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Overview

We present the use of two technologies not yet widely used in
mitochondrial DNA analysis:
1. Long-range mtDNA PCR combined with Oxford Nanopore sequencing

2. Deconvolution of mixed mitochondrial samples

Through the combination of these technologies, we can derive mtDNA haplotypes for each
individual contributorin a mixed sample.
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Multiplex Long Range PCR

(D) michevision

PCR Amplifications of Mitochondria with 1500 bp overlap
Takara Biosciences GXL master mix
6 Primer Pools 1500bp overlaps
9 cellline mixes

e 17257 (135) 17115 (150) 17066 (150 Barcode
Long Range PCR Takara GXL PCR 1 singlesaurce  2ul = = Lsingle_source_17257
25 ulGXL 2 single Source - 280 — 2_single_source_17115
& ul primer multiplex 5 Singesorce = 220 5 single_source_17066

oultizo 4 Mhed 31 sul Lo = W mined 3117257017115

5 Mhed 1 3ul = 1 5 mived_3:1 17257017065

1 ULDNA (1-3ng) 6 Mzt — a2 Tl & mixed 31 17115017065

7 Mied 13 i e = 7_mired_1:3 17257017115

5 Mied11 1 Laul — & mbed 11 172577115

5 Medi01 0w Laul - 5. mised 103172577115

Oxford Nanopore Sequencing
Ligation NDB114 barcoded Library
Multiplex PCR Product
GridION with R10.4 flow cells

The goalis even PCR amplification efficiency for effective secondary analysis and sequencing

Nanopore Sequencing

40-100 Gb per flow cell P2
Detect base modifications on native DNA
Reads up to 2 megabases
- Amplicon
Native DNA

DNA base modification detection
~  Direct RNA sequencing

~ RNA base modifications

Low input PCR barcoding
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~ Short read sequencing

Adaptive Sampling Sequencing

&m NicheVis

heVision

(7Y Nichevision
Increased Accuracy at 40x Coverage and New Duplex

chemistry HD

Duplexand HD FC

e
g \
MacKenzie M, An Introduction to Present, and Future

Considerations. Micromachines (Basel). 2023 Feb 16;14(2):459. doi: 10.3390/mi14020459. PMID: 36838159;
PMCID: PMC9966803.
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Can sequence just about anything...
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Danakil Depression-
Ethiopia Toxic Saline
Hot Springs
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Exoplanetary
Ecosystems

Evolution-Origins of Life

Large suifir cxicizing bacteri of the
iowulacess (Campyiobactersta) theiving in the
sutficic groundwater of Movile Cave, in Romania
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Caves
Romanian

New Biofilm microbes
Thiovulum stygium} difers

10

() Nichevision

Novel Microbes
. from Space
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LV U Infecti Long Amplicon Mitochondrial Reassembly
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Clostridum sp. CAG299 264 0.98%) -
Klebsiella aerogenes 223(0.83%) g ¢ ]
Ketsislaontoca 13805%) L
Morganella sp. 130/(0.48%) !
Read Length Histogramaf the Amglicons Long Range PCRwith GXL Taq
Brian Young NicheViso
Run 1 Multiplex NicheVision
PCR of Mitochondria
Primer Set 1 Primer Set 3 Primer Set 6
4028bp 4989bp 4686bp

Long Range PCR with Takara GXL taq
+ Set 1:16488for to 3947rev
+ Set2: 8910for to 12226rev
+ Set 3: 10360for to 15349rev
Set 4: 13477for to 1677rev
Set 5: 2028for to 6739rev
Set 6: 5468for to 10154rev

Primers : Amanda Ramos, Cristina Santos, Luis Alvarez, Ramon Nogue, Maria Pilar Aluja. Human mitochondrial DNA
complete amplification and sequencing: A new validated primer set that prevents nuclear DNA sequences of
origin 2009, 30, 1587-1593.
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Nanopore Results
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Run summary

DATA OUTPUT
Estimated bases Roads generated
3Gb | sosok |
Estimated NSO Total data produced (pass
fai)
[ 42110 ] [ 357368 ]
BASECALLING
A= Reads called Bases called (m 10

23Gb

649.59 Mb
Fai

Nanopore Read Length Results

*Interchangeable results from both runs

Read Length Histogram of the Amplicons
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Nanopore Read Depth by Sample — Run 2

In-Vitro Mixture Type Nanopore Barcode Total Bases (Mb) Total Reads Barcode label
1 Single Source 1 383.66 89, 680 1_single_source_17257
2 Single Source 2 328.94 78, 950 2_single_source_17115
3 Single Source 3 276.29 64,490 3_single_source_17066
4 Mixed 3:1 4 440.1 103,850 4_mixed_3:1_17257v17115
5 Mixed 3:1 5 411.09 96,800 5_mixed_3:1_17257v17066
3 Mixed 3:1 3 451.16 107,050 6_mixed_3:1_17115v17066
7 Mixed 1:3 7 435.01 103,130 7_mixed_1:3_17257v17115
8 Mixed 1:1 8 409.63 97,250 8_mixed_1:1_17257v17115
9 Mixed 10:1 9 429.52 100,750 9_mixed_10:1_17257v17115

Barcode  Primer Forward Amplicon Primer Reverse  Barcode

Total Nanopore Output

Flow cells: 2
Total output: 6.92 Gbases

Total number of reads (> 1 Kb): 1.59 x 108

() Nichevision
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Mixed mtDNA Deconvolution and
Individual Haplotyping

Definitions

* HAPLOGROUP: a group of similar mtDNA
sequences that share a common ancestor.

« HAPLOTYPE: the unique genetic sequence of

an individual’s mtDNA (i.e., their unique
maternal genetic profile).

Haplotype
Markers

Haplogroup
Markers

NicheVision

hitps://en wikipedia.org/wiki/Human_mitochondrial DNA_haplogroup
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PhyloTres.rg - MIONA trea Build 17 (18 Fab 2016)
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Current mtDNA Analysis Workflow

+ Current practice for mtDNA haplotyping requires single-source samples due to inability to deconvolute
mixtures.

* Being able to deconvolute mtDNA mixtures will enable exploitation of mtDNA from crime scenes.

Single Source Sanger or MPS Align to rCRS : Haplotype
Sample Sequence Reference CLEALLLLLE List of Variants
* Single hair

* Single bone/tooth
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Workflow for Mixed mtDNA Samples
>Classification of Reads by Maximum Likelihood

Separate Reads by
Contributor Using
Phylogenetic
Information

Massively
Parallel
Sequencing

Mixed
Sample

(7Y Nichevision
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Workflow for Mixed mtDNA Samples
>Haplogrouping by Phylogenetic Analysis

Contributor 1

Separate Reads by Haplogroup

Contributor Using
Phylogenetic
Information

Probabilistic
Phylogenetic
Analysis

Contributor 2
Haplogroup

Contributor N
Haplogroup
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Workflow for Mixed mtDNA Samples
>Variant Calling

Contributor 1
Haplotype

Contributor 1 Call

Haplogroup Variants

Contributor 1
Haplotype

Contributor 2 Call
Haplogroup Variants

An Information Gap

() nichevision

By Haplogroup

If contributors to the mixture are frol

Read covering a Read not covering a
* Notall short reads can be ifi p i p i
by contributor leaving large gaps in i position i position
chromosome coverage. A
* Hence, the isolated haplotypes are
incomplete.
Classifiable Not Classifiable

By Haplogroup

m different haplogroups

! |
Contributor N Call Contributor 1 Classifiable Not Classifiable
Haplogroup Variants Haplotype By Person By Person
() Nichettsion (L) Nichgttison
IWustration of Deconvolution Using Short Reads IWustration of Deconvolution Using Long Reads
>Many Reads Cannot be Classified >All Reads are Classifiable
Roads Glassifod as Conriv 1 . . .
Reads Classiied as Contib. 2 r L LLoIf N
Contributor 1
Contrib. 1 Amplicons ° A A A A A A A AA A o A
Contrib. ZAmpllconso - — — - - - . — - — - 16,569
[y VG S [ G RN VLG GO Contributor 2 e — . ; - .
Gap Gap Gap Gap Gap Gap Gap Gap Gap
Y A A A A A Iy A AA A Iy 16,569
4 Denotes a diagnostic SNP that can be used to classify a read by contributor.
© Denotes a SNP that s not “diagnostic” but part of the haplotype of an individual.
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2 H Maximum Likelihood Estimate Number of
Samples Used for Creating Mixtures s e LNy
Expected Called Expected _Callec Classified
CcAU - Usb2blb 1.00 1.00 25,991 89,680 29%
AA - Llb1a3 1.00 1.00 17,518 78,950 2%
MX - Clc6 1.00 1.00 19,332 64,490 30%
A N Coriell Haplogroup Expected Haplotype'?
\ccession " (Estimated by N USh2blb USh2blb 0.75 0.82 21,953
Population MixtureAceMT) Tree Span Variant Calls 311 CAV:AA L1b1a3 L1bla3 025 018 5,09 103,850 26%
NA17257  Caucasian Ushzbib U > Loal s e e T e e e
s et 31 CAUMX Usb2blb  Usb2blb 075  1.00 26,898 96800 8%
730 152C 1621 1557 189G 195C 247A 2636 309.1C 315.1C 523 524- 7500 769 8254 Clc6 - 0.25 - -
African T e e e
NAI71IS American Libta3 LD > Lol oo e o o o e 311 AnX Uble3  Lbl3 075 06l 18536 2
161871 16188 162207 152 162787 162936 16311C 16515C Clc6 Clc6 0.25 0.39 9,418 .
Gentral S e e e e e
NA17066 C1cé C->Leaf  josrimoss 47661 14783C 16043 16301A 15326 164877 11010 re2zar Usb2bib Usb2blb  0.25 0.27 17,013
Ar teas0 . 2
merican 13 CAU:AA Llb1a3 Llb1a3 0.75 073 6,549 103,130 2%
e e o o bty uswbts om0 0ss  160ms
11 CAU:AA Llb1a3 Llb1a3 0.50 0.44 11,214 97.250 26%
Usb2blb Usb2blb 0.91 0.94 27,255
10:1 CAU:AA Llbla3 Llbla3 0.09 0.06 1,868 100,750 2%
NicheVision NicheVision
Ilustration of Information Gains in the mtDNA CR
Using Short or Long Reads
¥ = Diagnostic SNP for haplogroup Usb2b1b
g g g g g & § . o o o 5 g
& s s &% ¢ % g s 8 8 8 s
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| | Ly v | v [ A AN | | |
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Haplotype Analysis
Reads
(Promega)
o
Long { 16,488 3,947
Reads
-
(ONT) 13,47 1,677
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T BT ——T T TR T i gty
3:1 mixture o e - mw .
NA17257:NA17115 Er— 2= Conclusions
CAU:AA bl y e
Haplogroup-informative e li
SNP calls Are Concordant s * Long range sequencing by Oxford Nanopore Technologies (ONT) combined with probabilistic
With Expected et k o deconvolution holds promise for mtDNA analysis of mixed samples.
:::: :::; e e ::t * Here, the mtDNA genome was covered by 6 amplicons to accommodate slightly degraded DNA.
e - o o ey However, entire mtDNA ct can possibly be sequenced. If done on mixed samples, the
Additional private variant ey . e D_ e e mixture will be “ ited by sequencing”, and the will be “phased by sequencing”.
calls that define the e W me e ome
haplotype are not shown. . ‘“‘ ey 31521 ‘2
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