
Abstract Allele distributions of 10 short tandem repeat
(STR) polymorphic DNA loci used in forensic and paternity
testing were determined for a cohort comprising 163 indi-
viduals representing a mixed Jewish Caucasian population.
Typing was carried out by the commercial AmpFlSTR
SGM Plus kit. The polymorphism and the utility of three
of these markers for forensic studies in Israel were estab-
lished for the first time. Results were compared with data
for U.S. Caucasians and African Americans. The proba-
bility of identity of two persons of different ethnic origins
for identification purposes is discussed. A lemma is pre-
sented to show that the chance of erroneous identification
of an innocent person who belongs to a population that
had not committed a crime will, in most cases, be smaller
than for those who belong to a population that had truly
committed the crime.

Introduction

Short tandem repeat loci are repetitive sequence elements,
3–7 base pairs in length, which are abundantly distributed
throughout the human genome. PCR-based STR analysis
is increasingly being used as a means for human identifi-
cation for forensic and linkage studies (Edwards et al.
1991, 1992; Evett et al. 1996; Hammond et al. 1994). This
analysis is based on data concerning the prevalence of al-
leles at different loci in different ethnic groups. This re-

port presents and compares the allelic frequencies of 10 STR
loci in the Israeli Jewish population with that of U.S.
Caucasians and African Americans. Furthermore we pre-
sent simulations concerning the utility of the use of statis-
tical data applied from a data set established for one pop-
ulation to that of a different population when multiple loci
are determined. From a practical point of view the ques-
tion was to determine whether the chance to erroneously
identify an innocent individual is increased if STR fre-
quency data determined in a different ethnic group are
used. Allelic distribution of 3 of the 10 loci (D16S539,
D2S1338 and D19S433) are reported for the first time.
This report extends the previous studies (Amar et al.
1999; Motro et al. 2002; Picornell et al. 2002) and accom-
modates the STR loci data base presently utilized in Israel
for forensic studies and paternity determination.

Materials and methods

Whole blood was obtained from 163 unrelated Israeli Jewish indi-
viduals and DNA was extracted with the QIAamp DNA mini kit
(Qiagen GmbH, Hilden, Germany) following the manufacturer’s
instructions. DNA was amplified by PCR using the reagents sup-
plied in the AmpFlSTR SGM Plus kit (Perkin Elmer Biosystems,
Foster City, CA) for the following STR loci: D3S1358, vWA,
D16S539, D2S1338, D8S1179, D21S11, D18S51, D19S433, TH01,
and FGA (Cotton et al. 2000). The products were separated on an
Applied Biosystems, ABI prism 310 genetic analyzer and analyzed
using the software supplied by the manufacturer.

Statistical analysis

Allele frequencies were determined by direct counting of the num-
ber of alleles at each locus. Testing for Hardy-Weinberg equilib-
rium was carried out by the Arlequin software for population ge-
netics data analysis version 2.0 (http://anthropology.unige.ch/arle-
quin/).

Comparisons for allele frequencies of the different loci in the
U.S. Caucasian and African American populations with the Israeli
population were determined by the χ2-test for independent samples
as previously described (Siegel 1956; Komlos et al. 1997). Data
for the U.S. population was provided by the vendors of the com-
mercial kit (see materials and methods section).
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Definitions

– Im(A): the intra-population identity is the probability that two in-
dividuals randomly selected from the same population (A) will
have an identical genotype at marker m:

where pAi is the frequency of allele i in population A, hA is the
heterozygosity of the marker.

– Im(A,B): the inter-population identity is the probability that two
individuals randomly selected from two different populations
(A and B) will have an identical genotype at marker m:

where νi=pAipBi and .

Note that the definition of intra-population identity is the same
as that of the regularly used probability of identity (matching prob-
ability).
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Table 1 Allele frequencies at each of the 10 loci for an Israeli population sample (n=163)

Allele D3S1358 VWA D16S539 D2S1338 D8S1179 D21S11 D18S51 D19S433 TH01 FGA

5 0.0031 0.0031
6 0.2791
7 0.1350
8 0.0460 0.0061 0.1411
9 0.1411 0.0031 0.2270
9.3 0.1902

10 0.0890 0.0706 0.0245
11 0.0031 0.3129 0.0767 0.0153 0.0092
12 0.0031 0.2362 0.1227 0.1564 0.0951
13 0.0123 0.1411 0.3282 0.1871 0.2301
13.2 0.0031 0.0337
14 0.0583 0.0644 0.0245 0.2147 0.1840 0.2699
14.2 0.0061 0.0491
15 0.2178 0.1227 0.0031 0.1288 0.1288 0.1472
15.2 0.0736
16 0.2485 0.2301 0.0399 0.0460 0.1043 0.0552 0.0031
16.2 0.0215
17 0.2914 0.3190 0.0031 0.2822 0.0031 0.0767 0.0061
17.2 0.0061
18 0.1534 0.1595 0.0675 0.0798 0.0092
18.2 0.0031
19 0.0153 0.0859 0.1043 0.0276 0.0644
20 0.0123 0.1380 0.0153 0.1135
21 0.0031 0.0491 0.0031 0.1595
22 0.0245 0.0123 0.1902
22.2 0.0031
23 0.0951 0.1748
24 0.1135 0.1564
24.2 0.0031
25 0.0675 0.0031 0.0675
25.2 0.0031
26 0.0153 0.0031 0.0337
27 0.0031 0.0184 0.0061
28 0.1196 0.0153
29 0.2454
29.2 0.0031
30 0.2393
30.2 0.0215
31 0.0153
31.2 0.0982
32 0.0184
32.2 0.1380
33.2 0.0583
34 0.0031
34.2 0.0031
35 0.0092



Results and discussion

The allele frequencies at each of the loci for the Israeli
population are given in Table 1. The allele frequencies of
D3S1358, D8S1179, D21S11, D18S51, FGA, vWA and
TH01 found in this study, are similar to those previously
estimated in Israel (Amar et al. 1999; Motro et al. 2002;
Picornell et al. 2002). The allele frequencies of D16S539,
D2S1338 and D19S433 are reported for the first time.

The number of alleles, the effective number of alleles,
heterozygosity values and the Hardy-Weinberg equilib-
rium (HWE) test p-values are summarized in Table 2 for
each of the loci.

The described markers show marked utility for foren-
sic and paternity determination in Israel due to the follow-
ing findings:

1. These markers are all in HWE i.e. no significant devi-
ation from HWE was found: p-values >0.1 for all mark-
ers, therefore regular statistical analyses are applicable.

2. All markers are highly polymorphic: the number of al-
leles ranges from 8 to 17, the effective number of alle-
les is always greater than four and heterozygosity is not
less than 0.76.

3. The power of discrimination is extremely high (not less
than 0.916).

In addition, as is shown in Table 4, the combined match-
ing probability is 1.84×10–13. This implies that the error in

identification, based on this marker set, is less than 1 di-
vided by the number of humans alive.

Comparisons between allele frequencies in the African
American, U.S. Caucasian and Israeli populations, based
on the χ2-test, for each of the different loci are given in
Table 3. Results show that the number of loci which are
significantly different with regard to allele frequencies is
larger when ethnically distant populations are compared.
The African American and Israeli comparison shows a
p-value <0.01 for 9 of the 10 loci. When a comparison is
made between the less distant U.S. Caucasian and Israeli
populations p-values <0.01 are found in 3 of the 10 loci.

A comparison of intra-population and inter-population
probability of identities is presented in Table 4. The re-
sults show that for each locus the inter-population identity
(columns 5 and 6) is always less than the mean intra-pop-
ulation identity (columns 2–4) for a compared pair. Fur-
thermore, in most cases the inter-population identity is even
less than each of the intra-population identities (marked in
bold). For distant populations (Israeli and African Ameri-
can) this is true for all loci. The mathematical evidence
that for any two populations the inter-population identity
is not greater than the average intra-population identity is
given in the Appendix. The greater the difference in allele
frequencies between two populations, the smaller will be
the inter-population identity. This means that the chance
of erroneous identification of an innocent person who be-
longs to a population that had not committed a crime will,
in most cases, be smaller than for persons who belong to
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Table 2 Allelic distribution
parameters for the 10 STR loci
in the Israeli population sample

*K The effective number of al-
leles is defined as K=1/(1–h),
where h is the heterozygosity.
**Power of discrimination=
1–probability of identity.

Locus Number Effective Observed Power of H-W-E
of alleles number heterozygosity discrimination** p-value

of alleles*

D3S1358 8 5.435 0.816 0.916 0.342
VWA 9 6.803 0.853 0.928 0.326
D16S539 10 4.184 0.761 0.930 0.861
D2S1338 12 6.803 0.853 0.965 0.237
D8S1179 10 6.803 0.853 0.935 0.591
D21S11 17 8.130 0.877 0.953 0.970
D18S51 14 7.092 0.859 0.967 0.113
D19S433 13 5.102 0.804 0.951 0.533
TH01 7 4.405 0.773 0.927 0.403
FGA 15 6.536 0.847 0.965 0.503

Table 3 Comparisons of allele
frequencies for Israeli vs. U.S.
Caucasian and African Ameri-
can populations

ad.f. degrees of freedom.
bNS non-significant.
*p-value<0.05.
**p-value<0.01.
***p-value<0.001.

Locus U.S. Caucasian African American

χ2 d.f.a Significanceb χ2 d.f.a Significanceb

D3S1358 16.90 8 * 49.98 10 ***
VWA 18.31 8 * 38.24 11 ***
D16S539 24.97 9 ** 7.06 9 NS
D2S1338 22.52 13 * 84.37 12 ***
D8S1179 9.47 9 NS 42.04 9 ***
D21S11 34.94 18 ** 75.91 21 ***
D18S51 17.29 15 NS 120.69 16 ***
D19S433 19.31 12 NS 67.08 16 ***
TH01 34.20 6 *** 92.72 7 ***
FGA 16.21 14 NS 36.11 18 **



a population that had truly committed the crime. To the
extent that if more unrelated markers are used, this as-
sumption is even more likely.

Appendix

Lemma

The inter-population identity is no more than the average
of intra-population identities:

Evidence follows from the equations:

The last expression is equal to zero if and only if the same
allele frequencies exist in both populations. For any dif-
ference in allele frequency between the populations, the
value of this expression is less than zero.

A simple consequence is that the inter-population iden-
tity for any two populations with different allele fre-
quency sets is less than the average of the intra-population
identities.
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Table 4 Intra and inter-polpu-
ation probability of identities

aInter-population probability
values that are less than either
of the intra-population proba-
bility values are marked in
bold.

Locus Israel U.S. African Israel and Israel and 
Caucasian American US Caucasian a African American a

D3S1358 0.084 0.078 0.102 0.077 0.081
VWA 0.072 0.065 0.058 0.063 0.050
D16S539 0.070 0.103 0.066 0.080 0.066
D2S1338 0.035 0.024 0.021 0.027 0.018
D8S1179 0.065 0.067 0.075 0.065 0.058
D21S11 0.047 0.045 0.033 0.043 0.032
D18S51 0.033 0.030 0.028 0.030 0.017
D19S433 0.049 0.078 0.039 0.059 0.038
TH01 0.073 0.094 0.102 0.071 0.052
FGA 0.035 0.036 0.035 0.034 0.032
Combined 1.84E-13 2.99E-13 7.91E-14 1.22E-13 1.05E-14


