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The development of new mini Short Tandem Repeat (miniSTR) loci for their use in forensic DNA typing is valuable in forensic casework involving DNA samples that are highly degraded due to exposure to environmental elements or contaminants (e.g. mass 
disasters such as the September 11, 2001 terrorist attack, the Indian Ocean Tsunami of December 2004, and Hurricane Katrina in August 2005).  A number of studies have demonstrated that successful analysis of degraded DNA samples for human identification 
improve with smaller sized polymerase chain reaction (PCR) products (1).  In addition, by moving PCR primers closer to the STR region, we have established that it is possible to decrease the incidence of allele or locus-dropout that may occur in degraded DNA 
samples.

The 27 new miniSTR loci were chosen based on their size and location on certain chromosomes.  The candidate loci are all either located on chromosomes that differ from the 13 CODIS (COmbined DNA Index System) core loci or are at least ~ 50 Mb apart from 
an existing CODIS locus on the same chromosome, and therefore unlinked from that particular marker.  New autosomal STR loci are being examined because many of the CODIS core loci have large allele ranges (e.g., D21S11 and FGA) that make it impossible 
to create small PCR products.  The first 6 loci (grouped into 2 miniplexes of 3 loci, NC01 and NC02) were previously characterized (2), and the process described for their development and characterization form the basis of the current work involving the 
remaining 21 new miniSTR loci.  Each locus was evaluated across more than 600 samples representing the three major populations in the U.S.:  Caucasian, African American, and Hispanic.  All of the data was genotyped and allele frequencies and population 
statistics were determined.  
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Use of miniSTRs to Improve Analysis of Samples Containing Degraded DNA
In forensic casework, it is possible and quite likely that the DNA samples will be highly degraded due to exposure to environmental 
elements or natural contaminants that can result in loss of information at higher molecular weight STR loci.  This loss of signal may be 
the result of the presence of PCR inhibitors or a DNA template that has been fragmented into smaller sizes, causing a partial DNA 
profile with allele or even complete locus dropout (1).  Many of the commercial multiplex STR kits used in forensic DNA typing generate 
profiles up to 450 bp and can lead to loss of information at the higher molecular weight STR loci.  In addition, many of the CODIS 13 
core loci have large allele ranges that make it impossible to create small PCR products (1).  Thus, by examining new STR loci that 
allow for the reduction of the size of the PCR products by moving the primers as close as possible to the STR repeat region, we have 
been able to observe a higher recovery of information from degraded DNA samples (2).
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Characteristics of New miniSTR Loci
Comparison of heterozygosity values for 27 non-CODIS miniSTRs (black) and the 15 markers from the ABI Identifiler 
kit (blue) across the U.S. samples examined in this study.  The 3 loci boxed in blue are the new core European loci.  
The loci are arranged according to their Overall Ranking, which is determined by the Heterozygosity Rank added to 
the Size Range Rank 

Population Data
A set of ~650 U.S. population samples (http://www.cstl.nist.gov/biotech/strbase/NISTpop.htm) were used to assess variation in African 
Americans, Caucasians, and Hispanics. The 3 loci boxed in blue are the new core European loci. 

Miniplex Sets Used in This Study
**Loci may be used in different combinations in the future**

NC01: D10S1248, D14S1434, D22S1045
NC02: D4S2364, D2S441, D1S1677
NC03: D3S3053, D6S474, D20S482
NC04: D1GATA113, D2S1776, D4S2408
NC05: D1S1627, D5S2500, D8S1115, 
NC06: D3S4529, D6S1017, D9S2157
NC07: D9S1122, D10S1435, D12ATA63
NC08: D17S1301, D18S853, D20S1082
NC09: D6S1027, D17S974, D11S4463

A miniSTR is a reduced size STR amplicon that enables 
higher recovery of information from degraded DNA samples

STR repeat region
miniSTR 
primer

miniSTR 
primer

Conventional 
PCR primer

Conventional 
PCR primer

Conventional STR test 
(COfiler™ kit)

MiniSTR assay (using 
Butler et al. 2003 primers)

Butler, J.M. (2005) Forensic DNA Typing, 2nd Edition, Figure 7.2, ©Elsevier Science/Academic Press 

~150 bp smaller

Testing must be performed to show allele 
concordance between primer sets

Testing must be performed to show allele 
concordance between primer sets

http://www.cstl.nist.gov/biotech/strbase/newSTRs.htm
For more information, see STRBase:

http://www.cstl.nist.gov/biotech/strbase/miniSTR.htm
http://www.cstl.nist.gov/biotech/strbase/miniSTR/timeline.htm

Coble and Butler (2005) J. Forensic Sci. 50(1): 43-53

Summary
• New miniSTR markers are being characterized and information will be 

made available on STRBase 
(http://www.cstl.nist.gov/biotech/strbase/newSTRs.htm).

• Several of these miniSTR loci have been recommended for adoption by 
the European DNA community as new core loci.  (Gill et al. 2006)

• In addition to increasing the successful typing of degraded materials, 
these loci can also provide additional discrimination in complex paternity 
cases or missing persons cases.Source

Number 
of 

Samples
Population

Coble and Butler (2005) 164 African Americans
Coble and Butler (2005) 170 U.S. Caucasians
Coble and Butler (2005) 140 U.S. Hispanics
Asamura et al. (2005) 142 Japanese
Yong et al. IJLM, (2006) in press 185 Chinese
Yong et al. IJLM, (2006) in press 182 Malaysian
Yong et al. IJLM, (2006) in press 178 East Indian
Prof. Ranieri Domenici, (2006) in press 100 Italian
Gergely Nagy, in preparation 200 Hungarian
Gergely Nagy, in preparation 200 Romanian
Simon Lim, in preparation 226 Chinese
Simon Lim, in preparation 238 Malaysian
Simon Lim, in preparation 238 East Indian

total = 
2363

Selection and Characterization of New miniSTR Loci
The 27 new miniSTR loci were chosen based on their size and location on certain chromosomes.  The candidate loci are all either located 
on chromosomes that differ from the 13 CODIS core loci or are at least ~ 50 Mb apart from an existing CODIS locus on the same 
chromosome, and therefore unlinked from that particular marker. The 27 new loci are separated into 9 groups of 3 loci, and are named 
“NC01 – NC09”, for Non – CODIS loci.
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PCR Product Size (bp)

D14S1434
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NIST Allelic Ladders
NC01

New miniSTR Loci Chromosomal Positions
(chosen to avoid linkage with CODIS 13 STRs to enable use of the product rule)

Positions determined along May 2004 Human Genome Reference Sequence (NCBI Build 35)

Blood Stain – 2 Weeks 

EDNAP/ENFSI Degraded 
DNA Study – Fall 2004

(Dixon et al., Forensic Sci. Int., in press)

NC01     32 cycles

SGM+     32 cycles

D10S1248

D14S1434

D22S1045

Allelic drop out at D16 
and FGA
Failure at D18

Population Data for NC01 and NC02 Loci is Being Collected by Other Labs

Materials and Methods
PCR primer sequences and full assay conditions will be included in a forthcoming publication

General protocols are available on the NIST STRBase website:
http://www.cstl.nist.gov/biotech/strbase/miniSTR/updated_NC01_protocol.pdf
http://www.cstl.nist.gov/biotech/strbase/miniSTR/Protocol_AllelicLadderReamp.pdf

Copy of poster available:

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Rejected Loci and Why
D9S324:  allelic drop-out, complex repeats
D10S1430:  complex repeats
D10S2327:  tri-, quad-allelic profiles
D14S297:  poor heterozygosity
D15S817:  tri-,quad-allelic profiles 

Examples of Problematic Loci that were Rejected

D10S2327
Tri-/Quad-Allelic Profiles

D15S817
Tri-/Quad-Allelic Profiles

D9S324
Allelic Drop-Out miniSTR primers

alternative reverse primer
(larger product)

Sequence Data

Common 8bp deletion
near the 5’ end of the 

reverse primer

Global Impact of NC miniSTRs Sent Materials for Testing (Current as of 02/06/06)
Contact Laboratory Location Request Action
Michael Baird DNA Diagnostics Center Fairfield, OH miniNC01; miniNC02 Sent materials for testing
Alison Sears Division of Analytical Laboratories New South Wales, Australia miniNC01; miniSGM Sent materials for testing
Carole Meyers Office of Chief Medical Examiner New York miniNC01; miniSGM Sent materials for testing
David Foran Forensic Biology Program - Michican State University East Lansing, MI miniNC01; miniSGM Sent materials for testing
Eva Müller Bundeskriminalamt (BKA) Wiesbaden, Germany miniNC01; miniSGM Sent materials for testing
John Planz DNA Identity Lab. UNT Health Science Center Fort Worth, TX miniNC01; miniSGM Sent materials for testing
Odile Loreille Armed Forces DNA Identification Laboratory Rockville, MD miniNC01; miniSGM Sent materials for testing
Jon Davoren International Commision on Missing Persons Sarajevo, Bosnia-Herzegovina miniNC01; miniSGM Sent materials for testing
Sonja B. Klein California DOJ Richmond, CA miniNC01; miniSGM Sent materials for testing
Elizabeth Johnson US Army Crime Laboratory Forest Park, GA miniNC01; miniSGM Sent materials for testing
Simon Lim Centre for Forensic Sciences - Health Science Authority Singapore miniNC01; miniSGM Sent materials for testing
Rita Yong Defence Medical & Environmental Research Institute Singapore miniNC01; NC02, miniSGM Sent materials for testing
Susi Pelotti Institute of Legal Medicine Bologna, Italy Alleleic Ladders Sent materials for testing
Valerio Onofri Institute of Legal Medicine Ancona, Italy Alleleic Ladders Sent materials for testing
Mandy, Wai-man Tang Parentage Testing Section Hong Kong Alleleic Ladders Sent materials for testing
Gergely Nagy Dept. Of Forensic Medicine Hungary Alleleic Ladders Sent materials for testing
Antonio Alonso Instituto Nacional de Toxicología y Ciencias Forenses Madrid, Spain miniNC02 Ladders Sent materials for testing
Carlos Vullo LIDMO Argentina miniNC01; miniSGM Sent materials for testing
Ukhee Chung Department of Forensic Medicine Seoul, Korea miniNC01; miniNC02 Sent ladders for testing
Helmuth Sippel Department of Forensic Medicine, University of Helsinki Helsinki, Finland miniNC01 Sent materials for testing
Walther Parson Instute of Legal Medicine, Innsbruck Medical University Innsbruck, Austria miniNC01; miniNC02 Sent ladders for testing
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(e.g. Primer3)
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(e.g. AutoDimer - NIST )
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analysis and sequencing

*32 loci x 663 samples = 21,216 total data points in this study
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47 markers with amplicon size < 125 bp
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D10S1248 
D14S1434 
D22S1045

Miniplex02

D1S1677 
D2S441 

D4S2364

Locus Repeat Repeat Chromosome N Heterozygosity Rank African Caucasian Hispanic Observed Size Range Size Range (bp) Overall 
Type Motif Position (Overall) American (base pairs) Rank Rank (Het + Size)

D9S2157 Tri ATA Chr 9 133.07 Mb 661 0.844 4 0.884 0.840 0.779 71 - 101 4 1
ATA63 (D12) Tri ATA Chr 12 107.3 Mb   659 0.829 6 0.788 0.842 0.879 76 - 106 7 2
D22S1045 (NC01) Tri TAA Chr 22 35.78 Mb 663 0.784 11 0.817 0.785 0.721 76 - 109 8 3
D2S441 (NC02) Tetra TCTA Chr 2 68.21 Mb 660 0.774 12 0.798 0.780 0.721 78 - 110 9 4
D10S1248 (NC01) Tetra GGAA Chr 10 130.57 Mb 663 0.792 10 0.825 0.785 0.743 83 - 123 16 5
D10S1435 Tetra GATA Chr 10 2.23 Mb    663 0.766 15 0.798 0.770 0.700 82 - 139 15 6
D1S1627 Tri ATT Chr 1  106.68 Mb 660 0.746 22 0.783 0.737 0.693 81 - 100 10 7
D19S433 Tetra AAGG Chr 19, 35.11 Mb 659 0.803 9 0.876 0.752 0.764 106 - 140 25 8
D1S1677 (NC02) Tetra GGAA Chr 1 160.75 Mb 660 0.746 23 0.743 0.749 0.743 81 - 117 13 9
FGA Tetra CTTT Chr 5 149.48 Mb 659 0.886 1 0.883 0.889 0.886 196 - 352 36 10
D6S1017 Tetra ATCC Chr 6 41.79 Mb 664 0.740 26 0.807 0.698 0.693 81 - 109 12 11
D21S11 Complex Tetra [TCTA][TCTG] Chr 21 19.48 Mb 659 0.844 5 0.829 0.844 0.871 186 - 244 34 12
VWA Complex Tetra [TCTG][TCTA] Chr 12 19.83 Mb 659 0.826 7 0.802 0.836 0.850 152 - 212 32 12

D5S2500 Complex Tetra
[GGTA][GACA] 
[GATA][GATT] Chr 5 58.73 Mb 664 0.747 20 0.757 0.747 0.729 85 - 125 19 12

D14S1434 (NC01) Complex Tetra [GATA][GACA] Chr 14 93.30 Mb 663 0.696 36 0.685 0.721 0.650 70 - 98 3 12
D3S1358 Complex Tetra [TCTG][TCTA] Chr 3 45.54 Mb 659 0.763 16 0.767 0.763 0.757 97 - 145 24 16
D8S1115 Tri AAT Chr 8 42.65 Mb  664 0.663 39 0.629 0.660 0.729 63 - 96 1 16
D20S1082 Tri ATA Chr 20 53.2 Mb 664 0.696 35 0.792 0.653 0.600 73 - 100 6 18
D8S1179 Complex Tetra [TCTA][TCTG] Chr 8 125.86 Mb 659 0.774 13 0.763 0.779 0.786 123 - 171 29 19
D18S51 Tetra AGAA Chr 18 59.10 Mb 659 0.876 3 0.860 0.870 0.914 264 - 344 40 20

D4S2364 (NC02) Complex Tetra
[GAAT][GGAT] 

[GAAT] Chr 4 93.98 Mb 660 0.511 41 0.385 0.551 0.664 67 - 83 2 20
D2S1338 Complex Tetra [TGCC][TTCC] Chr 2 218.71 Mb 659 0.882 2 0.903 0.882 0.843 288 - 340 42 22
D3S3053 Tetra GATA Chr 3 173.23 Mb 648 0.739 27 0.713 0.724 0.814 84 - 108 17 22
D3S4529 Tetra GATA Chr 3 85.94 Mb 660 0.761 18 0.752 0.723 0.829 111 - 139 27 24
D6S474 Complex Tetra [AGAT][GATA] Chr 6 112.99 Mb 648 0.761 19 0.765 0.802 0.679 107 - 135 26 24
D7S820 Tetra GATA Chr 7 83.40 Mb 659 0.806 8 0.763 0.817 0.864 253 - 293 39 26
D2S1776 Tetra GATA Chr 2 169.47 Mb 654 0.763 17 0.740 0.801 0.734 127 - 161 30 26
D18S853 Tri TAA Chr 18 3.9 Mb 664 0.711 33 0.772 0.645 0.721 82 - 103 14 26
D6S1027 Tri AAT Chr 6 169.03 Mb 663 0.373 42 0.446 0.313 0.350 72 - 102 5 26
D4S2408 Tetra GATA Chr 4 30.98 Mb 654 0.722 31 0.752 0.709 0.691 85 - 109 18 30
GATA113 (D1) Tetra GATA Chr 1 7.4 Mb 654 0.668 38 0.673 0.632 0.727 81 - 105 11 30
D9S1122 Tetra GATA Chr 9 76.9 Mb 659 0.734 28 0.753 0.742 0.686 93 - 125 22 32
D11S4463 Tetra GATA Chr 11  130.3 Mb 664 0.730 30 0.780 0.676 0.743 88 - 116 21 33
D16S539 Tetra GATA Chr 16 86.17 Mb 659 0.766 14 0.786 0.733 0.793 233 - 273 38 34
D17S974 Tetra GATA Chr 17 10.46 Mb 664 0.732 29 0.757 0.702 0.743 95 - 123 23 34
D13S317 Tetra TATC Chr 13 80.52 Mb 659 0.747 21 0.693 0.748 0.843 193 - 237 35 36
D20S482 Tetra GATA Chr 20 4.45 Mb 648 0.691 37 0.673 0.689 0.729 86 - 126 20 37
TH01 Tetra TCAT Chr 11 2.16 Mb 659 0.745 25 0.759 0.721 0.764 160 - 204 33 38
D5S818 Tetra AGAT Chr 5 123.19 Mb 659 0.721 32 0.735 0.702 0.729 134 - 170 31 39
CSF1PO Tetra TAGA Chr 5 149.48 Mb 659 0.745 24 0.759 0.733 0.743 280 - 320 41 40
D17S1301 Tetra TCTA Chr 17 70.19 Mb 664 0.649 40 0.626 0.717 0.564 114 - 138 28 41
TPOX Tetra GAAT Chr 2 1.44 Mb 659 0.707 34 0.763 0.668 0.679 213 - 249 37 42

NED:  YELLOWVIC:  GREEN6-FAM:  BLUE

NC01

NC09

NC06

NC05

NC04

NC03

NC02

NC07

NC08

Marker Allele Combined Freq 
(N = 663)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 258)

Hisp Freq 
(N = 140)

D6S1027 7 0.0090 0.0000 0.0233 0.0000
8 0.1192 0.0849 0.1163 0.1893
9 0.0701 0.0000 0.1744 0.0107

10 0.0716 0.0038 0.1628 0.0321
11 0.0845 0.0642 0.0601 0.1679
12 0.1606 0.1906 0.1337 0.1536
13 0.3024 0.4321 0.1764 0.2893
14 0.0875 0.0868 0.0795 0.1036
15 0.0875 0.1321 0.0659 0.0429
16 0.0068 0.0038 0.0078 0.0107
17 0.0008 0.0019 0.0000 0.0000

Marker Allele Combined Freq 
(N = 664)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D11S4463 9 0.0015 0.0000 0.0039 0.0000

10 0.0399 0.0170 0.0695 0.0286
11 0.0738 0.0509 0.0985 0.0714
12 0.3042 0.3604 0.2336 0.3286
13 0.3396 0.3528 0.3340 0.3250
14 0.1664 0.1642 0.1795 0.1464
15 0.0648 0.0491 0.0734 0.0786
16 0.0098 0.0057 0.0077 0.0214

Marker Allele Combined Freq 
(N = 664)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D17S974 5 0.0015 0.0019 0.0019 0.0000
6 0.0008 0.0000 0.0019 0.0000
7 0.0407 0.0245 0.0579 0.0393
8 0.0881 0.0434 0.1332 0.0893
9 0.3712 0.4189 0.3224 0.3714
10 0.2907 0.3283 0.2259 0.3393
11 0.1649 0.1415 0.2027 0.1393
12 0.0422 0.0415 0.0541 0.0214

Marker Allele Combined Freq 
(N = 659)

Cauc Freq 
(N = 260)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D9S1122 9 0.0144 0.0096 0.0232 0.0071
10 0.0175 0.0173 0.0154 0.0214
11 0.1692 0.1808 0.1795 0.1286
12 0.3900 0.4038 0.3707 0.4000
13 0.3232 0.3212 0.3031 0.3643
14 0.0721 0.0635 0.0830 0.0679
15 0.0091 0.0038 0.0154 0.0071
16 0.0038 0.0000 0.0077 0.0036
17 0.0008 0.0000 0.0019 0.0000

Marker Allele Combined Freq 
(N = 663)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 258)

Hisp Freq 
(N = 140)

D10S1435 4 0.0015 0.0000 0.0039 0.0000
6 0.0045 0.0113 0.0000 0.0000
8 0.0023 0.0038 0.0000 0.0036
9 0.0053 0.0094 0.0000 0.0071

10 0.1425 0.1830 0.1163 0.1143
11 0.3356 0.3264 0.3391 0.3464
12 0.2881 0.2623 0.3023 0.3107

12.3 0.0023 0.0000 0.0000 0.0107
13 0.1712 0.1830 0.1570 0.1750

13.3 0.0023 0.0038 0.0000 0.0036
14 0.0219 0.0113 0.0349 0.0179
15 0.0060 0.0019 0.0116 0.0036
16 0.0128 0.0019 0.0271 0.0071
17 0.0015 0.0019 0.0019 0.0000
18 0.0023 0.0000 0.0058 0.0000

Marker Allele Combined Freq 
(N = 659)

Cauc Freq 
(N = 260)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D12ATA63 10 0.0008 0.0000 0.0000 0.0036
11 0.0076 0.0019 0.0154 0.0036
12 0.1464 0.1385 0.1525 0.1500
13 0.1624 0.2154 0.1004 0.1786
14 0.0744 0.0173 0.1564 0.0286
15 0.2420 0.1615 0.3340 0.2214
16 0.0683 0.0577 0.0772 0.0714
17 0.2132 0.2981 0.1004 0.2643
18 0.0736 0.0981 0.0521 0.0679
19 0.0076 0.0096 0.0058 0.0071
20 0.0038 0.0019 0.0058 0.0036

Marker Allele Combined Freq 
(N = 660)

Cauc Freq 
(N = 249)

Afr Am Freq 
(N = 258)

Hisp Freq 
(N = 140)

D3S4529 12 0.0008 0.0020 0.0000 0.0000
13 0.0439 0.0402 0.0484 0.0429
14 0.2379 0.3695 0.0911 0.2643
15 0.2068 0.1145 0.2907 0.2214
16 0.2424 0.2209 0.2364 0.2821
17 0.2083 0.1968 0.2558 0.1500
18 0.0583 0.0542 0.0756 0.0393
19 0.0015 0.0020 0.0019 0.0000

Marker Allele Combined Freq 
(N = 664)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D6S1017 6 0.0881 0.0019 0.2124 0.0214
7 0.2440 0.2113 0.2548 0.2857
8 0.0505 0.0094 0.0792 0.0750
9 0.3780 0.4792 0.2510 0.4214
10 0.0324 0.0528 0.0135 0.0286
11 0.1642 0.2094 0.1429 0.1179
12 0.0399 0.0340 0.0425 0.0464
13 0.0030 0.0019 0.0039 0.0036

Marker Allele Combined Freq 
(N = 660)

Cauc Freq 
(N = 263)

Afr Am Freq 
(N = 258)

Hisp Freq 
(N = 140)

D9S2157 7 0.0908 0.1065 0.0891 0.0643
8 0.0030 0.0057 0.0019 0.0000
9 0.0877 0.0875 0.0872 0.0893

9.1 0.0076 0.0057 0.0058 0.0143
10 0.0575 0.0095 0.1298 0.0143
11 0.2814 0.2966 0.2558 0.3000
12 0.0620 0.0570 0.0775 0.0429
13 0.1815 0.2567 0.0814 0.2250
14 0.1006 0.1065 0.0988 0.0929
15 0.0666 0.0437 0.0717 0.1000
16 0.0499 0.0152 0.0891 0.0429
17 0.0106 0.0095 0.0097 0.0143
19 0.0008 0.0000 0.0019 0.0000

Marker Allele Combined Freq 
(N = 660)

Cauc Freq 
(N = 262)

Afr Am Freq 
(N = 258)

Hisp Freq 
(N = 140)

D1S1627 10 0.1220 0.1355 0.1202 0.1000
11 0.1477 0.1660 0.1550 0.1000
12 0.0447 0.0153 0.0853 0.0250
13 0.3492 0.3760 0.3178 0.3571
14 0.3159 0.3015 0.2926 0.3857
15 0.0182 0.0057 0.0252 0.0286
16 0.0023 0.0000 0.0039 0.0036

Marker Allele Combined Freq 
(N = 664)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D5S2500 14 0.2748 0.2943 0.2819 0.2250
15 0.0023 0.0000 0.0058 0.0000
17 0.3072 0.3547 0.2259 0.3679
18 0.2011 0.2302 0.1564 0.2286
19 0.0075 0.0075 0.0077 0.0071
20 0.1130 0.0057 0.2645 0.0357
21 0.0008 0.0000 0.0019 0.0000
22 0.0023 0.0000 0.0019 0.0071
23 0.0700 0.0811 0.0328 0.1179
24 0.0211 0.0264 0.0212 0.0107

Marker Allele Combined Freq 
(N = 664)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D8S1115 9 0.3464 0.1698 0.5695 0.2679
10 0.0075 0.0000 0.0193 0.0000
11 0.0241 0.0000 0.0579 0.0071
13 0.0226 0.0038 0.0483 0.0107
14 0.0316 0.0189 0.0386 0.0429
15 0.0286 0.0585 0.0039 0.0179
16 0.3426 0.5415 0.0965 0.4214
17 0.1273 0.1415 0.1120 0.1286
18 0.0467 0.0396 0.0367 0.0786
19 0.0196 0.0226 0.0154 0.0214
20 0.0030 0.0038 0.0019 0.0036

Marker Allele Combined Freq 
(N = 654)

Cauc Freq 
(N = 261)

Afr Am Freq 
(N = 254)

Hisp Freq 
(N = 139)

D1GATA113 7 0.1483 0.1475 0.1142 0.2122
8 0.0168 0.0000 0.0394 0.0072
9 0.0183 0.0000 0.0453 0.0036
10 0.0199 0.0057 0.0295 0.0288
11 0.1804 0.2069 0.1535 0.1799
12 0.5482 0.5728 0.5551 0.4892
13 0.0680 0.0670 0.0630 0.0791

Marker Allele Combined Freq 
(N = 654)

Cauc Freq 
(N = 261)

Afr Am Freq 
(N = 254)

Hisp Freq 
(N = 139)

D2S1776 6 0.0015 0.0000 0.0039 0.0000
7 0.0436 0.0766 0.0217 0.0216
8 0.1139 0.0881 0.1398 0.1151
9 0.1598 0.1782 0.1535 0.1367

10 0.3066 0.3218 0.3209 0.2518
11 0.2966 0.2644 0.2953 0.3597
12 0.0673 0.0651 0.0551 0.0935
13 0.0099 0.0057 0.0079 0.0216
14 0.0008 0.0000 0.0020 0.0000

Marker Allele Combined Freq 
(N = 654)

Cauc Freq 
(N = 261)

Afr Am Freq 
(N = 254)

Hisp Freq 
(N = 139)

D4S2408 7 0.0015 0.0000 0.0039 0.0000
8 0.1904 0.2222 0.1417 0.2194
9 0.2791 0.3161 0.1870 0.3777

10 0.2301 0.2375 0.2441 0.1906
11 0.2378 0.1973 0.3189 0.1655
12 0.0596 0.0249 0.1024 0.0468
13 0.0015 0.0019 0.0020 0.0000

Marker Allele Combined Freq 
(N = 660)

Cauc Freq 
(N = 257)

Afr Am Freq 
(N = 251)

Hisp Freq 
(N = 140)

D3S3053 8 0.0008 0.0019 0.0000 0.0000
9 0.0185 0.0447 0.0020 0.0000
10 0.1726 0.2412 0.1992 0.0000
11 0.1279 0.1304 0.1892 0.0107
12 0.3945 0.4105 0.4243 0.3107
13 0.1680 0.1498 0.1713 0.1964
14 0.0470 0.0214 0.0139 0.1536
15 0.0455 0.0000 0.0000 0.2107
16 0.0223 0.0000 0.0000 0.1036
17 0.0023 0.0000 0.0000 0.0107
18 0.0008 0.0000 0.0000 0.0036

Marker Allele Combined Freq 
(N = 660)

Cauc Freq 
(N = 257)

Afr Am Freq 
(N = 251)

Hisp Freq 
(N = 140)

D6S474 9 0.0031 0.0000 0.0000 0.0143
11 0.0031 0.0000 0.0020 0.0107
12 0.2180 0.2704 0.2749 0.0214
13 0.2311 0.2101 0.2371 0.2607
14 0.2173 0.1420 0.1514 0.4750
15 0.2435 0.2802 0.2450 0.1679
16 0.0747 0.0895 0.0737 0.0500
17 0.0085 0.0078 0.0139 0.0000
18 0.0008 0.0000 0.0020 0.0000

Marker Allele Combined Freq 
(N = 660)

Cauc Freq 
(N = 257)

Afr Am Freq 
(N = 251)

Hisp Freq 
(N = 140)

D20S482 9 0.0123 0.0136 0.0040 0.0250
10 0.0655 0.0019 0.0100 0.2821
11 0.0416 0.0214 0.0239 0.1107
12 0.1009 0.0214 0.0398 0.3571
13 0.1834 0.1965 0.1554 0.2107
14 0.3752 0.4358 0.5139 0.0143
15 0.1641 0.2140 0.2032 0.0000
16 0.0555 0.0914 0.0498 0.0000
17 0.0008 0.0019 0.0000 0.0000
19 0.0008 0.0019 0.0000 0.0000

Marker Allele Combined Freq 
(N = 660)

Cauc Freq 
(N = 263)

Afr Am Freq 
(N = 257)

Hisp Freq 
(N = 140)

D1S1677 8 0.0008 0.0000 0.0019 0.0000
9 0.0061 0.0076 0.0078 0.0000
10 0.0083 0.0076 0.0078 0.0107
11 0.1053 0.0817 0.1206 0.1214
12 0.2167 0.2395 0.1634 0.2714
13 0.3068 0.3517 0.2549 0.3179
14 0.2598 0.2357 0.3152 0.2036
15 0.0705 0.0551 0.0973 0.0500
16 0.0220 0.0171 0.0253 0.0250
17 0.0015 0.0000 0.0039 0.0000
18 0.0023 0.0038 0.0019 0.0000

Marker Allele Combined Freq 
(N = 660)

Cauc Freq 
(N = 263)

Afr Am Freq 
(N = 257)

Hisp Freq 
(N = 140)

D2S441 9 0.0008 0.0019 0.0000 0.0000
10 0.1833 0.2015 0.0837 0.3321
11 0.3508 0.3498 0.3696 0.3179

11.3 0.0523 0.0608 0.0525 0.0357
12 0.0932 0.0532 0.1712 0.0250

12.3 0.0038 0.0019 0.0058 0.0036
13 0.0303 0.0285 0.0409 0.0143

13.3 0.0008 0.0000 0.0019 0.0000
14 0.2417 0.2452 0.2529 0.2143

14.3 0.0008 0.0000 0.0019 0.0000
15 0.0409 0.0570 0.0195 0.0500
16 0.0008 0.0000 0.0000 0.0036
17 0.0008 0.0000 0.0000 0.0036

Marker Allele Combined Freq 
(N = 660)

Cauc Freq 
(N = 263)

Afr Am Freq 
(N = 257)

Hisp Freq 
(N = 140)

D4S2364 8 0.0008 0.0019 0.0000 0.0000
9 0.1742 0.1673 0.1459 0.2393
10 0.6265 0.5494 0.7646 0.5179
11 0.1970 0.2795 0.0895 0.2393
12 0.0015 0.0019 0.0000 0.0036

Marker Allele Combined Freq 
(N = 663)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 257)

Hisp Freq 
(N = 140)

D22S1045 5 0.0038 0.0000 0.0097 0.0000
7 0.0204 0.0000 0.0428 0.0179
8 0.1193 0.1396 0.1304 0.0607
9 0.0317 0.0151 0.0564 0.0179

10 0.0076 0.0094 0.0039 0.0107
11 0.0597 0.0585 0.0798 0.0250
12 0.3293 0.3321 0.2588 0.4536
13 0.2832 0.3623 0.1868 0.3107
14 0.1337 0.0792 0.2101 0.0964
15 0.0091 0.0038 0.0156 0.0071
16 0.0023 0.0000 0.0058 0.0000

Marker Allele Combined Freq 
(N = 663)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 257)

Hisp Freq 
(N = 140)

D10S1248 9 0.0015 0.0000 0.0039 0.0000
10 0.0015 0.0000 0.0039 0.0000
11 0.0015 0.0000 0.0039 0.0000
12 0.0144 0.0000 0.0370 0.0000
13 0.0740 0.0358 0.1206 0.0607
14 0.2817 0.3302 0.2412 0.2643
15 0.2908 0.2887 0.2782 0.3179
16 0.2062 0.1925 0.2043 0.2357
17 0.1027 0.1245 0.0798 0.1036
18 0.0227 0.0245 0.0253 0.0143
19 0.0015 0.0019 0.0019 0.0000
20 0.0015 0.0019 0.0000 0.0036

Marker Allele Combined Freq 
(N = 663)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 257)

Hisp Freq 
(N = 140)

D14S1434 13 0.0023 0.0000 0.0039 0.0036
14 0.2069 0.1660 0.2607 0.1857
15 0.0287 0.0283 0.0253 0.0357
16 0.0536 0.0189 0.0953 0.0429
17 0.3172 0.3849 0.2393 0.3321
18 0.3716 0.3830 0.3521 0.3857
19 0.0144 0.0094 0.0195 0.0143
20 0.0045 0.0075 0.0039 0.0000
21 0.0008 0.0019 0.0000 0.0000

Marker Allele Combined Freq 
(N = 664)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D17S1301 8 0.0038 0.0057 0.0039 0.0000
9 0.0279 0.0396 0.0154 0.0286

10 0.2914 0.3679 0.1988 0.3179
11 0.4503 0.4113 0.4981 0.4357
12 0.1777 0.1340 0.2143 0.1929
13 0.0452 0.0396 0.0637 0.0214
14 0.0038 0.0019 0.0058 0.0036

Marker Allele Combined Freq 
(N = 664)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D18S853 9 0.0008 0.0019 0.0000 0.0000
10 0.0286 0.0321 0.0328 0.0143
11 0.3833 0.5585 0.1892 0.4107
12 0.1017 0.1000 0.1139 0.0821
13 0.1679 0.1038 0.2259 0.1821
14 0.2372 0.1755 0.2954 0.2464
15 0.0768 0.0283 0.1351 0.0607
16 0.0038 0.0000 0.0077 0.0036

Marker Allele Combined Freq 
(N = 664)

Cauc Freq 
(N = 265)

Afr Am Freq 
(N = 259)

Hisp Freq 
(N = 140)

D20S1082 8 0.0008 0.0000 0.0019 0.0000
10 0.0045 0.0000 0.0116 0.0000
11 0.4639 0.5604 0.3263 0.5357
12 0.0633 0.0698 0.0695 0.0393
13 0.0489 0.0057 0.1100 0.0179
14 0.1642 0.1132 0.2413 0.1179
15 0.2003 0.1925 0.1815 0.2500
16 0.0512 0.0509 0.0579 0.0393
17 0.0030 0.0075 0.0000 0.0000

D20S482

D3S3053

D6S474

D9S1122

D18S853

D12ATA63


