
Next-generation sequencing is increasingly being adopted for genetic screening and clinical diagnostics. 
To prevent false reporting of results, it is imperative that patient samples are tracked throughout sample 
processing and data analysis. A reliable method to track sample identity throughout a workflow is to 
monitor single nucleotide polymorphisms (SNPs) that are highly discriminatory across individuals. In order 
to incorporate a routine sample tracking method into diagnostic workflows, the method should be reliable, 
high-throughput, and cost-effective. 

To address the need for high-throughput genotyping assays, we developed the NEBNext Direct® 
Genotyping Solution. This approach enables multiplexing of up to 96 samples in a single hybridization 
reaction that targets between 100 to 5000 SNPs. Here we demonstrate the power of this approach to 
distinguish 24 unique human samples from each other using a sample identification panel of highly 
discriminatory SNP targets. Using this approach, minimal sequencing reads were required per sample to 
obtain sufficient data for germline variant calling. With a one-day target enrichment and library preparation 
protocol and an approximately 12 hour sequencing strategy, we went from DNA samples to data in less 
than 24 hours. Our approach offers a convenient and reliable method to ensure that data integrity is 
maintained in a diagnostic workflow. 
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Pooling of 24 HapMap DNA samples
Using the NEBNext Direct Genotyping Solution Sample Prep Kit, 25 ng of 24 different HapMap DNA 
samples from the Coriell Institute for Medical Research were enzymatically fragmented and 5’ tagged with 
an Illumina®-compatible P5 adaptor that incorporates both an inline sample index to tag each sample prior 
to pooling and an inline UMI to mark each unique DNA fragment within the samples, as shown in the 
workflow. After index tagging, the samples were pooled together for hybridization.

Target enrichment and sequencing of pooled samples
Using the NEBNext Direct Genotyping Solution Target Enrichment Kit, the pool of 24 samples described 
above was hybridized to baits targeting 262 sample identification markers, which included several sex 
chromosome markers as well as the 24 SNPs identified by Pengelly et al1 to have high discriminatory 
power across individuals. Following library prep and PCR amplification, the samples were sequenced on 
an Illumina Miseq® as shown in the diagram below, where Read 1 captures the inline UMI and sample 
barcode, the i7 read (Index 1) captures a second index added to all samples in the same hybridization-
based enrichment, and Read 2 captures the target sequence. After sequencing, the reads were 
demultiplexed with a Picard-based workflow2. Sequencing reads were aligned to the b38 (hs38DH) 
genome using BWA-MEM3 and PCR duplicates were identified using the UMIs4.
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# of Markers 262

Input Amount 25 ng

PF reads 50,964

%Aligned 99.3%

%Inserts On Markers 85.1%

Mean Marker Coverage 100

%Bases < 20% of Mean 2.0%

Panel Metrics Marker Coverage
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Normalized marker coverage from the HapMap 
sample HG01051. When sequenced to a depth of 
100X, the lowest covered marker had 12X 
coverage.

Values reported represent averages across the 
24 pooled HapMap samples after downsampling
the sequencing reads to a depth of 100X marker 
coverage post-duplicate filtering.

Uniform distribution of passing filter reads and mean marker coverage across the 24 HapMap DNA 
samples demonstrates comparable performance of each sample during hybridization-based capture 
and library preparation. 
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Sequencing data from the 24 HapMap samples assayed with the 262 SNP sample identification 
panel was downsampled to 100X marker coverage post-duplicate filtering (average of 50,964 PF 
reads per sample). Germline variants were called using the HaplotypeCaller from GATK5. Variant 
calls for the 24 discriminatory SNPs identified by Pengelly et al1 are shown above for each of the 24 
HapMap samples. White indicates homozygous for the reference allele, light blue indicates 
heterozygous for the reference/alternate alleles, dark blue indicates homozygous for the alternate 
allele, and red are genotypes that were incorrectly called by the HaplotypeCaller. 
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A highly multiplexed target enrichment approach for sample identification and 
tracking using the NEBNext Direct Genotyping Solution
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