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ABSTRACT

This study examined the population frequency and genetic diversity of 13 autosomal STR loci in 12 populations of Taiwanese.
The populations included Bunun, Paiwan, Saisiat, Tao, Ami, Rukai, Atayal, Tsou, Pazeh, Puyumar, Hakka and Han. The STR loci
were the CODIS including D3S1358, VWA, FGA, D8S1179, D21S11, D18S51, D5S818, D13S317, D7S820, D16S539, THO1,
TPOX and CSF1PO. In this study no deviations from the Hardy-Weinberg equilibrium were observed for the 13 STR loci by the
exact test. The range of matching probability for the 13 loci is from 1.44 x 102 in Tsou to 8.76 x 10'® in Taiwanese Han popula
tion. Only one mutation event in D8S1179 locus, altering allele 16 to 15, was detected in 250 meiosis alelesin the mutation screen-
ing. The Neighbor-joining tree of cluster analysiswas constructed with the genetic distance of 12 populations on 13 loci, which may
be useful for phylogenetic study of populations in Taiwan. These data supported the Hanization hypothesis for populations in

Taiwan.
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I ntroduction

The peoples of modern day Taiwan have proved to
be an important subject for forensic anthropology and
evolutionary studies. Much evidence from DNA studies
has indicated that Taiwan was important in the coloniza-
tion of SE Asia and Polynesia by modern man [1-5].
Previous genetic studies have centered on the mitochon-
drial DNA sequences[1-4] and Y-Chromosome markers
[5]. The analysis of autosomal short tandem repeats for
the modern Taiwan population has been examined [6]
although the aboriginal population has yet to be studied.

Around 18,000 years ago when entering the end of
glacial epoch, Taiwan was gradually separated from
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mainland China by rising sealevel. Finally about 10,000
years ago, Taiwan became an idland in its present tobac-
co leaf shape. Archaeological and anthropological evi-
dence indicates that the indigenous people inhabited
Taiwan approximately 10,000 years ago, around the time
of its isolation [7]. There were two distinct groups of
these original settlersin Taiwan. One group lived on the
rich plains of the northeast, west and southwest, called
plain people (or “Pepo” people in Chinese). There were
11 tribes in the plain people. Since they lived on the
plains, they almost certainly mixed with the later immi-
grating Chinese populations, the first of which was the
Han population. The Han population was considered to
be the first population to cross the China Seato Taiwan.
This population remained on the plains rather than inhab-



32 Forensic Science Journal 2002; Vol. 1, No. 1

iting the inland mountainous regions. Although consid-
ered as only one population, the Han represented a large
number of individuals compared to the indigenous popu-
lation. It was during this period that most tribes have lost
their language and culture, producing “Hanization” of the
plain people. Only afew original languages can be iden-
tified [8]. The indigenous population that lived in the
mountains, that run from North to South on the eastern
seaboard, were called mountain people (or “Gau-san’
people in Chinese). The Gausan population appears to
have been separated from the Hanization that occurred
on the plain region of Taiwan. The original Gausan peo-
ple became divided into nine distinct linguistic groups
(Bunun, Paiwan, Saisiat, Ami, Rukai, Atayal, Pazeh and
Puyumar). The only other population in the Taiwanese
region is the Tao (previously named Yami) tribe who
lived in Orchid island, which is a small island off the
southeastern coast of Taiwan. Tao tribeisbelieved to have
migrated from southern Asian just before 500 years ago.
These eight groups from the mountains and the Tao group
have distinct languages that are mutually unintelligible,
and have different cultures and social organizations.

Currently in Taiwan, the indigenous people consti-
tute less than 2% of the total population [7]. The remain-
ing population is made up of individuals who migrated
from mainland China, the earliest waves of immigration,
from approximately 400 years ago, were from the Fukien
and Kwangtung provinces. These Chinese populations
were from the Han area of China and increased the
Hanization of the plain people. The descents of these
people now constitute approximately 86% of the popula-
tion [9]. In 1949, there was a large-scale migration from
all 35 mainland provincial areas of China due to the
Chinese civil war. The emigrants from this migration
now constitute approximately 13% of the population.
There is alarge degree of admixture between these two
non-indigenous groups, representing the second large-
scale mixture of peoplein Taiwan. These people are now
named Taiwanese Han population. In fact, Taiwan Han
population includes indigenous plain people and two
waves of Chineseimmigrants. By alinguistic and culture
study, there is Hakka subpopulation in the Taiwan Han
population, which came from part of Kwangtung
province. Hakka people constitute approximately 20% of
the total Han population in Taiwan.

All the mountain aborigina tribes have their own
languages, custom, culture and social organizations, indi-
cating that they were never part of the Hanization that
occurred on the plains. These huge diversities presented
in a small idand, approximately 36,000 square kilome-
ters, caused interesting discussion of the origin of those
aborigines for decades. According to linguistic, culture
and genetic studies, there are several theories about their
origins. These include: (1) the descendents of proto-
Malays who migrated to Taiwan from the Malay penin-

sula and Indonesian archipelago, and Polynesian expan-
sion [3,4,10]; (2) descendents of Mongolia [11]; (3)
descendents of Miao tribes in Kweichow province of
mainland China [10]; and (4) the homeland of the
Austronesians[12].

Polymorphic microsatellite DNA or short tandem
repeat (STR) system has been widely used in forensic
applications [13-17]. A large number of populations in
the world have been screened using STR system [18-20].
These data will be another source to explore relation-
ships among different races or populations in the world.
This study analyzed 13 STR loci on Taiwanese Han pop-
ulation, Hakka, Pazeh (a tribe of plain people), and 9
tribes of mountain people.

Materials and methods

DNA sampleswere collected with informed consent
from Mackay Memorial Hospital, Kaohsiung Medical
University and the Central Police University, Taiwan.
The samples came from unrelated healthy individuals
and had been used previously in a phylogenetic study.
Samples were collected from 12 populations including
101 Bununs, 99 Paiwans, 97 Saisiats, 117 Taos, 115
Amis, 65 Rukais, 83 Atayals, 92 Tsous, 61 Pazehs, 80
Puyumars, 100 Hakkas and 297 Hans. Additionally 106
family samples containing 250 parent/child pairs were
collected from Taiwanese Han population. STR loci were
amplified using the Profiler Plus™ and Cofiler™ kits
(Applied Biosystems, CA, USA) to detect 13 STR loci
(D3S1358, vWA, FGA, D8S1179, D21S11, D18S51,
D5S818, D13S317, D7S820, D16S539, THO1, TPOX
and CSF1PO). PCR amplification and allele detection
were performed according to the manufacturer’s instruc-
tions. Allele frequencies were calculated by computer
program developed by the authors. Nei genetic distance
[21] and Neighbor-joining tree were constructed with
PHYLIP program [22].

Results and discussion

Samples from 1,307 unrelated individuals of 12
populations in Taiwan were screened using the 13 STR
loci. Distributions of allelefrequenciesare givenin Table
1. The Exact Test was used to detect deviation from
Hardy-Weinberg equilibrium. In this study no deviations
were observed for the 13 STR loci (with p<0.05). Table
2 shows the p vaue of the exact test.

The range of matching probability for the 13 loci is
from 1.44 x 103 in the Tsou population to 8.76 x 10 in
Taiwanese Han population. Only one mutational event
was detected in the 250 meiotic alleles that were
screened. A mutation was detected in D8S1179 locus,
which resulted in the loss of one repeat unit from allele
16 to 15.
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Table 1 Gene frequencies (%) of 13 STR loci in 12 Taiwanese populations.

Loci & Populations
dleles Bunun Paiwan Saisiat Teo Ami Rukai Atayal Tsou Pazeh Puyumar  Hakka Han
D3S1358
12 0 0 0 0 0 0 0 0 0 0 0 0.2
13 0 0 05 0 04 0 0 0 0 0 0 0
14 0 0.5 8.2 21 13 22 18 0.5 5.7 13 45 4.4
15 238 34 25 239 34.8 34.6 39.8 30.3 33.6 35.6 355 384
16 28.7 255 39.3 26.9 30.8 419 319 36.8 295 28.1 31 305
17 45 305 26 321 28.3 16.2 18.1 27.1 255 26.2 225 195
18 2 95 1 13.7 35 5.1 7.8 3.7 5.7 6.9 6 6
19 05 0 0 13 0.9 0 0.6 16 0 19 05 1
VWA
10 0 05 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0 0 0.2
13 0 0 0 0 0 0 0 0 0 0 0 0.5
14 238 12 8.2 111 15.2 74 205 234 26.2 7.5 29 26
15 1 3 8.2 6.8 4.3 3.7 0.6 11 49 31 1 31
16 11.8 8.5 194 17.9 152 51 22.3 3.7 10.7 11.2 125 15
17 24.3 235 311 12.4 175 27.2 15.7 255 24.6 29.4 27 24.1
18 24.3 32 255 252 28.3 36 28.9 20.2 205 26.2 205 195
19 14.3 20 5.6 21.9 14.3 16.2 12 21.8 115 18.8 85 104
20 05 05 2 4.7 4.8 3.7 0 4.3 16 25 15 1
21 0 0 0 0 04 0.7 0 0 0 13 0 0.2
FGA
17 0 0 0 0 0 0 0 0 0 0 0 0.2
18 0 0 0 21 04 0 0.6 21 25 0 3 39
19 19.3 9 31 474 9.1 8.8 6.6 59 49 10.6 4 4.6
20 8.4 75 3.6 6.4 9.1 15 12.7 4.8 41 38 5 5.6
21 5 10 133 4.7 20 19.1 10.2 59 16.4 15 15 10.8
21.2 0 0 0 0 0 0 0 0 0 0 0 0.7
22 29.6 235 21.9 7.7 21.9 14 145 30.9 32 19.5 17 175
22.2 0 0 0 0.4 0 0 0 0 0 0 1 0.3
23 13.9 19 31.6 15.9 10.9 1 16.8 185 221 10.6 175 23.7
23.2 0 05 0 0 0 0 0 0 0 0 0 0.2
24 89 16.5 15.3 17 204 19.8 19.3 16.5 7.4 25.6 195 17.2
24.2 0 15 0 0 04 0 0 0 16 0 1 11
25 9.4 85 4.6 9.5 39 11.8 13.3 7.4 7.4 8.7 9 7
26 3 2 2 38 39 10.3 36 4.8 0.8 31 6 55
26.2 0 0 0 0 0 0 0 11 0.8 0 05 0
27 2 15 4.1 0.4 0 15 24 21 0 31 1 12
28 0 05 0.5 0 0 22 0 0 0 0 0.5 0.2
29 0.5 0 0 0 0 0 0 0 0 0 0 0.3
D8S1179
8 0 0 0 0 0 0 0 0 0 0 0 0.2
9 0 05 0 0 0 0 0 0 0 0 0 0.2
10 37.6 135 24 12.8 16.5 13.2 34.9 17.6 13.9 10 17 113
1 7.4 17 7.7 9.4 8.3 14.8 9 12.8 12.3 23.1 1 104
12 5.9 16 8.7 21 15.2 16.9 18 16.5 12.3 94 13 11.4
13 234 275 16.8 56.4 22.6 14 22.3 30.9 254 21.9 20 20.6
14 16.3 17 32.6 9.8 239 294 21.2 6.9 222 26.9 15 20
15 6.4 35 8.2 7.3 12.2 10.3 8.4 138 12.3 5.6 17 18.8
16 3 35 2 13 13 0.7 18 16 16 31 6.5 5.6
17 0 15 0 0 0 0.7 0 0 0 0 0.5 1
18 0 0 0 0.9 0 0 0.6 0 0 0 0 0.5
D21S11
23.2 0 0 0 0 0 0 0.6 0 0 0 0 0
27 0 0 0 0 0 0 0 0 0 0 0 0.3
28 0 10.5 31 0.9 35 6.6 18 4.8 25 25 6 6.3
28.2 0 0 0 0 0 0 0 0 0 0 0.5 0.2
29 6.9 14 309 29.5 12.2 19.1 24.7 26.1 238 30.6 29 28
29.2 0 0 0 0 0 0 0 2.7 0.8 0 0 0
30 19.8 285 9.2 13.2 12.2 324 235 26.1 28.6 194 25 295
30.2 0 1 05 0 0 15 0 0 0.8 0 15 14
31 10.9 17 14.8 3 21.3 44 16.9 85 131 31 10.5 8.7
31.2 26.7 5 8.7 8.1 74 29 16.9 12.2 6.6 8.7 6.5 5.6
32 25 7 3.6 0.9 8.3 16.9 4.2 2.7 74 31 25 31
32.2 26.7 95 17.9 205 225 9.6 10.8 7.4 14.8 245 13 13.3
33 05 05 8.7 0 0 0.7 0.6 0 0 0 0 0.5
33.2 4 4.5 2.6 239 11.3 4.4 0 9 16 8.1 55 24
34.2 2 25 0 0 13 15 0 0.5 0 0 0 0.7
D18s51

10 0 0 0 0 0 0 0 0 0 0 0 0.2
1 3 0.5 0 0.4 0 0 0 11 0 0 1
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Table 1 Gene frequencies (%) of 13 STR loci in 12 Taiwanese populations. (Continued)

Loci & Populations
aleles Bunun Paiwan Saisiat Tao Ami Rukai Atayal Tsou Pazeh Puyumar  Hakka Han
12 7.4 0.5 6.6 10.3 39 22 3 4.3 25 25 35 39
13 1 7 5.6 10.7 2.2 59 24 3.2 15.6 15.6 17 21.8
14 321 32 24 25.6 14.8 29.4 31.9 25 14.8 21.3 175 20.5
15 24.8 20.5 28.1 10.7 38.3 28.8 28.3 25 23.6 31.2 185 20
16 16.8 20.5 219 9 7.4 20.6 254 20.1 16.4 13.1 13 11.5
17 8.9 9 9.7 21 1.3 51 84 133 10.7 5 75 7.8
18 15 2 3.6 6.8 35 0 0.6 2.7 49 0.6 9.5 4.3
19 45 35 0.5 4.7 14.3 2.2 0 1.6 4.1 6.3 4 3.2
20 0 3 0 0.4 2.6 0.7 0 2.7 25 0 15 19
21 0 1 0 0.4 0.9 3.7 0 0.5 3.3 0.6 3 17
22 0 0 0 0 0.4 0.7 0 05 16 25 35 17
23 0 0.5 0 0 0.4 0 0 0 0 0 0 05
24 0 0 0 0 0 0.7 0 0 0 13 05 0.5
25 0 0 0 0 0 0 0 0 0 0 0 0.2
D5S818
6 0 0 0 0 0.4 0 0 0 0 0 0 0.2
7 15 1 31 0 2.2 0 4.2 11 25 0.6 35 24
8 0 0 05 0 0 0 0 05 0 0 0 0.3
9 84 25 0.5 04 7 4.4 12 16 0.8 31 7 7.7
10 26.3 37 32.7 39.3 335 39.7 45.2 28.2 29.5 40 24 21.3
1 46 22 219 14.6 27 16.9 30.8 228 27 36.3 305 31.9
12 9.9 25 321 222 24.3 324 7.8 19.1 279 175 175 22
13 7.9 125 77 235 52 6.6 10.8 11.2 115 25 175 12.8
14 0 0 15 0 0.4 0 0 11 0.8 0 0 14
D13S317
7 0 0 0 0 0 0 0 0 0 0 05 05
8 23.7 24 179 12 17.8 30.9 151 245 255 23.7 32 253
9 3 10 7.1 158 8.3 11 6 7.4 8.2 125 11 14.2
10 129 22 16.8 115 25.7 44 211 85 9.8 9.4 135 15.7
11 50 25 44.9 50.9 36.1 30.1 45.8 51.6 311 30.6 24 26.4
12 104 15.5 10.7 94 11.7 19.9 6.6 5.9 19.7 225 145 14.8
13 0 25 26 0.4 0 37 54 21 4.1 0 45 31
14 0 1 0 0 0.4 0 0 0 16 13 0 0
D7S820
7 5 0 0 0 0 0 0 11 0 0 05 0.3
8 4 19 1.2 27.4 10.9 74 7.8 16.5 17.2 25 16.5 145
9 1 0.5 16 6.8 39 29 4.2 10.6 49 5 4 7.5
10 30.2 19 26 6.4 22.6 33.8 25.9 10.1 18 125 115 16.9
1 33.6 37 439 419 38.7 30.1 39.8 43 311 34.3 38 32.9
12 19.8 17.5 11.2 15 16.1 9.6 15.1 8 255 194 255 24.3
13 6.4 5 6.1 21 4.8 147 7.2 9.6 33 19 2 34
14 0 2 0 0.4 3 15 0 11 0 19 2 0.2
D16S539
7 0 0 0 0 0 0 0 0 33 0 0 0
8 0 0 0 0 0.4 0 0 0 0 0 0 0.3
9 317 30 29.6 235 20.4 16.2 404 27.7 254 18.8 22 24.9
10 29.2 115 12.2 7.7 6.5 16.2 84 28.2 12.3 18.8 12 137
1 15.8 20.5 276 28.2 38.3 1 151 154 20.5 21.3 29 28.8
12 13.9 13 225 239 23.6 27.2 16.9 19.7 24.6 18.8 255 21.8
13 9.4 20.5 71 16.7 10 27.9 12 85 139 19.2 10 9
14 0 4 05 0 0.4 15 6.6 0.5 0 31 15 12
15 0 0.5 05 0 0.4 0 0.6 0 0 0 0 0.3
THO1
5 0 0 0 0 0 0 0 0 0.8 0 0 0
6 17.3 14.5 9.3 2.6 9.6 154 18.1 18.6 10.7 13.8 13 10.2
7 39.6 35 53.6 325 39.6 39.7 59 37.8 304 30 26 26.1
8 15 195 0 6.8 82 184 24 7.4 131 23.7 6.5 38
9 28.7 26 30.1 56.8 39.6 19.1 12.7 28.2 39.3 231 41 51.2
102 129 5 7 13 3 74 7.8 8 5.7 9.4 135 8.7
TPOX
7 0 0 0 0 0 0 0 0 0 0 0 0.2
8 18.8 60 485 55.6 54.8 52.2 30.1 35.6 49.2 56.3 575 58.2
9 14.9 8 17.3 154 10 5.9 4.2 139 4.1 8.7 85 119
10 05 0 05 85 0 0.7 24 0 16 0.6 35 17
11 64.8 29 337 20.5 339 41.2 63.3 50 426 325 285 24.9
12 0 3 0 0 0.9 0 0 0.5 25 19 15 31
13 1 0 0 0 0.4 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 05 0
CSF1PO
7 0 0 0 0 0 0 0 0 0.8 0 0 0.7
8 74 0 0 0 0.4 0 18 2.7 0.8 0.6 0 0.2
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Table 1 Gene frequencies (%) of 13 STR loci in 12 Taiwanese populations. (Continued)

Loci & Populations

dleles Bunun Paiwan Saisiat Teo Ami Rukai Atayal Tsou Pazeh Puyumar  Hakka Han
9 0 0.5 05 0.9 17 0 0.6 05 16 0 75 6.1
10 114 29 199 19.2 34.8 294 205 28.7 215 28.7 16 24.2
1 32.2 36.5 39.3 55.1 19.1 35.3 51.8 229 26.2 344 27 234
12 20.3 30 39.3 17.9 35.7 324 19.9 319 30.3 31.3 38 36.8
13 28.7 35 1 5.6 5.7 29 54 11.7 18 5 105 7.7
14 0 05 0 0.9 2.6 0 0 16 0.8 0 1 0.9
15 0 0 0 0.4 0 0 0 0 0 0 0 0

aThe frequency of alleles 9.3 and 10 were combined in this study.

Table 2 P value of the exact test for the 13 STR loci in 12 populations.

Populations
Loci Bunun Paiwan Saisia Tao Ami Rukai Atayal Tsou Pazeh Puyumar  Hakka Han
D351358 0.421 0.179 0.400 0.832 0.838 0.455 0.654 1.000 0.152 1.000 0662 0.537
VWA 0.589 1.000 0.233 1.000 0.489 0.435 0.791 0.587 1.000 0.282 0.467 0.172
FGA 0.635 0.579 0.637 0.095 0.273 0.285 0.289 0.809 0.081 0.376 0352 0.747

D8S1179 0.832 0.800 0.649 0.038 0.078 0.079 0.809 0.329 1.001 0.252 0215 0.722
D21S11 0.072 0.323 0.640 0.824 1.000 0.404 1.000 0.107 0.346 0.599 0629  0.159
D18S51 0.497 0.817 0.453 0.142 0.430 0.385 1.000 0.785 0.727 1.000 1.003  0.494
D5S818 0.842 1.000 0.103 0.702 0.676 1.000 0.268 0.190 0.354 0.818 0.350 0.080
D13S317 0.072 0.287 0.309 0.141 0.688 0.779 0.057 1.000 0.553 0.291 0.249  0.548
D7S820 0.657 0.666 0.311 0.347 0.698 0.059 0.178 1.000 0.372 0.136 1.000 0.791
D16S539 0.176 1.000 0.627 0.493 0.430 0.763 0.822 0.214 1.001 0.107 0629 0.051
THO1 0.535 0.381 1.000 0.451 0.439 1.000 0.652 0.661 1.000 0.298 0.013 0.815
TPOX 0.829 1.000 1.000 1.000 0.258 0.093 0.813 0.536 0.449 0.256 0838 0.339
CSF1PO 0.170 0.188 1.000 0.134 1.000 0.288 1.000 0.467 0.377 0.621 0291  0.707

Table 3 Genetic distance matrix among 12 populations on 13 STR loci generated using Nei's method [21].

Bunun Paiwan Saisiat Teo Ami Rukai Atayal Tsou Pazeh Puyumar  Hakka Han
Bunun 0
Paiwan 0.1380 0
Saisiat 0.1313 0.0732 0
Tao 0.2247 0.1450 0.1834 0
Ami 0.1410 0.0606 0.0631 0.1761 0
Rukai 0.1790 0.0489 0.0873 0.2345 0.0960 0
Atayal 0.0807 0.0827 0.0696 0.2123 0.1155 0.1077 0
Tsou 0.0873 0.0604  0.0853 0.1734  0.0949 0.0953 0.0844 0
Pazeh 0.1030 0.0306 0.0548 0.1584  0.0529 0.0651 0.0946  0.0432 0
Puyumar 0.1474 0.0410 0.0755 0.1552 0.0623 0.0516 0.1110 0.0777 0.0413 0
Hakka 0.1500 0.0543 0.0753 0.1707 0.0676 0.0939 0.1203  0.0677 0.0138  0.0508 0
Han 0.1696 0.0600 0.0786 0.1729 0.0727 0.1036 0.1394 0.0798 0.0177  0.0615 0.0027 0
Bunun

Saisiat

Puyumar Rukai

Tao

0.1

Fig. 1 Neighbor-joining tree constructed with the genetic distancesin Table 3 using the PHY LIP program.
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The degree of genetic relatedness between the 12
populations was examined. Genetic distances among the
12 populations, based on thel3 STR loci data, are shown
in Table 3. A Neighbor-joining tree was constructed
using the PHYLIP program and is shown in Fig. 1. The
Neighbor-joining tree grouped the Pazeh, Hakka and
Han populations in the same cluster, in agreement with
the Hanizational hypothesis of Pepo population. The
hypothesisthat the Hakka and Han populations are close-
ly related is supported by this study. The Tao population
is the most isolated tribe, not only geographically but
also genetically. This population has the least opportuni-
ty to mix with other tribes, confirmed by the longer
branch in the Neighbor-joining tree than any other popu-
lations. The least similarity was observed between Tao
population and any of the other populations, as shown in
the genetic distances (Table 3 and Fig. 1). Genetic dis-
tances can be easily affected by sampling. There were
greater chances of interbreeding among tribes in a small
island like Taiwan.

In order to reveal the allele similarity within 26 alle-
les produced by the 13 loci, cross comparison was per-
formed with the total number of 1,307 samples. All the
samples produced 853,471 compared groups. The match-
ing distribution of al compared groups in 26 aleles is
shown in Table 3. No two individuals are identical in the
853,471 compared groups for all 26 alleles of the
Taiwanese samples. The greatest similarity of compared
group isthe one matched pair of 24 alleles. The two indi-
viduals belong to the Atayal tribe. Three comparisons
shared 21 of the 26 alleles. The six samples of the com-
parisons came from the tribes, Atayal, Bunun and Tao.
For the 11 comparison groups that shared 20 alleles,
there were 8 groups in which the samples came from
individuals of the same tribe. The 8 groups were 2 from
Amy, 1 from Atayal, 1 from Bunun, 1 from Hakka, 1
from Saisiat and 2 from Tao. Considering the population
sizes for each of the 12 populations, it is inevitable that
members of the same tribe show greater relatedness.
Moreover the small population increases the possibility
of sampling error. Since the highest matching probability
isonly 1.44 x 1013 in this study, it is reasonable that no
identical pair for 26 alleles was found in 853,471 possi-
ble combinations of sample pairs.
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