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CHAPTER I

INTRODUCTION

The United States population is composed of a wide array of ethnicities that harbor
different degrees of genetic variation. The Native American population has been shown to have
reduced genetic diversity compared to other populations. The Alaskan Native American
populations in particular have not been greatly studied for genetic diversity at the forensically-
relevant genetic markers, leading to limitations in determining the strength of paternity, kinship,
and identity testing results with statistical confidence. These historically isolated populations
consist of several groups of people distinguished primarily by their geographical and linguistic
affiliations. These groups include: Inupiat, Yupik, Aleut, Tlingit, Haida, Tsimshian, Eyak, and
North Athabaskan. Native Americans account for 19% of Alaska’s population which
necessitates the need to generate STR (short tandem repeat) allele frequency databases in order
to estimate the degree of relatedness among individuals and the weight of evidence in forensic
casework (1).

Forensically-relevant genetic markers are used to assess the variation that exists among
individuals. Some DNA loci contain repetitive sequences in the non-coding region. Loci with
repeat units that are two to six base pairs in length are known as short tandem repeats (STRS).
The number of repeats can be highly variable among individuals, which makes STRs useful for
human identification purposes (2).

Autosomal STR loci can be amplified using commercially available kits. The
AmpFLSTR Profiler Plus and AmpFESTR Cofiler kits (Applied Biosystems, Foster City, CA)
amplify 13 STR loci: D3S1358, VWA, FGA, D8S1179, D21S11, D18S51, D5S818, D13S317,
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D7S820, THO1, TPOX, CSF1PO, and D165539. The PowerPlex® 16 HS system (Promega
Corp., Madison, WI) amplifies 15 STR loci plus Amelogenin which is a sex determination
marker. These loci include: CSF1PO, D13S317, D16S539, D18S51, D21S11, D3S1358,
D5S818, D7S820, D8S1179, FGA, THO1, TPOX, VWA, Penta D, and Penta E (3).

Y-STRs are short tandem repeats that occur specifically on the Y-chromosome, therefore
are unique to the male population. They are inherited from father to son unchanged with the
exception of the occasional mutation (13). Y-STRs are not specific to an individual but are more
common to a family lineage. The forensically important Y-STR loci reside in the non-
recombining portion of the hemizygous Y chromosome. The Y-STR loci, in combination,
currently available through commercial kits are highly informative. Additional loci could be
beneficial for differentiation within related or similar populations (4).

Knijff et al. (1997) used Y-STRs in order to compare closely related populations
which could not be separated otherwise. Haplotype data was collected from males from four
distinct European male groups: Dutch, Germans, Swiss, and Italian. Among a total number of
322 males, 211 different 7-locus Y-STR haplotypes were observed. The haplotype diversity for
all four populations was close to 99% which indicated that most haplotypes were observed only
once in the data set. Because of no recombination Y-STR haplotypes can be used to differentiate
(or resolve), closely related populations at a significant level. They concluded that Y-STR loci
were extremely useful for the purpose of comparing closely related populations (5).

Y-STR loci can be amplified using commercially available kits. The PowerPlex®Y
system (Promega Corp., Madison, W1 ) amplifies 12 Y-STR loci: DYS19, DYS385 a/b, DY S389
I/11, DYS390, DYS391, DYS392, DYS393, DYS437, DYS438, and DYS439. The

AmpF(STR® Yfiler™ PCR Amplification Kit (Applied Biosystems, Foster City, CA) amplifies



17 loci: DY S456, DY S3891, DYS390, DY S38911, DYS458, DYS19, DYS385 a/b, DY S393,
DYS391, DYS439, DYS635, DYS392, Y GATA H4, DYS437, DYS438, and DYS448 (9).

Budowle et al. (2002) conducted population studies on three Native Alaskan populations
using short tandem repeat (STR) loci. Amplification by PCR was carried out using the
AmpFLSTR Profiler Plus and AmpFESTR Cofiler kits (Applied Biosystems, Foster City, CA).
Allele distributions for 13 STR loci D3S1358, VWA, FGA, D8S1179, D21S11, D18S51,
D5S818, D13S317, D7S820, THO1, TPOX, CSF1PO, and D16S539 were determined for
three Native Alaskan population groups: Athabaskans, Inupiats, and Yupiks. Genetic diversity
was lower in the Native Alaskan populations compared with Caucasians and Africans, but all
loci were highly polymorphic in all three Native Alaskan groups. The Fstestimate overall 13
STR loci was 0.0309 for the Native Alaskan populations, which is consistent with the
recommendations for isolated populations by the National Academy of Sciences Report (1996).
It was determined that Athabaskans were more closely related to Apaches and Navajos than the
other Native Alaskan groups. The Fstestimate for Athabaskans, Apaches, and Navajos was
0.0180 and for Inupiats and Yupiks it was 0.0167 (1).

Budowle et al. (2005) used the PowerPlex® Y system (Promega Corp., Madison, W1 ) in
order to type 12 Y-STR loci from a total of 2,443 male individuals distributed across the five
North American population groups: African American, Caucasian, Asian, Hispanic, and Native
American. All population samples were highly polymorphic across all loci. The Native
American population groups demonstrated the lowest genetic diversity (Apaches, 97.0%;
Navajo, 98.1%). Haplotype diversities were greater than 99.6% for the African Americans,
Hispanics, Caucasians, and Asians (4).

Decker et al. (2007) looked at the impact of additional Y-STR loci in order to resolve
common haplotypes and increase the power of discrimination between closely related
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individuals. New Y-STR loci were investigated on a common set of 656 male samples
representative of the major U.S. population groups. The 17 Yfiler™ (Applied Biosystems,
Foster City, CA) loci along with 20 new Y-STR loci were evaluated on their ability to resolve the
most common haplotype observed in 656 U.S. population samples. With the addition of these
loci, all samples with the most common haplotype were able to be completely resolved and the
power of discrimination between closely related individuals was improved (6).

Autosomal STR and Y-STR loci were used to evaluate the genetic variation that exists
within one population of Native American Alaskans for this project. The autosomal STR loci
used in this study were amplified using the PowerPlex® 16 HS system (Promega Corp., Madison,
WI). The Y-STR loci used in this study were amplified using the AmpFeSTR® Yfiler™ PCR
Amplification Kit (Applied Biosystems, Foster City, CA).

The objectives of this study were to obtain autosomal STR data using the PowerPlex® 16
HS system (Promega Corp., Madison, W1) and to obtain Y-STR data using the AmpF¢STR®
Yfiler™ PCR Amplification Kit (Applied Biosystems, Foster City, CA) from a population of
Native American Alaskans. In addition, the degree of genetic diversity was determined for

assessing the utility of these genetic markers for forensic identification in Native Alaskans.



CHAPTER II

MATERIALS AND METHODS

Deoxyribonucleic acid (DNA) from 41 buccal swabs containing saliva and 7 (3 mm)
punches containing blood was obtained from a Native American Alaskan population. These
samples were extracted using the EZ1 Advanced XL instrument (Qiagen, Inc., Valencia, CA).
The DNA was isolated from the lysates by binding to the silica surface of magnetic particles in
the presence of a chaotropic salt. The magnetic particles were separated from the lysates using a
magnet. The DNA was then washed and eluted (7).

The DNA from the 3 mm punches containing blood was extracted using the EZ1
Advanced XL instrument. First, 190 ul of diluted Buffer G2 were added to each of the 7
samples. Then 10 pl of proteinase K were added and mixed thoroughly by vortexing for 10
seconds. The samples were incubated at 56°C for 15 minutes and then incubated at 95°C for 5
minutes. The sample tubes were placed in the microcentrifuge. The DNA Purification (“Tip
Dance”) protocol was followed (7). The purification procedure took 17 minutes and 40 pl were
the elution volume. The purified DNA was stored at 2-8°C until use (7).

The DNA from the swabs containing saliva was extracted using the EZ1 Advanced
XL instrument. First, 290 pl of diluted Buffer G2 were added to each of the 41 samples. Then
10 pl of proteinase K were added and mixed thoroughly by vortexing for 10 seconds. The
samples was incubated at 56°C for 15 minutes and then incubated at 95°C for 5 minutes. The
sample tubes were placed in the microcentrifuge. Spin baskets containing the swabs were
placed into 1.5 ml tubes in order to spin down the samples (quick-spin). The tubes were
subjected to centrifugation at 4.8 rpm for 2 minutes. The spin baskets were removed and the
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liquid from the 1.5 ml tubes was placed back into the sample tubes. The swabs were placed into
dry 1.5 ml labeled tubes and stored at 2-8°C. The DNA Purification (Trace) protocol was then
followed (7). The purification procedure took 16 minutes and 40 pl were the elution volume.
The purified DNA was stored at 2-8°C until use (7).

The quantity of DNA recovered from the 48 samples was determined by using the
Quantifiler™ Human DNA Quantification Kit DNA (Applied Biosystems, Foster City, CA).
The samples were normalized to 0.75 ng/pl of DNA in a final volume of 50 pl.

The 48 samples were amplified using the reagents contained within the PowerPlex® 16
HS System (Promega Corp, Madison, W1). The PowerPlex® HS 5X Master Mix, PowerPlex® 16
HS 10X Primer Pair Mix, and 9947A DNA were thawed. A PCR amplification mix was made
for 56 reactions which included the 48 samples, a reagent blank, a negative control, two 9947A
positive controls, plus 4 reactions to compensate for pipetting error. The PCR amplification mix
contained: 295 pl of PowerPlex® HS 5X Master Mix, 147.5 ul of PowerPlex® 16 HS 10X Primer
Pair Mix, and 973.5 pl of deionized water. Each reaction contained: 5 pl of PowerPlex® HS 5X
Master Mix, 2.5 pl of PowerPlex® 16 HS 10X Primer Pair Mix, and 16.5 pl of deionized water.
The PCR amplification mix was vortexed for 5-10 seconds then pipetted into the wells on a 96-
well amplification plate. A 1 ul volume of DNA from each of the 48 samples was pipetted into
separate wells of a 96-well amplification plate. A 1 pl volume of reagent blank was pipetted into
its corresponding well on the 96-well amplification plate. A 1 pl volume of deionized water was
pipetted into the negative control well on the 96-well amplification plate. A 1 pl volume of
9947A was pipetted into the two corresponding wells on the 96-well amplification plate. The
96-well amplification plate was placed on the GeneAmp® PCR System 9700 thermal cycler
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(Applied Biosystems, Foster City, CA). The PowerPlex®16 HS protocol and a reaction volume
of 25 ul were selected (8).

After the samples were amplified using the PowerPlex® 16 HS System (Promega Corp.,
Madison, W1), the DNA fragments were separated by capillary electrophoresis on an Applied
Biosystems 3130xI Genetic Analyzer. A loading cocktail was prepared by combining and
mixing Internal Lane Standard 600 and Hi-Di™ formamide. A 0.5 ul volume of ILS 600 and a
9.5 pl volume of Hi-Di™ formamide were used. A 34 pl volume of ILS and a 646 ul volume of
Hi-Di™ formamide were combined for a total of 680 pl. A 9 pl volume of the ILS and Hi-Di™
formamide were added into a 96-well 3130xI plate. A 1 pl volume of amplified DNA from the
samples was added into separate wells of a 96-well 3130xl plate. A 1 ul volume of the reagent
blank, negative control, and 9947A from the amplification plate was added to the 96-well 3130xI
plate. A 1 pl volume of allelic ladder was added into each of the 4 corresponding wells on the
3130xl plate. The septum was placed onto the plate. The plate was centrifuged briefly. The
samples were denatured at 95°C for 5 minutes and then put in an ice-water bath for 5 minutes.
The plate was placed onto the Applied Biosystems 3130xI Genetic Analyzer (8).

The samples were also amplified using the reagents contained in the AmpF{STR®
Yfiler™ PCR Amplification Kit (Applied Biosystems, Foster City, CA). The AmpF{STR Yfiler
Kit PCR Reaction Mix, AmpF{STR Yfiler Kit Primer Set, and AmpliTaq Gold® DNA
Polymerase were thawed then vortexed for 3-5 seconds and centrifuged briefly. A Yfiler Master
Mix was made using: 408 pl of AmpFCSTR Yfiler Kit PCR Reaction Mix, 204 pl of AmpFLSTR

Yfiler Kit Primer Set, and 21.1 ul of AmpliTaq Gold® DNA Polymerase. Each reaction



consisted of: 5.8 pl of AmpFESTR Yfiler Kit PCR Reaction Mix, 2.9 pl of AmpFCSTR Yfiler
Kit Primer Set, and 0.3 pl of AmpliTaq Gold® DNA Polymerase. A 9 ul volume of Yfiler
Master Mix was pipetted into each of the wells on the 96-well amplification plate. A 1 pl
volume of reagent blank was pipetted into the corresponding well on the amplification plate. A 1
pl volume of deionized water was pipetted into the corresponding well for the negative control
on the amplification plate. A 1 pl volume of 007 positive control DNA was pipetted into the two
corresponding wells on the amplification plate. A 1 pl volume of DNA from each of the samples
was pipetted into separate wells in the amplification plate. The Yfiler amplification plate was
subjected to centrifugation and placed on the GeneAmp® PCR System 9700 thermal cycler
(Applied Biosystems, Foster City, CA). The AmpF¢STR® Yfiler™ protocol and a reaction
volume of 10 ul were selected (9).

After the samples were amplified using the AmpF¢STR® Yfiler™ PCR Amplification
Kit (Applied Biosystems, Foster City, CA), the DNA fragments were separated by capillary
electrophoresis using an Applied Biosystems 3130xI Genetic Analyzer. A loading cocktail was
prepared by combining and mixing GeneScan-500 LIZ Size Standard and Hi-Di™ formamide.
A 0.6 pl volume of GeneScan-500 LIZ Size Standard and a 9.2 pl volume of Hi-Di™ formamide
were used as a master mix. A 40.8 pl volume of GeneScan-500 L1Z Size Standard and a 625.6
ul volume of Hi-Di™ formamide were combined for a total of 666.4 pl. A 9 pl volume of the
GeneScan-500 LIZ Size Standard and Hi-Di™ formamide were added into a 96-well 3130x|
plate. A 1 pl volume of amplified DNA from the samples was added to the 96-well 3130xI plate.

A 1 pl volume of the reagent blank, negative control, and 007 control DNA from the



amplification plate were added to the 96-well 3130xI plate. A 1 pl volume of allelic ladder was
added into each of the 4 corresponding wells on the 3130xl plate. The septum was placed onto
the plate. The plate was subjected to centrifugation briefly. The samples were denatured at 95°C
for 5 minutes and then put in an ice-water bath for 5 minutes. The plate was placed onto the
Applied Biosystems 3130xI Genetic Analyzer (9).

The electrophoretic data were analyzed using GeneMapper® ID v3.2 software (Applied
Biosystems, Foster City, CA). Allele designations for each sample were determined by direct
comparison of the sample fragments to allelic ladders developed for each kit by the
manufacturer. Off-ladder variants were identified by evaluation of migration data to surrounding
allelic ladder peaks and the internal lane standard.

Allele frequencies for each locus were determined for the 48 Native Alaskan samples
amplified with the PowerPlex® 16 HS System (Promega Corp, Madison, WI) using the Genetic
Data Analysis v 1.1 software. Expected heterozygosity (He) and observed heterozygosity (Ho)
were calculated using the Genetic Data Analysis v 1.1 software (10). The power of
discrimination (PD) was calculated using PowerStats V12 software (Promega Corp., Madison,
WI) (11). The power of exclusion (PE) was calculated using the National Research Council
(NRC) formula (12). The mean power of exclusion (MPE) was calculated using the Brenner and
Morris formula (14). A Fisher Exact Test was used to test conformance to Hardy Weinberg
Equilibrium (HWE) at all loci based on 3,200 shuffling experiments using the Genetic Data

Analysis v 1.1 software (10).



Haplotype distributions were determined for the 48 Native Alaskan samples amplified
with the AmpFeSTR® Yfiler™ PCR Amplification Kit (Applied Biosystems, Foster City, CA).
The frequency of occurrence was determined for each haplotype as well as the overall haplotype

diversity.
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CHAPTER IlI

RESULTS

A11 48 samples that were amplified using the PowerPlex® 16 HS System resulted in
complete profiles. Allele frequencies for each of the following loci were determined for the 48
Native American Alaskan samples amplified with the PowerPlex® 16 HS System (Promega
Corp., Madison, WI): CSF1PO, D13S317, D16S539, D18S51, D21S11, D3S1358, D5S818,
D7S820, D8S1179, FGA, THO1, TPOX, VWA, Penta D, and Penta E (Tables 1A and 1B) (10).
Power of exclusion (PE), mean power of exclusion (MPE), and power of discrimination (PD)
were determined for all 15 STR loci (Tables 1A and 1B) (11,12). The values for PE ranged from
0.345 for THO1 to 0.902 for Penta E. The values for PD ranged from 0.550 for THO1 to 0.963
for Penta E. Observed and expected heterozygosities were determined for all 15 STR loci
amplified using the PowerPlex® 16 HS System (Tables 1A and 1B). P-values were determined
to detect any departures from Hardy Weinberg Equilibrium (HWE) expectations at the 15 loci
using the Fisher Exact Test (Tables 1A and 1B) (10). All loci except for D13S317 yielded p-
values > 0.05, and thus failed to reject the hypothesis that the population is in HWE.

Out of 48 samples amplified using the AmpF¢STR® Yfiler™ PCR Amplification Kit, 5
samples resulted in incomplete profiles. Haplotype distributions were determined for the 48
Native Alaskan samples using the AmpF¢STR® Yfiler™ PCR Amplification Kit (Applied
Biosystems, Foster City, CA) (Tables 2A-2C and 3A-3C). There were a total of 36 different
haplotypes among a group of 48 individuals. The haplotype diversity value was 0.989. This
value is lower compared to haplotype diversity values determined for other population groups
such as African Americans, Caucasians, Asians, and Hispanics which all had haplotype diversity

11



values greater than 0.996 (4). In order to determine haplotype diversity, the 5 samples that
resulted in incomplete profiles were treated as separate haplotypes with a frequency of
occurrence of 0.021. One haplotype was observed a total of 5 times and had a frequency of
occurrence of 0.104. These five individuals could not be differentiated from one another because
they had the same haplotype. Two haplotypes were observed 3 times each and had a

frequency of occurrence of 0.063. Four haplotypes were observed 2 times each and had a
frequency of occurrence of 0.042. The 29 other haplotypes were observed once and had a

frequency of occurrence of 0.021 (Tables 2A-2C and 3A-3C).
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Table 1A- Allele Frequencies and Statistical Parameters for a Native American Population (n=48)

Allele

CSF1PO

D13S317

D16S539

D18S51

D21S11

D3S1358

D5S818

D7S820

5

6

7

0.021

0.031

8

0.01

0.135

0.292

9

0.083

0.104

0.063

0.01

0.083

9.3

10

0.302

0.281

0.135

0.052

0.063

11

0.229

0.313

0.49

0.458

0.313

12

0.323

0.094

0.25

0.156

0.271

0.25

13

0.031

0.042

0.052

0.115

0.146

14

0.021

0.01

0.01

0.156

0.031

15

0.208

0.438

16

0.063

0.438

17

0.208

0.083

18

0.042

0.042

19

0.042

20

0.01

21

22

23

24

25

26

27

28

0.01

29

0.281

30

0.229

31

0.083

31.2

0.177

32.2

0.156

33

0.01

33.2

0.052

PE

0.744

0.783

0.673

0.844

0.803

0.608

0.691

0.743

MPE

0.51

0.296

0.51

0.915

0.662

0.188

0.322

0.546

PD

0.875

0.913

0.844

0.934

0.919

0.784

0.859

0.881

He

0.751

0.791

0.68

0.853

0.811

0.615

0.698

0.752

Ho

0.75

0.604

0.75

0.958

0.833

0.500

0.625

0.771

0.339

0.041

0.967

0.631

0.448

0.14

0.216

0.771

PE, power of exclusion; MPE, mean power of exclusion; PD, power of discrimination;
H., expected heterozygosity; H,, observed heterozygosity; P, p-value for exact test
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Table 1B- Allele Frequencies and Statistical Parameters for a Native American Population (n=48)

Allele | D8S1179 | FGA | THO1 | TPOX | VWA | PentaD | Penta E
5 0.01
6 0.031

7 0.802 0.021
8 0.01 0.042 | 0.198 0.021
9 0.042 | 0.052 0.094

9.3 0.083

10 0.052 0.031 0.24 0.167
11 0.615 0.104 0.031
12 0.24 0.104 | 0.021 0.188 0.021
13 0.375 0.344 0.01
14 0.208 0.115 0.031 0.073
15 0.115 0.167 0.083
16 0.26 0.042
17 0.302 0.073
18 0.104 0.073
19 0.073 0.031 0.115
20 0.031 0.135
21 0.063 0.104
22 0.167 0.021
23 0.135

24 0.135

25 0.271

26 0.094

27 0.031

28

29

30

31

31.2

32.2

33

33.2

PE 0.742 | 0.842 | 0.345| 0.568 | 0.788 0.768 0.902
MPE 0.475| 0.787 | 0.088 | 0.206 | 0.584 0.622 0.830
PD 0.876 | 0.944 | 0.550| 0.762 | 0.907 0.896 0.963
He 0.75| 0.851| 0.349| 0.575| 0.796 0.777 0.912
Ho 0.729 | 0.896 | 0.354 | 0.521| 0.792 0.813 0.917
P 0.143 | 0.881| 0.363 0.53 0.51 0.384 0.254

PE, power of exclusion; MPE, mean power of exclusion; PD, power of discrimination;
He, expected heterozygosity; Ho, observed heterozygosity; P, p-value for exact test
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Table 2A- Haplotype Distributions

Sample Name | DYS456 | DYS3891 | DYS390 | DYS38911 | DYS458 | DYS19
A.1170.P 15 14 24 30 14 13
A.1317.S 15 14 24 30 14 13
A.1831.S 15 14 24 30 14 13
A.2513.S 15 14 24 30 14 13
A.3123.S 15 14 24 30 14 13
A.1869.S 15 14 24 30 14 13
A.2086.S 15 14 24 30 14 13
A.3678.S 15 14 24 30 14 13
A.1518.S 15 14 25 30 14 13
A.1657.S 15 14 25 30 14 13
A.2821.S 15 14 25 30 14 13
A.1161.S 16 14 24 31 16 13
A.1373.S 16 14 24 31 16 13
A.1321.S 15 14 24 30 14 13
A.1577.S 15 14 24 30 14 13
A.1896.S 14 13 23 29 17 15
A.1922.S 14 13 23 29 17 15
A.1786.S 15 14 24 30 15 13
A.2366.S 15 14 24 30 15 13
A.1036.P 15 12 22 29 16 15
A.1073.P 15 13 23 28 16 14
A.1084.P 15 14 24 ? 14 ?

A.1085.P 16 14 24 31 16 13
A.1135.P 15 14 23 30 15 13
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Table 2B- Haplotype Distributions

Sample Name | DYS385 | DYS393 | DYS391 | DYS439 | DYS635 | DYS392
A.1170.P 13,19 14 10 13 22 15
A.1317.S 13, 19 14 10 13 22 15
A.1831.S 13, 19 14 10 13 22 15
A.2513.S 13,19 14 10 13 22 15
A.3123.S 13,19 14 10 13 22 15
A.1869.S 13,21 14 10 11 22 15
A.2086.S 13,21 14 10 11 22 15
A.3678.S 13,21 14 10 11 22 15
A.1518.S 13,21 14 10 11 22 15
A.1657.S 13,21 14 10 11 22 15
A.2821.S 13,21 14 10 11 22 15
A.1161.S 15, 17 14 10 13 22 14
A.1373.S 15,17 14 10 13 22 14
A.1321.S 13, 20 14 10 13 22 15
A.1577.S 13, 20 14 10 13 22 15
A.1896.S 12,15 12 9 11 24 11
A.1922.S 12, 15 12 9 11 24 11
A.1786.S 13,19 14 10 13 22 15
A.2366.S 13,19 14 10 13 22 15
A.1036.P 14 14 10 11 20 11
A.1073.P 11,14 13 11 11 23 13
A.1084.P ? 14 10 11 ? ?
A.1085.P 15, 17 15 10 13 22 14
A.1135.P 13, 20 14 10 11 23 ?
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Table 2C- Haplotype Distributions

# of Times

Sample Name | Y GATA H4 | DYS437 | DYS438 | DYS448 | Observed | Frequency

A.1170.P 10 15 11 18 5 0.104
A.1317.S 10 15 11 18 5 0.104
A.1831.S 10 15 11 18 5 0.104
A.2513.S 10 15 11 18 5 0.104
A.3123.S 10 15 11 18 5 0.104
A.1869.S 10 15 11 18 3 0.063
A.2086.S 10 15 11 18 3 0.063
A.3678.S 10 15 11 18 3 0.063
A.1518.S 10 15 11 18 3 0.063
A.1657.S 10 15 11 18 3 0.063
A.2821.S 10 15 11 18 3 0.063
A.1161.S 11 15 10 21 2 0.042
A.1373.S 11 15 10 21 2 0.042
A.1321.S 10 15 11 18 2 0.042
A.1577.S 10 15 11 18 2 0.042
A.1896.S 11 14 10 21 2 0.042
A.1922.S 11 14 10 21 2 0.042
A.1786.S 10 15 11 18 2 0.042
A.2366.S 10 15 11 18 2 0.042
A.1036.P 12 16 10 21 1 0.021
A.1073.P 13 15 12 19 1 0.021
A.1084.P 10 15 11 ? 1 0.021
A.1085.P 12 15 10 21 1 0.021
A.1135.P 10 15 11 18 1 0.021
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Table 3A- Haplotype Distributions

Sample Name | DYS456 | DYS3891 | DYS390 | DYS38911 | DYS458 | DYS19
A.1215.P 16 14 24 31 16 13
A.1376.S 15 13 22 30 17 13
A.1390.S 17 13 25 30 17 13
A.1391.S 16 12 24 28 17 14
A.1516.S 15 14 24 30 14 13
A.1604.S 15 14 24 30 14 13
A.1662.S 15 14 23 31 16 13
A.1666.S 15 14 24 30 14 13
A.1700.S 16 13 23 31 16 13
A.1752.S 15 14 24 30 14 13
A.1758.S 15 13 24 29 16 14
A.1761.S 17 13 23 29 17 14
A.1897.S 17 13 25 29 18 14
A.1930.S 15 14 24 30 14 14
A.1968.S 15 13 24 29 14 13
A.1970.S 14 12 23 28 17 15
A.1999.S 14 13 23 30 14 15
A.2017.S 15 13 22 30 17 13
A.2024.S 15 14 24 30 14 13
A.2253.S 16 13 25 29 18 14
A.2298.S 17 13 25 30 17 14
A.2544.S 17 14 24 31 15 13
A.2694.S 15 14 24 30 17 15
A.2927.S 16 14 24 31 17 13
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Table 3B- Haplotype Distributions

Sample Name | DYS385 | DYS393 | DYS391 | DYS439 | DYS635 | DYS392
A.1215.P 15, 18 14 10 13 22 14
A.1376.S 15 13 10 12 22 14
A.1390.S 16, 18 14 10 12 22 15
A.1391.S 11,14 13 12 13 23 ?
A.1516.S 12,19 15 10 11 22 16
A.1604.S 13, 20 14 10 13 22 ?
A.1662.S 14, 17 13 10 12 23 14
A.1666.S 13, 17 14 10 11 22 14
A.1700.S 14, 17 13 10 11 22 14
A.1752.S 12,19 15 10 11 22 15
A.1758.S 11, 14 13 11 13 24 13
A.1761.S 11, 14 13 11 12 24 13
A.1897.S 11,13 13 11 12 23 14
A.1930.S 13,21 14 10 11 22 15
A.1968.S 12,19 15 10 11 22 15
A.1970.S 14 13 10 11 21 11
A.1999.S 14, 15 15 10 8 21 12
A.2017.S 14, 15 13 10 12 22 14
A.2024.S 12, 20 15 10 11 22 15
A.2253.S 11,14 13 11 12 23 13
A.2298.S 11,14 13 11 12 23 13
A.2544.S 16, 19 13 10 14 21 11
A.2694.S 11,15 13 11 12 23 13
A.2927.S 16, 17 15 10 13 22 14
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Table 3C- Haplotype Distributions

# of Times
Sample Name | Y _GATA H4 | DYS437 | DYS438 | DYS448 | Observed | Frequency
A.1215.P 11 15 10 21 1 0.021
A.1376.S 12 14 11 19 1 0.021
A.1390.S 11 15 10 21 1 0.021
A.1391.S 13 14 12 19 1 0.021
A.1516.S 10 15 11 18 1 0.021
A.1604.S 10 15 11 18 1 0.021
A.1662.S 11 15 11 20 1 0.021
A.1666.S 10 15 11 18 1 0.021
A.1700.S 12 14 11 ? 1 0.021
A.1752.S 10 15 11 18 1 0.021
A.1758.S 11 15 12 19 1 0.021
A.1761.S 11 14 12 19 1 0.021
A.1897.S 11 14 12 18 1 0.021
A.1930.S 10 15 11 18 1 0.021
A.1968.S 10 15 11 18 1 0.021
A.1970.S 11 16 10 20 1 0.021
A.1999.S 10 14 10 20 1 0.021
A.2017.S 12 14 11 19 1 0.021
A.2024.S 10 16 11 18 1 0.021
A.2253.S 11 14 12 17 1 0.021
A.2298.S 12 15 12 19 1 0.021
A.2544.S 12 14 10 20 1 0.021
A.2694.S 12 15 12 19 1 0.021
A.2927.S 11 15 10 21 1 0.021
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CHAPTER IV

DISCUSSION

D13S317, which had a p-value of 0.041, showed a significant departure from Hardy
Weinberg Equilibrium (HWE). There are several factors that could have contributed to the
outcome of this result. In order for a locus to show departure from HWE, the p-value has to be
less than 0.05. This means that out of 20 loci, it is estimated that approximately one will show
departure from HWE. Since this study examined 15 loci, one would expect for approximately
one loci to show departure from HWE. One factor could have been the population sample size.
This study examined a small subset of a larger sample. Since there were only 48 samples, it was
possible that the data obtained resulted due to sampling error. In order to correct for this, more
samples needed to be examined. There could have been a false level of homozygosity due to
allelic drop out. A true heterozygote would show two electrophoretic peaks. When allelic drop
out occurs, only one peak may be visible and therefore appears as a homozygote. Allelic drop
out could have occurred due to a primer binding site mutation for that locus (15). When the

alleles drop out, it appears that there is an excess of homozygotes when actually there is not.
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