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Backgrounds

• Forensic genotyping system for low template DNA

- CE-based STR multiplex system (PowerPlex, GlobalFiler, …)

- NGS-based targeted SNP system

1. PCR-based target enrichment

(Precision ID, ForenSeq, QIAseq, …)

2. Hybrid capture-based target enrichment

followed by Low-input DNA Library preparation
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Backgrounds

Introduction (continued)

• PCR-based target enrichment

- Specific primer binding site 

- PCR primer interference

Hybrid capture-based 
target enrichment

Flexible expansion of the SNP panel
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Introduction (continued)

• Low-input DNA Library preparation kits

- Require about 100pg of input DNA

- Low library complexity 

Whole genome 
amplification

-> Genome recovery

from single cell
Annual review of genomics and human 
genetics, 2015

Multiple Displacement Amplification

Multiple Displacement Amplification (MDA) vs 
Primary Template-directed Amplification (PTA)

Introduction (continued)

REPLI-g WGA kit ResolveDNA WGA kit
Gonzalez-Pena Et al. PNAS (2021)
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 Development of hybrid capture NGS system of Identity SNPs for 
trace amounts of DNA

 Comparison of hybrid capture efficiency between genomic DNA
and WGA DNA

 Investigation of lower limit for the amounts of input DNA that can 
be analyzed

Aims of Study

Can whole genome amplification increase the efficiency 
of hybrid capture-based NGS for low template DNA?

• 136 Identity SNPs

- 102 autosomal SNPs

- 34 Y-SNPs

from Precision ID Identity panel

Materials and Methods

Target SNPs
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Ref.

Samples
• 5 male samples from 4 populations

• Input DNA

• Hybrid capture

- KAPA HyperChoice custom probe (Roche)

- 120bp (including target SNPs)
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Materials and Methods (continued)
ThruPLEX® DNA-seq Kit (50pg ~ 50ng)

https://www.takarabio.com/

Genomic DNA WGA DNA

Intact DNA
: 5 male samples 

from 4 populations

Whole genome amplification
: ResolveDNA WGA Kit (PTA)

Serial dilution
: 1ng/ul ~ 6.25pg/ul

DNA fragmentation

DNA fragmentation
: Covaris M220 Focused-ultrasonicator

Serial dilution
: 1ng/ul ~ 25pg/ul

Workflow
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Library preparation
: ThruPLEX DNA-Seq Kit,   
UDI (Unique Dual Index)

Next generation sequencing
: MiniSeq system (150bp, paired-end)

Data analysis
: Genome Analysis Tool Kit (GATK)
→ Allele call when > 10x coverage
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Hybrid capture
: 136 Identity-informative SNPs

KAPA HyperChoice probe
High fidelity PCR system

Lib.
QC

Library QC (Quality Control)
: Qubit dsDNA HS Assay Kit
Agilent DNA 7500, & HS Kit

Result & Discussion (continued)  

Comparision of MDA-based WGA and PTA-based WGA 

Not published data
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• ResovleDNA WGA kit was performed well even with 6.25pg of input DNA.

Result & Discussion (continued) 

1. Performance of PTA-based Whole genome amplification

9,024

9,880

9,144

7,386

6,460
6,020

5,536
5,112

0

2,000

4,000

6,000

8,000

10,000

12,000

1,000 500 200 100 50 25 12.5 6.25

To
ta

l D
N

A 
am

ou
nt

 (n
g)

Input DNA amount (pg)

Result & Discussion (continued)  

Reference genome
Sequence

Target SNP
+150bp-150bp

On-target rate, On-SNP rate and PCR duplicates 
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2. On-SNP rate of hybrid capture-based NGS system

Result & Discussion (continued) 

Consideration
- Fragment size
- Duplication rate
- NGS read depth

3. The genotype recovery rate

Result & Discussion (continued) 
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Result & Discussion (continued)

4. Duplicate rate 

5. Genotype recovery rate of 136 SNPs according to Z-scores
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Result & Discussion (continued) 
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• Around 40% of genotype recovery was showed with 1ng of genomic DNA.

• More than 80 % of genotype recovery can be obtained with 50pg of input DNA by WGA.

The utility of WGA was demonstrated 
in hybrid capture-based NGS for low template DNA 

Conclusion

We developed hybrid capture NGS system of 
Identity SNPs for trace amounts of DNA

Ongoing Study

• Increase number of SNPs to > 1,200

• Use more efficient library preparation kit
with smaller sized fragment to get higher On-SNP rate

• Replicated analysis 
to increase accuracy of recovered genotypes of SNPs
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