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Determination of ancestry using DNA markers is an important issue in DNA forensics.
The ability to identify an individual’s ancestry could narrow down the pool of possible
individuals involved in a crime. Several types of ancestry informative markers (AlMs) have been
suggested in the literature. For this study, Alu markers were used for investigating their utility
for Caucasian versus African and Caucasian versus Asian ancestry determinations. Three
measures of AlIMs were calculated for 42 Alu markers. Rank correlations of these three measures
were used for investigating if a smaller number of top-ranked loci can improve ancestry
determination. The Alu markers chosen for this study were less informative than anticipated but

did show potential for ancestry estimation when all 42 markers were used together.
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CHAPTER I

INTRODUCTION

The forensic community has long since been using DNA analysis not only to
identify suspects and victims but also to associate unidentified human remains with families of
missing persons. Frequently though, the suspect(s) are not clear and so while the DNA analyst
may already have a profile for the alleged suspect the profile cannot go into real use until the
suspect pool has been narrowed down. Identification of missing persons can also be simplified if
the pool of families can be narrowed down by incorporating additional information, preferably
obtained by selecting appropriate panel of markers. In the past many different types of markers
have been studied to hopefully be able to infer ancestral population origin, including
mitochondria, Y-chromosome, microsatellites or, short tandem repeats (STRS), and single
nucleotide polymorphisms (SNPs). (1, 2, 3)

The majority of forensic DNA analyses is done with STRs which are multiallelic
polymorphic markers, consequently making them very informative for personal identification,
missing person identification, as well as DNA mixture analyses. At present, the forensic
laboratories of continental U.S. most commonly use the panel of 15 DNA markers for human
identification, called the Identifiler STR panel. (4)

However, if for instance a DNA sample is degraded then a full STR profile will not likely

be seen and the individualizing power of the profile may be substantially reduced. (5)



Because of the nature of degraded samples, genome wide studies have been done to find other
genetic markers that can preserve a high individualizing power of the sample. Markers that have
been found to obtain such goals are single nucleotide polymorphisms (SNPs), Indels, and Alu
markers. (6, 7, 8)

SNPs are biallelic single base change differences in the genome and because of this SNPs
have some limitations. SNPs can be merely identical by state, may have arisen as a result of an
independent parallel forward or backward mutation resulting in genotype homoplasy. (1) In
addition, for the SNP sites often the state of the progenitor and mutant alleles are unknown. Due
to these limitations SNPs are not always an accurate way to show ancestry.

INDELSs, or insertion deletion polymorphsims, are also biallelic and are of varying
lengths from 1 to 10,000bp. Like the SNPs, they are also highly abundant in the human genome.
(9) The limitation of these markers is that location of the deletion events in the genome related to
the indel sites are unknown, and only their current sites where they currently reside can be
mapped. (8)

This leads us to the type of markers that is the focus of this study- the Alu markers. Alu
markers, or Alu insertion elements, are the most abundant class of short interspersed elements
(SINES) in the human genome. They are dimeric 300 bp sequences that propagate by
retrotransposition into new chromosomal locations. Alu markers along with other SINE elements
are highly informative markers for evolutionary and phylogenetic studies because they have a
unique mutations mechanism, an absence of back mutation, and a lack of recurrent forward
mutation (10, 11, 12, 13). Because of these a specific Alu marker will be identical by descent in
all individuals in whom they occur (10). This allows sets of related chromosome regions marked

by an Alu marker to be distinguished from a pool of ancestral chromosomes that lack the



element. These features give each locus genetic polarity that allows the independent assignment
of an ancestral state and a root for phylogenetic analyses. (14)

A previous study of 100 Alu markers suggested reliable ancestry determinations for 18
selected individuals of various ancestry based on their pedigree information. (1) In this study 42
of these markers were chosen and examined to investigate which Alu markers are most
informative for a comparison between populations: Caucasians versus Africans and Caucasians

versus Asians.



CHAPTER II

METHODS

Data

The data for this study was received from our collaborations with InnoGenomics
Technologies through a NSF-funded project for novel genetic marker development for human
diversity studies. Anonymized genotype data on 733 individuals from 4 populations (155
Caucasians, 118 Africans, 365 Asian Indians (which from now on will be referred to as Indians),
and 77 Asians) along with the same 18 individuals of the previous study (1) with known pedigree
ancestry were used in this research.

Allele frequency, Hardy-Weinberg equilibrium, linkage disequilibrium

The software GDA (Genetics Data Analysis, downloaded from the web-site
http://hydrodictyon.eeb.uconn.edu/people/plewis/software.php) was used for calculations of
allele frequencies, conducting tests for Hardy-Weinberg equilibrium (for checking random
association of alleles within a locus to form genotypes), and linkage equilibrium between all
pairs of loci (for checking random association of alleles between pairs of loci). In these
computations allele frequency estimates used the gene counting method, and significance testing

was done by empirical determination of significance by permutation tests. (16)



Three measures of ancestry informativeness notation

For these calculations consider populations i=1,2,...,K with K> 2 and a locus with N =2
alleles. Let pij denote the frequency of allele j, j= 1,2,...,N, in population i. Let p; denote the
average frequency of allele j over the K populations, for example pj= (p1 caucasians +P1africans)/2.

The following measures of ancestry informativeness were calculated by the comparisons
of Caucasian population versus African population and Caucasian population versus Asian
population. This was done because these population comparisons are the most “extreme” and
least likely to show admixture.

Absolute allele frequency difference (delta, o)

Delta, is the absolute frequency difference of a particular allele observed in two ancestral
populations. A marker with the 6=1 has perfect information in relation to the ancestry, since d=1
implies that one of the two alleles is totally fixed in one ancestral population with the alternative
allele fixed in the other ancestral population. In contrast a =0 has no information in regard to
ancestry, since for such a locus both populations will have identical allele frequencies. (16)For a
biallelic locus:

6 = |p11 — P2l

Delta only tells a limited amount of information in relation to ancestry so should not be
used alone but in conjunction with multiple other measures of ancestry informativeness
calculations.

F statistics (Fst)

Fst is the proportion of the total genetic variance of a locus contributed by the genetic

variances between subpopulations. “When only two parental populations and markers with only



two alleles are considered, this informativeness (Fst) for ancestry includes the differences and

sum of the reference allele frequencies in the two parental populations.”(16)

-

(mj — o)
P +P3)(2 — (v + p25))

For =
(

A high Fst value implies a large degree of differentiation between populations. In other
words, the above formulation of Fst measures the genetic distance between any two populations.
This calculation has recently been used as a criterion for selecting markers for ancestry
estimation (i.e. the ones with high Fst values).

Informativeness for assignment (1)

In is @ mutual information-based statistics that takes into account self-reported ancestry
information from the sampled individuals. Following Ding et al. (16) the informativeness for

assignment can be defined as:

N K pelogapi
In = E (_P_llogjp,i + § %J
= i=1

This formula is a generalization for more than two populations. From a likelihood
perspective, it gives the expected logarithm of the likelihood ratio that n allele is assigned to one
of the populations compared with a hypothetical average population whose allele frequencies
equal the mean allele frequency across the K populations. The smaller the value the more similar
the allele frequencies are in all populations. (16) For this particular study the formula above
could more easily be defined as follows:

In=[(-pj 10g2pj)+(Pocaucasianl 092Pocaucasians+Poafricanl 092Poafrican)/2] +[ (-pj

|092pj)+(plcaucasian|Og2plcaucasians+plafrican|092p1african)/2]



Comparison of measures

These three measures were calculated for each of the 42 markers by writing Excel
functions for the two contrasts of Caucasians versus Africans and Caucasians versus Asians.
Two approaches were taken to compare these three measures of informativeness. First, within
each of the two contracts, the values of the three measures were ranked for the 42 markers (i.e. a
rank of 1 assigned to the markers with the highest value, and a rank of 42 assigned to the marker
with the lowest observed value). Correlations of these ranks were computed for delta versus Fsr,
delta versus In, and Fst versus In to examine the degree of congruence of ancestry
informativeness across the three measures for a specific contrast of ancestral populations.
Second, for each measure, rankings of the loci for the two contrasts were checked to examine if
the same set of markers can be used for both contrasts to select a smaller selection of markers for
ancestry determination.

STRUCTURE

The STRUCTURE software was used to further analyze the loci within each of the
populations to better determine the individualized ancestry of each individual sampled.
(parameters used: admixture model, length of burn_in period= 100,000, number of MCMC reps
after burn_in- 10,000) (17) In all cases of STRUCTURE analyses, 42-locus genotypes of all 733
individuals were used, grouping the individuals adjacently as being to population 0= individuals
of known ancestry (n=18), 1= Africans (n=118), 2= Asians (n=77), 3= Caucasians (n=155), and
4=Indians (n=365). First, all 42 loci were used to examine how each individual’s ancestry
compared with their stated population originally before eliminating loci. An average cluster
percentage was also obtained for individuals sampled from the four populations (Caucasians,

Africans, Asians, and Indians). Next, the comparisons were analyzed with their top 15 (for the



contrast of Caucasian versus African) or top 16 (for the contrast of Caucasian versus Asian) loci.
Each comparison had their average cluster percentages calculated per ancestry and these
numbers were then compared to the 42 loci cluster percentages to examine if the reduced set of
markers provide any improvement of ancestry inference since they include the loci with higher
degree of ancestry informativeness.

Validation with known ancestry samples

Finally, the 18 individuals who have a known pedigree based ancestry were cross
checked with the original 42 informative loci to assess if these loci can indeed pinpoint the
ancestry of an individual accurately. This was done with using the results of the same
STRUCTURE software analyses (by using the STRUCTURE percentages for the first set of 18
individuals with population designation of 0) and calculating their cluster percentages and

comparing to their known ancestries.



CHAPTER IlI

RESULTS

Allele frequencies of the markers and Allelic independence within loci (Hardy-
Weinberg Equilibrium) and between pairs of loci (Linkage Equilibrium)

Allele frequencies (obtained by the gene count method) for the 42 Alu markers in four
populations (Caucasians with n=155 individuals, Africans with n=118, Asians with n=77, and
Indians with n=365) are shown in Appendix Table Al. Of the 42 markers, the HS4.75 locus had
the Alu insertion allele (designation 1) fixed (i.e., had a frequency of 1.0) in populations
Caucasian and Asian, the Ya5NBC132 locus had the Alu insertion allele (designation 1) fixed
(i.e. had the frequency of 1) in populations Caucasians, Asian, and Indians, the YaSNBC150
locus had the Alu insertion allele (designation 1) fixed (i.e., had a frequency of 1.0) in population
Asian, the YabNBC157 locus had the Alu insertion allele (designation 1) fixed (i.e., had a
frequency of 1.0) in populations Caucasians, Asians, and Indians, the YaSNBC159 locus had the
Alu insertion allele (designation 1) fixed (i.e., had a frequency of 1.0) in population Caucasian,
the YaSNBC212 locus had the Alu insertion allele (designation 1) fixed (i.e., had a frequency of
1.0) in populations Caucasians and Asians, the Yb8NBCA450 locus had the Alu insertion allele
(designation 1) fixed (i.e., had a frequency of 1.0) in populations Asians and Indians.

List of loci with the observed p-values from the GDA software which showed deviation

from Hardy-Weinberg equilibrium (HWE) are shown in Appendix table A2. At the nominal level



of significance of 5%, the number of loci that deviated from HWE were: 1 locus in Africans, 2 in
Asians, 1 in Caucasians, and 4 in Indians but after the Bonferroni correction of adjusted level of
significance (0.05/42=0.0012) no locus was observed to deviate from HWE. Likewise, none of
the pairs of loci showing deviation from linkage equilibrium (with a nominal level of
significance of 5%), described in Appendix table A3, had p-values that are lower than 5.8x107°
(=0.05/861). In other words, overall it was concluded that deviations from HWE or that from LE
were not significant in this dataset of 42 Alu markers in the four populations examined in this
study.

Measures of Ancestry informativeness and their correlations/congruence

As these 42 markers in general exhibited statistically independent genotype distributions,
their ancestry informativeness were investigated with the three measures: delta, Fst, and In.

These three measures were calculated using all 42 markers. Each measure was then
ranked on a scale of one to forty-two (one being more informative in relation to ancestry). Table
1 shows how each marker ranked in regards to delta, Fst, and In. For ease of comparisons, the
markers are arranged in the order of their informativeness ranking with respect to delta, which
readily helps to examine if the same set of markers appear in any list of top-ranked markers by

any of the other two measure of informativeness.



Cau-Afa

Marker - = i = = = =
YabhBC1e? 094218 1 0.04683 28 036712 2
HS4.75 077113 2 020573 15 018329 A
YabhBC212 0.7 3 0.29668 13 014909 9
YabhBC241 070614 4 070358 1 044852 1
YabhBC1es  0.7028 5 027306 11 0.14499 0
YabhBC132  0.6ER52 £ 0.30602 9 012524 13
YhEMNBCE4T  0.44165 7 033386 4 018929 E
YabhBC1eD  0.44001 8 037079 3 02018 4
YabhBC45 04341 9 039453 2 02264 3
YabhBC361  0.43335 0 032413 A 014399 1
YabhBC208 043012 1 032267 E 0151 7
YhEMBC4EE  0.40136 12030817 7018077 a
TRAZS 038951 13 0.27806 o 011933 14
YolMBCRI 037526 14 0.3062 g 0133 12
YhEMBCEEE 03419 15 0.25864 12 0108 15
YhEMNBC405  0.34153 1B 022156 14 0.09208 1
YhEMNBC14E  0.31331 7 019258 19 0.08309 19
YhEMNBC485 029668 18 01947 18 0.07874 21
YabhBC3s4 027113 19 01962 17 0.08045 20
YRAMBCID  0.26271 200 01719 24 004667 25
YabhBC221 0.22069 21 014247 23 00634 23
YabhBC347  0.2202 22 01974 & 00832 18
YhEMBC1E7  0.20631 23 014481 22 008733 24
COL3a1 020225 24 01542 21 0.07533 22
YhEMNBC450 019475 25 016407 20 008756 17
YhEMBCEIE 016951 26 00577 25 002363 26
YhEMNBC473  0.15852 27 0.05179 27 002106 28
YhEMBC41S 015834 28 005219 26 002177 27
YbhENBCE 015105 25 0.04197 30 001699 an
YabhBC3T 014625 30 0.04656 29 001887 29
YhEMNBC480 014429 31 004108 A 00ES Kl
YabhBC148  0.08944 32 001772 32 000736 32
YhEMNBCETE 0.08664 33 0.01em 33 0.0071 33
Pz 0.08124 34 00236 34 000602 34
YhEMBC201 0.05954 35 00037 35 000259 i)
YabhBCS1  0.05486 36 00022 36 000218 36
YhAMBCED  0.03621 37 9.5E-05 38 000128 ]
YhEMBC1Z2E  0.03198 38 0.00151 37 000203 i
YabhBC345 0.02594 35 -0.003 39 00005 9
YhEMBCIOE  0.01238 40 -0.0039 40 0.0001 40
BEA 0.00767 41 -0.0045 42 4 32E-05 141
YhEMBCE3E  0.00196 42 -0.0043 41 2 87E-06 42

Table 1a: Caucasian versus African comparison - rank of 1 being the most informative marker
and rank of 42 being the least informative marker. The Top ranking markers for this population

comparison are the top 15 markers.
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Cau- 33

Marker - = -1 = = = =
TahMBC1eS 099324 1 0.00209 N 047413 1
ThEWBC4a0 09913 2 000128 34 046828 2
TabMBCTe0 09537 3 003354 21 038638 3
Paz 061921 4 054576 1 0.20088 4
ThENBC419 (045882 5 (035078 2 01987 g
ThENBC420 0.37934 B 030282 3 DIETMT a]
TabhBCET 035995 702438 4 0714718 7
ThBNBCRTE  0.33606 2 020085 7008343 3
I ThENBCTeY 033377 9 020167 6 00832 0
TahMBC345  0.21341 0 02045 5 009575 g
ThEWBC425 030505 1 016775 g 00715 il
TbEMECH 02773 12 013564 3 0.05653 12
TabMBC3e4 027178 13 013324 10 0.05236 13
TabMBC241 022785 14 010265 13 0.04023 &
TabMBEC14E 022085 15 010826 1 0.047184 14
ThEWBCRAT 020253 16 010444 12 0.04058 15
YEEMBCIOE 019013 17 [0.06EES 15 002793 18
YRINBCEN 01868 18 007493 14 002918 17
TRAZR 018535 19 0.06714 16 002454 13
YEEMBCRIE 016671 20 005656 17 00229 20
YahtBC347 015762 21 005153 18 002052 21
YahMBC208 (013292 22 004815 19 001898 22
BER 012685 23 002626 22 00764 24
YEEMBCREE 011806 24 002215 28 001051 27
TYEEMBCATY 011058 25 002448 24 0.01067 25
YahMBC351T  0.03514 26 0.07183 28 0.00ERS a0
YEEWBC4RE  0.08159 27 002445 23 0.01059 26
YaaMBC3T 00785 28 001462 27 000764 29
YhEWBC201 007287 29 000564 a0 000387 a2
TaaMBC221  0.06919 a0 002176 26 0.00945 28
CoL3aal 00634 N 00358 20 001415 23
TYEOMECID 006289 32 000301 32 000308 a3
YEEWBCE3IE  0.08031 33 000153 33 0.0027 34
ThEMBCT25  0.04547 3400724 29 000648 el
TYEEMECT4S 003989 35 -0.0002 39 0.0087 35
YhEMBC405  0.02162 36 -0.0045 41 0.00034 7
TaoMBC4s  0.00931 a7 -0.0043 40 0.0015 36
YolMBCE3 | 000779 a8 -0.008 42 4.38E-05 a8
HS4.75 1] | 1] 5 1] 29
v abMBCT32 1] 40 1] a3k 1] 40
TahhBECTaY 1] 41 1] i 1] 41
TahhBCZ212 1] 42 ] a8 ] 42/

Table 1b: Caucasian versus Asian comparison - rank of 1 being the most informative marker and
rank of 42 being the least informative marker. The top ranking markers for this population

comparison are the top 16 markers.

The rankings from Table 1 were then used to compute their correlations between the

three measures of AIMS to examine how closely correlated the three measures were to one
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another. A correlation closer to one showing high correlation which for this study would mean
the three measures for a particular marker have similar rankings. This also can make choosing
the top markers more easily.

The Caucasian versus African comparison showed high correlations across the three
measures while the Caucasian versus Asian comparison showed similar correlation for delta- Fst

but the delta-I, being much lower than anticipated.

Cau/Afa
delta Fst In
delta
Fst 0.974
In 0.848 | 0.9238

Table 2a: Caucasian versus African comparison- Correlation calculations of the three measures

of informativeness. Rankings by Delta and Fst showing the highest correlation of 0.974.

Cau/Asa
delta Fst In
delta
Fst 0.934
In 0.61| 0.789

Table 2b: Caucasian versus Asian comparison- correlation calculations of the three measures of

informativeness. Rankings of Delta and Fst showing the highest correlation of 0.934.

Though the trend of correlations between three measures of informativeness is the same
for both populations contrasts (namely, correlation between delta and Fsr is the largest, and that
between delta and I, the poorest), all three measures are more strongly correlated for the
Caucasians versus Africans as opposed to Caucasians versus Asians. In others words, these three
measures are likely to give better resolution of African versus Caucasian ancestry as compared to

Caucasian versus Asian ancestry. This is also reflected in the observation that the top-ranked Alu

12



markers are not necessarily the same for these two population contracts. For example, among the
15 top ranked markers for the Caucasians versus Africans contrast, only four appear in the list of
16 top ranked markers of the Caucasians versus Asians contrast.

Distributions of the three measures of marker informativeness for both comparisons
(Caucasians versus Africans and Caucasians versus Asians) can be seen in Figure 1 (six panels).
First, note that although the markers in each panel (Y-axis) are arranged from top ranked (at the
bottom) to bottom ranked (at the top), the order of the markers are different in each panel (as
reflected in tables 1a and 1b). Nonetheless, all six distributions show that the majority of the
markers have informativeness values lower than 0.5. In contrast, markers having a strong relation
to ancestry should have a value closer to one. In other words, this panel of 42 Alu markers is not
particularly a rich set of informative markers for either Caucasians versus Africans or Caucasians
versus Asians ancestry discrimination.

To better detail this point Table 3 shows the mean, standard deviation, minimum value,
and maximum value for the three measures of informativeness using all forty-two markers and
the same descriptive statistics for the 15 or 16 top-ranked markers for the same two population
contrasts (Caucasians versus Africans and Caucasians versus Asians). Several observations from
these calculations are worthy to note in relation to the utility of these markers for ancestry
investigations. First, for the 42 markers in aggregate, the mean informativeness of the measures
for both populations’ contrasts is at best 0.2264 (delta for Caucasians versus Africans contrast).
The maximum also does not exceed 0.7086 (for Fst in Caucasians versus Africans contrast). In
other words, as a panel for ancestry informativeness, they are far from being ideal for either
Caucasians versus Africans or Caucasians versus Asians contrasts. Selection of top ranked

markers (15 top ranked or 16 top ranked) does not improve the effectiveness much. Though the

13



means are substantially raised by elevating their minimum values, the improvement may not be
effective since the reduction of standard deviation is not substantial. Further, as a panel of
ancestry informative markers, these markers are likely to be less effective for Caucasian versus

Asian ancestry as compared to Caucasian versus African ancestry.
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Figure 1: (left) Caucasian to African comparison- bar graph showing the delta values (top), Fst
values (middle) and I, values (bottom). Good ancestry information for all of these measures
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African comparison.

15

01 02 02 04 05 06 07 08 05

=
=]
et
=]
=]
=]
48]
=]
i
©
%]
=]
(=]
(=]
]
=]
ca
=]
o
=t

1

1



Caucasians vs. Africans Caucasians vs. Asians

delta Fsr I delta Fst I
All 42 markers
mean 0.2264 0.1607 0.0884 ] 0-1521 0.0807 0.068
s.d. 0.1565 0.1516 0.0963 0.1441 0.1141 0.119
minimum | 0.0020 -0.0045 2.86E-06 0 -0.006 0
maximum | 0.7061 0.7086 0.4485 0.619 0.5462 0.474
Top ranked* panel of markers
Mean 0.3864 0.3095 0.1533 0.305 0.188 0.865
s.d 0.1149 0.1339 0.0922 0.1118 0.1229 0.0692
minimum 0.1443 0.0411 0.0165 0.1853 0.0611 0.0249
maximum | 0.7061 0.7086 0.4485 0.6192 0.5462 0.3009|

Table 3: Calculations of mean, standard deviation, minimum, and maximum of the three

measures of informativeness using all forty-two markers for both comparisons of Caucasian to

African and Caucasian to Asian along with the top ranked panel of markers for each contrast.

Effectiveness of Ancestry Determination of the 42 Alu markers

Finally, for an explicit evaluation of effectiveness of ancestry determination by these

markers, the STRUCTURE software was used to create Figure 2 which shows all 733

individuals arranged in adjacent order of their designated population (Group 0= individuals with

known ancestry, 1=Africans, 2=Asians, 3= Caucasians, and 4=Indians). Each vertical line in this
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figure represents an individual’s ancestral make-up. For example, an individual with two colors
in a vertical line would represent having been derived from two ancestral populations (under the
admixture model of STRUCTURE), or can be assigned to ancestry in one of the two populations
(with probability corresponding to the length of the two colors). Though the number of presumed
populations, K, was chosen for these results, initially the colors (green, yellow, blue, and red)
were not necessarily assigned to any of the known populations. Nonetheless, some observations
are instructive as far as the effectiveness of these 42 Alu markers for ancestry determination. For
example, the individuals in group 1 (which are sampled as Africans) are predominantly of green
color, with some indication of red color for several individuals within this group. To a lesser
degree, individuals in this group also occasionally showed blue or yellow colors. This situation is
considerably more complex for the other colors. For example, while yellow is prominent for
individuals sampled as Asians (group 2), influences of red color is also seen in a substantial
number of them. The color blue is again predominant for group 3 (Caucasians) individuals,
though several of them also have yellow and red color influences. The individuals of the fourth
group (Indians) are most mosaic in structure with considerable mixing of red and yellow and
occasionally blue. Taken together, except for green versus the other colors, these 42 markers do
not appear to be of great confidence in their use for distinction of the four populations examined

in this study.
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Figure 2: STRUCTURE bar graph of all 733 individuals with K=4 assumed, grouped into their
designated population (0= known ancestry, 1= African, 2=Asian, 3= Caucasian, 4= Indian). Each

color represents a population and every line represents an individual.
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These observations were quantitatively assessed by using other components of the
STRUCTURE software outputs. This software also calculated the cluster assignment proportions
for the four populations for each individual of the study. Table 4 presents average values of these
cluster assignments within the four groups of the present study. In other words, for the 733
individuals studied, the entries of Table 4 reflect the estimates of their assignments in the four
presumed populations (K=4) of the STRUCTURE software. Based on these numbers each
cluster (green, yellow, blue, and red) can be assigned a population. For instance, cluster two
(green) had the highest (0.905) average in individuals of population one (Africans) and hence so
cluster two (green) may be inferred as the African cluster. With the same logic, upon doing this
with the other clusters and populations it can be said that cluster three (blue) is the Caucasian

cluster and cluster one and four (yellow and red) together represent the Asians and Indian

clusters.
Inferred Clusters
1 2 3 4

Given pop (Asian/India) (Africa) (Caucasian) (Indian/Asian) n

0 (with known pedigree) 0.171 0.122 0.587 0.121 18
1 (Africans) 0.038 0.905 0.027 0.03 155

2 (Asians) 0.196 0.009 0.068 0.727 77
3 (Caucasians 0.106 0.019 0.741 0.134 118
4 (Indians) 0.431 0.019 0.193 0.357 365

Table 4: Average cluster assignment for K=4 using all 42 markers.

Upon choosing the top-ranked markers (15- or 16- ) the cluster assignment performance
in general decreased in contrast to the expectation of an overall increase. This overall decrease is

most likely due to the fact of choosing the top makers did not actually increase the empirical
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values of the measures drastically and by decreasing the numbers of markers the cumulative
informativeness of the multilocus genotypes decreased.

Validation by replication study of clustering assignment with the use of persons of
known ancestry

The reliability of inferred cluster assignments by using these 42 Alu markers could
finally be tested by considering the cluster assignment probabilities of each of the 18 individuals
with known pedigree information from the same run of the STRUCTURE software. Table 5
presents the results of the cluster assignment estimates for these known samples. The most likely
cluster assignment of individuals is denoted in bold in entries of this table. Though the degree of
confidence is not ideal, in general, the results of this validation study is promising. Of the 11
individuals of known European ancestry (including the Greek subject), 8 could be assigned to
European cluster with probabilities exceeding 0.75. The most likely assignment of the three
African- Americans were also in either European or African cluster. Grossly inaccurate

clustering assignment was found in one (SUBO001) of the 18 individuals of this validation study.
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Estimated chance of Cluster assignment in
Known Persons
Population 1 2 3 4
ID ancestry (Asian/Indian | (African) | (Caucasian) | (Indian/Asian)

SUBO001 European 0.019 0.003 0.12 0.857
SUB002 European 0.036 0.091 0.789 0.085
SUB003 European 0.098 0.017 0.82 0.066
SUB004 European 0.016 0.006 0.958 0.019

African-
SUB005 American 0.066 0.702 0.18 0.053

African-
SUB006 American 0.071 0.427 0.4358 0.044
SUB00O7 European 0.06 0.013 0.908 0.018
SUBO00S8 European 0.097 0.003 0.892 0.008
SUBO009 Jamaican 0.101 0.126 0.516 0.257
SUBO010 Greek 0.01 0.005 0.979 0.006
SUBO11 European 0.047 0.009 0.507 0.437
SUBO012 European 0.409 0.021 0.544 0.026
SUBO013 European 0.008 0.004 0.983 0.005
SUBO014 European 0.018 0.048 0.927 0.006
SUBO015 Venezuelan 0.61 0.008 0.322 0.059

African-
SUBO016 American 0.114 0.665 0.164 0.057
SUBO017 Indian 0.705 0.043 0.151 0.101
SUBO0O18 Chinese 0.586 0.005 0.34 0.07

Table 5: Cluster assignment of known individuals. Entries with the highest values within each

row are denoted in bold, indicating the most likely cluster assignment.

In summation, therefore, the prospect of ancestry determination by these 42 Alu markers

appears quite promising. It should be noted that the cluster assignment of these 18 individuals

shown in Table 5 were in general congruent (15 out of 18) with those reported by Ray et al (1)

who used a total of 100 Alu markers from which the 42 markers were used in this study.
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CHAPTER IV

DISCUSSION/CONCLUSIONS

Estimating an individual’s ancestry for the use in forensic cases could be a powerful tool
for law enforcement. However, the ability to use ancestry in these types of cases relies on the
ability of finding ideally ancestry informative markers. As discussed earlier in the introduction
section, there are many genetic markers that researchers are examining in hopes of being able to
infer ancestry and this research started with the presumption that Alu markers were believed to
be the most promising of all of these markers.

Several measures have been suggested for ancestral informativeness of markers which
would hopefully allow selection of a panel of such markers. The decision to choose a given
measure to be used should depend on the efficiency of each measure to select the most ancestry
informative marker. Currently, there is no consensus as to which of these measures should be
used to select a marker for ancestry informativeness. Generally though, selecting a marker with
large allele frequency differences between the ancestral populations should give a good
indication of a marker that will be useful for an ancestry study.

In this study, three different analytical tools were used to evaluate the Alu markers to find
the top markers for Caucasians versus Africans and Caucasians versus Asians contrasts of
ancestry distinctions. Each of the three measures (delta, Fst, and 1n) showed relatively low

empirical values, compared to the ideal value of 1.0 which would infer perfect information in
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relation to ancestry. Due to these low numbers for all forty-two markers this already shows that
the markers will not be as useful as originally anticipated. Selection of top-ranked markers did
not help in increasing the efficiency of ancestry inference. Upon taking the top 15 markers for
Caucasians versus Africans and the top 16 markers for Caucasians versus Asians contrasts, the
values of the three measures did increase somewhat, but the means were still below 0.5, with
wide variation (i.e. large enough standard deviation). This result shows that the original forty-
two markers for this study are overall not as informative with regard to ancestry as a panel of
markers should be. Given that the correlations between the informative measures were relatively
high, with the exception of a relatively low correlation between delta and I, the Caucasians
versus Asians contrast had good concordance between the three measures in relation to ancestry
informativeness.

Even though the majority of the markers did not exhibit values above 0.5 across all three
measures, a few markers surpass 0.5 and may be more useful for ancestry estimation. These
markers include: YabNBC241 (delta= 0.706, Fst= 0.7086, I,= 0.4485) and PV92 (delta=
0.619208, Fst= 0.5462, I,= 0.301). Even these markers that have higher values for delta and Fst
still fall slightly short for the I, measure but could still be useful for further study.

While the top markers for both population comparisons did not prove to be more
informative than the original 42 markers this does not mean these markers are not useful. The
lack of improvement by selection of the top-ranked markers (in comparison to the initial 42
markers) is mainly due to a lower degree of informativeness of 15- (or 16-) locus genotypes in
comparison to 42-locus genotypes. Upon analyzing the eighteen known ancestry individuals

using all 42 markers only one individual was grossly categorized incorrectly and two were
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questionable which gives a total of thirteen individuals who were put into the correct population
cluster. This is an accuracy of 72.2%.

Some limitations of this study should be noted for any generalization of the results
presented here. First, the choice of the study samples is not clearly ideal for ancestry
determinations of individuals of continental USA. The Caucasian verses Asian contrast
considered here is not a perfect surrogate of distinctions of Caucasian and Native American
ancestry.

The Alu markers used for this study were not the most informative in relation to ancestry
but Alu markers as a whole show true potential in the future for correctly categorizing an
individual into the correct ancestral population. This can be deduced based on the 72.2%
accuracy of the known individuals. If further Alu markers can be found that show higher values
(closer to one) in the absolute allele frequency difference (delta), F statistics (Fst), and the
Informativeness for assignment measure (In) then the accuracy of ancestry testing will increase

and can be made part of the DNA analysis testing for forensic cases.

23



APPENDIX

24



Allals Fragoencias

115 05601

FEE 115 nnzsEal
EE 113 1
o 115 [REATE
T 118 0SEN0
i o 115 1
115 [AEEIE:

i ) 115 0aTITH
115 1

i - 115 1
115 0B

i ) 115 1
118 0831034

i 115 0.7HALE
115 IR0

i 115 156087
115 R el

i 115 WEHTFT
115 0360163

i 115 0eEs]
115 0505475

FEREEE 115 04TIALE
. 115 005547
FEEETE 115 0EEMES
. ) 115 0715
PR 115 041378
- 115 nARIT
FEECEE 118 [PESE:
~ 113 089130
R 115 0805257
115 0761361

FERECE 115 0.426506
- 115 G
PR 115 034205
) 118 nEsLL

T 113 0458353
. 115 0300626
PR 115 0S5
118 0534505

FEEEE 115 0396226
_ 115 02r7E7
B 115 [EraerE:

Fragoancy

155 0567857
155 0227301
155

155 0:31338
155 0103103
155 0665517
135 0255591
155 051338
155 0042177
155 0701707
155 0413014
155 o7l
155 0710345
155 0025362
133 0636364
155 0.5B5306
155 0072414
155 0210854
155 0.083041
155 0548051
155 0563333
155 0861555
155 0.11745
155 0517123
155 0031973
155 0473333
155 0703706
155 0302857
155 0725552
155 0505397
155 060274
155 0281313
135 0145276
155 0883151
155 0411585
155 0116438
135 0214236
155 0514566
155 0508552
155 0643036
133 0263333
155 0.0TIE

0433333
10082041
1
0.851351
035728

0093243
0716216
1
0861342
0506867
0861111
0.8E0282
0394505
0933877
0631544
0.092857
(0868421
0. 2E3TH4
0
0780541
10391362
0486667
0430556
0693333
1
0826667
0630685
0. 0#6567
073

062
0650685
0340078
0636536
0412162
0533784
0333333
0414474
0518737

63

65
365
365
6T
365
363
365
6T
363
365
65
367
363
365
365
367
365
63
65
367
363
63
365
363
365
63
365
363
365
s
365
363
365

043561

Q.063TI2

0.893004

DL4ATET
0503714

1

0230044

QLO6E056

1

0080026
[ el ]
Q.O4ER05
0040078

0.3

712

043478
Q603842
0.5BEIZS
QEITHE
0TI
0.0B3146
(L6BEIRT
0405081
00742
QLEE2ES
0617308
0434382
0271388
0412420

1

0750809
0762231
0L1B0G5E
QSRESS
0351389
D507

0281357
052306
Q0341618

0291176

M2

Table Al: Allele frequencies of 42 markers for four populations
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Locus African Asian Caucasian Indian
Ya5NBC351 0.0442
PV92 0.0475
YbONBC50 0.0343
YaSNBC45 0.0263
COL3A 0.0014
TPA25 0.0344
Yb8NBC405 0.0052
Yb8NBC547 0.0372

Note: None of these loci showed deviation from HWE at the p-value of 0.0012 after Bonferroni
adjustment.

Table A2: Deviations from Hardy-Weinberg Equilibrium at the 5% level of significance.

26



Population No. of pairs of loci deviating from LE p-value
(with p < 0.03) in 861 LE tests in each population | Minimum | Maximum
African 119 =103 0.0499
Asian 64 =103 0.0486
Caucasian 37 < 1073 0.0467
Indian 99 < 103 0.0482

significance.

Table A3: Summary Results of Deviations from Linkage Equilibrium at the 5% level of

e Of the 119 deviations from linkage equilibrium in the African population 18

consist of the YabNBC351 loci also significantly (with p, 0.05) deviated from

HWE.

e Similar comparisons were also seen between deviations from HWE and LE in the

other populations: Asians- 18 with PVV92, 24 with YbONBC50; Caucasians-17

with YaS5NBC45; Indians-41 with COL3A, 11 with TPA25, 21 with

Yb8NBC405, 9 with Yb8NBC547

e None of these pairwise tests of LE showed below 5.8x107 after Bonferroni

adjustment.
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