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Table 6. Sensitivity of mtDNA panel

ABSTRACT Table 1. Samples Used for Concordance with Sanger Avg Amplicon Number of
] ] . o Sample Input (pg) % Uniformity .
In forensic casework, mitochondrial DNA (mtDNA) is Sample ID SRM ID Input DNA (gDNA) The panel showed high uniformity and efficiency for Coverage  Variants detected
. ’ . . HL-60 SRM2392 100pg i
useful in the context of recalcitrant samples that fail o e o b‘|(')t2|th§ wgole genc()jr?e gnd cont_lr_o:oll'ealon pel_ne!(s ' 100 91.6 2008 90.75 (98.6%)
to produce a standard STR profile. Traditional GMO09947A SRM2392 100pg ( ?h SRKA Zggnzpare |O ar:]geré |att| ed_)’ Vagan calling HG1389 10 89.6 2413 91.5 (99.5%)
Sanger sequencing using capillary electrophoresis GM10742 SRM2392 100pg ;’_V' o I Sar‘]mpsgg Showe IS € ||scor ancl_e, 5 89.1 2293 91.5 (99.5%)
(CE) compels a limitation of sequencing of the Imited mostly to t ”e Iposmqn.th am[t)Ge norma 'E_ed > 91.2 2318 90.75 (98.6%)
: : Table 2. | f itivi Amplicon Perf
miDNA genome to the hypervarlable region as able 2. Samples Used for Sensitivity and Amplicon Performance coverage across all amplicons .|n e mienome ( !gure 100 93.4 1035 89 (100%)
sequencing of the whole mitochondrial genome Sample ID Population Description  Gender Input DNA quantity (GDNA) 4) .';md a.ttlso sortedt rc]:ove{(a;ge (Figure 5) shows amplicon 10 92 9595 89 (100%)
(mtGenome) is both time consuming and cost- HG00336 Finnish in Finland male GSR uniformity across the mtisenome. HG1260 c 03.1 943 89 (100%)
prohibitive. With the availability of massively parallel HG00369 Finnish in Finland male IGSR 5 91 1 2430 89 (100%)
sequencing systems (MPS), the mtGenome can HG00428 Southern Han Chinese, China  female IGSR Table 3. Performance of Panel
easily be prepared and sequenced using a tiled HG00525  Southern Han Chinese, China  female IGSR CEach et lovel N ruslioate and th et
amplicon multiplex of 162 amplicons. Additionally, Metric Whole Genome  Control Region runs s presented in the table. Input i the GDNA quant for the sample.
the forensic mtDNA analysis module developed on HGO0689  Southern Han Chinese, China  male IGSR
™ e . Uniformity 97.46% 88.09%
Converge '™ Software and optimized specifically for HGO1124  Colombian in Medellin, Colombia  male IGSR
the Precision ID Cont.rol Region a_nd Whole | HG01260  Colombian in Medellin, Colombia female  100pg, 10pg, 5pg, 2pg IGSR On Target Percentage 100% 99 98% (@) ZZ (b)
Genome panels provides streamlined analysis for HG01378  Colombian in Medelin, Colombia  female IGSR W e,
haplotype and haplogroup designations as well as HG01389  Colombian in Medelin, Colombia  male  100pg, 10pg, 5pg, 209 IGSR abled. C S o SRM 2392 and SRM 23921 haslof
robust detection of nuclear mitochondrial DNA HG01462  Colombian in Medellin, Colombia  female IGSR ane & Loncordanee W an T napiotypes
segments (NUMTS) and point and Iength HGO01464  Colombian in Medellin, Colombia  male IGSR Sensitivity Specificity Accuracy
heteroplasmies. DNA from samples with known
E_e;)plot.ypes were obtalnded tr][[]oulgh %‘?\”?” and TAST' Ampliseq™ libraries were constructed using the 98.5%" (n=132)  99.997%"* (n=66144)  99.994% (n=66276)
PI rarles v;lgre fDrle\lpAaE)e (t)nl edo\;]Vh Ie Cl;Jsmg © manufacturer’s protocol for the Precision |ID DL8 Kit on
recision 1o'm ontroland vvhole .senome the lon Chef™. Templates were prepared using the lon “2 false negatives: 1 missed 309.2 and reported 2841 T-> A in GM10742,

Panel and sequenced on the lon S5. Reads
generated on the system were aligned and
compared to the rCRS and were evaluated for
concordance, amplicon coverage uniformity,
presence of artefacts, heteroplasmies, and NUMTs
using the mtDNA analysis module on Converge ™.

**2 extra variants: 2 different samples with 309DEL at about 50% freq.

S5™ Precision ID Chef and Sequencing Kit and loaded
on 510, 520, and 530 chips. Sequence was analyzed
using a beta version of the NGS mtDNA module of 1o (c)
Converge™ Software using default parameters. Reads 12.00%
were first mapped to nodes in Phylotree and then re-
aligned using a context aware custom Smith-Waterman
alignment algorithm that integrates phylotree and

10.00%

8.00% -

Normalized Coverage

EMPOP information into the scoring function. Variants 6.00% -
INTRODUCTION were called with reference to the rCRS. Additionally,
. 4.00%
N _ o the closest haplogroup was calculated, and variants
Traditionally, mtDNA sequencing has been limited to were evaluated based on their occurrence in the 2.00%
the control resbn due to the cost and tlm'e demands haplogroup as well as other general metrics inC|Uding 0.00% Figure 7. Performance of the panel and system at 100pg (a), 10pg (b), 5pg
of WhOIle genome Sanger sequenmng..Wlth MPS, frequency, strand bias, and coverage. *metammw@mwgsf i@%%gggggggggggggggg (©), and 204 (d) GDNA input.
the entire genome can be sequenced in Ei mplicon
_ _ igure 4. Stacked coverage percentage (of total sample coverage) for
approximately the same amount of time as the samples HL-60, CHR, GM00947A, GM10742 run in duplicate. Amplicon
control region, and samples can be multiplexed. Figure 3. Workflow for mito DNA using Precision ID and Converge™ number (up to amplicon 162) are on the x-axis covering the mtGenome. CONCLUS'ONS
i T . : Software. 14.00%

Additionally, the interrogation of each base at high
read depths allows for identification of possible 12.00% Control region and whole genome mito sequencing
mixtures as well as point and length heteroplasmies . can be applied in cases where DNA is limited or has
at rates above the baseline noise of the system. e == 3 been degraded. Sequencing of the panel with the

HE = =~ £ soo Precision ID mtDNA panel on S5 using the mtDNA

<t 2 oo analysis module on Converge™ showed high
MATERIALS AND METHODS S on g B s concordance with Sanger, primarily with exception of
Chef™ 4.00% g
the 309 position, where Converge™ marked the call

The Precision ID mtDNA Whole Genome Panel was 2.00% as “unclear.” Heteroplasmies could be detected at a

rate similar to previously published MPS studies, and
PHP and LHP thresholds could be lowered as a

used to amplify the whole mito genome
(mtGenome) using a two pool system of 81 primer
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pairs each with minimal overlap between pools. The O Figure 5. Sorted stacked coverage percentage (of total coverage) for custom setting to detect lower level heteroplasmies
. . . Preparation and Chip samples HL-60, CHR, GM00947A, GM10742 run in duplicate ordered .
PreC|§|on ID mtDNA C_ontrol Reglon Eanel & loading on lon Chef from lowest coverage o highest not detected h_ere_. Sequencing of samples from
contained two pools with 7 primer pairs each 100pg of starting input down to 2pg showed
covering the hypervariable regions |, Il, and Il as PHPs were detected at a rate comparable to the remarkably little difference in coverage uniformity,
(15954— 610). To ensure full genome coverage, A published recharacterization of NIST SRM-2392 dropouts, and variant calling performance. In a
both panels were designed with degenerate bases s onssor st and SRM-2392-1 using MPS’. All expected point practical casework laboratory, the Precision ID system
covering SNPs that may affect primer binding. heteroplasmies were detected except at position can be implemented in routine missing persons /
f | | 3242 (G/A) in 9947A, which is possibly at lower disaster victim identification workflows as a robust
o 1 sl g frequency (it was not detected in another study MtDNA analysis option in cases were STRs have
+%#% Pool 2 RO = e . : : : : : '
& using an alternative sequencing platform#) and failed. The benefits of MPS testing relative to standard
i WL 2445 (T/C) in HL-60. HV region sequencing using Sanger methods (e.g.,
'l" “ll Flgure 1. Converge™ Software
f wiochondrsl VA Genome i mtDNA Whole Genome panel iIncreased discrimination with mtGenome sequencing,
i /569%P if  primers come in two pools : -
W A7 covering the entire genome of Table 5. PHP detected improved heteroplasmy detection and overall system
N, & 16,569 bases. . Detected in sensitivity with limited and/or degraded DNA) for
., A4
oo o Sample Position PHP Frequency . . .
T . Sanger MtDNA analysis offer benefits for missing persons
""" - © burir © e CHR 64 C/T 29.5 Yes . . .
16024 16365 r >0 48 o e e o R R e E—— 9947A 1393 G/A 18.9% No dentification.
—“ | M — " e — S o 1 9947A 7861 T/C 85.6% No
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Figure 2 The Hypervariable Regions of the mtDNA Control Region and insert locations of

the Precision ID mtDNA Control Region Panel. Grid view of variants on Converge™. Variant information including variant B - e 2. Levin BC, Hancock D, Holland K, Cheng H, Richie K. Human
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HL-60, CHR, and GM09947A were obtained as part et i i e 557 e e
of NIST standard reference material (SRM 2392"2),
and GM10742 from the Coriell Institute (Table 1). _ T | .
Additionally, samples from International Genome S T . e corecty dassfod
Sample Resource (IGSR)3 were obtained, covering a e el e s e e e e e e e e the grid view shows the supporting reads in mito IGV.

small range of populations (Table 2). Two samples

(HG01260 and HG01389) were run at four varying té32?£g°e°lﬁ£3v%eaﬁ'r‘3§,§ ?hgc:r‘\}[,ifergr'r?tG.erfgrrx(/aa(rgp(sleliegaanr;di;e’t\r/]eer?/iee\(/\:e(;jf)the No Co.mplet.e amplicon dFOpOUt.S Were observed in the .

: T . . zoom window). Variants plotted below the coverage diagram are colored by runs, InCIUdmg the DNA InPUt titration from 100pg Startmg

mpUt DNA quantltles In quadrupllcate. The rest of the their status (green, yellow), and low coverage regions are marked by red gDNA down to 2pg. Coverage across the genome and TRADEMARKSILICENSING

IGSR samples were run at 100pg starting DNA input boxes. uniformity (% of amplicons less than 0.2x mean amplicon

to check coverage uniformity and to test for amplicon coverage) remained stable across input amounts (Table For Research, Forensic, or Paternity Use Only. Not
dropouts. 6). for use in diagnostic procedures.
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