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Population studies on 17 STR loci routinely
used in forensic analyses
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Abstract

STR population data are available for 17 loci: CSF1PO, FGA, THO1, TPOX, vWA, D2S1338,
D3S1358, D5S818, D7S820, D8S1179, D13S317, D16S539, D18S51, D19S433, D21S11, Penta D,
and Penta E. Thus, estimates of a multiple locus profile frequency can be made for most forensic
scenarios. For those situations where a specific population is not available or for correcting for
population substructure, the inbreeding coefficient 6 is recommended. The extant population data
support that a 0 value of 0.01 is conservative for most population groups and 0.03 is conservative for
genetically isolated populations.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

The analysis of short tandem repeat loci has become a routine procedure in forensic
laboratories. In addition, because of the establishment of national DNA databases in many
countries and the production of commercial kits, substantial population data exist to assess
the rarity of a DNA profile. In fact, there are 17 STR loci that are well defined and many of
these loci have been typed in populations on six continents. These loci are CSF1PO, FGA,
THO1, TPOX, vWA, D2S1338, D3S1358, D5S818, D7S820, D8S1179, D13S317,
D16S539, D18S51, D19S433, D21S11, Penta D, and Penta E. These loci have been
found to be highly polymorphic in all major population groups, and population data are
available.
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2. Discussion

For calculating the rarity of a DNA profile, the National Research Council (NRC) II
Report [1] recommended the use of Wright’s Fgr statistic (or 6) [2,3]. This parameter es-
timates the degree of relatedness in a population and can be used to correct for departures
from Hardy—Weinberg expectations that are due to population substructure. The NRC II
Report recommended that a conservative value for 6 is 0.01, but 0.03 could be applied when
making profile frequency estimates for more genetically isolated populations, such as Native
Americans.

With extant population data, one can determine if the recommended values for 6 are
indeed conservative. The approach described by Weir and Cockerham [4] was used to
estimate . Budowle et al. [5] determined 0 estimates over 13 of the STR loci to be 0.0006 for
African Americans (11 population samples), —0.0005 for US Caucasians (9 population
samples), 0.0021 for Hispanics (8 population samples), and 0.0039 for Asians (6 population
samples). Eleven European populations (i.e., Czech, Finn, Greek Cypriot, Italian (two
samples), Slovene, Spanish (two samples), Swiss, Turk, US Caucasian) were analyzed, and
the estimate over 13 STR loci was 0.0028 [6]. For Omani and Dubai Arabs typed for nine
STR loci, the estimated value for 0 was 0.0010 (manuscript in preparation). Even across such
a large geographic area as Latin American, the value for 0 is 0.0053 for 15 STR loci in five
population groups (Argentina, Brazil, Chile, Costa Rica, and Uruguay) (manuscript in
preparation). These values are much less than the advocated conservative estimate of 0.01.

For more isolated groups, Budowle et al. [ 7] reported a 0 estimate of 0.0090 for nine STR
loci in Chamorros and Filipinos. For Native Americans (seven sample populations), a larger
0 estimate of 0.0282 was observed [5]. These larger values for 0 are consistent with
expectations for more isolated groups. Recently, three Native Alaskan population samples
(Athabaskan, Inupiat, and Yupik) were analyzed for 13 STR loci [8]. All sample populations
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Fig. 1. UPGMA tree for subpopulation affinities based on 13 CODIS STR loci.
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were highly polymorphic. The estimate for 6 over 13 STR loci was 0.0309 for the three
Native Alaskan groups. Thus, a 0 value of 0.03 likely is a reasonable value to use when
estimating a DNA profile frequency for Native Americans in Alaska.

However, distance measures (represented as a UPGMA tree using Nei’s [9,10] unbiased
estimate and 1000 permutations) can provide clarification on whether or not a 0 estimate of
0.03 is conservative for such isolated groups as Native Alaskans (Fig. 1). The data from 15
population groups, including African American, Asians, Europeans, Hispanics, and Native
Americans, are consistent with the ethnohistory of the populations. Moreover, Yupiks and
Inupiats are more closely related to each other than to the Athabaskans. In fact, the
Athabaskans are closer to the Apaches and Navajos. This observation is not surprising
since Athabaskans, Apaches and Navajos belong to the same linguistic group [11]. An
estimate for the populations that cluster together is more indicative of whether or not a value
0f 0.03 is conservative. For Inupiats and Yupiks, 6 over 13 STR loci was 0.0167, and for the
Athabaskans, Apaches and Navajos the value was 0.0180. These values support that the
recommended 0 of 0.03 is conservative.

3. Conclusion

In conclusion, these results support that the effects of inbreeding on the estimates of
profiles frequencies are negligible for most population groups. If 0 is used, a value 0of 0.01 is
very conservative. When more isolated groups are considered a value for 6 of 0.03 is more
than sufficient.
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