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Massively parallel sequencing (MPS) offers advantages over current capillary electrophoresis-based
analysis of short tandem repeat (STR) loci for human identification testing. In particular STR repeat motif
sequence information can be obtained, thereby increasing the discrimination power of some loci. While
sequence variation within the repeat region is observed relatively frequently in some of the commonly
used STRs, there is an additional degree of variation found in the flanking regions adjacent to the repeat

Keywords: o motif. Repeat motif and flanking region sequence variation have been described for major population
Sequence variation groups, however, not for more isolated populations. Flanking region sequence variation in STR and single
g-ll;l?’ nucleotide polymorphism (SNP) loci in the Yavapai population was analyzed using the ForenSeq™ DNA

Signature Prep Kit and STRait Razor v2s. Seven and 14 autosomal STRs and identity-informative single
nucleotide polymorphisms (iiSNPs), respectively, had some degree of flanking region variation. Three and
four of these identity-informative loci, respectively, showed >5% increase in expected heterozygosity.
The combined length- and sequence-based random match probabilities (RMPs) for 27 autosomal STRs
were 6.11 x 1072 and 2.79 x 1029, respectively. When combined with 94 iiSNPs (a subset of which
became microhaplotypes) the combined RMP was 5.49 x 10~%3, Analysis of length-based and sequence-
based autosomal STRs in STRUCTURE indicated that the Yavapai are most similar to the Hispanic
population. While producing minimal increase in X- and Y-STR discrimination potential, access to
flanking region data enabled identification of one novel X-STR and three Y-STR alleles relative to previous
reports. Five ancestry-informative SNPs (aiSNPs) and two phenotype-informative SNPs (piSNPs)
exhibited notable flanking region variation.
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1. Introduction mixture de-convolution efforts. While some commonly used STR

loci lack STR-motif sequence variation, they may harbor variation

Forensic DNA typing currently utilizes length-based separation
of polymerase chain reaction (PCR)-amplified short tandem
repeats (STRs) for routine casework. Massively parallel sequencing
(MPS) elucidates an additional level of STR motif variation at the
sequence level, increasing diversity [1-3]. Sequence-based STR
information may add value in kinship analyses and complex
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in the flanking regions of the amplicon [3,4]. The same concept for
single nucleotide polymorphisms (SNPs) also may apply [5,6]. That
is, the current SNPs in MPS kits may indeed be microhaplotypes
and their amplicons may contain additional information. While
Novroski, et al. [3] described STR flanking region variation in major
populations, such variation in Native Americans has yet to be
described. Potential genetic variation in flanking regions adjacent
to 59 STRs and 172 SNPs in the ForenSeq™ DNA Signature Prep
Kit’s primer panel was investigated in the Yavapai Native American
population. The results show a moderate degree of STR and SNP
flanking region genetic variation in the Yavapai population.
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2. Material and methods

MPS data for 27 autosomal, 7 X-chromosomal, and 25 Y-
chromosomal STRs, Amelogenin, and 94 identity-informative SNPs
(iiSNPs), 56 ancestry-informative SNPs (aiSNPs), and 22 pheno-
type-informative SNPs (piSNPs) were generated from DNA samples
from 62 Yavapai Native Americans [7-9]. The samples and typing
methods were described previously by Wendt, et al. [ 10]. Fastq files
were used as standard input for STRait Razor v2s [3,11] to identify
flanking region sequence variation.

5X depth of coverage (DoC) and 0.20 allele coverage ratio (ACR)
thresholds were applied to the data. In-house Excel-based work-
books and Genetic Data Analysis (GDA) [12] were used to compile
length-based and sequence-based allele frequencies, calculate
observed and expected heterozygosities (H, and He, respectively),
perform tests for departures from Hardy-Weinberg Equilibrium
(HWE) and detection of pairwise linkage disequilibrium (LD),
compare previously published observed allele frequencies to the
Yavapai data using the Chi-Squared Goodness of Fit Test, and
generate random match probabilities (RMPs). STRUCTURE v2.3.4
(July 2012) [13-15] was used to assess the genetic structure of the
Yavapai relative to the major populations described by Novroski,
et al. [3] using length-based and sequence-based autosomal STRs.

A length-based STR allele is defined as only the capillary
electrophoresis (CE)-based allele call and a sequence-based STR
allele as the repeat motif plus flanking region sequence informa-
tion, presented herein as full string sequence and condensed
nomenclature consistent with the recommendations of Parson
et al., 2016 [16]. SNPs do not have a length-based allele call. Here
we use the term “SNP” to describe the target SNP marker only or
the MPS-based marker with invariable flanking sequences and
“microhaplotype” to describe an entire string sequence that
includes the target SNP plus adjacent flanking region sequence
variation. All SNP and microhaplotype string sequences also are
paired with a condensed nomenclature consistent with recom-
mendations by Parson et al. [16].

3. Results and discussion

The total number of loci analyzed herein includes 27 autosomal,
7 X-chromosomal, and 25 Y-chromosomal STRs, Amelogenin, and
94 iiSNPs, 56 aiSNPs, and 15 piSNPs (or piSNP-containing
microhaplotypes) [3,11].

3.1. Sequencing performance

Analysis of MiSeq FGx Forensic Genomics System sequence data
(with the ForenSeq™ DNA Signature Prep Kit) using STRait Razor
v2s and the previously reported ForenSeq™ Universal Analysis
Software (UAS) [6] produced slightly different DoCs due to the
length differences of the analyzed string sequences. The average
DoC and ACR using STRait Razor v2s were 1,600X + 1730 and
0.782 +£0.147, respectively, for 59 STRs and Amelogenin (data not
shown), and 1,310X+911 and 0.830 + 0.132, respectively, for 165
target SNPs and SNP microhaplotypes (data not shown).

3.2. Flanking region variation

A full discussion of length-based and repeat motif variation for
ForenSeq™ DNA Signature Prep Kit STR loci in the Yavapai
population can be found in Wendt, et al. [6]. It should be noted that
the string sequences analyzed by STRait Razor v2s are operation-
ally defined, based on primer placement, to maximize data
recovery from the ForenSeq™ DNA Signature Prep Kit amplicon
for each marker [11]. As primer sequences of commercially
available MPS library preparation kits are refined or modified, the

genomic coordinates of each amplicon may change, influencing the
flanking region variation that can be observed for each target
marker.

3.2.1. STRs

Relative to major population groups, few loci in the Yavapai
population had flanking region sequence variation. Seven autoso-
mal STRs (D13S317, D16S539, D18S51, D20S482, D25S441, D5S818,
and D7S820) exhibited flanking region variation (Tables 1 and 2
and Supplemental Table 1). HWE and pairwise LD p-values for
autosomal STRs and all other marker types, where appropriate, are
listed in Supplemental Tables 2 and 3. Under the assumption of
independence, the combined length-based and sequence-based
RMPs for six autosomal STRs with flanking region variation were
1.80 x 10> and 7.80 x 10~8, respectively.

Founder effects and population isolation of Native American
populations suggest that these groups may exhibit lower genetic
diversity than major population groups. Relative to Novroski, et al.
[3], the Yavapai exhibited more loci with repeat region variation
only and flanking region variation only than major United States
populations but substantially less loci with variation in both
regions (Fig. 1). Assuming the populations in Novroski, et al. [3]
represent K=4 (AFA, CHI, CAU, and HIS), STRUCTURE analysis of
length-based and sequence-based autosomal STRs indicate that
the Yavapai are most similar to the HIS population (data not
shown).

Little flanking region variation was observed in the seven
ForenSeq™ DNA Signature Prep Kit X-STR loci (Tables 1 and 2 and
Supplemental Table 4). The allele, DXS10074 [CE 15]-GRCh38-
ChrX:67757300-67757464 (AAGA)12 AAGG (AAGA)2 67757338-A,
was observed once at the DXS100074 locus in the Yavapai. After
Bonferroni correction (p < 0.00238), two significant pairwise LDs
containing DXS10074 (DXS10074/DXS10135 and DXS10074/
DXS7132) were observed (p=0.0015 and 0.0021, respectively).
While not observed with length-based X-STR alleles [10],
significant LD between DXS10074/DXS7132 is not surprising as
they are part of a linkage block [18,19].

Minimal variation was observed in the Y-STR flanking regions.
Two Y-STRs (DYS389I and DYS389II) exhibited flanking region
sequence variation (Tables 1 and 2 and Supplemental Table 5).

One X- and three Y-STR alleles with flanking region variation in
the Yavapai population were not reported by Novroski, et al. [3] (
Table 2). These novel observations may be the result of sampling
error within the populations studied to date; however, given their
relatively high frequencies, these alleles may be common variants
within Yavapai (or other Native Americans). Future studies of
larger Native American cohorts would better characterize the
distribution of these alleles within and between Native American
groups.

3.2.2. SNPs

To our knowledge, string sequences for target SNPs and
microhaplotypes captured by the ForenSeq™ DNA Signature Prep
Kit have not been published previously (Supplemental Table 6).
Twenty two target iiSNPs had flanking region variation adjacent to
the target SNP (Table 1). Eight (8/22) provided no increase in the
number of alleles at their respective loci. For example, an iiSNP
microhaplotype contains the target SNP rs1015250 (G/C) and a
flanking SNP rs6475200 (A/G) (Supplemental Table 6). In this
population, the target SNP G allele is always observed with the
flanking SNP A allele and the target SNP C allele is always observed
with the flanking SNP G allele. Four iiSNP microhaplotypes,
containing the target SNPs: rs10776839, rs1109037, rs2830795,
and rs876724, substantially increased in diversity compared to the
target iiSNPs alone. These markers exhibited an average H,
increase of 0.318 +0.190, with a range of 0.0645-0.500. Assuming
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Table 1

Average allele or haplotype frequencies for autosomal, X-chromosomal, and Y-chromosomal short tandem repeat (STR) and identity-informative (iiSNP), ancestry-
informative (aiSNP), and phenotype-informative (piSNP) single nucleotide polymorphism (SNP) loci with flanking region sequence variation and their resulting impact on
observed (H,) and expected heterozygosities (He), single-locus random match probabilities (RMPs), and haplotype diversity relative to typing length-based STRs or target
SNPs only. A comparison of sequence based allele frequencies from Novroski, et al. [3] was performed; p-values for significantly different allele frequencies are <0.05.

Marker Number Average Average H, Average H. Average Single Haplotype Haplotype Comparison to Additional Comments
Type of Loci Frequency Increase Increase Locus RMP Frequency Diversity  Novroski, et al. [3]
with Decrease Decrease Increase populations data
Flanking
Region
Variation
Autosomal 7 0.0704 +0.0967 0.0553 +£0.0500 0.0516 +0.0483 0.0400 +0.0409 - - e 26 significantly e Greatest RMP de-
STR differed from all crease for D25441
four populations (0.13)
e D12S391 differed
from AFA, CHI, and
CAU, but not HIS
X-STR 1 0.0139 0 0.03 - - - e DXS10103, One novel allele
DXS10135, observed (Table 2)
DXS7423, HPRTB
differed from all
four populations
e DXS7132 similar to
all four popula-
tions
e DXS10074 similar
to HIS
e DXS8378 similar to
CHI and HIS
Y-STR 2 0.136£0.0273 - - - 0 0 e DYF387S51, DYS19, e Three novel alleles
DYS385ab, observed at
DYS437, DYS438, DYS389I and
DYS481, DYS570, DYS389Il in the
and DYS635 dif- same three indi-
fered from AFA, viduals (Table 2)
CHI, CAU, and HIS
o DYS38911, DYS505,
DYS533, and
DYS549 differed
from three popu-
lations
e DYS391, DYS392,
DYS448, DYS576,
DYS643, and Y-
GATA-H4 differed
from two popula-
tions
e DYS389I, DYS390,
DYS460, and
DYS522 differed
from one popula-
tion
e DYS439 was simi-
lar to all four
iiSNP 22 0.121 +£0.150° 0.109 +0.166" 0.0865+0.123" 0.0900+0.115 - - - e 14/22 provided in-
creased heterozy-
gosity and allele
spread
aiSNP 6 0.191+0.215 0.116 +0.144 0.130+0.171 - - - - e 5/6 provided in-
creased heterozy-
gosity and allele
spread, two are
previously
reported [17,18]
piSNP 2 0.0524 +0.0627 0.161 0.0895+0.122 - - - - -

" Reported values are based on the indicated subset of loci showing increase in allele spread.

independence, the combined 14-locus RMPs for iiSNPs and their
corresponding iiSNP microhaplotypes were 1.06x107° and
1.67 x 1077, respectively. The flanking region variation of 14 iiSNP

microhaplotypes supports that a relatively small panel of micro-
haplotypes might be as informative as some low performing STR
markers. Many iiSNPs lacked flanking region variation in the
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Allele frequencies, observed (H,) and expected (H.) heterozygosities, and Hardy-Weinberg Equilibrium (HWE) p-values for length-based (LB) short tandem repeats (STRs),
sequence-based (SB) STRs, single nucleotide polymorphisms (SNPs), and SNP-containing microhaplotypes which exhibited an increase in number of alleles due to sequence
variation in the flanking regions adjacent to the target motif. Bolded and underlined regions indicate target repeat motif and flanking sequence variation, respectively; bolded
and italicized HWE p-values are significant after Bonferroni correction for that specific marker type.

D135317 (n=124)
LB Allele Lount F String Sequence 5B Nomenclature Count Freguency
i & Py ;Elt_g:ccﬁmcc:;mocm‘rrrGmmwc.umnmﬁmcrmnmcmrcrnmnTcrﬂmn.ma_ TCARTCATCTARCTATCTTICIS ) 2o (o 6).GRCK38 Chel3-82047986- 8204107 (TATCHB B P
a a2 0,335 ;Ez’:zmﬁfg““mm""; PATACATIATLTATCTATRTATCTATRTATCTATCTATEIATCAATCARTCATITATETATEIT 513631 [oF O GRCKAE-Chtd-82147086:62148107 (TATCHO 42 0339
6 % - TCTGACCCATCIARCGCCTATCTGTATT TACAAA TACATTATCTATCTATCTATCTATCTATCT ATCTATCTATCTATCIATCAATCATCTATET 135317 [CE 10| GACK 28 Chrld-B2 14758562 148107 (TATC/10 5 0323

: ATCTTTCTGTCTGTCTTITTIGEE BIIAROGE-T
TCTGACCCATCTAACGECTATCTAT AT TACARATACATTATCTATCTATETATCTATCTATCTATETATCTATCTATCTATCTATCAATCATET 0135317 [CF 11]-GACh3.Chrl A1 14T805.82 148107 (TATC)11 1 00837
5 s Hain ATCTATCTTTCTGTCTGTCTTTTTGEG E2IAR0GT-T
'rl:::_[aacrf.a'rcr.ﬂ\&oﬁonmrrgf;&rnmurAnMchct.nTL‘rMcrnTrrthrncmmau'rkmATt5»1M‘rcﬂ.‘rcr DAI5317 [CE 11 GHOHEE-Cwd3- 87147006 82148107 [TATEIL £ S
- TET 135317 [CE 12]-GRCNI-Chrl3-81 147985-B 148107 (TATCILZ i e
13 » a1 ATCTATCTATCTTTCTGTCTGTCTTTTIGGE B2148069-T 5
TLFGACCCATCTAACGCETATCTGT AT TACARATACATTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCAATCARTE P
eyl budetiohayc -t elion Ly 1135317 [CE 12)-GROh3E-Chril-B81147086- 83148107 (TATCI12 1 00887
T GAC AT T AR GO TATCTGTATT TACARATACATTATCTATCTATCTATCTATCTATCTATCTATCYATCTATCTATCTATCTATCAATE
1 9 0.0726 P et Uabibt) bl 0135317 {CE 13)-GACH3E-Chr13-81147986-E2 148107 (TATC/13 ] 00716
T GAC AT ARG T AT TG T ATT TAC AR T ACAT TATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATC
14 1 000806 AATCAATCATCT ATCTATCTTTCTGTETETCTTTIIGES 0135317 [CE 14)-GACN35-Che13-81 147 585-82 148107 (TATC) 14 1 OXE06
1B He 0,751 5B H. 0808
1B H. 0.710 SBH, 0.742
LB HWE poraiue: 0,231 58 HWE pvalue: 00253
[D165539 (n=124] )
1B Alleie Lot Frequency String Sequence 5B Hamentiatire. Count  Frequency
TCCTETTCCCTAGATCARTACAGACAT ACAGACAGGT GOATAGATAGATAGATAGATAGATAGATAGATAGATATCATTGAAMGACAAAD  (1ES5HT |CE 9l-GRCAIE-Chr 16-B6352664-86352761 |GATAL 2 00968
) 15 D121 CAGAGATGEATGATAGATAC 86352761C
TCCTCTTCCCTAGATCARTACAGACAGACAGALS AGATAGATATCATTGALMGACAAAY — § i
AT A DR A TAE 65539 [CE 9F-GRCKIB-Che16-B6352664-86352781 {GATAJ 3 00242
TCCTCTTCCCTAGATCARTACAGACAGACAGALS TAGATAGATAGATAGATATCATTGAAA DES53S [CE 10]-GAChIE-Chr16-B6352664-B5352751 (GATAJID % S
10 5 0210 ARALCAGAGATEGATGATAGATAC 263527651-C )
TCCTCTTCCCTAGATCARTACAGACAGACAGACY AGATAGATAGATAGATAGATAGATATCATTGAAKGAC -
SATCGATGATAGATAC CHESSHS [CF 10) GAChIE Chrlb S8352664.R5352781 (BATAJID [ 00434
TCCTCTTCCCTAGATCARTACAGACAGACAGACAGGTGGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATATCATIGAA  D1ES53Y [CE 11]-GRON3E-Ch 16-B6352668-856352751 (GATAJL1 § R
1n 0 0242 MG GAGATGGATGATAGATAD 863527610
TEETETTECETAGATCAATACAGACAGACAGALS GATAGAT AGATAGATAGATAGATATCATTGAA
ek TR AmAgAE DHES535 [CE 11]-GACRIS-ChrlG-B6352664- 05352781 (GATAJI n 0.365
TCCTCTTECCTAGATCARTACAGACAG ACAGACAGGTGATAGATAGATAGATAGATAGATAGAT AGATAGATAGATAGATAGATATCA, :
12 16 0 o i s AT LG AT LA 165539 [CE 12)-GROM3E-Chelf-B6I52669-B5352 751 (GATA)IZ af 03711
TCCTCTTCCCTAGATCARTACAGACAGACAGALS TAGATAGATAGATAGAT, . . Y
13 5 0.0a03 ATEATTGAAAGAL CACAGATGEATEATACATAC HIES539 [CE 13]-GRCN3S-Chr16-86352664-BR352 751 [BATAJLE 5 60403
TCCTCTTCCCTAGATCARTACAGACAGACAGAL TAGATAGATAGATAGATAGATAGATAGAT
14 2 00161 prE R e e [HES53D [CE 14]-GAChIE Chrlf-BEI52664-BE352751 (GATAJIY 2 00161
LB He 0,749 SHH 0795
L He 0.790 S8 H, 0,790
LB HWE poratus: 9.354 5B HWE p-valug: 0.347
D18551 n=124]
LB Allske Count  Fregquency Siring Sequence 56 Nomentature Count _ Frequency
ETCTCAGAMEARAGARAGA ARGARK YTy A MG AT — - N -
1 1 VOBE ACTAGCAACTCTTATTETAAGA 018551 [CF 11]-GRO3S-Chrlg-53781662- 63281796 (AGAA)11 1 06
GTCTCAGAA NG AN A ARAG ARG AGAAAIAEAARAT
12 0 L0806 ALATAGTAGCAMCTGTTATTGTAAGA D855 [CF 12-GRCH35-Che 1B-632R1662-632A1796 {AGAA) 12 10 DOB0G
13 2 w17 alilhan SaRAN; o M GA 018551 1CE 13- GREHE-Chri8 63281662 63281796 (AGANIES 2 0.477
- . AAAGAMATAGTAGCAACTGTTATIGTAAGA i
GICTCAGA AGRAAGA AGAAAGARAGAAAGAAAG AAAGAANGAAAARGAG AGAGGARAGARAGAGAA
14 12 0.0968 GRARTAGTAGCAK ATTGTAAGA D18551 [CE 24]-GRCH3B-Cnrl8-53281662-63281796 (AGAA) 14 12 0.0968
GICITAGAAAGARAGARAGRARGA AR AGAAAGAAALAGAGAGA
15 g 00726 SR AR AT AT G EAR B THT TS HAGA 098551 [CE 15]-GRCK3R-Chr1 863 781 66263121796 (AGALILS 9 0.0726
GICTCAGAAAGAAAGAAAGAANGAAAGAAAGAA, SGARAL
16 a 0192 R Aipes s 018551 [CE 16]-GACH3R-Chr18-63781 66263281796 (AGALI16 2 0.194
GICTL AAGAGAGASE
” 5 e AN ANAR A RTANAARA S ATEaT AR 018551 [CE 17]-GRCh3B-Chi18-63781 662 63181796 (AGAA)TT 0 0,242
2 GTETEAGA AAAGA AGAAAGALA A AGG  DABSS1ICE 17)-GRCHIB-Chrld 61381662 GRIR1TI6 (AGAA)LT L 0.00806
ALAGAAAGAG AMAAAGARARG AN TAGTAGCAAC TG ITATIGTAMGA £3201740-6 '
18 3 .01 GICTCAGA AGAAAGA AGAAAGAAAGAAAGAAAG AAAGAAAGA AGARAGAR A T A R AL A T 0 P 7 IR
4] o E g T B ot Al |
s GAGGAMAGARAGAGAAAAAGANMN GAMATAGTAGCAACTGTTATTGTAAGA oot i iR st 2
GTCTCAGA AGRAAGA AGARAGA
19 2 0161 R A A A A SR S RAC DO kT A 018551 |CE 19]-GRCK3E-Cnr18-63. 51 662 63151796 (AGAL) 1S 2 6L
GICTCAGA AGAABGA BGAARGA
0 L 40403 CAGACACEAL : FAGTAR ETTATIGTAAGA D1A551 [CF 20]-GRCKIE-ChrIA-G1E01 66209281 736 (AGAL) 20 LS 0.0468
GTICTCAGAAAGAAAGAAAGAAAGAARGAAAGAAAGAAAGARA AANGAAAGA GAAAGA
2 = S AAGANAGAANZAGAGAGAG GARAGAAAG G AMAAAGAMAAGARAT AG TAGCAACTGTTATTGTAAGA DIBS51 [CE 22| GRCH3E-Chri3 53781662 53281796 (AGAN22 L S
LB He 01850 58 H. 0.854
LB H, 0355 56 H, 0,871
LB HWE povabue: 0.008740 58 HWE povabue: 0167
0205482 [n=124)
Advgla Coust Frivgusnc Saring 5 23 5B Nomenelitun Camnt TR
@ & p— :@a(.&{;G.uccunmﬁ»si.m:m-.nGa‘rnaa‘rnﬁamﬂnusn‘raan'rmumrm!mmﬁnsﬁnnrmmsamﬂa\x (05482 [CE 12]-GREAIBChA0ISISETASISTIL (AGATILZ 5 e
ﬁ;:;c;cmummcasArmausnrmmsnms.unmrmrmrmuanmrmrmmnﬂnueﬁu DI0AIAY [ 14]-BRERA CHAa ST R8T (OATILE = arh
u = e WEACACTEANCEA TAGATAGATAGATAGAT AGAGATTTATTATAGGAAT  DZ05452 [CE 13)-GRCh3S-Chr20-0525674-4525771 (AGATILE
L 0.00807
TGATT 4525680-T
g(aa:iﬁgi::ccura AR bl L D205482 [CE 14)-GRChIE- Chr2(-452567 44525771 (AGATIL4 BT 0.540
14 7 2588 s
AGACACTGAACEA TAGATAGATAGATAGATAGATAGAGATITATTATA 205482 [CF 14]-GRCRIE-Chr20-A525674-4525771 (AGATII4 . —_—
GEAATTGATT A8 25BHD-T '
:ﬁ::ﬁng&gucc_ln_r.nrmml'rmnrmn‘rmema.ll'nm‘rmeTmusnTmtmrmrmemmﬂ 0206483 {CE 16)-GREN3-Chra. 4825674 4525771 (AGATILE & 0887
15 11 0112 i
AGACACTGAACEA TAGATAGATAGATAGATAGATAGATAGAGATTTAT  D2O54ER [CE 15]-GRChIE Chr20-4525674 4525771 (AGATILE & i
TATAGGAATTGATT 4525680.T 3
& i s AEACAC]GAACCAATALGAGATAGATAGATAGAT AGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGAGAT  D205AS2 [CE 16]-GRChIE-Chr20-4525674 4515771 (AGATILE § i
g TIATTATAGGARTTGATT A5256H0-T "
1B H, 0583 %A H. 0,652
LB Hy 0545 56 H, 0.742
\B HWE povalue: 0.535 S8 HWE pvalue: 0.0744
D25441 {n=124) : :
LB Adlole Count Froguen Siriny 1] 58 Nomanclature Count Frequenty
CEAGAAAL TGTAGETCATETAT AN TTETATETATETATCT ATCTATCTATCTATCTATCRATETAT ATCATANCACCACAGECALTTA E;T‘]‘i}':;"“'cnm"J'mngw’ﬁwlmu JCTAAG 20 o161
w 7 2.589 MGG TG GG CATCTATGAARACTTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTAT ATCATAACACLACAG CCACTTA D25441 [CE 10]-GRCK3E-Chr2-680 11518 601207 (TCTAJG i 0.00808
D25441 [CE 10]-GACHIA-Chr2-GA011518-6B31 2017 (TCTAJE TETS
A A TG GG CAT L AT G AR A T AT T ATC T AT T ATCTATCTATCTATCTATCTGTCTAT ATCAT AACACCACAGLCALT 1A s H ¥ Lot 0418
COAGGART IGTRGETCATCTATGARAAL TTCTATCTATCTATCTATCTATETATETATCTATCTATCTATETATA 10AT ARCACCACAGLTALT
'; i 05441 |CE 11]-GRCR3E-Chrl-BR011518: BB 20T (TCTA)11 3 o283
X5 = e COAGGAACTETGECTCATCTATGAARACTTCTATCTATCTATCTATCTATCTATCTATCTATCTATCRGTCTATATCATAACATCACAGOCATT  D25441 [CE 11|-GRCR3E-Chra- 630 11918-58012017 (TCTARS TCTG i s
TCTA b

Ta
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o n — CtAGﬁ:ﬂI:'GI'GGC[CATUAYW‘-‘ICIR‘I’CI’!TCF&TC{!TI.TMCIlTI:lML‘I‘lTCIATI.‘I'!IL‘IATCM‘I&T(&TMEMM#GE S [ R R P A SO T " —
= . iz CCAGGANCTGTGGLTCATCTATGAAAACTTCTATCT ATCTATCTATCTATCTATCTATCTATCTATCTATTTATETATCTATATCATAACACCA  D2S441 [CF 13 GRCh3AChil EB011918-GROL20LT [TCTARTITA TR
i CAGLCACTTA [TcTA)2 X
2 in 2 CCAGGAACTGTGGETCATCTATGAAMMCTTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATT TATCTATCTATATCATARCH  D25441 [CE 14]-GRCH3B-Chr2-68011518- 68012017 [TCTART TITA Rk
;i COACAGCCACTTA TcTa)a i
16 Fe 0,566 S0 H 0716
LS M, 0,597 SBM, 074
1B HWE p-value: 0,686 SBHWE g-valise: DATL
‘DSSELE [na124]
1B Allle Court Frequkncy String Sequence @ Count o
7 18 D153 TATTTATACLTCTATCRATCTATCTATCTATCTATCTATCTICASAAT DSSE18 [CE 7].GRCR 38 -ChrS-1937TSE43-12 3778606 (ATCTY 18 0153
B Fi 00565 TATTTATACLTCTATCTATETATCTATCTATCTATCTATCTATCTTCARAAT D55518 [CE 8] GRCH 38-Che5-193775543-12 3775606 (ATCTIS 7 00565
9 2 o161 TATTTATACATCTATCTATCTATCTATCTATCTATCTATCTATCTATETTCAARAT ?;‘:f_}:;s :]-Gnr_hzs-cms-lmvssu-u!?75505 il 2 00161
TATTTATACLTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTICAARAT D5551% [CE 10]-GRCH38-Chr5-123775343- 123775606 [ATCTII0 3 00481
tad T floses TATTTATACATETATCTATCTATCTATCTATCTATCTATCTATCTATCTATCT TCARRAT ?:;‘:;:;g:_;ﬂl‘mc"3‘"0'“‘123“5”3'1“”56“ .y s 000605
TATTTATACCTCTATCTATCTATCTATCTATCTATCTATE TATCTATCTATCTATCTTCARAAT D55818 [CE 11]-GACh3A-Chrs-123775543-120775606 [ATCT)1L 7 0597
e T e TATTTATACATCTATCTATCTATCTATCTATCTATCTATCTATCT ATCTATCTATCTTCAAAAT e Sl LS TR XA 1 0.00808
TATTTATACLTCTATCTATCTATCTATCTATCTATCTATCTAT TATCTTCARAAT DSSB18 [CE 13]-GACh3A-Chi5- 123775343 123775606 IATCTIEZ [ 00806
2 1 0108 5213 [CE 13] GRCH2E Chrs 123775543 123775506 [ATET)I2
* * 2 TATTTATACATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCT TCARAAT e A 3 a2
13 1 00806 TATTT A A ATC T ATCTATC T ATCTATCTATCTATCT AT TATCTATCTATCTATETATCTATCT TCARAAT '1’?:?_}:;5% ;31-cszcn;uhrs-12;73;u3-123?1;sns JATE 1 000806
L8 H, 0538 SEM, 0.612
1B Ho 1532 SBH. 0581
LB HWE p-value: 1,263 SB HWE p-valie: 0,445
DTSE [n-124]
18 llde Count __ Frequency String Sequence S8 Momenclature Count __Frequency
nIsE0 !Cf T I GRChIB-Che7-84160191-84 160257 ‘Yklt]l‘
7 1 000806 TATTTAGTGAGATA ATCAATCTGTCTATCTATCTATCTATCRATCTATCTATCGTTAGTTCATTCTARACTAT it 0N ST NERE s 1 000806
TATTTAGTGAGAT AL AAAACTATCAATCTG TCTATCTATCTATCTATCTATCTATCTATCTATCGTTAG TICATTCTASACTAT ::;g;f:{"’m?;; j\"‘ i e 8 e 1 000806
B 7 DS
TATTTAGTGAGAT AAAAARAAALTATCARTC TG TCTATCTATCTATCTATCTATCTATCTATCTATCGTTAG TTCGT TETARACTAT ::ﬁ;?;f;n]‘cm33“"”‘“‘““1913‘“""“" TR & a048a
9 5 003 TATTTAGTGAGAT AAAAALAANCTATCAATCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCG TTAGTILG TTCTAASCTAT ;ﬁ;gﬁi’mmjg{m“mww'lﬁﬂw"“m 5 00403
- = P TATTTAGTGAGATAAAAARANC TATCARTCTGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATEGTTAGTTCGTICTARACTA  D7S820 CE 10]-GRCh3R Chii-B4160151-R4160257 [TATC)LD - T
; T BA1EDZI4-A ;
TATTTAGTGAGAT AAAAA AR T AT AT CTG T TATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCG TTAGT TCETTET AL DTEE20[CE 11]-GACh38-Chr 7841 80191-84 160237 [TATCRL 52 4410
ACTAT BA1G0204-4 ’
u 53 0427
Taa::'mcmmqm‘m'rmrnamamnmamnmnﬂnmnmnmunAmncGrm.emgn:rm OYSHA0ICE 1 BRChE e RO 410 TR . o
TATTTAG TG EAT AR A T AT AR T G ICTATCTATCTATCTATCTATCTATCTATCTATCTATCTATC TATCTATCG T TAGT TEET I D7S220 [CF 13]-GRCh3B-Chi?-841 80191 -84 160297 [TATCH2
TARACTAT BA160204-4 e HiZed
12 an 0323
::::r;ri;mmrnyw\mm:1nrcmv:mr:rntrmtrntrnnnmm:nmxmunmmrm\-{:s;m:rmgnc BTSBI0[CE 13]-GACh3B-ChrT.841 601514160297 [TATER 2 3 40403
13 1 0.00806 TATTTAGTGAGAT AR A A A A T AT AT TG TCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCTATCGTTAGTTC 075820 [CE 13]-GACh3A-Chi7-B41 60191 -B4160257 [TATCHL3 1 3.00805
- GITCTAMCTAT £A150204 :
= - e TATTTAGTGAGAT AN AAAR TATCATCTG TCTATCTATCTATECTATCTATCTATCTATCTATCTATCTATC TATCTATCTATCTATCGTTA (75820 [CF L&|-GACh38-Chi7-84160191-84160287 [TATCHLA = —
g GITEGTICTARACTAT FATROM-A -
1B H, 0658 SEH,0.730
1B Ho 0726 SBH,0.774
LB HWE povalue: {456 SBHWE p-value: D613
DXS10074 |n.-n.|..am
1B Al "J_' Frequency (M) String Sequencs 8 Momenclitine: m
% S F— TGTGTGTGLATELAT ALALICACAGAGAG, AR AAG A A& DWSL0074 [CE 14} GRCh38-Chri-61757300-67757964 [AAGAILL COGSS0[ 00
: GARAGIAAGAMTARAGEAAGALAATAGACARATCAGCTTATATTCAG TATTTTTTTAGTATTTTCTGTGTCABLTC AATIE [AAGAN 385
TETGTSTGLATCCATATACACALE DXSI0074 (CE 15] GRCR3S-Chri 67757300 67757454 [AAGA)LZ 1603 2222|0115
GAAA AARATAGAACALATCAGCTTATATTCAGTATITTTITAGTAT TITCTGTGTCAGCTC AAGE [AAGAI Sl
TETGTGTGLATGCATACACACACAGASA AM ARAGAA ALAGAAAG ASAGAL A @.0417|0.03
15 nj4 0.278)0.154 GAAAGARAGAARGAAAGA AAATCAGCTTATATTCASTATTTTITTAGTATTTTCTGTGTCAGCTE DHS10074 [CE 15]-GAChAS-Chrit GT7STI00-BTTST454 [AMGAILE 1B 85
TOTGTGTGOATGCATACACACAL AGAG. AAGABAGARAGALAGARAGALAGAARGAARG A DS10074 [CE 15|-GAChIE-ChriC6T757300-67757464 [AAGAYL2 sl Go13[0
GaMMGMWMMMJATMTMATamﬂmﬁﬂﬂmﬂﬁmTC#GCTC AAGG [AAGAN GTTETIAEA =
TATGTGIGATECATALACACAC AARAA AAGRAA  DNSLO074 (CF 161 GRChIA- ChrtbT757300 61757464 [AAGAYIS ol2 —
i sbig S AAAGAAAGAA GEAAGARAATAGAACAAATCAGCTTATATTCAGTATTTTTTTAGTATT TTCTGTGTCAGCTC AMGG AGEA ABGA ! !
i TGTETETECATECATALACACACAG AARAA A AKAGAAAGAA DXS10074 [CE 15}-GRChIS-CHr-67757300-67757464 (MAGAILE G i
GARAGAAAGAARGS AGGARGAALA TAGARCARATCAGCTTATATTCAGTATTTTTTTAGTATTTTCTGTETCAGLTC AMGE [RAGAR - 5
& T G 0k TGTETGTGLATGLATALACACACAGAGAGAGACAGAGAGANARA GAOGAM GAGAGARAGAANGAAAGABAG ANAGAAAGARRGAAL  DXNSI0074 [CE 17]-GACKIA-Chrik-GT 757 300-67 157464 (AMGA) LA v T
; GARAGAAAGA GAMGOANGARAATAGACAAATCARET TATATTCAGTATITTTTAGTATITTCTATGICAGETE MGG (AGALL :
TATGTGIGLATGLATACALACACAGAGA CAGAGAGARAAAS, AAGABNGAAAGADS
18 93 0.1250:115 A A TABALCARATCABCTTATATICAGTATTTTTTTAGTATTTTCTETGTCAS :":?E”?"“;:: JRFGHCHIE-Lhri B77E 7300 SIS LGN LIE} ©425]0.415
CTC
TOTETGTGLATGEATACACACACAG AGAGAGAGAGAGAGAAAAA GAAGARA GAAAGARAGAAMGAAAGAANG AMAGARAGARAGAAL TETaT, Ty
18 ETH 041700768 GAAAGAAMGAAAGAAAGARSEARS AAATAGANCAAATCAGCTTATATICAGTATTTITTTAGTATTITCTGT  DASL007 (CE 19FGRCh3S-ChriCATISTI00-677S7464 (AMGAILE 32 O041710.02
i ARG [AAGAR &
B H, 0785 SHH 0812
LB H.’ 0.805 sn H,* 0.B06
El‘nheml:msll'-’ ke 581 CNFOMOSOMmE.
Comnt  Frequency String Sequence 5B Momenclatura Count iy
% 2 i ‘_ FETES AGACAGACABATACATAGATASTACAGAT :1\:5::; CE £2]-GACN3E-CNrY-12500448-12500513 TAGAT F v
i e BACAGATACATAGATARTACAGAT ?c\':::; [CF 13]-GRCH3B-Chry-12500448-12500513 [TAGAILD = o
13 18 0652
D¥S38SH [CE 13|-GAChIE-Chry:11500418-12500513 (TAGA1D
i’ TAGAT, AGATAGACAGACAGACAGATACATAGATAGTACAGAT 3 o115
= ICAGAT 125005065
i 4 Py 5 AGATACATAGATARTACAGAT mﬁ |CE 14]-GRCh3E-Chr¥-12500448-12500513 [TAGAILL F P
YS3EAIT [n=24]
3 Fi L S8 Nomenclaturg Gt Fraguen
TABATARATASATARATASATAGATAGATASATAGACARA CAGACRGATACATACATASTACAGATGRSADTTOGATACASAGTAGS  DYSEISH [CE 28]-GRCNIE-Chri1 2500448-1250063 3 [TAGATH
13 1 00417 TATAATGA TAGATAGATABAT CAGACAGACACACACATAGATAAT  [CAGAJ TACA TAGA TAAT ACAS ATGA GAGT TGGA TACA GAMG 1 00417
ACAGAT TAGE TATA ATGA [TAGAILL {CAGAS
T A ACAGATACAT: CAGATGAGAGTIGGATACAEANGTAGE | DYSMSH [CE 29)-GRCHIB-Chry 12500838 12500633 [TAGAR
TATRATGATAGATAGATAGATAGATAG AGACACACACATAGA  [CAGAJI TACA TAGA TAAT ACAG ATGA GAGT TGGA TACA GAMG 3 0125
TAATACAGAT TAGE TATA ATGA [TAGA]LZ [CAGA)S
TAGATAGATAGATAGATAGATAGATAGATAGATAGATAGACAGACAGACAGATACATAGATAATACAGATGAGAGTTGGATACAGAAG  DYSIACH [CF 20)-GRChIE-Chri:12500448-12500533 TAGAID
% -3 03rs TAGGTATAATGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGATAGACAGACAGACAGACAGACAGACACACACATAGE  [CAGAJT TACA TAGA TAAT ACAG ATGA GAGT TGGA TACA GAMG 3 0.125
TAATACAGAT TAGG TATA ATGA [TAGAJLL {CAGA)S
b TAGACAGACAGACAGATACATAGATAATACAGATGAGAGTTGGATACAGAAG  DIYS38TH [CE 29)-GRONIE-Chry 12 500448-12 5400533 [ TAGAITD
TAGETATAATGATAGATAGATAGATAG CACACACATAGA  [CAGA|I TACA TAGA TAAT ACAG ATGA GAGT TGGATACA GAMG 2 0833
TAATACAGAT TAGE TATA ATGA [TAGAJLZ (CAGA)
T TAGACAGACAGACAGA TALATAGATAATALAGA T GAGAGT THGATACALARGE DYSHESH [CE S05-GRChIE-Chry 12 500848-1 2500633 [TaGA)10
TAGGTATAS TAGAT: [CAGAJ3 TACA TAGA TAAT ACAG ATGA GAGT TGGA TACA GAAG 7 0292
- - ds TAGATAATACAGAT TAGE TATA ATGA [TAGAILZ [EAGA)S
I TAGACAGACAGACAGATACATAGATAGTACAGATGAGAGTTGEATACAGANG  DVSIA0H [CF 30)-GRCK3IE-Che:1 75004481 3500633 [TAGA)LD
TAGGTATAATGATAGATAGATAGATAGATAGATAGATAG AGACAGACAGACAGACAGACACACACA [CAGAIS TACA TAGA TAGT ACAG ATGA GAGT TGGA TACA GAAG 3 o128
TAGATARTACAGAT TAGG TATA ATGA [TAGAJ1Z {CAGA)S 125006066
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T TAGACAGACAGACAGATACATAGATARTACAGAT GAGAGTTGGATACAGAAG  DYS38EN [CE 3LJ-GRCh33-Chry:12 500448-12500533 [TAGAILO
TAGGTATAS TAGAT! ATAGACAGACAGACAGACAGACAGACALD [CAGA)S TACATAGA TAAT ACAG ATGA GAGT TGGA TACA GAAG 1 0417
5 s o ACHCATAGATAATACAGAT TAGG TATA ATGA [TAGA)LS |CAGA)S
T TAGATABACAGACAGACAGATACATAGATAATACAGATGAGAGTTGRATACA  [VSIAGH [CE 311-GRCKIR-Chryv:12 500448-12500533 [TAGAN T
GAAGTAGGTA TAGAL ACAGACAGACAGACAGALAL [CAGATS TACH TAGA TART ACAG ATGA GAGT TGEA TALA GAMG 1 a1y
ACACATAGATAATACAGAT TAGG TATA ATGA [TAGAJ1LZ (CAGA)S
“Flanking region varistion gbservad wihin the DFS3891 Iocuy is the ssme as that coserved within the DYS389) lorus due to use of the same farward primer.
TEI0776639 [re124)
Target Allels Cont Frequency String Sequence Micrshaplotype Nomendature Count Frequency:
1 8 b4z CABLTGABEABELUGAG TGO A TEABATLAGAGLCEEAGTISEIEGTCTBELEEAGCTET E-I:i:‘ﬁ::ﬁ'r”.GMhmﬂw:‘ygs“;n%“mJ Y w 0492
CAGLTGAGGAGCCIGAGGTTGUCGTCAGA T CAGAGCCLCAGT IGCLCGGICTGOCGCAGCICT AT SRR ICE G o A L2 a2 435
i & o 157037930-G; r<10776839-G
CAGCTGAGGAGCCTAAGETTGCCGTCAGAT CAGAGLOCCAG T TGCLOGGTCTGCCRLAGCTCT :::::::::E‘G‘G REHAR-CRR AT L R0, 31 (ST
Target SP 1. 0.500 Wicrahaplatype Hy 0620
Target SMP Ha 0,468 Microhapiatype H, 0,532
“Target SNP KWE p-value: 610 Mitrohapbatype HWE povalue: 0.172
151109037 [n=124] :
Target Allck Couit Frequency Sl Sequence Micrehaplatype Nomentatare Count Freguen
R s s COAGTTTCTCCAGAGTSEAAAGACTTTCATCTCOCATGACACGACCTTEAGACCCLGGETTCTGATG AACTGEGAGE ::m:; fE ALSRCh3S-che2 aHSERE- 0650 ri IR A 19 0153
CCAGTTTCTCCAGAGTGEANGACTTTE ATCTOGEACTGECACGACTTTGAGACCCIGRGTTCTGATG AACTEG646G 141109037 [CE A]-GRCNI5-che2 G045582-0005558 011090374 10 00806
e L 3 A 1100037 [CE GF-GACh 2. chr2- 0045501 5ad5650 i 108037 5;
" ~ _— CCABTTTC T LCBGABT GG ARG ACTTTCATCICGCALT GELACTACL T TBAGALCIGBGTTC] GATGAAL | GOGAGS g = a9 0398
CCAGTTICTCEGGAGTAGANAGACTITCATCTCGEACTGECACGACTTTGABACCCIGGETICTGATGAACTEEEEGE 151109037 [CE G} GACh38-chr2 9545582 5945659 rs1109037 G % 037
Target SHP Fa 0351 Wicrohapatype He 0,682
Target SHP K, 0.403 Micrahaplatype H, 0684
Targat SNP HWE p-value: 486 Microhapbatypse HWE p-walue: 0.728
512987453 [n=124]
Target Allek Cout Frequency Siring Sequence Micrehaplotype Nomendature Count Freguency
o 83 D.I09ET? TITTATGETTTAMAGATACAGS TTATCTGTATTACATTGGGTTTTTACCTACCTT z:gg:ﬁ;_{é&G}Gncma-:hrzzlslsnms-w asar 88 ano
TTTTATGETTTAMAGATATAGETTATETGTATTACATTGAGTTITTTACETACETT :’;j:::g:_f‘;";g::f:f"*:mm"la‘s‘"s‘" 7] @218
A 3 0200323 i :
2007453 [CE A] GRCK2S chrd: 181542493 181548507
TITTATGCTTTAMAGATACAGGTTATCTGTATTACATTG AGTTTTTACETACETT sl ks 5 00726
Target SNP W, 0.815 Micrahaplatype H, 0647
Target SNP Ha 0.387 Microhapéatype H., 0468
Target SNP HINE p-value: 0.755 Microhaplatype HWE poalue: 0,0922
13216480 (r=124)
T: Al Lot F Strin ence Micrahia) Nomentlature Count
= = = CCTCTBAGCAGECTCC TGEAATACTCAGE TGEGAT GOGTTGOGOCTGLTTGASGTACAGLT CCCALTCCCTCTGAGTEGECCTCCATGARA 1513216440 [CE Al-GRCh38-chr 110597 1512059836 13218aa TR
ATGLCTCATGTCTCTG TG TCCCTARALTGTAGE A )
CCICTGEGEACLCTCCTGEAATALTCAGC GOGAT CGGTEGG6C GLTT GAGGTACAGCCCCACTGICTCIGAGTCGCLCICCATGARR 13218440 [CE G GACRIR chis: 110537 - 12099808 3216440 —
= o e ATGLCTCATGTCTCIGTGTCCCTAMALTGTAGE 8 :
7 CCTCTGGGEAGECTCCTGEANTACTCAGCT GGG TGGGTTEGGECTGITT GAGGTACAGCTCOCACTALCTCTGAGTGGCCCTCCATGAAA 1913216440 [CE GHGRCIIS-Chi5: 120507 15- 12059838 rs13218490- b
ATGCCTCATGTCTCTG TG TCCCTAMALTGTAGS Ellinswm A 1 S
Target SHP 12 0.508 Wicrahaplatype He 0512
Target SNF Ha 0.516 Micrehapbatype H, 0,532
Target SHP HWE pvalue: 100 Micrahaplatype HWE pvalue: 0,797
1360288 [n=124] .
Target Al Cownt  Frequency Mi Count  Fremuency
« 100 0806 GEGGAGAGGCTCCCTGEAGCETC CTGOGAAGACALTEGCTGEATCCECTCAACA GATACCCC Eﬂmzw [CE CHGRE3G-heS: 126205735 12620581 o @
60288 [CF C].GRCh38-ched: 735126205813
GEEIAGAGECTCOTGLAGCLTCTEGEEAGTAGACGAGACCTEGGAMGACHLTGECTGLATCCCCTCANCAGATECCCC :i?uligg[l_ﬁj!;x;c'g SRR 1 0.00606
1 24 {154 GOGEAGAGGCN O T GLAGC LTI GEGGACTAGAGGAGALCTEGEAMGATACTEGCTGOATCOCET CAACAGA TG COET ra1 360288 [CL T)-GRCKIA-chrS:1 262057 25- 16205811 rs11600828-T 24 1194
Target SNF Ho 0,315 Wicrohaglotype H, 0,328
Target SNP M, 0.322 Micrahaplatype H, 0339
Target SNP HWE p-value: 1.00 Wicrohaplatype HWE p-unlue: 100
12830795
Target Allele Lot Frenuency String Seqience. Microhaplotype Narmenciature Count Freguenty
[ 25 0234 GAGACTEGGTICALTTCTATAGACATAGGACACACCATTTTATTGTCTAMAGGGCARAGAAGTLCTATTA 152343795 [CE GIGRCh3R-chr21:27295797- 271 35861 6307956 29 0234
GAGACTGGGTICALLTCTATAGACATAGGACACACCAT TTTAT 1GTCTARAGAGCARAGARGTCCTATTA 152030755 [CE A|-GRCN38-thi21:27235792- 27295861 rs2B30795- 49 0395
1<2830795 [CE Al-GRChEE-chi21:7235792-27215861 re12626695-
i G5 07Ee GAGACTGEETTCACCTCTATAGACATAGGACACAOCATTTTATTGT CTAMNGAGCAMMGAAGTCCTATTA G 52830795 42 0338
1+2830705 [CE A]-GRChIE-chi21:27235792-272 15861 312626695« 3
GAGACTGGGTTCATCTCTATAGACATAGGACACACCA ATTETCTALAGA ICAAAGAAGTLCTATTA () 2733545 T; rsIR30TE5-4 4 0373
Target SNP H. 0.351 Micrahaplatyps H, 0,579

Target SNF Ho 0,274
Target SHF HWE p-value: 0.0743

Micrahaplatype H, 0638
Microhaplotype HWE g-value: 0.101

15354439 |n=124] : :

Target Allie Lount  Freguency Siring Suguence Microhaplotype Namendature Count  Freguency
TICTTAACTCTCAAATTGCAGGTT GLGATAGAARACAG TG AATGATATTCAGARTATTGTRITTAAAAGGAATGTGAT ACATGAGAGAGAT ;

y i i it s flneiley 14354430 [CE AJ-GRCh32-chr]3:106285006- 1061861 15 13542394 103 0831
TICTIASCTCTCARATTICAGGTT GLGATAGARAACAG TGAATEATATICAGAATATITGCTT ARAAGEAATETGATACATGAGAGAGATA 18354438 [CE AL-GRCHISche13 104285996 106286115 106286013 J—
CATAAGEGAANGAEANGCCATCAGAACA T 14354430-A
TTCTTAACTCTCARATTGCAGGTTGCGATAGAARACAG TCAGARTATTGTRCT TAATAGGAATGTGATACATGAGASAGATA

- : 4430

1 n 0,161 sttty S tietiy 354439 [CE THORChIEchrl 3 106285996- 106266115 s154439-T 20 @161

Target SNP Ha0.273 Microhaplotype H, 0.285

Targnt SNF Ha 0,258 Micrahaplatype H, 0174

Target SHF HWE p-value: 0.544 Microhaplotype HWE p-value: 0.705

“TEAB0G07T (n=124)

Target Allee Lot Frequsncy Siring Sequence My ohaplotype Normencature Count Framuency
TaGGEATCT GACTCCCCACAGCCTACCLAAAGI TGEGEAAL TCCTCACT GCCCT TOGEGUTTCAGCACAGGGCTE TCTCOCADGICGEUAG G rsdB0E0T T [CE T)-GRCh3R-ChrE 1435 74562 143570669 rsas0e07 - 1 o 6

" " . GOCTGTGETTTCACTGE T; 156774517 MIeLT
mc-en:rG.M::cocc:mcocmcccm\ocga-samcmmwscwrrceescmac.-xmssccmn.rcmscmecnc-c 4606077 [CE T GRENIB-chrA 435 U562 1ISTALES ndROEOTIT 33 02661

e a0 078 1565Ammmmm:c_aﬁﬁﬁmmmmmGumsﬁnsrﬂcmﬂﬁmcam IIHEDSD’I".'[EEC].GRE""“ 143574669 i BT

: GLCTETGCTTTCACTGR C: re1853434-1

Target SNF H. 0,401 ilcrahaplotyps H, 0406

Target SNF Ha 0,387 Micrahaplatype H, 0387

Target SNP HWE p-value: 0.764 Miceahaplotype HWE g-value: 0816

5719366 (n=124]

Targes Allele Count Frequency Siring Sequence Microhaplotype Hamencature Count Fraguenty
GAGTAMMGGALAGGECCCCAGAGGAGTAGLTALT, ARAGEAGEAMAGGATAATAAAAGAG TTAMAGATGLTET

& o 0782 bl 15710366 [CE AJ-GRCNIS-chw1D27972305- 27073517 rs710366-A 97 o781
GAGTAAAGGALAGGCLCCCAGAGGAGTAGLTGLTAGALT GEGAGGAGG AAAAGCAGGAANGGATAATAABAGAGTTAAAAGATGLTGT 15719360 [CE G|-GACN26-Chrl9:2797 299827971517 15715366 &; & onTe

& B e GETCACAGTGCTGAATGLTEOCANG AAGTGAL 7183670 -
GAGTARAGEACADGCLLLLAGAGEAGTAGLTGLTAGAL ARARGLAGG) ARARGAG SATGCTGT .
GOTCACABTGCTGAATACTOCCEABMETEAL 1719366 [CE 6]-GRON3A-CNr19.27972398-2 7971517 rs715366-G 25 @202

Target SNF H, 0.343 Micrahaptatype H, 0.350

Target SNP H, 0,274 Wicrahaplotype W, 0274

Tarﬂﬂl SNF HWE Edﬂuﬂ'o 1350 ermhaﬂlﬂ!E HWE p-value: 0155

76724 [n=124)

TJarget Allle Lownt Freguency Siring Sequence Microl Momendature Coiint Freguency

1 2 0242 AT ATATTTITIGTCACACTCTGLTANCTAECTG CYCATAGATATICARATTTAGTAGATETAGATA A T AR S AR SORE AT » 0241833

3007731

151
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{ = aoes AGTACATTTTTTGTCACACTCTRCTAACTECCTGCTCATAEATATTC ANTTTAGTAGATETAGATA i:::g:lr& RO O T 1 0314516
AGTACATTITTTGTCACACTCTGCTAACTGCCTGCTCATAGATATTCAAATT TAGTAGATETAGACA 3E76724 |CE C]-GRCh38-chr2:114970-135035 ri876724-C 55 0443548

Target SHP Ha 0,370
Target SMP H, 0.258
Target SNF HWE gevalue: §.0363

Microhapsatype He 0651
Micrahapbatype Hy 0. 758
Microhaplotype HWE pwalu: < 0,000532

5507100 [n=124]

Target Alleke Cownl Frequency String Sequence Microhaplotype Nomendature Cominit Freguenty
TEATGCLCTEACATCAMGARGGLTCLAACTEGECTTCTTTTCTGTGTITTCLAAGGCTTCGARAG 1807100 |CE C|-GRChI8-chr2-298654924- 239654568 07 100-C 35 0282

: 7 - 3 4.2 ;

* o 3 TEATGCCCTOAEATCAAGAABGCTCCAACTGAGCTTCTTTTCTGTGTTTTCCAAGECTTGGAMG RN SRS A IR 00403

[ 81 0617 TGATGCLE I GELATGAMNGARBGET CCARCTBGALTTEITTTCIGTBTTTT CCAAGELTIGEARAG sS07100 [CE G]-GRON8-chv2-198554924.238h 54989 071006 &4 0671

Target SNP H. 0.441 Microhapsatype He D64

Target SHP H, 0,883 Microhagiatype Ho 0516

Target SHP HWE g-value: 0.561 Micruhaptotyjse HWE palie: 0.589

HBH76AD (ne124)

Target Allcke Count Frequiency String Sequence Microhaplotype Nomendature Count Freguency.
ACAGGTACATTCACTT AACAGGCTCTCTT T CCACCCATGTAGAAATACAAAAATAA GACTTAATACAGATGATGE rsSATEL0 ICE II-G RCh38-chr22 33163486-31316 3560 rsART640-4. S0 403

& ) A ACCEGTACATTCALTTAMCAGGC TCTCTTTCCACE ATGTAGARAT ACAAAAATAMGALTTAATACAGACBATGE ::::;Lﬂ ApCeR eI BRI Q.0M06

T 7 D589 ACAGGEACATTCACTTARCAGECTCT CTTTCCACILTTGTAGAANTACAMARATAMGACTTAATACAGACGATEE (5587640 |CE T)-GRCAIS-chv2233 163485-33163560 ra0BTEALT 7 0588

Target SHF Ha 0,458
Target SNP H, 0.458

Microhapiotype He 0,455
Microhapiotype H, 0484

SER0S7T [n=124]

Targnt Alliske Cownt  Friguency String Sequenc Microhaphaty e Normendaturns Count ___ Fieguimcy
TGETETLCAAGGAGGGCT GGG TGACTCOTGECTCAG TCAGCATCAAGATTCCTTTCATCTTTCCCOTCTRCOCTCCCTRGCTTGTCAGLTTTG i

A a8 387 = 5905977 [CE Al-GRChIB-chr1T-3016058-3016175 5930597 - 48 3387

e TCECTCAGGETTGECCEETEGTGREC i il i it e
TGGETGTCAAGGAGGGCT GGG TGACTCGTGGCTCAGTCAGCGTCAAGATTCCTTTCG TCT TTCCCCTCTGCLCTCOCTAGCTTGTCAGCTT TG EA0saT |CE G%-SRCI\_’JI-DMl!!}]l&ls&.ZD]5175!5‘J‘JGEB7'.‘.E: 3 B0242
TEECTEAGECTTRECCECTORTEECT rIEATI08-4 &
TEGETETLCANGGAGG GETEGATRACTCGTGECTCARTCAGCGTCALGATICC TITCETET T CLCCTETGELCTOCETGACTIGTCAGETTTG
G s y S S <

s 7B [EOES Stiyipphitestaitanibos rSEH0SYT |CE G GHUNSE-chrl 7 2016058- 3016176 rsHs0587 -G il 0573
THETGTCANGGAGG GCT GGG TGACTCOTGECTCARTCAGCGTCAMGATICCTITCGTCTTTCCCCTEIGCCCTOCCTGACTTGTCAGETTTG 9305077 |CE GFGRONIE-hr17: 3016583016176 rs390557 7-G; 5 i
TECCTCAGGCTTGECCTETOG TEE0L rs 73208552 T =

Target SNP H. 0.478 Micrahapbatype H, 0526

Targat SNP Ha 0,516 Microhapiatype He 0,565

Target SNF HWE prvalue: 0,593 Microhapiatype HWE prwalus: 0561

3933 (n-124]

Targos Allsia Count  Frequency String Sequence pe b 1 Count  Freguency
TG TTGTAAGGCAATAGAGCAAAGT ATT G IGATAACAGTC TCCAGAGTATATTAGCTTAGTTCATAA [ELgELED] |CE lléﬂch?ﬁ-r.hr):i)'ﬁ?:%? 1-123351640 r0R3034-8 R3 LE6S

L 2 ahs TTTGECTTTET ARG GCAATAGAGCAAAGTATTEOBATAACAGTCTECAG AGTATATTAGCTTAG TTCATAN ??;;;;;:FA” in st e s 7 B01E]

s ET) 0315 TTTGETTTGTAMGGLALTAGAGCARAGT ATTETGATAM AGTCTCCAGAGTATATTAGCTTAGTTCGTAN 13533934 |CE G]-GRCh3H chrd-123361571-123351640 39639345 3 0315

Targot SNF H. 0,435 Microhapiatype H, (U456

Target SMP H, 0.565 Micrahapiatype H, 0557

Targnt SNP HWE povatue: 0.0184 Microhapiatyps HWE pwalun: 00250

200354 {n=124])

Target Allel Coent Frequency Siring Segaence Wicrahnplotype Nomencdature Gesrit Frequenty

. p CAAGCTEOCTTGEANCTG GG TG OOC O A TGCA L CAT GECCAT T CaAACTEGETAG TEAGAGGCTGLOCTG TCCATTATAGAATETTTAG i R A L g ARAN " <

G 12 DoseE CABLATCCTCTBGEAGTAGEAMACTEECTE rsd0lEb4 |CE G]-GREN3S-chrld 9830893 1-98905057 rs200354-G 12 LT
CAMGCTGOLTTOGAACTG GGLTGOCECCATGCACCATGAOCAT TTGGAACTGGTTAGTGAGAGGLTGOCC TG TCCATIGTAGAATGTITAG 15200854 |CF T-GRONIS-chwld SR90E931-0RI0005 rs200354-T; 7 T

3 iis s CAGCATCETCTGEGAGTAGCANACTCCCCTE rI00E63G i
CAAGLTGOCT THGAACT G GELTGOCICCATGALCAT GEOLAT TTGEAALTEGET [ AGT GAGAGELTGOLC T GTCCATTETAGAATGTTTAG (5200354 (CF T)-GRCN3-ch1d SB303331-9B90505 rs200354-T 3 0185

CAGCATCCTCTGGGAGTAGCAAACTCCCCTC

Yavapai population, however, access to these sequence data may
reveal additional variation on a case-by-case basis or in other
population groups, defining additional microhaplotypes.

Six aiSNPs had sequence variation adjacent to the target locus
with an average frequency of 0.1914+0.215 (Table 1 and Supple-
mental Table 5). Two of the aiSNP microhaplotypes (rs1079597-
rs1079598 or “mh11KK-090"; rs870347-870348 or “mh11KK-062"
or “PAPD7”) have been described previously [17,18]. One aiSNP
microhaplotype (rs1079597-rs1079598; mh11KK-090) provided
no increase in the number of alleles at the target rs1079597 locus.
The average H, and H. were 0.319 + 0.237 and 0.343 + 0.209 for 5/6
aiSNPs, respectively, and 0.435+40.215 and 0.43140.217 for 5/6
aiSNP microhaplotypes, respectively. Prior to Bonferroni correc-
tion, no aiSNP microhaplotypes significantly deviated from HWE
expectations. Before and after Bonferroni correction (p <3.25 x
107>), 381 and 22 aiSNP pairwise LDs were observed, respectively.
No significant Bonferroni corrected LDs were observed between
aiSNPs or aiSNP microhaplotypes on the same chromosome.

A minor increase in variation was observed for two piSNPs
when considering flanking region sequences (Table 1 and
Supplemental Table 6). Two piSNP microhaplotypes were defined
as: mh16-MCR1B and mh16-MCR1C [5]. The average piSNP
microhaplotype H, and H. were 0.198 +0.213 and 0.190 + 0.196,
respectively. After Bonferroni correction (p < 0.000549), one
(rs1805009/mh-16-MCR1B) significant pairwise LD was observed.
It is not surprising to observe significant LD between rs1805009
and mh16-MCR1B due to their close physical proximity (~325
basepairs) within the MCR1 gene.

3.3. Bioinformatic concordance

Consistent with the ForenSeq™ UAS and STRbase [10,20],
Wendt, et al. [10] did not include the DYS612 [CCT], [CTT], motif in
length-based alleles. Based on Parson, et al. [ 16] recommendations
and Novroski, et al. [3] population data, this region is now included
for the length-based alleles at the DYS612 locus.

Compared to frequency data previously published by Wendt,
etal. [10], the piSNP N29insA is discordant. The locus was reported
as having no observed heterozygosity and yet the allele frequencies
are 0.516 and 0.484 for the null and insertion alleles, respectively.
By using STRait Razor v2s, a bioinformatic error was discovered.
Manual confirmation of the locus in the ForenSeq™ UAS indicated
that the error occurred when the “ForenSeqRunStatistics” XML
files were offline. Thus, the values reported herein are a discordant
due to an operation issue independent of analyses performed with
the UAS. The N29insA frequencies reported here (1.00 null and 0.00
insertion) are correct.

4. Conclusion

Twenty-one human-identity markers have been identified in
this study of the Yavapai population which contain some degree of
flanking region variation, with a wide range of relative frequencies.
A small portion of target autosomal STRs and iiSNPs exhibited
flanking region variation at relatively high frequencies. The human
identification marker set captured by the ForenSeq™ DNA
Signature Prep Kit produced combined RMPs of 7.66 x 107> and
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Fig. 1. Sequence variation of autosomal identity-informative markers. (A) Number of short tandem repeat (STR) loci in the Yavapai population and the Novroski, et al. [3]
study exhibiting sequence variation; (B) Observed and expected heterozygosity increase of autosomal STR loci with flanking region variation; an asterisk indicates the locus
with flanking region and repeat region variation; (C) Observed and expected heterozygosity increase of identity-informative single nucleotide polymorphism containing

microhaplotypes.

5.49 x 10753, respectively, for a panel of 121 human identification
markers (94 iiSNPs or MPS-based iiSNPs/iiSNP microhaplotypes
plus 27 length-based or sequence-based autosomal STRs). With
such low MPS-based RMPs, additional variation may not seem
necessary, however, these results highlight that increased infor-
mation can be obtained from the full amplicon.
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