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The U.S. National Institute of Standards and Technology (NIST) has undertaken a population sequencing study of 607 mitochondrial genomes (mtGenomes). The goal of the study Is to increase the
availablility of high-quality whole mtGenome haplotypes for haplotype frequency estimations, allowing the increased discrimination power of the full mtGenome to be harnessed. Whole mtGenome
sequencing is enabled by Next Generation Sequencing (NGS) workflows which are vastly simplified compared to Sanger-type sequencing, which is typically limited to the mtDNA Control Region, or
portions thereof, due to the labor required to produce mtDNA sequence data. Samples used in this study were grouped into categories of self-reported race: African American, U.S. Caucasian, and
U.S. Hispanic individuals, representing three major U.S. populations. Assessment of resolution for mtGenome relative to control region data are presented. Previously characterized markers for this
sample set include Y-chromosome Short Tandem Repeats (Y-STRs) and Ancestry Informative Single Nucleotide Polymorphisms (AISNPs). Comparisons of ancestry inference from mtGenome,

AISNP, Y-STR data, and self-reporting are presented.

Methods — mtGenome Sequencing Ancestry inference using mtGenome, autosomal SNPs, and Y STRs
* Full mitochondrial genome (mtGenome) sequences obtained for 607 NIST * Full mitochondrial haplogroups assigned by CLC Bio Genomics Workbench —
population samples AQME Tool using EMPOP database values
o Self-reported: African American (n = 236), U.S. Caucasians (n = 247), and U.S. Hispanics (n = 124) o Self-reported: African American (n = 236), U.S. Caucasians (n = 247), and U.S. Hispanics (n = 124)
 Long PCR amplification of full mitochondrial genome (mtGenome)  Autosomal ancestry-informative SNPs from ForenSeq

e Libraries prepared with Verogen ForenSeq Signature DNA Prep Kit with DNA Primer Mix B (DPMB)

®* Primers & PCR conditions from Fendt et al. [1
- « Sequenced on MiSeq FGx using MiSeqg FGx Reagent Kit

* Sequenced on n_eXt generation |ns,_trument . Ancestry informative SNPs from Kidd et. al. [4]
* KAPA Hyperplus library procedure from Ring et al. [2] » Ancestry predictions from SNP data made using FROG-kb [5]
* MiSeq FGx instrument using MiSeq Reagent Kit v3-600 e Y-STR profiles from ForenSeq and Promega PPY-23
° thenOme data Cu_rated using CLC Bio Genomics Workbench _AQME tool [3] « From NIST 1036 population sequencing [6] and ForenSeq DNA Signature Kit (unpublished)
» Datareview and curation performed by AFMES-AFDIL staft Y Hgs were estimated using the NevGen Haplogroup Predictor (desktop version)
« Minimum heteroplasmy variant frequency 5 % e https://www.nevoen.orq/

Y haplogroups categorized by continent according to Kivisild [8] and Lao [9]

Figure 1. I\/_Iltoch_ondrlal genome showing Figure 2: Library construction process. Figure 3: Ancestry prediction for three marker types for the three populations Ancestrycsr'ggii%gi *;;yéommem
control region with amplification strategy. studied. Predictions were grouped into broad continental origins: African (green),
Origin Long PCR European (blue), Asian (Orange), and Americas (purple); for mitochondrial
o 1656921 5, (] haplogroups according to Rishishwar [7] and for Y-STR haplogroups according to
) _ Kivisild [8] and Lao [9]. For SNP data the top metapopulation predicted with The
Enzymatic Fragmentation Standalone FROG-kb Ancestry Inference Batch Likelihood Computation Tool

(] found on GitHub: https://github.com/haseenaR/FROGAnNcestryCalc was used.
_ ! Location of the metapopulation was converted into continental ancestry groups.
End Repair & A-tal Mitochondrial and Y-chromosome subclades were reduced to highest “single

() letter” level for simplicity of display in this figure.
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Table 1: Comparison of shared profiles from Control Region (nt 16,024 to 16,569 & 1 to 576) vs whole mtGenome. | e _ _ £
) African Americans 2
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Figure 2: Comparison of haplogroups derived from Control Region vs whole mtGenome for three U.S. T
populations with number of haplogroups shown at end of each bar graph. . I
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*LP = low probability Y-haplogroup prediction from STR data. Minimum probability threshold of 0.10 used for NevGen haplogroup predictor.
**See poster P145 for a larger population scale Y-STR analysis.
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Discussion - Whole mtGenome vs Control Region
* Indels at positions 309, 315, 573, and 16,193 were not considered differences in profiles.
* Point heteroplasmy was considered a difference between two profiles.
 Heteroplasmy was observed 209 times in these 607 mtGenomes.
« Overall 83 additional profiles could be uniquely identified in this population set when using whole mtGenome (WG) analysis vs
control region (CR), an increase of 17 % within the study.
 The Caucasian population benefitted the most from whole mtGenome analysis with an increase in unique profiles of 25 %, followed
by African Americans with a 16 % increase, and Hispanics with a 5 % increase.
 What happened to the most common shared CR profiles when WG is used?
e African American group of 4 - group of 3 + 1 unique profile
« U.S. Caucasian group of 11 = 11 unique profiles
 U.S. Hispanic group of 6 = group of 5 + 1 unique profile
 Whole mtGenome sequencing enables deeper subclade classification vs control region (see Figure 2).

Discussion — Ancestry Inference relative to self-identified ancestry

 Forthe U.S. Caucasian samples all three marker systems gave similar predictions.
« Categorized as “West Eurasian”. mtGenome = 96.8 %, AISNP =93.8 %, Y-STR =91.0 %

« Forthe U.S. African American samples, mtDNA and AISNP inference performed similarly while Y-STR inference performed differently.
o Categorized as “African™. mtGenome = 93.3 %, AISNP =99.6 %, Y-STR =64.0 %

 For U.S. Hispanic samples continental categorizations indicate weaker correlation to self identified ancestry.
o Categorized as “European” or “Americas”. mtGenome = 81.5 %, AISNP =43.1 %, Y-STR = 78.2 %

Conclusions:
 As expected, greater discrimination is observed from Whole mtGenome sequence compared to the Control Region sequence.
e Gains in unique profiles: African American =16 %, U.S. Caucasian = 25 %, and U.S. Hispanics =5 %
Whole mtGenome sequence may be used to differentiate some individuals when control region mtDNA profiles do not.
 Ancestry prediction with mitochondrial DNA works similarly to Y-STR or nuclear DNA SNPs.
» Differences in mtDNA and Y-chromosome ancestry proportions may be due to bias in admixture history.
« Y STR haplogroup inferences from the NevGen Haplogroup Predictor are informative, but additional Y-STR or Y-SNP typing may be needed to support improved paternal lineage predictions.
 Ancestry inference in groups such as U.S. Hispanics are more variable, due to complex admixture and natural history of such populations.
« Thereis alimitation in the Bayesian Y haplogroup predictor, NevGen, in that it always predicts a result, even when a subclade may not be present in the reference database or support for a prediction is weak. This could result in false positives.
 Ancestry is affected by human migration, both ancient and modern, with no clearly defined boundaries for haplogroups. Many haplogroups are represented on multiple continents at varying frequencies. This could lead to misclassification at the “continent” level.
* Future: finish the mitochondrial for the remaining NIST population samples (n = 662) and submit to EMPOP to increase the number whole mitochondrial genomes in the database.

Figure 4: Haplogroups ascribed to continent for (A) mitochondrial DNA according to [7] and (B) Y-STR haplogroup predicted by NEVGEN Y-haplogroup prediction tool according to [8].
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Disclaimer: Points of view in this document are those of the authors and do not necessarily represent the official position or policies of the U.S. Department of Commerce. Certain commercial equipment, instruments, and materials are identified in order to specify experimental procedures as completely as
possible. In no case does such identification imply a recommendation or endorsement by NIST, nor does it imply that any of the materials, instruments, or equipment identified are necessarily the best available for the purpose. This work was approved by the NIST Human Subjects Protection Office.
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