 0.1106 0.0743 0.0118 0.0160 0.1293 0.0011 0.0005

16.2 0.0272

17 0.2158 0.2591 0.0160 0.0775 0.0005 0.0764 0.0064 0.0534 0.0005 0.0005

18 0.0491 0.2051 0.0021 0.0427 0.0497 0.1202 0.0705

19 0.0027 0.0999 0.0732 0.1165 0.1880 0.0443

19.3 0.0005

20 0.0144 0.0433 0.0262 0.1213 0.0438

20.2 0.0118

21 0.0011 0.0187 0.0545 0.0363 0.0395

21.2 0.0134

22 0.0101 0.1506 0.0192 0.0128

22.2 0.0144

23 0.0016 0.1741 0.2163 0.0112

23.2 0.0240

24 0.0005 0.1683 0.1405

24.2 0.0235

25 0.0721 0.0620 0.0005

25.2 0.0053

26 0.0449 0.0037 0.0016

26.2 0.0053

27 0.0112 0.0198 0.0037

27.2 0.0005

28 0.0321 0.0187

28.2 0.0556

29 0.2350 0.0032

29.2 0.0091

30 0.2286 0.0027

30.2 0.0379
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Table 2

‘‘Kit specific’’ null alleles

Marker Genotype in

Identifiler

Genotype in

Powerplex16

Null

allele

D13S317 12/12 11/12 11

D13S317 10/10 10/11 11

D13S317 8/8 8/11 11

D16S539 12/14 14/14 12

D18S51 14/19 19/19 14

D18S51 14/19 14/14 19

D18S51 16/20 16/16 20

Fig. 1. Geographical centres of the 17 Bhutanese groups, defined by language

(total number of individuals = 936), of which samples were included in this

study. Black dots indicate the geographical centres of each group, the grey circle

indicates the location of Thimphu.
Micro-Checker software [7], using standard settings. We also

used Bottleneck [8], to test for indications of heterozygote

excess and heterozygote deficiency based on the Wilcoxon test

results of the two phase mutation model (TPM) with a 90%

SSM proportion and 10% variance. We were unable to detect

significant indications for heterozygote excess, heterozygote

deficiency, and presence of null alleles in this combined

Bhutanese dataset.

For the markers D13S317, D16S539 and D18S51, pseudo-

null alleles for either the Powerplex16 kit or the Identifiler kit

have been identified during this study (i.e. individuals were

typed as homozygous for a certain marker using one kit, but

found to be heterozygous using the other kit). These pseudo-

null alleles are listed in Table 2.

For 13 of the markers tested in this study, we compared, per

locus, the allele frequency distribution from Bhutan with the

allele frequency data from our Nepalese sample [9] and 13

other neighbouring populations [10–18]. For many markers,

significant p-values (below the Bonferroni corrected threshold

of 0.00004) were observed (Table 3). Since Bhutan is a

relatively isolated country, mainly due to it’s geography, some

differences between the Bhutanese population and neighbour-

ing populations can be expected. However, the large number of

significant differences found here cannot be explained by

geographical isolation only. We are currently collecting

genotype data from populations in India and China, in order

to perform a more to-the-point and genotype based comparison

among these populations.

genbank:D16S539
genbank:D18S51
genbank:D18S51
genbank:D16S539
genbank:D8S1179
genbank:D21S11
genbank:D16S539
genbank:D18S51
genbank:D18S51
genbank:D19S433
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Quality control: All laboratory procedures are accredited

according to ISO17025. The FLDO also participates in the

German DNA profiling group (GEDNAP) annual proficiency

test and in the annual paternity testing workshop of the English

Speaking Working Group of the International Society for

Forensic Genetics (ISFG). Furthermore, for day-to-day quality

control, laboratory internal controls, kit controls and genotypes

for overlapping loci between kits are applied.

Access to data: Via electronic mail from communicating

author.

Other remarks: The new alleles, detected during this

population-screening study are currently being sequenced in

collaboration with Dr. John Butler from the National Institute of

Standards and Technology and will be added to the Short

Tandem Repeat DNA Internet DataBase (STRBase [6]). In

addition to new alleles, three banded allele patterns were

observed for D19S433 and FES/FPS (one individual per locus).

These individuals will also be further examined by the NIST

and added to STRBase.

This paper was prepared according to this Journal’s

guidelines for publication of population data [19].
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