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Abstract

Insertions-Deletions (INDELs) are a type of polymorphism where small sequences of DNA have
been inserted or deleted in relation to a known consensus reference sequence. The differences
between the alleles are based on amplicon size, rather than detecting a nucleotide substitution as
used for Single Nucleotide Polymorphism (SNP) typing. These size differences can be easily
resolved using capillary electrophoresis (CE) with traditional chemistries for assaying fragment
length. Thus, no new instrumentation is required for INDEL analyses in standard forensic
laboratories. Analytically, INDELs perform similar to that of STRs and can be multiplexed together
to achieve a high power of discrimination, as well as be multiplexed with STRs to facilitate
analyses of challenged samples. The amplicon sizes of INDELs can be designed to be short,
which are comparable to those of SNPs and are optimal for highly degraded samples.
Furthermore, unlike STRs, INDELs do not yield stutter peaks due to slippage during PCR. Thus,
interpretation complexity of SNPs can be reduced compare with STRs, especially for Low Copy
Number DNA profiles. The mutation rates of INDELs are about 10 times lower than those of the
SNPs, which make INDELs desirable for DNA-based kinship analysis.

Development of INDEL panels will provide the forensic community, especially practitioners, new
tools to enhance their abilities in analyzing low quantity or highly degraded samples with current
standard technology. No new instrumentation is needed to implement these new assays in a
standard forensic DNA laboratory. Higher success rates of genotyping can be obtained because of
relatively small amplicon sizes and allele length differences based on allele detection. Less
complicated interpretation protocols will be needed, since there is no stutter with INDELs. The final
product eventually provides an alternative approach for cases with low copy number DNA
evidence. In addition, the ancestry identification assay can be used in generating investigative
leads and helping solve more cases.

In the following report the verification for the validity of our markers selected in our preliminary
data are a robust method for individual identification, and we work with corporate partners to
develop a retrotransposable element based strategy for genotyping individuals for HID purposes.
We demonstrate how thes marker systems excel at genotyping both degraded and low quantity
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DNA and surpass standard STR marker based systems with these type of specialized samples.
We explore the use of massively paraleel sequencing to provide additional discriminatory power to
INDEL systems and provide a mechanism to determine if there is a mixture present and potentially
how to resolve a mixture typed with INDELSs.

Additionally we describe the development of a two separate optimized INDEL genotyping panels
with different purposes one Is suited for Human Identification (HID) purposes, and the other is for
determining the biogeographic ancestry of an individual, or an ancestral informative marker (AIM).
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Executive Summary

Introduction

STATEMENT OF THE PROBLEM

Currently forensic genotyping relies on a type of genetic polymorphism referred to a s a
short tandem repeat or STR. STR’s can reliable type DNA samples with an astronomically
high power of discrimination if provided with a small quantity of high quality DNA. STR’s
don’t perform well with degraded DNA, and the standard approach with highly degraded
DNA (environmental DNA, hair shafts, etc...). Additionally the shearing forces
encountered during an explosion can mechanically degrade the DNA hindering efforts to
associate biological material deposited by a potential bomb maker on an IED with the
individual that deposited it,

Current Approaches to Problems

Standard approaches to Typing degraded DNA rely on technologies that are expensive,
necessitate instrumentation that is not widely available to the forensic community at large,
have greatly reduced discriminatory power, or all three combined. An approach that is
routinely used is mitochondrial DNA typing. Mitochondrial DNA typing works for this type
of sample because there are many 100 to 100’s of copies of the mitochondrial Genome
present in each cell, and it is relatively resistant to degradation. However Mitochondrial
Genomes are small in physical size and have low discriminatory power as a result.
Additionally, mitochondrial genotyping is very expensive and routinely is only done by a
handful of practicing labs in the United States. Massively Paralell Sequencing of Single
Nucleotide Polymorphisms (SNP)could be done in such a way to solve this issue, but it is
still cost prohibitive for most laboratories to implement.

Current forensic DNA laboratory workflow is based on the separation of amplified
fluorescently labeled DNA fragments by capillary electrophoresis. Substituting one set of
primers for another and separating based on fragment length is both cost effective and
requires little additional training on the part of existing laboratory staff. One method of
doing this is to design primers around small insertions or deletions (INDEL) in the genome
with the idea that the primers would be designed to set just outside of the INDEL.
Depending on the distribution of the insertion or deletion alleles in populations, an INDLE
allele could be selected to tell an individual from another regardless of population affinity,
or whether or not an individual was from a certain ancestral population. The latter
application could be quite valuable in cases where suspects don’t exist, and the
investigators are in search of “leads” as to the identity of potential suspects.
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PURPOSE

The purpose of this project is to demonstate the utilility of INDEL and other similar bi-
allelic markers that may be separated based on size. The following AIMS were proposed
to help serve as guidelines to achieve these goals:

1. Select two panels of INDEL markers for human identification and ancestry
identification, respectively, from the 1000 Genomes Project data with certain
criteria one panel for HID and the other for AIM purposes

2. Design primers for the developed panels in Aim 1, including redesigning the
primers for long INDELs to meet forensic needs and arranging the markers into 4
dye channel systems;

3. Develop multiplex assays based on the outcomes from Aim 1 & 2 and validate the
assays following SWGDAM validation guidelines.

To date, Aims 1 and 2 are complete,and Aim 3 is only awaiting a release of the final
project funds to complete the project as proposed.

Additionally a criticism arose during the project that INDELs are poor with mixture sample.
As a bi-allelic marker (like SNPs), this is true, because they lack a true highly polymorphic
nature like STR markers. To address this issue we utilized MPS to sequene the flanking
region around our HID INDEL panel to identify additional polymorphisms that could be
utilized to increase discriminatory power and to help resolve potential mixtures

We also genotyped multiple types of degraded samples to demonstrate that INDELs

perform better with highly degraded DNA samples (Enbalmed remains, ancient DNA,
rootless hairshafts, and explosive fragments).

RESEARCH DESIGN

Research design and methods

The ultimate goal of this study is to develop and validate two INDEL panels for human
identification and ancestry identification, respectively. Three step-by-step aims are
proposed to accomplish the goal as illustrated in Fig. 2.
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Phase I: INDEL selection from 1000 Genomes Project data
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Figure 2. Schema chart of the research design.

The first aim is to select two panels of INDEL markers for human identification
and ancestry identification, respectively, from the 1000 Genomes Project data. In
the three pilot projects of the 1000 Genomes Projects, the low-coverage sequencing
project meets the requirements for forensic markers development, because it covered the
whole genome (including non-coding regions), and sequenced major populations with
relatively large numbers of unrelated individuals. 500 samples were sequenced for each
of the five major populations (i.e., African, Caucasian, East Asian, South Asian, and
Native American). There are more than 1 million short INDELs and about 20,000 structure
variants available for marker selection. Two panels of INDELs, for either human
identification or ancestry identification, will be selected based on markers residing on the
22 autosomal chromosomes. Each panel will contain about 40 markers. Instead of
selecting any INDEL at X or Y chromosomes, Amelogenin will be included for sex
determination. Mitochondrial DNA will be ignored because of its relatively high mutation
rate and heteroplasmy. The selection criteria of markers for human identification in the
specified order are as follows:

1) The minimum allele size difference is at least 4, so that potential anomalies (e.g.,
+A issue during PCR) can be eliminated and the alleles are relatively easy to be
differentiated by CE.

2) The Minimum Allele Frequency (MAF) is at least 0.3 for all three major populations
(average heterozygosity = 0.42 and match probability < 0.4246).

3) Population substructure measure (Fst) should be < 0.06, which is a common
threshold in SNP panel development for human identification.
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4) No significant deviation from HWE should be detected beyond expectations
observed by chance.

5) The marker is located in non-coding regions. The software “Variation Pattern
Finder” provided by 1000 Genomes Project can be used to search associated
coding regions [48]. dbSNP [31] at NCBI also provides the same function.

6) The sequences of the markers and their flanking regions will be obtained from the
1000 Genomes Projects by “BAMtools” [49]. These sequences will then be
searched against NCBI to remove potential cross-reactivity with other species.

7) The distance between the markers on the same chromosome should be at least 50
Mb to avoid genetic linkage (but may be relaxed depending on specifications). LD
tests will be performed to exclude markers with significant LD with other markers.
Greedy algorithm will be used in this selection, in which the markers associated
with the most LD pairs will be excluded first. But these excluded markers will be
kept as suboptimal markers for multiplex assay refinement.

For the ancestry identification panel, the step in marker selection of human
identification panel is still required, but the steps 2 and 4 are not necessary, because
ancestry identification requires large differences of allele frequencies among populations
and substructure within the major populations does not affect the accuracy of ancestry
identification; indeed it can be indicative of candidate bioancestry markers. The step 3 in
the human identification INDEL selection criteria will be modified. Only markers with high
Fst (e.g., = 0.2) will be selected. Steps 5 and 6 are still required. In step 7, because
kinship analysis does not apply to the ancestry identification panel, the marker distance
threshold can be reduced to 1 Mb, since markers with more than 1 Mb are generally not in
LD at the population level [50, 51]. LD tests and succeeding marker selection are still
necessary.

With ~40 INDELs meeting the selection criteria, the cumulative match probability can
reach at least 1.3x10™"°, similar to that of 13 CODIS core STRs for human identity testing.
The target accuracy of ancestry identification is >99%. Suboptimal markers (i.e., the
markers excluded due to significant LD) will also be considered as backup selections for
future panel refinement.

FINDINGS

We were able to verify the validity of our markers selected in our preliminary data are a
robust method for individual identification, and we work with corporate partners to develop
a retrotransposable element based strategy for genotyping individuals for HID purposes.
We demonstrate how thes marker systems excel at genotyping both degraded and low
quantity DNA and surpass standard STR marker based systems with these type of
specialized samples. We explore the use of massively paraleel sequencing to provide
additional discriminatory power to INDEL systems and provide a mechanism to determine
if there is a mixture present and potentially how to resolve a mixture typed with INDELs.

Additionally we describe the development of a two separate optimized INDEL genotyping
panels with different purposes one Is suited for Human Identification (HID) purposes, and
the other is for determining the biogeographic ancestry of an individual, or an ancestral
informative marker (AIM).
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CONCLUSIONS

We were able to demonstrate the utility of INDEL and INNUL based markers for a variety
of use as cost effective and reliable adjunct markers to standard STR genotyping. The
INDEL panels we have developed are optimized for low quantities of of low quality DNA,
and our primers and protocols are freely available to practicoioners in the field. These
systems are ideal for poor quality exhumed remains, fragments from explosive devices,
and with some refinement of extraction protocols, they have shown promise for
genotyping rootless hair shafts.
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FINAL TECHNICAL REPORT

Introduction

Statement of the problem

The primary genetic markers for current human identification and forensic investigations are the
Short Tandem Repeat (STR) loci. These markers are highly polymorphic and are amenable to
semi-automated analyses. One area that could be improved upon however is the typing of
degraded samples. Degraded DNA samples, which can be caused by environmental exposure,
as a natural process of necrosis, or through exposure to mechanical shearing forces (such as in
explosions associated with disasters) tend to fragment DNA into pieces of approximately 200
base pairs [1-3]. Single Nucleotide Polymorphisms (SNPs) have been suggested as adjunct
tools to STRs for this particular niche, owing to their abundance in the human genome, utility for
genotyping degraded DNA samples with their relatively short amplicon sizes, low mutation rate,
and potential to be analyzed in an automated fashion [4-8]. However, SNP-based detection
systems typically require that the chemistry and instrumentation reliably detect a single base
substitution. To date, complex analytical approaches have been sought which are unwieldy and
often not quantitative [9-14]. Another type of bi-allelic marker is Insertions-Deletions (INDELSs),
which can provide an alternative system for forensic purposes.

The polymorphism of INDELSs, which is based on the presence or absence of an insertion or
deletion, can be exploited more readily with a simplified analytical process [8, 14-16]. The
difference between the alleles is based on size rather than detecting a nucleotide substitution
and these differences can be resolved using capillary electrophoresis (CE). Thus, the
instrumentation for INDEL analyses is commonly found in forensic laboratories. Essentially,
INDELSs perform analytically similar to that of STRs and in theory can be multiplexed together to
achieve a high power of discrimination as well as be multiplexed with STRs to facilitate analyses
of challenged samples. The amplicon sizes of INDELs are usually short (<200 bp), which are
comparable to those of SNPs and are optimal for highly degraded samples which typically.
Furthermore, unlike STRs, INDELs do not yield stutter peaks due to slippage during PCR. Thus,
interpretation complexity of SNPs can be reduced when compared with STRs, especially for
degraded Low Copy Number DNA profiles.

Many INDELs have been found in the human genome and are contained within databases.
Weber et al. [19] identified about 2,000 human diallelic short INDELs by comparing overlapping
genomic or cDNA sequences and tested them with African, Japanese, European, and Native
American samples. An INDEL database was initiated with Weber et al.’s study, the Marshfield
Diallelic Insertion/Deletion Polymorphisms database, based on INDEL panels developed for
human and ancestry identifications. In 2006, Mills et al. [30] built an initial map of human INDEL
variation. This map contains 415,436 INDELs ranging from 1 bp to 9989 bp in length. These
INDELSs have been uploaded to dbSNP [28]. Both databases are publicly accessible.

Pereira et al. [14] in 2009 described the first INDEL multiplex assay for human identification.
This assay contains 38 autosomal INDELs and was selected from ~4,000 markers which have
been confirmed to be present in major populations (i.e., African, Caucasian, and Asian) in the
Marshfield INDEL database. The selection criteria included: non-coding region markers,
Minimum Allele Frequency = 0.25 in major populations, average heterozygosity =2 0.4, and allele
length differences around 2-5bp. Markers with known polymorphisms or mononucleotide repeats
(=7 bp) in their flanking sequences were excluded. Primers were designed using Primer3 [32].
The amplicon sizes were designed to be less than 160 bp. Optimum Ty was set at 60° C with a
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minimum of 58° C and optimum GC content was set at 50% with a minimum of 45%. Non-
specific hybridization was checked with BLAST at NCBI [33]. AutoDimer [34] was used to check
for hairpin and primer—dimer secondary structures. To avoid linkage disequilibrium, the markers
residing a short distance from each other on the same chromosome were excluded, so for single
source profile comparisons these markers can be treated independently. However, the
distances between several pairs of markers on the same chromosome were less than 50 Mb
apart. For example, the distance between rs3080855 and rs34511541 on chromosome 18 is
only about 13 Mb. This distance suggests that these markers can be genetically linked and
independence between these markers may not be assumed. Thus, kinship analysis with this 38
INDEL panel needs more complicated interpretation, either incorporating recombination
fractions between linked markers or removing the less informative marker of two linked markers
from kinship analysis [35].

More recently, LaRue et al (manuscript in review) has looked at the distribution of 114 INDELSs in
3 major North American populations. Of the 114 INDELs a primary panel of 38 candidate
markers was selected that met the criteria of 1) a minimum allele frequency of greater than 0.20
across the populations studied; 2) general concordance with Hardy-Weinberg equilibrium (HWE)
expectations; 3) relatively low FST based on the major populations; 4) physical distance
between markers greater than 40 Mbp; and 5) a lack of linkage disequilibria between syntenic
markers. Additionally, another 11 supplemental markers were selected for an expanded panel
of 49 markers which met the above criteria, with the exception that they are separated at least
by 20 Mbp. The resulting panels had Random Match Probabilities that were at least 10-16 and
10-19, respectively, and combined FST values of approximately 0.02. Given these findings,
these INDELs should be useful for HID.

An INDEL kit for human identification is commercially available, Investigator DIPplex® Kkit,
(Qiagen) [33]. It is a multiplex five-dye single-tube reaction assay for 30 bi-allelic INDEL markers
and Amelogenin. This kit has been validated and population studies were also performed with
four populations (African American, Asian, Caucasian, and Hispanic) [37]. Other validations or
population studies were reported by Alvarez et al. [38] with the same four populations as LaRue
et al. [37], Neuvonen et al. [39] with the Finnish and Somali populations, and Friis et al. [40] with
the Danish population. According to LaRue et al. [37], this assay was able to type DNA from a
number of forensically-relevant sample types and obtain full profiles with 62 pg of template DNA
and partial profiles with as little as 16 pg of template DNA. The assay is reproducible, precise,
and non-overlapping alleles from minor contributors were detectable in mixture analysis ranging
from 6:1 to 19:1 mixtures. There were no significant departures from Hardy—Weinberg
Equilibrium (HWE) or significant Linkage Disequilibrium (LD) between the markers (after
correction for sampling). However, these markers were initially selected based on the Caucasian
population. MAFs were at least 0.36 for Caucasian at all markers, but were lower than 0.2 for
African American or Asian populations at several loci. “Off-ladder” and peak height microvariant
alleles were observed at multiple loci in the population study, suggesting that these particular
indel markers may not be optimal as forensic markers for all populations. In addition, the
minimum distance between two of the markers was only 1.7 Mb (rs1636 and rs6481 at
chromosome 22). Similar to the panel in Pereira et al. [14], independence between markers
cannot be assumed in kinship analysis because of close genetic linkage [35]. Li et al. [16] also
developed a 29-INDEL panel with MAF = 0.2 for East Asian population based on dbSNP [31].
However, similar to [14] and [36], several pairs of markers were physically close (~3M bp) on the
same chromosome.
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Since the allele frequencies of many INDELs vary notably in different populations [23,30],
INDELs also can be used to identify bioancestry of individuals. These markers are called
Ancestry Informative Markers (AIM). Several AIM INDEL panels have been developed based on
the Marshfield INDEL database [19]. Bastos-Rodrigues et al. [41] selected 40 slow-evolving
short INDELs to analyze population genetic structure and tested them with seven populations.
This panel also was evaluated for paternity testing [42]. Santos et al. [21] selected 48 AIM
INDELs to measure the proportions of three different ancestries (sub-Saharan African,
European, and Native American). This study did not include East Asian. Pereira et al. [20]
selected 46 AIM INDELs to measure admixture proportions of four populations (African,
European, East Asian and Native American). In these AIM selections and/or validations, either
allele frequency variation measure (8) or population substructure measure (Fst) was used to
quantify the informativeness of these AIMs. Generally, more than 90% accuracies of identifying
the major populations can be achieved with these AlMs.

X chromosome linked INDEL panels were also developed for both human identification and
ancestry identification. Ribeiro-Rodrigues et al. [43] first analyzed 13 X-INDELs for a population
admixture study in Brazil. This panel was extended further to 33 X-INDELs [44]. Pereira et al.
[45] developed a 32 X-INDEL panel with African, European, and Asian populations but with MAF
= 0.1 for Asians. Its design was more focused on European and African populations.

Long INDELs or Retrotransposable Elements (REs) (e.g., ALUs) also have been used in human
identification and bioancestry identification [24-28]. Novick et al. [24] first tested five human
specific ALU insertions for forensic analysis. Allele frequencies of other ALU based panels also
were reported, such as those by Ding et al. [26] for the Anatolian population with ten ALUs and
Selvaggi et al. [27] for the Piedmont (Northern Italy) population with eleven ALUs. Ray et al. [25]
reported a large panel with 100 ALUs for ancestry identification, but the selection criteria were
not explained. Recently, Mamedov et al. [28] selected 31 autosomal ALUs with at least a
distance of 50 Mb between markers from a Russian database (http://labcfq.ibch.ru/Home.html)
and one ALU on the X chromosome for sex identification. The MAF was at least 0.25. However,
the amplicon size ranged from 200 — 600 bp, which is too large for forensic purposes, especially
for degraded samples.

Most previous and current studies were based on relatively small databases, such as the
Marshfield INDEL database. Because of a limited number of markers in this database, many
selected INDELs had MAF =< 0.2, and thus, a relatively low power of discrimination for certain
population(s). Recently, the 1000 Genomes Project aimed to explore human genome sequence
variations by whole-genome sequencing hundreds of individuals from various populations [20].
In the pilot project, three projects were carried out: low-coverage sequencing (~3.6x) of 179
individuals from African, Caucasian, and East Asian; high-coverage sequencing (~42x) of two
mother—father—child trios; and exon-targeted sequencing (~56x%) of 697 individuals from seven
populations. More than 1 million short INDELs (1-50bp) and 20,000 structural variants, including
a good proportion of long INDELs (e.g., ALU and LINE), have been identified. Most of the
INDELs were novel (i.e., not present in dbSNP previously). In the main project, more samples
(~2,500) from more populations were sequenced, including 26 small populations from 5 major
groups (i.e., African, Caucasian, East Asian, South Asian, and Native American). Although the
data analysis is still underway, more INDELs are expected to be found. With this database,
more INDELs with a high power of discrimination or high allele frequency difference among the
population could be found. This database is potentially a great asset for developing INDEL
multiplex assays for forensic purposes.
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Preliminary study

REs range in size from hundreds (SINEs) to thousands (LINEs) of bp in length. Because the
allele forms in these long INDELs are not the result of a deletion, they are actually insertion or
null alleles. Earlier attempts to use Alu sequences for identity testing capitalized on the size
difference between insertion and null alleles by amplifying the entire region with the same
forward and reverse primers [28]. The insertion allele would be 200-600 bp larger than the null
allele, and could be detected electrophoretically based on size differences. While useful for
paternity testing and some population studies where DNA quality is not compromised, the large
amplicon size difference between the alleles impacted amplification efficiency during PCR and is
a limitation for forensic samples. The smaller amplicon (i.e., the null allele) is favored during
amplification but the insertion larger amplicon with insertion element may drop out. The
differential amplification or allele drop out can be exacerbated if the sample is highly degraded.
Thus, the use of REs has not been embraced for the analysis of forensic samples [46].

Recently, LaRue et al (47) described a novel primer design, which can reduce the amplicon
size and allele state differences of SINES and LINES such that these markers can be used
effectively on forensic type samples. Thus, these markers now are amenable to analyzing
degraded samples, as the amplicon size can be reduced from thousands and hundreds of bases
to less than 100 bases in length and differential amplification of the allelic states can be
dramatically reduced if not eliminated as the size of the insertion and null allele states can differ
by only one to a few bases. Figure 1 illustrates this novel primer design. A common forward
primer (FP) is used for both the insertion and null alleles. A “Null-Specific’ reverse primer that
straddles the insertion site is able to anneal with the null allele sequence (Fig. 1.a). “Insertion-
Specific” reverse primers are designed to anneal with the insertion region, either straddling the
insertion site (i.e., same as Null-Specific reverse primer) or just inside of the insertion allele (Fig.
1.b).

a) Null allele
Forward Primer Null-Specific Reverse Primer
— ——

N
Insertion site

b) Insertion allele

. Insertion-Specific Reverse Primer
Forward Primer —
——
A—

/
Insertion site

Figure 1. Novel primer design schema, including three primers: forward primer shared by both

insertion and null alleles, Null-Specific reverse primer only for the null allele, and Insertion-

Specific reverse primer only for the insertion allele.

To test this novel primer design, primers for nine REs, including both SINEs and LINEs (i.e.,
CH14-50-6236, CH4-12-7012, CH6-28-9163, LC3-2601, TARBP1, Yac52265, Ya5NBC51,
Yb7AD155, and Yb8NBC106) were constructed using an in silico approach. A sensitivity study
showed that full profiles could be obtained with as little as 125 pg of DNA. Sensitivity may be
further increased by optimizing the primers and PCR conditions. Population studies were
performed for these nine markers with 279 individuals from African-Americans, Caucasians, and
Southwestern Hispanics (93 individuals for each population). No significant deviation from HWE
and LD was detected after Bonferroni corrections. Both markers with high Fst (e.g., 0.26 at CH6-
28-9163), which may be good for ancestry identification, and low Fst (e.g., ~0 at Yb7AD155),
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which is applicable to for human identification, were found. With these nine markers, the
cumulative match probability can reach at least 1.2x10°. The results demonstrated that REs
have the potential for serving as a set of markers that can be used for forensic applications,
especially for limited quantities of DNA. The “Supporting data” section in Appendices describes
more details of this preliminary study.

Current Approaches to Problems

There have been several short INDEL panels developed for human identification [14-16]. They
were designed either for the X-chromosome only [15], for certain populations [16], or based on
relatively small data sets (e.g., Marshfield Diallelic Insertion/Deletion Polymorphisms database
[13, 19]. INDEL panels for ancestry identification also have been reported [20-22] based on the
same database [19].

Rationale for the research

The pilot project of the 1000 Genomes Project [23] has shown by low-coverage sequencing that
there are more than 1 million short INDELs and 20,000 structural variants, including long
INDELs (e.g., ALUs), in three major populations (African, Caucasian, and East Asian). Most of
the INDELS are novel markers. Hence, a large pool of potential INDEL markers is available in
this database to assess for forensic purposes.

The Marshfield Diallelic Insertion/Deletion Polymorphisms database [19] primarily contains short
INDELs (allele length difference <50). However, there have been studies showing that long
INDELs or Retrotransposable Elements (REs), such as ALUs, can be used in human
identification and bioancestry identification [23-28]. These larger insert polymorphisms are
expected to have very low mutation rates, less than short insertion elements. However, large
amplicon size differences of long INDELs limit their use for analyzing degraded samples,
because the amplicon sizes range from hundreds (i.e., Short Interspersed Nuclear Elements;
SINE) to several thousand or more (i.e., Long Interspersed Nuclear Elements; LINE) base pairs
in length. Recently, LaRue et al [47] demonstrated that alternative primer designs can reduce
the amplicon size and allele state differences of SINES and LINES such that these markers can
be used effectively on forensic type samples. Thus, these markers now are amenable to
analyzing degraded samples, as the amplicon size can be reduced from thousands and
hundreds of bases to less than 100 bases in length and differential amplification of the allelic
states can be dramatically reduced if not eliminated as the size of the insertion and null allele
states can differ by only one to a few bases. Better primer sets design is needed to reduce the
amplicon size and difference between the two allele states of these large insert polymorphisms
to exploit their power for human identity testing

ILMETHODS

Samples and DNA Extraction

DNA was extracted from whole blood samples obtained from 190 unrelated individuals following
the University of North Texas Health Science Center Institutional Review Board Approval. The
sample set represented unrelated individuals of four major U.S. population groups with 49
Caucasians (CAU), 49 African Americans (AFA), 49 Hispanics (HIS), and 43 Asians (ASA).
DNA extraction was performed using the Qiagen® QlAamp™ DNA Blood Mini Kit (Qiagen,
Hilden, Germany), according to the manufacturer’s protocol.
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INDEL analysis of Enbalmed samples

Amplification of INDEL markers was performed on all samples using a prototypical 42-loci
INDEL multiplex. DNA (0.8 ng in 3 pL) was added to 15 pyL of AccuPrime ™ Taq DNA
Polymerase System (ThermoFisher Scientific) PCR Master Mix, 4 uL of Primer Mix, and 3 uL of
sterile, deionized water for a total reaction volume of 25 uL. Amplification was performed on a
GeneAmp® PCR System 9700 (ThermoFisher Scientific) using the following parameters: an
initial denaturation at 95 °C for 11 min, followed by 30 cycles of 94 °C for 20 s and 59 °C for 3
min, with a final extension of 60 °C for 30 min and a hold at 4 °C. Separation and detection of
the amplified product was performed on a 3500XL Series Genetic Analyzer (ThermoFisher
Scientific), using a 36 cm capillary array and POP-4 (ThermoFisher Scientific). An aliquot of
PCR product (1 pL) was added to 11 pL of master mix (10.5 pL Hi-Di™ Formamide and 0.5 pL
of Genescan™600 LIZ™ Size Standard v2.0 (ThermoFisher Scientific).

Results were analyzed using GeneMapper® ID-X Software v1.4 (ThermoFisher Scientific). The
analysis method utilized a previously established analytical threshold of 100 RFUs as a minimal
cutoff value for peak detection. For heterozygous loci with peak height ratios between 10-50 %,
the data for the entire locus was discarded for that sample. Any minor heterozygote peak with
a height below 10 % of the major peak was considered elevated baseline and disregarded.
Random match probabilities (RMP) were then calculated in a population specific manner based
on data presented in LaRue et al. for all samples using interpretable loci. Previous studies have
demonstrated that three of the loci (2032678, 28362545, and Amelogenin) in the prototype
multiplex violated assumptions necessary for reliably calculating RMP. As such these loci were
excluded from calculations.

INNUL Analysis

Neat DNA (16 uL) was amplified in a 25 uL reaction volume using an early access version of the
InnoTyper™ 21 Kit (InnoGenomics Technologies, LLC, New Orleans, LA) with the
recommended cycling conditions. Amplified DNA products were separated on the 3500 XL
Genetic Analyzer (ThermoFisher Scientific) using a 36 cm capillary array with POP-4 polymer.
Data was analyzed with GeneMarker® HID software (SoftGenetics, State College, PA, USA)
with an analytical threshold of 50 RFUs being applied. RMPs were calculated using allele
frequencies from the Caucasian population

Primer Design

INDEL markers forward and reverse primers were designed to amplify each marker. Publically
available software tools through the websites dbSNP, the UCSC Genome Browser and Primer-
BLAST, were used to assist in designing the primers. Each of the chosen primer pairs were
checked for potential dimerization with the other primer pairs using the publically available
software tool, PriDimerCheck. After determining that no major issues should occur, unlabeled
primers were ordered from Invitrogen™.

Unlabeled Primers

The unlabeled primers were run individually to ensure that each primer pair was performing as
intended and would successfully amplify the DNA. For amplification, each sample contained the
PCR mix made up of 5.5 uL of water, 2.5 uL of 10x buffer, 2.5 yL of BSA (10 mg/ mL), 2 uL of
50 mM MgCI2, 1 uL of 10 mM dNTPs, 0.5 uL Taq polymerase (5 U/ uL), 0.5 yL of the forward
primer at a concentration of 10 uM, 0.5 uL of the reverse primer at a concentration of 10 uM,
and 10 pL of DNA (1 ng/ uL). The samples were amplified on the Applied Biosystems®
GeneAmp® PCR System 9700 thermocycler under the parameters of 95°C for 11 minutes, 36
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cycles of 95°C for 10 seconds, 61°C for 30 seconds, 72°C for 30 seconds, and a final extension
of 70°C for 10 minutes. Once amplified, each marker was assessed using the

Agilent© 2200 Tapestation using 2 uL of the TapeStation buffer with 2 yL of sample, following
laboratory protocol (28). All individually run primer sets were evaluated to ensure each worked
and produced a product around its estimated base pair range. After the primer pairs were run
individually, they were arranged in groups of 5 primer pairs for an initial multiplex design. The
amplification of the multiplex used the Qiagen® Multiplex PCR kit where each sample tube
contained 5 pyL of 10X primer mix, 10 pL of DNA (1 ng/ pL), 10 uL of water, and 25 pL of 2X
multiplex PCR master mix, as instructed by the protocol (29). The 10X primer mix was made by
10 pL of the forward primer (10 uM) and 10 uL of the reverse primer (10 uM) added to 400 uL of
water. Each sample was amplified on the thermocycler under the parameters of 95°C for 5
minutes, 28 cycles of 95°C for 30 seconds, 60°C for 90 seconds, and 72°C for 90 seconds, then
68°C for 10 minutes. The products of this initial multiplex were run on the TapeStation to assess
if the primers could be amplified together and still produce intended results.

Fluorescently Labeled Primers

After the initial multiplex was evaluated to determine if it would perform as intended,
fluorescently labeled primers were ordered from Applied Biosystems®. The fluorescent labeled
primer pairs were run first individually to ensure they were functioning properly. For amplification
of the individual primer pairs, each sample contained the PCR mix made up of 5.5 yL of water,
2.5 L of 10x buffer, 2.5 yL of BSA (10 mg/ mL), 2 yL of 50 mM MgCI2, 1 uL of 10 mM dNTPs,
0.5 yL Taq polymerase (5 U/ yL), 0.5 uL of the forward primer (10 pyM), 0.5 uL of the reverse
primer (10 uM), and 10 pyL of DNA (0.5 ng/ uL). After amplification, the samples were analyzed
using the Applied Biosystems® 3500 Genetic Analyzer. Each sample well for the CE contained
9.6 pL of HiDi formamide, 0.4 pL of Liz 600, and 1 pL of the amplified sample. The results from
the CE were analyzed using GeneMapper ID-X (version 1.2). The next step was to create an
initial multiplex of amplicons separated into 5 groups based on their fluorophore color. Using the
Qiagen® Multiplex PCR kit where each sample tube contained 5 pL of 10X primer mix, 10 pyL of
DNA (0.05 ng/ pL), 10 pL of water, and 25 pL of 2X multiplex PCR master mix. The 10X primer
mix was prepared by adding 10 pL of the forward fluorescent primer (20 uM) and 2 uL of the
reverse unlabeled primer (100 yM) and diluting to 100 pL. Each sample was amplified on the
thermocycler under the parameters of 95°C for 5 minutes, 28 cycles of 95°C for 30 seconds,
60°C for 90 seconds, and 72°C for 90 seconds, then 68°C for 10 minutes. The amplified
products were analyzed on the CE with each well containing 9.6 yL of HiDi formamide, 0.4 L of
Liz 600, and 1 pL of the amplified sample. After evaluating the profiles using GeneMapper ID-X,
1:10, 1:20, 1:50 and 1:100 dilutions of the amplified product were analyzed to reduce the
amount of fluorescent dye overlap among amplicons. A new multiplex of the fluorophores was
created with the amounts of each primer pair in the dye channel based on generating interlocus
peak height balance. The new multiplex was amplified and run on the CE under the same
parameters as described previously but with the 10X primer mix (20 yM) described depending
on each primer pair and using a 1:100 dilution of the 0.5 ng/ uL DNA.

Library Preparation and Massively Parallel Sequencing of INDEL markers

Libraries were generated using a custom designed Nextera™ Rapid Capture Enrichment panel
(lumina, Inc., San Diego, CA) using the lllumina Design Studio as described by Zeng, et al..
The HID INDELSs for this study were selected based on the results described by LaRue, et al.
and Pereira, et al.. INDEL rs number, location, flanking region, and probe design are listed in
Supplemental Table 1. Each sample library was diluted to 2 nM and paired-end sequencing
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was performed on the lllumina MiSeq™ according to the manufacturer’s recommended protocol
with a read length of 250 bases.

STRait Razor Design

A configuration file was created for use with STRait Razor v2.5. To create the file, locus
coordinates for each INDEL were located on the hg19 human reference genome using the
Integrative Genomics Viewer (IGV). STRait Razor flanking regions up and downstream of the
INDEL motif, and the complementary sequences, were recorded. The average size of the
STRait Razor flank, used to mine sequence data for regions of interest, was 24 bases £ 0.10.
The bases between STRait Razor flanks contained the INDEL motif and approximately 50 bases
on either end. The STRait Razor flanks were designed to capture sequence variation in the
flanking regions adjacent to the target INDEL (Supplemental Tables 3 and 4) while keeping total
target size relatively small. The average length of this region (target INDEL plus approximately
50 bases on either end) was 99 bases + 4 and 102 bases * 4 for the deletion and insertion
alleles, respectively. Lastly, a relatively short sequence between the flanking regions, but
unique relative to the INDEL motif, was recorded; the average length of these sequences was
25 bases + 1. Analysis of the resulting data was performed using the STRait Razor Sequence
Analysis toolkit to assign genotypes to each sample and compile depth of coverage (DoC) and
allele coverage ratio (ACR) data.

Analysis Concordance

A subset of 69 samples was analyzed manually to confirm STRait Razor allele calls. Fastq files
were aligned using Burrows-Wheeler Aligner (BWA) and Sequence Alignment/Map Tools
(SAMtools). The resulting binary alignment/map (.bam) files were used as input for the Genome
Analysis Toolkit (GATK). The resulting variant call format (.vcf) files were analyzed using an in-
house Excel-based workbook. The workbook assigned genotypes and compiled DoC and ACR
data for each sample.

Population Statistical Analyses

Length-based and sequence-based allele frequencies, observed and expected heterozygosities,
and testing for departures from Hardy-Weinberg Equilibrium (HWE) and linkage disequilibrium
(LD) assessments were performed using Genetic Data Analysis (GDA). An in-house Excel-
based workbook was used to generate power of discrimination values and single-locus and
combined RMPs.

In silico Samples

Variant call files for chromosomes 1 through 22 were downloaded from the 1000 Genomes
Project website (http://www.1000genomes.org/data). These files contain the autosomal genome
data for 3500 individuals. When possible, the populations were binned into their associated
major global population group (Table 1). Of the 3500 individuals, 550 individuals (Caucasian,
N=244; African, N=156; and East Asian, N=150) were chosen comprising the training set used
for marker selection for differentiating Caucasian, African, and East Asian ancestry.

Table M1. Populations from 1000 Genomes Project binned into three major global population.

African Caucasian East Asian
Yoruba in Ibadah, British in England and Southern Han
Nigeria Scottland Chinese, China
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http://www.1000genomes.org/data

African ancestry in
southwest U.S.

Han Chinese in Bejing,

Finnish in Finland China

Utah resident with
Western Europe
ancestry
Toscani in Italy

Luhya in Webuye,
Kenya

Japanese in Tokyo,
Japan

Marker selection

Using the Linux-based software program, VCFtools, chromosomal data was filtered to include
only INDEL markers. Pairwise population substructure, Fst, was calculated for each INDEL.
The output file was sorted in Excel® and a new text file containing only the positions with Fgsr
greater than 0.5 in at least one pairwise comparison was created. From this new file,
population-specific allele frequencies were calculated. The markers were then manually sorted
by length and markers of length 3-6 base pairs were considered for selection. This is so that
they are large enough to resolve the alleles by CE, but small enough to conserve real estate in
the CE system. Next, to verify that these markers are true INDELs, and part of a repeat region,
the UCSC Genome Browser was used to eliminate markers that showed a presence of repeat or
proto-repeat sequences near the INDEL by enabling the Repeat Masker algorithm. From this
reduced list of markers, 20 per population group were selected based on high allele frequency
divergence, or delta value, and genetic distance. Markers on the same chromosome were
selected to be more than 1 Mb from its nearest neighbor in order to minimize potential for
selection linked loci.

Statistical Analysis

Using VCFtools, genotype data for the 550 training set individuals were pulled out of the variant
call files. The panel of 60 AIMs was evaluated by Principal Component Analysis using the
software program Past3 to determine if the populations would cluster separately. Additionally,
known populations were added to the analysis to determine if they would cluster with the
expected population group. Next, the 60 AlMs were evaluated for Hardy-Weinberg Equilibrium
(HWE) and linkage disequilibrium (LD). Using the software package, Genetic Data Analysis
(GDA), exact tests for HWE and LD were performed. The AlIMs panel was then evaluated for
ancestry admixture using the program STRUCTURE v.2.3 4.

Table M2. Linux commands used for VCFtools.

Output
Command Input File Format Format
Pairwise vcftools --gzvcf chromosomel.vcf.gz- variant
~/chromosomel.vcf.gz -- | call file downloaded from 1000 . .
Fst K v-indel ; G Proiect websit outfile.weir.fs
calculati | K€€P-only-indels --weir- enomes Project website t
ons fst-pop ~/popl.txt --weir- | popl.txt/ pop2.txt- text file

fst-pop ~/pop2.txt --out containing 2 columns: (1)
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~/outfile

sample name (2) population

fst.txt- text file containing the

Allele veftools --gzvet positions of INDEL markers
frequenc | ~/chromosomel.vcf.gz -- .
i with Fst >0.5 .
y positions ~/fst.txt --keep ) - outfile.frq
. popl.ixt- text file containing a
calculati | ~/popl.txt --freq --out . i
: single column with one sample
ons ~/outfile )
per line
vcftools --gzvcf popl.txt- text file containing a
~/chromosomel.vcf.gz -- | single column with one sample
Genotyp | keep ~/pop1.txt -- name per line outfile.recod
e Data positions ~/markers1 -- markers1- gedit file containing | e.vcf

recode --recode-INFO-all

2 columns: (1) chromosome

--out ~/outfile
Italicized words indicate file names

number (2) position

Additional Populations

Southwest Hispanic (SWH; N=243) and Southwest Asian (SWA; N=489) samples were
compiled from the 1000 Genomes Project data. The genotype data for the 59 AlMs for these
individuals were retrieved using VCFtools and added to the PCA of the original training set.
Using Past3, these two population groups were also compared pairwise in PCA.

Table M3. Populations in 1000 Genomes Project binned into additional population groups.
Southwest Hispanic Southwest Asian
Colombian in Medellin, Guijarati Indian in Houtson,
Colombia X

Bengali in Bangladesh

Peruvian in Lima, Peru

Mexican Ancestry in Los
Angeles, California Sri Lankan Tamil in the UK

Indian Telugu in the UK

[I.RESULTS

HID Bi-Allelic Markers

Verification of the suitability of the HID markers in more diverse populations

This portion of the findings was published in The International Journal of Legal Medecine [REF]

The 49 INDEL markers described in the preliminary data of our proposal had yet to be assessed
in admixed populations or isolated outside of North America. These markers with high
discrimination power for the major populations of North America, but further populations studies
were deemed necessary before the investment of resources was committed to the design of
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primers that might not perform well in diverse global populations. Upon learning of our award for
the project, we set out to rectify this problem.

To allay these concerns, the efficiency of the 49 INDEL markers was investigated in two urban
admixed population samples Rio de Janeiro, Brazil, and Tripoli, Libya and one isolated Native
Brazilian community. To do this we utilized our initial trial multiplexes of 114 INDELs and only
interpreted the 49 loci selected by our preliminary study for analysis.

A panel of 49 INDEL loci was typed in three population samples:Native Brazilians (n=62) from
the Amazon Basin in Brazil and two additional population sets from Rio de Janeiro (n=93)and
Tripoli, Libya {n=77). The results indicated that all markers are in Hardy-Weinberg equilibrium
(HWE) except for one marker in Native Brazilians {marker 36, rs28923216); three markers for
the Rio de Janeiro population (markers 20, rs2308189; 27, rs3045264; and 28, rs3047269). and
one marker for the Libyans (marker 40, rs34510056) (Table 1).This number of departures is no
more than would be expected to occur by chance. In addition, there were no significant
departures from HWE after the Bonferroni correction.(«1 0.05/49,p<0.001).

To measure population differentiation due to substructure, the three groups were analyzed for
Wright's Fst estimates. Even though these three populations are not expected to mix due to
their distance apart and characteristics, when combined for analysis purposes only, the
combined Fgsr value of the populations is relatively low, Fst =0.05512. However, this value was
higher than that reported for the North American sample populations. Overall, the results reveal
that the markers constitute a suitable system for HID purposes to be used with the two urban
groups. However, the panel was less efficient for the isolated community of native Brazillians.

The power of an INDEL panel is related to the number of markers with a Random Match
Probability (RMP) near or below 0.4 (considering the ideal value of p=9=0.5, RMP is

0.375). For all markers, the RMP varied from 0.3 to 0.73 in the populations tested (Table 1).
Assuming loci independence and no substructure effect, cumulative RMPs were 2.7x10-18,
1.5x10-20 and 4.5x10-20 for Native Brazilian, Rio de Janeiro, and Tripoli populations,
respectively. The number of INDEL loci above and below, an RMP of 0.4, was varied by
population (Fig. 1).There were 23 markers above this threshold in Native Brazilians, and only 12
and 16 markers in the Rio de Janeiro and Tripoli samples, respectively.
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Figure 1. Random Match Probebili1ly (RMP) plot against the Number of Loci (#Loci), in three population samples:
Native Brazilian (white diamond); Rio de Janeiro (white square);and Tripoli (white triangle)

Linkage disequilibrium (LD) was determined using Fisher's exact test, with 10,000 shuffling. For
the 49 INDEL markers, there were 1176 possible pairwise comparisons per population sample.
A total of four pairs had a detectable LD at the 0.05 level, two from Rio de Janeiro and two from
Native Brazilians. This proportion of detectable LD was lower than expected by chance. In
addition, there were no significant departures from independence after the Bonferroni correction.
The lack of detectable LD supports that the product rule can be applied.

Cumulative RMP values were 1.5xt0-20 and 4.Sx10-20 for the Rio de Janeiro and Tripoli
populations, respectively. These values are one order of magnitude higher than those reported
for the North American ethnic groups, and two orders of magnitude higher than the value for
isolated Native Brazilians. This finding suggests that higher degrees of isolation leading to
genetic bias and lower diversity may reduce the efficiency of the 49 INDEL panel. Similar
reductions in efficiency of other INDEL panels have been reported elsewhere.

Population substructure was analyzed using the Structure software. The highest likelihood was
achieved for K=3 (three parental populations, data not shown). The percentages of admixture
within each of the populations are presented in Fig. 2. The Rio de Janeiro and Tripoli sample
populations showed similar proportions of admixture levels for each of their respective parental
clusters (30 %). However, for Native Brazilians, one of the parental clusters (Cl) represented
over 60 % ofthe total parental population.
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Figure 2. Schematic representation of the average substructure population. Using Structure v2.3, assuming K=3
and admixture model, three clusters (Cl, C2,. and C3) are represented for each population. The percentage of
admixture is denoted inside the corresponding bars

This substructure cannot be explained by differences in sample size, because the other
population samples (Rio de Janeiro, n=93 and Libya, n=77) had equivalent sizes and showed no
bias towards any cluster. Substructure analysis reveals that admixed urban samples had equal
contributions from three parental clusters. Native Brazilians had a major contributing cluster
(over 60 %),indicating that some of these loci could behave as ancestry Amerindian markers.

In conclusion, the 49 INDEL marker panels could be used for HID and genetic studies in
general, but caution should be exercised in the case of isolated, potentially substructured
populations in which the RMP will not be as informative as in admixed populations.
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Table 1. Description, location, and distribution of 49 INDEL markers in three populations

Marker
number

10

12

13

Marker
number

RS number

4187

16,402

16,458

140,809

1,160,886

1,610,871

2,067,140

2,067,191

2,307,507

2,307,526

2,307,579

2,307,603

2,307,656

RS number

Native Brazilians, Brazil (n=62)

Freq

)

0.3852

0.4262

0.5917

0.5574

0.3250

0.1750

0.4561

0.4083

0.3214

0.7000

0.3667

0.1083

0.5094

Native Brazilians, Brazil (n=62)

Ho

0.4754

0.3934

0.4500

0.4918

0.4500

0.2167

0.4211

0.4500

0.4643

0.4333

0.4333

0.2167

0.5660

HWE

1.0000

0.1235

0.5998

1.0000

1.0000

0.0678

0.2773

0.5964

0.7633

1.0000

0.5868

1.0000

0.4111

RMP

0.3892

0.3806

0.3838

0.3784

0.4113

0.5476

0.3769

0.3838

0.4130

0.4246

0.3947

0.6696

0.3751

Rio de Janeiro, Brazil (n=93)

Freq

)

0.5000

0.6141

0.4946

0.5924

0.3043

0.3352

0.3681

0.5163

0.5163

0.4022

0.3152

0.5435

0.4780

HO

0.5435

0.4674

0.5109

0.4239

0.4565

0.4505

0.3846

0.5978

0.4674

0.5000

0.5217
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Freq Freq Freq

D) Ho HWE RMP D) HO HWE RMP (D) HO
28 3,047,269 0.4250 0.4500 0.6008 0.3808  0.4620 0.3587  0.0106 0.3765 0.5608 0.4730
29 3,838,581 0.9000 0.2000  1.0000 0.6886  0.4457 0.5217  0.6725 0.3780  0.4375 0.4375
30 3,841,948  0.1083 0.1833  0.5228 0.6696  0.3750 0.4457  0.6542 0.3921  0.4470 0.4697
31 4,646,006  0.6250 0.4167  0.4147 0.3921  0.4185 0.5761  0.1309 0.3819  0.4769 0.4308
32 10,623,496  0.3158 0.4561  0.7663 0.4158  0.3000 0.4222  1.0000 0.4246  0.4028 0.5556
33 10,688,868  0.4500 0.4667  0.7935 0.3775 0.3132 0.4725  0.4745 04172  0.3151 0.4384
34 13447,508  0.3667 0.4000 0.2799 0.3947  0.3043 0.4348  1.0000 0.4221  0.2985 0.3284
35 17,859,968  0.5250 0.5167  1.0000 0.3756  0.3859 0.4457  0.6582 0.3890 0.4318 0.4697
36 28,923,216  0.6583 0.3167  0.0228 0.4038  0.5489 0.4239 02108 0.3774  0.5833 0.4091
37 33,951,431 0.8500 0.2000  0.1099 0.5875  0.6793 0.5109  0.1567 0.4134  0.5149 0.4627
38 34,051,577  0.4000 0.5600 0.3682 0.3856  0.6703 0.3736  0.1502 0.4091  0.5571 0.3714
39 34,495,360 0.3167 0.4333  1.0000 04154  0.5707 0.4891 1.0000 0.3801  0.7308 0.3846
40 34,510,056  0.7917 0.3167  0.7031 0.5035  0.4837 0.4891  0.8420 0.3753  0.4318 0.6212
41 34,511,541 0.7373 0.3220 0.1842 0.4503  0.3750 0.5109  0.5029 0.3921  0.4467 0.3867
rhfluar;kbeér RS number Native Brazilians, Brazil (n=62) Rio de Janeiro, Brazil (n=93) Tripoli, Libya (n=77)
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Further development of Retrotransposable element markers

Portions of this manuscript are either submitted or in the process of being submitted to two separate articles in FSI: Genetics.

A sub-aim of our proposal was to work with corporate partners, Innogenomics, to further
develop the Innotyper assay from a nine marker single-loci system to a multiplex system
with high discriminatory power. Through pilot testing of various prototype versions of the
assay we were able to obtain results from 19" century bones Figure 3, and 3 of 10
rootless hair shafts processed with the improved Wilson protocol (as described in NIJ
final report from 2014) Figure 4. These samples prove challenging for STR based
systems. This is likely due to the much smaller amplicon size of the Innotyper assay
compared to STR genotyping amplicons which will not be as adversely affected by

degradation of DNA.
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Figure 3. Identifiler profile of extract from 19" century bones and profile from same extract using Innotyper

14 prototype panel.
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Figure 4. Representative electropherogram from pilot study of rootless 4cm hairshafts extracted utilizing
the improved Wilson method and genotyped with Innotyper 16 prototype panel.

Through various iterative processes, Innogenomics has consulted with our research group
for population testing, and chemistry “troubleshooting” first with a 14 marker system, then
with a 16 marker system, and finally to Innotyper 21 (a 20 INNUL marker system with an
amelogenin marker).

The distribution of alleles in four major populations, African American (N=207), Southwest
Hispanic (N=40), Caucasian (N=301), East Asian (US) (N=44) were analyzed for Hardy
Weinberg Equilibrium (HWE), Random Match Probability (RMP), Power of Exclusion (PE),
and evidence of Substructure. In the four populations tested, there was no deviatin from
HWE after a Bonferroni correction for multiple comparisons was used to correctly adjust
the critical value for an alpha level of 0.05, and the combined random match probabilities
were 2.47x 10, 3.52x10%, 1.37x10%, 2.64x10°" for African American, Southwest
Hispanic, Caucasian, and East Asian populations respectively. These results are
summarized in Table 2. Additionally, no marker pairs demonstrated a departure from
linkage disequilibrium after a Bonferroni correction for multiple comparisons appropriately
lowered the critical value to an alpha level of 0.05 in any of the populations.
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Table 2

Population specific Innotyper 21° allele frequencies and population parameters across 4 major global populations.

African American (N=207)

Southwest Hispanic (N=40)

Caucasian (N=301)

East Asian (US) (N=44)

Allele Freq | Ho HWE RMP PE Freq | Ho HWE RMP PE Freq | Ho HWE RMP PE Freq | Ho HWE RMP PE Fsr
(p-value) (p-value) (p-value) (p-value)
AC4027 0.53865 0.53623 0.26906 0.37650 0.18675 0.65000  0.35000 0.16031 0.40050  0.17574 | 0.42857 0.49834 0.81469 0.38030  0.18492 0.47727 0.50000 1.00000 0.37603  0.18724 0.01439
NBC216 | 0.59662 0.50725 0.17844 0.38490 0.18275 0.53750 0.42500 1.00000 0.37640 0.18679 | 0.73090 0.35216 0.20531 0.44540 0.15800 0.27027 0.43243 0.68410 0.45362 0.15833 0.09887
MLS26 0.14976 0.23188 0.86844 0.58790 0.11114 0.51250  0.52500 0.53656 0.37520  0.18742 | 0.34718 0.48837 0.56000 0.40160  0.17528 0.40698 0.58140 0.34150 0.44294 0.18310 0.11799
ALU79712 | 0.30918 0.43478 0.47125 0.41940 0.16797 0.50000 0.45000 0.36031 0.37500 0.18750 0.48007 0.48173 0.06813 0.37540 0.18730 0.03660 0.07317 1.00000 0.86437 0.03402 0.02807
NBC106 | 0.57488 0.43478 0.11906 0.38080 0.18466 0.37500  0.65000 0.02531 0.39210  0.17944 | 0.44020 0.52159 0.34375 0.37870  0.18570 0.51136 0.56818 0.54270 0.41632 0.18744 0.08016
RG148 0.53623 0.50242 1.00000 0.37630 0.18684 0.36250 0.47500 1.00000 0.39610 0.17769 | 0.30233 0.43854 0.57563 0.42320 0.16644 0.70455 0.31818 0.14520 0.41736 0.16483 0.03994
NBC13 0.21981 0.33333 0.67656 0.49050 0.14208 0.36250  0.47500 1.00000 0.39610  0.17769 | 0.35714 0.47508 0.59531 0.39790  0.17688 0.14290 0.28571 0.58280 0.59184 0.10748 -0.00198
AC2265 0.39130 0.46377 0.77188 0.38770 0.18145 0.76250 0.27500 0.17750 0.47240 0.14830 0.73754 0.35880 0.22750 0.45050 0.15610 0.83720 0.32558 0.57530 0.56084 0.11772 0.11967
MLS09 0.23671 0.36715 1.00000 0.47320 0.14803 0.38750  0.47500 1.00000 0.38860  0.18101 0.40532 0.47176 0.72469 0.38440  0.18294 0.82550 0.25581 0.58310 0.55435  0.12330 0.03192
AC1141 0.22947 0.34300 0.68969 0.48030 0.14556 0.71250 0.37500 0.68813 0.43240 0.16288 0.60797 0.52492 0.09125 0.38750 0.18153 0.60465 0.46512 1.00000 0.38129 0.18190 0.16113
TARBP 0.28502 0.37681 0.30781 0.43400 0.16225 0.36250  0.42500 0.73250 0.39610  0.17769 | 0.57475 0.50498 0.62719 0.38080 0.18467 0.35227 0.47727 1.00000 0.40806 0.17611 0.01745
AC2305 0.30676 0.42995 1.00000 0.42070 0.16744 0.66250  0.37500 0.32063 0.40560 0.17360 0.57807 0.47176 0.56688 0.38130 0.18442 0.85710 0.28571 0.57250 0.59184 0.10748 0.09161
HS4.69 0.31884 0.41546 0.52938 0.41430 0.17001 0.20000  0.30000 0.64031 0.51360  0.13440 | 0.38704 0.43522 0.14438 0.38870 0.18096 0.68605 0.48837 0.49290 0.43862 0.16900 0.05282
NBC51 0.59420 0.45411 0.38625 0.38430 0.18298 0.53750 0.57500 0.52438 0.37640 0.18679 0.52658 0.48837 0.73500 0.37570 0.18715 0.63953 0.48837 1.00000 0.40833 0.17739 0.08278
NBC102 0.39614 0.45411 0.73250 0.38650 0.18199 0.58750  0.42500 1.00000 0.38300  0.18361 0.40698 0.50166 0.62781 0.38410 0.18310 0.20450 0.31818 1.00000 0.50826 0.13622 0.01929
NBC120 0.59662 0.46860 0.76969 0.38490 0.18275 0.53750 0.37500 0.12281 0.37640 0.18679 0.41030 0.44186 0.15844 0.38340 0.18341 0.39286 0.45238 0.75490 0.37755 0.18163 0.00037
NBC10 0.65942 0.44928 1.00000 0.40430 0.17415 0.48750  0.52500 1.00000 0.37520  0.18742 0.43189 0.51163 0.48531 0.37980 0.18516 0.25581 0.37209 1.00000 0.45484 0.15413 0.03307
ACA1766 | 0.72222 0.39130 0.47844 0.43900 0.16038 0.80000 0.35000 0.51344 0.51360 0.13440 0.62791 0.45183 0.55438 0.39300 0.17905 0.78210 0.33333 1.00000 0.49244 0.14138 0.03241
SB19.12 | 0.39614 0.48309 1.00000 0.38650 0.18199 | 0.17500  0.30000 1.00000 0.54760 0.12353 | 0.30399 0.40199 0.42969 0.42230 0.16681 0.41463 0.43902 0.53320 0.36466 0.18380 0.09632
NBC148 0.54348 0.51691 0.57969 0.37690 0.18655 0.91250 0.12500 0.25438 0.71890 0.07347 0.87542 0.21595 0.79813 0.63510 0.09717 0.22090 0.34884 1.00000 0.48945 0.14248 0.20125
Overall 2.4743E-08  0.9757 3.5180E-08  0.9740 1.3660E-08  0.9784 2.6417E-07  0.9626 0.0669
A B

A M-AMP-9-Ma @ JSN SBLLA NLSY S

Figure 5A). Constructed pipe-bomb with wire attached. B) Post blast fragmentation of PVC device.
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One of the topics mentioned in our proposal involved the use of bi-allelic markers to
genotype degraded DNA from the post-balst fragments of Improvised Explosive devices .
We collaborated with colleagues from Sam Houston State University, and the
Montgomery County Fire Marshall’s office to type IED post-blast fragments (Figure 5) with
INNUL markers.

As mentioned earlier, INNULs have been proposed as an alternate marker system that
has the potential to recover additional genetic information from challenging samples when
traditional STR analysis fails as amplicons are smaller than STRs (up to 450 bp compared
to 125 bp). Twenty-five DNA extracts which resulted in varying STR success (ranging
from 2% to 87% reported alleles) were chosen for INNUL analysis.

Genotyping using INNUL markers resulted in a high degree of success with nine of the 25
samples resulting in complete genetic profiles, and eight samples with between 80% and
99% of alleles being reported. Only six samples resulted in < 70% of reported alleles
being reported, and one sample completely failed INNUL analysis (Fig. 6).

100
S
§ 50
© ¥
< Pyl ¥
- L ¥
g 0 '
S 0.007 0.013 0.017 0.022 0.030 0.041 0.056 0.073 0.109
Q
&" ------ STRs ——INNULs

Figure 6 . Number of alleles reported (as a percentage) from 25 samples genotyped using STRs and
INNULSs ranked by increasing DNA quantity in PCR (ng). 15 pL and 16 L of neat DNA was amplified in for
STR and INNUL analysis, respectively.

DNA samples recovered from post-blast pipe bomb fragments showed significantly more
complete genetic profiles when amplified with the INNUL kit than with the STR kit (p <
0.001) (Fig. 6). Six samples that had previously performed poorly or failed STR analysis
(< 70% of STR alleles reported) resulted in complete INNUL profiles. Compared to STRs,
INNULs resulted in more complete profiles for all but one sample which failed INNUL
analysis (Fig. 6), suggesting that in addition to being able to amplify shorter DNA targets,
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INNULs may also be more sensitive than STR panels and achieve greater genotyping
success with lower quantities of DNA. In this study, a complete profile was produced from
as little as 39 pg when STR typing of the same sample produced 7% alleles.

Genotyping Damaged samples with prototype INDEL panel

Portions of this work are being submitted to a manuscript in FSI:Genetics

The STR typing success of five embalmed tissue samples using the GlobalFiler®
Amplification Kit was evaluated using the number of correct alleles detected (concordant
to reference samples) and RMP values calculated from each STR profile. This was part
of a larger study to observe various methods to improve STR genotype generation from
these samples and the samples were geneotyped utilizing a prototype version of our HID
INDEL panel in addition to a SNP panel via massively parallel sequencing (MPS).
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Figure 7. Genotyping Success for the five FD samples used in this study when non-treated samples were
amplified using the GlobalFiler® STR Kit, the INDEL multiplex, and the HID-lon AmpliSeq™ Identity Panel.
Sample 1= Jejunum, 2 = Jejunum, 3 = Kidney, 4 = Stomach, 5 = Spleen

The number of alleles recovered from the untreated samples ranged from 23.9 % to 47.8
% (average of 33.5 % alleles) resulting in an average RMP value for the untreated
samples of 2.03x10-7. All untreated DNA samples were also amplified using a multiplex
INDEL system. The INDEL multiplex also contains markers substantially smaller (<200
bp) than the larger STR markers. Therefore, it was also expected that the INDEL multiplex
would generate a greater number of correct allele calls than the GlobalFiler® STR kit.
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Three loci (2032678, 28362545, and Amelogenin) contained with the INDEL multiplex
found to violate equilibrium assumptions were excluded from the calculations (resulting in
39 loci used in this study). As this was a prototype multiplex it was assumed that the
departure from HWE was associated with an unresolved chemistry issue.
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Figure 8. RMP values generated for the five FD samples used in this study when non-treated samples
were amplified using the GlobalFiler® STR Kit (no treatment), the INDEL multiplex and the HID-lon
AmpliSeq™ Identity Panel. Sample 1= Jejunum, 2 = Jejunum, 3 = Kidney, 4 = Stomach, 5 = Spleen

The remaining INDEL panel resulted in a greater percentage of correct alleles being
reported compared to the STRs and SNP panels for all five samples (Fig. 7).

Population specific allele frequencies were used to calculate RMP values for each sample
genotyped using all three marker types. The RMPs generated using the INDEL system
were notably lower than those calculated from the STR profiles generated using the
GlobalFiler® STR kit for all five embalmed samples in this study (Fig. 8). Although a larger
number of INDEL markers are needed to match the RMP values of current STR kits, they
are more likely to be amplified in a highly degraded sample due to their smaller amplicon
size. Therefore, it was not surprising that INDELs had a significantly higher percentage of
allele calls for all five embalmed samples compared to the original samples amplified with
GlobalFiler® (Fig. 7) (p<0.001).

Obviously when compared to the SNP panel that was analyzed via MPS, the INDEL panel
has RMPs that are many orders of magnitude less, but the cost of a generating genotypes
via MPS greatly outstrips the capillary electrophoresis based INDEL genotyping.
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Additionally, the RMP of the INDEL panel approaches the RMP of STR marker systems
prior to the expansion of the CODIS loci.

Finalizing the HID INDEL multiplex

Portions of this section will be submitted to the journal Electrophoresis

Aim two of the proposal describes the design of a singletube multiplex PCR reaction that
is capable of genotyping DNA samples utilizing a refined INDEL panel. In order to do so,
primers needed to be designed in silico, then tested for any unforeseen incompatabilities
in the multiplex. Due to the expensive nature of fluorescently labeled primers, it was
decided that putative multiplexes would be checked for compatability via unlabeled
primers via microfluidic electrophoresis prior to ordering the labeled primers.

Primer Design

The FASTA sequence for each marker was found by using DbSNP, a free online
program. For some of the markers, the DbSNP website either did not provide a FASTA
sequence or the sequence available was too small for forward and reverse primers to be
designed. When this limitation was the case, the UCSC genome browser was used to
obtain the FASTA sequence. The FASTA sequence then could be entered into Primer
Blast to design the primer pairs for each marker in silica. Primers were designed to
amplify the INDEL markers by using the Primer-BLAST software. The primers were
designed to generate PCR product sizes between 60 and 200 bp. For one marker,
RS2307579, the PCR product size was 219 bp; all others were in the intended range. The
results of the primer design from Primer-BLAST are listed in Table 3, with the primer pairs
numbered in numerical order, with primer pair 1 corresponding to RS 4646006. After
primers were selected for each marker, they were tested for possible dimerization using
the PriDimerCheck option from the MPprimer website. This software compares all the
primers against each other and provides the alignment, the matches, the 3'-3'
dimerization, and the AG.
Unlabeled Primers

Since no major problems were observed when checking for dimerization, unlabeled
primers were ordered. After amplification, the amplicons of the primers were
run on the Agilent TapeStation. The TapeStation is a simple to use, automated
electrophoresis platform that enables analysis of DNA fragments between 35 and 1000 bp
in length. The TapeStation utilizes a ScreenTape gel matrix, similar to that of an agarose
gel, to separate samples by molecular weight.

33

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice.



Table 3. Using Primer-BLAST, primers were designed for all 49 INDELs which are represented by their RS
number. The estimated product length for each primer pair is also given along with the melting temperatures
for the forward and reverse primers. The primer pairs are numbered in numerical order, with primer pair 1

being RS4646006.

RS Number Forwar Primer (5'-3') Reverse Primer (5'-3') Product Length TM Forward TM Reverse
4646006 GCTGGGAAATGGGGAGACAA GCCCGCTGTTTGGAAAGAAA 83 59.96 59.61
13447508 ATGGTTCAGTGGAAATAGCATGA CATGTGGTCCAATCCCCTCA 118 58.14 59.37
3047269 TCATTCCCATGCTGGGTGAG TGCACTGTACTTGCATGCTG 83 59.74 59.12
2307507 TGAAGGTGGGGCTATTGAGAAA TTTCTCTTAGTTTGCATAAAACCCT 181 59.35 57.17
2307579 TTGTGACTGTGTCTCAGCAGTTAT CACTGACTTGACTGAACCTTTCAAC 219 60.2 60.45
3838581 AGCATATGGAGAATGATTACTGGTG TGCTCAAGATTTGTATGAGGAAGT 96 58.76 58.19
2308276 CTGAGAGACAATGGGATTTGCC TTGCATGGAATTTCTCCATTTGA 120 59.31 57.26
3042783 TTCCCTGAGCTTACCGGAGTT GATATTGACCTGAAGGCACACTG 132 60.83 59.38
3841948 AAACTACATGGCCCACAAGT ATCCCATGGCACATTCCAGT 138 57.32 59.37
35716687 GGATGCAGTAGAGGCAGGTT CATGCCATCATTAGGGGACT 127 59.46 57.03
2307603 AGTGTGCCTACAGATACCACTT ACAGTCTTCATAGAACTATCTCACA 110 58.83 57.05
60901515 TGTGGATACCAAGCACTCCTG TGCTGGTTCCAACCGGAAG 113 59.72 60.23
2308292 ACTCTGTCTCCACTGGGAATGT CTATCTGTTAGGCGCACTGTGTCA 152 60.76 62.69
2307526 TGTTGGAGCCACATCAATGAC GAGAAAGAT CAAATTAATGCCAGGA 159 58.84 57.66
2307656 TCTGTGGGCAGAAGGCAAG ACCAGGTTTGAAAAATGACATGCTA 146 59.93 59.7
2308196 AGCCTGTAAAAATTCCCCTCTTGT AACGAACATCTTTTTCCACCACA 151 60.45 59.3
2067140 ACCCACCAAATGTCCCTGAC TAGCTCACCTTGCAGTGCTC 67 59.89 60.04
2067191 ATTTCAGGGTAATCGGATTCTGTA TGGCCTGTTTATCTTCTAAAGGG 141 57.51 58.14
1610871 TCACCTTCCTCCCAGTAACCA TCCATTTCCCCTGCTACTCC 62 60.13 58.79
2307710 GCCCATACCTACTGTGACCA AGGCTTGTCTACAAAAT GAATGAA 79 58.8 57.1
2307839 TGCATGTAGGACAAGAGGTAGTT GGTCTTGCAAAATTAATCACACTC 149 59.16 57.07
34510056 TAGATCCCGGCCCAAAGTCA CGGTGGAATGCAAAACGACT 114 60.62 59.41

16458 AGCTCCCCAAAGACATGGTT TGTAAGACTCAGAAGTTATAGGGCA 144 59.22 59.04
34535242 CTACAGACAGGTTTAAAATGAGCAA  ATTTACATAAGCCTCCTTCTGTGG 133 57.8 58.56
10623496 TCAGAGCAGGCTTATCTTAAACA CTTGCTAAGACAGAAAGAAGAAACA 97 57.58 57.75
33951431 ACAAAGCCTCGGCGATAGAC ACTCACAGCATGTGGGAGAAC 79 60.18 60.27

16402 ATGCGCCTTTTTGGTTTTGGT GCATCAGGACTGTATGGGGC 106 60.13 60.54

2308112 CAGAAGAGGCGGTGCTGATG TCTGGAGGGACCCAAGGTAT 72 61.09 59.28
2307850 TCACCGTTTCCTCCGCACT GCCCAACCTGCGTGGAAAG 60 61.5 61.92
140809 AGGCTTTCAGATGTTCTTAGCC CTCCTGAGTGACCACAGCG 87 58.38 60.08
1160886 TTCCCATTGTGCTTAAAACTCCT CCAGTCTACCCAAATGTATTCCA 74 58.52 57.89
34051577 GTCATCCAGATTATCGAGTGAGA GCTGCACTTTAGTCTTCCTGA 137 57.3 57.95
10688868 TTCCATCCCTCCTCTTGCCT CGCTCTGCACATGCGTAAAA 80 60.25 59.83
34811743 ACACTTCGTACCCAGGATGC GCCTCTCCTTTTTGTTCAACCC 69 59.75 59.96
2307696 CACTGACAGCAATCAGAACAC CTGAGCCCATCTGACTGCTC 116 57.47 60.18
34528025 GTCTTGGAGAGGAGTCAAATCAGA CTGGAACTCAAAGCAAAACGAG 75 59.78 58.38
3045264 CTTACCTACGTGGTTGGTGAC GTACACGAGTAGCCGATGGA 94 58.32 58.98
2308232 GATTGATGCAATCTCACACTACC CTTCCTATTCTCCTTGCTTCGT 95 57.58 57.87
4187 TCAAATAAGAGTTGTCATATCCTGC TGGCAGTGAAGAGAACAGGTC 119 57.21 59.93
3038530 GGCAATGAATTCCTCCATATCAAAA TCTGCAGAAATCGCTTTGTAAAT 80 58.18 57.37
2308189 ACAAAGGAACGACAAGAACAAAA TGGAACCTGATTCATGCTGCT 78 57.62 59.99
34795726 GGAGAAAACATGGATAGGTAGCAA  TCTCTTCACTAACAGGATGAAGTAT 114 58.56 57.04
17859968 GCTGTCTTAAAAGATTGTGGGG GGGTCCTACTAAATGCCATGTG 68 57.56 58.79
28923216 GTGAATTGATCACTTTGTTTCTTGC  GCCATTAGCTCAGATTCTCAGGA 128 58.13 59.93
36062169 ACTATTCTACTGCCATTTACCACA  AGAGGATATCTCAGAAGGATGGACT 74 57.69 59.92
34511541 TGGAGGACTTTAGTAGAAGAGGA ACCCTTCTTAGGTTCAAAGACACT 70 57.47 59.59
34495360 TGTGGTTTGGTCTCAGTACTTGTTC TTTCTAAGCTGAGTGGCAAGATG 74 61.14 58.99
35605984 ATAGTTTTCCTGCATTATCCCCAT  GCACAAAGAAGCTTATGTCATAGTA 146 58.03 57.46
2307700 CTGGCAGGGCCAGAGC TCCTTCCTCGGAATCCCCAT 76 59.71 60.03

This analysis was performed to assess whether all the primers worked as intended. Figure
9 shows the results of the first 15 primer pairs and an allelic ladder along with the resulting
bp sizes. The allelic ladder is a defined set of fragments of known sizes that is used to
help determine the size of the unknown samples. All 49 primer pair amplicons were able
to be amplified and produced results similar to those seen in Figure 5.
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c1 18.1 2 Size bp: 126
D1 13.6 3 Size bp: 84
El 24.2 4 Size bp: 196
F1 19.9 5 Size bp: 224
G1 17.1 6 Size bp: 95
H1 16.3 7 Size bp: 123
A2 26.8 8 Size bp: 133
B2 22.1 9 Size bp: 146
c2 18.6 10 Size bp: 136
D2 311 11 Size bp: 108
E2 18.8 12 Size bp: 111
F2 28.9 13 Size bp: 159
G2 2257 14 Size bp: 162
H2 20.5 15 Size bp: 150

Figure 9. The TapeStation gel image and summary table from the first 15 primer pairs and an allelic ladder.
The table shows the base pair sizes for the respective primer pairs.

By running each of the primer pairs individually, the primers could be examined to ensure
they were able to amplify the DNA and produce results. Since the TapeStation provided
the approximate size for the amplicons, the primer pairs also were evaluated to determine
if their bp size was approximately what was estimated during the design process. A review
of the results given from the TapeStation showed that the bp sizes of the amplicons were
as designed. After the primer pairs were run individually, they were arranged in groups of
5 primer pairs for a general multiplex design. This multiplex then was run on the
TapeStation to assess if the primers could be amplified together and still produce intended
results. Figure 10shows the results produced by the TapeStation of the multiplex.
Although not every multiplex group produced 5 distinct bands, most banding that was
observed was within the expected bp range for the primer pairs. Some of the primer pairs
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in the multiplex groups may have been too close in bp length to produce a distinct
separation by the TapeStation.
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c1 76.6 2 Size bp: 65, 78, 88, 98, 140
D1 44.0 3 Size bp: 44, 53, 81, 126, 197
=il 62.8 4 Size bp: 76, 88, 97, 120, 195
F1 346 5 Size bp: 64, 81, 93, 133, 170
G1 65.9 6 Size bp: 81, 93, 103, 135, 159
H1 117 i Size bp: 79, 87, 158, 237
A2 56.5 g Size bp: 132
B2 68.5 9 Size bp: 153, 205
c2 98.0 10 Size bp: 75, 91, 159
D2 8.25 - Water

Figure 10. The TapeStation results from the general multiplex groupings. Group 1 contained primer pairs
25, 27, 49, 40, and 1; group 2 = 3, 6, 8, 19, and 28; group 3 = 26, 33, 30, 35, and 47; group 4 = 11, 22, 20,
34, and 37; group 5 =29, 7, 14, 12, and 31; group 6 = 38, 36, 39, 43, and 15; group 7 = 18, 41, 46, 16, and
5; group 8 =42, 13, 2, 9, and 44; group 9 = 10, 24, 4, and 32; group 10 =48, 17, 21, 23, and 45.

With multiple bands being observed within the expected bp ranges for the primer pairs in
the multiplex groups, these results showed that the primer pairs were working, were able
to be multiplexed together and still produce results. Since no major issues were found,
fluorescently labeled forward primers were ordered for each of the primer pairs.
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Table 4. Fluorophores by which each amplicon was labeled. The highlighted primer pair amplicons were
ordered as alternates with those respective fluorophore labels because they were too close in base pair
length to the other amplicons.

Dye Channel Primer Pair Base pair length INDEL length

29 B0/64 rl

6 7075 5

40 T6/80 4

37 50/94 rl

<§t 77 702/106 3
o 2 118/124 5
O 10 123127 4
I 32 132/137 5
o) 8 146/151 5
= 14 155/159 2
L 2 176181 5
5 216/219 3

20 116/120 a

7 74779 5

19 58162 2

O 28 7277 5
= 3 78/80 2
T 38 95/101 5
= 17 7101115 5
@ 39 119/125 5
D 9 133/138 5
O 21 1471149 2
31 71074 3

7 53/67 4

a7 7074 3

1 70183 )

6 92/96 rl

12 109/113 4

a4 128/133 5

18 137141 rl

16 1477151 4

a5 74780 G

rE] 64/68 r

4 7378 5

E 3 79/83 1
= 25 93/97 a
] 22 114/119 5
- 8 127/132 5
e 23 1401144 3
3 1471152 5

36 71175 q

34 67/69 2

o % 75179 3
%) 30 84787 3
I a2 110114 4
Q 35 112116 rl
o 24 1291133 r
D:_’ 15 146/151 5
P 72176 ]

Fluorescently Labeled Primers

The 49 primer pairs were arranged into 5 different groups, each labeled with a
different fluorophore: blue, green, yellow, red, and purple. The primer pairs were
separated based on their resultant PCR product bp size. Amplicons labeled with the same
fluorophore need to be different sizes to separate sufficiently and to have distinct products
observed during analysis. Table 4 shows the arrangement of each of the amplicons by
their fluorophore. The highlighted primer pair amplicons were alternates with those
respective fluorophore labels because they were too close in base pair length to the other
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amplicons, leaving only 43 primer pairs being used. Once the primer pair amplicons were
separated by their fluorophores, they were again run individually to make sure they still
worked properly with the new forward primer. By running the amplicons individually, it also
provided a reference of where the peaks should be seen when multiplexed. After being
run on the CE and analyzed using GeneMapper ID-X, all 43 primer pairs were found to
work. Figure 11 shows an example of one of the amplified primer pairs for each of the dye
channels.

4728

Figure 11. Electropherograms of amplicons 4 (RS2307507), 9 (RS3841948), 6 (RS3838581), 8
(RS3042783), and 34 (RS34811743) (left to right) are shown above. Each of the examples shows one peak
indicating a homozygous insertion or deletion at those markers.

When creating a multiplex, it is expected that the size products seen with the individual
amplicons would be consistent with the products observed in the multiplex. With the single
amplicons known to be working, the amplicons were multiplexed into 5 groups based on
the fluorophore label. The fluorophore multiplexes were designed to ensure no substantial
spectral overlap from other amplicons. This assessment confirmed the fluorophore
multiplexes could be amplified and multiplexed together and produce the desired results
of product sizes remaining consistent. After running dilutions of the fluorophore multiplex
to improve the primer overlap between amplicons, it was determined that the 1:100
dilution of the amplified product provided the best results. High signal produced by the
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amplicons can cause saturation and spectral overlap (pull up) between the amplicons,
diluting the sample helps to reduce this oversaturation. Figure 12 shows the
electropherograms of the fluorophore multiplexes using the 1:100 dilution of PCR products
(0.5 ng/ pL of input DNA).
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Figure 12. The 'electropherograms for each of the fluorophore multiple;(es, with the x-axis representing the
size in bp and the y-axis representing the reflective fluorescent units (RFUs). A) The blue fluorophore
multiplex contains 12 amplicons. B) The green fluorophore multiplex contains 8 amplicons. C) The yellow

fluorophore multiplex contains 8 amplicons. D) The red fluorophore multiplex contains 8 amplicons. E) The
purple fluorophore multiplex contains 7 amplicons.
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The fluorophore multiplexes show that most of the amplicons were able to amplify. The
amplicon for primer pair 38 in the green fluorophore group did not generate a product in
this multiplex (Figure 12). After adding 10 uL more of the forward (20 uM) and reverse (20
MM) primers, a peak could be detected indicating that it is possible to amplify this locus in
the multiplex. Figure 13 shows a 1:1000 dilution of the 0.5 ng/ yL of DNA, where more of

the primer pair 38 was added.
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Figure 13. A 1:1000 dilution of 0.5 ng/ uL of DNA with 10 uL more of the forward (20 uM) and reverse (20
uM) primers of primer pair 38 added, with the x-axis representing the size in bp and the y-axis representing
RFUs. A peak, circled in red, was seen, indicating this locus could be amplified in the multiplex. Amplicons
included in this fluorophore multiplex are 19 (RS1610871), 28 (RS2308112), 33 (RS10688868), 38
(RS2308232), 11 (RS2307603), 39 (RS4187), 9 (RS3841948), 21 (RS2307839) (left to right).

In the yellow fluorophore group, two of the primer pair (12 and 44) amplicons did not
produce peaks. An additional 10 uL of the forward (20 uM) and reverse (20 uM) primers
for both pairs were added to the primer mix, but no improvement was seen. As a way to
check if the amplicons were producing products of the same size in the fluorophore
multiplex, the single amplicon images were evaluated next to the multiplex results. Figure
14 shows a representative comparison of some of the amplicons for each fluorophore

group.
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Figure 14. Fluor multiplex and single amplicon electropherograms comparing product size results, with the
x-axis representing the size in bp and the y-axis representing RFUs. A) Blue fluorophore amplicon results.
The INDELs represented are primer pairs 27 (RS16402), 14 (RS2307526), 4 (RS2307507). B) Green
fluorophore amplicon results. The INDELs represented are primer pairs 28 (RS2308112), 39 (RS4187), 21

(RS2307839).
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Figure 14. Fluor multiplex and single amplicon electropherograms comparing product size results, with the
x-axis representing the size in bp and the y-axis representing RFUs. C) Yellow fluorophore amplicon results.
The INDELs represented are primer pairs 6 (RS3838581) and 18 (RS2067191) D) Red fluorophore
amplicon results. The INDELs represented are primer pairs 43 (RS17859968) and 8 (RS3042783). E)
Purple fluorophore amplicon results. The INDELs represented are primer pairs 34 (RS34811743) and 24
(RS34535242).

Further refinement of the multiplex by adjusting primers and PCR parameters has now
allowed us to combine all of the markers into a single tube. One legitimate criticism of bi-
allelic systems is that it is difficult to discern the presence of mixtures in such genotyping
systems. We acknowledge this limitation and agree that with CE approaches, bi-allelic
systems should only be used for single-source samples. To address this issue in the final
multiplex Intra-loci (heterozygote) balance was given precedence over inter-loci balance
as it would be more helpful in indicating mixtures. Where possible, primer concentrations
were adjusted to give inter-loci balance with more of an emphasis on loci in the same dye
channel with intra-dye channel balance when possible. Electorpherograms from this final
multiplex are shown in figure 15.

42

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice.



Figure 15. Final INDEL multiplex PCR reaction with electropherograms in dye channels for Fam, Joe, Ned,
Taz, and Sid respectively. ILS (not shown was LIZ 600).
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Aim 3 of our proposal calls for a developmental validation of our final multiplex according
to SWGDAM guidelines. We have made some progress in this area, but the completion
of this last section of the proposal is dependent on the release of final funds for the project
by NIJ ,and will be included in our revised report at the end of our extension period.
Additionally, the markers in the SID dye channel while functional might be re-configured
(Primer pair 35 removed; slightly less of all SID labeled primers added to the next lot of
multiplex) slightly to improve the quality of data in that dye channel.

MPS assessment of our HID INDEL markers
Portions of this section have been published in FSI:Genetics

As mentioned in the previous section one criticism of bi-allelic markers is that they are a
poor marker choice compared to more polymorphic STR markers for mixtures. While this
is true when assaying bi-allelic markers via capillary electrophoresis, massively parallel
sequencing allows for the detection of SNPs in flanking regions and other polymorphic
elements. To address this issue, we utilized a custom enriched sequencing approach for
68 INDELs (our primary candidates plus additional markers described in the literature).

A total of 190 samples were sequenced. One run, containing 12 African American
samples, performed poorly with insufficient sequencing Q scores (between 10 and 20) for
all of read 2 and part of read 1. This run was removed from analysis due to poor
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sequence quality. Ultimately, 178 samples were analyzed, consisting of 49 Caucasians,
37 African Americans, 49 Hispanics, and 43 Asians.

Locus Performance

Analysis of the resulting data was performed using operationally selected DoC and ACR
thresholds of 10x and 0.20, respectively. Mean profile completion was 96.3% + 0.108,
ranging from 44.1% to 100% for the 178 samples. Full HID INDEL profiles were obtained
with 70 samples. The average DoC and ACR for 68 HID INDELs was 96.9x + 69.9 and
0.727 + 0.182, respectively (Figures 16 and 17). One locus, rs33917182, fell below two
standard deviations from the overall DoC mean with an average DoC of 26.5x + 15.7. No
loci fell below two standard deviations from the overall ACR mean. While DoC and ACR
values were sufficient for analysis, the rs33917182 locus was typed successfully in only
41.6% of the samples (74/178) after application of the DoC and ACR thresholds.
Removal of this locus due to poor success resulted in full HID INDEL profiles for 155
samples, increasing the overall mean profile completion to 97.1% + 0.110.

Sequence Variation

Using STRait Razor, sequence data were obtained for the INDEL motif and approximately
50 bases on either side of the motif (Table 6). Based on 1000 Genomes data, 100 known
polymorphisms (94 SNPs and 6 non-HID INDELSs) exist within 50 bases of the target HID
INDELs. Twenty-five and seventy-five of these polymorphisms have global allele
frequencies (GAFs) = 0.02 and < 0.02, respectively. The average distance of these
polymorphisms from the target INDEL was 27 bases + 13. All 25 flanking region
polymorphisms with GAFs = 0.02 were observed in the population data for four major US
populations. Only 18/75 polymorphisms with GAFs < 0.02 were observed as would be
expected due to sampling or being private variants.

In all four populations, 19 INDEL motifs had different sequences than previously reported.
All but one of these motif sequence differences could be explained by differences in
alignment by manual analysis in IGV. The rs35716687 locus has been reported
previously as a TTAA deletion but the marker was identified as a TACT deletion. Fifteen
markers were associated with a repeat motif; the initial INDEL selection criteria had
sought to avoid such structures by excluding loci with three or more repeats. Four of the
15 markers contained three copies or repeats. The remaining 11 loci contained two
copies. These motifs range in size from di- to penta-nucleotides (Table 5). While the
number of repeats is limited, STR motifs may become problematic if stutter-type artifacts
can be generated. Thus, special attention during validation studies should be paid for
potential stutter product generation. Though possible, STRs with only a few repeat motifs
are less subject to such PCR artifacts relative to STRs with several to many repeats.

Sequence variation was observed in the region adjacent to the INDEL motif at 42 loci,
producing 65 novel microhaplotypes (Table 5) [31-33]. Forty-one HID INDEL loci are part
of a microhaplotype containing one or two SNPs. One INDEL, rs34528025, is part of a
microhaplotype containing the target INDEL, an adjacent SNP (rs202051643), and an
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adjacent flanking-region INDEL (rs34247791). Twenty-two loci had sequence variants
that account for = 2% of total alleles in two or more populations. For these 22
microhaplotypes, the presence of additional, sequence-based alleles increased the
average number of alleles per marker from 2 to 3.82 + 1.14 with a range from 3 to 7
alleles (rs1408093). The observed heterozygosity for these 22 loci increased by an
average of 0.154 + 0.0895 for AFA, 0.108 £ 0.0824 for ASA, 0.182 £ 0.104 for CAU, and
0.123 + 0.0959 for HIS (Table 3). All 68 loci were ranked based on length- and sequence-
based observed heterozygosity (Table 7). By length, microhaplotypes containing a SNP
and rs10688868, rs2308189, rs2308276, and rs2308292 ranked 33rd, 8th, 19th, and 32nd
in the HIS, AFA, ASA, and CAU populations, respectively. However, when ranked by
sequence-based observed heterozygosity, microhaplotypes containing these four INDELS
displayed the highest heterozygoisties in the HIS, AFA, ASA, and CAU populations,
respectively. The second highest heterozygosity microhaplotypes in the AFA, HIS, ASA,
and CAU populations are rs10688868, rs2307526, rs2308189, and rs5895446,
respectively. These four loci increased from their length-based ranks of 51st, 32nd, 3rd,
and 17th, in AFA, HIS, ASA, and CAU, respectively. Microhaplotypes containing the
rs10688868 and rs2308189 INDELs are ranked most, or second highest, heterozygosity
in the AFA, ASA, and HIS populations, making them far more informative than even the
top ranked length-based marker. Single-locus RMPs were decreased by an average of
0.166 + 0.0816 for AFA, 0.130 £ 0.0661 for ASA, 0.176 + 0.0837 for CAU, and 0.134 +
0.0773 for HIS.

The remaining 20 loci with detectable adjacent sequence variants did not display
substantial sequence variation (average frequency of 0.0234 + 0.0250 across all four
populations). It should be noted that the frequencies of microhaplotypes containing
INDELSs rs34528025, rs36062169, and rs3841948 were relatively high: 0.10 for HIS, 0.07
for ASA, and 0.08 for AFA, respectively. However, they were either observed once or not
at all in the other population groups. While microhaplotypes containing these three
INDELs did not substantially increase the discrimination power across the populations,
these alleles may hold value for ancestry apportionment. The low allele frequency of
these sequence variants, or lack of sufficient frequency in multiple populations, suggests
that these 20 microhaplotypes do not have increased discrimination power over that of the
current length-based allele polymorphism (Table 8) for HID applications.

Length-based allele frequencies and observed and expected heterozygosities were similar
to those previously reported by our group and Pereira, et al. Prior to Bonferroni
correction, three AFA, three ASA, no CAU, and three HIS length-based loci and four AFA,
five ASA, three CAU, and two HIS sequence-based loci deviated significantly from HWE
(p < 0.05). After Bonferroni correction, there were no significant departures from HWE for
length- or sequence-based loci (p = 0.00074). Prior to Bonferroni correction, 185 AFA,
140 ASA, 197 CAU, and 216 HIS length-based and 205 AFA, 186 ASA, 124 CAU, and
186 HIS sequence-based pairwise LDs were observed (p = 0.05). Five (AFA), four (ASA),
seven (CAU), and five (HIS) length-based and seven (AFA), eight (ASA), nine (CAU), and
six (HIS) sequence-based significant pairwise LDs were observed for markers on the
same chromosome but not on the same chromosomal arm. After Bonferroni correction, at
most two pairwise locus comparisons showed significant LD for length- and sequence-
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based alleles per population (rs2308112 and rs34795726 in AFA and rs34541393 and
rs34811743 in ASA, p < 0.0000219). The observed significant pairwise LDs are less than
that due to chance alone (~114). Assuming independence, the combined length-based
RMPs were 1.36 x 10-26 for AFA, 5.42 x 10-27 for ASA, 2.94 x 10-27 for CAU, 1.33 x 10-
27 for HIS and the combined sequence-based RMPs were 3.29 x 10-32 for AFA, 5.92 x
10-31 for ASA, 6.69 x 10-32 for CAU, and 5.67 x 10-32 for HIS for 68 HID INDEL-
containing microhaplotypes.

The combined RMPs, under the assumption of independence, for 22 microhaplotypes
were 3.84 x 10-14 for AFA, 3.87 x 10-13 for ASA, 7.76 x 10-14 for CAU, and 1.60 x 10-13
for HIS. These values are comparable to those obtained with larger INDEL panels
described by Pereira, et al. and our group, and commercially available short tandem
repeat (STR) kit
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Each box plot represents a single locus; the center horizontal line represents the median, the lower and upper boundaries of each box
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Figure 16. Depth of coverage (DoC) values for 68 human identity INDELs using the Nextera™ Rapid Capture Enrichment kit and the Illumina

MiSeq™.
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Figure 17. Allele coverage ratio (ACR) values for 68 human identity INDELs using the Nextera™ Rapid Capture Enrichment kit and the lllumina

MiSeq™.

Each box plot represents a single locus; the center horizontal line represents the median, the lower and upper boundaries of each box

represent the first and third quartiles, respectively, the vertical dashed lines indicate plus/minus three times the interquartile range, and closed
circles indicate outliers. The center horizontal line indicates the mean across 68 loci and the top and bottom horizontal lines indicate plus and

minus two standard deviations, respectively for all loci combined.
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1 Table 5. Length-based (LBAF) and sequence-based (SBAF) allele frequencies by population for 68 insertion/deletion (INDEL) markers. Target
2 INDEL motifs are underlined and flanking region variants bolded.

3
AFA ASA CAU HIS
Flanking RS
INDEL RS Number(s) and Length Sequence
Number hg19 Reference (bp) da
Allele LBAF SBAF LBAF SBAF LBAF SBAF LBAF SBAF
100 E/X\CAT%TCLTGGATAGTGCCTTATTTATTTATGTATGTGACACATAAAACCATGATTGTTTCTTCTTTCTGTCTTAGCAAGATTTTTTTTT 0.3784 03256 0.3469 0.3061
TTAAACATTTGATAGTGCCTTATTTATTTATGTATGTGACACATAAAACCATGATTGTTTCTTCTTTCTGTCTTAGCAAGACTTTTTTTT 0-3784 0-3372 0-3469 03061
rs10623496 chr8:123945676 T2 100 CTOCTITOAG 0 0.0116 0 0
104 $¥¢¢¢\g¢gg¥$¢gﬁgTGCCTTATTTATTTATGTATGTGACACATAAAACCAMTGATTGTTTCTTCTTTCTGTCTTAGCAAGATTTT 06216 06216 0.6628 0.6628 0.6531 0.6531 0.6939 0.6939
100 gﬁgggg%mCTAATCTACTCTCTTGTGcCCACTTTTACTTACTCACGTCTTTTccCAACAGCATTCTGTCACACCTCCTAATA 0.2432 0.2791 01633 0.2755
TTGGTTATCTCTGTCTAATCTACTCTCTTGT ACTTTTACTTACTCATGTCTTTTCCCAACAGCATTCTGTCACACCTCCTAATA
orasin0 G 100 GT??TGCT%A?CG ( CTACTCTCTTGTGCCCAC CTTACTCATGTC CCCAACAGCATTCTGTCACACCTCC 0.2568 0.0135 0.2791 0 04735 0 0.2755 0
Is.
rs10629077 rs201421087 C 100 TTGGTTATCTCTGTCTAATCTATTCTCTTGTGCCCACTTTTACTTACTCACGTCTTTTCCCAACAGCATTCTGTCACACCTCCTAATA o 0 0.0102 0
GTTTTGCTCATC :
102 H\ggﬁggSX%CTAATCTACTCTCTTGTGcCCACTTTTACTTACTCACHGTCTTTTCCCAACAGCATTCTGTCACACCTCCTAA 0.7432 0.7432 0.7209 0.7209 0.8265 0.8265 07245 07245
100 $$/ITGGT£TC;<T:§€;§TAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCTTCTCATCTCACACGCCACATGGGATCCACCCTTT 0.0676 04767 0.0714 01531
CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCTTCTCATCTCACACGCCACATGGGATCCACCCTTT 0.2027 0.5698 0.3163 0.3673
100 TTAGGCATGTOOAG 0.1351 0.093 0.2449 0.2143
CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCCTTTCTCATCTCACACGCCACATGGGATCCACCCT
\ 15142634555 C 102 TTTATGOATGTGCAG = 0.4459 0.4186 0.4898 0.4082
rs10688868 rs56780729 C CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCCTTTTTCATCTCACACGCCACATGGGATCCACCCT
rs10902117 C 102 T TTACGOATOTGOAG 0.3378 0.0116 0.1837 0.2245
102 CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGTCTCAGCCCCTTTTTCATCTCACACGCCACATGGGATCCACCCTT 0.7973 o 0.4302 0 0.6837 0.0102 0.6327 0
TTTACGCATGTGCAG :
102 CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCCTTTCTCATCTCACACGCCACATGGGATCCACCCT 0.0135 0 0 0
TTTTACGCATGTGCAG :
97 gﬁﬁ%TchTﬁgTCCTTTTCCCATTGTGCTTAAAACTCCTTTGGAATAGTACTGTTTTCTCTATACTTGGAATACATTTGGGTAGACTGGA 03919 0.4535 0.4082 03372
rs1160886'
100 g/ég%TTiTT/ﬁggTTTTCCCATTGTGCTTAAAACTCCTTTGGAATAGTACTACTGTTTTCTCTATACTTG GAATACATTTGGGTAGACT 0.6081 0.5465 05918 0.6628
101 gﬁé:ggggggmmm GTATAGCTTTAGAAGGATCTTCTTTCAGTTGCTCTTTCAAACTTTTCCTTGTTAGAAAAGAAAAACTAA 0.5405 0.5405 0.6047 0.6047 0.8163 0.8163 06125 06125
151160956 - 1138536239 T 104 ?ﬁﬁ?ggg;f;’;gg}l’?iAAGGTATAGCTTTAGAAGGATCTTCTTTCAGTTGCTCTTCTTTCAAACTTTTCCTTGTTAGAAAAGAAAAAC 0.4459 0.3953 01837 0.3875
0.4595 0.3953 0.1837 0.3875
104 CAAATTGTGTTCCTCCAAGGTATAGCTTTAGAAGGATCTTCTTGCAGTTGCICTTCTTTCAAACTTTTCCTTGTTAGAAAAGAAAAAC 0.0135 0 o 0
TAATACAAATTGGTTA :
94 /TxgS%CATTATTAGATGTACTATGGTTCAGTGGAAATAGCATGAACTAACAGAGTCTAATAATTTTTGACCTTAGACATGTCTCTTA 0.3649 0.3649 0.5116 0.5116 0.2857 0.2857 0.3854 0.3854
1513447508 1s13447507 A 100 /é/%ﬂ//:%\g%memeTACTATGGTTCAGTGc—:AAATAGCATGAACTAACAGACTTAGAGTCTAATAATTTTTGACCTTAGACATGT 0.6081 0.4884 0.7143 0.6146
0.6351 0.4884 0.7143 0.6146
100 AATGTACATTATTAGATGTACTGTGGTTCAGTGGAAATAGCATGAACTAACAGACTTAGAGTCTAATAATTTTTGACCTTAGACATGT 0.0270 0 0 0
CTCTTATCTCTG :
97 é‘é(/i‘(l;;%TTT_I{\CCZ:(;rCATGGAATTCTTTAGGCTTAATTTTACTTCCAGTTAAATGCAGCTGCTGTGGTCACTCAGGAGGGGGATGGGCAC 0.3514 0.186 0.3958 0.0816
97 é‘é(/i‘(l;;%TTT%%(;rCATGGAATTCTTTAGGCTTAATTTTACTTCCAGTTAAATGCAGCCGCTGTGGTCACTCAGGAGGGGGATGGGCAC 0.4189 0.0541 0.3605 01628 0.4688 0.0729 01633 0.0612
3 rs10905513 A ATGTTCTTAGCCATGGAGTTCTTTAGGCTTAATTTTACTTCCAGTTAAATGCAGCTGCTGTGGTCACTCAGGAGGGGGATGGGCAC
rs140809 6878050 97 CCAGAGTTOCT 0.0135 0.0116 0 0.0204
100 é;(éETCiTg:chTcC/ACTTGGAATTCTTTAGGCTTAATTTTACTTCCAGTTAACAAATGCAGCCGCTGTGGTCACTCAGGAGGGGGATGGG 0.4505 0.4651 04479 0.7347
ATGTTCTTAGCCATGGAGTTCTTTAGGCTTAATTTTACTTCCAGTTAACAAATGCAGCCGCTGTGGTCACTCAGGAGGGGGATGGG 05811 0.6395 0.5313 0.8367
100 CAGCCAGAGTTCCT =R 0.0270 0.1628 0.0625 0.0918
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ATGTTCTTAGCCATGGAGTTCTTTAGGCTTAATTTTACTTCCAGTTAACAAATGCAGCTGCTGTGGTCACTCAGGAGGGGGATGGG

100 ACCOACAGT e 0.0811 0 0.0208 0.0102
100 ATGTTCTTAGCCATGGAATTCTTTAGGCTTAATTTTACTTCCAGTTAACAAATGCAGCTGCTGTGGTCACTCAGGAGGGGGATGGG 0.0135 0.0116 0 0
CACCCAGAGTTCCT : '
% ;Egégé‘;/égceccTCACCTTCCTCCC/—\GTAACCATCAAGCCCCATGAAGAAGGAGTAGCAGGGGAA/—\TGGAGTCCACTAAAAGGCCG 05000 05000 03721 03721 05918 05918 od7as  o0a7as
100 g%%gi/RTG/ACGCCCgI_TC%A(;CCCTTCCTCcCAGTAACCATCAAGCCCCATGAAGTAGGAAGGAGTAGCAGGGGAAATGGAGTCCACTAAAAG 03043 0593 0.4082 05128
rs111817892 G
TGCAGATAGCCTCACCTTCCTCCCAGTAACCATCAAGCCCCATGAAGTAGGAAGGAGTAGCAGGGGAAATGGAGTCCACTAAAAG
3 Ala\—l-)
rs1610871 Ch:;7157816(§5§82g1 gTZ 100 COBOAAGECCTCRGE s so0s 0.1081 oo 0.0349 . 0 s 0.0128
' 100 TGCAGATAGCCTCACCTTCCTCCCAGTAACCATCAAACCCCATGAAGTAGGAAGGAGTAGCAGGGGAAATGGAGTCCACTAAAAG : 0.0541 : 0 : 0 : 0
GCCGAAGCCCTCGGC :
100 TGCAGATAGCCTCACCTTCCTCCCAGTAACCATCAAGCCCCATGAAGTAGGAAGGAGTAGCAGGGGAAATGGAGTCCACTAAAAG 00135 0 0 0
GCCGAAGCCCCCGGC -
100 gETCACACTAG&%i%TTTTTTGGTTTTGGTGAAAATTTCAGACAGTGTGACATTAATTATTTGTCTTTGCACAGAATGATGATGCTAAAGCCA 03108 02326 0.2551 02396
rs16402 -
104 gEL/XETSSC%%%LETJQEGTTTTGGTGAAAATTTCAGACAGTGTGACATTAATTATTTATTTGTCTTTG CACAGAATGATGATGCTAAA 0.6892 0.7674 0.7449 0.7604
100 S g_‘{;?ﬁgg_‘ll:l_(r)CCCCAAAAACCTACCAATTAACAGTCTCAAAGTTTTACAATTCCTTCATTTCCAAACTCTCTTATGAGTAATAATCAA 05135 06047 0.6939 05000
16458 -
rs GGTTAATCTTCCCCCAAAAACCTACCAATTAACAGTCTCAAAGTTTTACAATTCCTTCCTTCATTTCCAAACTCTCTTATGAGTAATAA
104 T OAANGTATACATAT 0.4865 0.3953 0.3061 0.5000
100 %icczgllgiéggACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTTTTTGACATTGCAACTTGGAAGTCACAATGTATTTT 02568 0.4302 07551 0.4286
100 TCCCCTTTCCACTACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTTTTTGACATTGCAACTTGGAAGTCACAATGTATTTTT 0 04419 0 07653 00102 04744 00102
CACAAAACAGTG
rs146701576 C
TCCCCTTTCCACCACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTTTTTGACATTGCAACTTGGAAGTCACAATGCATTTT
rs16624 rS: :2052(?93;171 A 100 TCACAAAACAGTG 0 0.0116 0 0
TCCCCTTTCCACCACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTGTTTTTGACATTGCAACTTGGAAGTCACAATGCATT
102 A AA A 0.7162 0.5581 0.2347 0.5612
0.7432 0.5581 0.2347 0.5256
102 TCCCCTTTCCACCACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTGTTTTTGACATTGCAACTTGGAAGTCACAGTGCATT 0.027 0 0 0
TTTCACAAAACAGTG :
103 ﬁ%iATgﬁgTTgTCTAATCGTCCTGTCTTAAAAGATTGTGGGGATTAAATTACAAGGCACATAAAGCACATGGCATTTAGTAGGACCCTCAATAA 02297 02674 04286 03878
ATCCAGAGTGCATGCTGTCTTAAAAGATTGTGGGGATTAAATTACAAGGCACATAAAGCACATGGCATTTAGTAGGACCCTCAATA 03378 0.3488 0.4388 0.4184
103 PV ali il 0.1081 0.0814 0.0102 0.0306
15178599687 rs9923304 C
1316955268 A 107 ATCCAGAGTGCATGCTGTCTTAAAAGATTGTGGGGATTAAATTACAAGGCACATAAATAAAGCACATGGCATTTAGTAGGACCCTC 0.6351 0.6512 05612 05816
AATAAATGATAACTCTTACTC 06622 - 06512 : 05612 : 05816 :
107 ATCCAGAGTGCATGCTGTCTTGAAAGATTGTGGGGATTAAATTACAAGGCACATAAATAAAGCACATGGCATTTAGTAGGACCCTC : 0.027 | o : 0 : o
AATAAATGATAACTCTTACTC :
% é/?/c\;?\ g/(\:ﬁ;AAﬂACAGGCATGCCAATCACTAccCACCAAATGTCACTGACACCAAAGAATCACTGATTAACCTGGAGAGCACTGCAAG 02162 02162 06512 06512 06122 06122 06224 06224
100 éﬁﬁgg?éﬁg{;ﬁﬁiGCATGCCAATCACTACCCACCAAATGTCCCTGACACCAGTCAAAGAATCACTGATTAACCTGGAGAGCACTG 0.4730 0.1395 02245 0.1939
1$2067140° rs192851878 T
rs254233 C 100 éﬁﬁgg?gﬁg‘gﬁ%ﬁiGCATGCCAATCACTACCCACCAAATGTCACTGACACCAGTCAAAGAATCACTGATTAACCTGGAGAGCACTG 07838 03108 03488 04977 03878 04633 03776 0837
100 AAAGGAAAATACAGGCAAGCCAATCACTACCCACCAAATGTCACTGACACCAGTCAAAGAATCACTGATTAACCTGGAGAGCACTG 0 0.0116 0 0
CAAGGTGAGCTATA :
o _?TGC;;-\TTAGAGTAATGTAAGTAATCTGATGAAATTTACCACTTCTAGTTATTTCCTTGTTTATGAACTACAGAATCCGATTACCCTGAAA 04189 04189 04302 04302 04898 04898 03523 03523
1<2067191 15115923410 C o5 ggﬁgﬁgAGTAATGTAAGTAATCTGATGAAATTTACCACTTCTAGATAGTTATTTCCTTGTTTATGAACTACAGAATCCGATTACCCT 05676 0.5698 05102 0.6477
0.5811 0.5698 0.5102 0.6477
GGATTAGAGTAATGTAAGTAATCTGATGAAATTTACCACTTCTAGATAGTTATTTCCTTGTTTATGAACTACAGAATCTGATTACCCT
95 CaATTe 0.0135 0 0 0
o SEchtaTiTTcT/é(/icesgAGCTGAAGAGAATGTTCTAGAATCCACAAAGAGCCTGGCAGGAGCCTGGGGACCTGGAGATGCAGCCGGGTG 01892 01892 01744 04744 03163 03163 03081 03061
1$2067208' 74531425 G 100 ggg?ggg?ng%Ar%ig%AAGAGAATGTTCTAGAATCCACAAAGAGCCTGGCCTGGCAGGAGCCTGGGGACCTGGAGATGCAGCC 0.8108 0.7907 05403 0.6429
0.8108 0.8256 0.6837 0.6939
100 GGGGCTCAGGCAGCTGAAGAGAATGTTCTAGAATCCACAAAGAGCCTGGCCTGGCAGGAGCCTGGGGACCTGGACATGCAGCC 0 0.0349 01429 0.0510
GGGTGCATCTATTCAGG : : :
100 GAAATGCAGCTTGATTCTCTATGCTATCCCGGCAATTCTCTATTTTTTGTCCTTTCTCTCCTCCATTCTGATATTCTCTTGCTTCTTGT 01351 02326 0.3265 05000
2067204 TCACTCCTCGA
s . GAAATGCAGCTTGATTCTCTATGCTATCCCGGCAATTCTCTATTTTTTGTCCTTCTIITCTCTCCTCCATTCTGATATTCTCTTGCTTCT
103 R 0.8649 0.7674 0.6735 0.5000
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TTTTAAAATATGTTATATTTTAGGGCTTTGAAATTACTGAAAATAATTTAATGTTACATAGTTTTAAATCACTTTCATAGCTTAATAGGG

95 TTTTA 0.1757 0.3293 0.4286 0.4512
0.1892 0.3293 0.4286 0.4512
1<2307507 1<540604306 G 95 EEQAAATATGTTATATTTTAGGGcTTTGAAATTAcTAAAAATAATTTAATGTTACATAGTTTTAAATCACTTTCATAG CTTAATAGGG 0.0135 0 0 0
100 ;ggg#?TT:TGTTATATTTTAGGGcTTTGAAATTACTGAAAATAATTTAMATGTTACATAGTTTTAAATCACTTTCATAGCTTAAT 08108 08108 06707 06707 05714 05714 05488 05488
100 TAATGCCAGGAGATAATTTATATACAAAGCAAAGGATGCTCAACAACATACGTAATGGGCTTCCGAATTACAAAGAACAGAATCAG 03649 03649 0631 06341 04694 04694 02955 02955
GACTCAAGCAGATG
152307526° 1$814781 G 104 &QTG;GACCCT%GA i/g%ﬁTGiATgTATATACAAAGCAAAGGATGCTCAACAACATACGTGTGTAATGGGCTTCCGAATTACAAAGAACAGAAT 0.3649 03171 0.4082 0.4886
0.6351 0.3659 0.5306 0.7045
TAATGCCAGGAGATAATTTATATACAAAGCAAAGGATGCTCAACAACATACGTGTGTAATGGGCTTCCGAATTACAAAGAACAGAAT
104 A CACTOAACCACATS 0.2703 0.0488 0.1224 0.2159
100 m//iéATTTL%TCC%/éCTGTACTAAAAATAcCATTAATAATAAAGTGTGGAAAGACATATTCAGCTCTCTTCAAAAGTAGCTATTTGGTTATTT 05811 05811 04744 04744 04184 04184 03500  0.3500
152307579 1$77911955 G 103 ;/??/TA:/I;g(T::gg?gACTAAAAATACCATTAATAATAAAGTGTGGAAAGACATGATATTCAGcTCTCTTCAAAAGTAGCTATTTGGTT 0.4054 0.8256 0.5816 0.6500
0.4189 0.8256 0.5816 0.6500
103 TAAAATTGTCACTGTACTAAAAATACCATTAATAATAAAGTGTGGAAAGACATGATATTCAGCTCTCTTCAAAAGTAGCTATTTCGTT 0.0135 0 0 0
ATTTAAAGTTAGCTC i
100 g(égLT\cGTTZ\/;/?%CTCTGAAATTAATTTTTATATTTCTAAATTGCTTAATTGAATAGTTATG CTATGGTCCTGTTCCATATCTAGATACCT 02432 0.4286 0.4490 05513
rs2307580 - TGGTTCTTAACCTCTGAAATTAATTTTTATATTTCTAAATTGCTTAATTAATTGAATAGTTATGCTATGGTCCTGTTCCATATCTAGATA
104 COTCCOAAGTATTC 0.7568 0.5714 0.5510 0.4487
% S:_I/:\é?é\ﬁGTCAGTGTGCCTACAGATACCACTTTATTTTGTCCACTTAGAACTAGGTTG CTATCTTTAGCTTAATTCTAGCATATGAGA 0.3919 0.4419 0.6122 0.3846
1
rs2307603 GAAAAAAGTCAGTGTGCCTACAGATACCACTTTATTTTGTCCACTTAGATCAGAACTAGGTTGCTATCTTTAGCTTAATTCTAGCATA
100 TOACAAATGTOA 0.6081 0.5581 0.3878 0.6154
%5 ﬁﬁTAI?TTgECTTCCCTATCTACACAACCTGGTTTGCCCACGTG CCTCTTGATAATTAGAATAGAACTCTAGAAGGATATTAGCATGTC o one”  oore 0581 05581 05000 05000 06429  0.6429
152307656 - 1$13158027 T 100 ﬁﬁé_TrgLT#%_T;gACCCATCTACACAACCTGGTTTGCCCACGTG CCTCTTGATAAGTTAATTAGAATAGAACTCTAGAAGGATATTAGC 0.2162 0.1163 0.3571 0.2262
0.3784 0.4419 0.5000 0.3571
AAATGTTGCTTCCCTATCTACACAACCTGGTTTGCCCACGTGCCTCTTGATAAGTTAATTAGAATAGAACTCTAGAAGGATATTAGC
100 N aTOATITITON 0.1622 0.3256 0.1429 0.1310
86 CTTCCCCAAGGCCAAACCTCCTCCCTCAGAAGAGGGCTGTTCTTCCTCAAGTTACTAAGCCTCCTTCTTCAAACGAGGGGATACCC — 05676 05676 0.2674  0.2674 02143 02143 0.3605  0.3605
1523076897 1536120065 A 89 gg:cCoCAAGGCCAAAccTCCTCcCTCAGAAGAGGGCTGTTCTTCTTCCTCAAGTTACTAAGCCTCCTTCTTCAAACGAGGGGATA 0.2703 0.407 05102 0.3488
0.4324 0.7326 0.7857 0.6395
CTTCCCCAAGGCCAAACCTCCTCCCTCAGAAGAGGGCTGITCTTCTTCCTCAAGTTACTAAGCCTCCTTCTTCAAACGAGGGGGTA
89 See 0.1622 0.3256 0.2755 0.2907
% éig%é%/AG%AT/ZCAGAAACAATAACGAATCCCcccCATCACACACACACAGCGACCTGAGGGTTCTGAAGAGTAAATAAGAGCAGT 05405 03023 0.4082 0.4459
rs2307696 - ACACTACACAACAGAAACAATAACGAATCCCCCCCATCACACACACACAGCGACCGACCTGAGGGTTCTGAAGAGTAAATAAGAG
100 CACTOACATAG OO 0.4595 0.6977 0.5918 0.5541
AACCTGGGACAGCTGGCAGGGCCAGAGCTCAGCTGATCATTCATGGGCTTGTCAGTCAGTAAAAGAATGGGGATTCCGAGGAAG
106 A AN A COAAAGCAANARA 03378 03378 02674 02674 05408 05408  0.3125  0.3125
5 AACCTGGGACAGCTGGCAGGGCCAGAGCTCAGCTCATCATTCATGGGCTTGICACTCAGTCAGTAAAAGAATGGGGATTCCGAG
rs2307700 rs4239922 G 110 AN GACAAA AN AGOAANCAAAAAR veom 0.3784 _— 0.6744 . 0.2449 oo 0.5521
10 AACCTGGGACAGCTGGCAGGGCCAGAGCTCAGCTGATCATTCATGGGCTTGICACTCAGTCAGTAAAAGAATGGGGATTCCGAG ' 0.2838 : 0.0581 . 0.2143 : 0.1354
GAAGGACAAACAAAGGAAAGAAAAAA : : : :
100 /(_\)é;‘lc':TA(i%'I;:AC/:\_I{X;;gGCAGAGCCCATACCTACTGTGACCAGAGAAG GAAGGAGCCTGAGATGTCATTAATTGAATTCATTCATTTTGT 0.4459 0.2674 0.3776 0.2041
rs2307710 - CATTTGCTAAATTTGCAGAGCCCATACCTACTGTGACCAGAGAAGGAAGGAAGGAGCCTGAGATGTCATTAATTGAATTCATTCATT
104 F CTACACAAGCCTARG 0.5541 0.7326 0.6224 0.7959
100 ggﬁé(/igiﬁ;%&zqéAGAAAAATTGTCAG CTAATAATGGTTATTCTTATTTGGAAATATATATACATAGATAAATACGTAAAGAAATGC 01944 0.4302 0.0347 02755
2307 -
rs2307839 CTAAGAAATGTTTTAAGAAAAATTGTCAGCTAATAATGGTTATTCTTATTTICTGGAAATATATATACATAGATAAATACGTAAAGAAAT
102 A CACACAAAGACAC 0.8056 0.5698 0.7653 0.7245
% Eﬂ?g@é@é@ %TTTTACTGAGATGCCCAACCTGCGTG GAAAGCCTCCACCTTGCAGCATAAGT GCGGAGGAAACGGTGACAAAAT 04324 0.2907 0.3367 03839
1
re2307850 TCTGGAAAAGCTTTTACTGAGATGCCCAACCTGCGTGGAAAGCCTCCACCCACCTTGCAGCATAAGTGCGGAGGAAACGGTGACA
100 AT OATTGOCOCGE 0.5676 0.7093 0.6633 0.6111
105 igﬁéﬁgﬁ\x%yggémAAAAATTGTCAGCTAATAATG GTTATTCTTATTTGGAAATATATATACATAGATAAATACGTARAGAAATGC o oo™ [ act™ o a0 0.407 01735 01735 03553 03553
1s2307978° rs188547 G
A 107 ggﬁ/\\éﬁgﬁ\gﬁgggﬁgAAAAATTGTCAGCTAATAATG GTTATTCTTATTICTGGAAATATATATACATAGATAAATACGTAAAGAAAT 0 oot (acs oson0 03256 08265 04694 06447 04079
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CTAAGAAATGTTTTAAGAAAAATTGTCAGCTAATAATGGTTATTCTTATTICTGGAAATATATATACATAGATAAATACGTAAAGAAAT

107 G 0.2568 0.2674 0.3571 0.2368
o ATCCACAGAAGAGGCGGTGCTGATGGACTGGACCCCAGAGAGTCCTGCTTGGTGCCATACCTTGGGTCCCTCCAGATCAGGATG 0540 05000 06020 05256
2308112 CTCCCAGCAAC : : : :

s . 100 ATCCACAGAAGAGGCGGTGCTGATGGACTGGACCCCAGAGAGTCCACACCTGCTTGGTGCCATACCTTGGGTCCCTCCAGATCA 0.4595 05000 03980 04744
GGATGCTCCCAGCAAC : : ' -
GGCAAGTTGGGAGTTTCCCGTTGAGCTTTGCTTCCCGT GAAAACAACCAT GAGAACT CCAGAAATGGCCTTCTCAGGCCAGGCTT

oot 98 SNSRI 0.7027 0.4535 0.3061 0.2692

e . 100 GGCAAGTTGGGAGTTTCCCGTTGAGCTTTGCTTCCCGTGAAAACAACCATGAGAGAACTCCAGAAATGGCCTTCTCAGGCCAGGE 02973 05465 0,693 07308
TTCGTGACTTTCAGG . : . .
GGTAAGTGTTGCAACATCTGCCACAATTTAAAACACTTACTCAGGTGCCTGCTCAGTGCCTATGCACTAAGTCAAAGAGGCACAGG

e 100 AL S 0.4730 0.0814 0.2292 01771

s 104 GGTAAGTGTTGCAACATCTGCCACAATTTAAAACACTTACTCAGGTGCCTGTCTGCTCAGTGCCTATGCACTAAGTCAAAGAGGCA 05270 09186 07708 08220
CAGGCCAGCTGTCCAGAA : : ' -
TACATCCTGCTCCTTTCACCTGGAACCTGATTCACGCTGCTGGAATCATTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCTTGTCG

99 L 0.1757 0.4643 0.3438 0.5405
CACATCCTGCTCCTTTCACCTGGAACCTGATTCACGCTGCTGGAATCATTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCTTGTCG
- 99 e reT 05405 03108 04643 0 03542 00104 05541  0.0135
23081891'3 rs176295 C 99 TACATCCTGCTCCTTTCACCTGGAACCTGATTCATGCTGCTGGAATCATTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCTTGTCG 0.0541 0 0 0
s rs176294 T TTCCTTTGTTT !
CACATCCTGCTCCTTTCACCTGGAACCTGATTCACGCTGCTGGAATCATTAGTTTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCT
104 A A TTAGT 0.1486 0.3333 0.2813 0.2073
0.4595 0.5357 0.6458 0.4459
104 CACATCCTGCTCCTTTCACCTGGAACCTGATTCATGCTGCTGGAATCATTAGTTTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCT 0.3108 0.2024 0.3646 0.1486
TGTCGTTCCTTTGTTT . . . .
TTGAGAGATAAGTGTCTTGTAAAAATGATTTTGTGTTTCTGCAAACTTGTTACTGGAGACCATGGAATTTCCTTTTTCTTTTCTTCACT
ssros 100 LS 0.6757 0.6512 05714 0.6531

e . 104 TTGAGAGATAAGTGTCTTGTAAAAATGATTTTGTGTTTCTGCAAACTTGATTGTTACTGGAGACCATGGAATTTCCTTTTTCTTTTCTT 03243 03488 04286 03469
CACTGTGGTGGAAAA . ) : )

00 TTAATCTAAATGGTGAATGATTGATGCAATCTCACACTACCTTTGAAAAGCTATTCGTCTAGCTCTTGATCAAATTTAAGATCATATA 02432 00976 01979 00021
ATACGAAGCAAG : ' : '
TTAATCTAAATGGTGAATGATTGATGCAATCTCACACTACTTTTGAAAAGCTATTCGTCTAGCTCTTGATCAAATTTAAGATCATATAA 02208 0.2683 0.2017 0.2895
152308232° r$1093240 C 100 ARG 0.0135 0.1707 0.0938 0.1974
TTAATCTAAATGGTGAATGATTGATGCAATCTCACACTACTTTTGAAAAGCTAAACTTATTCGTCTAGCTCTTGATCAAATTTAAGAT
106 B AR O 07432 07432 07317 07317 07083  0.7083  0.7105  0.7105
AGGAGAGCTCTGCGGAGTTCATTTTCTGCTGATAAGGGGACAGGGAGAAAGCAGACGGGCAGTCATCCTTGGCCCACACAAGGG
100 A A 03378 03378 02674 02674 02083  0.2083  0.2250  0.2250
AGGAGAGCTCTGCGGAGTTCATTTTCTGCTGATAAGGGGACAGGGAGAAAGAGCAGACGGGCAGTCATCCTTGGCCCACACAAG
. 2 A
r$2308242 chr3:8616681 T 102 COCACCATCOACTOOCAA 0.6622 0.7326 0.7813 0.7750
0.6622 0.7326 0.7917 0.7750
102 AGGAGAGCTCTGCGGAGTTCATCTTCTGCTGATAAGGGGACAGGGAGAAAGAGCAGACGGGCAGTCATCCTTGGCCCACACAAG 0 0 00104 0
GGGACCATCCAGTGCCAA .
100 ?éég;égﬁ;?iCATTTCATTGTGACTCAATACTTTATAAAGATGAATTTAAATTTTGAAGTAAACTTTTTTTGTCTCAAATGGAGAAAT 0.5676 0.5676 0.4070 0.407 0.4694 0.4694 0.4487 0.4487
230827613 10200011 T 108 CAAGTATATACCATTTCATTGTGACTCAATACTTTATAAAGATGAATTTAATTTAAATTTTGAAGTAAACTTTTTTTGTCTCAAATGGA 03919 01977 05306 05128
GAAATTCCATGCAATA
0.4324 0.5930 0.5306 0.5513
105 CAAGTATATACCATTTCATTGTGACTCAATACTTTATAAAGATGAATTTAATTTAAATTTTGAAGTAAACTTCTTTTGTCTCAAATGGA 0.0405 0.3953 0 0.0385
GAAATTCCATGCAATA : ' '
o GACCATGCTTTATATATTCTTARAATTATTGCARACATTATATTTACTTTAAAGTTTCTGTGACACAGTGTGCCTAACAGATAGTGGG 0540 04419 02857 03163
AATTTTA : : : :
o5 GACCATGCTTTATATATTCTTAAAATTATTGCAAACATTATATTTACTTTAAAGTTTCTGTGACACAGTGEGCCTAACAGATAGTGGE 02479 0 0.4419 0 0.2959 00102 0.3163 0
AATTTTA .
GACCATGCTTTATATATTCTTAAAATTATTGCAAACATTATATTTACTTTTAAGTAAAGTTTCTGTGACACAGTGCGCCTAACAGATA
] 1$147933644 A 100 A AR 0.3378 0.1977 0.398 0.2653
rs2308292 rs140159023 A GACCATGCTTTATATATTCTTAAAATTATTGCAAACATTATATTTACTTTTAAGTAAAGTTTCTGTGACACAGTGTGCCTAACAGATAG
rs396196 C 100 e, TAAGT 0.1081 0.3605 0.2551 0.3980
0.4521 0.5581 0.7041 0.6837
100 GACCATGCTTTATATATTCTTAAAATTTTTGCAAACATTATATTTACTTTTAAGTAAAGTTTCTGTGACACAGTGCGCCTAACAGATAG o 0 0.0408 0.0204
TGGGAATTTTA . '
100 GACCATGCTTTATATATTCTTACAATTATTGCAAACATTATATTTACTTTTAAGTAAAGTTTCTGTGACACAGTGTGCCTAACAGATAG 0.0135 0 0.0102 0
TGGGAATTTTA : :
100 ?:g;é‘l’CAAGA'I'A'IZTGAAAGTGAATTGATCACTTTGTTTCTTGCTCTGAATCTTAATTTTTTTTCCTAAAGGAAAAAGATAATTTACTTTTTA 0.6757 0.6757 0.4405 0.4405 0.5408 0.5408 0.5417 0.5417
1528923216 15184394929 T 105 GTTTATAGTTTTGAAAGTGAATTGATCACTTTGTTTCTTGCTCTGAATCTTITGTAAATTTTTTTTCCTAAAGGAAAAAGATAATTTACT 0.2973 0.5595 0.4592 0.4583
TTTTATAGAGCAAAA
0.3243 0.5595 0.4592 0.4583
105 GTTTATAGTTTTGAAAGTGAATTGATCACTTTGTTTCTTGCTCTGAATCTTITGTAAATTTTTTTTCCTAAAGGAAAAAGATAATTTAC 0.0270 0 0 0
GTTTTATAGAGCAAAA )
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ACTCTGGCAATTACTTAAGGCTATCATTCATTCTGCAGAAATCGCTTTGTAAATCAGCTTATTTGGCTCAGTTTATATTTGAAAATTTT

104 CATATOOAGCOAATTC 03514 03514 03605 03605 03367 03367 04615  0.4615
108 CCTCTGGCAATTACTTAAGGCTATCATTCATTCTGCAGAAATCGCTTTGTAAATCAGCTTGATTATTTGGCTCAGTTTATATTTGAAA 0.5270 0.4186 0.2059 0.2308
<3038530° 1$1923740 C ATTTTGATATGGAGGAATTC
rs115288378 C ACTCTGGCAATTACTTAAGGCTATCATTCATTCTGCAGAAATCGCTTTGTAAATCAGCTTGATTATTTGGCTCAGTTTATATTTGAAA
108 ATTTTGATATGOAGGAATTE 06486 00946 06395 02209 06633 03673 05385  0.3077
108 CCTTTGGCAATTACTTAAGGCTATCATTCATTCTGCAGAAATCGCTTTGTAAATCAGCTIGATTATTTGGCTCAGTTTATATTTGAAA 0.0270 0 0 0
ATTTTGATATGGAGGAATTC :
100 Lgiz\%g%(jﬁgéeexxeGGATATTGACCTGAAGGCATACTGTTCcCTCTTAAAGAAGCAAGATCAACATTCAGAATCGCTCAGTG 01081 0.5698 0.602 0.3878
TTCTGTTGTGGTTAGGAGGGATATTGACCTGAAGGCACACTGTTCCCTCTTAAAGAAGCAAGATCAACATTCAGAATCGCTCAGTG 08169 06163 07245 04898
. 100 ACAAATCTCAMTTG 0.6757 0.0465 0.1224 0.102
rs3042783%  Chr2:222160737 T
rs3943815 C 105 TTCTGTTGTGGTTAGGAGGGATATTGACCTGAAGGCACACTGTTCCCTCTTAACTCAAAGAAGCAAGATCAACATTCAGAATCGCT 0.2162 0.3837 0.2653 0.5102
CAGTGACAAATCTCAATTG : : : :
0.1831 0.3837 0.2755 05102
105 TTCTGTTGTGGTTAGGAGGGATATTGACCCGAAGGCACACTGTTCCCTCTTAACTCAAAGAAGCAAGATCAACATTCAGAATCGCT 0 0 0.0102 0
CAGTGACAAATCTCAATTG !
100 AACAAAGTTTCCAAGGGCTCTTACCTACGTGGTTGGTGACCTTTTGGGGCTAATAATTAAGAAGGATGGGTATATATGAAATTATTT  (oone™  (ooae  asct 03571 03367 03367 08293 03293
AAATCTCCATCGG
153045264 $183114846 G 104 AACAAAGTTTCCAAGGGCTCTTACCTACGTGGTTGGTGACCTTTTGGGGCTGTCTAATAATTAAGAAGGATGGGTATATATGAAATT 0.7162 0.6429 0.6531 0.6707
ATTTAAATCTCCATCGG
0.7162 0.6429 0.6633 0.6707
104 AACAAAGTTTCCAAGGGCTCTTACCTACGTGGTTGGTGACCTTTTGGGGCTGTCTAATAATTAAGAAGGATGGGTATATATGAAATT 0 0 0.0102 0
ATTTAAATCTCCATCAG :
CACAGAGAGGCGGTGGGAGACAGGCACACCAGCATGCAAGTACAGTGCACTGGGATCTCTCTCACTAGATACAAGGAAGGTTTG
N 100 COAMATTAGTITOTTT 0.6250 0.6429 0.4479 0.5500
's 104 CACAGAGAGGCGGTGGGAGACAGGCACACCAGCATGCAAGTACAGTGCACTGACTGGGATCTCTCTCACTAGATACAAGGAAGG 0.3750 0.3571 0.5521 0.4500
TTTGGCAAATTAGTTTGTTT : : , )
100 TTCTATTTAGAATTGGAAGATCTGGGTAGAAGTCCTATCTAGTCCATGTATACATTGTGTGAGACTGGGCAATATTGAATCTCCTAA o ooo™  o1ooo 03837 03837 05008 05008 03617 03617
ATGTGGACACAAA
1. TTCTATTTAGAATTGGAAGATCTGGGTAGAAGTCCTATCTAGTCCATGTATGTATACATTGTGTGAGACTGGGCAATATTGAATCTC
rs3051300 rs186936660 A 104 CTAAATGTGCOACACAAA 0.8108 0.6163 0.4792 0.6277
0.8108 0.6163 0.4792 0.6383
104 TTCTATTTAGAATTGGAAGATCTGGGTAGAAGTCCTATCTAGTCCATGTATGTATACATTGTGTGAGACTGGGCAATATTGAATCTC 0 0 0 0.0106
CTAAATGTGGACACGAA :
100 AATTCACCAGAATTTAAAATACTGCTGGGTATGATGTCACATGTCTGTAGTCCCTAGCTACTTGAGAGGCTGAGATGGGAGGATTC 0.3108 0.6977 0.3958 0.6531
3062629 CTTGAGTCTAGGAA
e . 105 AATTCACCAGAATTTAAAATACTGCTGGGTATGATGTCACATGTCTGTACTGTAGTCCCTAGCTACTTGAGAGGCTGAGATGGGAG 0,682 0.3023 0.6042 0.3469
GATTCCTTGAGTCTAGGAA ! : : :
100 AT AT AT AAATTTCATGTAAGTAGATATT CTAATACTAGTAAAGCTTGTTTTCATTTTGTGTTTTAMARAGAATIATGATATTTT 0.2568 0.4651 0.3673 0.3776
133080855 . GTATATTTATAAATTTCATGTAAGTAGATATTCTAAATACTAGTAAAGCTTAATTGTTTTCATTTTGTGTTTTAAAAAAGAATTATGATA
104 0.7432 0.5349 0.6327 0.6224
TTTTTCTCCATGCC
GCTGTGCAGAGAGAGAGTAGGGGGAGGAGGTGGAGAACCCGGAAGAGCAGCTCTGAGCAGATTTCACACGATTAATAGGGGGTT
13917182 100 TGTTGGCTGGTGGACT 0.5405 0.5465 0.5938 0.7105
'S . 102 GCTGTGCAGAGAGAGAGTAGGGGGAGGAGGTGGAGAACCCGGAAGAGCAGCCATCTGAGCAGATTTCACACGATTAATAGGGG 0.4595 04535 0.4063 0.2895
GTTTGTTGGCTGGTGGACT : : : :
% © EAGCAACC/;-\gé$$AAAGCCTCGGCGATAGACAG CATTTGTGAGTTACATCACATGTTAGAACTTAATAGTTCTCCCACATGCTGTGAAT 0.3514 0.5698 0.5612 0.5816
7042 61 581 6224
GGGACATAACAAAGCCTCGGCGATAGACAGCATTTGTGAGTTACATCACATGTTAGAACTTAATAGTTCTCCCACATGCTGTGAGT 070 06163 05816 06
9 AAACAGGGTT 0.3243 0.0465 0.0204 0.0408
rs33951431° rs4741748 G
GGGACATAACAAAGCCTCGGCGATAGACAGCATTTGTGAGTTACATCACAAGTTTGTTAGAACTTAATAGTTCTCCCACATGCTGT
100 A 0.3243 0.3605 0.4184 0.3776
GAATAAACAGGGTT
0.2958 0.3837 0.4184 0.3776
100 GGGACATAACAAAGCCTCGGCGATAGACAGCATTTGTGAGTTACATCACAAGTTTGTTAGAACTTAATAGTTCTCCCACATGCTGT 0 0.0233 0 0
GAGTAAACAGGGTT :
100 %ﬂgé\gﬁ%\ATAATGAGTCATCCAGATTATCGAGTGAGATACATATTTAAGAATTATcTTTAAAAATTTCAAAAATTTTAATTTTAC 0.4189 0.3837 0.6837 0.5000
1
1834051577 105 CTGTCATAACAATAATGAGTCATCCAGATTATCGAGTGAGATACATATITATCTTAAGAATTATCTTTAAAAATTTCAAAAATTTTAAT 0.5811 0.6163 0.3163 0.5000
TTTACTGTTGTGTTTT : : : :
100 CCAGTTCTGTGGTTTGGTCTCAGTACTTGTTCTGTGCAGTAGTTAAGTCCTTCCAGCCATCTTGCCACTCAGCTTAGAAAAATACTC 0.6944 0.5349 0.6224 0.4474
24495360 TCCAAAAACATGT
s - . 105 CCAGTTCTGTGGTTTGGTCTCAGTACTTGTTCTGTGCAGTAGTTAAGTCAAGTCCTTCCAGCCATCTTGCCACTCAGCTTAGAAAAA 0.3056 0.4651 0.3776 0.5506
TACTCTCCAAAAACATGT : : : :
% A AT CTGAATAGATCCC B CCCARAGTCATTTGATT TG GAATAGTCTTARAAACAGGCAGECATACTTTATTAACATTC 0.4189 0.8023 04796 0.4796
1
1534510056 ACAAAATATTCTGAATAGATCCCGGCCCAAAGTCATTTGATTTGGGAATACTTTAGTCTTAAAAACAGGCAGGCATACTGTTATTAA
100 0.5811 0.1977 0.5204 0.5204
CATTGTCATTATC
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AAGCTTATGAGATTTGGAGGACTTTAGTAGAAGAGGAAAATACCACATTTATTTATGAGTGTCTTTGAACCTAAGAAGGGTCTCATT

95 ATt 04054 04054 05000 05000 03265 03265 05102  0.5102
rs34511 5413 157941925 T 100 AAGCTTATGAGATTTGGAGGACTTTAGTAGAAGAGGAAAATACCACATTTCTCTTATTTATGAGTGTCTTTGAACCTAAGAAGGGTC 0.473 0.3953 0.4286 0.3673
TCATTTGTATACA
0.5946 0.5000 06735 0.4898
AAGCTTATGAGATTTGGAGGACTTTAGTAGAAGAGGAAAATACCACATTITCTCTTATTTATGAGTGTCTCTGAACCTAAGAAGGGTC
100 Trere 0.1216 0.1047 0.2449 0.1224
TCATTTGTATACA
100 ?gg$$;¢gg$_|I|_AGGAAAGAGGAAATTTGACCCATGTCTTG GAGAGGAGTCAAATCAGAAACTCCTCCTATTACGTCTTTTTCCTTTGC 0.4324 0.4324 0.5581 0.5581 0.3469 0.3469 0.3163 0.3163
1$34528025" rs$34247791 DEL 106 GTCTCTCTAGCGTAGAAAGAGGAAATTTGACCCATGTCTTGGAGAGGAGTCAAATCAGAAACTCCTCCTGAGTATTACGTCTTTTTC 0.5676 0.4419 0.6531 0.5816
rs202051643 G CTTTGCTCGTTTTGCTTTG 0.5676 0.4419 0.6531 0.6837
106 GTCTCTCTAGCGTAGAAAGAGGAAATTTGACCCATGTCTTGGAGAGGAGTCAAATCAGAAACTCCTCCTGAGTATTACATCTTTTTC ’ 0 : 0 : 0 : 0.102
CTTTGCTCGTTTTGCTTTG .
100 AGGGGGTACTACAGACAGGTTTAAAATGAGCAAACCTAGCTGGTAGGTAGTGTCCTTAGAAGAGTTTTAAGTGAAAAAGGACATGA 0.5811 0.4651 0.6122 0.5395
I TAAAATATGGCTTT
s 104 AGGGGGTACTACAGACAGGTTTAAAATGAGCAAACCTAGCTGGTAGGTAGGTAGTGTCCTTAGAAGAGTTTTAAGTGAAAAAGGAC 04189 05349 03878 04605
ATGATAAAATATGGCTTT : ) ! )
9% iﬁ??;IXETAGATGTGTCAGGAGTCTAGAAACTTCAGTTTGGAGAATAACTACTTCCCTCACATCATTGTTCATACTGTTTTGGTTTT 0.4459 0.7442 0.4082 0.5395
rs34541393 - ° TACATTTCTAGATGTGTCAGGAGTCTAGAAACTTCAGTTTGGAGAATAAAACTCTACTTCCCTCACATCATTGTTCATACTGTTTTGG
100 AACT 0.5541 0.2558 0.5918 0.4605
TTTTTATTATAA
00 ﬁgégz(i'@fé%TTATTCAAAAAAAAGGTCTTTTAGAAATTCTTTTTAAATTATTTGCTACCTATCCATGTTTTCTCCAAATCTATCAGC 05811 06977 04490 06002
I 100 é‘l(':/;/z:TA%TAAGGTAGGTTATTCAAAAAAAAGTTCTTTTAGAAATTCTTTTTAAATTATTTGCTACCTATCCATGTTTTCTCCAAATCTATCAGCA 05046 o 06077 0 04502 00102 06042 0
rs
rs34795726 rs4646566 G ATAATGTAGAGTTATTCAAAAAAAAGGTCTTTTAGAAATTCTTTTTAAATTATTTGCTACCTATCCATGTTTTCTCCAAATCTATCAGC
100 0.0135 0 0 0
AGCACAGAGTA
104 ATAATGTAGAGTTATTCAAAAAAAAGGICTTTCTTTTAGAAATTCTTTTTAAATTATTTGCTACCTATCCATGTTTTCTCCARATCTATC 0 4oer  0a0sa 03023 03023 05408 05408 03958  0.3958
AGCAGCACAGAGTA
100 TATGTCTCTACATCCCACCCCAACTACAACACTTCGTACCCAGGATGCAACAGATCAAAGTAGTTGCTTACTATGGGTTGAACAAAA 0.527 0.8095 0.6633 0.7292
AGGAGAGGCACAC
TATGTCTCTACATCCCACCCCAAATACAACACTTCGTACCCAGGATGCAACAGATCAAAGTAGTTGCTTACTATGGGTTGAACAMA 00046 0.8095 0.6633 0.7604
rs34811743° r$532272 C 100 0.0676 0 0 0.0313
AGGAGAGGCACAC
102 TATGTCTCTACATCCCACCCCAAGTACAACACTTCGTACCCAGGATGCAACTGAGATCAAAGTAGTTGCTTACTATGGGTTGAACAA 0 40er  0a0sa 04905 01905 03367 03367 02396  0.2396
AAAGGAGAGGCACAC
100 gﬁ?ﬁigﬁ;ﬁAGXAAAAACTTGGAAATAATAAGATGTTGAATAATTGACATTATTAAATTATGCTACATTAGCATAATAAAATATTAGGTA 0.5541 0.5541 0.4167 0.4167 0.5204 0.5204 0.5816 0.5816
35605084 150571926 C 108 TATGTCATAGTAAAAACTTGGAAATAATAAGATGTTGAATAATTGACATTACTTTATTAAATTATGCTACATTAGCATAATAAAATATTA 0.4450 05833 04694 04184
GGTAGTTATTTTTAA
0.4459 0.5833 0.4796 0.4184
105 TATGTCATAGTAAAAAATTGGAAATAATAAGATGTTGAATAATTGACATTACTTTATTAAATTATGCTACATTAGCATAATAAAATATTA 0 0 0.0102 0
GGTAGTTATTTTTAA :
o gI\iﬂ%:TcTATCATTAGGGGACTAAATGTGTTAATATCCTGAAAATTATAAGTAATCAATAATTTCTCTTTCGTGATACACCTTGTTTT 06351 06395 06020 06020
1
rs35716687 GTCATGCCATCATTAGGGGACTAAATGTGTTAATATCCTGAAAATTATACTTAAGTAATCAATAATTTCTCTTTCGTGATACACCTTG
101 TACT 0.3649 0.3605 0.3980 0.3980
TTTTGAAATATTT
100 ACTGCGTTTCTGTAGAGGAGTAAATGTACTAAGACTATTARATAACTTACACCTTAACTAARACTTTTAGGTGGARACARAAGACTG o oot oo o 67 oo 04694 06410 06410
GTTAGAAAAAATG
1- GCTGCGTTTCTGTAGAGGAGTAAATGTACTAAGACTATTAAATAACTTACTGACACCTTAACTAAAACTTTTAGGTGGAAACAAAAG
r$35769550 151449554 A 104 O A AR AN ALTG 0.8919 0.5233 0.5306 0.3590
0.9054 05233 05306 0.3590
108 ACTGCGTTTCTGTAGAGGAGTAAATGTACTAAGACTATTAAATAACTTACTGACACCTTAACTAAAACTTTTAGGTGGAAACAAAAG 00135 0 0 0
ACTGGTTAGAAAAAATG -
88 gé%GGGTTAACAGATGCAGTTATTATGCCCATTTAACACGAGGGAAACTGAGGCCCAGAGAG GTTGAGGTTCACAGGTTGCAGCA 0.4054 0.8023 0.7959 0.6735
rs36040336 . CACGGGTTAACAGATGCAGTTATTATGCCCATTTAACACATGAGGGAAACTGAGGCCCAGAGAGGTTGAGGTTCACAGGTTGCAG
90 cheee AT 0.5946 0.1977 0.2041 0.3265
94 L‘kéi?gTTTCCTGTCAACTATTCTACTGCCATTTACCACAGGGTCACCACATTCTAATAAGTCCATCCTTCTGAGATATCCTCTTCCT 0.5270 0.527 0.3023 0.3023 0.5714 0.5714 0.5513 0.5513
1$36062169" 15114264449 C 100 E/??CGSTTLI&(\:TTSTCAACTATTCTACTGCCATTTACCACAGGGTCAcCAcoAGTACATTCTAATAAGTCCATCCTTCTGAGATATCC 04054 0686 04286 0.4487
0.4730 0.6977 0.4286 0.4487
TTAGGGTTTCCTGTCAACTATTCTACTGCCATTTACCACAGGGTCACCACCAGTACATTCTAATAAGTCCATCCTTATGAGATATCC
100 ACCAGT 0.0676 0.0116 0 0
TCTTCCTAACATG
96 2?;;#?;@GTGTTTACTTTTAATTCCAATAAATTAAAAGTTCTACTGTTTTTCTACTTCCTCATACAAATCTTGAGCAAGACAAACTTT 0.2973 0.3372 0.3163 0.5000
rs3838581" rs371883530 C 0.3108 03372 0.3163 0.5000
GATTATTGGTGTTTACTTTTAATTCCAATAAATTAAAAGTTCTACTGTTTTTCTACTTCCTCATACAAATCTTGAGCAAGACAAACTTT
% 0.0135 0 0 0
AACATTC
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GATTACTGGTGTTTACTTTTAATTCCAATAAATTAAAAGTTCTACTGTTTGTTATTCTACTTCCTCATACAAATCTTGAGCAAGACAAA

100 CTTTAACATTC 0.6892 0.6892 0.6628 0.6628 0.6837 0.6837 0.5000 0.5000
95 é#ggﬁﬁ_TrCCAGATTTGGTCTTTTACTGTGAAAATG CTTTTATACAATTTAGTAGAGATGTTATGCAATTGTACTATATCCTTTGCACA 0.3784 0.3784 0.5116 0.5116 0.3878 0.3878 0.2949 0.2949
153841948 1s76509761 G 100 /éAA%X(é?gCG:S)\AA_CFATTTGGTCTTTTACTGTGAAAATG CTTTTATACAATTTAATTTAGTAGAGATGTTATGCAATTGTACTATATCCTTTG 0.5405 0.4884 0.6122 0.7051
0.6216 0.4884 0.6122 0.7051
AAGTGATCCAGATTTGGTCTTTTACTGTGAAAATGCTTTTATACAATTTAATTTAGTAGAGATGTTATGCAATTTTACTATATCCTTTG
100 — 0.0811 0 0 0
CACACTGGAAT
100 ATGAAT'X\AACTAAAA_AAAACAAGTAGAAA/—\ATAAGAGAGTGTATTTAAAAAAAATAATCAAATGCTTTTTGAAAGACCTGTTCTCTTCACT 0.6892 0.5233 0.5204 0.5208
rs4187 - GCOACAC
ATGATTAACAAAAAAACAAGTAGAAAAATAAGAGAGTGTATTTAAAAAAAATAAAGATAATCAAATGCTTTTTGAAAGACCTGTTCTC
106 TTCACTGCCACACATATT R 0.3108 0.4767 0.4796 0.4792
100 L?;I’QIATGT'I:FCTAAACAATCAGGCACGTGGGCAGCAATGGAG CTGCAGGTGCACTGTGTGCCATTTACCAGCCTTTGCTGATCTGTTC 0.1622 0.3953 0.4271 0.5366
GCAGGGC
TGTAAGTCTAAACAATCAGGCACGTGGGCAGCAATGGAGCTGCAGGTACACTGTGTGCCATTTACCAGCCTTTGCTGATCTGTTCA 0-1622 04070 04271 0-5366
rs4646006 rs562172870 G 100 0 0.0116 0 0
TTATTTTGCAGGGC
TGTAAGTCTAAACAATCAGGCACGTGGGCAGCAATGGAGCTGCAGGTGCACTGAGTGTGTGCCATTTACCAGCCTTTGCTGATCT
104 GTTCATTATTTTGCAGGGC 0.8378 0.8378 0.5930 0.593 0.5729 0.5729 0.4634 0.4634
GGGAGAGATATAGAGTTACTTTGTATCCTGCCACTATCACTGGGGAGATATGTTGGACAGAGTTCTATCGTGCAAAGTTAAGTGAA
108 AGAGGTTCTAAGGAGATTGTTC 0.3243 0.3243 0.3256 0.3256 0.3673 0.3673 0.3265 0.3265
3 GGGAGAGATATAGAGTTACTTTGTATCCTGCCACTATCACTGGGGAGATATGTTGGACACAGAGTTCTATCGTGCAAAGTTAAGTG
rs5895446 rs2960102 G 110 AAAGAGGTTCTAAGGAGATTGTTC 0.5811 0.2326 0.2551 0.3469
0.6757 0.6744 0.6327 0.6735
110 AGGAGAGATATAGAGTTACTTTGTATCCTGCCACTATCACTGGGGAGATATGTTGGACACAGAGTTCTATCGTGCAAAGTTAAGTG 0.0946 0.4419 0.3776 0.3265
AAAGAGGTTCTAAGGAGATTGTTC : : . !
100 TGCCTTATGCAATTTAAGCAACAATAGAAGACAAGTCAGGAACTGAGACTTATCTATTGAAACTCAGGAGTGCTTGGTATCCACAGT 0.5972 0.6628 0.6735 0.5854
GGCAGATAAATTC
TGCCTTATGCAATTTAAGCAACAATAGAAGACAAGTCAGGAACTGAGACTTATCTATTGAAACTTAGGAGTGCTTGGTATCCACAGT 0.6389 0.6860 0.6735 0.5976
rs60901515° rs9790699 C 100 0.0417 0.0233 0 0.0122
GGCAGATAAATTC
TGCCTTATGCAATTTAAGCAACAATAGAAGACAAGTCAGGAACTGAGACTTACTTATCTATTGAAACTCAGGAGTGCTTGGTATCCA
104 CAGTGGCAGATAAATTC e 0.3611 0.3611 0.3140 0.3140 0.3265 0.3265 0.4024 0.4024
"Motif different from LaRue, et al., Pereira, et al., and dbSNP. Sequences confirmed with IGV .
2Due to lack of RS number for the observed SNP, the hg19 locus coordinates are provided.
30One of twenty-two INDELS, with substantial sequence variation, that are recommended for future HID INDEL panels.
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Table 6. Insertion/deletion loci that are part of a short tandem repeat (STR) motif. The repeat motif for
each locus is underlined and italicized letters indicate sequence that is not captured as part of the STRait
Razor flank but was identified manually using the Integrative Genomics Viewer (IGV).

L STRait Razor Sequence for Number of Repeat
ocus rs# . .
Insertions Motifs
rs1160886 TAGTACTAC 2
rs1160956 AAAGAAGAGCAAC 2
rs16402 ATTAATTATTTATT 2
rs16458 TTTTACAATTCCTTCCTTC 2
rs17859968 GGCACATAAATAAA 2
rs2067208 AAAGAGCCTGGCCTG 2
rs2307580 TAATTAATTGAATA 2
rs2307689 GGCTGITCTTCTTC 3
rs2307710 CCAGAGAAGGAAGGAAGGA 3
rs2307839 TGAGAGAACAAC 3
rs2307850 AGCCTCCACCCACC 2
rs2308276 GATGAATTTAATTTAAA 2
rs3051300 AGTCCATGTATGTA 2
rs34535242 TAGCTGGTAGGTAGGTAG 3
rs3841948 TATACAATTTAATTT 2

Table 7. Length-based (LB) and sequence-based (SB) observed (H,) and expected (H.)
heterozygosities in four major US population groups for 42 INDEL loci that exhibited sequence

This resource was prepared by the author(s) using Federal funds provided by the U.S.
Department of Justice. Opinions or points of view expressed are those of the author(s) and do not
necessarily reflect the official position or policies of the U.S. Department of Justice.



variation. The change in H, and He as a result of utilizing SB alleles is indicated by AH, and AHe,

respectively.

AFA ASA
locus B SB AH LB SB AH LB SB AH LB SB AH
He He e Ho Ho o He H. e Ho Ho o

?1 062349 48 0.8 0(')0 0.59 0.59 0(')0 045 0.46 01'0 040 0.40 0(')0
91062907 039 039 %0 o041 041 %0 o041 o041 OP o033 o033 OF
2331 WEBES W W Gy 053 035 0.73 Oé3 0.50 0.60 0(')1 0.53 0.65 0;
51160956 050 052 0 049 051 °p 048 048 0 o042 042 O
1344750 047 050 9 o051 o057 %0 o051 o051 0P o051 051 OF
s140809 049 066 ' 035 o046 *' o047 o070 %% o040 o051 Y
51610871 051 064 O 051 065 O 047 051 90 037 042 O
s16624 039 043 00 030 035 %0 o050 o051 %0 o042 o042 OF
1789996 045 054 %) o046 o057 %' o046 o050 O o051 053 O
S2067140 034 064 O 038 065 0 046 052 O o042 049 O
52067191 049 051 O 051 054 °P 050 050 ) 058 058 O
52067208 031 031 00 032 032 0P 020 035 % o026 o028 %
s2307507 031 032 %0 o027 o027 %0 o045 o045 %0 o041 o041 OF
52307526 047 067 O 051 070 ' 047 050 %) o054 o054 OO
52307579 049 050 0 051 051 O 020 020 %0 o030 o030 %°
52307656 048 055 O 043 049 OO 050 058 O 047 056 %
152307689 050 059 o 059 062 °p 040 066 5 040 072 %
52307700 045 067 %7 o041 o059 ' o040 o048 90 o035 o042 O
52307978 048 067 O 046 068 Oy 049 066 O 044 060 O
52308189 050 076 O 054 081 2 050 o064 O o060 074 O
52308232 039 039 0 041 041 0P 040 043 %) 039 044 O
52308242 045 045 00 030 030 P o040 040 %0 o049 o049 OO
52308276 050 053 O o054 057 90 o049 oes O o049 o077 OF
rs2308292 050 059 00 049 059 0.1 050 064 01 047 060 0.1
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9 1 4 4
52892321 oua [odel | %0 | oms o [ 20 wme ose | 20| oso oBe |20
6 2 3 0 0
rs3038530 046 0.60 041 049 065 061 047 065 Os'; 058 0.67 oéo
rs3042783 034 0.49 051 032 049 061 048 053 050 053  0.56 oéo
rs3045264 0.41  0.41 0(')0 051 0.51 0(')0 046  0.46 0(')0 043 043 0(')0
rs3051300 0.31  0.31 0(')0 027 027 0(')0 048 048 0(')0 044 044 0(')0
233395143 044  0.68 052 038 062 Of 048 055 0%0 049 058 oéo
23345 1154 449 061 0; 032 041 oéo 051 059 oéo 058 0.65 0%0
?3452802 050 0.50 0(')0 043 043 0()0 0.50 050 060 051 051 0(')0
5‘3479572 049  0.50 oéo 027 027 0(')0 043  0.43 0(')0 037 037 0(')0
533481174 049 056 0%0 054 0.62 oéo 0.31 0.31 o(.)o 0.14 0.14 0(')0
233560598 050  0.50 0(')0 062 0.62 0()0 049  0.49 0(')0 045 045 0(')0
633576955 017  0.20 oéo 019 022 oéo 050 0.50 0(')0 049 049 0(')0
= o sl B BeE e B bnEl e e e s R
9 6 3 2 2
rs3838581 043 0.44 01'0 041  0.41 0(')0 045 045 0(')0 0.49 049 0(')0
rs3841948 048 057 oéo 032 046 041 051 051 O()O 0.60 0.60 0(')0
rs4646006 0.28 0.28 0(')0 027 027 O()O 049 050 01'0 044 047 oéo
rs5895446 0.44 0.56 01'1 049 059 01'1 044 065 01'2 042  0.60 0;
rs6090151 547 o052 99 039 o044 90 o044 047 90 Qa4 o047 9O
5 5 6 3 2
CAU HIS
locus |B SB AH LB SB AH LB SB AH LB SB AH
He He e HO HO (o] He He e HO HO [o]
2551 062349 g46 0.46 060 033 033 0(')0 043 043 060 041 041 0(')0
r731 062907 459 (.29 0(')0 031 031 0(')0 040  0.40 0(')0 039 0.39 0(')0
531 068886 44 067 032 043 0.63 062 047 0.72 052 045 0.76 Of’
rs1160956 0.30  0.30 0(')0 033 033 0(')0 048 048 060 048 048 0(')0
rs1344750 441 041 90 033 033 90 ous o048 90 o4s o04s OO
8 0 0 0 0
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Table 8. Length-based (LB) and sequence-based (SB) observed heterozygosity rank (1= highest)

in four major US population groups for 68 INDEL loci.

AFA ASA CAU HIS
Locus LB SB LB SB LB SB LB SB

Rank Rank Rank Rank Rank Rank Rank Rank
rs10623496' 5 15 50 55 62 63 44 51
$10629077! 40 48 59 59 65 66 47 54
Sl 51 2 9 6 42 7 33 1
rs1160886 11 24 10 18 25 34 37 44
rs1160956' 21 25 42 47 63 64 23 34
rs13447508' 12 20 12 20 64 65 21 33
rs140809"2 52 37 51 21 41 22 67 52
rs1610871%2 13 6 54 48 10 23 50 49
rs16402 14 26 65 65 59 61 58 61
rs16458 22 31 43 49 37 46 24 35
rs16624' 58 56 44 50 66 67 5 12
,25178599681 29 21 13 19 8 18 16 19
rs2067140™2 46 7 45 25 11 15 26 21
rs2067191" 15 23 4 12 50 55 40 46
rs2067208"2 54 58 66 66 53 19 34 25
rs2067294 61 61 46 51 38 47 20 32
rs2307507" 62 62 49 54 26 35 57 60
rs2307526"2 16 3 8 17 12 8 32 2
rs2307579' 17 27 62 62 43 50 59 62
rs2307580 63 63 23 31 27 36 39 45
rs2307603 30 38 60 60 3 11 10 15
rs2307656'2 37 32 24 14 1 3 22 28
rs2307689'"2 6 9 52 3 54 5 38 17
rs2307696 38 46 25 32 57 60 2 7
rs2307700 41 16 57 52 18 9 54 24
rs2307710 2 10 30 37 5 14 56 59
rs2307839 60 60 17 26 67 68 61 64
rs2307850 23 33 31 38 44 51 53 58
rs2307978"% 31 5 32 8 68 6 64 23
rs2308112 64 64 1 4 19 30 51 56
rs2308137 47 54 33 39 28 37 62 65
rs2308171 53 57 67 67 56 59 65 67
rs2308189'"2 8 1 3 2 48 4 9 8
rs2308196 24 34 47 53 39 48 35 41
(230823212 42 49 53 44 22 29 55 48
rs2308242' 59 59 18 27 49 54 60 63
rs2308276"2 9 22 19 1 13 24 13 13
rs230829212 25 17 26 9 32 1 27 3
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rs28923216" 48 50 16 24 33 42 14 22
rs3038530' 26 8 5 5 60 43 15 4
rs3042783"2 55 35 11 15 45 12 7 5
rs3045264' 18 28 40 45 34 44 11 16
rs3047269 7 19 41 46 31 41 4 11
rs3051300' 65 65 34 40 23 32 42 43
rs3062629 32 39 27 33 24 33 18 29
rs3080855 33 40 14 22 14 25 28 37
rs33917182 49 55 58 58 52 57 66 68
1
r$33951431 50 11 20 13 20 31 29 26
rs34051577 3 12 35 41 46 52 30 38
rs34495360 44 53 7 16 55 58 63 66
rs34510056 19 29 63 63 2 10 48 55
1
rs34511541 56 51 6 7 58 20 8 9
rs34528025' 39 47 15 23 40 49 49 30
rs34535242 34 41 55 56 29 38 12 18
rs34541393 35 42 61 61 15 26 36 42
rs34795726" 66 66 56 57 21 27 31 39
1
BEililne 10 13 68 68 61 62 45 40
rs35605984" 4 14 29 36 35 39 17 27
rs35716687 20 30 36 42 9 21 41 47
rs35769550" 68 68 21 28 4 13 43 50
rs36040336 27 36 64 64 51 56 19 31
rs36062169" 1 4 28 29 30 40 6 14
rs3838581’ 43 52 22 30 47 53 25 36
rs3841948' 57 43 2 10 16 28 52 57
rs4187 36 44 37 43 36 45 1 6
rs4646006' 67 67 38 34 7 17 46 53
rs5895446' 28 18 48 11 17 2 68 20
1
rs60901515° 45 45 39 35 6 16 3 10
"Marker is part of a microhaplotype observed in these population data
2Marker is one of the 22 INDELs/microhaplotypes with increased heterozygosity
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AIM INDEL Markers

Portions of this section will be submitted to The International Journal of Legal Medicine and Electrophoresis

All INDEL markers identified in VCFtools were filtered based on pairwise Fst
comparisons of the three major global population groups, Caucasian, African, and East
Asian. Those with at least one pairwise Fst value greater than 0.5 were included. These
markers were subsequently filtered to include only INDELs of length three to six base
pairs. Next, the markers with allele frequency divergence in one of the three population
groups were selected. A summary of the number of INDELs that meet these criteria can
be seen in Table 10.

From the remaining INDELs, 60 markers, 20 for each population group, were
selected as potential AIMs. These were chosen based on physical distance and allele
frequency divergence. The allele frequency difference, or delta (&) value was calculated
between each population group. Markers with high delta value (> 0.5) were included in
the panel as potential AIMs. Additionally, all syntenic markers, markers on the same
chromosome, were selected to have a physical distance of at least 1Mb from its nearest

neighbor.
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Table 10. Summary of AIM-INDELSs identified using VCFtools.

East
Chromosome | Caucasian Asian African | Total
1 7 35 58 100
2 11 40 107 158
3 7 14 72 93
4 5 32 117 154
5 7 46 56 109
6 8 22 38 68
7 7 23 38 68
8 6 5 21 32
9 7 11 43 61
10 9 19 45 73
1 3 12 44 59
12 0 8 15 23
13 0 11 7 18
14 1 2 4 7
15 13 15 24 52
16 1 6 8 15
17 2 5 18 25
18 1 6 10 17
19 0 6 10 16
20 1 5 8 14
21 0 3 3 6
22 1 3 10 14
Total 97 329 756 1182

Statistical Analysis

To test whether these marker would cluster the population groups correctly,
Principal Component Analysis (PCA) was performed using the software program Past3
(Figure 18A). Samples from each population group were labelled with a different color to
show the distinct clusters among the training set. The first two principal components (PC1
and PC2) explained 40.3% of the variation. To further test the markers capacity to
separate the major global population groups, populations from the 1000 Genomes Project
that were not in the original training set were added to the PCA (Figure 18B-D). A

population from Gambia in the Western Division, an Iberian population from Spain, and a
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Kinh population in Ho Chi Minh City, Vietnam were selected to represent the African,

Caucasian, and East Asian population groups, respectively.

A C &
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Figure 18. Principal Component Analysis (PCA) of 60 Ancestry Informative Markers (AIMs) using the
software package, Past3. A) Original training set of 550 Individuals; Caucasian (Black Plus), East Asian
(Blue Diamond) and African (Red Dot). B) Original training set with additional samples from Gambia in the
Western Division (Purple Square). C) Original training set with additional Iberian samples from Spain
(Yellow Star). D) Original training set with additional samples from Kinh in Ho Chi Minh City, Vietnam (Pink
Triangle).

Additional statistical analysis was performed on the 60 markers using the software
package Genetic Data Analysis (GDA). Exact tests for Hardy-Weinberg Equilibrium
(HWE) were performed on the set of 60 AlMs. Of the 60 markers, five in the African
population group, seven in the Caucasian population group, and three in the East Asian

population group showed departure from HWE at a significance level of 0.05. After

Bonferroni correction for multiple comparisons (0=0.05/60), only one marker showed
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significant departure from HWE in all three population groups. INDEL rs78981054
showed a p-value of less than 8.33x10™ in all three population groups.

The remaining 59 markers were evaluated for Linkage Disequilibrium (LD) to
determine if there was an observable pattern of inheritance between any of the marker
combinations. Of the 1710 combinations per population group, 222 in the African
population group, 145 in the Caucasian population group, and 130 combinations in the
East Asian population group showed LD. After Bonferroni correction for multiple
comparisons (a= 0.05/1710), only three in the African population group, two in the
Caucasian population group, and one combination in the East Asian population group
showed significant LD. The marker combinations that showed significant LD in the African
population group included, rs59009450/ rs67344973, rs67344973/rs10651200, and
rs113043680/rs10528149. In the Caucasian population group, they were
rs59009450/rs113501732 and rs59009450/rs35779249. Finally, in the East Asian
population group, the markers that showed significant LD were rs141933116/ rs74515961.
The 59 AlIMs are described in Table 10.

The panel of 59 AlMs was analyzed for ancestry admixture in the software program
STRUCTURE v.2.3.4 (31-34). After 20 simulations for 10 values of K, the ad hoc statistic,
AK, was calculated (35). Figure 19A describes the distribution of AK for K values 1
through 10. AK is maximized when K=3. Figure xdescribes the STRUCTURE output for

each individual (19C) and the population groups as a whole (19B).
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Table 10. Descriptive Statistics of the 59 Ancestry-Informative Markers. (He and Ho refer to expected and

observed heterozygosity, respectively).

rs#

13831920

1567934853

15140498743

15149676649

rs 1160871

1567538813

1s71991275

135779249

15138439822

1555885844

Chrom. Position

1

10

13

15

17

1227664

74943887

139232513

28495386

28168745

30471814

28470438

43964476

35537968

79605107

Sequence

-/'TGAG

-/TAAC

-/TGTC

-/GATT

-/TCTT

-/CAGA

-/AATA

-'TAA

-/TAACTC

-/ATTAA

CAUCASIAN
Frequency of Insertion Delta Pairwise Fst Heterozygosity
African  Caucasian East Asian v.AFR v.EAS V.AFR v.EAS He Ho
0.375 0913934 = 0.293333 | 0.538934 = 0.620601 = 0.508888 = 0.600295 0.483578 = 0.289091
0.923077 = 0.258197 0.81 0.66488 = 0.551803 = 0.603647  0.460751 = 0.481514 0.3
0.842949  0.360656 0.95 0482293 0.589344  0.37517 = 0.517759  0.450366  0.287273
0.349359 = 0.79918 = 0.106667 = 0.449821 = 0.692513  0.350045 0.637831 0.499858 = 0.343636
0217949 = 0.788934 | 0.0233333 = 0.570985 0.7656007 0.491182 = 0.72318 = 0.487054 = 0.272727
0.958333  0.383197 | 0.696667 = 0.575136  0.31347 = 0.507485 = 0.17589 = 0.465671 = 0.354545
0.74359  0.348361 = 0.996667 = 0395229 = 0.648306 = 0.266669 = 0.596017 = 0.462733 = 0.329091
0.961538  0.297131 0.82 0.664407 = 0.522869  0.607878 = 0.422731 = 0.467564  0.289091
0.858974 = 0.270492 = 0.713333 = 0.588482  0.442841 0.506957 = 0.327046  0.493679 = 0.345455
0.304487  0.657787 | 0.00333333  0.3533  0.6544537 0.219042 0.602563 047119 = 0.321818
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FEAST ASIAN

Frequency of Insertion Delta Pairwise Fst Heterozygosity
rs# Chrom. Position Sequence African Caucasian East Asian v.AFR v.CAU V.AFR v.CAU He Ho

155839799 2 241417278 -/GTCT 0.88141 0.694672  0.286667 = 0.594743 = 0.408005 0.533799 0.282733  0.463231 = 0.352727

1$33915414 4 21762063  -/CATGTIT 0.0801282 = 0.385246 = 0.803333  0.7232048 0.418087 = 0.693429 = 0.295226  0.485208 = 0.334545

1$367799178 6 21621169  -/TTAA 0.285256  0.284836 0.89 0.604744 = 0.605164 = 0.544839 = 0.527296 = 0.49545 0.38

1510581451 8 73854660  -/TGAG = 0.894231 = 0.965164 0.18 0.714231 = 0.785164 = 0.677952  0.799592  0.39372 = 0.163636

1567205569 10 94941566 ~ -/TTGAC = 0971154 = 0.885246  0.1333333  0.8378207 0.7519127 0.831329 = 0.724881 0.416701 = 0.165455

1566693708 12 77398405  -/TAAG 0974359 = 0.805328 = 0.326667 = 0.647692 0.478661 0.633852 = 0.386204  0.40115 = 0.270909
s 141122561 14 49242955  -/TTAGT = 0.996795  0.963115 0.37 0.626795 = 0.593115 = 0.627839 = 0.612742  0.30695 = 0.174545
1510549914 17 5328978 -/'TTTA 0.852564  0.719262 0.18 0.672564 = 0.539262  0.622449 = 0.443694  0.476233  0.332727

1510668859 19 266759  -/GAAAG 086859 = 0.637295 0.14 0.72859 | 0.497295 = 0.692713 = 0.393972 0491395 = 0.341818

153074939 21 43422429  -/CAGT 0.205128  0.364754  0.836667 = 0.631539 = 0.471913  0.569109 0.361085  0.49508  0.358182

AFRICAN
Frequency of Insertion Delta Pairwise Fst Heterozygosity
rs# Chrom. Position Sequence African Caucasian East Asian v.EAS v.CAU v.EAS v.CAU He Ho

1$59009450 1 248818535 -/AAGAT = 0.689103  0.0881148  0.246667 = 0.442436 0.6009882 0.325636 0.575336 = 0.421831 0.24

1567344973 2 178513061 = -/GTTT 0.875 0.256148  0.263333  0.611667 = 0.618852  0.551826  0.545406 0.491639 = 0.325455
s 112191273 3 7351968 -/GCTT 0.657051 = 0.0266393 = 0.0433333  0.6137177 | 0.6304117 0.580653 = 0.656176 ~ 0.332102 = 0.165455
1872255563 5 176226827 = -/ACTT 0.772436  0.114754  0.136667 = 0.635769 = 0.657682  0.576689 = 0.622541  0.4261 = 0.229091

1$35625334 7 79883089  -/AGAT = 0.894231 = 0.354508 = 0.106667  0.787564 = 0.539723 = 0.764883 = 0.450782 0.493248 = 0.312727

rs 113043630 9 126640635  -/TAAG = 0.708333 = 0.139344 = 0.0966667 0.6116663 0.568989 = 0.556619 = 0.511686 0.411409 = 0.265455

1374499778 11 129941381 = -/AGCT 0.375 0.952869 0.62 0.245 0.577869 =~ 0.110407 = 0.583277 = 0.421831 = 0.309091

s 138123572 15 72786235  -/TGAC  0.185897 = 0.959016 = 0.946667  0.76077 = 0.773119 = 0.738709  0.782133  0.388618 = 0.149091

1s10540310 20 59105205  -/CTTC 0.272436 0.75 0.87 0.597564 = 0.477564 0.531245 0.371308 = 0.457037 = 0.327273
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As : B

" Population | Inferred Population Assignment (%) # of
S of Origin AFR EAS CAU Individuals
" African 100 0 0 156

East Asian 0 100 0 150
. Y ) TN | Caucasian 0 0 100 244

Figure 19. STRUCTURE v.2.3.4 Analysis of 59 AlMs. A) Graphical representation of the ad hoc statistic,
AK. B) Table describing the overall population assignment of the training set samples for the 20 simulations
at K=3. C) STRUCTURE plot for African (AFR), East Asian (EAS) and Caucasian (CAU) population groups

compiled in CLUMPP v1.1.2 (36) and graphically displayed in distruct v1.1 (37).

Upon further analysis it was determined that 59 INDELs were more than adequate to
separate major global popualtions. To determine the minimum number of markers
required to separate 3 major global populations, We used an iterative process where we
performed PCA and structure on a decreasing number of our best markers (sorted by FST
and then Delta value). The results were that we could separate 3 major global
populations with 12 INDELs if care was taken to choose the appropriate markers (figure

20)
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Figure 20. (Counter-clockwise from upper left) PCA, and structure barplot depicting the separation
of samples based on 12 best AIM INDEL markers. In the upper right, table displaying confidence
when 3 populations are assumed during structure analysis.

Based on this analysis it was decided to reduce the number of markers to a number that
would be more manageable in a multiplex PCR reaction. The list selected are described in
table 11 and represent a redundant set of AIM markers to be multiplexed in the event of
allele drop out. A set of 30 best markers were chosen to be multiplexed and in a similar
manner to the way we checked primer compatibility for the HID primers, unlabeled primers
were ordered and assessed for suitability on a microfluidic electrophoresis platform.

Primer pairs were chosen via Primer-BLAST produced desired primer sequences, lengths,
and the associated melting temperatures, and G-C content percentage Once primer pairs
were chosen, they were checked for potential dimerization using MPprimer. Each forward
primer is compared to each reverse primer, and the output gives matches, an alignment
score, 3’-3’ dimer check, and AG (kcal/mol). Any primers with alignment scores of 5 or
greater, or AG of -7 or less were discarded, and different primer pairs for those markers
were chosen. The final 30 primer pairs are shown in Table11.

Table 11: Top 30 markers and selected forward and reverse primers.
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Population | Inferred Population Assignment (%) # of
of Origin AFR EAS CAU Individuals
African 99.43 0.37 0.2 156
East Asian 0 99.1 0.9 150
Caucasian 0 0.2 99.8 244
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Position

214397853

65368820

94941566

266759

28495386

19234875

27427821

42191379

176226827

1227664

16367160

178146869

108999835

5328978

12977501

Forward Primer

CACTTCTAGGGATTTGTGGGGT

ACCAAATGCTTGGAAGTCTTGA

CCAGGGTCTAAACAGAGGCA

CAGGAGTAGCCCATCATGAACA

TTGTTTGTCCCTGTATTTAACAGAA

TCCCACAGAGTGACATTGCC

TAAATCCCTTGCACTACGCA

CAGCATGGCCTGGGAGC

ACACGCACACTCAGCACAC

TGAGCCGGGTAGCACTCA

AAATCACCACCCTGCCTGAG

CTGAACCTGGACGTGGTCAT

ATGTCAAGCACCGTGCCA

AGCAATCAGTTCTCTTTGTCAAC

ATGCCATAGTGAGAGAAGGAACA

Reverse Primer

AGTTGAGACTTGGCTGACGG

AACTGGGGCCAGGTGTTAAT

TGACCCAGAATCCTGTGACTT

CCCTAAGCTGGACTGTCTCC

ATTGCATTGTGCATTTTTGTCATGT

GAACCCCTGGACCATGTGAG

AGGTACTCTAATGTATTGCTGAAGA

GAGAGGGTTCAGCCAACACC

GGAGACACACGTCTCCATGC

GGGCATCAGGACCCAGATTT

AAGTGCAGCAGGAAAAGCTC

CCAGAGTGGATGCACCATAGAC

CTGTGTGACCTCTCTGAGC

ACAGATACAGAATGTCAGGGTC

ACCTGTCTTGCAGGAAGAACC

Seq
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The TapeStation, which was used to analyze the amplicon results, is an automated

electrophoresis system that uses a ScreenTape matrix similar to agarose gel.

The

samples absorb an intercalating dye, are separated by size, and then fluorescence is
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captured by a camera (Figure 20). Using a ladder, a reference of bp length, the
approximate size of the amplified product can be determined. An electropherogram is
then produced by the program to give a graphic representation of the sequence lengths
(Figure 21). The observed amplicon size was close to that predicted for all primer pairs.
Primer pair 18 produced no product after multiple attempts, and was therefore removed
from further testing. The TapeStation results from the initial multiplex trial are show in

Figure 22A-H.
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Figure 20: Electrophoresis results of primer pairs 1-10 on the Agilent© 2200 TapeStation.
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Figure 21: Electropherograms produced by electrophoresis of primer pairs 1 (A), 2 (B), and 3 (C)
on the Agilent® 2200 TapeStation.
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Figure 22: Electrophoresis results of multiplex trials 1-3 (A) and 4-6 (B) and electropherogram
results (C-H) on the Agilent® 2200 TapeStation.
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Table 12: Primer pairs arranged into dye channels and the expected sequence lengths of each (bps).

Alleles
Dye Primer (Expected
Channel Pair bp sequence
lengths)
4 59, 64
28 60, 64
© s 25 69, 73
S < 13 83, 86
m Y& 23 114,118
© 15 134,139
1 151, 155
10 171,175
16 61, 65
29 61,65
& 49 19 78, 82
= S 12 92, 97
M cZ
27 132,136
2 142, 147
9 60, 64
2 ~ 30 60, 64
o B 22 74,78
0 Z 5 107,112
>~ 17 137,143
11 151, 155
6 59, 64
SN 3 72,76
&’ < 26 83, 87
= 8 128, 133
14 140, 144
24 59, 63
o —_
o 0 21 65, 70
S» | 20 94, 98
o 7 136, 140
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Fluorescently labeled primers were ordered according to table 12 and used to amplify DNA
in singlet as well as multiplex by dye channel, and both resulted in oversaturation. When a large
amount of amplified DNA is present, it may overwhelm the instrument’s ability to measure the
results; this is known as oversaturation. A 1:100 dilution of the DNA sample was made, and then
the primer sets were used to amplify the DNA in singlet (Figure 23) as well as multiplexes of the
same fluorophore (Figure 24A-E). Each single amplicon peak matched its respective location

within the multiplex by a difference of no more than 1 base pair.

~ HE
Figure 23: cc resuns of a singie ampucon from each coiorea nuoropnore: wiarkers 4 (blue), 2

(green), 5 (yellow), 8 (red), and 20 (purple).

(Following pages)

Figure 24: Multiplex CE results of markers 4, 25, 13, 23, 15, 1, and 10 in the blue channel (A),
markers 16, 19, 12, 27, and 2 in the green channel (B), markers 9, 22, 5, 17, and 11 in the yellow
channel (C), markers 6, 3, 26, 8, and 14 in the red channel (D), and markers 24, 21, 20, and 7 in
the purple channel (E) with diluted DNA sample.
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Figure 24: Multiplex CE results of markers 4, 25, 13, 23, 15, 1, and 10 in the blue channel (A),
markers 16, 19, 12, 27, and 2 in the green channel (B), markers 9, 22, 5, 17, and 11 in the yellow
channel (C), markers 6, 3, 26, 8, and 14 in the red channel (D), and markers 24, 21, 20, and 7 in
the purple channel (E) with diluted DNA sample.

Once again, The SID channel has proved the most diifcult to balance, but usable data can be generated
with the markers in this channel. Aim 3 of the grant calls for this multiplex to be developmentally validated
according to SWGDAM guidelines as well, but we are dependent on the release of the remaining project
funds to finish this portion of the project. Once the remaining funds are received, we will finish this portion of
the proposal and update our revised final report at the end of our extension period. Once again, an
additional adjustment of the SID labeled primers in the next lot of multiplex primer mix should correct the

problems we have seen in our initial multiplex.
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Additional Populations

When the Southwest Hispanic and Southwest Asian samples were added to the
PCA, an additional cluster appeared in the plot (Figure 25 A-B). Both population groups
tended to cluster between the African and Caucasian population groups with complete
separation from the East Asian population group. Both SWH and SWA samples cluster
more closely with the Caucasian population group than the other two. The first three
principal components for the SWH and SWA PCA explained 38.2% and 33.8% variance,
respectively. To determine if the SWH and SWA population groups could be separated
from each other using these 59 AlMs, PCA was performed on these two population
groups (Figure 25C). The PCA showed significant overlap between to two population

groups with PC1 and PC2 explaining only 8.5% of the variance.
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Figure 25. Principal Component Analysis (PCA) with Additional Population Groups Using Past3. A) Original
training set of 550 Individuals; Caucasian (Black Plus), East Asian (Blue Diamond) and African (Red Dot)
with Southwest Hispanic individuals (Pink Bar). B) Original training set individuals with Southwest Asian

individuals (Turquoise Dot). C) PCA of SWH and SWA individuals.
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To separate these admixed populations, another approach would be to develop a
secondary panel of AIM markers to associate samples to various admixed populations
when they have failed to be associated to major population groups. This was beyond the
scope of our proposal, but in the interest of increasing the body of knowledge, we
designed a set in silico which could discern between Southwest Asian and Southwest
Hispanic populations samples utilizing the methods described for the major population
groups (figure 26). We then designed 17 small amplicon primer sets that could be
ordered and tested by individuals if they desired and they are listed in table 13 This will
not be pursued further during this project by our group.

Deltak = mean(|L"(K)|) / sd(L{K)}
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Figure 26 Clockwise from top left principal component analysis of separation of Southwest Hispanic and
Southwest Asian populations at %95 confidence interval, plot of Delta K from Structure, and the resultant
Structure bar plot with k=2 when observing allele distributions of 17 INDELs
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Table 13 Potential supplemental panel of small amplicon INDELSs for separating/assigning admixed samples to either Southwest Hispanic or

Southwest Asian populations with %95 Confidence Interval

Gene
rs5710711¢
rs5775512
rs3836202
rs1437357
rs1130171
rs1062460:
rs5850158
rs1064883
rs5668554
rs1491263
rs7111244
rs7744190
rs2012552
rs3753676
rs5568428
rs1406420
rs1125972¢

16
1
2

11
20

15

14
14

12
13
21

Position

Forward (+ strand)
30884552 CCAAAACAATGCTGTTCAGTTC
119716625 GCAGGGGTTGTTTCTGCT
175665469 AGAGAACAGCAGCGACAGTAAT
146664264 CACCAACAGCAACCAAGTAGAG
68751537 CCTCAGCCTCCCAGATTACA
33158217 GCCAGCCCCTAGTAAGCTCT
74175219 CTCCAGCCTGGGTTACAGAG
84001991 AGCCTGCAGCTAAGAAAGGA
61829343 GGTTTTAAATGCTGTCGCCCA
107352467 CCCAAGGACACACTTTCCTG
46964326 GGCAAATTTATGGCATCTATGC
100844509 GGATTGTGCTTGGTGCTA
11180390 AACAAGACCATCCCCTGGTA
189102749 GGGAAGTTTCAGGGTTATTGGC
52191193 CGCCAAGCTCACTCTCTGTT
100095681 CTAGGTTCCTGTCGAGCCCA
47485737 TCCAGCAGACACCTAGGGC

Reverse (- Strand)
GGGCTTTATGTGGCCTTTTT
ATGCCTGAGTGTTTCCCATC
AGGATTGCTTCCTGTTGGGATG
TGATTCCTTCCAGCAGTGTTT
GGGCAACCAAGATTAACAGG
gaattgctcgaaccctgaag
CATGAAAGGTCTGGTCTGAGC
AGATTGAGCCATTGCACTCC
TTTCCCTGCCTTGGTCTTGC
GCTTGAACCTGAGAGGCAGA
ACTCAAGACTCTGATACCAGTAATTGG
GTTGCAGTGAGCCAAGAT
ATCATGCCACTGCACTCAAA
GTGTCTCTTCTTTCACGATCCCT
GAAAGGTCTGGGGAGAAACC
GCTCAGCAAGTCAGTTCTTTGG
AGAAAGGTCTGGGGAGAAACC

Amplicon Tm (F;R)

122
145
167
188
130
150
169
189
133
152
170
190
118
144
157
184
197
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59.65
58.8
59.77
59.84
60.21
60
59.86
59.36
59.73
60.54
60.65
59.86
59.26
59.5
60.73
60.97
60.99

%GC (F;R) Column6 Dye Chane

40.91 TTGA(Del)
55.56 AAACA(In
45.45 ATGGCT(In
50 AAC(Del)
55 CCAG(Ins)
60 TTTATT(In
60 AAAA(Del
50 CTTT(Ins)
47.62 GTGT(Ins)
55 TTTC(Del)
40.91 TTTCT(Ins)
50 TTTT(Del)
50 TTT(Del)
50 AAAT(Del)
55 AAG(Ins)
60 AAAAAG(I
63.16 AGA(Ins)

84



IV. . Conclusions

A.Discussion of findings:

In the results section of the report we have demonstrated that our initial selection of HID
INDELSs in our preliminary data are quite capable of robustly identifying individuals in
admixed populations outside of North America (South America and North Africa).
However some caution should be used when conferring identity to individuals from
isolated populations. STR methods face similar issues, but the bi-allelic nature of INDELs
and relative genetic stability make this expected in such niche populations (Brazilian
Natives for example).

We also demonstrated that INDEL and INNUL markers by virtue of short amplicon design
are better able to generate full profiles than standard STR panels with both DNA degraded
by embalming and DNA sheared by the concussive blast of a simulated IED. The lowered
RMP and inability to adequately resolve mixtures makes its routine use less useful, but
when DNA degradation causes significant allele drop out, the utility of these highly
sensitive markers becomes apparent. They are able to type samples that would be
routinely relegated to mitochondrial DNA typing, but because the markers are not linked,
that they have a much greater discriminatory power when multiplexed.

To address the problem with mixtures, we sequenced small amplicon enriched libraries
surrounding INDELs. The sequencing was able to detect other variants in the flanking
regionsthat could be combined into a microhaplotype which could give greater
polymorphism to the INDEL increasing its discriminatory power and increasing the ability
to resolve mixtures in samples typed with INDELs

We developed a single tube multiplex assay with 39 of the most highly performing INDEL
markers and optimized for the follow on study to be performed once our final project funds
are released.

Additionally we utilized in silico resources to identify INDELSs that could be utilized to
identify the biogeographic ancestry of an individual in relation to global major populations.
A singletube multiplex PCR reaction for CE detection was developed for this panel of
INDELSs as well, and optimized it to reliably type degraded DNA samples for this purpose.
This multiplex will also be validated upon the release of final project funds from NIJ and
our revised report will reflect the results of both the HID and AIM INDEL developmental
validations along with guidelines for use.

Finally, we identified a secondary AIM panel complete with putative primers that would be
able to distinguish the biogeographic ancestry of individuals from Southwest Asian and
Southwest Hispanic populations once the individual was determined to be from an
admixed population by our primary AIM panel.
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B. Implications for policy and practice

Our study has demonstrated the feasabiltiy of INDELs as supplemental markers with
degraded samples. The discriminatory power of STR markers is well documented and the
technology is much better for the majority of forensic cases. However, With highly
degraded samples, (bomb fragments, degraded remains, chemically degraded remains,
ancient DNA, and in some cases rootless hair shafts), INDELs are a fragment length
based (use same instrumentation and analysis methods as standard STR’s) with a very
high discriminatory power without incurring the cost of sanger sequencing or MPS. In any
instance where low quality sample would merit mitochondrial genotyping it is more than
likely that INDELs would perform as well if not better. Additionally, since this technology is
very similar to STR ‘s, then these markers are amenable to Rapid DNA genotyping in field
forward environments with a much greater tolerance for degraded DNA.

C. Implications for further research

In the future INDEL multiplexes should utilize some of the increased/enhanced CE dye channels
to include a few highly polymorphic STR’s designed with mini-primers. This would allow an
investigator to reliably detect the presence of a mixture in a sample. Additionally as evidenced by
our MPS study, unlabeled INDEL primers could be spiked into standard CE based STR reactions
to serve as an additional set of markers for subsequent analysis via MPS in the event that the CE
based STR genotyping fails due to environmental degradation of the sample prior to collection (for
example with touch DNA).
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	Standard approaches to Typing degraded DNA rely on technologies that are expensive, necessitate instrumentation that is not widely available to the forensic community at large, have greatly reduced discriminatory power, or all three combined. An approach that is routinely used is mitochondrial DNA typing. Mitochondrial DNA typing works for this type of sample because there are many 100 to 100’s of copies of the mitochondrial Genome present in each cell, and it is relatively resistant to degradation. However
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	The purpose of this project is to demonstate the utilility of INDEL and other similar biallelic markers that may be separated based on size. The following AIMS were proposed to help serve as guidelines to achieve these goals: 
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	Select two panels of INDEL markers for human identification and ancestry identification, respectively, from the 1000 Genomes Project data with certain criteria one panel for HID and the other for AIM purposes 

	2. 
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	Design primers for the developed panels in Aim 1, including redesigning the primers for long INDELs to meet forensic needs and arranging the markers into 4 dye channel systems; 
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	Develop multiplex assays based on the outcomes from Aim 1 & 2 and validate the 


	assays following SWGDAM validation guidelines. To date, Aims 1 and 2 are complete,and Aim 3 is only awaiting a release of the final project funds to complete the project as proposed. 
	Additionally a criticism arose during the project that INDELs are poor with mixture sample. As a bi-allelic marker (like SNPs), this is true, because they lack a true highly polymorphic nature like STR markers. To address this issue we utilized MPS to sequene the flanking region around our HID INDEL panel to identify additional polymorphisms that could be utilized to increase discriminatory power and to help resolve potential mixtures 
	We also genotyped multiple types of degraded samples to demonstrate that INDELs perform better with highly degraded DNA samples (Enbalmed remains, ancient DNA, rootless hairshafts, and explosive fragments).    
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	Research design and methods 
	The ultimate goal of this study is to develop and validate two INDEL panels for human identification and ancestry identification, respectively. Three step-by-step aims are proposed to accomplish the goal as illustrated in Fig. 2. 
	Figure
	INDELs for Human Identification (~40) Phase I: INDEL selection from 1000 Genomes Project data INDELs for Ancestry Identification (~40) Primer design with novel design approach for long INDELs Phase II: Develop and validate both panels for forensic applications Validation following SWGDAM guidelines Multiplex Assays development RefinementRefinement 
	Figure 2. Schema chart of the research design. 
	The first aim is to select two panels of INDEL markers for human identification and ancestry identification, respectively, from the 1000 Genomes Project data. In the three pilot projects of the 1000 Genomes Projects, the low-coverage sequencing project meets the requirements for forensic markers development, because it covered the whole genome (including non-coding regions), and sequenced major populations with relatively large numbers of unrelated individuals. 500 samples were sequenced for each of the fiv
	1) The minimum allele size difference is at least 4, so that potential anomalies (e.g., +A issue during PCR) can be eliminated and the alleles are relatively easy to be differentiated by CE. 
	2) The Minimum Allele Frequency (MAF) is at least 0.3 for all three major populations (average heterozygosity ≥ 0.42 and match probability ≤ 0.4246). 
	3) ST) should be ≤ 0.06, which is a common threshold in SNP panel development for human identification. 
	Population substructure measure (F

	Figure
	4) No significant deviation from HWE should be detected beyond expectations observed by chance. 
	5) The marker is located in non-coding regions. The software “Variation Pattern Finder” provided by 1000 Genomes Project can be used to search associated coding regions [48]. dbSNP [31] at NCBI also provides the same function. 
	6) The sequences of the markers and their flanking regions will be obtained from the 1000 Genomes Projects by “BAMtools” [49]. These sequences will then be searched against NCBI to remove potential cross-reactivity with other species. 
	7) The distance between the markers on the same chromosome should be at least 50 Mb to avoid genetic linkage (but may be relaxed depending on specifications). LD tests will be performed to exclude markers with significant LD with other markers. Greedy algorithm will be used in this selection, in which the markers associated with the most LD pairs will be excluded first. But these excluded markers will be kept as suboptimal markers for multiplex assay refinement. 
	For the ancestry identification panel, the step in marker selection of human identification panel is still required, but the steps 2 and 4 are not necessary, because ancestry identification requires large differences of allele frequencies among populations and substructure within the major populations does not affect the accuracy of ancestry identification; indeed it can be indicative of candidate bioancestry markers. The step 3 in the human identification INDEL selection criteria will be modified. Only mar
	With ~40 INDELs meeting the selection criteria, the cumulative match probability can reach at least 1.3×10, similar to that of 13 CODIS core STRs for human identity testing. The target accuracy of ancestry identification is >99%. Suboptimal markers (i.e., the markers excluded due to significant LD) will also be considered as backup selections for future panel refinement. 
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	We were able to verify the validity of our markers selected in our preliminary data are a robust method for individual identification, and we work with corporate partners to develop a retrotransposable element based strategy for genotyping individuals for HID purposes.  We demonstrate how thes marker systems excel at genotyping both degraded and low quantity DNA and surpass standard STR marker based systems with these type of specialized samples. We explore the use of massively paraleel sequencing to provid
	Additionally we describe the development of a two separate optimized INDEL genotyping panels with different purposes one Is suited for Human Identification (HID) purposes, and the other is for determining the biogeographic ancestry of an individual, or an ancestral informative marker (AIM). 
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	We were able to demonstrate the utility of INDEL and INNUL based markers for a variety of use as cost effective and reliable adjunct markers to standard STR genotyping. The INDEL panels we have developed are optimized for low quantities of of low quality DNA, and our primers and protocols are freely available to practicoioners in the field. These systems are ideal for poor quality exhumed remains, fragments from explosive devices, and with some refinement of extraction protocols, they have shown promise for
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	Statement of the problem
	Statement of the problem
	The primary genetic markers for current human identification and forensic investigations are the Short Tandem Repeat (STR) loci. These markers are highly polymorphic and are amenable to semi-automated analyses. One area that could be improved upon however is the typing of degraded samples. Degraded DNA samples, which can be caused by environmental exposure, as a natural process of necrosis, or through exposure to mechanical shearing forces (such as in explosions associated with disasters) tend to fragment D
	The polymorphism of INDELs, which is based on the presence or absence of an insertion or deletion, can be exploited more readily with a simplified analytical process [8, 14-16]. The difference between the alleles is based on size rather than detecting a nucleotide substitution and these differences can be resolved using capillary electrophoresis (CE). Thus, the instrumentation for INDEL analyses is commonly found in forensic laboratories. Essentially, INDELs perform analytically similar to that of STRs and 
	Many INDELs have been found in the human genome and are contained within databases. Weber et al. [19] identified about 2,000 human diallelic short INDELs by comparing overlapping genomic or cDNA sequences and tested them with African, Japanese, European, and Native American samples. An INDEL database was initiated with Weber et al.’s study, the Marshfield Diallelic Insertion/Deletion Polymorphisms database, based on INDEL panels developed for human and ancestry identifications. In 2006, Mills et al. [30] bu
	Pereira et al. [14] in 2009 described the first INDEL multiplex assay for human identification. This assay contains 38 autosomal INDELs and was selected from ~4,000 markers which have been confirmed to be present in major populations (i.e., African, Caucasian, and Asian) in the Marshfield INDEL database. The selection criteria included: non-coding region markers, Minimum Allele Frequency ≥ 0.25 in major populations, average heterozygosity ≥ 0.4, and allele length differences around 2-5bp. Markers with known
	Pereira et al. [14] in 2009 described the first INDEL multiplex assay for human identification. This assay contains 38 autosomal INDELs and was selected from ~4,000 markers which have been confirmed to be present in major populations (i.e., African, Caucasian, and Asian) in the Marshfield INDEL database. The selection criteria included: non-coding region markers, Minimum Allele Frequency ≥ 0.25 in major populations, average heterozygosity ≥ 0.4, and allele length differences around 2-5bp. Markers with known
	The amplicon sizes were designed to be less than 160 bp. Optimum T

	minimum of 58° C and optimum GC content was set at 50% with a minimum of 45%. Nonspecific hybridization was checked with BLAST at NCBI [33]. AutoDimer [34] was used to check for hairpin and primer–dimer secondary structures. To avoid linkage disequilibrium, the markers residing a short distance from each other on the same chromosome were excluded, so for single source profile comparisons these markers can be treated independently. However, the distances between several pairs of markers on the same chromosom
	-


	Figure
	More recently, LaRue et al (manuscript in review) has looked at the distribution of 114 INDELs in 3 major North American populations. Of the 114 INDELs a primary panel of 38 candidate markers was selected that met the criteria of 1) a minimum allele frequency of greater than 0.20 across the populations studied; 2) general concordance with Hardy-Weinberg equilibrium (HWE) expectations; 3) relatively low FST based on the major populations; 4) physical distance between markers greater than 40 Mbp; and 5) a lac
	An INDEL kit for human identification is commercially available, Investigator DIPplex® kit, (Qiagen) [33]. It is a multiplex five-dye single-tube reaction assay for 30 bi-allelic INDEL markers and Amelogenin. This kit has been validated and population studies were also performed with four populations (African American, Asian, Caucasian, and Hispanic) [37]. Other validations or population studies were reported by Alvarez et al. [38] with the same four populations as LaRue et al. [37], Neuvonen et al. [39] wi
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	Since the allele frequencies of many INDELs vary notably in different populations [23,30], INDELs also can be used to identify bioancestry of individuals. These markers are called Ancestry Informative Markers (AIM). Several AIM INDEL panels have been developed based on the Marshfield INDEL database [19]. Bastos-Rodrigues et al. [41] selected 40 slow-evolving short INDELs to analyze population genetic structure and tested them with seven populations. This panel also was evaluated for paternity testing [42]. 
	X chromosome linked INDEL panels were also developed for both human identification and ancestry identification. Ribeiro-Rodrigues et al. [43] first analyzed 13 X-INDELs for a population admixture study in Brazil. This panel was extended further to 33 X-INDELs [44]. Pereira et al. 
	[45] developed a 32 X-INDEL panel with African, European, and Asian populations but with MAF ≥ 0.1 for Asians. Its design was more focused on European and African populations. 
	Long INDELs or Retrotransposable Elements (REs) (e.g., ALUs) also have been used in human identification and bioancestry identification [24-28]. Novick et al. [24] first tested five human specific ALU insertions for forensic analysis. Allele frequencies of other ALU based panels also were reported, such as those by Dinç et al. [26] for the Anatolian population with ten ALUs and Selvaggi et al. [27] for the Piedmont (Northern Italy) population with eleven ALUs. Ray et al. [25] reported a large panel with 100
	http://labcfg.ibch.ru/Home.html
	http://labcfg.ibch.ru/Home.html


	Most previous and current studies were based on relatively small databases, such as the Marshfield INDEL database. Because of a limited number of markers in this database, many selected INDELs had MAF ≤ 0.2, and thus, a relatively low power of discrimination for certain population(s). Recently, the 1000 Genomes Project aimed to explore human genome sequence variations by whole-genome sequencing hundreds of individuals from various populations [20]. In the pilot project, three projects were carried out: low-
	Figure
	Preliminary study 
	REs range in size from hundreds (SINEs) to thousands (LINEs) of bp in length. Because the allele forms in these long INDELs are not the result of a deletion, they are actually insertion or null alleles. Earlier attempts to use Alu sequences for identity testing capitalized on the size difference between insertion and null alleles by amplifying the entire region with the same forward and reverse primers [28]. The insertion allele would be 200-600 bp larger than the null allele, and could be detected electrop
	Recently, LaRue et al (47) described a novel primer design, which can reduce the amplicon size and allele state differences of SINES and LINES such that these markers can be used effectively on forensic type samples. Thus, these markers now are amenable to analyzing degraded samples, as the amplicon size can be reduced from thousands and hundreds of bases to less than 100 bases in length and differential amplification of the allelic states can be dramatically reduced if not eliminated as the size of the ins
	a) Null allele 
	^ Forward Primer Null‐Specific Reverse Primer 
	Insertion site 
	b) Insertion allele 
	^ Forward Primer Insertion Insertion‐Specific Reverse Primer 
	Insertion site 
	Figure 1. Novel primer design schema, including three primers: forward primer shared by both insertion and null alleles, Null-Specific reverse primer only for the null allele, and Insertion-Specific reverse primer only for the insertion allele. 
	To test this novel primer design, primers for nine REs, including both SINEs and LINEs (i.e., CH14-50-6236, CH4-12-7012, CH6-28-9163, LC3-2601, TARBP1, Yac52265, Ya5NBC51, Yb7AD155, and Yb8NBC106) were constructed using an in silico approach. A sensitivity study showed that full profiles could be obtained with as little as 125 pg of DNA. Sensitivity may be further increased by optimizing the primers and PCR conditions. Population studies were performed for these nine markers with 279 individuals from Africa
	To test this novel primer design, primers for nine REs, including both SINEs and LINEs (i.e., CH14-50-6236, CH4-12-7012, CH6-28-9163, LC3-2601, TARBP1, Yac52265, Ya5NBC51, Yb7AD155, and Yb8NBC106) were constructed using an in silico approach. A sensitivity study showed that full profiles could be obtained with as little as 125 pg of DNA. Sensitivity may be further increased by optimizing the primers and PCR conditions. Population studies were performed for these nine markers with 279 individuals from Africa
	-

	which is applicable to for human identification, were found. With these nine markers, the cumulative match probability can reach at least 1.2×10. The results demonstrated that REs have the potential for serving as a set of markers that can be used for forensic applications, especially for limited quantities of DNA. The “Supporting data” section in Appendices describes more details of this preliminary study. 
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	Figure

	Current Approaches to Problems
	Current Approaches to Problems
	There have been several short INDEL panels developed for human identification [14-16]. They were designed either for the X-chromosome only [15], for certain populations [16], or based on relatively small data sets (e.g., Marshfield Diallelic Insertion/Deletion Polymorphisms database [13, 19]. INDEL panels for ancestry identification also have been reported [20-22] based on the same database [19]. 

	Rationale for the research 
	Rationale for the research 
	The pilot project of the 1000 Genomes Project [23] has shown by low-coverage sequencing that there are more than 1 million short INDELs and 20,000 structural variants, including long INDELs (e.g., ALUs), in three major populations (African, Caucasian, and East Asian). Most of the INDELS are novel markers. Hence, a large pool of potential INDEL markers is available in this database to assess for forensic purposes.  
	The Marshfield Diallelic Insertion/Deletion Polymorphisms database [19] primarily contains short INDELs (allele length difference ≤50). However, there have been studies showing that long INDELs or Retrotransposable Elements (REs), such as ALUs, can be used in human identification and bioancestry identification [23-28]. These larger insert polymorphisms are expected to have very low mutation rates, less than short insertion elements. However, large amplicon size differences of long INDELs limit their use for
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	METHODS 

	DNA was extracted from whole blood samples obtained from 190 unrelated individuals following the University of North Texas Health Science Center Institutional Review Board Approval. The sample set represented unrelated individuals of four major U.S. population groups with 49 Caucasians (CAU), 49 African Americans (AFA), 49 Hispanics (HIS), and 43 Asians (ASA). DNA extraction was performed using the Qiagen® QIAamp™ DNA Blood Mini Kit (Qiagen, Hilden, Germany), according to the manufacturer’s protocol. 
	Samples and DNA Extraction 

	Figure
	Amplification of INDEL markers was performed on all samples using a prototypical 42-loci INDEL multiplex. DNA (0.8 ng in 3 µL) was added to 15 µL of AccuPrime ™ Taq DNA Polymerase System (ThermoFisher Scientific) PCR Master Mix, 4 µL of Primer Mix, and 3 µL of sterile, deionized water for a total reaction volume of 25 µL. Amplification was performed on a GeneAmp® PCR System 9700 (ThermoFisher Scientific) using the following parameters: an initial denaturation at 95 °C for 11 min, followed by 30 cycles of 94
	INDEL analysis of Enbalmed samples 

	Results were analyzed using GeneMapper® ID-X Software v1.4 (ThermoFisher Scientific). The analysis method utilized a previously established analytical threshold of 100 RFUs as a minimal cutoff value for peak detection. For heterozygous loci with peak height ratios between 10-50 %, the data for the entire locus was discarded for that sample. Any minor heterozygote peak with a height below 10 % of the major peak was considered elevated baseline and disregarded. Random match probabilities (RMP) were then calcu
	Neat DNA (16 µL) was amplified in a 25 µL reaction volume using an early access version of the InnoTyper™ 21 Kit (InnoGenomics Technologies, LLC, New Orleans, LA) with the recommended cycling conditions. Amplified DNA products were separated on the 3500 XL Genetic Analyzer (ThermoFisher Scientific) using a 36 cm capillary array with POP-4 polymer. Data was analyzed with GeneMarker® HID software (SoftGenetics, State College, PA, USA) with an analytical threshold of 50 RFUs being applied. RMPs were calculated
	INNUL Analysis 

	INDEL markers forward and reverse primers were designed to amplify each marker. Publically available software tools through the websites dbSNP, the UCSC Genome Browser and Primer-BLAST, were used to assist in designing the primers. Each of the chosen primer pairs were checked for potential dimerization with the other primer pairs using the publically available software tool, PriDimerCheck. After determining that no major issues should occur, unlabeled primers were ordered from Invitrogen™.  
	Primer Design 

	The unlabeled primers were run individually to ensure that each primer pair was performing as intended and would successfully amplify the DNA. For amplification, each sample contained the PCR mix made up of 5.5 µL of water, 2.5 µL of 10x buffer, 2.5 µL of BSA (10 mg/ mL), 2 µL of 50 mM MgCl2, 1 µL of 10 mM dNTPs, 0.5 µL Taq polymerase (5 U/ µL), 0.5 µL of the forward primer at a concentration of 10 µM, 0.5 µL of the reverse primer at a concentration of 10 µM, and 10 µL of DNA (1 ng/ µL). The samples were am
	The unlabeled primers were run individually to ensure that each primer pair was performing as intended and would successfully amplify the DNA. For amplification, each sample contained the PCR mix made up of 5.5 µL of water, 2.5 µL of 10x buffer, 2.5 µL of BSA (10 mg/ mL), 2 µL of 50 mM MgCl2, 1 µL of 10 mM dNTPs, 0.5 µL Taq polymerase (5 U/ µL), 0.5 µL of the forward primer at a concentration of 10 µM, 0.5 µL of the reverse primer at a concentration of 10 µM, and 10 µL of DNA (1 ng/ µL). The samples were am
	Unlabeled Primers 

	cycles of 95⁰C for 10 seconds, 61⁰C for 30 seconds, 72⁰C for 30 seconds, and a final extension of 70⁰C for 10 minutes. Once amplified, each marker was assessed using the   Agilent© 2200 Tapestation using 2 µL of the TapeStation buffer with 2 µL of sample, following laboratory protocol (28). All individually run primer sets were evaluated to ensure each worked and produced a product around its estimated base pair range. After the primer pairs were run individually, they were arranged in groups of 5 primer pa

	Figure
	After the initial multiplex was evaluated to determine if it would perform as intended, fluorescently labeled primers were ordered from Applied Biosystems®. The fluorescent labeled primer pairs were run first individually to ensure they were functioning properly. For amplification of the individual primer pairs, each sample contained the PCR mix made up of 5.5 µL of water, 
	Fluorescently Labeled Primers 

	2.5 µL of 10x buffer, 2.5 µL of BSA (10 mg/ mL), 2 µL of 50 mM MgCl2, 1 µL of 10 mM dNTPs, 
	0.5 µL Taq polymerase (5 U/ µL), 0.5 µL of the forward primer (10 µM), 0.5 µL of the reverse primer (10 µM), and 10 µL of DNA (0.5 ng/ µL). After amplification, the samples were analyzed using the Applied Biosystems® 3500 Genetic Analyzer. Each sample well for the CE contained 
	9.6 µL of HiDi formamide, 0.4 µL of Liz 600, and 1 µL of the amplified sample. The results from the CE were analyzed using GeneMapper ID-X (version 1.2). The next step was to create an initial multiplex of amplicons separated into 5 groups based on their fluorophore color. Using the Qiagen® Multiplex PCR kit where each sample tube contained 5 µL of 10X primer mix, 10 µL of DNA (0.05 ng/ µL), 10 µL of water, and 25 µL of 2X multiplex PCR master mix. The 10X primer mix was prepared by adding 10 µL of the forw
	Library Preparation and Massively Parallel Sequencing of INDEL markers 
	Library Preparation and Massively Parallel Sequencing of INDEL markers 

	Libraries were generated using a custom designed Nextera™ Rapid Capture Enrichment panel (Illumina, Inc., San Diego, CA) using the Illumina Design Studio as described by Zeng, et al..  The HID INDELs for this study were selected based on the results described by LaRue, et al. and Pereira, et al.. INDEL rs number, location, flanking region, and probe design are listed in Supplemental Table 1. Each sample library was diluted to 2 nM and paired-end sequencing 
	Libraries were generated using a custom designed Nextera™ Rapid Capture Enrichment panel (Illumina, Inc., San Diego, CA) using the Illumina Design Studio as described by Zeng, et al..  The HID INDELs for this study were selected based on the results described by LaRue, et al. and Pereira, et al.. INDEL rs number, location, flanking region, and probe design are listed in Supplemental Table 1. Each sample library was diluted to 2 nM and paired-end sequencing 
	was performed on the Illumina MiSeq™ according to the manufacturer’s recommended protocol with a read length of 250 bases.   

	Figure
	STRait Razor Design 
	STRait Razor Design 

	A configuration file was created for use with STRait Razor v2.5. To create the file, locus coordinates for each INDEL were located on the hg19 human reference genome using the Integrative Genomics Viewer (IGV). STRait Razor flanking regions up and downstream of the INDEL motif, and the complementary sequences, were recorded. The average size of the STRait Razor flank, used to mine sequence data for regions of interest, was 24 bases ± 0.10.  The bases between STRait Razor flanks contained the INDEL motif and
	Analysis Concordance 
	Analysis Concordance 

	A subset of 69 samples was analyzed manually to confirm STRait Razor allele calls. Fastq files were aligned using Burrows-Wheeler Aligner (BWA) and Sequence Alignment/Map Tools (SAMtools). The resulting binary alignment/map (.bam) files were used as input for the Genome Analysis Toolkit (GATK). The resulting variant call format (.vcf) files were analyzed using an in-house Excel-based workbook. The workbook assigned genotypes and compiled DoC and ACR data for each sample.   
	Population Statistical Analyses 
	Population Statistical Analyses 

	Length-based and sequence-based allele frequencies, observed and expected heterozygosities, and testing for departures from Hardy-Weinberg Equilibrium (HWE) and linkage disequilibrium (LD) assessments were performed using Genetic Data Analysis (GDA). An in-house Excel-based workbook was used to generate power of discrimination values and single-locus and combined RMPs. 
	Variant call files for chromosomes 1 through 22 were downloaded from the 1000 Genomes These files contain the autosomal genome data for 3500 individuals. When possible, the populations were binned into their associated major global population group (Table 1). Of the 3500 individuals, 550 individuals (Caucasian, N=244; African, N=156; and East Asian, N=150) were chosen comprising the training set used for marker selection for differentiating Caucasian, African, and East Asian ancestry.  
	In silico Samples 
	Project website (http://www.1000genomes.org/data). 

	Table M1. Populations from 1000 Genomes Project binned into three major global population. African Caucasian East Asian 
	Yoruba in Ibadah, Nigeria British in England and Scottland Southern Han Chinese, China 
	Figure
	African ancestry in southwest U.S. 
	African ancestry in southwest U.S. 
	African ancestry in southwest U.S. 
	Finnish in Finland 
	Han Chinese in Bejing, China 

	Luhya in Webuye, Kenya 
	Luhya in Webuye, Kenya 
	Utah resident with Western Europe ancestry 
	Japanese in Tokyo, Japan 

	TR
	Toscani in Italy 


	Using the Linux-based software program, VCFtools, chromosomal data was filtered to include ST, was calculated for each INDEL.  ST greater than 0.5 in at least one pairwise comparison was created. From this new file, population-specific allele frequencies were calculated. The markers were then manually sorted by length and markers of length 3-6 base pairs were considered for selection. This is so that they are large enough to resolve the alleles by CE, but small enough to conserve real estate in the CE syste
	Marker selection 
	only INDEL markers. Pairwise population substructure, F
	The output file was sorted in Excel® and a new text file containing only the positions with F

	Using VCFtools, genotype data for the 550 training set individuals were pulled out of the variant call files. The panel of 60 AIMs was evaluated by Principal Component Analysis using the software program Past3 to determine if the populations would cluster separately. Additionally, known populations were added to the analysis to determine if they would cluster with the expected population group. Next, the 60 AIMs were evaluated for Hardy-Weinberg Equilibrium (HWE) and linkage disequilibrium (LD). Using the s
	Statistical Analysis 

	Table M2. Linux commands used for VCFtools. 
	Output
	Command 
	Command 
	Input File Format 
	Format 
	Pairwise FST calculati ons vcftools --gzvcf ~/chromosome1.vcf.gz --keep-only-indels --weir-fst-pop ~/pop1.txt --weir-fst-pop ~/pop2.txt --out chromosome1.vcf.gz- variant call file downloaded from 1000 Genomes Project website pop1.txt/ pop2.txt- text file containing 2 columns: (1) outfile.weir.fs t 
	Figure
	~/outfile sample name (2) population Allele frequenc ycalculati ons vcftools --gzvcf ~/chromosome1.vcf.gz --positions ~/fst.txt --keep ~/pop1.txt --freq --out ~/outfile fst.txt- text file containing the positions of INDEL markers with Fst >0.5 pop1.txt- text file containing a single column with one sample per line outfile.frq Genotype Data vcftools --gzvcf ~/chromosome1.vcf.gz --keep ~/pop1.txt --positions ~/markers1 --recode --recode-INFO-all --out ~/outfile pop1.txt- text file containing a single column w
	Italicized words indicate file names Additional Populations Southwest Hispanic (SWH; N=243) and Southwest Asian (SWA; N=489) samples were compiled from the 1000 Genomes Project data. The genotype data for the 59 AIMs for these individuals were retrieved using VCFtools and added to the PCA of the original training set. Using Past3, these two population groups were also compared pairwise in PCA.   Table M3. Populations in 1000 Genomes Project binned into additional population groups. Southwest Hispanic Southw
	Figure
	primers that might not perform well in diverse global populations. Upon learning of our award for the project, we set out to rectify this problem.   
	To allay these concerns, the efficiency of the 49 INDEL markers was investigated in two urban admixed population samples Rio de Janeiro, Brazil, and Tripoli, Libya and one isolated Native Brazilian community. To do this we utilized our initial trial multiplexes of 114 INDELs and only interpreted the 49 loci selected by our preliminary study for analysis.  
	A panel of 49 INDEL loci was typed in three population samples:Native Brazilians (n=62) from the Amazon Basin in Brazil and two additional population sets from Rio de Janeiro (n=93)and Tripoli, Libya {n=77). The results indicated that all markers are in Hardy-Weinberg equilibrium (HWE) except for one marker in Native Brazilians {marker 36, rs28923216); three markers for the Rio de Janeiro population (markers 20, rs2308189; 27, rs3045264; and 28, rs3047269). and one marker for the Libyans (marker 40, rs34510
	To measure population differentiation due to substructure, the three groups were analyzed for ST estimates. Even though these three populations are not expected to mix due to their distance apart and characteristics, when combined for analysis purposes only, the ST value of the populations is relatively low, FST =0.05512. However, this value was higher than that reported for the North American sample populations. Overall, the results reveal that the markers constitute a suitable system for HlD purposes to b
	Wright's F
	combined F

	The power of an INDEL panel is related to the number of markers with a Random Match Probability (RMP) near or below 0.4 (considering the ideal value of p=q=0.5, RMP is 0.375). For all markers, the RMP varied from 0.3 to 0.73 in the populations tested (Table 1).  Assuming loci independence and no substructure effect, cumulative RMPs were 2.7x10-18, 1.5x10-20 and 4.5x10-20 for Native Brazilian, Rio de Janeiro, and Tripoli populations, respectively. The number of INDEL loci above and below, an RMP of 0.4, was 
	Figure
	Figure
	Figure 1. Random Match Probebili1y (RMP) plot against the Number of Loci (#Loci), in three population samples: Native Brazilian (white diamond); Rio de Janeiro (white square);and Tripoli (white triangle) 
	Linkage disequilibrium (LD) was determined using Fisher's exact test, with 10,000 shuffling. For the 49 INDEL markers, there were 1176 possible pairwise comparisons per population sample. A total of four pairs had a detectable LD at the 0.05 level, two from Rio de Janeiro and two from Native Brazilians. This proportion of detectable LD was lower than expected by chance. In addition, there were no significant departures from independence after the Bonferroni correction. The lack of detectable LD supports tha
	Cumulative RMP values were 1.5xt0-20 and 4.Sx10-20 for the Rio de Janeiro and Tripoli populations, respectively. These values are one order of magnitude higher than those reported for the North American ethnic groups, and two orders of magnitude higher than the value for isolated Native Brazilians. This finding suggests that higher degrees of isolation leading to genetic bias and lower diversity may reduce the efficiency of the 49 INDEL panel. Similar reductions in efficiency of other INDEL panels have been
	Figure
	Figure
	Figure 2. Schematic representation of the average substructure population. Using Structure v2.3, assuming K=3 and admixture model, three clusters (Cl, C2,. and C3) are represented for each population. The percentage of admixture is denoted inside the corresponding bars 
	This substructure cannot be explained by differences in sample size, because the other population samples (Rio de Janeiro, n=93 and Libya, n=77) had equivalent sizes and showed no bias towards any cluster. Substructure analysis reveals that admixed urban samples had equal contributions from three parental clusters. Native Brazilians had a major contributing cluster (over 60 %),indicating that some of these loci could behave as ancestry Amerindian markers.  
	In conclusion, the 49 INDEL marker panels could be used for HID and genetic studies in general, but caution should be exercised in the case of isolated, potentially substructured populations in which the RMP will not be as informative as in admixed populations. 
	Figure
	Table 1. Description, location, and distribution of 49 INDEL markers in three populations 
	Marker number 
	Marker number 
	Marker number 
	RS number 
	Native Brazilians, Brazil (n=62) 
	Rio de Janeiro, Brazil (n=93) 
	Tripoli, Libya (n=77) 
	FST 

	TR
	Freq (D) 
	HO
	 HWE 
	RMP 
	Freq (D) 
	HO 
	HWE 
	RMP 
	Freq (D) 
	HO 
	HWE 
	RMP 

	1 
	1 
	4187 
	0.3852 
	0.4754 
	1.0000 
	0.3892 
	0.5000 
	0.5435 
	0.5316 
	0.3750 
	0.4804 
	0.5098 
	1.0000 
	0.3754 
	0.0077 

	2 
	2 
	16,402 
	0.4262 
	0.3934 
	0.1235 
	0.3806 
	0.6141 
	0.4674 
	1.0000 
	0.3890 
	0.2192 
	0.3562 
	0.7368 
	0.4912 
	0.1586 

	3 
	3 
	16,458 
	0.5917 
	0.4500 
	0.5998 
	0.3838 
	0.4946 
	0.5109 
	1.0000 
	0.3750 
	0.5577 
	0.5385 
	0.5903 
	0.3784 
	0.0036 

	4 
	4 
	140,809 
	0.5574 
	0.4918 
	1.0000 
	0.3784 
	0.5924 
	0.4239 
	02806 
	0.3840 
	0.2945 
	0.3151 
	0.0489 
	0.4279 
	0.0986 

	5 
	5 
	1,160,886 
	0.3250 
	0.4500 
	1.0000 
	0.4113 
	0.3043 
	0.4565 
	0.6213 
	0.4221 
	0.4071 
	0.4714 
	0.8091 
	0.3841 
	0.0067 

	6 
	6 
	1,610,871 
	0.1750 
	0.2167 
	0.0678 
	0.5476 
	0.3352 
	0.4505 
	1.0000 
	0.4066 
	0.4933 
	0.6133 
	0.0669 
	0.3750 
	0.0919 

	7 
	7 
	2,067,140 
	0.4561 
	0.4211 
	0.2773 
	0.3769 
	0.3681 
	0.3846 
	0.1122 
	0.3942 
	0.4231 
	0.5000 
	1.0000 
	0.3811 
	0.0015 

	8 
	8 
	2,067,191 
	0.4083 
	0.4500 
	0.5964 
	0.3838 
	0.5163 
	0.5978 
	0.0932 
	0.3753 
	0.5704 
	0.4930 
	1.0000 
	0.3801 
	0.0170 

	9 
	9 
	2,307,507 
	0.3214 
	0.4643 
	0.7633 
	0.4130 
	0.5163 
	0.4674 
	0.5433 
	0.3753 
	0.3516 
	0.3906 
	0.2742 
	0.3999 
	0.0427 

	10 
	10 
	2,307,526 
	0.7000 
	0.4333 
	1.0000 
	0.4246 
	0.4022 
	0.5000 
	0.8322 
	0.3851 
	0.3630 
	0.4247 
	0.4468 
	0.3959 
	0.1097 

	11 
	11 
	2,307,579 
	0.3667 
	0.4333 
	0.5868 
	0.3947 
	0.3152 
	0.5217 
	0.0579 
	0.4161 
	0.4054 
	0.5135 
	0.6392 
	0.3844 
	0.0032 

	12 
	12 
	2,307,603 
	0.1083 
	0.2167 
	1.0000 
	0.6696 
	0.5435 
	0.5000 
	1.0000 
	0.3769 
	0.5486 
	0.4861 
	1.0000 
	0.3774 
	02108 

	13 
	13 
	2,307,656 
	0.5094 
	0.5660 
	0.4111 
	0.3751 
	0.4780 
	0.5165 
	0.8371 
	0.3755 
	0.5224 
	0.5075 
	1.0000 
	0.3755 
	--0.0049 

	Marker number 
	Marker number 
	RS number 
	Native Brazilians, Brazil (n=62) 
	Rio de Janeiro, Brazil (n=93) 
	Tripoli, Libya (n=77) 
	FST 
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	Freq Freq Freq
	O HWE RMP HO HWE RMP HO HWE RMP 
	H

	(D) (D) (D) 
	(D) (D) (D) 
	Freq Freq Freq

	14 
	14 
	14 
	2,307,696 
	0.5083 
	0.4167 
	0.2069 
	0.3751 
	0.5761 
	0.4565 
	0.5272 
	0.3810 
	0.3750 
	0.4722 
	1.0000 
	0.3921 
	0.0377 

	15 
	15 
	2,307,700 
	0.5351 
	0.5439 
	0.6023 
	0.3762 
	0.3913 
	0.4348 
	0.3938 
	0.3877 
	0.4342 
	0.5263 
	0.6359 
	0.3794 
	0.0134 

	16 
	16 
	2,307,710 
	0.2083 
	0.3500 
	1.0000 
	0.5035 
	0.3913 
	0.5652 
	0.1248 
	0.3877 
	0.3267 
	0.3867 
	0.2946 
	0.4105 
	0.0305 

	17 
	17 
	2,307,839 
	0.0833 
	0.1333 
	0.3270 
	0.7295 
	0.3696 
	0.4348 
	0.5077 
	0.3938 
	0.1233 
	0.1918 
	0.2837 
	0.6377 
	0.1417 

	18 
	18 
	2,307,850 
	0.1833 
	0.3333 
	0.6767 
	0.5356 
	0.1957 
	0.2826 
	0.3214 
	0.5191 
	0.2254 
	0.3099 
	0.3261 
	0.4846 
	--0.0042 

	19 
	19 
	2,308,112 
	0.3509 
	0.4912 
	0.7678 
	0.4002 
	0.3098 
	0.4891 
	02254 
	0.4190 
	0.5417 
	0.4444 
	0.3542 
	0.3768 
	0.0593 

	20 
	20 
	2,308,189 
	0.6140 
	0.4561 
	0.7855 
	0.3890 
	0.6467 
	0.3587 
	0.0385 
	0.3993 
	0.4167 
	0.4722 
	0.8140 
	0.3822 
	0.0577 

	21 
	21 
	2,308,196 
	0.5948 
	0.3276 
	0.0153 
	0.3845 
	0.3804 
	0.5000 
	0.6555 
	0.3905 
	0.7115 
	0.4231 
	1.0000 
	0.4318 
	0.1118 

	22 
	22 
	2,308,232 
	0.2105 
	0.3158 
	0.6931 
	0.5009 
	0.3098 
	0.3587 
	0.1451 
	0.4190 
	0.3359 
	0.5156 
	0.2734 
	0.4063 
	0.0113 

	23 
	23 
	2,308,276 
	0.4917 
	0.4167 
	0.1997 
	0.3751 
	0.4565 
	0.5217 
	0.6722 
	0.3769 
	0.4851 
	0.5224 
	0.8102 
	0.3752 
	--0.0055 

	24 
	24 
	2,308,292 
	0.4583 
	0.5500 
	0.6010 
	0.3768 
	02880 
	0.3804 
	0.4604 
	0.4320 
	0.1833 
	0.3333 
	0.6677 
	0.5356 
	0.0703 

	25 
	25 
	3,038,530 
	0.5877 
	0.5789 
	0.1839 
	0.3830 
	0.4130 
	0.4130 
	0.1895 
	0.3829 
	0.4437 
	0.6056 
	0.0903 
	0.3782 
	0.0246 

	26 
	26 
	3,042,783 
	0.6316 
	0.4912 
	0.7820 
	0.3941 
	0.5879 
	0.5385 
	0.3865 
	0.3831 
	0.7571 
	0.3143 
	0.2015 
	0.4674 
	0.0290 

	27 
	27 
	3,045,264 
	0.2193 
	0.3333 
	1.0000 
	0.4910 
	0.3641 
	0.3587 
	0.0421 
	0.3955 
	0.3116 
	0.3913 
	0.5801 
	0.4181 
	0.0172 

	Marker number 
	Marker number 
	RS number 
	Native Brazilians, Brazil (n=62) 
	Rio de Janeiro, Brazil (n=93) 
	Tripoli, Libya (n=77) 
	FST 
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	O HWE RMP HO HWE RMP HO HWE RMP 
	H

	(D) (D) (D) 
	28 
	28 
	28 
	3,047,269 
	0.4250 
	0.4500 
	o.6008 
	0.3808 
	0.4620 
	0.3587 
	0.0106 
	0.3765 
	0.5608 
	0.4730 
	0.8107 
	0.3788 
	0.0118 

	29 
	29 
	3,838,581 
	0.9000 
	0.2000 
	1.0000 
	0.6886 
	0.4457 
	0.5217 
	0.6725 
	0.3780 
	0.4375 
	0.4375 
	0.4554 
	0.3790 
	02351 

	30 
	30 
	3,841,948 
	0.1083 
	0.1833 
	0.5228 
	0.6696 
	0.3750 
	0.4457 
	0.6542 
	0.3921 
	0.4470 
	0.4697 
	0.8040 
	0.3779 
	0.1173 

	31 
	31 
	4,646,006 
	0.6250 
	0.4167 
	0.4147 
	0.3921 
	0.4185 
	0.5761 
	0.1309 
	0.3819 
	0.4769 
	0.4308 
	0.3155 
	0.3755 
	0.0369 

	32 
	32 
	10,623,496 
	0.3158 
	0.4561 
	0.7663 
	0.4158 
	0.3000 
	0.4222 
	1.0000 
	0.4246 
	0.4028 
	0.5556 
	0.2306 
	0.3850 
	0.0080 

	33 
	33 
	10,688,868 
	0.4500 
	0.4667 
	0.7935 
	0.3775 
	0.3132 
	0.4725 
	0.4745 
	0.4172 
	0.3151 
	0.4384 
	1.0000 
	0.4162 
	0.0174 

	34 
	34 
	13,447,508 
	0.3667 
	0.4000 
	0.2799 
	0.3947 
	0.3043 
	0.4348 
	1.0000 
	0.4221 
	0.2985 
	0.3284 
	0.0810 
	0.4255 
	--0.0011 

	35 
	35 
	17,859,968 
	0.5250 
	0.5167 
	1.0000 
	0.3756 
	0.3859 
	0.4457 
	0.6582 
	0.3890 
	0.4318 
	0.4697 
	0.8028 
	0.3798 
	0.0131 

	36 
	36 
	28,923,216 
	0.6583 
	0.3167 
	0.0228 
	0.4038 
	0.5489 
	0.4239 
	02108 
	0.3774 
	0.5833 
	0.4091 
	0.2109 
	0.3822 
	0.0057 

	37 
	37 
	33,951,431 
	0.8500 
	0.2000 
	0.1099 
	0.5875 
	0.6793 
	0.5109 
	0.1567 
	0.4134 
	0.5149 
	0.4627 
	0.6199 
	0.3752 
	0.1027 

	38 
	38 
	34,051,577 
	0.4000 
	0.5600 
	0.3682 
	0.3856 
	0.6703 
	0.3736 
	0.1502 
	0.4091 
	0.5571 
	0.3714 
	0.0516 
	0.3783 
	0.0622 

	39 
	39 
	34,495,360 
	0.3167 
	0.4333 
	1.0000 
	0.4154 
	0.5707 
	0.4891 
	1.0000 
	0.3801 
	0.7308 
	0.3846 
	1.0000 
	0.4453 
	0.1406 

	40 
	40 
	34,510,056 
	0.7917 
	0.3167 
	0.7031 
	0.5035 
	0.4837 
	0.4891 
	0.8420 
	0.3753 
	0.4318 
	0.6212 
	0.0449 
	0.3798 
	0.1246 

	41 
	41 
	34,511,541 
	0.7373 
	0.3220 
	0.1842 
	0.4503 
	0.3750 
	0.5109 
	0.5029 
	0.3921 
	0.4467 
	0.3867 
	0.0603 
	0.3779 
	0.1221 

	Marker number 
	Marker number 
	RS number 
	Native Brazilians, Brazil (n=62) 
	Rio de Janeiro, Brazil (n=93) 
	Tripoli, Libya (n=77) 
	FST 
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	Table
	TR
	Freq 

	TR
	(D) 

	42 
	42 
	34,528,025 
	0.3158 

	43 
	43 
	34,535,242 
	0.7456 

	44 
	44 
	34,795,726 
	0.7895 

	45 
	45 
	34,811,743 
	0.9167 

	46 
	46 
	35,605,984 
	0.6852 

	47 
	47 
	35,716,687 
	0.7250 

	48 
	48 
	36,062,169 
	0.5167 

	49 
	49 
	60,901,515 
	0.5877 


	O 0.3509 0.3684 0.3158 0.1333 0.3704 0.4167 0.5000 0.5789 
	H

	 HWE 0.2212 0.7455 0.7021 0.3433 0.3438 1.0000 1.0000 0.1821 
	RMP 0.4158 0.4572 0.5009 0.7295 0.4163 0.4410 0.3753 0.3830 
	Freq (D) 0.3846 0.6033 0.5380 0.6304 0.4286 0.5489 0.6413 0.6154 
	HO 0.4176 0.5543 0.5326 0.4565 0.5055 0.5761 0.5000 0.5714 
	HWE 02715 0.1948 0.5425 0.8217 0.8295 0.1510 0.5012 0.0772 
	RMP 0.3894 0.3863 0.3765 0.3938 0.3803 0.3774 0.3974 0.3894 
	Freq (D) 0.3099 0.7222 0.5643 0.7292 0.5423 0.5224 0.5000 0.6181 
	HO 0.3662 0.3611 0.4429 0.3750 0.4930 0.4776 0.5758 0.3750 
	HWE 0.2666 0.3903 0.4778 0.7645 1.0000 0.8017 0.3235 0.0851 
	RMP 
	RMP 
	RMP 

	0.4190 
	0.4190 
	0.0016 

	0.4390 
	0.4390 
	0.0220 

	0.3792 
	0.3792 
	0.0640 

	0.4441 
	0.4441 
	0.0954 

	0.3768 
	0.3768 
	0.0560 

	0.3755 
	0.3755 
	0.0374 

	0.3750 
	0.3750 
	0.0201 

	0.3901 
	0.3901 
	--0.0060 
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	Further development of Retrotransposable element markers
	Further development of Retrotransposable element markers
	Further development of Retrotransposable element markers

	Portions of this manuscript are either submitted or in the process of being submitted to two separate articles in FSI: Genetics. 
	A sub-aim of our proposal was to work with corporate partners, Innogenomics, to further develop the Innotyper assay from a nine marker single-loci system to a multiplex system with high discriminatory power. Through pilot testing of various prototype versions of the assay we were able to obtain results from 19century bones Figure 3, and 3 of 10 rootless hair shafts processed with the improved Wilson protocol (as described in NIJ final report from 2014) Figure 4. These samples prove challenging for STR based
	th 

	Figure
	Figure 3. Identifiler profile of extract from 19century bones and profile from same extract using Innotyper 14 prototype panel. 
	th 

	27 
	Figure
	Figure
	Figure 4. Representative electropherogram from pilot study of rootless 4cm hairshafts extracted utilizing the improved Wilson method and genotyped with Innotyper 16 prototype panel. 
	Through various iterative processes, Innogenomics has consulted with our research group for population testing, and chemistry “troubleshooting” first with a 14 marker system, then with a 16 marker system, and finally to Innotyper 21 (a 20 INNUL marker system with an amelogenin marker). 
	The distribution of alleles in four major populations, African American (N=207), Southwest Hispanic (N=40), Caucasian (N=301), East Asian (US) (N=44) were analyzed for Hardy Weinberg Equilibrium (HWE), Random Match Probability (RMP), Power of Exclusion (PE), and evidence of Substructure. In the four populations tested, there was no deviatin from HWE after a Bonferroni correction for multiple comparisons was used to correctly adjust the critical value for an alpha level of 0.05, and the combined random match
	-08 
	-08 
	-08
	-07 

	Figure
	Table 2 
	Allele Freq I Ho HWE (p-value) RMP PE Freq I Ho HWE (p-value) RMP PE Freq I Ho HWE (p-value) RMP PE Freq I Ho HWE (p-value) RMP PE FST AC4027 0.53865 0.53623 0.26906 0.37650 0.18675 0.65000 0.35000 0.16031 0.40050 0.17574 0.42857 0.49834 0.81469 0.38030 0.18492 0.47727 0.50000 1.00000 0.37603 0.18724 0.01439 NBC216 0.59662 0.50725 0.17844 0.38490 0.18275 0.53750 0.42500 1.00000 0.37640 0.18679 0.73090 0.35216 0.20531 0.44540 0.15800 0.27027 0.43243 0.68410 0.45362 0.15833 0.09887 MLS26 0.14976 0.23188 0.868
	AB 
	Figure
	29
	Figure 5A). Constructed pipe-bomb with wire attached.  B) Post blast fragmentation of PVC device. 
	Figure
	One of the topics mentioned in our proposal involved the use of bi-allelic markers to genotype degraded DNA from the post-balst fragments of Improvised Explosive devices . We collaborated with colleagues from Sam Houston State University, and the Montgomery County Fire Marshall’s office to type IED post-blast fragments (Figure 5) with INNUL markers. 
	As mentioned earlier, INNULs have been proposed as an alternate marker system that has the potential to recover additional genetic information from challenging samples when traditional STR analysis fails as amplicons are smaller than STRs (up to 450 bp compared to 125 bp). Twenty-five DNA extracts which resulted in varying STR success (ranging from 2% to 87% reported alleles) were chosen for INNUL analysis. 
	Genotyping using INNUL markers resulted in a high degree of success with nine of the 25 samples resulting in complete genetic profiles, and eight samples with between 80% and 99% of alleles being reported. Only six samples resulted in < 70% of reported alleles being reported, and one sample completely failed INNUL analysis (Fig. 6). 
	0.007 0.013 0.017 0.022 0.030 0.041 0.056 0.073 0.109 
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	STRs INNULs 
	Figure
	Figure

	Figure 6 . Number of alleles reported (as a percentage) from 25 samples genotyped using STRs and INNULs ranked by increasing DNA quantity in PCR (ng).  15 µL and 16 µL of neat DNA was amplified in for STR and INNUL analysis, respectively.  
	DNA samples recovered from post-blast pipe bomb fragments showed significantly more complete genetic profiles when amplified with the INNUL kit than with the STR kit (p < 
	0.001) (Fig. 6). Six samples that had previously performed poorly or failed STR analysis (< 70% of STR alleles reported) resulted in complete INNUL profiles. Compared to STRs, INNULs resulted in more complete profiles for all but one sample which failed INNUL analysis (Fig. 6), suggesting that in addition to being able to amplify shorter DNA targets, 
	0.001) (Fig. 6). Six samples that had previously performed poorly or failed STR analysis (< 70% of STR alleles reported) resulted in complete INNUL profiles. Compared to STRs, INNULs resulted in more complete profiles for all but one sample which failed INNUL analysis (Fig. 6), suggesting that in addition to being able to amplify shorter DNA targets, 
	INNULs may also be more sensitive than STR panels and achieve greater genotyping success with lower quantities of DNA. In this study, a complete profile was produced from as little as 39 pg when STR typing of the same sample produced 7% alleles. 
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	Genotyping Damaged samples with prototype INDEL panel 
	Genotyping Damaged samples with prototype INDEL panel 

	Portions of this work are being submitted to a manuscript in FSI:Genetics 
	The STR typing success of five embalmed tissue samples using the GlobalFiler® Amplification Kit was evaluated using the number of correct alleles detected (concordant to reference samples) and RMP values calculated from each STR profile. This was part of a larger study to observe various methods to improve STR genotype generation from these samples and the samples were geneotyped utilizing a prototype version of our HID INDEL panel in addition to a SNP panel via massively parallel sequencing (MPS). 
	Correct Allele Calls (%) 
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	STRs SNPs INDELs 
	Samples 
	Samples 
	Figure 7. Genotyping Success for the five FD samples used in this study when non-treated samples were amplified using the GlobalFiler® STR Kit, the INDEL multiplex, and the HID-Ion AmpliSeq™ Identity Panel. Sample 1= Jejunum, 2 = Jejunum, 3 = Kidney, 4 = Stomach, 5 = Spleen 
	The number of alleles recovered from the untreated samples ranged from 23.9 % to 47.8 % (average of 33.5 % alleles) resulting in an average RMP value for the untreated samples of 2.03x10-7. All untreated DNA samples were also amplified using a multiplex INDEL system. The INDEL multiplex also contains markers substantially smaller (<200 bp) than the larger STR markers. Therefore, it was also expected that the INDEL multiplex would generate a greater number of correct allele calls than the GlobalFiler® STR ki
	Figure
	Three loci (2032678, 28362545, and Amelogenin) contained with the INDEL multiplex found to violate equilibrium assumptions were excluded from the calculations (resulting in 39 loci used in this study). As this was a prototype multiplex it was assumed that the 
	departure from HWE was associated with an unresolved chemistry issue.  
	departure from HWE was associated with an unresolved chemistry issue.  
	departure from HWE was associated with an unresolved chemistry issue.  
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	12345 
	Figure 8. RMP values generated for the five FD samples used in this study when non-treated samples were amplified using the GlobalFiler® STR Kit (no treatment), the INDEL multiplex and the HID-Ion AmpliSeq™ Identity Panel. Sample 1= Jejunum, 2 = Jejunum, 3 = Kidney, 4 = Stomach, 5 = Spleen 
	The remaining INDEL panel resulted in a greater percentage of correct alleles being reported compared to the STRs and SNP panels for all five samples (Fig. 7). Population specific allele frequencies were used to calculate RMP values for each sample genotyped using all three marker types. The RMPs generated using the INDEL system were notably lower than those calculated from the STR profiles generated using the GlobalFiler® STR kit for all five embalmed samples in this study (Fig. 8). Although a larger numbe
	Obviously when compared to the SNP panel that was analyzed via MPS, the INDEL panel has RMPs that are many orders of magnitude less, but the cost of a generating genotypes via MPS greatly outstrips the capillary electrophoresis based INDEL genotyping.  
	Figure
	Additionally, the RMP of the INDEL panel approaches the RMP of STR marker systems prior to the expansion of the CODIS loci. 
	Finalizing the HID INDEL multiplex 
	Finalizing the HID INDEL multiplex 

	Portions of this section will be submitted to the journal Electrophoresis 
	Aim two of the proposal describes the design of a singletube multiplex PCR reaction that is capable of genotyping DNA samples utilizing a refined INDEL panel. In order to do so, primers needed to be designed in silico, then tested for any unforeseen incompatabilities in the multiplex. Due to the expensive nature of fluorescently labeled primers, it was decided that putative multiplexes would be checked for compatability via unlabeled primers via microfluidic electrophoresis prior to ordering the labeled pri
	Primer Design 
	Primer Design 

	The FASTA sequence for each marker was found by using DbSNP, a free online program. For some of the markers, the DbSNP website either did not provide a FASTA sequence or the sequence available was too small for forward and reverse primers to be designed. When this limitation was the case, the UCSC genome browser was used to obtain the FASTA sequence. The FASTA sequence then could be entered into Primer Blast to design the primer pairs for each marker in silica. Primers were designed to amplify the INDEL mar
	Unlabeled Primers 

	Since no major problems were observed when checking for dimerization, unlabeled primers were ordered. After amplification, the amplicons of the primers were  run on the Agilent TapeStation. The TapeStation is a simple to use, automated electrophoresis platform that enables analysis of DNA fragments between 35 and 1000 bp in length. The TapeStation utilizes a ScreenTape gel matrix, similar to that of an agarose gel, to separate samples by molecular weight. 
	Figure
	Table 3. Using Primer-BLAST, primers were designed for all 49 INDELs which are represented by their RS number. The estimated product length for each primer pair is also given along with the melting temperatures for the forward and reverse primers. The primer pairs are numbered in numerical order, with primer pair 1 being RS4646006. 
	RS Number 
	RS Number 
	RS Number 
	Forwar Primer (5'-3') 
	Reverse Primer (5'-3') 
	Product Length 
	TM Forward 
	TM Reverse 

	4646006 GCTGGGAAATGGGGAGACAA 
	4646006 GCTGGGAAATGGGGAGACAA 
	GCCCGCTGTTTGGAAAGAAA 
	83 
	59.96 
	59.61 

	13447508 
	13447508 
	ATGGTTCAGTGGAAATAGCATGA 
	CATGTGGTCCAATCCCCTCA 
	118 
	58.14 
	59.37 

	3047269 TCATTCCCATGCTGGGTGAG 
	3047269 TCATTCCCATGCTGGGTGAG 
	TGCACTGTACTTGCATGCTG 
	83 
	59.74 
	59.12 

	2307507 
	2307507 
	TGAAGGTGGGGCTATTGAGAAA 
	TTTCTCTTAGTTTGCATAAAACCCT 
	181 
	59.35 
	57.17 

	2307579 TTGTGACTGTGTCTCAGCAGTTAT 
	2307579 TTGTGACTGTGTCTCAGCAGTTAT 
	CACTGACTTGACTGAACCTTTCAAC 
	219 
	60.2 
	60.45 

	3838581 
	3838581 
	AGCATATGGAGAATGATTACTGGTG 
	TGCTCAAGATTTGTATGAGGAAGT 
	96 
	58.76 
	58.19 

	2308276 CTGAGAGACAATGGGATTTGCC 
	2308276 CTGAGAGACAATGGGATTTGCC 
	TTGCATGGAATTTCTCCATTTGA 
	120 
	59.31 
	57.26 

	3042783 
	3042783 
	TTCCCTGAGCTTACCGGAGTT 
	GATATTGACCTGAAGGCACACTG 
	132 
	60.83 
	59.38 

	3841948 AAACTACATGGCCCACAAGT 
	3841948 AAACTACATGGCCCACAAGT 
	ATCCCATGGCACATTCCAGT 
	138 
	57.32 
	59.37 

	35716687 
	35716687 
	GGATGCAGTAGAGGCAGGTT 
	CATGCCATCATTAGGGGACT 
	127 
	59.46 
	57.03 

	2307603 AGTGTGCCTACAGATACCACTT 
	2307603 AGTGTGCCTACAGATACCACTT 
	ACAGTCTTCATAGAACTATCTCACA 
	110 
	58.83 
	57.05 

	60901515 
	60901515 
	TGTGGATACCAAGCACTCCTG 
	TGCTGGTTCCAACCGGAAG 
	113 
	59.72 
	60.23 

	2308292 ACTCTGTCTCCACTGGGAATGT 
	2308292 ACTCTGTCTCCACTGGGAATGT 
	CTATCTGTTAGGCGCACTGTGTCA 
	152 
	60.76 
	62.69 

	2307526 
	2307526 
	TGTTGGAGCCACATCAATGAC 
	GAGAAAGATCAAATTAATGCCAGGA 
	159 
	58.84 
	57.66 

	2307656 TCTGTGGGCAGAAGGCAAG 
	2307656 TCTGTGGGCAGAAGGCAAG 
	ACCAGGTTTGAAAAATGACATGCTA 
	146 
	59.93 
	59.7 

	2308196 
	2308196 
	AGCCTGTAAAAATTCCCCTCTTGT 
	AACGAACATCTTTTTCCACCACA 
	151 
	60.45 
	59.3 

	2067140 ACCCACCAAATGTCCCTGAC 
	2067140 ACCCACCAAATGTCCCTGAC 
	TAGCTCACCTTGCAGTGCTC 
	67 
	59.89 
	60.04 

	2067191 
	2067191 
	ATTTCAGGGTAATCGGATTCTGTA 
	TGGCCTGTTTATCTTCTAAAGGG 
	141 
	57.51 
	58.14 

	1610871 TCACCTTCCTCCCAGTAACCA 
	1610871 TCACCTTCCTCCCAGTAACCA 
	TCCATTTCCCCTGCTACTCC 
	62 
	60.13 
	58.79 

	2307710 
	2307710 
	GCCCATACCTACTGTGACCA 
	AGGCTTGTCTACAAAATGAATGAA 
	79 
	58.8 
	57.1 

	2307839 TGCATGTAGGACAAGAGGTAGTT 
	2307839 TGCATGTAGGACAAGAGGTAGTT 
	GGTCTTGCAAAATTAATCACACTC 
	149 
	59.16 
	57.07 

	34510056 
	34510056 
	TAGATCCCGGCCCAAAGTCA 
	CGGTGGAATGCAAAACGACT 
	114 
	60.62 
	59.41 

	16458 AGCTCCCCAAAGACATGGTT 
	16458 AGCTCCCCAAAGACATGGTT 
	TGTAAGACTCAGAAGTTATAGGGCA 
	144 
	59.22 
	59.04 

	34535242 
	34535242 
	CTACAGACAGGTTTAAAATGAGCAA 
	ATTTACATAAGCCTCCTTCTGTGG 
	133 
	57.8 
	58.56 

	10623496 TCAGAGCAGGCTTATCTTAAACA 
	10623496 TCAGAGCAGGCTTATCTTAAACA 
	CTTGCTAAGACAGAAAGAAGAAACA 
	97 
	57.58 
	57.75 

	33951431 
	33951431 
	ACAAAGCCTCGGCGATAGAC 
	ACTCACAGCATGTGGGAGAAC 
	79 
	60.18 
	60.27 

	16402 ATGCGCCTTTTTGGTTTTGGT 
	16402 ATGCGCCTTTTTGGTTTTGGT 
	GCATCAGGACTGTATGGGGC 
	106 
	60.13 
	60.54 

	2308112 
	2308112 
	CAGAAGAGGCGGTGCTGATG 
	TCTGGAGGGACCCAAGGTAT 
	72 
	61.09 
	59.28 

	2307850 TCACCGTTTCCTCCGCACT 
	2307850 TCACCGTTTCCTCCGCACT 
	GCCCAACCTGCGTGGAAAG 
	60 
	61.5 
	61.92 

	140809 
	140809 
	AGGCTTTCAGATGTTCTTAGCC 
	CTCCTGAGTGACCACAGCG 
	87 
	58.38 
	60.08 

	1160886 TTCCCATTGTGCTTAAAACTCCT 
	1160886 TTCCCATTGTGCTTAAAACTCCT 
	CCAGTCTACCCAAATGTATTCCA 
	74 
	58.52 
	57.89 

	34051577 
	34051577 
	GTCATCCAGATTATCGAGTGAGA 
	GCTGCACTTTAGTCTTCCTGA 
	137 
	57.3 
	57.95 

	10688868 TTCCATCCCTCCTCTTGCCT 
	10688868 TTCCATCCCTCCTCTTGCCT 
	CGCTCTGCACATGCGTAAAA 
	80 
	60.25 
	59.83 

	34811743 
	34811743 
	ACACTTCGTACCCAGGATGC 
	GCCTCTCCTTTTTGTTCAACCC 
	69 
	59.75 
	59.96 

	2307696 CACTGACAGCAATCAGAACAC 
	2307696 CACTGACAGCAATCAGAACAC 
	CTGAGCCCATCTGACTGCTC 
	116 
	57.47 
	60.18 

	34528025 
	34528025 
	GTCTTGGAGAGGAGTCAAATCAGA 
	CTGGAACTCAAAGCAAAACGAG 
	75 
	59.78 
	58.38 

	3045264 CTTACCTACGTGGTTGGTGAC 
	3045264 CTTACCTACGTGGTTGGTGAC 
	GTACACGAGTAGCCGATGGA 
	94 
	58.32 
	58.98 

	2308232 
	2308232 
	GATTGATGCAATCTCACACTACC 
	CTTCCTATTCTCCTTGCTTCGT 
	95 
	57.58 
	57.87 

	4187 TCAAATAAGAGTTGTCATATCCTGC 
	4187 TCAAATAAGAGTTGTCATATCCTGC 
	TGGCAGTGAAGAGAACAGGTC 
	119 
	57.21 
	59.93 

	3038530 
	3038530 
	GGCAATGAATTCCTCCATATCAAAA 
	TCTGCAGAAATCGCTTTGTAAAT 
	80 
	58.18 
	57.37 

	2308189 ACAAAGGAACGACAAGAACAAAA 
	2308189 ACAAAGGAACGACAAGAACAAAA 
	TGGAACCTGATTCATGCTGCT 
	78 
	57.62 
	59.99 

	34795726 
	34795726 
	GGAGAAAACATGGATAGGTAGCAA 
	TCTCTTCACTAACAGGATGAAGTAT 
	114 
	58.56 
	57.04 

	17859968 GCTGTCTTAAAAGATTGTGGGG 
	17859968 GCTGTCTTAAAAGATTGTGGGG 
	GGGTCCTACTAAATGCCATGTG 
	68 
	57.56 
	58.79 

	28923216 
	28923216 
	GTGAATTGATCACTTTGTTTCTTGC 
	GCCATTAGCTCAGATTCTCAGGA 
	128 
	58.13 
	59.93 

	36062169 ACTATTCTACTGCCATTTACCACA 
	36062169 ACTATTCTACTGCCATTTACCACA 
	AGAGGATATCTCAGAAGGATGGACT 
	74 
	57.69 
	59.92 

	34511541 
	34511541 
	TGGAGGACTTTAGTAGAAGAGGA 
	ACCCTTCTTAGGTTCAAAGACACT 
	70 
	57.47 
	59.59 

	34495360 TGTGGTTTGGTCTCAGTACTTGTTC 
	34495360 TGTGGTTTGGTCTCAGTACTTGTTC 
	TTTCTAAGCTGAGTGGCAAGATG 
	74 
	61.14 
	58.99 

	35605984 
	35605984 
	ATAGTTTTCCTGCATTATCCCCAT 
	GCACAAAGAAGCTTATGTCATAGTA 
	146 
	58.03 
	57.46 

	2307700 CTGGCAGGGCCAGAGC 
	2307700 CTGGCAGGGCCAGAGC 
	TCCTTCCTCGGAATCCCCAT 
	76 
	59.71 
	60.03 


	This analysis was performed to assess whether all the primers worked as intended. Figure 9 shows the results of the first 15 primer pairs and an allelic ladder along with the resulting bp sizes. The allelic ladder is a defined set of fragments of known sizes that is used to help determine the size of the unknown samples. All 49 primer pair amplicons were able to be amplified and produced results similar to those seen in Figure 5.  
	Figure
	Figure
	Figure 9. The TapeStation gel image and summary table from the first 15 primer pairs and an allelic ladder. The table shows the base pair sizes for the respective primer pairs.  
	By running each of the primer pairs individually, the primers could be examined to ensure they were able to amplify the DNA and produce results. Since the TapeStation provided the approximate size for the amplicons, the primer pairs also were evaluated to determine if their bp size was approximately what was estimated during the design process. A review of the results given from the TapeStation showed that the bp sizes of the amplicons were as designed. After the primer pairs were run individually, they wer
	By running each of the primer pairs individually, the primers could be examined to ensure they were able to amplify the DNA and produce results. Since the TapeStation provided the approximate size for the amplicons, the primer pairs also were evaluated to determine if their bp size was approximately what was estimated during the design process. A review of the results given from the TapeStation showed that the bp sizes of the amplicons were as designed. After the primer pairs were run individually, they wer
	in the multiplex groups may have been too close in bp length to produce a distinct separation by the TapeStation. 

	Figure
	Figure
	Figure 10. The TapeStation results from the general multiplex groupings. Group 1 contained primer pairs 25, 27, 49, 40, and 1; group 2 = 3, 6, 8, 19, and 28; group 3 = 26, 33, 30, 35, and 47; group 4 = 11, 22, 20, 34, and 37; group 5 = 29, 7, 14, 12, and 31; group 6 = 38, 36, 39, 43, and 15; group 7 = 18, 41, 46, 16, and 5; group 8 = 42, 13, 2, 9, and 44; group 9 = 10, 24, 4, and 32; group 10 = 48, 17, 21, 23, and 45. 
	Figure 10. The TapeStation results from the general multiplex groupings. Group 1 contained primer pairs 25, 27, 49, 40, and 1; group 2 = 3, 6, 8, 19, and 28; group 3 = 26, 33, 30, 35, and 47; group 4 = 11, 22, 20, 34, and 37; group 5 = 29, 7, 14, 12, and 31; group 6 = 38, 36, 39, 43, and 15; group 7 = 18, 41, 46, 16, and 5; group 8 = 42, 13, 2, 9, and 44; group 9 = 10, 24, 4, and 32; group 10 = 48, 17, 21, 23, and 45. 


	With multiple bands being observed within the expected bp ranges for the primer pairs in the multiplex groups, these results showed that the primer pairs were working, were able to be multiplexed together and still produce results. Since no major issues were found, fluorescently labeled forward primers were ordered for each of the primer pairs. 
	Figure
	Table 4. Fluorophores by which each amplicon was labeled. The highlighted primer pair amplicons were ordered as alternates with those respective fluorophore labels because they were too close in base pair length to the other amplicons.  
	Figure
	Fluorescently Labeled Primers 
	Fluorescently Labeled Primers 

	The 49 primer pairs were arranged into 5 different groups, each labeled with a different fluorophore: blue, green, yellow, red, and purple. The primer pairs were separated based on their resultant PCR product bp size. Amplicons labeled with the same fluorophore need to be different sizes to separate sufficiently and to have distinct products observed during analysis. Table 4 shows the arrangement of each of the amplicons by their fluorophore. The highlighted primer pair amplicons were alternates with those 
	The 49 primer pairs were arranged into 5 different groups, each labeled with a different fluorophore: blue, green, yellow, red, and purple. The primer pairs were separated based on their resultant PCR product bp size. Amplicons labeled with the same fluorophore need to be different sizes to separate sufficiently and to have distinct products observed during analysis. Table 4 shows the arrangement of each of the amplicons by their fluorophore. The highlighted primer pair amplicons were alternates with those 
	amplicons, leaving only 43 primer pairs being used. Once the primer pair amplicons were separated by their fluorophores, they were again run individually to make sure they still worked properly with the new forward primer. By running the amplicons individually, it also provided a reference of where the peaks should be seen when multiplexed. After being run on the CE and analyzed using GeneMapper ID-X, all 43 primer pairs were found to work. Figure 11 shows an example of one of the amplified primer pairs for

	Figure
	Figure
	Figure 11. Electropherograms of amplicons 4 (RS2307507), 9 (RS3841948), 6 (RS3838581), 8 (RS3042783), and 34 (RS34811743) (left to right) are shown above. Each of the examples shows one peak indicating a homozygous insertion or deletion at those markers. 
	Figure 11. Electropherograms of amplicons 4 (RS2307507), 9 (RS3841948), 6 (RS3838581), 8 (RS3042783), and 34 (RS34811743) (left to right) are shown above. Each of the examples shows one peak indicating a homozygous insertion or deletion at those markers. 


	When creating a multiplex, it is expected that the size products seen with the individual amplicons would be consistent with the products observed in the multiplex. With the single amplicons known to be working, the amplicons were multiplexed into 5 groups based on the fluorophore label. The fluorophore multiplexes were designed to ensure no substantial spectral overlap from other amplicons. This assessment confirmed the fluorophore multiplexes could be amplified and multiplexed together and produce the des
	When creating a multiplex, it is expected that the size products seen with the individual amplicons would be consistent with the products observed in the multiplex. With the single amplicons known to be working, the amplicons were multiplexed into 5 groups based on the fluorophore label. The fluorophore multiplexes were designed to ensure no substantial spectral overlap from other amplicons. This assessment confirmed the fluorophore multiplexes could be amplified and multiplexed together and produce the des
	amplicons can cause saturation and spectral overlap (pull up) between the amplicons, diluting the sample helps to reduce this oversaturation. Figure 12 shows the electropherograms of the fluorophore multiplexes using the 1:100 dilution of PCR products 

	Figure
	(0.5 ng/ µL of input DNA). 
	Figure
	Figure 12. The electropherograms for each of the fluorophore multiplexes, with the x-axis representing the size in bp and the y-axis representing the reflective fluorescent units (RFUs). A) The blue fluorophore multiplex contains 12 amplicons. B) The green fluorophore multiplex contains 8 amplicons. C) The yellow fluorophore multiplex contains 8 amplicons. D) The red fluorophore multiplex contains 8 amplicons. E) The purple fluorophore multiplex contains 7 amplicons.  
	Figure 12. The electropherograms for each of the fluorophore multiplexes, with the x-axis representing the size in bp and the y-axis representing the reflective fluorescent units (RFUs). A) The blue fluorophore multiplex contains 12 amplicons. B) The green fluorophore multiplex contains 8 amplicons. C) The yellow fluorophore multiplex contains 8 amplicons. D) The red fluorophore multiplex contains 8 amplicons. E) The purple fluorophore multiplex contains 7 amplicons.  


	Figure
	The fluorophore multiplexes show that most of the amplicons were able to amplify. The amplicon for primer pair 38 in the green fluorophore group did not generate a product in this multiplex (Figure 12). After adding 10 µL more of the forward (20 µM) and reverse (20 µM) primers, a peak could be detected indicating that it is possible to amplify this locus in the multiplex. Figure 13 shows a 1:1000 dilution of the 0.5 ng/ µL of DNA, where more of the primer pair 38 was added.  
	Figure
	Figure 13. A 1:1000 dilution of 0.5 ng/ µL of DNA with 10 µL more of the forward (20 µM) and reverse (20 µM) primers of primer pair 38 added, with the x-axis representing the size in bp and the y-axis representing RFUs. A peak, circled in red, was seen, indicating this locus could be amplified in the multiplex. Amplicons included in this fluorophore multiplex are 19 (RS1610871), 28 (RS2308112), 33 (RS10688868), 38 (RS2308232), 11 (RS2307603), 39 (RS4187), 9 (RS3841948), 21 (RS2307839) (left to right). 
	Figure 13. A 1:1000 dilution of 0.5 ng/ µL of DNA with 10 µL more of the forward (20 µM) and reverse (20 µM) primers of primer pair 38 added, with the x-axis representing the size in bp and the y-axis representing RFUs. A peak, circled in red, was seen, indicating this locus could be amplified in the multiplex. Amplicons included in this fluorophore multiplex are 19 (RS1610871), 28 (RS2308112), 33 (RS10688868), 38 (RS2308232), 11 (RS2307603), 39 (RS4187), 9 (RS3841948), 21 (RS2307839) (left to right). 


	In the yellow fluorophore group, two of the primer pair (12 and 44) amplicons did not produce peaks. An additional 10 µL of the forward (20 µM) and reverse (20 µM) primers for both pairs were added to the primer mix, but no improvement was seen. As a way to check if the amplicons were producing products of the same size in the fluorophore multiplex, the single amplicon images were evaluated next to the multiplex results. Figure 14 shows a representative comparison of some of the amplicons for each fluoropho
	Figure
	Figure
	Figure 14. Fluor multiplex and single amplicon electropherograms comparing product size results, with the x-axis representing the size in bp and the y-axis representing RFUs. A) Blue fluorophore amplicon results. The INDELs represented are primer pairs 27 (RS16402), 14 (RS2307526), 4 (RS2307507). B) Green fluorophore amplicon results. The INDELs represented are primer pairs 28 (RS2308112), 39 (RS4187), 21 (RS2307839). 
	Figure 14. Fluor multiplex and single amplicon electropherograms comparing product size results, with the x-axis representing the size in bp and the y-axis representing RFUs. A) Blue fluorophore amplicon results. The INDELs represented are primer pairs 27 (RS16402), 14 (RS2307526), 4 (RS2307507). B) Green fluorophore amplicon results. The INDELs represented are primer pairs 28 (RS2308112), 39 (RS4187), 21 (RS2307839). 
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	Figure
	Figure 14. Fluor multiplex and single amplicon electropherograms comparing product size results, with the x-axis representing the size in bp and the y-axis representing RFUs. C) Yellow fluorophore amplicon results. The INDELs represented are primer pairs 6 (RS3838581) and 18 (RS2067191) D) Red fluorophore amplicon results. The INDELs represented are primer pairs 43 (RS17859968) and 8 (RS3042783). E)Purple fluorophore amplicon results. The INDELs represented are primer pairs 34 (RS34811743) and 24 (RS3453524
	Further refinement of the multiplex by adjusting primers and PCR parameters has now allowed us to combine all of the markers into a single tube. One legitimate criticism of biallelic systems is that it is difficult to discern the presence of mixtures in such genotyping systems. We acknowledge this limitation and agree that with CE approaches, bi-allelic systems should only be used for single-source samples. To address this issue in the final multiplex Intra-loci (heterozygote) balance was given precedence o
	-
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	Figure 15. Final INDEL multiplex PCR reaction with electropherograms in dye channels for Fam, Joe, Ned, Taz, and Sid respectively.  ILS (not shown was LIZ 600). 
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	Figure
	Figure
	Aim 3 of our proposal calls for a developmental validation of our final multiplex according to SWGDAM guidelines. We have made some progress in this area, but the completion of this last section of the proposal is dependent on the release of final funds for the project by NIJ ,and will be included in our revised report at the end of our extension period. Additionally, the markers in the SID dye channel while functional might be re-configured (Primer pair 35 removed; slightly less of all SID labeled primers 
	MPS assessment of our HID INDEL markers Portions of this section have been published in FSI:Genetics 
	As mentioned in the previous section one criticism of bi-allelic markers is that they are a poor marker choice compared to more polymorphic STR markers for mixtures.  While this is true when assaying bi-allelic markers via capillary electrophoresis, massively parallel sequencing allows for the detection of SNPs in flanking regions and other polymorphic elements. To address this issue, we utilized a custom enriched sequencing approach for 68 INDELs (our primary candidates plus additional markers described in
	A total of 190 samples were sequenced. One run, containing 12 African American samples, performed poorly with insufficient sequencing Q scores (between 10 and 20) for all of read 2 and part of read 1. This run was removed from analysis due to poor 
	A total of 190 samples were sequenced. One run, containing 12 African American samples, performed poorly with insufficient sequencing Q scores (between 10 and 20) for all of read 2 and part of read 1. This run was removed from analysis due to poor 
	sequence quality. Ultimately, 178 samples were analyzed, consisting of 49 Caucasians, 37 African Americans, 49 Hispanics, and 43 Asians.   

	Figure
	Locus Performance 
	Analysis of the resulting data was performed using operationally selected DoC and ACR thresholds of 10x and 0.20, respectively. Mean profile completion was 96.3% ± 0.108, ranging from 44.1% to 100% for the 178 samples. Full HID INDEL profiles were obtained with 70 samples. The average DoC and ACR for 68 HID INDELs was 96.9x ± 69.9 and 
	0.727 ± 0.182, respectively (Figures 16 and 17). One locus, rs33917182, fell below two standard deviations from the overall DoC mean with an average DoC of 26.5x ± 15.7. No loci fell below two standard deviations from the overall ACR mean. While DoC and ACR values were sufficient for analysis, the rs33917182 locus was typed successfully in only 41.6% of the samples (74/178) after application of the DoC and ACR thresholds. Removal of this locus due to poor success resulted in full HID INDEL profiles for 155 
	Sequence Variation 
	Using STRait Razor, sequence data were obtained for the INDEL motif and approximately 50 bases on either side of the motif (Table 6). Based on 1000 Genomes data, 100 known polymorphisms (94 SNPs and 6 non-HID INDELs) exist within 50 bases of the target HID INDELs. Twenty-five and seventy-five of these polymorphisms have global allele frequencies (GAFs) ≥ 0.02 and < 0.02, respectively. The average distance of these polymorphisms from the target INDEL was 27 bases ± 13. All 25 flanking region polymorphisms wi
	In all four populations, 19 INDEL motifs had different sequences than previously reported. All but one of these motif sequence differences could be explained by differences in alignment by manual analysis in IGV. The rs35716687 locus has been reported previously as a TTAA deletion but the marker was identified as a TACT deletion. Fifteen markers were associated with a repeat motif; the initial INDEL selection criteria had sought to avoid such structures by excluding loci with three or more repeats. Four of 
	Sequence variation was observed in the region adjacent to the INDEL motif at 42 loci, producing 65 novel microhaplotypes (Table 5) [31-33]. Forty-one HID INDEL loci are part of a microhaplotype containing one or two SNPs. One INDEL, rs34528025, is part of a microhaplotype containing the target INDEL, an adjacent SNP (rs202051643), and an 
	Sequence variation was observed in the region adjacent to the INDEL motif at 42 loci, producing 65 novel microhaplotypes (Table 5) [31-33]. Forty-one HID INDEL loci are part of a microhaplotype containing one or two SNPs. One INDEL, rs34528025, is part of a microhaplotype containing the target INDEL, an adjacent SNP (rs202051643), and an 
	adjacent flanking-region INDEL (rs34247791). Twenty-two loci had sequence variants that account for ≥ 2% of total alleles in two or more populations. For these 22 microhaplotypes, the presence of additional, sequence-based alleles increased the average number of alleles per marker from 2 to 3.82 ± 1.14 with a range from 3 to 7 alleles (rs1408093). The observed heterozygosity for these 22 loci increased by an average of 0.154 ± 0.0895 for AFA, 0.108 ± 0.0824 for ASA, 0.182 ± 0.104 for CAU, and 

	Figure
	0.123 ± 0.0959 for HIS (Table 3). All 68 loci were ranked based on length- and sequence-based observed heterozygosity (Table 7). By length, microhaplotypes containing a SNP and rs10688868, rs2308189, rs2308276, and rs2308292 ranked 33rd, 8th, 19th, and 32nd in the HIS, AFA, ASA, and CAU populations, respectively. However, when ranked by sequence-based observed heterozygosity, microhaplotypes containing these four INDELS displayed the highest heterozygoisties in the HIS, AFA, ASA, and CAU populations, respec
	0.166 ± 0.0816 for AFA, 0.130 ± 0.0661 for ASA, 0.176 ± 0.0837 for CAU, and 0.134 ± 0.0773 for HIS. 
	The remaining 20 loci with detectable adjacent sequence variants did not display substantial sequence variation (average frequency of 0.0234 ± 0.0250 across all four populations). It should be noted that the frequencies of microhaplotypes containing INDELs rs34528025, rs36062169, and rs3841948 were relatively high: 0.10 for HIS, 0.07 for ASA, and 0.08 for AFA, respectively. However, they were either observed once or not at all in the other population groups. While microhaplotypes containing these three INDE
	Length-based allele frequencies and observed and expected heterozygosities were similar to those previously reported by our group and Pereira, et al. Prior to Bonferroni correction, three AFA, three ASA, no CAU, and three HIS length-based loci and four AFA, five ASA, three CAU, and two HIS sequence-based loci deviated significantly from HWE (p < 0.05). After Bonferroni correction, there were no significant departures from HWE for length-or sequence-based loci (p = 0.00074). Prior to Bonferroni correction, 1
	Length-based allele frequencies and observed and expected heterozygosities were similar to those previously reported by our group and Pereira, et al. Prior to Bonferroni correction, three AFA, three ASA, no CAU, and three HIS length-based loci and four AFA, five ASA, three CAU, and two HIS sequence-based loci deviated significantly from HWE (p < 0.05). After Bonferroni correction, there were no significant departures from HWE for length-or sequence-based loci (p = 0.00074). Prior to Bonferroni correction, 1
	-

	based alleles per population (rs2308112 and rs34795726 in AFA and rs34541393 and rs34811743 in ASA, p < 0.0000219). The observed significant pairwise LDs are less than that due to chance alone (~114). Assuming independence, the combined length-based RMPs were 1.36 x 10-26 for AFA, 5.42 x 10-27 for ASA, 2.94 x 10-27 for CAU, 1.33 x 1027 for HIS and the combined sequence-based RMPs were 3.29 x 10-32 for AFA, 5.92 x 10-31 for ASA, 6.69 x 10-32 for CAU, and 5.67 x 10-32 for HIS for 68 HID INDEL-containing micro
	-


	Figure
	The combined RMPs, under the assumption of independence, for 22 microhaplotypes were 3.84 x 10-14 for AFA, 3.87 x 10-13 for ASA, 7.76 x 10-14 for CAU, and 1.60 x 10-13 for HIS. These values are comparable to those obtained with larger INDEL panels described by Pereira, et al. and our group, and commercially available short tandem repeat (STR) kit 
	Figure
	49 
	Figure 16. Depth of coverage (DoC) values for 68 human identity INDELs using the Nextera™ Rapid Capture Enrichment kit and the Illumina MiSeq™. Each box plot represents a single locus; the center horizontal line represents the median, the lower and upper boundaries of each box represent the first and third quartiles, respectively, the vertical dashed lines indicate plus/minus three times the interquartile range, and closed circles indicate outliers.  The center horizontal line indicates the mean across 68 l
	Figure 16. Depth of coverage (DoC) values for 68 human identity INDELs using the Nextera™ Rapid Capture Enrichment kit and the Illumina MiSeq™. Each box plot represents a single locus; the center horizontal line represents the median, the lower and upper boundaries of each box represent the first and third quartiles, respectively, the vertical dashed lines indicate plus/minus three times the interquartile range, and closed circles indicate outliers.  The center horizontal line indicates the mean across 68 l
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	Figure 17.  Allele coverage ratio (ACR) values for 68 human identity INDELs using the Nextera™ Rapid Capture Enrichment kit and the Illumina MiSeq™. Each box plot represents a single locus; the center horizontal line represents the median, the lower and upper boundaries of each box represent the first and third quartiles, respectively, the vertical dashed lines indicate plus/minus three times the interquartile range, and closed circles indicate outliers.  The center horizontal line indicates the mean across
	Figure 17.  Allele coverage ratio (ACR) values for 68 human identity INDELs using the Nextera™ Rapid Capture Enrichment kit and the Illumina MiSeq™. Each box plot represents a single locus; the center horizontal line represents the median, the lower and upper boundaries of each box represent the first and third quartiles, respectively, the vertical dashed lines indicate plus/minus three times the interquartile range, and closed circles indicate outliers.  The center horizontal line indicates the mean across
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	1 Table 5. Length-based (LBAF) and sequence-based (SBAF) allele frequencies by population for 68 insertion/deletion (INDEL) markers. Target 2 INDEL motifs are underlined and flanking region variants bolded.   3 
	AFA ASA CAU HIS Flanking RSINDEL RS Number(s) and Length 
	Sequence 
	Number hg19 Reference (bp)Allele 
	LBAF SBAF LBAF SBAF LBAF SBAF LBAF SBAF 
	TTAAACATTTGATAGTGCCTTATTTATTTATGTATGTGACACATAAAACCATGATTGTTTCTTCTTTCTGTCTTAGCAAGATTTTTTTTT 
	100 0.3784 0.3256 0.3469 0.3061 
	CTGCTTTCAG 
	CTGCTTTCAG 
	0.3784 0.3372 0.3469 0.3061 

	TTAAACATTTGATAGTGCCTTATTTATTTATGTATGTGACACATAAAACCATGATTGTTTCTTCTTTCTGTCTTAGCAAGACTTTTTTTT 
	rs10623496 chr8:123945676 T100 0 0.0116 0
	2 

	CTGCTTTCAG TTAAACATTTGATAGTGCCTTATTTATTTATGTATGTGACACATAAAACCATGATTGTTTCTTCTTTCTGTCTTAGCAAGATTTT
	GAAT

	104 0.6216 0.6216 0.6628 0.6628 0.6531 0.6531 0.6939 0.6939 
	TTTTTCTGCTTTCAG 
	TTGGTTATCTCTGTCTAATCTACTCTCTTGTGCCCACTTTTACTTACTCACGTCTTTTCCCAACAGCATTCTGTCACACCTCCTAATA 
	100 0.2432 0.2791 0.1633 0.2755 
	GTTTTGCTCATC TTGGTTATCTCTGTCTAATCTACTCTCTTGTGCCCACTTTTACTTACTCATGTCTTTTCCCAACAGCATTCTGTCACACCTCCTAATA 
	100 0.2568 0.0135 0.2791 0 0.1735 0 0.2755 0
	GTTTTGCTCATC 
	GTTTTGCTCATC 
	rs537464320 C 
	rs10629077 
	rs201421087 C TTGGTTATCTCTGTCTAATCTATTCTCTTGTGCCCACTTTTACTTACTCACGTCTTTTCCCAACAGCATTCTGTCACACCTCCTAATA 

	100 0 0 0.0102 0
	GTTTTGCTCATC TTGGTTATCTCTGTCTAATCTACTCTCTTGTGCCCACTTTTACTTACTCACGTCTTTTCCCAACAGCATTCTGTCACACCTCCTAA 
	AT

	102 0.7432 0.7432 0.7209 0.7209 0.8265 0.8265 0.7245 0.7245 
	TAGTTTTGCTCATC 
	CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCTTCTCATCTCACACGCCACATGGGATCCACCCTTT 
	100 0.0676 0.4767 0.0714 0.1531 
	TTATGCATGTGCAG 
	TTATGCATGTGCAG 
	0.2027 0.5698 0.3163 0.3673 

	CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCTTCTCATCTCACACGCCACATGGGATCCACCCTTT 
	100 0.1351 0.093 0.2449 0.2143 
	TTACGCATGTGCAG CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCTTCTCATCTCACACGCCACATGGGATCCACCCT 
	CT

	102 0.4459 0.4186 0.4898 0.4082 
	rs142634555 C 
	rs142634555 C 
	TTTTATGCATGTGCAG 
	rs10688868rs56780729 C 
	3 

	CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCTTTTCATCTCACACGCCACATGGGATCCACCCT 
	CT


	rs10902117 C 102 0.3378 0.0116 0.1837 0.2245 
	TTTTACGCATGTGCAG 
	TTTTACGCATGTGCAG 
	0.7973 0.4302 0.6837 0.6327 

	CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGTCTCAGCCCTTTTCATCTCACACGCCACATGGGATCCACCCTT 
	CT

	102 0 0 0.0102 0
	TTTACGCATGTGCAG CCTGTTCCTCGCTCTAGTTCCCCACTTCCATCCCTCCTCTTGCCTCAGCCCTTCTCATCTCACACGCCACATGGGATCCACCCT 
	CT

	102 0.0135 0 0 0
	TTTTACGCATGTGCAG 
	CAACTCTATTCCTTTTCCCATTGTGCTTAAAACTCCTTTGGAATAGTACTGTTTTCTCTATACTTGGAATACATTTGGGTAGACTGGA 
	97 0.3919 0.4535 0.4082 0.3372 
	CTATTTCTC 
	rs1160886 
	1
	-

	CAACTCTATTCCTTTTCCCATTGTGCTTAAAACTCCTTTGGAATAGTACTGTTTTCTCTATACTTGGAATACATTTGGGTAGACT 
	TAC

	100 0.6081 0.5465 0.5918 0.6628 
	GGACTATTTCTC 
	CAAATTGTGTTCCTCCAAGGTATAGCTTTAGAAGGATCTTCTTTCAGTTGCTCTTTCAAACTTTTCCTTGTTAGAAAAGAAAAACTAA 
	101 0.5405 0.5405 0.6047 0.6047 0.8163 0.8163 0.6125 0.6125 
	TACAAATTGGTTA CAAATTGTGTTCCTCCAAGGTATAGCTTTAGAAGGATCTTCTTTCAGTTGCTCTTTCAAACTTTTCCTTGTTAGAAAAGAAAAAC 
	TCT

	rs1160956 rs138536239 T 104 0.4459 0.3953 0.1837 0.3875 
	TAATACAAATTGGTTA 
	TAATACAAATTGGTTA 
	0.4595 0.3953 0.1837 0.3875 

	CAAATTGTGTTCCTCCAAGGTATAGCTTTAGAAGGATCTTCTTGCAGTTGCTCTTTCAAACTTTTCCTTGTTAGAAAAGAAAAAC 
	TCT

	104 0.0135 0 0 0
	TAATACAAATTGGTTA 
	AATGTACATTATTAGATGTACTATGGTTCAGTGGAAATAGCATGAACTAACAGAGTCTAATAATTTTTGACCTTAGACATGTCTCTTA 
	94 0.3649 0.3649 0.5116 0.5116 0.2857 0.2857 0.3854 0.3854 
	TCTCTG AATGTACATTATTAGATGTACTATGGTTCAGTGGAAATAGCATGAACTAACAGAGTCTAATAATTTTTGACCTTAGACATGT 
	CTTAGA

	rs13447508 rs13447507 A 100 0.6081 0.4884 0.7143 0.6146 
	CTCTTATCTCTG 
	CTCTTATCTCTG 
	0.6351 0.4884 0.7143 0.6146 

	AATGTACATTATTAGATGTACTGTGGTTCAGTGGAAATAGCATGAACTAACAGAGTCTAATAATTTTTGACCTTAGACATGT 
	CTTAGA

	100 0.0270 0 0 0
	CTCTTATCTCTG 
	ATGTTCTTAGCCATGGAATTCTTTAGGCTTAATTTTACTTCCAGTTAAATGCAGCTGCTGTGGTCACTCAGGAGGGGGATGGGCAC 
	97 0.3514 0.186 0.3958 0.0816 
	CCAGAGTTCCT ATGTTCTTAGCCATGGAATTCTTTAGGCTTAATTTTACTTCCAGTTAAATGCAGCCGCTGTGGTCACTCAGGAGGGGGATGGGCAC 
	97 0.4189 0.0541 0.3605 0.1628 0.4688 0.0729 0.1633 0.0612 
	CCAGAGTTCCT rs10905513 A ATGTTCTTAGCCATGGAGTTCTTTAGGCTTAATTTTACTTCCAGTTAAATGCAGCTGCTGTGGTCACTCAGGAGGGGGATGGGCAC 
	rs14080997 0.0135 0.0116 0 0.0204 
	3 

	rs687805 C CCAGAGTTCCT ATGTTCTTAGCCATGGAATTCTTTAGGCTTAATTTTACTTCCAGTTAAATGCAGCCGCTGTGGTCACTCAGGAGGGGGATGGG 
	CAA

	100 0.4595 0.4651 0.4479 0.7347 
	CACCCAGAGTTCCT 
	CACCCAGAGTTCCT 
	0.5811 0.6395 0.5313 0.8367 

	ATGTTCTTAGCCATGGAGTTCTTTAGGCTTAATTTTACTTCCAGTTAAATGCAGCCGCTGTGGTCACTCAGGAGGGGGATGGG 
	CAA

	100 0.0270 0.1628 0.0625 0.0918 
	CACCCAGAGTTCCT 
	Figure
	100 
	100 
	100 
	ATGTTCTTAGCCATGGAGTTCTTTAGGCTTAATTTTACTTCCAGTTAACAAATGCAGCTGCTGTGGTCACTCAGGAGGGGGATGGG CACCCAGAGTTCCT 
	0.0811 
	0 
	0.0208 
	0.0102 

	100 
	100 
	ATGTTCTTAGCCATGGAATTCTTTAGGCTTAATTTTACTTCCAGTTAACAAATGCAGCTGCTGTGGTCACTCAGGAGGGGGATGGG CACCCAGAGTTCCT 
	0.0135 
	0.0116 
	0 
	0 

	96 
	96 
	TGCAGATAGCCTCACCTTCCTCCCAGTAACCATCAAGCCCCATGAAGAAGGAGTAGCAGGGGAAATGGAGTCCACTAAAAGGCCG AAGCCCTCGGC 
	0.5000 
	0.5000 
	0.3721 
	0.3721 
	0.5918 
	0.5918 
	0.4744 
	0.4744 

	100 
	100 
	TGCAGATAGCCTCACCTTCCTCCCAGTAACCATCAAGCCCCATGAAGTAGGAAGGAGTAGCAGGGGAAATGGAGTCCACTAAAAG GCCGAAGCCCTCGGC 
	0.3243 
	0.593 
	0.4082 
	0.5128 

	rs16108713 
	rs16108713 
	rs111817892 G    rs75866020 C chr5:171088015 T2 
	100 100 
	TGCAGATAGCCTCACCTTCCTCCCAGTAACCATCAAGCCCCATGAAGTAGGAAGGAGTAGCAGGGGAAATGGAGTCCACTAAAAG GCGGAAGCCCTCGGC TGCAGATAGCCTCACCTTCCTCCCAGTAACCATCAAACCCCATGAAGTAGGAAGGAGTAGCAGGGGAAATGGAGTCCACTAAAAG GCCGAAGCCCTCGGC 
	0.5000 
	0.1081 0.0541 
	0.6279 
	0.0349 0 
	0.4082 
	0 0 
	0.5256 
	0.0128 0 

	TR
	100 
	TGCAGATAGCCTCACCTTCCTCCCAGTAACCATCAAGCCCCATGAAGTAGGAAGGAGTAGCAGGGGAAATGGAGTCCACTAAAAG GCCGAAGCCCCCGGC 
	0.0135 
	0 
	0 
	0 


	GTTAATGCGCCTTTTTGGTTTTGGTGAAAATTTCAGACAGTGTGACATTAATTATTTGTCTTTGCACAGAATGATGATGCTAAAGCCA 
	100 0.3108 0.2326 0.2551 0.2396 
	GCCCCATACAGT 
	rs16402 
	-

	GTTAATGCGCCTTTTTGGTTTTGGTGAAAATTTCAGACAGTGTGACATTAATTATTTGTCTTTGCACAGAATGATGATGCTAAA 
	TTAT

	104 0.6892 0.7674 0.7449 0.7604 
	GCCAGCCCCATACAGT 
	GGTTAATCTTCCCCCAAAAACCTACCAATTAACAGTCTCAAAGTTTTACAATTCCTTCATTTCCAAACTCTCTTATGAGTAATAATCAA 
	100 0.5135 0.6047 0.6939 0.5000 
	AGTATACATAT 
	rs16458 
	-

	GGTTAATCTTCCCCCAAAAACCTACCAATTAACAGTCTCAAAGTTTTACAATTCCTTCATTTCCAAACTCTCTTATGAGTAATAA 
	TTCC

	104 0.4865 0.3953 0.3061 0.5000 
	TCAAAGTATACATAT 
	rs16624 
	rs16624 
	rs16624 
	rs146701576 C rs140263477 A   rs250921 T 
	100 100 100 102 102 
	TCCCCTTTCCACCACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTTTTTGACATTGCAACTTGGAAGTCACAATGTATTTT TCACAAAACAGTG TCCCCTTTCCACTACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTTTTTGACATTGCAACTTGGAAGTCACAATGTATTTTT CACAAAACAGTG TCCCCTTTCCACCACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTTTTTGACATTGCAACTTGGAAGTCACAATGCATTTT TCACAAAACAGTG TCCCCTTTCCACCACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTGTTTTTGACATTGCAACTTGGAAGTCACAATGCATT TTTCACAAAACAGTG TCCCCTTTCCACCACAGTTACCTTTCAGGCTCTTGGGTTCTGGAAAGATGTGTTTTTGACATTGCAACTTGGAAGTCACAGTGCATT TTTCACAAAACAGT
	0.2568 0.7432 
	0.2568 0 0 0.7162 0.027 
	0.4419 0.5581 
	0.4302 0 0.0116 0.5581 0 
	0.7653 0.2347 
	0.7551 0.0102 0 0.2347 0 
	0.4744 0.5256 
	0.4286 0.0102 0 0.5612 0 

	rs178599681,3 
	rs178599681,3 
	rs9923304 C rs16955268 A 
	103 103 107 107 
	ATTCAGAGTGCATGCTGTCTTAAAAGATTGTGGGGATTAAATTACAAGGCACATAAAGCACATGGCATTTAGTAGGACCCTCAATAA ATGATAACTCTTACTC ATCCAGAGTGCATGCTGTCTTAAAAGATTGTGGGGATTAAATTACAAGGCACATAAAGCACATGGCATTTAGTAGGACCCTCAATA AATGATAACTCTTACTC ATCCAGAGTGCATGCTGTCTTAAAAGATTGTGGGGATTAAATTACAAGGCACATAAATAAAGCACATGGCATTTAGTAGGACCCTC AATAAATGATAACTCTTACTC ATCCAGAGTGCATGCTGTCTTGAAAGATTGTGGGGATTAAATTACAAGGCACATAAATAAAGCACATGGCATTTAGTAGGACCCTC AATAAATGATAACTCTTACTC 
	0.3378 0.6622 
	0.2297 0.1081 0.6351 0.027 
	0.3488 0.6512 
	0.2674 0.0814 0.6512 0 
	0.4388 0.5612 
	0.4286 0.0102 0.5612 0 
	0.4184 0.5816 
	0.3878 0.0306 0.5816 0 

	rs20671403 
	rs20671403 
	rs192851878 T rs254233 C 
	96 100 100 
	AAAGGAAAATACAGGCATGCCAATCACTACCCACCAAATGTCACTGACACCAAAGAATCACTGATTAACCTGGAGAGCACTGCAAG GTGAGCTATA AAAGGAAAATACAGGCATGCCAATCACTACCCACCAAATGTCCCTGACACCAGTCAAAGAATCACTGATTAACCTGGAGAGCACTG CAAGGTGAGCTATA AAAGGAAAATACAGGCATGCCAATCACTACCCACCAAATGTCACTGACACCAGTCAAAGAATCACTGATTAACCTGGAGAGCACTG CAAGGTGAGCTATA 
	0.2162 0.7838 
	0.2162 0.4730 0.3108 
	0.6512 0.3488 
	0.6512 0.1395 0.1977 
	0.6122 0.3878 
	0.6122 0.2245 0.1633 
	0.6224 0.3776 
	0.6224 0.1939 0.1837 

	TR
	100 
	AAAGGAAAATACAGGCAAGCCAATCACTACCCACCAAATGTCACTGACACCAGTCAAAGAATCACTGATTAACCTGGAGAGCACTG CAAGGTGAGCTATA 
	0 
	0.0116 
	0 
	0 

	TR
	91 
	GGATTAGAGTAATGTAAGTAATCTGATGAAATTTACCACTTCTAGTTATTTCCTTGTTTATGAACTACAGAATCCGATTACCCTGAAA TTC 
	0.4189 
	0.4189 
	0.4302 
	0.4302 
	0.4898 
	0.4898 
	0.3523 
	0.3523 

	rs2067191 
	rs2067191 
	rs115923419 C 
	95 95 
	GGATTAGAGTAATGTAAGTAATCTGATGAAATTTACCACTTCTAGATAGTTATTTCCTTGTTTATGAACTACAGAATCCGATTACCCT GAAATTC GGATTAGAGTAATGTAAGTAATCTGATGAAATTTACCACTTCTAGATAGTTATTTCCTTGTTTATGAACTACAGAATCTGATTACCCT GAAATTC 
	0.5811 
	0.5676 0.0135 
	0.5698 
	0.5698 0 
	0.5102 
	0.5102 0 
	0.6477 
	0.6477 0 

	TR
	95 
	GGGGCTCAGGCAGCTGAAGAGAATGTTCTAGAATCCACAAAGAGCCTGGCAGGAGCCTGGGGACCTGGAGATGCAGCCGGGTG CATCTATTCAGG 
	0.1892 
	0.1892 
	0.1744 
	0.1744 
	0.3163 
	0.3163 
	0.3061 
	0.3061 

	rs20672081,3 
	rs20672081,3 
	rs74531425 G 
	100 100 
	GGGGCTCAGGCAGCTGAAGAGAATGTTCTAGAATCCACAAAGAGCCTGGCCTGGCAGGAGCCTGGGGACCTGGAGATGCAGCC GGGTGCATCTATTCAGG GGGGCTCAGGCAGCTGAAGAGAATGTTCTAGAATCCACAAAGAGCCTGGCCTGGCAGGAGCCTGGGGACCTGGACATGCAGCC GGGTGCATCTATTCAGG 
	0.8108 
	0.8108 0 
	0.8256 
	0.7907 0.0349 
	0.6837 
	0.5408 0.1429 
	0.6939 
	0.6429 0.0510 


	GAAATGCAGCTTGATTCTCTATGCTATCCCGGCAATTCTCTATTTTTTGTCCTTTCTCTCCTCCATTCTGATATTCTCTTGCTTCTTGT 
	100 0.1351 0.2326 0.3265 0.5000 
	TCACTCCTCGA 
	rs2067294 
	-

	GAAATGCAGCTTGATTCTCTATGCTATCCCGGCAATTCTCTATTTTTTGTCCTTTCTCTCCTCCATTCTGATATTCTCTTGCTTCT 
	CTT

	103 0.8649 0.7674 0.6735 0.5000 
	TGTTCACTCCTCGA 
	Figure
	rs2307507 
	rs2307507 
	rs2307507 
	rs540604306 G 
	95 95 
	TTTTAAAATATGTTATATTTTAGGGCTTTGAAATTACTGAAAATAATTTAATGTTACATAGTTTTAAATCACTTTCATAGCTTAATAGGG TTTTA TTTTAAAATATGTTATATTTTAGGGCTTTGAAATTACTAAAAATAATTTAATGTTACATAGTTTTAAATCACTTTCATAGCTTAATAGGG TTTTA 
	0.1892 
	0.1757 0.0135 
	0.3293 
	0.3293 0 
	0.4286 
	0.4286 0 
	0.4512 
	0.4512 0 

	TR
	100 
	TTTTAAAATATGTTATATTTTAGGGCTTTGAAATTACTGAAAATAATTTAATTTTATGTTACATAGTTTTAAATCACTTTCATAGCTTAAT AGGGTTTTA 
	0.8108 
	0.8108 
	0.6707 
	0.6707 
	0.5714 
	0.5714 
	0.5488 
	0.5488 

	rs23075263 
	rs23075263 
	rs814781 C 
	100 104 104 
	TAATGCCAGGAGATAATTTATATACAAAGCAAAGGATGCTCAACAACATACGTAATGGGCTTCCGAATTACAAAGAACAGAATCAG GACTCAAGCAGATG TAATGCCAGGAGATAATTTATATACAAAGCAAAGGATGCTCAACAACATACGTGTGTAATGGGCTTCCGAATTACAAAGAACAGAAT CAGGACTGAAGCAGATG TAATGCCAGGAGATAATTTATATACAAAGCAAAGGATGCTCAACAACATACGTGTGTAATGGGCTTCCGAATTACAAAGAACAGAAT CAGGACTCAAGCAGATG 
	0.3649 0.6351 
	0.3649 0.3649 0.2703 
	0.6341 0.3659 
	0.6341 0.3171 0.0488 
	0.4694 0.5306 
	0.4694 0.4082 0.1224 
	0.2955 0.7045 
	0.2955 0.4886 0.2159 

	rs2307579 
	rs2307579 
	rs77911955 G 
	100 103 103 
	TAAAATTGTCACTGTACTAAAAATACCATTAATAATAAAGTGTGGAAAGACATATTCAGCTCTCTTCAAAAGTAGCTATTTGGTTATTT AAAGTTAGCTC TAAAATTGTCACTGTACTAAAAATACCATTAATAATAAAGTGTGGAAAGACATGATATTCAGCTCTCTTCAAAAGTAGCTATTTGGTT ATTTAAAGTTAGCTC TAAAATTGTCACTGTACTAAAAATACCATTAATAATAAAGTGTGGAAAGACATGATATTCAGCTCTCTTCAAAAGTAGCTATTTCGTT ATTTAAAGTTAGCTC 
	0.5811 0.4189 
	0.5811 0.4054 0.0135 
	0.1744 0.8256 
	0.1744 0.8256 0 
	0.4184 0.5816 
	0.4184 0.5816 0 
	0.3500 0.6500 
	0.3500 0.6500 0 


	TGGTTCTTAACCTCTGAAATTAATTTTTATATTTCTAAATTGCTTAATTGAATAGTTATGCTATGGTCCTGTTCCATATCTAGATACCT 
	100 0.2432 0.4286 0.4490 0.5513 
	CCCAAGTATTC 
	rs2307580 
	-

	TGGTTCTTAACCTCTGAAATTAATTTTTATATTTCTAAATTGCTTAATTGAATAGTTATGCTATGGTCCTGTTCCATATCTAGATA 
	AATT

	104 0.7568 0.5714 0.5510 0.4487 
	CCTCCCAAGTATTC 
	rs23076031
	rs23076031
	rs23076031
	 
	-

	95 100 
	GAAAAAAGTCAGTGTGCCTACAGATACCACTTTATTTTGTCCACTTAGAACTAGGTTGCTATCTTTAGCTTAATTCTAGCATATGAGA AATGTGA GAAAAAAGTCAGTGTGCCTACAGATACCACTTTATTTTGTCCACTTAGATCAGAACTAGGTTGCTATCTTTAGCTTAATTCTAGCATA TGAGAAATGTGA 
	0.3919 0.6081 
	0.4419 0.5581 
	0.6122 0.3878 
	0.3846 0.6154 

	rs23076563 
	rs23076563 
	rs13158027 T 
	95 100 100 
	AAATGTTGCTTCCCTATCTACACAACCTGGTTTGCCCACGTGCCTCTTGATAATTAGAATAGAACTCTAGAAGGATATTAGCATGTC ATTTTTCA AAATGTTGCTTCCCCATCTACACAACCTGGTTTGCCCACGTGCCTCTTGATAAGTTAATTAGAATAGAACTCTAGAAGGATATTAGC ATGTCATTTTTCA AAATGTTGCTTCCCTATCTACACAACCTGGTTTGCCCACGTGCCTCTTGATAAGTTAATTAGAATAGAACTCTAGAAGGATATTAGC ATGTCATTTTTCA 
	0.6216 0.3784 
	0.6216 0.2162 0.1622 
	0.5581 0.4419 
	0.5581 0.1163 0.3256 
	0.5000 0.5000 
	0.5000 0.3571 0.1429 
	0.6429 0.3571 
	0.6429 0.2262 0.1310 

	TR
	86 
	CTTCCCCAAGGCCAAACCTCCTCCCTCAGAAGAGGGCTGTTCTTCCTCAAGTTACTAAGCCTCCTTCTTCAAACGAGGGGATACCC 
	0.5676 
	0.5676 
	0.2674 
	0.2674 
	0.2143 
	0.2143 
	0.3605 
	0.3605 

	rs23076893 
	rs23076893 
	rs36120065 A 
	89 89 
	CTTCCCCAAGGCCAAACCTCCTCCCTCAGAAGAGGGCTGTTCTTCTTCCTCAAGTTACTAAGCCTCCTTCTTCAAACGAGGGGATA CCC CTTCCCCAAGGCCAAACCTCCTCCCTCAGAAGAGGGCTGTTCTTCTTCCTCAAGTTACTAAGCCTCCTTCTTCAAACGAGGGGGTA CCC 
	0.4324 
	0.2703 0.1622 
	0.7326 
	0.407 0.3256 
	0.7857 
	0.5102 0.2755 
	0.6395 
	0.3488 0.2907 

	rs2307696 
	rs2307696 
	-
	96 100 
	ACACTACACAACAGAAACAATAACGAATCCCCCCCATCACACACACACAGCGACCTGAGGGTTCTGAAGAGTAAATAAGAGCAGT CAGATGGGCTC ACACTACACAACAGAAACAATAACGAATCCCCCCCATCACACACACACAGCGACCGACCTGAGGGTTCTGAAGAGTAAATAAGAG CAGTCAGATGGGCTC 
	0.5405 0.4595 
	0.3023 0.6977 
	0.4082 0.5918 
	0.4459 0.5541 

	rs23077003 
	rs23077003 
	rs4239922 G 
	106 110 110 
	AACCTGGGACAGCTGGCAGGGCCAGAGCTCAGCTGATCATTCATGGGCTTGTCAGTCAGTAAAAGAATGGGGATTCCGAGGAAG GACAAACAAAGGAAAGAAAAAA AACCTGGGACAGCTGGCAGGGCCAGAGCTCAGCTCATCATTCATGGGCTTGTCACTCAGTCAGTAAAAGAATGGGGATTCCGAG GAAGGACAAACAAAGGAAAGAAAAAA AACCTGGGACAGCTGGCAGGGCCAGAGCTCAGCTGATCATTCATGGGCTTGTCACTCAGTCAGTAAAAGAATGGGGATTCCGAG GAAGGACAAACAAAGGAAAGAAAAAA 
	0.3378 0.6622 
	0.3378 0.3784 0.2838 
	0.2674 0.7326 
	0.2674 0.6744 0.0581 
	0.5408 0.4592 
	0.5408 0.2449 0.2143 
	0.3125 0.6875 
	0.3125 0.5521 0.1354 


	CATTTGCTAAATTTGCAGAGCCCATACCTACTGTGACCAGAGAAGGAAGGAGCCTGAGATGTCATTAATTGAATTCATTCATTTTGT 
	100 0.4459 0.2674 0.3776 0.2041 
	AGACAAGCCTAAC 
	rs2307710 
	-

	CATTTGCTAAATTTGCAGAGCCCATACCTACTGTGACCAGAGAAGGAAGGAGCCTGAGATGTCATTAATTGAATTCATTCATT 
	AGGA

	104 0.5541 0.7326 0.6224 0.7959 
	TTGTAGACAAGCCTAAC 
	rs2307839 
	rs2307839 
	rs2307839 
	-
	100 102 
	CTAAGAAATGTTTTAAGAAAAATTGTCAGCTAATAATGGTTATTCTTATTTGGAAATATATATACATAGATAAATACGTAAAGAAATGC ACAGAGAAAGACAC CTAAGAAATGTTTTAAGAAAAATTGTCAGCTAATAATGGTTATTCTTATTTCTGGAAATATATATACATAGATAAATACGTAAAGAAAT GCACAGAGAAAGACAC 
	0.1944 0.8056 
	0.4302 0.5698 
	0.2347 0.7653 
	0.2755 0.7245 

	rs23078501
	rs23078501
	 
	-

	96 100 
	TCTGGAAAAGCTTTTACTGAGATGCCCAACCTGCGTGGAAAGCCTCCACCTTGCAGCATAAGTGCGGAGGAAACGGTGACAAAAT CATTGCCCCGC TCTGGAAAAGCTTTTACTGAGATGCCCAACCTGCGTGGAAAGCCTCCACCCACCTTGCAGCATAAGTGCGGAGGAAACGGTGACA AAATCATTGCCCCGC 
	0.4324 0.5676 
	0.2907 0.7093 
	0.3367 0.6633 
	0.3889 0.6111 


	CTAAGAAATGTTTTAAGAAAAATTGTCAGCTAATAATGGTTATTCTTATTTGGAAATATATATACATAGATAAATACGTAAAGAAATGC 
	105 0.3919 0.3919 0.4070 0.407 0.1735 0.1735 0.3553 0.3553 
	ACAGAGAAAGACAC
	rs2307978rs188547 G 
	3 

	CTAAGAAATGTTTTAAGAAAAATTGTCAGCTAATAATGGTTATTCTTATTTGGAAATATATATACATAGATAAATACGTAAAGAAAT 
	TC

	107 0.6081 0.3514 0.5930 0.3256 0.8265 0.4694 0.6447 0.4079 
	GCACAGAGAAAGACAC 
	Figure
	107 
	107 
	107 
	CTAAGAAATGTTTTAAGAAAAATTGTCAGCTAATAATGGTTATTCTTATTTCTGGAAATATATATACATAGATAAATACGTAAAGAAAT GCACAGAGAAAGACAG 
	0.2568 
	0.2674 
	0.3571 
	0.2368 

	rs2308112 
	rs2308112 
	-
	95 100 
	ATCCACAGAAGAGGCGGTGCTGATGGACTGGACCCCAGAGAGTCCTGCTTGGTGCCATACCTTGGGTCCCTCCAGATCAGGATG CTCCCAGCAAC ATCCACAGAAGAGGCGGTGCTGATGGACTGGACCCCAGAGAGTCCACACCTGCTTGGTGCCATACCTTGGGTCCCTCCAGATCA GGATGCTCCCAGCAAC 
	0.5405 0.4595 
	0.5000 0.5000 
	0.6020 0.3980 
	0.5256 0.4744 

	rs2308137 
	rs2308137 
	-
	98 100 
	GGCAAGTTGGGAGTTTCCCGTTGAGCTTTGCTTCCCGTGAAAACAACCATGAGAACTCCAGAAATGGCCTTCTCAGGCCAGGCTT CGTGACTTTCAGG GGCAAGTTGGGAGTTTCCCGTTGAGCTTTGCTTCCCGTGAAAACAACCATGAGAGAACTCCAGAAATGGCCTTCTCAGGCCAGGC TTCGTGACTTTCAGG 
	0.7027 0.2973 
	0.4535 0.5465 
	0.3061 0.6939 
	0.2692 0.7308 


	GGTAAGTGTTGCAACATCTGCCACAATTTAAAACACTTACTCAGGTGCCTGCTCAGTGCCTATGCACTAAGTCAAAGAGGCACAGG 
	100 0.4730 0.0814 0.2292 0.1771 
	CCAGCTGTCCAGAA 
	rs2308171 
	1
	-

	GGTAAGTGTTGCAACATCTGCCACAATTTAAAACACTTACTCAGGTGCCTGCTCAGTGCCTATGCACTAAGTCAAAGAGGCA 
	CTGT

	104 0.5270 0.9186 0.7708 0.8229 
	CAGGCCAGCTGTCCAGAA 
	99 
	99 
	99 
	TACATCCTGCTCCTTTCACCTGGAACCTGATTCACGCTGCTGGAATCATTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCTTGTCG TTCCTTTGTTT 
	0.1757 
	0.4643 
	0.3438 
	0.5405 

	99 
	99 
	CACATCCTGCTCCTTTCACCTGGAACCTGATTCACGCTGCTGGAATCATTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCTTGTCG TTCCTTTGTTT 
	0.5405 
	0.3108 
	0.4643 
	0 
	0.3542 
	0.0104 
	0.5541 
	0.0135 

	rs23081891,3 
	rs23081891,3 
	rs176295 C rs176294 T 
	99 
	TACATCCTGCTCCTTTCACCTGGAACCTGATTCATGCTGCTGGAATCATTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCTTGTCG TTCCTTTGTTT 
	0.0541 
	0 
	0 
	0 

	TR
	104 104 
	CACATCCTGCTCCTTTCACCTGGAACCTGATTCACGCTGCTGGAATCATTAGTTTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCT TGTCGTTCCTTTGTTT CACATCCTGCTCCTTTCACCTGGAACCTGATTCATGCTGCTGGAATCATTAGTTTAGTTGTTTCGAATACTGTTTTCAATTTTGTTCT TGTCGTTCCTTTGTTT 
	0.4595 
	0.1486 0.3108 
	0.5357 
	0.3333 0.2024 
	0.6458 
	0.2813 0.3646 
	0.4459 
	0.2973 0.1486 


	TTGAGAGATAAGTGTCTTGTAAAAATGATTTTGTGTTTCTGCAAACTTGTTACTGGAGACCATGGAATTTCCTTTTTCTTTTCTTCACT 
	100 0.6757 0.6512 0.5714 0.6531 
	GTGGTGGAAAA 
	rs2308196 
	-

	TTGAGAGATAAGTGTCTTGTAAAAATGATTTTGTGTTTCTGCAAACTTGTTACTGGAGACCATGGAATTTCCTTTTTCTTTTCTT 
	ATTG

	104 0.3243 0.3488 0.4286 0.3469 
	CACTGTGGTGGAAAA 
	rs23082323 
	rs23082323 
	rs23082323 
	rs1093240 C 
	100 100 
	TTAATCTAAATGGTGAATGATTGATGCAATCTCACACTACCTTTGAAAAGCTATTCGTCTAGCTCTTGATCAAATTTAAGATCATATA ATACGAAGCAAG TTAATCTAAATGGTGAATGATTGATGCAATCTCACACTACTTTTGAAAAGCTATTCGTCTAGCTCTTGATCAAATTTAAGATCATATAA TACGAAGCAAG 
	0.2568 
	0.2432 0.0135 
	0.2683 
	0.0976 0.1707 
	0.2917 
	0.1979 0.0938 
	0.2895 
	0.0921 0.1974 

	TR
	106 
	TTAATCTAAATGGTGAATGATTGATGCAATCTCACACTACTTTTGAAAAGCTAAACTTATTCGTCTAGCTCTTGATCAAATTTAAGAT CATATAATACGAAGCAAG 
	0.7432 
	0.7432 
	0.7317 
	0.7317 
	0.7083 
	0.7083 
	0.7105 
	0.7105 

	rs2308242 
	rs2308242 
	chr3:8616681 T2 
	100 102 102 
	AGGAGAGCTCTGCGGAGTTCATTTTCTGCTGATAAGGGGACAGGGAGAAAGCAGACGGGCAGTCATCCTTGGCCCACACAAGGG GACCATCCAGTGCCAA AGGAGAGCTCTGCGGAGTTCATTTTCTGCTGATAAGGGGACAGGGAGAAAGAGCAGACGGGCAGTCATCCTTGGCCCACACAAG GGGACCATCCAGTGCCAA AGGAGAGCTCTGCGGAGTTCATCTTCTGCTGATAAGGGGACAGGGAGAAAGAGCAGACGGGCAGTCATCCTTGGCCCACACAAG GGGACCATCCAGTGCCAA 
	0.3378 0.6622 
	0.3378 0.6622 0 
	0.2674 0.7326 
	0.2674 0.7326 0 
	0.2083 0.7917 
	0.2083 0.7813 0.0104 
	0.2250 0.7750 
	0.2250 0.7750 0 

	TR
	100 
	CAAGTATATACCATTTCATTGTGACTCAATACTTTATAAAGATGAATTTAAATTTTGAAGTAAACTTTTTTTGTCTCAAATGGAGAAAT TCCATGCAATA 
	0.5676 
	0.5676 
	0.4070 
	0.407 
	0.4694 
	0.4694 
	0.4487 
	0.4487 

	rs23082761,3 
	rs23082761,3 
	rs10209911 T 
	105 105 
	CAAGTATATACCATTTCATTGTGACTCAATACTTTATAAAGATGAATTTAATTTAAATTTTGAAGTAAACTTTTTTTGTCTCAAATGGA GAAATTCCATGCAATA CAAGTATATACCATTTCATTGTGACTCAATACTTTATAAAGATGAATTTAATTTAAATTTTGAAGTAAACTTCTTTTGTCTCAAATGGA GAAATTCCATGCAATA 
	0.4324 
	0.3919 0.0405 
	0.5930 
	0.1977 0.3953 
	0.5306 
	0.5306 0 
	0.5513 
	0.5128 0.0385 

	TR
	95 95 
	GACCATGCTTTATATATTCTTAAAATTATTGCAAACATTATATTTACTTTAAAGTTTCTGTGACACAGTGTGCCTAACAGATAGTGGG AATTTTA GACCATGCTTTATATATTCTTAAAATTATTGCAAACATTATATTTACTTTAAAGTTTCTGTGACACAGTGCGCCTAACAGATAGTGGG AATTTTA 
	0.5479 
	0.5405 0 
	0.4419 
	0.4419 0 
	0.2959 
	0.2857 0.0102 
	0.3163 
	0.3163 0 

	rs23082923 
	rs23082923 
	rs147933644 A   rs140159023 A   rs396196 C 
	100 100 100 
	GACCATGCTTTATATATTCTTAAAATTATTGCAAACATTATATTTACTTTTAAGTAAAGTTTCTGTGACACAGTGCGCCTAACAGATA GTGGGAATTTTA GACCATGCTTTATATATTCTTAAAATTATTGCAAACATTATATTTACTTTTAAGTAAAGTTTCTGTGACACAGTGTGCCTAACAGATAG TGGGAATTTTA GACCATGCTTTATATATTCTTAAAATTTTTGCAAACATTATATTTACTTTTAAGTAAAGTTTCTGTGACACAGTGCGCCTAACAGATAG TGGGAATTTTA 
	0.4521 
	0.3378 0.1081 0 
	0.5581 
	0.1977 0.3605 0 
	0.7041 
	0.398 0.2551 0.0408 
	0.6837 
	0.2653 0.3980 0.0204 

	TR
	100 
	GACCATGCTTTATATATTCTTACAATTATTGCAAACATTATATTTACTTTTAAGTAAAGTTTCTGTGACACAGTGTGCCTAACAGATAG TGGGAATTTTA 
	0.0135 
	0 
	0.0102 
	0 

	TR
	100 
	GTTTATAGTTTTGAAAGTGAATTGATCACTTTGTTTCTTGCTCTGAATCTTAATTTTTTTTCCTAAAGGAAAAAGATAATTTACTTTTTA TAGAGCAAAA 
	0.6757 
	0.6757 
	0.4405 
	0.4405 
	0.5408 
	0.5408 
	0.5417 
	0.5417 

	rs28923216 
	rs28923216 
	rs184394929 T 
	105 105 
	GTTTATAGTTTTGAAAGTGAATTGATCACTTTGTTTCTTGCTCTGAATCTTTTGTAAATTTTTTTTCCTAAAGGAAAAAGATAATTTACT TTTTATAGAGCAAAA GTTTATAGTTTTGAAAGTGAATTGATCACTTTGTTTCTTGCTCTGAATCTTTTGTAAATTTTTTTTCCTAAAGGAAAAAGATAATTTAC GTTTTATAGAGCAAAA 
	0.3243 
	0.2973 0.0270 
	0.5595 
	0.5595 0 
	0.4592 
	0.4592 0 
	0.4583 
	0.4583 0 


	Figure
	rs30385303 
	rs30385303 
	rs30385303 
	rs1923740 C rs115288378 C 
	104 108 108 
	ACTCTGGCAATTACTTAAGGCTATCATTCATTCTGCAGAAATCGCTTTGTAAATCAGCTTATTTGGCTCAGTTTATATTTGAAAATTTT GATATGGAGGAATTC CCTCTGGCAATTACTTAAGGCTATCATTCATTCTGCAGAAATCGCTTTGTAAATCAGCTTGATTATTTGGCTCAGTTTATATTTGAAA ATTTTGATATGGAGGAATTC ACTCTGGCAATTACTTAAGGCTATCATTCATTCTGCAGAAATCGCTTTGTAAATCAGCTTGATTATTTGGCTCAGTTTATATTTGAAA ATTTTGATATGGAGGAATTC 
	0.3514 0.6486 
	0.3514 0.5270 0.0946 
	0.3605 0.6395 
	0.3605 0.4186 0.2209 
	0.3367 0.6633 
	0.3367 0.2959 0.3673 
	0.4615 0.5385 
	0.4615 0.2308 0.3077 

	TR
	108 
	CCTTTGGCAATTACTTAAGGCTATCATTCATTCTGCAGAAATCGCTTTGTAAATCAGCTTGATTATTTGGCTCAGTTTATATTTGAAA ATTTTGATATGGAGGAATTC 
	0.0270 
	0 
	0 
	0 

	rs30427833 
	rs30427833 
	chr2:222160737 T2 rs3943815 C 
	100 100 105 105 
	TTCTGTTGTGGTTAGGAGGGATATTGACCTGAAGGCATACTGTTCCCTCTTAAAGAAGCAAGATCAACATTCAGAATCGCTCAGTG ACAAATCTCAATTG TTCTGTTGTGGTTAGGAGGGATATTGACCTGAAGGCACACTGTTCCCTCTTAAAGAAGCAAGATCAACATTCAGAATCGCTCAGTG ACAAATCTCAATTG TTCTGTTGTGGTTAGGAGGGATATTGACCTGAAGGCACACTGTTCCCTCTTAACTCAAAGAAGCAAGATCAACATTCAGAATCGCT CAGTGACAAATCTCAATTG TTCTGTTGTGGTTAGGAGGGATATTGACCCGAAGGCACACTGTTCCCTCTTAACTCAAAGAAGCAAGATCAACATTCAGAATCGCT CAGTGACAAATCTCAATTG 
	0.8169 0.1831 
	0.1081 0.6757 0.2162 0 
	0.6163 0.3837 
	0.5698 0.0465 0.3837 0 
	0.7245 0.2755 
	0.602 0.1224 0.2653 0.0102 
	0.4898 0.5102 
	0.3878 0.102 0.5102 0 

	TR
	100 
	AACAAAGTTTCCAAGGGCTCTTACCTACGTGGTTGGTGACCTTTTGGGGCTAATAATTAAGAAGGATGGGTATATATGAAATTATTT AAATCTCCATCGG 
	0.2838 
	0.2838 
	0.3571 
	0.3571 
	0.3367 
	0.3367 
	0.3293 
	0.3293 

	rs3045264 
	rs3045264 
	rs183114846 G 
	104 104 
	AACAAAGTTTCCAAGGGCTCTTACCTACGTGGTTGGTGACCTTTTGGGGCTGTCTAATAATTAAGAAGGATGGGTATATATGAAATT ATTTAAATCTCCATCGG AACAAAGTTTCCAAGGGCTCTTACCTACGTGGTTGGTGACCTTTTGGGGCTGTCTAATAATTAAGAAGGATGGGTATATATGAAATT ATTTAAATCTCCATCAG 
	0.7162 
	0.7162 0 
	0.6429 
	0.6429 0 
	0.6633 
	0.6531 0.0102 
	0.6707 
	0.6707 0 


	CACAGAGAGGCGGTGGGAGACAGGCACACCAGCATGCAAGTACAGTGCACTGGGATCTCTCTCACTAGATACAAGGAAGGTTTG 
	100 0.6250 0.6429 0.4479 0.5500 
	GCAAATTAGTTTGTTT 
	rs3047269 
	1
	-

	CACAGAGAGGCGGTGGGAGACAGGCACACCAGCATGCAAGTACAGTGCACTGGGATCTCTCTCACTAGATACAAGGAAGG 
	ACTG

	104 0.3750 0.3571 0.5521 0.4500 
	TTTGGCAAATTAGTTTGTTT 
	100 
	100 
	100 
	TTCTATTTAGAATTGGAAGATCTGGGTAGAAGTCCTATCTAGTCCATGTATACATTGTGTGAGACTGGGCAATATTGAATCTCCTAA ATGTGGACACAAA 
	0.1892 
	0.1892 
	0.3837 
	0.3837 
	0.5208 
	0.5208 
	0.3617 
	0.3617 

	rs30513001 
	rs30513001 
	rs186936660 A 
	104 104 
	TTCTATTTAGAATTGGAAGATCTGGGTAGAAGTCCTATCTAGTCCATGTATGTATACATTGTGTGAGACTGGGCAATATTGAATCTC CTAAATGTGGACACAAA TTCTATTTAGAATTGGAAGATCTGGGTAGAAGTCCTATCTAGTCCATGTATGTATACATTGTGTGAGACTGGGCAATATTGAATCTC CTAAATGTGGACACGAA 
	0.8108 
	0.8108 0 
	0.6163 
	0.6163 0 
	0.4792 
	0.4792 0 
	0.6383 
	0.6277 0.0106 


	AATTCACCAGAATTTAAAATACTGCTGGGTATGATGTCACATGTCTGTAGTCCCTAGCTACTTGAGAGGCTGAGATGGGAGGATTC 
	100 0.3108 0.6977 0.3958 0.6531 
	CTTGAGTCTAGGAA 
	rs3062629 
	-

	AATTCACCAGAATTTAAAATACTGCTGGGTATGATGTCACATGTCTGTAGTCCCTAGCTACTTGAGAGGCTGAGATGGGAG 
	CTGTA

	105 0.6892 0.3023 0.6042 0.3469 
	GATTCCTTGAGTCTAGGAA 
	GTATATTTATAAATTTCATGTAAGTAGATATTCTAAATACTAGTAAAGCTTGTTTTCATTTTGTGTTTTAAAAAAGAATTATGATATTTT 
	100 0.2568 0.4651 0.3673 0.3776 
	TCTCCATGCC 
	rs3080855 
	-

	GTATATTTATAAATTTCATGTAAGTAGATATTCTAAATACTAGTAAAGCTTGTTTTCATTTTGTGTTTTAAAAAAGAATTATGATA 
	TTAA

	104 0.7432 0.5349 0.6327 0.6224 
	TTTTTCTCCATGCC 
	GCTGTGCAGAGAGAGAGTAGGGGGAGGAGGTGGAGAACCCGGAAGAGCAGCTCTGAGCAGATTTCACACGATTAATAGGGGGTT 
	100 0.5405 0.5465 0.5938 0.7105 
	TGTTGGCTGGTGGACT 
	rs33917182 
	-

	GCTGTGCAGAGAGAGAGTAGGGGGAGGAGGTGGAGAACCCGGAAGAGCAGCTCTGAGCAGATTTCACACGATTAATAGGGG 
	CA

	102 0.4595 0.4535 0.4063 0.2895 
	GTTTGTTGGCTGGTGGACT 
	rs339514313 
	rs339514313 
	rs339514313 
	rs4741748 G 
	96 96 100 100 
	GGGACATAACAAAGCCTCGGCGATAGACAGCATTTGTGAGTTACATCACATGTTAGAACTTAATAGTTCTCCCACATGCTGTGAAT AAACAGGGTT GGGACATAACAAAGCCTCGGCGATAGACAGCATTTGTGAGTTACATCACATGTTAGAACTTAATAGTTCTCCCACATGCTGTGAGT AAACAGGGTT GGGACATAACAAAGCCTCGGCGATAGACAGCATTTGTGAGTTACATCACAAGTTTGTTAGAACTTAATAGTTCTCCCACATGCTGT GAATAAACAGGGTT GGGACATAACAAAGCCTCGGCGATAGACAGCATTTGTGAGTTACATCACAAGTTTGTTAGAACTTAATAGTTCTCCCACATGCTGT GAGTAAACAGGGTT 
	0.7042 0.2958 
	0.3514 0.3243 0.3243 0 
	0.6163 0.3837 
	0.5698 0.0465 0.3605 0.0233 
	0.5816 0.4184 
	0.5612 0.0204 0.4184 0 
	0.6224 0.3776 
	0.5816 0.0408 0.3776 0 


	CTGTCATAACAATAATGAGTCATCCAGATTATCGAGTGAGATACATATTTAAGAATTATCTTTAAAAATTTCAAAAATTTTAATTTTAC 
	100 0.4189 0.3837 0.6837 0.5000 
	TGTTGTGTTTT 
	rs34051577 
	1
	-

	CTGTCATAACAATAATGAGTCATCCAGATTATCGAGTGAGATACATATTTAAGAATTATCTTTAAAAATTTCAAAAATTTTAAT 
	TTATC

	105 0.5811 0.6163 0.3163 0.5000 
	TTTACTGTTGTGTTTT 
	rs34495360 
	rs34495360 
	rs34495360 
	-
	100 105 
	CCAGTTCTGTGGTTTGGTCTCAGTACTTGTTCTGTGCAGTAGTTAAGTCCTTCCAGCCATCTTGCCACTCAGCTTAGAAAAATACTC TCCAAAAACATGT CCAGTTCTGTGGTTTGGTCTCAGTACTTGTTCTGTGCAGTAGTTAAGTCAAGTCCTTCCAGCCATCTTGCCACTCAGCTTAGAAAAA TACTCTCCAAAAACATGT 
	0.6944 0.3056 
	0.5349 0.4651 
	0.6224 0.3776 
	0.4474 0.5526 

	rs345100561
	rs345100561
	 
	-

	95 100 
	ACAAAATATTCTGAATAGATCCCGGCCCAAAGTCATTTGATTTGGGAATAGTCTTAAAAACAGGCAGGCATACTGTTATTAACATTG TCATTATC ACAAAATATTCTGAATAGATCCCGGCCCAAAGTCATTTGATTTGGGAATACTTTAGTCTTAAAAACAGGCAGGCATACTGTTATTAA CATTGTCATTATC 
	0.4189 0.5811 
	0.8023 0.1977 
	0.4796 0.5204 
	0.4796 0.5204 


	Figure
	95 
	95 
	95 
	AAGCTTATGAGATTTGGAGGACTTTAGTAGAAGAGGAAAATACCACATTTATTTATGAGTGTCTTTGAACCTAAGAAGGGTCTCATT TGTATACA 
	0.4054 
	0.4054 
	0.5000 
	0.5000 
	0.3265 
	0.3265 
	0.5102 
	0.5102 

	rs345115413 
	rs345115413 
	rs57941925 T 
	100 100 
	AAGCTTATGAGATTTGGAGGACTTTAGTAGAAGAGGAAAATACCACATTTCTCTTATTTATGAGTGTCTTTGAACCTAAGAAGGGTC TCATTTGTATACA AAGCTTATGAGATTTGGAGGACTTTAGTAGAAGAGGAAAATACCACATTTCTCTTATTTATGAGTGTCTCTGAACCTAAGAAGGGTC TCATTTGTATACA 
	0.5946 
	0.473 0.1216 
	0.5000 
	0.3953 0.1047 
	0.6735 
	0.4286 0.2449 
	0.4898 
	0.3673 0.1224 

	TR
	100 
	GTCTCTAGCGTAGAAAGAGGAAATTTGACCCATGTCTTGGAGAGGAGTCAAATCAGAAACTCCTCCTATTACGTCTTTTTCCTTTGC TCGTTTTGCTTTG 
	0.4324 
	0.4324 
	0.5581 
	0.5581 
	0.3469 
	0.3469 
	0.3163 
	0.3163 

	rs345280251 
	rs345280251 
	rs34247791 DEL rs202051643 G 
	106 106 
	GTCTCTCTAGCGTAGAAAGAGGAAATTTGACCCATGTCTTGGAGAGGAGTCAAATCAGAAACTCCTCCTGAGTATTACGTCTTTTTC CTTTGCTCGTTTTGCTTTG GTCTCTCTAGCGTAGAAAGAGGAAATTTGACCCATGTCTTGGAGAGGAGTCAAATCAGAAACTCCTCCTGAGTATTACATCTTTTTC CTTTGCTCGTTTTGCTTTG 
	0.5676 
	0.5676 0 
	0.4419 
	0.4419 0 
	0.6531 
	0.6531 0 
	0.6837 
	0.5816 0.102 


	AGGGGGTACTACAGACAGGTTTAAAATGAGCAAACCTAGCTGGTAGGTAGTGTCCTTAGAAGAGTTTTAAGTGAAAAAGGACATGA 
	100 0.5811 0.4651 0.6122 0.5395 
	TAAAATATGGCTTT 
	rs34535242 
	1
	-

	AGGGGGTACTACAGACAGGTTTAAAATGAGCAAACCTAGCTGGTAGGTAGTGTCCTTAGAAGAGTTTTAAGTGAAAAAGGAC 
	GGTA

	104 0.4189 0.5349 0.3878 0.4605 
	ATGATAAAATATGGCTTT 
	rs34541393 
	rs34541393 
	rs34541393 
	-
	96 100 
	TACATTTCTAGATGTGTCAGGAGTCTAGAAACTTCAGTTTGGAGAATAACTACTTCCCTCACATCATTGTTCATACTGTTTTGGTTTT TATTATAA TACATTTCTAGATGTGTCAGGAGTCTAGAAACTTCAGTTTGGAGAATAAAACTCTACTTCCCTCACATCATTGTTCATACTGTTTTGG TTTTTATTATAA 
	0.4459 0.5541 
	0.7442 0.2558 
	0.4082 0.5918 
	0.5395 0.4605 

	rs34795726 
	rs34795726 
	rs189603436 G    rs4646566 G 
	100 100 100 
	ATAATGTAGAGTTATTCAAAAAAAAGGTCTTTTAGAAATTCTTTTTAAATTATTTGCTACCTATCCATGTTTTCTCCAAATCTATCAGC AGCACAGAGTG ATAATGTAGAGTTATTCAAAAAAAAGTTCTTTTAGAAATTCTTTTTAAATTATTTGCTACCTATCCATGTTTTCTCCAAATCTATCAGCA GCACAGAGTG ATAATGTAGAGTTATTCAAAAAAAAGGTCTTTTAGAAATTCTTTTTAAATTATTTGCTACCTATCCATGTTTTCTCCAAATCTATCAGC AGCACAGAGTA 
	0.5946 
	0.5811 0 0.0135 
	0.6977 
	0.6977 0 0 
	0.4592 
	0.4490 0.0102 0 
	0.6042 
	0.6042 0 0 

	TR
	104 
	ATAATGTAGAGTTATTCAAAAAAAAGGTCTTTCTTTTAGAAATTCTTTTTAAATTATTTGCTACCTATCCATGTTTTCTCCAAATCTATC AGCAGCACAGAGTA 
	0.4054 
	0.4054 
	0.3023 
	0.3023 
	0.5408 
	0.5408 
	0.3958 
	0.3958 

	rs348117433 
	rs348117433 
	rs532272 C 
	100 100 
	TATGTCTCTACATCCCACCCCAACTACAACACTTCGTACCCAGGATGCAACAGATCAAAGTAGTTGCTTACTATGGGTTGAACAAAA AGGAGAGGCACAC TATGTCTCTACATCCCACCCCAAATACAACACTTCGTACCCAGGATGCAACAGATCAAAGTAGTTGCTTACTATGGGTTGAACAAAA AGGAGAGGCACAC 
	0.5946 
	0.527 0.0676 
	0.8095 
	0.8095 0 
	0.6633 
	0.6633 0 
	0.7604 
	0.7292 0.0313 

	TR
	102 
	TATGTCTCTACATCCCACCCCAACTACAACACTTCGTACCCAGGATGCAACTGAGATCAAAGTAGTTGCTTACTATGGGTTGAACAA AAAGGAGAGGCACAC 
	0.4054 
	0.4054 
	0.1905 
	0.1905 
	0.3367 
	0.3367 
	0.2396 
	0.2396 

	TR
	100 
	TATGTCATAGTAAAAACTTGGAAATAATAAGATGTTGAATAATTGACATTATTAAATTATGCTACATTAGCATAATAAAATATTAGGTA GTTATTTTTAA 
	0.5541 
	0.5541 
	0.4167 
	0.4167 
	0.5204 
	0.5204 
	0.5816 
	0.5816 

	rs35605984 
	rs35605984 
	rs150571926 C 
	105 105 
	TATGTCATAGTAAAAACTTGGAAATAATAAGATGTTGAATAATTGACATTACTTTATTAAATTATGCTACATTAGCATAATAAAATATTA GGTAGTTATTTTTAA TATGTCATAGTAAAAAATTGGAAATAATAAGATGTTGAATAATTGACATTACTTTATTAAATTATGCTACATTAGCATAATAAAATATTA GGTAGTTATTTTTAA 
	0.4459 
	0.4459 0 
	0.5833 
	0.5833 0 
	0.4796 
	0.4694 0.0102 
	0.4184 
	0.4184 0 

	rs357166871
	rs357166871
	 
	-

	97 101 
	GTCATGCCATCATTAGGGGACTAAATGTGTTAATATCCTGAAAATTATAAGTAATCAATAATTTCTCTTTCGTGATACACCTTGTTTT GAAATATTT GTCATGCCATCATTAGGGGACTAAATGTGTTAATATCCTGAAAATTATACTTAAGTAATCAATAATTTCTCTTTCGTGATACACCTTG TTTTGAAATATTT 
	0.6351 0.3649 
	0.6395 0.3605 
	0.6020 0.3980 
	0.6020 0.3980 

	TR
	100 
	ACTGCGTTTCTGTAGAGGAGTAAATGTACTAAGACTATTAAATAACTTACACCTTAACTAAAACTTTTAGGTGGAAACAAAAGACTG GTTAGAAAAAATG 
	0.0946 
	0.0946 
	0.4767 
	0.4767 
	0.4694 
	0.4694 
	0.6410 
	0.6410 

	rs357695501 
	rs357695501 
	rs1449554 A 
	104 104 
	GCTGCGTTTCTGTAGAGGAGTAAATGTACTAAGACTATTAAATAACTTACTGACACCTTAACTAAAACTTTTAGGTGGAAACAAAAG ACTGGTTAGAAAAAATG ACTGCGTTTCTGTAGAGGAGTAAATGTACTAAGACTATTAAATAACTTACTGACACCTTAACTAAAACTTTTAGGTGGAAACAAAAG ACTGGTTAGAAAAAATG 
	0.9054 
	0.8919 0.0135 
	0.5233 
	0.5233 0 
	0.5306 
	0.5306 0 
	0.3590 
	0.3590 0 

	rs36040336 
	rs36040336 
	-
	88 90 
	CACGGGTTAACAGATGCAGTTATTATGCCCATTTAACACGAGGGAAACTGAGGCCCAGAGAGGTTGAGGTTCACAGGTTGCAGCA GGG CACGGGTTAACAGATGCAGTTATTATGCCCATTTAACACATGAGGGAAACTGAGGCCCAGAGAGGTTGAGGTTCACAGGTTGCAG CAGGG 
	0.4054 0.5946 
	0.8023 0.1977 
	0.7959 0.2041 
	0.6735 0.3265 

	TR
	94 
	TTAGGGTTTCCTGTCAACTATTCTACTGCCATTTACCACAGGGTCACCACATTCTAATAAGTCCATCCTTCTGAGATATCCTCTTCCT AACATG 
	0.5270 
	0.527 
	0.3023 
	0.3023 
	0.5714 
	0.5714 
	0.5513 
	0.5513 

	rs360621691 
	rs360621691 
	rs114264449 C 
	100 100 
	TTAGGGTTTCCTGTCAACTATTCTACTGCCATTTACCACAGGGTCACCACCAGTACATTCTAATAAGTCCATCCTTCTGAGATATCC TCTTCCTAACATG TTAGGGTTTCCTGTCAACTATTCTACTGCCATTTACCACAGGGTCACCACCAGTACATTCTAATAAGTCCATCCTTATGAGATATCC TCTTCCTAACATG 
	0.4730 
	0.4054 0.0676 
	0.6977 
	0.686 0.0116 
	0.4286 
	0.4286 0 
	0.4487 
	0.4487 0 

	rs38385811 
	rs38385811 
	rs371883530 C 
	96 96 
	GATTACTGGTGTTTACTTTTAATTCCAATAAATTAAAAGTTCTACTGTTTTTCTACTTCCTCATACAAATCTTGAGCAAGACAAACTTT AACATTC GATTATTGGTGTTTACTTTTAATTCCAATAAATTAAAAGTTCTACTGTTTTTCTACTTCCTCATACAAATCTTGAGCAAGACAAACTTT AACATTC 
	0.3108 
	0.2973 0.0135 
	0.3372 
	0.3372 0 
	0.3163 
	0.3163 0 
	0.5000 
	0.5000 0 

	TR
	56 


	Figure
	100 
	100 
	100 
	GATTACTGGTGTTTACTTTTAATTCCAATAAATTAAAAGTTCTACTGTTTGTTATTCTACTTCCTCATACAAATCTTGAGCAAGACAAA CTTTAACATTC 
	0.6892 
	0.6892 
	0.6628 
	0.6628 
	0.6837 
	0.6837 
	0.5000 
	0.5000 

	95 
	95 
	AAGTGATCCAGATTTGGTCTTTTACTGTGAAAATGCTTTTATACAATTTAGTAGAGATGTTATGCAATTGTACTATATCCTTTGCACA CTGGAAT 
	0.3784 
	0.3784 
	0.5116 
	0.5116 
	0.3878 
	0.3878 
	0.2949 
	0.2949 

	rs38419481 
	rs38419481 
	rs76509761 G 
	100 100 
	AAGTGATCCAGATTTGGTCTTTTACTGTGAAAATGCTTTTATACAATTTAATTTAGTAGAGATGTTATGCAATTGTACTATATCCTTTG CACACTGGAAT AAGTGATCCAGATTTGGTCTTTTACTGTGAAAATGCTTTTATACAATTTAATTTAGTAGAGATGTTATGCAATTTTACTATATCCTTTG CACACTGGAAT 
	0.6216 
	0.5405 0.0811 
	0.4884 
	0.4884 0 
	0.6122 
	0.6122 0 
	0.7051 
	0.7051 0 


	ATGATTAACAAAAAAACAAGTAGAAAAATAAGAGAGTGTATTTAAAAAAAATAATCAAATGCTTTTTGAAAGACCTGTTCTCTTCACT 
	100 0.6892 0.5233 0.5204 0.5208 
	GCCACACATATT 
	rs4187 -
	ATGATTAACAAAAAAACAAGTAGAAAAATAAGAGAGTGTATTTAAAAAAAATAATCAAATGCTTTTTGAAAGACCTGTTCTC 
	ATAAAG

	106 0.3108 0.4767 0.4796 0.4792 
	TTCACTGCCACACATATT 
	rs4646006 
	rs4646006 
	rs4646006 
	rs562172870 G 
	100 100 
	TGTAAGTCTAAACAATCAGGCACGTGGGCAGCAATGGAGCTGCAGGTGCACTGTGTGCCATTTACCAGCCTTTGCTGATCTGTTC ATTATTTTGCAGGGC TGTAAGTCTAAACAATCAGGCACGTGGGCAGCAATGGAGCTGCAGGTACACTGTGTGCCATTTACCAGCCTTTGCTGATCTGTTCA TTATTTTGCAGGGC 
	0.1622 
	0.1622 0 
	0.4070 
	0.3953 0.0116 
	0.4271 
	0.4271 0 
	0.5366 
	0.5366 0 

	TR
	104 
	TGTAAGTCTAAACAATCAGGCACGTGGGCAGCAATGGAGCTGCAGGTGCACTGAGTGTGTGCCATTTACCAGCCTTTGCTGATCT GTTCATTATTTTGCAGGGC 
	0.8378 
	0.8378 
	0.5930 
	0.593 
	0.5729 
	0.5729 
	0.4634 
	0.4634 

	TR
	108 
	GGGAGAGATATAGAGTTACTTTGTATCCTGCCACTATCACTGGGGAGATATGTTGGACAGAGTTCTATCGTGCAAAGTTAAGTGAA AGAGGTTCTAAGGAGATTGTTC 
	0.3243 
	0.3243 
	0.3256 
	0.3256 
	0.3673 
	0.3673 
	0.3265 
	0.3265 

	rs58954463 
	rs58954463 
	rs2960102 G 
	110 110 
	GGGAGAGATATAGAGTTACTTTGTATCCTGCCACTATCACTGGGGAGATATGTTGGACACAGAGTTCTATCGTGCAAAGTTAAGTG AAAGAGGTTCTAAGGAGATTGTTC AGGAGAGATATAGAGTTACTTTGTATCCTGCCACTATCACTGGGGAGATATGTTGGACACAGAGTTCTATCGTGCAAAGTTAAGTG AAAGAGGTTCTAAGGAGATTGTTC 
	0.6757 
	0.5811 0.0946 
	0.6744 
	0.2326 0.4419 
	0.6327 
	0.2551 0.3776 
	0.6735 
	0.3469 0.3265 

	rs609015153 
	rs609015153 
	rs9790699 C 
	100 100 
	TGCCTTATGCAATTTAAGCAACAATAGAAGACAAGTCAGGAACTGAGACTTATCTATTGAAACTCAGGAGTGCTTGGTATCCACAGT GGCAGATAAATTC TGCCTTATGCAATTTAAGCAACAATAGAAGACAAGTCAGGAACTGAGACTTATCTATTGAAACTTAGGAGTGCTTGGTATCCACAGT GGCAGATAAATTC 
	0.6389 
	0.5972 0.0417 
	0.6860 
	0.6628 0.0233 
	0.6735 
	0.6735 0 
	0.5976 
	0.5854 0.0122 

	TR
	104 
	TGCCTTATGCAATTTAAGCAACAATAGAAGACAAGTCAGGAACTGAGACTTACTTATCTATTGAAACTCAGGAGTGCTTGGTATCCA CAGTGGCAGATAAATTC 
	0.3611 
	0.3611 
	0.3140 
	0.3140 
	0.3265 
	0.3265 
	0.4024 
	0.4024 

	1Motif different from LaRue, et al., Pereira, et al., and dbSNP. Sequences confirmed with IGV . 2Due to lack of RS number for the observed SNP, the hg19 locus coordinates are provided. 
	1Motif different from LaRue, et al., Pereira, et al., and dbSNP. Sequences confirmed with IGV . 2Due to lack of RS number for the observed SNP, the hg19 locus coordinates are provided. 

	3One of twenty-two INDELs, with substantial sequence variation, that are recommended for future HID INDEL panels. 
	3One of twenty-two INDELs, with substantial sequence variation, that are recommended for future HID INDEL panels. 
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	Table 6.  Insertion/deletion loci that are part of a short tandem repeat (STR) motif.  The repeat motif for each locus is underlined and italicized letters indicate sequence that is not captured as part of the STRait Razor flank but was identified manually using the Integrative Genomics Viewer (IGV). 
	Locus rs# 
	Locus rs# 
	Locus rs# 
	STRait Razor Sequence for Insertions 
	Number of Repeat Motifs 

	rs1160886 
	rs1160886 
	TAGTACTAC 
	2 

	rs1160956 
	rs1160956 
	AAAGAAGAGCAAC 
	2 

	rs16402 
	rs16402 
	ATTAATTATTTATT 
	2 

	rs16458 
	rs16458 
	TTTTACAATTCCTTCCTTC 
	2 

	rs17859968 
	rs17859968 
	GGCACATAAATAAA 
	2 

	rs2067208 
	rs2067208 
	AAAGAGCCTGGCCTG 
	2 

	rs2307580 
	rs2307580 
	TAATTAATTGAATA 
	2 

	rs2307689 
	rs2307689 
	GGCTGTTCTTCTTC 
	3 

	rs2307710 
	rs2307710 
	CCAGAGAAGGAAGGAAGGA 
	3 

	rs2307839 
	rs2307839 
	TGAGAGAACAAC 
	3 

	rs2307850 
	rs2307850 
	AGCCTCCACCCACC 
	2 

	rs2308276 
	rs2308276 
	GATGAATTTAATTTAAA 
	2 

	rs3051300 
	rs3051300 
	AGTCCATGTATGTA 
	2 

	rs34535242 
	rs34535242 
	TAGCTGGTAGGTAGGTAG 
	3 

	rs3841948 
	rs3841948 
	TATACAATTTAATTT 
	2 


	o) and expected (He) heterozygosities in four major US population groups for 42 INDEL loci that exhibited sequence 
	o) and expected (He) heterozygosities in four major US population groups for 42 INDEL loci that exhibited sequence 
	Table 7.
	  Length-based (LB) and sequence-based (SB) observed (H

	o and He as a result of utilizing SB alleles is indicated by ΔHo and ΔHe, respectively. 
	variation. The change in H


	Figure
	AFA ASA 
	AFA ASA 
	rs1062349 6 rs1062907 7 rs1068886 8 rs1160956 rs1344750 8 rs140809 

	Locus 
	Locus 
	LB SB ΔHLB SB ΔHLB SB ΔHLB SB ΔH eHe eHoHo oHeHe eHoHo o 
	H

	0.0 
	0.0 
	0.0 
	0.0
	0.48 0.48 
	0.59 0.59 
	0.45 0.46 
	0.40 0.40
	0 
	0 
	1 
	0 0.0 0.0 0.0 0.0
	0.39 0.39 0.41 0.41 0.41 0.41 0.33 0.33
	1 0 0 0 0.3 
	0.3 
	0.1 
	0.1
	0.33 0.67 
	0.35 0.73 
	0.50 0.60 
	0.53 0.65
	5 
	8 
	0 
	2 0.0 0.0 0.0 0.0
	0.50 0.52 0.49 0.51 0.48 0.48 0.42 0.42
	1 3 0 0 0.0 
	0.0 
	0.0 
	0.0
	0.47 0.50 
	0.51 0.57 
	0.51 0.51 
	0.51 0.51
	3 
	5 
	0 
	0 0.1 0.1 0.2 0.1
	0.49 0.66 0.35 0.46 0.47 0.70 0.40 0.51
	7 1 4 2 0.1 
	0.1 
	0.0 
	0.0
	rs1610871 0.51 0.64 
	0.51 0.65 
	0.47 0.51 
	0.37 0.42
	3 
	4 
	4 
	5 0.0 0.0 0.0 0.0
	rs16624 0.39 0.43 0.30 0.35 0.50 0.51 0.42 0.42
	4 5 1 0 rs1785996 
	0.0 
	0.1 
	0.0 
	0.0
	0.45 0.54 
	0.46 0.57 
	0.46 0.50 
	0.51 0.53
	8 
	9 
	1 
	4 
	2 0.3 0.2 0.0 0.0
	rs2067140 0.34 0.64 0.38 0.65 0.46 0.52 0.42 0.49
	0 7 6 7 0.0 
	0.0 
	0.0 
	0.0
	rs2067191 0.49 0.51 
	0.51 0.54 
	0.50 0.50 
	0.58 0.58
	2 
	3 
	0 
	0 0.0 0.0 0.0 0.0
	rs2067208 0.31 0.31 0.32 0.32 0.29 0.35 0.26 0.28
	0 0 6 2 0.0 
	0.0 
	0.0 
	0.0
	rs2307507 0.31 0.32 
	0.27 0.27 
	0.45 0.45 
	0.41 0.41
	0 
	0 
	0 
	0 

	0 0.2 0.1 0.0 0.0
	rs2307526 0.47 0.67 0.51 0.70 0.47 0.50 0.54 0.54
	0 9 3 0 0.0 
	0.0 
	0.0 
	0.0
	rs2307579 0.49 0.50 
	0.51 0.51 
	0.29 0.29 
	0.30 0.30
	1 
	1 
	0 
	0 

	0 0.0 0.0 0.0 0.0
	rs2307656 0.48 0.55 0.43 0.49 0.50 0.58 0.47 0.56
	7 5 8 9 0.0 
	0.0 
	0.2 
	0.3
	rs2307689 0.50 0.59 
	0.59 0.62 
	0.40 0.66 
	0.40 0.72
	9 
	9 
	3 
	7 

	3 0.2 0.1 0.0 0.0
	rs2307700 0.45 0.67 0.41 0.59 0.40 0.48 0.35 0.42
	2 9 8 7 0.1 
	0.2 
	0.1 
	0.1
	rs2307978 0.48 0.67 
	0.46 0.68 
	0.49 0.66 
	0.44 0.60
	8 
	8 
	2 
	8 

	6 0.2 0.2 0.1 0.1
	rs2308189 0.50 0.76 0.54 0.81 0.50 0.64 0.60 0.74
	6 7 4 4 0.0 
	0.0 
	0.0 
	0.0
	rs2308232 0.39 0.39 
	0.41 0.41 
	0.40 0.43 
	0.39 0.44
	1 
	1 
	0 
	3 

	5 0.0 0.0 0.0 0.0
	rs2308242 0.45 0.45 0.30 0.30 0.40 0.40 0.49 0.49
	0 0 0 0 0.0 
	0.0 
	0.1 
	0.2
	rs2308276 0.50 0.53 
	0.54 0.57 
	0.49 0.65 
	0.49 0.77
	3 
	3 
	3 
	6 

	Figure
	9 1 4 4 rs2892321 6 0.44 0.46 0.0 2 0.38 0.41 0.0 3 0.50 0.50 0.0 0 0.50 0.50 0.0 0 rs3038530 0.46 0.60 0.1 4 0.49 0.65 0.1 6 0.47 0.65 0.1 9 0.58 0.67 0.0 9 rs3042783 0.34 0.49 0.1 5 0.32 0.49 0.1 6 0.48 0.53 0.0 5 0.53 0.56 0.0 2 rs3045264 0.41 0.41 0.0 0 0.51 0.51 0.0 0 0.46 0.46 0.0 0 0.43 0.43 0.0 0 rs3051300 0.31 0.31 0.0 0 0.27 0.27 0.0 0 0.48 0.48 0.0 0 0.44 0.44 0.0 0 rs3395143 1 0.44 0.68 0.2 3 0.38 0.62 0.2 4 0.48 0.55 0.0 7 0.49 0.58 0.0 9 rs3451154 1 0.49 0.61 0.1 2 0.32 0.41 0.0 8 0.51 0.59 0.

	CAU HIS 
	CAU HIS 
	rs1062349 6 rs1062907 7 rs1068886 8 rs1160956 rs1344750 8 

	Locus 
	Locus 
	LB SB ΔHLB SB ΔHLB SB ΔHLB SB ΔH eHe eHoHo oHeHe eHoHo o 
	H

	0.0 
	0.0 
	0.0 
	0.0
	0.46 0.46 
	0.33 0.33 
	0.43 0.43 
	0.41 0.41
	0 
	0 
	0 
	0 0.0 0.0 0.0 0.0
	0.29 0.29 0.31 0.31 0.40 0.40 0.39 0.39
	0 0 0 0 0.2 
	0.2 
	0.2 
	0.3
	0.44 0.67 
	0.43 0.63 
	0.47 0.72 
	0.45 0.76
	3 
	3 
	0 
	5 

	1 0.0 0.0 0.0 0.0
	0.30 0.30 0.33 0.33 0.48 0.48 0.48 0.48
	0 0 0 0 0.0 
	0.0 
	0.0 
	0.0
	0.41 0.41 
	0.33 0.33 
	0.48 0.48 
	0.48 0.48
	0 
	0 
	0 
	0 
	0 

	Figure
	rs140809 0.50 0.64 0.1 4 0.44 0.54 0.1 0 0.28 0.45 0.1 7 0.24 0.41 0.1 6 rs1610871 0.49 0.49 0.0 0 0.53 0.53 0.0 0 0.51 0.52 0.0 1 0.38 0.41 0.0 3 rs16624 0.36 0.38 0.0 2 0.27 0.29 0.0 2 0.50 0.51 0.0 1 0.59 0.59 0.0 0 rs1785996 8 0.50 0.51 0.0 1 0.55 0.55 0.0 0 0.49 0.52 0.0 2 0.51 0.55 0.0 4 rs2067140 0.48 0.55 0.0 7 0.53 0.57 0.0 4 0.47 0.55 0.0 7 0.47 0.53 0.0 6 rs2067191 0.50 0.50 0.0 0 0.41 0.41 0.0 0 0.46 0.46 0.0 0 0.43 0.43 0.0 0 rs2067208 0.44 0.59 0.1 6 0.39 0.55 0.1 6 0.43 0.50 0.0 7 0.45 0.51 0
	Figure
	rs3452802 5 0.46 0.46 0.0 0 0.45 0.45 0.0 0 0.44 0.56 0.1 2 0.39 0.49 0.1 0 rs3479572 6 0.50 0.51 0.0 1 0.51 0.53 0.0 2 0.48 0.48 0.0 0 0.46 0.46 0.0 0 rs3481174 3 0.45 0.45 0.0 0 0.35 0.35 0.0 0 0.37 0.41 0.0 5 0.40 0.46 0.0 6 rs3560598 4 0.50 0.51 0.0 1 0.47 0.49 0.0 2 0.49 0.49 0.0 0 0.51 0.51 0.0 0 rs3576955 0 0.50 0.50 0.0 0 0.61 0.61 0.0 0 0.47 0.47 0.0 0 0.41 0.41 0.0 0 rs3606216 9 0.49 0.49 0.0 0 0.49 0.49 0.0 0 0.50 0.50 0.0 0 0.59 0.59 0.0 0 rs3838581 0.44 0.44 0.0 0 0.43 0.43 0.0 0 0.51 0.51 0.0 
	Figure
	Table 8. Length-based (LB) and sequence-based (SB) observed heterozygosity rank (1= highest) in four major US population groups for 68 INDEL loci.  
	AFA 
	AFA 
	AFA 
	ASA 
	CAU 
	HIS 

	Locus 
	Locus 
	LB 
	SB 
	LB 
	SB 
	LB 
	SB 
	LB 
	SB 

	TR
	Rank 
	Rank 
	Rank 
	Rank 
	Rank 
	Rank 
	Rank 
	Rank 


	rs106234961 
	5 15 50 55 62 63 44 51 
	rs1062907740 48 59 59 65 66 47 54 
	1 

	rs106888681 ,2 
	51 2 9 6 42 7 33 1 
	rs1160886 11 24 10 18 25 34 37 44 
	rs11609561 
	21 25 42 47 63 64 23 34 
	rs1344750812 20 12 20 64 65 21 33 
	1 

	rs1408091,2 
	52 37 51 21 41 22 67 52 
	rs161087113 6 54 48 10 23 50 49 
	1,2 

	rs16402 
	14 26 65 65 59 61 58 61 
	rs16458 22 31 43 49 37 46 24 35 
	58 56 44 50 66 67 5 12
	rs17859968
	rs16624
	1

	1 

	,2 29 21 13 19 8 18 16 19 
	rs20671401,2 
	46 7 45 25 11 15 26 21 
	rs206719115 23 4 12 50 55 40 46 
	1 

	rs20672081,2 
	54 58 66 66 53 19 34 25 
	rs2067294 61 61 46 51 38 47 20 32 
	rs23075071 
	62 62 49 54 26 35 57 60 
	rs230752616 3 8 17 12 8 32 2 
	1,2 

	rs23075791 
	17 27 62 62 43 50 59 62 
	rs2307580 63 63 23 31 27 36 39 45 
	rs2307603 
	30 38 60 60 3 11 10 15 
	rs230765637 32 24 14 1 3 22 28 
	1,2 

	rs23076891,2 
	6 9 52 3 54 5 38 17 
	rs2307696 38 46 25 32 57 60 2 7 
	rs23077001,2 
	41 16 57 52 18 9 54 24 
	rs2307710 2 10 30 37 5 14 56 59 
	rs2307839 
	60 60 17 26 67 68 61 64 
	rs2307850 23 33 31 38 44 51 53 58 
	rs23079781,2 
	31 5 32 8 68 6 64 23 
	rs2308112 64 64 1 4 19 30 51 56 
	rs2308137 
	47 54 33 39 28 37 62 65 
	rs2308171 53 57 67 67 56 59 65 67 
	rs23081891,2 
	8 1 3 2 48 4 9 8 
	rs2308196 24 34 47 53 39 48 35 41 
	rs23082321,2 
	42 49 53 44 22 29 55 48 
	rs230824259 59 18 27 49 54 60 63 
	1 

	rs23082761,2 
	9 22 19 1 13 24 13 13 
	rs230829225 17 26 9 32 1 27 3 
	1,2 

	Figure
	rs289232161 
	48 50 16 24 33 42 14 22 
	rs303853026 8 5 5 60 43 15 4 
	1,2 

	rs30427831,2 
	55 35 11 15 45 12 7 5 
	rs304526418 28 40 45 34 44 11 16 
	1 

	rs3047269 
	7 19 41 46 31 41 4 11 
	65 65 34 40 23 32 42 43 
	rs3051300
	1 

	rs3062629 
	32 39 27 33 24 33 18 29 
	rs3080855 33 40 14 22 14 25 28 37 
	49 55 58 58 52 57 66 68
	rs33951431
	rs33917182
	1 

	,2 50 11 20 13 20 31 29 26 
	rs34051577 
	3 12 35 41 46 52 30 38 
	rs34495360 44 53 7 16 55 58 63 66 
	19 29 63 63 2 10 48 55
	rs34511541
	rs34510056
	1 

	,2 56 51 6 7 58 20 8 9 
	rs345280251 
	39 47 15 23 40 49 49 30 
	rs34535242 34 41 55 56 29 38 12 18 
	rs34541393 
	35 42 61 61 15 26 36 42 
	rs3479572666 66 56 57 21 27 31 39 
	1 

	rs348117431 ,2 
	10 13 68 68 61 62 45 40 
	rs356059844 14 29 36 35 39 17 27 
	1 

	rs35716687 
	20 30 36 42 9 21 41 47 
	rs3576955068 68 21 28 4 13 43 50 
	1 

	rs36040336 
	27 36 64 64 51 56 19 31 
	rs360621691 4 28 29 30 40 6 14 
	1 

	rs38385811 
	43 52 22 30 47 53 25 36 
	rs384194857 43 2 10 16 28 52 57 
	1 

	rs4187 
	36 44 37 43 36 45 1 6 
	rs464600667 67 38 34 7 17 46 53 
	1 

	28 
	28 
	28 
	18 
	48 
	11 
	17 
	2 
	68 
	20 

	45 
	45 
	45 
	39 
	35 
	6 
	16 
	3 
	10 

	1Marker is part of a microhaplotype observed in these population data2Marker is one of the 22 INDELs/microhaplotypes with increased heterozygosity 
	1Marker is part of a microhaplotype observed in these population data2Marker is one of the 22 INDELs/microhaplotypes with increased heterozygosity 


	rs58954461,2 rs609015151 ,2 
	Figure


	AIM INDEL Markers 
	AIM INDEL Markers 
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	ST comparisons of the three major global population groups, Caucasian, African, and East ST value greater than 0.5 were included. These markers were subsequently filtered to include only INDELs of length three to six base pairs. Next, the markers with allele frequency divergence in one of the three population groups were selected. A summary of the number of INDELs that meet these criteria can be seen in Table 10. 
	All INDEL markers identified in VCFtools were filtered based on pairwise F
	Asian. Those with at least one pairwise F

	From the remaining INDELs, 60 markers, 20 for each population group, were selected as potential AIMs. These were chosen based on physical distance and allele frequency divergence. The allele frequency difference, or delta (δ) value was calculated between each population group. Markers with high delta value (> 0.5) were included in the panel as potential AIMs. Additionally, all syntenic markers, markers on the same chromosome, were selected to have a physical distance of at least 1Mb from its nearest neighbo
	Figure
	Table 10. Summary of AIM-INDELs identified using VCFtools. 
	Table 10. Summary of AIM-INDELs identified using VCFtools. 
	Table 10. Summary of AIM-INDELs identified using VCFtools. 

	Chromosome 
	Chromosome 
	East Caucasian Asian African 
	Total 

	1 
	1 
	7 35 58 
	100 

	2 
	2 
	11 40 107 
	158 

	3 
	3 
	7 14 72 
	93 

	4 
	4 
	5 32 117 
	154 

	5 
	5 
	7 46 56 
	109 

	6 
	6 
	8 22 38 
	68 

	7 
	7 
	7 23 38 
	68 

	8 
	8 
	6 5 21 
	32 

	9 
	9 
	7 11 43 
	61 

	10 
	10 
	9 19 45 
	73 

	11 
	11 
	3 12 44 
	59 

	12 
	12 
	0 8 15 
	23 

	13 
	13 
	0 11 7 
	18 

	14 
	14 
	1 2 4 
	7 

	15 
	15 
	13 15 24 
	52 

	16 
	16 
	1 6 8 
	15 

	17 
	17 
	2 5 18 
	25 

	18 
	18 
	1 6 10 
	17 

	19 
	19 
	0 6 10 
	16 

	20 
	20 
	1 5 8 
	14 

	21 
	21 
	0 3 3 
	6 

	22 
	22 
	1 3 10 
	14 

	Total 
	Total 
	97 329 756 
	1182 


	Statistical Analysis 
	Statistical Analysis 

	To test whether these marker would cluster the population groups correctly, Principal Component Analysis (PCA) was performed using the software program Past3 (Figure 18A). Samples from each population group were labelled with a different color to show the distinct clusters among the training set.  The first two principal components (PC1 and PC2) explained 40.3% of the variation. To further test the markers capacity to separate the major global population groups, populations from the 1000 Genomes Project tha
	population from Gambia in the Western Division, an Iberian population from Spain, and a 
	Figure
	Kinh population in Ho Chi Minh City, Vietnam were selected to represent the African, Caucasian, and East Asian population groups, respectively. 
	Figure
	Figure 18. Principal Component Analysis (PCA) of 60 Ancestry Informative Markers (AIMs) using the software package, Past3. A) Original training set of 550 Individuals; Caucasian (Black Plus), East Asian (Blue Diamond) and African (Red Dot). B) Original training set with additional samples from Gambia in the Western Division (Purple Square). C) Original training set with additional Iberian samples from Spain (Yellow Star). D) Original training set with additional samples from Kinh in Ho Chi Minh City, Vietna
	Additional statistical analysis was performed on the 60 markers using the software package Genetic Data Analysis (GDA). Exact tests for Hardy-Weinberg Equilibrium (HWE) were performed on the set of 60 AIMs. Of the 60 markers, five in the African population group, seven in the Caucasian population group, and three in the East Asian population group showed departure from HWE at a significance level of 0.05. After Bonferroni correction for multiple comparisons (α=0.05/60), only one marker showed 
	Additional statistical analysis was performed on the 60 markers using the software package Genetic Data Analysis (GDA). Exact tests for Hardy-Weinberg Equilibrium (HWE) were performed on the set of 60 AIMs. Of the 60 markers, five in the African population group, seven in the Caucasian population group, and three in the East Asian population group showed departure from HWE at a significance level of 0.05. After Bonferroni correction for multiple comparisons (α=0.05/60), only one marker showed 
	significant departure from HWE in all three population groups. INDEL rs78981054 showed a p-value of less than 8.33x10 in all three population groups. 
	-4


	Figure
	The remaining 59 markers were evaluated for Linkage Disequilibrium (LD) to determine if there was an observable pattern of inheritance between any of the marker combinations. Of the 1710 combinations per population group, 222 in the African population group, 145 in the Caucasian population group, and 130 combinations in the East Asian population group showed LD. After Bonferroni correction for multiple comparisons (α= 0.05/1710), only three in the African population group, two in the Caucasian population gr
	The panel of 59 AIMs was analyzed for ancestry admixture in the software program STRUCTURE v.2.3.4 (31-34). After 20 simulations for 10 values of K, the ad hoc statistic, ΔK, was calculated (35). Figure 19A describes the distribution of ΔK for K values 1 through 10. ΔK is maximized when K=3. Figure xdescribes the STRUCTURE output for each individual (19C) and the population groups as a whole (19B).   
	Figure
	Table 10. Descriptive Statistics of the 59 Ancestry-Informative Markers. (He and Ho refer to expected and observed heterozygosity, respectively).  
	Table 10. Descriptive Statistics of the 59 Ancestry-Informative Markers. (He and Ho refer to expected and observed heterozygosity, respectively).  
	Table 10. Descriptive Statistics of the 59 Ancestry-Informative Markers. (He and Ho refer to expected and observed heterozygosity, respectively).  

	TR
	CAUCASIAN 

	TR
	Frequency of Insertion 
	Delta 
	Pairwise Fst 
	Heterozygosity 

	rs# 
	rs# 
	Chrom. 
	Position 
	Sequence 
	African 
	Caucasian 
	East Asian 
	v.AFR 
	v.EAS 
	v.AFR 
	v.EAS 
	He 
	Ho 

	rs139570718 
	rs139570718 
	1 
	214397853 
	-/CCCAG 
	0.0352564 0.727459 0.223333 
	0.6922026 0.504126 
	0.640101 0.400736 
	0.477808 0.296364 

	rs3831920 
	rs3831920 
	1 
	1227664 
	-/TGAG 
	0.375 
	0.913934 
	0.293333 
	0.538934 
	0.620601 
	0.508888 
	0.600295 
	0.483578 
	0.289091 

	rs70958016 
	rs70958016 
	2 
	13725708 
	-/AGTTT 
	0.865385 0.278689 0.65 
	0.586696 0.371311 
	0.504749 0.244201 
	0.496152 0.372727 

	rs67934853 
	rs67934853 
	2 
	74943887 
	-/TAAC 
	0.923077 
	0.258197 
	0.81 
	0.66488 
	0.551803 
	0.603647 
	0.460751 
	0.481514 
	0.3 

	rs139220746 
	rs139220746 
	2 
	200205694 
	-/TATC 
	0.826923 0.227459 0.673333 
	0.599464 0.445874 
	0.52312 0.338786 
	0.499725 0.365455 

	rs140498743 
	rs140498743 
	3 
	139232513 
	-/TGTC 
	0.842949 
	0.360656 
	0.95 
	0.482293 
	0.589344 
	0.37517 
	0.517759 
	0.450366 
	0.287273 

	rs5864438 
	rs5864438 
	4 
	178146869 
	-/CTAT 
	0.839744 0.192623 0.803333 
	0.647121 0.61071 
	0.585954 0.542572 
	0.4968 0.303636 

	rs149676649 
	rs149676649 
	5 
	28495386 
	-/GATT 
	0.349359 
	0.79918 
	0.106667 
	0.449821 
	0.692513 
	0.350045 
	0.637831 
	0.499858 
	0.343636 

	rs57237250 
	rs57237250 
	6 
	110263002 
	-/GAGT 
	0.826923 0.260246 0.903333 
	0.566677 0.643087 
	0.479728 0.574514 
	0.481866 0.312727 

	rs1160871 
	rs1160871 
	7 
	28168745 
	-/TCTT 
	0.217949 
	0.788934 
	0.0233333 
	0.570985 
	0.7656007 
	0.491182 
	0.72318 
	0.487054 
	0.272727 

	rs55855642 
	rs55855642 
	8 
	122272251 
	-/ATAGAG 
	0.855769 0.381148 0.996667 
	0.474621 0.615519 
	0.368124 0.561435 
	0.432949 0.287273 

	rs67538813 
	rs67538813 
	9 
	30471814 
	-/CAGA 
	0.958333 
	0.383197 
	0.696667 
	0.575136 
	0.31347 
	0.507485 
	0.17589 
	0.465671 
	0.354545 

	rs10651200 
	rs10651200 
	10 
	69800907 
	-/TAACAA 
	0.939103 0.334016 0.83 
	0.605087 0.495984 
	0.525682 0.389713 
	0.460708 0.336364 

	rs71991275 
	rs71991275 
	10 
	28470438 
	-/AATA 
	0.74359 
	0.348361 
	0.996667 
	0.395229 
	0.648306 
	0.266669 
	0.596017 
	0.462733 
	0.329091 

	rs11576045 
	rs11576045 
	12 
	111799524 
	-/TGT 
	0.762821 0.235656 0.936667 
	0.527165 0.701011 
	0.433617 0.646023 
	0.488782 0.298182 

	rs35779249 
	rs35779249 
	13 
	43964476 
	-/TAA 
	0.961538 
	0.297131 
	0.82 
	0.664407 
	0.522869 
	0.607878 
	0.422731 
	0.467564 
	0.289091 

	rs370096890 
	rs370096890 
	14 
	65368820 
	-/CTTGA 
	0.910256 0.209016 0.63 
	0.70124 0.420984 
	0.648534 0.314874 
	0.499421 0.307273 

	rs138439822 
	rs138439822 
	15 
	35537968 
	-/TAACTC 
	0.858974 
	0.270492 
	0.713333 
	0.588482 
	0.442841 
	0.506957 
	0.327046 
	0.493679 
	0.345455 

	rs10528149 
	rs10528149 
	16 
	69989686 
	-/TGAT 
	0.0769231 0.721311 0.36 
	0.6443879 0.361311 
	0.578944 0.233118 
	0.493248 0.323636 

	rs55885844 
	rs55885844 
	17 
	79605107 
	-/ATTAA 
	0.304487 
	0.657787 
	0.00333333 
	0.3533 
	0.6544537 
	0.219042 
	0.602563 
	0.47119 
	0.321818 
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	Table
	TR
	EAST ASIAN 

	TR
	Frequency of Insertion 
	Delta 
	Pairwise Fst 
	Heterozygosity 

	rs# 
	rs# 
	Chrom. 
	Position 
	Sequence 
	African 
	Caucasian 
	East Asian 
	v.AFR 
	v.CAU 
	v.AFR 
	v.CAU 
	He 
	Ho 

	rs141933116 
	rs141933116 
	1 
	8189066 
	-/AAGT 
	0.701923 0.956967 0.39 
	0.311923 0.566967 
	0.176461 0.579729 
	0.394559 0.310909 

	rs5839799 
	rs5839799 
	2 
	241417278 
	-/GTCT 
	0.88141 
	0.694672 
	0.286667 
	0.594743 
	0.408005 
	0.533799 
	0.282733 
	0.463231 
	0.352727 

	rs72375069 
	rs72375069 
	3 
	27427821 
	-/AATT 
	0.980769 0.657787 0.256667 
	0.724102 0.40112 
	0.7167 0.273236 
	0.461219 0.330909 

	rs33915414 
	rs33915414 
	4 
	21762063 
	-/CATGTT 
	0.0801282 
	0.385246 
	0.803333 
	0.7232048 
	0.418087 
	0.693429 
	0.295226 
	0.485208 
	0.334545 

	rs1610951 
	rs1610951 
	5 
	108999835 
	-/TTGG 
	0.971154 0.868852 0.336667 
	0.634487 0.532185 
	0.61792 0.475083 
	0.372597 0.232727 

	rs367799178 
	rs367799178 
	6 
	21621169 
	-/TTAA 
	0.285256 
	0.284836 
	0.89 
	0.604744 
	0.605164 
	0.544839 
	0.527296 
	0.49545 
	0.38 

	rs151280400 
	rs151280400 
	7 
	125249166 
	-/AATC 
	0.910256 0.659836 0.35 
	0.560256 0.309836 
	0.504593 0.17317 
	0.457571 0.358182 

	rs10581451 
	rs10581451 
	8 
	73854660 
	-/TGAG 
	0.894231 
	0.965164 
	0.18 
	0.714231 
	0.785164 
	0.677952 
	0.799592 
	0.39372 
	0.163636 

	rs150560593 
	rs150560593 
	9 
	95478810 
	-/TGCA 
	0.865385 0.739754 0.283333 
	0.582052 0.456421 
	0.514276 0.344585 
	0.454866 0.334545 

	rs67205569 
	rs67205569 
	10 
	94941566 
	-/TTGAC 
	0.971154 
	0.885246 
	0.1333333 
	0.8378207 
	0.7519127 
	0.831329 
	0.724881 
	0.416701 
	0.165455 

	rs143873637 
	rs143873637 
	11 
	97893598 
	-/TTGA 
	0.823718 0.866803 0.243333 
	0.580385 0.62347 
	0.504557 0.57738 
	0.432279 0.274545 

	rs66693708 
	rs66693708 
	12 
	77398405 
	-/TAAG 
	0.974359 
	0.805328 
	0.326667 
	0.647692 
	0.478661 
	0.633852 
	0.386204 
	0.40115 
	0.270909 

	rs10587399 
	rs10587399 
	13 
	37776954 
	-/TACT 
	0.887821 0.717213 0.243333 
	0.644488 0.47388 
	0.594295 0.362933 
	0.463231 0.341818 

	rs141122561 
	rs141122561 
	14 
	49242955 
	-/TTAGT 
	0.996795 
	0.963115 
	0.37 
	0.626795 
	0.593115 
	0.627839 
	0.612742 
	0.30695 
	0.174545 

	rs200047010 
	rs200047010 
	15 
	102264144 
	-/GCAGG 
	0.714744 0.702869 0.13 
	0.584744 0.572869 
	0.515882 0.486211 
	0.49545 0.336364 

	rs10549914 
	rs10549914 
	17 
	5328978 
	-/TTTA 
	0.852564 
	0.719262 
	0.18 
	0.672564 
	0.539262 
	0.622449 
	0.443694 
	0.476233 
	0.332727 

	rs74515961 
	rs74515961 
	18 
	52716306 
	-/ATGTC 
	0.983974 0.786885 0.376667 
	0.607307 0.410218 
	0.598112 0.301386 
	0.39372 0.269091 

	rs10668859 
	rs10668859 
	19 
	266759 
	-/GAAAG 
	0.86859 
	0.637295 
	0.14 
	0.72859 
	0.497295 
	0.692713 
	0.393972 
	0.491395 
	0.341818 

	rs11474791 
	rs11474791 
	20 
	19234875 
	-/GGACT 
	0.221154 0.108607 0.79 
	0.568846 0.681393 
	0.487299 0.652616 
	0.440101 0.278182 

	rs3074939 
	rs3074939 
	21 
	43422429 
	-/CAGT 
	0.205128 
	0.364754 
	0.836667 
	0.631539 
	0.471913 
	0.569109 
	0.361085 
	0.49508 
	0.358182 


	Table
	TR
	AFRICAN 

	TR
	Frequency of Insertion 
	Delta 
	Pairwise Fst 
	Heterozygosity 

	rs# 
	rs# 
	Chrom. 
	Position 
	Sequence 
	African 
	Caucasian 
	East Asian 
	v.EAS 
	v.CAU 
	v.EAS 
	v.CAU 
	He 
	Ho 

	rs59385244 
	rs59385244 
	1 
	16367160 
	-/AAGG 
	0.314103 0.821721 0.99 
	0.675897 0.507618 
	0.66481 0.424857 
	0.400337 0.261818 

	rs59009450 
	rs59009450 
	1 
	248818535 
	-/AAGAT 
	0.689103 
	0.0881148 
	0.246667 
	0.442436 
	0.6009882 
	0.325636 
	0.575336 
	0.421831 
	0.24 

	rs11277277 
	rs11277277 
	2 
	11273217 
	-/CACAG 
	0.339744 0.987705 0.936667 
	0.596923 0.647961 
	0.552569 0.687956 
	0.332102 0.176364 

	rs67344973 
	rs67344973 
	2 
	178513061 
	-/GTTT 
	0.875 
	0.256148 
	0.263333 
	0.611667 
	0.618852 
	0.551826 
	0.545406 
	0.491639 
	0.325455 

	rs148921522 
	rs148921522 
	3 
	85588405 
	-/TAAC 
	0.160256 0.625 0.86 
	0.699744 0.464744 
	0.656259 0.354217 
	0.493889 0.354545 

	rs112191273 
	rs112191273 
	3 
	7351968 
	-/GCTT 
	0.657051 
	0.0266393 
	0.0433333 
	0.6137177 
	0.6304117 
	0.580653 
	0.656176 
	0.332102 
	0.165455 

	rs70941213 
	rs70941213 
	4 
	106669965 
	-/AGTT 
	0.916667 0.243852 0.12 
	0.796667 0.672815 
	0.776951 0.613038 
	0.480799 0.256364 

	rs72255563 
	rs72255563 
	5 
	176226827 
	-/ACTT 
	0.772436 
	0.114754 
	0.136667 
	0.635769 
	0.657682 
	0.576689 
	0.622541 
	0.4261 
	0.229091 

	rs60234845 
	rs60234845 
	6 
	155859718 
	-/CCAA 
	0.75 0.239754 0.156667 
	0.593333 0.510246 
	0.521703 0.412464 
	0.462232 0.349091 

	rs35625334 
	rs35625334 
	7 
	79883089 
	-/AGAT 
	0.894231 
	0.354508 
	0.106667 
	0.787564 
	0.539723 
	0.764883 
	0.450782 
	0.493248 
	0.312727 

	rs56767439 
	rs56767439 
	8 
	12977501 
	-/TTAC 
	0.810897 0.204918 0.156667 
	0.65423 0.605979 
	0.59818 0.534393 
	0.463231 0.287273 

	rs113043680 
	rs113043680 
	9 
	126640635 
	-/TAAG 
	0.708333 
	0.139344 
	0.0966667 
	0.6116663 
	0.568989 
	0.556619 
	0.511686 
	0.411409 
	0.265455 

	rs113501732 
	rs113501732 
	10 
	128948642 
	-/CCTGT 
	0.272436 0.911885 0.763333 
	0.490897 0.639449 
	0.386335 0.616993 
	0.428189 0.249091 

	rs74499778 
	rs74499778 
	11 
	129941381 
	-/AGCT 
	0.375 
	0.952869 
	0.62 
	0.245 
	0.577869 
	0.110407 
	0.583277 
	0.421831 
	0.309091 

	rs2307553 
	rs2307553 
	14 
	80121686 
	-/TGAC 
	0.884615 0.252049 0.38 
	0.504615 0.632566 
	0.430009 0.562808 
	0.49819 0.383636 

	rs138123572 
	rs138123572 
	15 
	72786235 
	-/TGAC 
	0.185897 
	0.959016 
	0.946667 
	0.76077 
	0.773119 
	0.738709 
	0.782133 
	0.388618 
	0.149091 

	rs66913380 
	rs66913380 
	17 
	42191379 
	-/GCCA 
	0.195513 0.786885 0.85 
	0.654487 0.591372 
	0.598891 0.515387 
	0.463231 0.312727 

	rs10540310 
	rs10540310 
	20 
	59105205 
	-/CTTC 
	0.272436 
	0.75 
	0.87 
	0.597564 
	0.477564 
	0.531245 
	0.371308 
	0.457037 
	0.327273 

	rs10560659 
	rs10560659 
	21 
	17025686 
	-/CAAT 
	0.778846 0.17418 0.12 
	0.658846 0.604666 
	0.607315 0.54009 
	0.443219 0.272727 


	Figure
	Figure
	Figure 19. STRUCTURE v.2.3.4 Analysis of 59 AIMs.  A) Graphical representation of the ad hoc statistic, ΔK.  B) Table describing the overall population assignment of the training set samples for the 20 simulations at K=3. C) STRUCTURE plot for African (AFR), East Asian (EAS) and Caucasian (CAU) population groups compiled in CLUMPP v1.1.2 (36) and graphically displayed in distruct v1.1 (37). 
	Upon further analysis it was determined that 59 INDELs were more than adequate to separate major global popualtions.  To determine the minimum number of markers required to separate 3 major global populations, We used an iterative process where we performed PCA and structure on a decreasing number of our best markers (sorted by FST and then Delta value). The results were that we could separate 3 major global populations with 12 INDELs if care was taken to choose the appropriate markers (figure 20) 
	Figure
	Figure
	# of 
	Population Inferred Population Assignment (%) 
	Population Inferred Population Assignment (%) 
	AFR 
	EAS 
	CAU 
	Individuals 

	of Origin 
	of Origin 
	99.43 0.37 0.2 
	156

	African 
	African 
	0 
	99.1 
	0.9 
	150

	East Asian 
	East Asian 
	0 0.2 99.8 
	244
	Caucasian 
	Figure
	Figure 20.  (Counter-clockwise from upper left) PCA, and structure barplot depicting the separation of samples based on 12 best AIM INDEL markers.  In the upper right, table displaying confidence when 3 populations are assumed during structure analysis. 
	Based on this analysis it was decided to reduce the number of markers to a number that would be more manageable in a multiplex PCR reaction. The list selected are described in table 11 and represent a redundant set of AIM markers to be multiplexed in the event of allele drop out. A set of 30 best markers were chosen to be multiplexed and in a similar manner to the way we checked primer compatibility for the HID primers, unlabeled primers were ordered and assessed for suitability on a microfluidic electropho
	Primer pairs were chosen via Primer-BLAST produced desired primer sequences, lengths, and the associated melting temperatures, and G-C content percentage Once primer pairs were chosen, they were checked for potential dimerization using MPprimer. Each forward primer is compared to each reverse primer, and the output gives matches, an alignment score, 3’-3’ dimer check, and ΔG (kcal/mol). Any primers with alignment scores of 5 or greater, or ΔG of -7 or less were discarded, and different primer pairs for thos
	Table 11: Top 30 markers and selected forward and reverse primers. 
	Figure
	Order # 
	Order # 
	Order # 
	rs# 
	Chrom 
	Position 
	Forward Primer 
	Reverse Primer 
	SeqLength 
	INDEL 

	1 
	1 
	rs138123572 
	15 
	72786235 
	GCTTTTCTCCATAACCTCAGA 
	TTTGTGCTTTTTGAATTTGAACC 
	151 
	TGAC (Ins) 

	2 
	2 
	rs139570718 
	1 
	214397853 
	CACTTCTAGGGATTTGTGGGGT 
	AGTTGAGACTTGGCTGACGG 
	147 
	CCCAG (Ins) 

	3 
	3 
	rs67934853 
	2 
	74943887 
	ACCAGTACTGCAAGACAAAGAGT 
	GCAAGTGGGACGGAGTGTAA 
	72 
	TAAC (Del) 

	4 
	4 
	rs370096890 
	14 
	65368820 
	ACCAAATGCTTGGAAGTCTTGA 
	AACTGGGGCCAGGTGTTAAT 
	59 
	CTTGA (Del) 

	TR
	TD
	Figure

	rs113501732 
	10 
	128948642 
	TCAATCCCCATTGCTCACCC 
	CTGTGTGATTCTGCCCTGGT 
	106 
	CCTGT (Ins) 

	6 
	6 
	rs67205569 
	10 
	94941566 
	CCAGGGTCTAAACAGAGGCA 
	TGACCCAGAATCCTGTGACTT 
	64 
	TTGAC (Del) 

	7 
	7 
	rs35625334 
	7 
	79883089 
	AGCAACATGGCCTTAGGTTTT 
	AGCTTGTTTGTGATCCCACG 
	136 
	AGAT (Ins) 

	8 
	8 
	rs10668859 
	19 
	266759 
	CAGGAGTAGCCCATCATGAACA 
	CCCTAAGCTGGACTGTCTCC 
	128 
	GAAAG (Ins) 

	9 
	9 
	rs1160871 
	7 
	28168745 
	AGCTCCCTAGCATTGGACAG 
	GGGGTATTCACAGAGGGTCT 
	60 
	TCTT (Del) 

	TR
	rs149676649 
	5 
	28495386 
	TTGTTTGTCCCTGTATTTAACAGAA 
	ATTGCATTGTGCATTTTTGTCATGT 
	171 
	GATT (Ins) 

	11 
	11 
	rs10581451 
	8 
	73854660 
	ATGAAGTGATTTTCCAAAGAACTGT 
	AGGAAAGACAACCCATAACCTCA 
	151 
	TGAG (Del) 

	12 
	12 
	rs11474791 
	20 
	19234875 
	TCCCACAGAGTGACATTGCC 
	GAACCCCTGGACCATGTGAG 
	92 
	GGACT (Ins) 

	13 
	13 
	rs35779249 
	13 
	43964476 
	TTGCACCAGATGGCTGTGT 
	TTTGCAGGCATTCTCCTTGAT 
	83 
	TAA (Ins) 

	14 
	14 
	rs72375069 
	3 
	27427821 
	TAAATCCCTTGCACTACGCA 
	AGGTACTCTAATGTATTGCTGAAGA 
	140 
	AATT (Del) 

	TR
	TD
	Figure

	rs55885844 
	17 
	79605107 
	ACCAGGAAACCGGAAGACTAAA 
	GGCACCCTGAGCAAACTAATAC 
	134 
	ATTAA (Del) 

	16 
	16 
	rs66913380 
	17 
	42191379 
	CAGCATGGCCTGGGAGC 
	GAGAGGGTTCAGCCAACACC 
	61 
	GCCA (Del) 

	17 
	17 
	rs33915414 
	4 
	21762063 
	CGCCTACAAATTCATGCTGCT 
	GTCTCTAAAACCCATAATTTGCCTG 
	143 
	CATGTT (Del) 

	18 
	18 
	rs72255563 
	5 
	176226827 
	ACACGCACACTCAGCACAC 
	GGAGACACACGTCTCCATGC 
	65 
	ACTT (Del) 

	19 
	19 
	rs148921522 
	3 
	85588405 
	AGTAGACTGACACATAAGGCTGTA 
	ACACTTTGAACTCTTGAGAAATGTT 
	78 
	TAAC (Ins) 

	TR
	rs3831920 
	1 
	1227664 
	TGAGCCGGGTAGCACTCA 
	GGGCATCAGGACCCAGATTT 
	94 
	TGAG (Del) 

	21 
	21 
	rs11277277 
	2 
	11273217 
	CCTTTCCTAGGAGCTGTCCG 
	AGTTTCGTTTTGAACTCCCGC 
	65 
	CACAG (Del) 

	22 
	22 
	rs59385244 
	1 
	16367160 
	AAATCACCACCCTGCCTGAG 
	AAGTGCAGCAGGAAAAGCTC 
	73 
	AAGG (Ins) 

	23 
	23 
	rs71991275 
	10 
	28470438 
	TGCCACAACTTGAGCTGACT 
	TCGTGGGGCACGATAATAGA 
	114 
	AATA (Del) 

	24 
	24 
	rs5864438 
	4 
	178146869 
	CTGAACCTGGACGTGGTCAT 
	CCAGAGTGGATGCACCATAGAC 
	59 
	CTAT (Del) 

	TR
	TD
	Figure

	rs57237250 
	6 
	110263002 
	TGCTGTTCTCATTCCACGTAT 
	AGTTAGCCATGGGAAGCACA 
	69 
	GAGT (Ins) 

	26 
	26 
	rs1610951 
	5 
	108999835 
	ATGTCAAGCACCGTGCCA 
	CTGTGTGACCTCTCTGAGC 
	83 
	TTGG (Del) 

	27 
	27 
	rs367799178 
	6 
	21621169 
	TTGCATTATGGCCAAAAATCATGT 
	CAGTTCCAACACAAAGGTAGCA 
	136 
	TTAA (Del) 

	28 
	28 
	rs10549914 
	17 
	5328978 
	AGCAATCAGTTCTCTTTGTCAAC 
	ACAGATACAGAATGTCAGGGTC 
	60 
	TTTA (Del) 

	29 
	29 
	rs112191273 
	3 
	7351968 
	TGGTGATGATTTTCAAATGGGACT 
	ACATTGCAGATTTAACTCATGAACC 
	61 
	GCTT (Ins) 

	TR
	rs56767439 
	8 
	12977501 
	ATGCCATAGTGAGAGAAGGAACA 
	ACCTGTCTTGCAGGAAGAACC 
	59 
	TTAC (Del) 


	The TapeStation, which was used to analyze the amplicon results, is an automated electrophoresis system that uses a ScreenTape matrix similar to agarose gel. The samples absorb an intercalating dye, are separated by size, and then fluorescence is 
	73 
	Figure
	captured by a camera (Figure 20). Using a ladder, a reference of bp length, the 
	approximate size of the amplified product can be determined. An electropherogram is then produced by the program to give a graphic representation of the sequence lengths (Figure 21). The observed amplicon size was close to that predicted for all primer pairs.  Primer pair 18 produced no product after multiple attempts, and was therefore removed from further testing. The TapeStation results from the initial multiplex trial are show in Figure 22A-H. 
	Figure 20: Electrophoresis results of primer pairs 1-10 on the Agilent© 2200 TapeStation. A) B) C) RBLadder 
	Figure 21: Electropherograms produced by electrophoresis of primer pairs 1 (A), 2 (B), and 3 (C)on the Agilent2200 TapeStation. 
	Figure 21: Electropherograms produced by electrophoresis of primer pairs 1 (A), 2 (B), and 3 (C)on the Agilent2200 TapeStation. 
	© 



	Figure
	Figure
	Figure
	Figure 22: Electrophoresis results of multiplex trials 1-3 (A) and 4-6 (B) and electropherogram results (C-H) on the Agilent2200 TapeStation. 
	Figure 22: Electrophoresis results of multiplex trials 1-3 (A) and 4-6 (B) and electropherogram results (C-H) on the Agilent2200 TapeStation. 
	© 



	A) B) 
	C) 
	F) 
	D) E) G) H) 
	Figure
	Table 12: Primer pairs arranged into dye channels and the expected sequence lengths of each (bps). 
	DyeChannel 
	DyeChannel 
	DyeChannel 
	Primer Pair 
	Alleles (Expectedbp sequencelengths) 

	Blue(6-FAM) 
	Blue(6-FAM) 
	4 
	59, 64 

	28 
	28 
	60, 64 

	25 
	25 
	69, 73 

	13 
	13 
	83, 86 

	23 
	23 
	114, 118 

	15 
	15 
	134, 139 

	1 
	1 
	151, 155 

	10 
	10 
	171, 175 

	Green(VIC) 
	Green(VIC) 
	16 
	61, 65 

	29 
	29 
	61, 65 

	19 
	19 
	78, 82 

	12 
	12 
	92, 97 

	27 
	27 
	132, 136 

	2 
	2 
	142, 147 

	Yellow(NED) 
	Yellow(NED) 
	9 
	60, 64 

	30 
	30 
	60, 64 

	22 
	22 
	74, 78 

	5 
	5 
	107, 112 

	17 
	17 
	137, 143 

	11 
	11 
	151, 155 

	Red(TAZ) 
	Red(TAZ) 
	6 
	59, 64 

	3 
	3 
	72, 76 

	26 
	26 
	83, 87 

	8 
	8 
	128, 133 

	14 
	14 
	140, 144 

	Purple(SID) 
	Purple(SID) 
	24 
	59, 63 

	21 
	21 
	65, 70 

	20 
	20 
	94, 98 

	7 
	7 
	136, 140 


	Figure
	Fluorescently labeled primers were ordered according to table 12 and used to amplify DNA 
	in singlet as well as multiplex by dye channel, and both resulted in oversaturation. When a large amount of amplified DNA is present, it may overwhelm the instrument’s ability to measure the results; this is known as oversaturation. A 1:100 dilution of the DNA sample was made, and then the primer sets were used to amplify the DNA in singlet (Figure 23) as well as multiplexes of the same fluorophore (Figure 24A-E). Each single amplicon peak matched its respective location within the multiplex by a difference
	Figure 23: CE results of a single amplicon from each colored fluorophore: Markers 4 (blue), 2 
	(green), 5 (yellow), 8 (red), and 20 (purple). 
	(Following pages) 
	(Following pages) 
	Figure 24: Multiplex CE results of markers 4, 25, 13, 23, 15, 1, and 10 in the blue channel (A), markers 16, 19, 12, 27, and 2 in the green channel (B), markers 9, 22, 5, 17, and 11 in the yellow channel (C), markers 6, 3, 26, 8, and 14 in the red channel (D), and markers 24, 21, 20, and 7 in the purple channel (E) with diluted DNA sample. 
	Figure
	A) B) 
	Figure
	C) 
	D) 
	Figure
	Figure
	E) 
	Figure
	Figure 24: Multiplex CE results of markers 4, 25, 13, 23, 15, 1, and 10 in the blue channel (A), markers 16, 19, 12, 27, and 2 in the green channel (B), markers 9, 22, 5, 17, and 11 in the yellow channel (C), markers 6, 3, 26, 8, and 14 in the red channel (D), and markers 24, 21, 20, and 7 in the purple channel (E) with diluted DNA sample. 
	Figure 24: Multiplex CE results of markers 4, 25, 13, 23, 15, 1, and 10 in the blue channel (A), markers 16, 19, 12, 27, and 2 in the green channel (B), markers 9, 22, 5, 17, and 11 in the yellow channel (C), markers 6, 3, 26, 8, and 14 in the red channel (D), and markers 24, 21, 20, and 7 in the purple channel (E) with diluted DNA sample. 


	Once again, The SID channel has proved the most diifcult to balance, but usable data can be generated with the markers in this channel.  Aim 3 of the grant calls for this multiplex to be developmentally validated according to SWGDAM guidelines as well, but we are dependent on the release of the remaining project funds to finish this portion of the project. Once the remaining funds are received, we will finish this portion of the proposal and update our revised final report at the end of our extension period
	Figure
	Additional Populations 
	Additional Populations 

	When the Southwest Hispanic and Southwest Asian samples were added to the PCA, an additional cluster appeared in the plot (Figure 25 A-B). Both population groups tended to cluster between the African and Caucasian population groups with complete separation from the East Asian population group. Both SWH and SWA samples cluster more closely with the Caucasian population group than the other two. The first three principal components for the SWH and SWA PCA explained 38.2% and 33.8% variance, respectively. To d
	Figure
	Figure
	Figure 25. Principal Component Analysis (PCA) with Additional Population Groups Using Past3. A) Original training set of 550 Individuals; Caucasian (Black Plus), East Asian (Blue Diamond) and African (Red Dot) with Southwest Hispanic individuals (Pink Bar). B) Original training set individuals with Southwest Asian individuals (Turquoise Dot). C) PCA of SWH and SWA individuals. 
	Figure 25. Principal Component Analysis (PCA) with Additional Population Groups Using Past3. A) Original training set of 550 Individuals; Caucasian (Black Plus), East Asian (Blue Diamond) and African (Red Dot) with Southwest Hispanic individuals (Pink Bar). B) Original training set individuals with Southwest Asian individuals (Turquoise Dot). C) PCA of SWH and SWA individuals. 


	Figure
	To separate these admixed populations, another approach would be to develop a secondary panel of AIM markers to associate samples to various admixed populations when they have failed to be associated to major population groups. This was beyond the scope of our proposal, but in the interest of increasing the body of knowledge, we designed a set in silico which could discern between Southwest Asian and Southwest Hispanic populations samples utilizing the methods described for the major population groups (figu
	Figure
	Figure 26 Clockwise from top left principal component analysis of separation of Southwest Hispanic and Southwest Asian populations at %95 confidence interval, plot of Delta K from Structure, and the resultant Structure bar plot with k=2 when observing allele distributions of 17 INDELs 
	Figure 26 Clockwise from top left principal component analysis of separation of Southwest Hispanic and Southwest Asian populations at %95 confidence interval, plot of Delta K from Structure, and the resultant Structure bar plot with k=2 when observing allele distributions of 17 INDELs 


	Figure
	Table 13 Potential supplemental panel of small amplicon INDELs for separating/assigning admixed samples to either Southwest Hispanic or Southwest Asian populations with %95 Confidence Interval 
	Gene 
	Gene 
	Gene 
	Chr 
	Position 
	Forward (+ strand) 
	Reverse (‐Strand) 
	Amplicon S 
	Tm (F;R) 
	%GC (F;R) 
	Column6 
	Dye Chane 

	rs57107118 rs5775512 rs3836202 rs1437357 rs1130171 rs10624602 rs5850158 rs1064883 rs5668554 rs1491263 rs7111244 rs7744190 rs2012552 rs3753676 rs5568428 rs1406420 rs11259725 
	rs57107118 rs5775512 rs3836202 rs1437357 rs1130171 rs10624602 rs5850158 rs1064883 rs5668554 rs1491263 rs7111244 rs7744190 rs2012552 rs3753676 rs5568428 rs1406420 rs11259725 
	16 1 2 5 11 20 3 15 8 5 14 14 3 4 12 13 21 
	30884552 119716625 175665469 146664264 68751537 33158217 74175219 84001991 61829343 107352467 46964326 100844509 11180390 189102749 52191193 100095681 47485737 
	CCAAAACAATGCTGTTCAGTTC GCAGGGGTTGTTTCTGCT AGAGAACAGCAGCGACAGTAAT CACCAACAGCAACCAAGTAGAG CCTCAGCCTCCCAGATTACA GCCAGCCCCTAGTAAGCTCT CTCCAGCCTGGGTTACAGAG AGCCTGCAGCTAAGAAAGGA GGTTTTAAATGCTGTCGCCCA CCCAAGGACACACTTTCCTG GGCAAATTTATGGCATCTATGC GGATTGTGCTTGGTGCTA AACAAGACCATCCCCTGGTA GGGAAGTTTCAGGGTTATTGGC CGCCAAGCTCACTCTCTGTT CTAGGTTCCTGTCGAGCCCA TCCAGCAGACACCTAGGGC 
	GGGCTTTATGTGGCCTTTTT ATGCCTGAGTGTTTCCCATC AGGATTGCTTCCTGTTGGGATG TGATTCCTTCCAGCAGTGTTT GGGCAACCAAGATTAACAGG gaattgctcgaaccctgaag CATGAAAGGTCTGGTCTGAGC AGATTGAGCCATTGCACTCC TTTCCCTGCCTTGGTCTTGC GCTTGAACCTGAGAGGCAGA ACTCAAGACTCTGATACCAGTAATTGG GTTGCAGTGAGCCAAGAT ATCATGCCACTGCACTCAAA GTGTCTCTTCTTTCACGATCCCT GAAAGGTCTGGGGAGAAACC GCTCAGCAAGTCAGTTCTTTGG AGAAAGGTCTGGGGAGAAACC 
	122 145 167 188 130 150 169 189 133 152 170 190 118 144 157 184 197 
	59.65 58.8 59.77 59.84 60.21 60 59.86 59.36 59.73 60.54 60.65 59.86 59.26 59.5 60.73 60.97 60.99 
	40.91 55.56 45.45 50 55 60 60 50 47.62 55 40.91 50 50 50 55 60 63.16 
	TTGA(Del) AAACA(Ins) ATGGCT(Ins) AAC(Del) CCAG(Ins) TTTATT(Ins) AAAA(Del) CTTT(Ins) GTGT(Ins) TTTC(Del) TTTCT(Ins) TTTT(Del) TTT(Del) AAAT(Del) AAG(Ins) AAAAAG(Ins) AGA(Ins) 


	Figure



	. Conclusions 
	. Conclusions 
	IV. 

	In the results section of the report we have demonstrated that our initial selection of HID INDELs in our preliminary data are quite capable of robustly identifying individuals in admixed populations outside of North America (South America and North Africa).  However some caution should be used when conferring identity to individuals from isolated populations. STR methods face similar issues, but the bi-allelic nature of INDELs and relative genetic stability make this expected in such niche populations (Bra
	A.
	Discussion of findings:

	We also demonstrated that INDEL and INNUL markers by virtue of short amplicon design are better able to generate full profiles than standard STR panels with both DNA degraded by embalming and DNA sheared by the concussive blast of a simulated IED.  The lowered RMP and inability to adequately resolve mixtures makes its routine use less useful, but when DNA degradation causes significant allele drop out, the utility of these highly sensitive markers becomes apparent.  They are able to type samples that would 
	To address the problem with mixtures, we sequenced small amplicon enriched libraries surrounding INDELs. The sequencing was able to detect other variants in the flanking regionsthat could be combined into a microhaplotype which could give greater polymorphism to the INDEL increasing its discriminatory power and increasing the ability to resolve mixtures in samples typed with INDELs 
	We developed a single tube multiplex assay with 39 of the most highly performing INDEL markers and optimized for the follow on study to be performed once our final project funds are released. 
	Additionally we utilized in silico resources to identify INDELs that could be utilized to identify the biogeographic ancestry of an individual in relation to global major populations.  A singletube multiplex PCR reaction for CE detection was developed for this panel of INDELs as well, and optimized it to reliably type degraded DNA samples for this purpose.  This multiplex will also be validated upon the release of final project funds from NIJ and our revised report will reflect the results of both the HID a
	Finally, we identified a secondary AIM panel complete with putative primers that would be able to distinguish the biogeographic ancestry of individuals from Southwest Asian and Southwest Hispanic populations once the individual was determined to be from an admixed population by our primary AIM panel.  
	Figure
	Our study has demonstrated the feasabiltiy of INDELs as supplemental markers with degraded samples. The discriminatory power of STR markers is well documented and the technology is much better for the majority of forensic cases. However, With highly degraded samples, (bomb fragments, degraded remains, chemically degraded remains, ancient DNA, and in some cases rootless hair shafts), INDELs are a fragment length based (use same instrumentation and analysis methods as standard STR’s) with a very high discrimi
	B. 
	Implications for policy and practice 


	C. 
	C. 
	C. 
	Implications for further research 

	In the future INDEL multiplexes should utilize some of the increased/enhanced CE dye channels to include a few highly polymorphic STR’s designed with mini-primers. This would allow an investigator to reliably detect the presence of a mixture in a sample. Additionally as evidenced by our MPS study, unlabeled INDEL primers could be spiked into standard CE based STR reactions to serve as an additional set of markers for subsequent analysis via MPS in the event that the CE based STR genotyping fails due to envi
	Figure
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