
Abstract:

The mitochondrial DNA and the Y chromosome are useful 

population genetic tools to establish the direct maternal and 

paternal lines in deep rooting pedigrees. YSEQ has developed 

a robust workflow to sequence the complete mitochondrial 

genome as well as stable and informative sections of the Y 

chromosome on a MinION instrument. This PCR protocol 

allows up to 96 barcoded samples to get fully characterized by 

their basal haplogroup on a single flowcell. The ability of using 

this technology in the field reduces the barrier of persons 

donating their non-invasive cheek swab sample for DNA testing 

because they can see the actual results coming down from the 

instrument in real time. This protocol was for the first time 

established at a small population study of native tribes in 

Kamchatka.
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Preparation of the Sequencing Library

Genomic DNA

16000 different target specific 
primer pairs available

PCR
95 °C 20s
58 °C 80s
95 °C 20s
32 cycles

Discard the PCR products and re-use PCR plate

PCR
95 °C 20s
58 °C 80s
95 °C 20s
32 cycles

PCR products with double tails:

trA_HVR1_F  ccctgcgtgtctccgactcagCTTTTTCCAAGGACAAATCAGAG
trP1_HVR1_R cctctctatgggcagtcggtgatAAAGACAGATACTGCGACATAGG

Tailed PCR primers

96 barcode primer pairs

Pool and cleanup the  PCR products in one tube

Optional Sanger
sequencing with
trA or trP1 primers

PCR products with tails:

Adapter            ligationEnd repair & dA tailing

LW1_BC01_trA_F
tttctgttggtgctgatattgcAAGAAAGTTGTCGGTGTCTTTGTGccctgcgtgtctccgac
tcag

LW1_BC01_trP1_R
acttgcctgtcgctctatcttcAAGAAAGTTGTCGGTGTCTTTGTGtctctatgggcagtcgg
tgat

Oxford Nanopore sequencing

MinKnow Porechop BWA mem

Coverage of mtComplete ONT Sequences
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Low coverage region. 

Needs improvement!

C-M217 Y Haplogroup Tree Mitochondrial Haplogroup A2 / A2a

The closest relatives to Native Americans

Mitochondrial haplogroup matches of 11859

“If you 

are restricted

to bring a human sample

out of a country, then simply bring 

your DNA sequencing lab into that country“

Vladimir Putin 31 Oct, 2017: “Someone is harvesting Russian 

bio  samples  for  obscure  purposes.  Russian 

genetic material is being harvested 

all  over  the  country, 

purposefully and 

professionally“

Koryak Cluster

Itelmen Cluster

Early and unique C-F7264

haplotypes that may indicate

independent settlements

into the Kamchatka peninsula
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Mitochondrial Haplogroup C4b2a
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Long Range PCR (3 x 8kb)

Advantages LR-PCR

Lower number of reactions

Slower pore degradation

Lower molarity of adapters

Disadvantages LR-PCR

Sensitive to degraded DNA

Longer cycling times

Expensive TAQ polymerase
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