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Abstract
The GenapSysTM SARS-CoV-2 Amplicon Panel (GenPlex) and Hybrid-capture Panel 
(GenTwist) provide decentralized, low-cost and accurate NGS solutions for whole genome 
sequencing of the virus and detection of variants along with high sample multiplexing. 
GenapSys has developed these comprehensive end-to-end SARS-CoV-2 workflows, starting 
from RNA extracted from patient samples, library preparation approaches that target the 
complete viral genome, automated clonal amplification and sequencing, and FASTQ & 
variant calling file outputs for each sample. Additionally, GenapSys has developed and 
adopted a rapid, high-throughput COVID-19 screening assay, known as GenSwab, which will 
be capable of analyzing 1000s of samples in a day. The positive samples identified from 
GenSwab can be further analyzed using GenPlex or GenTwist assays for epidemiology, strain 
identification, immunotherapy and molecular contact tracing (MCT) studies.

Technology
The GenapSys Sequencing Platform uses an impedance-based, electronic detection 
modality on CMOS chips. A single run on a 16M chip produces 10-14 million individual 
sequences with read lengths that average 150 base pairs with more than 80% of bases >Q30 
quality. 

Methods
The GenapSys GenPlex and GenTwist assay performances were demonstrated using two 
synthetic RNA SARS-CoV-2 control standards generated from Twist Bioscience, which were 
based on the reference genome of MN908947.3 and MT007544.1. Additionally, 38 COVID-
19 clinical samples were sequenced using the Amplicon assay on GenapSys platform for 
variant detection and molecular contact tracing (MCT). The GenSwab workflow, based on 
the Swab-Seq1 method, was utilized to show the high-throughput testing capability of the 
GenapSys platform using multiplexed COVID-19 clinical samples. In the Amplicon and 
Hybrid-capture workflows, BWA MEM was used to align reads to the SARS-CoV-2 genome 
sequence and the human reference genome (hg38). Sequencing runs with multiple samples 
were demultiplexed, and the FASTQ sequence and a SARS-CoV-2 whole genome sequencing 
report were generated per sample. The report specifies the number of viral reads, depth of 
coverage and variant calls with reference to the Genbank (MN908947.3) sequence. Variant 
calling was performed using an internally developed analysis pipeline, based on Vardict.
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Figure 1

Conclusions
o The GenapSys SARS-CoV-2 GenPlex and GenTwist assays provide decentralized, 

low-cost and accurate NGS solution for whole genome sequencing of the virus 
and detection of variants along with high sample multiplexing. 

o The GenapSys GenSwab workflow is a rapid, low cost, high-throughput and 
sensitive COVID-19 screening solution which can be used for testing 1000s of 
samples.
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1. Swab-Seq: A high-throughput platform for massively scaled up SARS-CoV-2      
testing(https://www.medrxiv.org/content/10.1101/2020.08.04.20167874v2.full.pdf)

The GenapSys SARS-CoV-2 Amplicon assay detects (GenPlex) SARS-CoV-2 virus with high genome 
coverage across 5 orders of viral loads. Samples were generated with 1M, 1000, 100 and 10 viral genome 
copies of the MT007544.1 (C1) control sample, and 1000 viral genome copies of the MN908947.3 (C2) 
control sample, spiked into 50 ng of UHRR respectively. Genome coverage ≥1X and ≥30X were high at 
both 100K reads and 400K reads/ sample shown in Fig. 2A and Fig. 2B. Viral copies as low as 10 copies 
were detected by the assay.

The GenapSys SARS-CoV-2 Hybrid-capture assay (GenTwist) generates 100% coverage of 
the whole 30 Kb viral genome for the MT007544.1 and MN908947.3 control standards
from Twist Bioscience shown in Fig. 1  (1M viral copy spike in samples). Additionally, the 
MT007544.1 strain shows the presence of 4 expected variants: 3 SNVs (T -> C at position 
19065, T -> G at position 22303, G ->T at position 26144) and a 10 bp deletion 
(ACGATCGAGTG -> A) at position 29749. The bottom panel shows a zoomed in view of 
the 10 bp deletion. 

Figure 2 (B)

Table 1

Table 1 shows amplicon sequencing metrics of the C1-MT007544.1 control sample, with 1000 viral 
genome copies spiked into 50 ng of UHRR. The original sample sequencing data with >7M reads is 
downsampled to 1M, 250K, 100K and 50K reads.

Table 2 shows accurate variant calling for different viral copy samples. Samples with 1M, 1000, 100 
copies of the C1-MT007544.1 control were processed with the GenapSys SARS-CoV-2 Amplicon PCR 
workflow. Each sample had ~100K reads or greater, and all 4 variants (3 SNVs and a 10bp deletion) were 
detected with high confidence, as demonstrated by the frequency of the variant in the reads.

Table 2

Clinical samples were analyzed using GenapSys amplicon assay and sequencing. For comparison, the 
same samples were also analyzed using a different amplicon assay and sequenced on an Illumina 
sequencing machine. 341 variants were detected by both methods, with 333 variants in agreement (Fig. 
3A). Of the 38 samples, 31 were in complete agreement, 6 differed by a single variant, and 1 differed by 
two variants.  Fig. 3B shows the variant calling report automatically generated for one of the clinical 
samples.

Figure 3
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GenSwab Results on Clinical Samples:

64 Clinical samples in a 384x library analyzed by GenapSys and Illumina. The results show GenapSys 
called 63 out of 63 samples that match with orthogonal methods either ILMN or qPCR. The qPCR results 
for the 64th sample was not available.  ILMN got 60 out of 63 matched (both positive and negative 
patients). The discordant samples between GenapSys and ILMN were confirmed by qPCR , showing 
GenapSys results were matching with qPCR. 


