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Samples: The population samples, obtained from the Minneap-
olis Memorial Blood Center, are comprised of four groups: Native
Americans (203), Hispanic (151), Caucasian (160), and African
American (157). Population affiliation was assigned based on self-
declaration. The DNA was extracted using the method described
by Dykes (1).

Amplification: c. 1 ng of each sample was amplified using the
commercially available Identifiler kit (Applied Biosystems, Foster
City, CA). Amplification was carried out in a Geneamp 9700
thermal cycler (Applied Biosystems) according to the manufac-
turer’s recommended protocol (2).

Typing: Amplified product was analyzed on either an ABI 310
Genetic Analyzer or an ABI 3100 Genetic Analyzer (Applied Bi-
osystems) following the manufacturer’s recommendations (2).
GeneScan and Genotyper software were used for allele designations.

QC: Ten percent of all samples were re-amplified and typed
by a second analyst. All results were concordant between the
two analyses.

Data analysis: Allele frequencies were determined for each
sample population group by the direct counting method (Table 1).
Standard population genetic tests (Table 2) were performed on
these data (3–7). Based on the exact test and 2000 shuffling ex-
periments, there were no detectable departures from Hardy–Wein-
berg expectations (HWE) in the African American and Hispanic
samples. One departure from HWE was detected in the Caucasian
population sample (CSF1PO, p 5 0.004), and one departure from
HWE was observed in the Native American database (D5S818,
p 5 0.049). Observing only one departure out of 15 loci is no more
than would be expected by chance. Furthermore, after applying
the Bonferroni correction (8), when multiple tests are performed
on a dataset, there is little evidence of departures from HWE in the
four Minnesota population samples. An inter-class correlation test
analysis was performed to detect any correlations between alleles
at any of the pair-wise comparisons of the 15 loci in each of the
population databases. For each sample population, a total of 105
pair-wise comparisons were performed. The number of significant
departures is two observations (1.9%) for the African American

TABLE 1—Allele frequencies (in percent) for 15 STR loci in four sample
populations residing in Minnesota.

African American
(N 5 157�)

Caucasian
(N 5 160)

Hispanic
(N 5 151)

Native American
(N 5 203)

D8S1179
8 0.637 2.813 0.331 0.493
9 1.592 2.188 0.331 0.246
10 2.548 8.438 6.623 4.680
11 6.369 8.125 5.298 3.448
12 8.280 11.563 12.583 11.084
13 14.968 30.938 33.113 37.438
14 35.669 21.563 28.146 30.542
15 22.611 11.250 12.252 9.606
16 6.369 2.813 1.325 1.970
17 0.318 0.313 — 0.493
18 0.637 — — —

D21S11
25.2 — — 0.331 —
26 — — 0.331 —
27 6.688 3.438 1.656 0.739
28 26.115 16.250 9.272 5.911
29 17.516 18.125 20.861 16.256
29.2 0.318 0.625 0.662 0.246
29.3 — 0.625 — —
30 17.516 27.188 29.470 34.236
30.2 1.274 2.500 2.318 1.970
31 8.917 7.188 6.291 5.911
31.2 4.777 8.125 8.609 19.458
32 2.548 0.938 1.325 0.739
32.2 7.643 9.688 12.914 9.606
33 — 0.625 0.739
33.1 0.318 — — —
33.2 1.592 4.375 4.305 3.448
34 0.318 — — —
34.2 0.637 0.313 0.993 0.739
35 3.822 — 0.662 —

D7S820
6 0.318 — — —
7 1.274 1.563 1.325 0.493
8 19.108 16.875 11.921 13.054
8.1 0.318 — — —
9 13.376 5.313 7.616 8.374
10 29.618 28.125 24.834 22.167
11 21.019 16.875 29.801 28.818
12 12.102 16.563 20.861 23.892
13 2.229 3.750 3.311 3.202
14 0.637 0.938 0.331 —

CSF1PO
7 6.688 — 0.662 —
8 5.732 0.625 0.331 0.493

1Minnesota BCA Forensic Science Laboratory, St. Paul, MN 55106.
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TABLE 1— Continued.

African American
(N 5 157�)

Caucasian
(N 5 160)

Hispanic
(N 5 151)

Native American
(N 5 203)

9 2.229 5.000 0.662 7.882
10 24.522 27.188 21.523 31.773
11 27.070 29.688 29.470 22.906
12 26.752 30.625 41.722 31.527
13 5.096 6.875 5.298 4.680
14 1.274 — 0.331 0.739
15 0.637 — — —

D3S1358
11 — — — 0.246
12 — — 0.331 —
13 0.955 — — —
14 8.917 13.438 7.616 6.404
15 23.885 27.500 35.099 41.626
16 28.662 24.688 26.490 32.512
17 26.752 20.313 19.205 10.099
18 10.191 12.813 10.265 8.374
19 0.637 1.250 0.662 0.739
20 — — 0.331 —

THO1
5 0.318 — — —
6 15.924 23.750 22.185 20.443
7 37.580 20.625 33.444 45.320
8 21.975 10.938 9.603 5.172
9 12.102 15.625 14.901 6.158
9.3 11.465 28.438 18.874 22.660
10 0.637 0.625 0.993 0.246

D13S317
8 4.459 14.375 11.921 4.926
9 3.185 7.188 19.205 18.227
10 3.185 5.625 6.291 13.547
11 27.707 28.438 26.159 24.631
12 40.446 30.938 23.179 22.906
13 15.924 9.375 8.609 7.635
14 5.096 4.063 4.636 7.882
15 — — — 0.246

D16S539
8 0.955 1.250 1.325 0.739
9 19.108 8.125 10.265 12.069
10 12.420 6.875 15.232 16.010
11 34.713 35.000 27.815 30.788
12 16.879 30.313 28.808 28.325
13 12.420 15.625 14.901 10.099
14 3.503 2.813 1.656 1.970

D2S1338
16 4.459 5.313 3.311 2.463
17 11.783 19.063 20.199 9.606
18 6.688 10.000 3.974 7.143
19 19.427 9.688 19.536 29.064
20 11.146 13.438 13.245 9.606
21 8.599 4.375 3.974 2.463
22 10.191 2.813 7.616 15.517
23 10.828 9.063 10.596 11.823
23.3 — 0.313 — —
24 7.962 9.063 10.596 8.621
25 5.732 13.750 6.291 2.956
26 1.911 3.125 0.662 0.739
27 0.955 — — —
28 0.318 — — —

D192433
10 0.637 — — —
11 7.962 0.313 0.662 0.493
11.2 — — 0.331 —
12 9.236 5.313 6.623 3.448
12.2 2.548 — 1.656 —
13 30.255 21.250 16.556 18.227
13.2 5.096 1.250 6.291 16.010
14 22.930 36.563 31.126 24.138
14.2 3.503 1.563 5.298 3.695
15 6.688 22.188 14.901 13.054
15.2 6.369 3.750 9.603 10.591
16 1.274 5.000 4.305 4.187
16.2 3.185 1.250 2.318 1.724
17 — — 0.331 0.739
17.2 0.318 0.938 — 2.709
18.2 0.625 — 0.985

vWA
11 0.955 — — —

TABLE 1— Continued.

African American
(N 5 157�)

Caucasian
(N 5 160)

Hispanic
(N 5 151)

Native American
(N 5 203)

12 0.637 — — 0.246
13 2.866 — — 0.246
14 6.051 7.813 7.616 4.680
15 22.611 8.438 12.252 6.897
16 25.478 23.438 30.132 33.005
17 18.471 25.625 22.185 33.005
18 14.013 22.500 19.868 15.271
19 7.325 10.000 5.960 5.172
20 1.274 2.188 1.656 1.232
21 0.318 — 0.331 0.246

TPOX
6 8.333 — 0.662 —
7 2.244 — — 0.246
8 32.372 56.563 43.377 38.670
9 21.474 9.063 10.927 4.187
10 8.333 4.688 6.291 3.202
11 25.321 25.313 28.146 39.163
12 1.923 4.375 10.596 14.532

D18S51
10 0.637 0.938 0.662 0.739
10.2 0.637 — — —
11 0.637 0.938 0.993 —
12 5.414 13.750 8.278 14.532
13 5.414 10.313 13.907 9.852
13.2 1.592 — — —
14 7.962 18.125 15.563 26.847
14.2 0.318 — — —
15 16.879 15.313 18.543 12.069
15.2 0.318 — — —
16 18.790 11.875 11.589 10.591
16.2 0.318 — — —
17 16.879 13.750 14.238 14.286
18 9.873 8.125 7.285 2.709
19 9.236 3.750 3.974 4.187
20 2.866 1.563 3.311 1.724
21 1.592 0.313 0.331 1.478
22 0.637 0.938 0.993 0.739
23 — — 0.331 0.246
24 — 0.313 — —

D5S818
7 0.637 1.250 6.623 16.010
8 5.732 — 1.325 0.246
9 2.866 3.750 3.642 5.911
10 6.369 6.563 3.311 4.680
11 25.478 37.500 39.073 40.640
12 36.624 34.688 30.464 22.660
13 19.745 15.000 14.901 9.606
14 2.229 1.250 0.662 0.246
15 0.318 — — —

FGA
17 0.318 — 0.331 —
17.2 0.318 — — —
18 0.955 2.188 0.993 1.232
18.2 0.637 — — —
19 6.688 7.188 6.623 9.852
19.2 0.318 — — —
20 3.503 13.125 8.278 12.562
21 17.516 17.813 15.232 12.808
21.2 — — 0.331 —
22 19.108 16.563 15.232 11.084
22.2 — 1.875 — 0.246
23 13.376 14.063 11.921 15.764
23.2 0.318 — 0.662 0.246
24 18.153 15.625 18.543 15.764
24.2 — — 0.331 —
24.3 0.318 — — —
25 9.873 8.750 12.583 13.300
26 4.459 1.563 6.291 5.172
26.2 — — — 0.493
27 2.229 0.625 1.656 0.739
28 1.592 0.313 0.993 0.493
29 0.318 0.313 — —
430 — — — 0.246

�One sample was excluded from the frequency calculations for the African
American population group for the TPOX locus because it was tri-allelic.
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data set, four observations (3.8%) for the Caucasian data set, three
observations (2.9%) for the Hispanic data set, and four observa-
tions (3.8%) for the Native American data set. The number of
observed departures for each dataset is no more than would be
expected by chance. These observations support the use of the
allele frequencies in the Minnesota population data for estimating
the rarity of a DNA profile based on standard calculations. These
standard calculations include the use of a minimum allele fre-
quency (i.e., 5/2N, where N is the size of the database) and popu-
lation genetic approaches to correct for the departures from HWE
(i.e., the use of � with the modified product rule) (9).

The complete dataset is available to any interested researcher
upon request from the corresponding author Ann Marie Gross at
ann.gross@state.mn.us.
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