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Preface

The COVID-19 pandemic is reaching historic proportions. We are
dealing with an infectious disease that is caused by a novel coronavirus
we discovered just a few months ago. Since then, it has brought
healthcare systems to the brink, it altered how we work, it changed
how we socialize, and it impacted in a major way the world economy.

It has mobilized a global response trying to defeat it. There is no good
answer currently available. The goal is to reach a sufficiently high level
of immunization in the global population and to develop treatment
options. In the meantime, we have to be efficient in diagnosing
infections, isolating COVID-19 cases and study this virus by
understanding its subtypes, its epidemiology, its routes of
transmission, and its clinical manifestation.

In this eBook, I summarize to the best of my knowledge our current
understanding of COVID-19 and the virus SARS-Cov-2 causing it.
Most of the papers that I used to prepare this eBook were published
since the beginning of this year. The body of knowledge is quickly
expanding and evolving. Next-Generation Sequencing (NGS) can
deliver significant insights in this process. This eBook outlines how
NGS can be used and how Golden Helix software solutions can be
utilized in the process.

I’d like to thank Gabe Rudy for his contributions and feedback. Also,
I’d like to thank Delaina Hawkins for her support in publishing this
eBook.

Andreas Scherer, Ph.D.
April 2020
Bozeman, Montana



Chapter 1: Introduction

At the end of 2019, a virus appeared somewhere in the Chinese
city of Wuhan. It caused cold and flu-like symptoms in most, but
also pneumonia and death in a few. It proved to be highly
contagious. The disease it caused would soon be coined
COVID-19, standing for coronavirus disease of 2019. It quickly
emerged as a global phenomenon mobilizing resources in every

country to defeat it.

At the time of this writing, we are in the midst of a global
pandemic. COVID-19 has arrived in many countries: Asia,
Europe, and Latin-America. There are cases reported in
Australia, the Middle East, Africa, and Canada. The United
States was hit especially hard, trying to contain the exponential
spread in a country that is based on individual freedom and
liberty. As the country is adopting, based on federal and state
guidance, social distancing, we are facing the reality that the
reported case numbers are climbing undeterred (see fig. 1).

Fig 1: COVID-19 infections in the US



As 1 am writing this sentence, there have been 159,184
confirmed cases of the coronavirus and the death toll stands at
2,953 here in the US. This will obviously be out of date by the
time you are reading this paragraph. We are dealing with
exponentially growing numbers. There are estimations for the
US, that put the number of infections in the tens of millions and
the number of deaths in the hundreds of thousands. The Johns
Hopkins University has developed a website, the Coronavirus

Resource Center, that gives up-to-date information on this

pandemic with updated information multiple times a day.

There are other informative resources, that help to quantify the
spread of the virus. Dr. Edward Parker, from the Vaccine Centre
at the London School of Hygiene & Tropical Medicine, is
maintaining a website that allows you to visualize current trends
with his COVID-19 tracker (see fig. 2).
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In addition, the website gives information about other recent
outbreaks, such as the epidemic of Severe Acute Respiratory
Syndrome (SARS) in 2003, the 2009 swine flu pandemic, and the
2014 Ebola outbreak.

The virus behind COVID-19 is called SARS-CoV-2. It is a
pathogen that has unique characteristics turning it into a threat
to our lives and the global economy. According to Fang et al.
(2020), the preliminary estimate of RO, which indicates the
expected number of cases directly produced by one person in a
population susceptible to infection, for COVID-19 is 2.2 - 3.7
(see also Qun Li et al., 2020). It could be shown that it is able

persist for days on uncleaned surfaces.

As it stands, this new coronavirus is one of the topmost lethal
pathogens we have witnessed. Here is a list of other noteworthy,
very lethal viruses (see Harding 2020).

Marburg-Virus: This virus was identified in 1967 when a
number of lab technicians were exposed to infected monkeys
from Uganda. It causes hemorrhagic fever that can lead to shock,
organ failure, and ultimately death with a mortality rate of 25%-
80%.

Ebola Virus: It was simultaneously observed in Sudan as well as
in the Republic of Congo in 1976. Its mortality rate varies and
can reach up to 71%.

Rabies: This disease severely affects the brain and is lethal if left
untreated. The development of vaccines has tremendously
helped to limit the impact of this virus globally.



Human Immunodeficiency Virus (HIV): There are two
species of Lentivirus, a retrovirus, that are capable of infecting
humans. It’s a sexually transmitted infection that occurs via
contact with contaminated blood, semen, vaginal fluids, and
breast milk. HIV infects cells of the human immune systems,
such as helper T cells, macrophages, and dendric cells. It persists
as a problem. Just in the US it is estimated that about 1.1 million
people had HIV at the end of 2016.

Dengue: In the 1950s the Dengue Virus was first seen in South-
East Asia, especially in the Philippines and Thailand. Since then,
it spread further in tropical and subtropical regions. The Dengue
virus infects up to 100 million people every year with a mortality
rate of 2.5% with Ebola like symptoms if left untreated.

SARS-CoV: This virus causes acute respiratory syndrome. It was
first observed in the Guangdong providence in China. It spread
to 26 countries. It has a high mortality rate of 9.6% but only
effected about 8,000 people.

MERS-CoV: The MERS virus belongs to the family of
coronaviruses that causes respiratory syndrome. It has a high
mortality rate of up to 40%.

Infectious diseases significantly impact our quality of life, our
health, and ultimately our ability to survive. Hence, we need to
understand how they function and how we can protect ourselves
from negative consequences. The next chapter dives deeper into
what we currently know about COVID-19 and the virus causing
it (SARS-Cov-2). Chapter 3 reviews in what ways Next-
Generation Sequencing (NGS) can be used to study this virus



and to potentially diagnose it. Lastly, in Chapter 4 we review all
capabilities of the Golden Helix software stack vis a vis the
NGS-based use cases.



Chapter 2: COVID-19 Key Facts

SARS-CoV-2 has just been recently discovered. The knowledge
about this virus is fairly new and certain aspects of it are still
under review or in-flux entirely as we learn more about this virus
on a daily basis. Most of the papers that I cite for this eBook
have been published in 2020. In this chapter, I summarize the
state of our understanding of this virus based on an article
written by Di Wu et al. (2020).

Epidemiology

The virus has rapidly spread from Wuhan to China’s other areas
and reached global proportions as it is now present on all
continents except Antarctica. As of March 26, 2020, there over
510,000 confirmed cases and approximately 23,000 deaths
globally. According to the European Centre for Disease
Prevention and Control (ECDC), the latest daily risk assessment
is moderate to high level. The case fatality rate of the currently
reported cases in China is less than 4% which implies that so far
this novel coronavirus does not seem to cause the high fatality
rates previously observed for SARS-CoV and MERS-CoV.
However, it has a higher RO (2.2 -3.7) value than either of these
viruses. SARS-CoV has an RO of 0.67 — 1.23. MERS-CoV has an
RO of 0.29-0.8 (see Trilla, 2020).

Reservoir Hosts

Bats and other species can function as so-called reservoir hosts.
They have played a critical role in transmitting various viruses,
including Ebola. Cui et al. (2019) describe the origins of SARS-
CoV and MERS-CoV likely to be in bats as there is a strong
genetic overlap between the viruses extracted from bats and their
human-transmissible versions. In fact, recent research showed
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that SARS-CoV-2 is 96% identical at the whole-genome level to
a bat coronavirus. Understanding the origins of a virus and when
and how exactly the jump to humans occurred helps to
understand and eventually control its spreading.

Route of Transmission

Currently, we can confirm that respiratory droplet transmission
is the main route of transmission. There are a number of ways
how these can transmit from human to human such as unclean
surfaces (e.g. doorknobs), clothes, but also aerial droplets and
contact. Asymptomatic infections can lead to a wider spread as
the hosts are unaware of their ability to transmit. Recently, the
new coronavirus was also found in the feces of confirmed
patients in Wuhan, Shenzhen, and even in the US. This means
that the virus is able to replicate in the digestive tract and opens
up the possibility of fecal-oral transmission. At this moment in
time, there is no confirmation that aerosol transmission of
COVID-19 is possible, however this aspect is still being
investigated.  Also, neonatal infections, mother-to-child
transmission, have been observed but need to be confirmed (see
Fuk-Woo et al., 2020; Phelan et al., 2020; Jin et al., 2020; Shen et
al., 2019; Zhu et al., 2020).

Clinical Manifestation

Let’s look in further detail what we know about the clinical
manifestation of this novel pathogen.

Incubation Period and Symptoms

A number of publications based on smaller enrollment numbers
suggest an incubation period from 1 to up to 12 days with a mean
of 5-7.5 days. In a larger study with 1,099 patients extracting data
from laboratory-confirmed cases from 552 hospitals in 30
Chinese provinces, researchers reported that the estimated mean
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incubation period of a SARS-CoV-2 infection was 4.0 days
(Guan et al., 2020).

The same study (Guan et al., 2020) reported the following data.
The median age of the patients was 47 years. 41.9% of the
patients were female. 5% were admitted to the ICU. 2.3%
underwent invasive mechanical ventilation and 1.4% died. Only
1.9% of the patients had a history of direct contact with wildlife.
The most commons symptoms were the following:

e Fever: 43% on admission, 88.7% during hospitalization
e Cough: 67.8%
e Diarrhea: 3.8%

Coincidentally, the SARS-CoV-2 infected cases have symptoms
like fever, fatigue, dry cough, dyspnea, etc., with or without nasal
congestion, runny nose, or other upper respiratory symptoms.
There are reports of loss of smell and taste in otherwise non-
symptomatic cases.

Diagnosis
From a diagnostic standpoint here the available options:

Physical Examination

Some patients may not present any clinical noteworthy
symptoms, despite being infected with the virus, except perhaps
the loss of smell or taste. Patients in severe condition may have
shortness of breath, moist rales in lungs, weakened breath
sounds, dullness in percussion, and increased or decreased
speech tremor.

CT Imaging Examination

In the early stage of pneumonia, chest images show multiple
small patchy shadows and interstitial changes, remarkable in the
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lung periphery. Severe cases can further develop to bilateral
multiple ground-glass opacity, infiltrating shadows, and
pulmonary consolidation, with infrequent pleural effusion.
While chest CT Scan pulmonary lesions are shown more cleatly
by CT thanx-ray examination, including ground-glass opacity
and segmental consolidation in bilateral lungs, especially in the

lung periphery.

Fig 3: CT Scans of three different patients infected with SARS-Col -2 in
China (Huang et al 2020)
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In a study of 41 patients, 40 (98%) had bilateral involvement.
The typical findings of chest CT images of ICU patients on
admission were bilateral multiple lobular and subsegmental areas
of consolidation (A in figure 3). The representative chest CT
findings of non-ICU patients showed bilateral ground glass
opacity and mental areas of consolidation (B in fig. 3). Later
chest CT images showed bilateral ground-glass opacity, whereas
the consolidation had been resolved (see fig. 3). This data was
extracted from Huang et. Al. (2020).

Laboratory Diagnosis

Current diagnostic strategies involve the exclusion of other
known viral causes of pneumonia, such as influenza virus,
parainfluenza virus, adenovirus, respiratory syncytial virus,
rhinovirus, or SARS-CoV. Also, bacterial infections such as
mycoplasma pneumonia, chlamydia pneumonia, and bacterial
pneumonia should be tested for prior to conducting a COVID-
19 test. A variety of specimens such as nasal swabs, nasopharynx
or trachea extracts, sputum or lung tissue, blood, and feces are
commonly used for testing.

Should those causes be ruled out, then samples can be collected
from the wupper respiratory tract (oropharyngeal and
nasopharyngeal) or lower respiratory tract (endotracheal aspirate,
expectorated sputum, or bronchoalveolar lavage). The standard
diagnosis is the CDC 2019-nCov Real-Time RT-PCR Diagnostic
Panel, a molecular in vitro diagnostic test, based on the widely
used nucleic acid amplification technology.

Treatment and Prevention

At this time, there is no vaccine or antiviral treatment for human
and animal coronavirus. The World Health Organization
(WHO) has announced that a vaccine for SARS-CoV-2 should
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be available in 18 months. The currently available clinical
treatment options essentially focus on dealing with the
symptoms arising from the infection. This ranges from bed rest,
antiviral therapy, antibiotics application, immunomodulating
therapy, organ function support, respiratory support,
bronchoalveolar lavage (BAL), blood purification, and

extracorporeal membrane oxvgenation (ECMO). Prevention is

mostly about self-isolation, social distancing, and minimizing the
exposure to a potential infection while living a healthy lifestyle.

Development of Future Treatment Options

Kupferschmidt and Cohen (2020) review four of the most
promising therapies that WHO has identified: an experimental
antiviral compound called remdesivir, the mala-ria medication
chloroquine and hydroxychloroquine, a combination treatment
consisting of lopinavir and ritonavir. and lastly a combination of
lopinavir, ritonavir and interferon-beta. All drugs are being
tested, although the WHO opted not to conduct randomized
double-blind studies in the interest of time.

Remdesivir: It was initially tested to treat Ebola with no
confirmed efficacy. There is a reported case in the US with a
positive health outcome after a treatment with the drug. More
data is required. It is a drug that is being administered
intravenously.

Chloroquine and Hydroxychloroquine: Studies in cell
cultures have suggested that there is some effect on SARS-Cov-
2 at very high doses close to toxic dose ranges. Multiple smaller
studies in various countries such as China and France have been
conducted that showed some encouraging results. However,
there is overall insufficient evidence that warrants a broad usage
as of today.
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Lopinavir and Ritonavir: This is a drug that was approved in
2000 to treat HIV. It has shown efficacy to treat MERS virus
infections. Rigorous data collection is required. The drug can
cause severe liver damage.

Lopinavir, Ritonavir and Interferon-Beta: This combination
is already in trials to treat MERS. It could be potentially helpful
to treat a COVID-19 infection although experts point out that a
late application of interferon-beta could actually lead to worse
tissue damage.

In the meantime, there is a substantial global effort underway to
develop a vaccine that could provide population-level protection
against this novel virus. However, there is a major concern. It is
a known risk that coronavirus vaccines potentially make the
disease. The mechanism that causes that risk is not fully
understood and is one of the stumbling blocks that has
prevented the successful development of a coronavirus vaccine.
Normally, researchers would take months to test for the
possibility of vaccine enhancement in animals. Given the
urgency to stem the spread of the new coronavirus, some drug
makers are moving straight into small-scale human tests, without
waiting for the completion of such animal tests (see Steenhuysen,
2020).

In the US, the National Institute of Allergy and Infectious
Diseases (NIAID) within the National Institutes of Health
(NIH) is overseeing the funding of federal research and response
to COVID-19. There are also some companies in the US that are
conducting their own COVID-19 research. Internationally, the
UK Medicines and Healthcare products Regulatory Agency
(MHRA) and European Medicines Agency (EMA) are
supporting efforts to develop therapies against COVID-19. In
general, it is expected that it takes 12-18 months to develop a
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vaccine. This tracker lists the major vaccine candidates currently
in development.
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Chapter 3: Leveraging NGS-Technology in the
Fight Against COVID-19

Next-Gen Sequencing (NGS) of the novel virus can make a
tremendous contribution in enhancing our understanding of the
underlying pathways in which it impacts humans. In a short
period of time we have made significant progress. On January
24, the SARS-CoV-2 genome was published in the New England
Journal of Medicine (see Zhu et al., 2020).

Through the Global Initiative to Share All Influenza Data
(GISAID) and GenBank, researchers are sharing their
understanding of the origin of the new virus, the epidemiology
and transmission routes, and facilitate development of diagnostic
and treatment strategies (see https://www.gisaid.org/). This

website provides a wealth of information as well as latest news
on this subject.

Understanding the genome of SARS-CoV-2 early enables us to
understand the viral spread and impacted response strategies.
Here are a few examples in this context.

Zhou et al. (2020) discusses the whole genome sequences from
COVID-19 that were obtained from five patients at an eatly
stage of the outbreak. The sequences are almost identical and
share 79.6% sequence identity to SARS-CoV. Furthermore, they
were able to show that 2019-nCoV is 96% identical at the whole
genome level to a bat coronavirus. Pairwise protein sequence
analysis of seven conserved non-structural proteins domains
show that this virus belongs to the species of SARS-CoV. In
addition, the COVID-19 virus isolated from the bronchoalveolar
lavage fluid of a critically ill patient could be neutralized by sera
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from several patients. Notably, they confirmed that COVID-19
uses the same cell entry receptor-angiotensin converting enzyme

II (ACE2) as SARS-CoV. This study shows how future research
studies can be designed.

Tang et al. (2020) conducted a population genetic analyses of 103
SARS-CoV-2 genomes and classified out two prevalent
evolvement types of SARS-CoV-2, L type (~ 70%) and S type
(~30%). The strains in L type, derived from S type, are
evolutionarily more aggressive and contagious. This is another
example of a study design that could be useful in future work to
understand on a deeper level how this virus functions.

NGS allows researchers to better understand the phylogeny of
this virus (see fig. 4).
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Fig 4: Phylogeny of COVID-19
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This is useful to establish a clear picture of so-called
transmission routes (see fig. 5).

Fig 5: Possible Transmission Routes of COVID-19

Additionally, there is a growing number of diagnostic use cases
for NGS-based tests. Paragon Genomics has recently introduced
an NGS Panel for the research and surveillance of COVID-19.
Similarly, Fulgent offers an NGS test to detect viral presence. It

is safe to assume that we need many more labs to follow those
examples and build out testing capabilities leveraging the NGS
paradigm.

We are still in the early stages of the global fight against COVID-
19 (SARS-CoV-2). There are many unknowns. NGS is one of
the key paradigms that can lead us to a deeper understanding of
this novel virus.
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Chapter 4: Capabilities of Golden Helix in the
Infectious Disease Space

Next-Generation Sequencing (NGS) technology has decreased
the price of nucleotide sequencing exponentially in the last 10
years. The clinical applications are broad, from diagnosis of rare
diseases, to carrier screening and hereditary disease risk, and
finally, for the personalized treatment of cancer with molecular
profiling of tumors for therapeutic, diagnostic, and prognostic
genomic biomarkers.

Discovery and Sharing of the Reference Genome for SARS-
CoV-2

With sequencing machines broadly available to clinical and
research labs, the identification and sequencing of the complete
genome of novel pathogens can be done by small groups in a
matter of days. Shortly after the outbreak of severe illness,
Chinese scientists were able to identify a novel coronavirus in
samples taken from the first patients in Wuhan province. Using
standard NGS machines and a metagenomic RNA sequencing
protocol, a complete genome of the novel virus was assembled
and shared with the world on January 12, 2020, by the Chinese
authorities. A second group corroborated this finding shortly
thereafter. On January 29, 2020, five days after the French
Ministry of Health confirmed the first cases of the Wuhan
coronavirus, the Institute Pasteur sequenced and shared the
whole genome of the coronavirus of two of the first three
confirmed cases in France (2019-NCOV_Press Release). In
comparison, in 2004 it was considered a heroic feat of

the international consortium of scientists to sequence the SARS
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virus genome in 31 days after the investigation of the virus
outbreak started (WIRED, 2004).

The final genome of sequenced SARS-CoV-2 consists of a
single, positive-stranded RNA that is 29,811 nucleotides long,
broken  down as  follows  (GenBank  Accession

MG772933, RefSeq Accession NC_045512):

e 8,903 (29.86%) adenosines
e 5,482 (18.39%) cytosines
e 5852 (19.63%) guanines
9,574 (32.12%) thymines

Golden Helix’s Data Curation Team brings together genome
assemblies and relevant annotations of many species beyond
human. Over the course of many years providing support for
research and clinical genome analysis applications, it has
published curations of over 100 genomes and 1,700 unique
annotations including gene models, functional evidence,
variation frequencies and clinical interpretations. The SARS-
CoV-2 genome and gene model was curated and published
within 24 hours of the first customer request.

Other genomes in the infectious disease space have previously

been curated by Golden Helix. In figure 6, you find a few
examples.

22


https://www.wired.com/2003/04/sars-gene-sequence-unveiled/

COMMON NAME GENOME SIZE

Malaria parasite 23Mbp
Staphylococcus aureus 2.9MBp
Tuberculosis causative agent 4.4Mbp
SARS-CoV-2 29.9Kbp
Ebola virus 18kbp

Fig 6: Excamples of curated pathogen reference genomes

A Golden Helix user interested in doing analysis on a novel
genome has a couple of options. They can contact our Support
Team and expect a short turn-around for the curated and
published genome to be available for global access. Alternatively,
there are existing capabilities built into the software to curate
new reference sequences with a guided user-friendly wizard.

Visualization of Reference and Gene Model
Golden Helix provides different analysis tools for research and

clinical genomic analysis applications. For researchers, SNP &
Variation  Suite (SVS) provides  general = purpose  data

normalization and annotations, statistical analysis for a broad set
of research questions and expansive visualizations for exploring
analysis results.

On the clinical side, VarSeq and VSClinical support the analysis

of individual patients’ genomic variants for the entire spectrum
of clinical genomic tests ranging from focused gene panels,
exomes, to complete genomes for hereditary and cancer
workflows. Both of these tools embed an integrated genomic

visualization tool, GenomeBrowse that is also available as
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standalone application, free for researchers. Figure 7, below,
demonstrates the visualization capabilities
of GenomeBrowse for the curated reference genome and genes
for SARS-CoV-2 (see fig 7).
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Fig 7: Reference Sequence and Gene Model of SARS-Col -2 Viral
Genome, Zoomed to conserved region of Spike Protein S'1
with GenomeBrowse

NGS Analysis Pipeline

Now that a reference sequence has been established, easier
comparisons can be made between samples and standard
analysis workflows and tools for processing NGS data can be
employed. This processing, often called “secondary analysis,”
takes the millions of short (often 150 nucleotide) sequences
produced from the machine and “align” or map them to their
position on the reference genome. When multiple reads overlap,
the confidence in the true sequence of the sample is raised at that
position. Sometimes, individual letters in a sample will be
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different than the reference, causing a “variation.” A tool
specializing in modeling the chance that these variations are real
and not technical artifacts of one form or another is called a
variant caller, and it produces a Variant Call File (VCF) that can
be processed in conjunction with the variants of other samples

in a downstream analysis tool such as SVS or VarSeq.

Golden Helix provides industry leading secondary analysis tools
for doing the following industry standard workflow for SARS-
CoV-2 NGS samples:

e Align reads to the reference genome using the BMA-
MEM short read alignment algorithm (Li, 2013)

e Remove unwanted identical (duplicate) reads caused by
PCR amplification

e Call variants using an accelerated GATK algorithm
implemented by Sentieon (Poplin et al. 2017)

RefSeq Ge: 04 N Annotations em

] 5|

Fig 8: The Wuban patient’s meta-transcriptomic NGS reads aligned to
the SARS-Col-2 Genome created from this sample
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Here is what the alignment of the raw NGS data taken from the
first Wuhan patient’s meta-transcriptome looks like aligned to
the SARS-CoV-2 genome following this workflow (see fig 8).

Research and Clinical Analysis Workflows

The data sharing precedent of the Chinese and French scientists
has been carried forward as COVID-19 reached global
pandemic status. Sequences from patient samples are posted to
public repositories such as GISAID on a daily basis, and
countries and networks are systematizing the collection of
samples for further research and analysis.

Protocols for more efficiently sequencing the virus are being
developed and shared to provide complete genome coverage
with much fewer NGS reads, allowing more samples to be
sequenced per run of a sequencing machine and thus more
economically. The following analysis examples are based on
samples shared from the Utah ~ Public ~ Health
Laboratory (BioProject PRJNAG614995), prepared using the
ARTIC Protocol (SARS-CoV-2 Sequencing Resources) for
targeted RNA amplification of SARS-CoV-2 and run through
the above secondary analysis pipeline. On average 98% of the

NGS reads sequenced aligned to the curated reference, with an
average depth of coverage of 2,800X.

Population Analysis Using SNP & Variation Suite (SVS)
SVS has been used for over a decade by researchers doing

genomic research on populations of many species, resulting in
over 1,500 publication citations in research journals. The
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capabilities span from RNA to DNA analysis, extracting
relationships between phenotypes and genotypes using complex
statistical models that can account for multiple covariate
phenotypes and cryptic relatedness between individuals.

For COVID-19 samples, the statistical framework can be applied
to the sequenced variants of analyzed cohorts that can grow to
hundreds of thousands or millions of samples. Common
statistical methods used in these large-N workflows include:

e Mutation Analysis and Tabulation: The frequency
and segregation of samples based on which variants they
contain can be analyzed in various forms.

e Principle Component Analysis: By reducing high-
dimensional data down to the eigenvectors that best
represent the per-sample differences, clustering of the
samples by these empirical factors can clearly track the
lineage of mutational strains of the virus.

e Statistical Association: With sample phenotypes and
clinical attributes such as incubation period and disease
outcomes incorporated, statistically significant associations
with specific variants may lead to key insights into behavior
and pathogenesis of various strains of the virus.

Cohort and Sample Analysis Using VarSeq

VarSeq specializes in variant analysis workflows. While some
features are focused on the clinical workflows associated with
gene testing for rare disease diagnosis, carrier screening and
cancer gene testing, many are generalized across analysis types
and species. These include variant merging and normalization,
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annotation against curated genomic resources, aggregation of
allele and genotype counts and frequencies of sample cohorts,
and the integrated visualization and reporting of filtered and
selected variants in the genomic context.

) "PRINAS14995 Somples - Golden Helix VarSeq 22.1-RCS - o x

B view »
——
o, @ oo, ot @amect | 4 a2 ] b B 7 g
Genometrowse X |V Fiter variants X+
Loret, @ 3% € D [commz i owsiaz 1oz i e hQ
SARS-CoV-2 (Mar 2020) v © = L] +
. r——— - P——— rr—— ——— N 5 x
. . . . OHstory. Copy | [Gear
[7]: Count Alieles - Allele Counts Project Data ma ChriC._846512.2: 11,483
. Watchos | Mismatches / Delations
4- 3 Type Base Count %of Mean
B T To Qualty
o (mismatch) T 3644 956 378
[]reterecssemerce s covztcn Assemoy-PublcAmotatons @ | [ P PPN S
A FTE TN
Tow w2 100 378
JR-:SN Genes NC_045512.2, NCBI User Annotations @8

PRINAS14395_output B
ChrNC_045512.2 batween 11,082 and
1,083

Insertions.

Bass(s)  Count %of Hean
Total _Qualty

Non- 3821 1000 2
Insertions

Total EZICE

H Current Sample: UT.00002 - /f Genotypes (OT)

ProjectDa &
vronen | u

PRINAG14995 Samplos - 0/f Genotypes (67) ProjectData
UT-00001

uTo0002

i
UT-00005 2 &

7 arntsi 15 %\ 4

vaterts | © R O, [ (8 [ verent Al rreq (urrent) > 0.001: ur-000027 o | [ 44 llecouns
Variant nfo

Vatents: 15

Ur-00002 Count Alicles:
Alle Counts ‘Alele Frequences # Aleles H
2

st
o 1 o
1
0

ipos R

A

Fiter Varent Al Freq
2 1

NC_0a5512.223755
NC_ 045512211083
NC_0ass12.226225.

0126 126 % ”n

588

0354306 1593367 3% £ n 3 0166667 0
? 1 0456 3 % ”n 4 0222222 18

Navigaton Gx: 12.3Kbp (NC_O45512.2 11,142, 0.46875) NC_0455122 11969

Fig 9: A Variant Analysis and Visualization in 1 arSeq of COVID-
19 sample

VarSeq analysis of COVID-19 samples can include (see fig 9):

e Merging all samples into a single cohort matrix

e Annotating variants against the gene model for the virus,
determining their impact as silent or missense (amino acid
changing) to the protein sequence

e Counting the samples and frequency of mutations at
each position
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e Plotting these counts, along with the variant and NGS
supporting read information

e Filtering variants for inclusion in a clinical report that
identifies the strain and sub-type of the virus with supporting
evidence of the sample quality and coverage statistics

Sample Collection and Aggregation with VSWarehouse

As the global effort to capture samples for complete genome
sequencing of the virus continues, the need to aggregate many
samples into a collaborative environment for ongoing research
and clinical application development will warrant a genomic data

warehouse.

VSWarehouse was designed to support the incremental
aggregation of samples into a collaborative and sharable
centralized resource. The solution scales to very large datasets
that are enriched with genomic annotations and supports
efficient queries and exports for various research workflows.

The basic COVID-19 workflow may include (see fig 10):

e Enriching sample collections with clinical and patient
phenotypes

e Uploading samples through the VarSeq integration
with VSWarehouse to a collaborative project

e Setting up the project to integrate the latest genomic
annotations, providing critical variant functional impact
annotations and updated sample and frequency counts of all
variants
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e Sharing the project across institutions, allowing direct
annotation of any COVID-19 samples with the frequency
and counts of variants from within VarSeq

e Supporting research workflows to export out subsets or
cohorts for statistical analysis in tools such as SVS

@\'\IARIEI-ICUSE ©Covid19(1)v  QQuery EResults @ Logout

21 variants [ ciearan |

21 records < L]l ]l co  paget/2 [[ENIENEEN & Atele Counts is greater than or x
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missing

Genomic Coordinate ~ Ref/Alt  Allele Counts  Allele Frequencies  # Samples  Sample Names

NC:045512.2 cr 8 0444444 4 UT-00005, UT-00006,
UT-00008, UT-00009

NC:045512.2 CIA 4 0222222 2 UT-00005, UT-00006
NC:045512.2 cr 4 0.222222 2 UT-00005, UT-00006
NC:045512.2 cr 2 0111111 1 UT-00020
NC:045512.2 TIC 2 0.111111 1 UT-00020

NC:045512.2 cr 8 0444444 4 UT-00005, UT-00008,
UT-00008, UT-00009

Fig 10: VSWarehouse table of variants from a cobort of COVID-19
sanmiples

Clinical Testing with NGS Sequencing

In concert with the rapid-diagnosis capabilities of RT-PCR tests
currently in use, the capabilities of NGS machines may be
employed to capture the complete genomes of the virus as it
spreads and evolves as well as confirm the virus presence.
Longer term, these collected virus samples will provide critical
data to understand the evolution of the virus, its biological
properties and to aid in the development of therapeutic drugs

and even vaccines.
The key to scaling up any NGS pipeline for clinical diagnosis and

rapid turnaround is the automation of as many parts of the
bioinformatic process as possible. This not only reduces time-to-
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result but also removes potential for human error in otherwise
manually performed steps. Golden Helix provides VSPipeline as
the high-throughput automation tool that enables repeatable
workflows of the NGS analysis capabilities previously discussed.

With molecular barcoding, the throughput of NGS machines
allows for many samples to be multiplexed on a single run. The

automated analysis workflow after sequencing run may look
like:

e De-multiplex raw reads into per-sample sequence files
o Align sequence reads to the SARS-CoV-2
e Remove duplicate reads
e Call variants
e Run customized workflow with VSPipeline to:
e Call Positive/Negative for SARS-CoV-2 based
on coverage analysis
e Analysis of strain based on variants
e Output PDF clinical report

While these workflows presented here are certainly not
comprehensive, they provide examples of common analysis
strategies for different use cases of COVID-19 NGS sequencing.
The space of NGS analysis is constantly changing, and Golden
Helix’s tools have been built with maximum flexibility to tackle
the unknown problems of the future.
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Chapter 5: Summary

COVID-19 challenges the healthcare system, governments and
the global economyin an unprecedented way. The novel
coronavirus ~ SARS-CoV-2  has  just recently been
discovered. Vast resources are being directed towards
understanding this new disease and the virus that caused it.

This eBook outlines, to the best of my knowledge, the current
state of our understanding of COVID-19 and SARS-CoV-
2. Chapter 1 gives a brief introduction into this topic. Chapter
2 summarizes key facts about COVID-19; it
reviews epidemiology, reservoir hosts, transmission routes, and
clinical manifestation. Chapter 3 answers the question of how
Next-Generation Sequencing can be utilized in this area. Lastly,
Chapter 4 reviews Golden Helix’s capabilities that are relevant in
this context.

By the time you read this sentence, there will be new findings,
studies, and research papers. Also, any of the population level
statistics that have been cited will be dwarfed by the numbers
that are reported by the time you read these words. But one thing
is certain: Next-Gen Sequencing technologies will allow us
to gain a deeper understanding of this virus and to develop
advanced diagnostic capabilities to help patients and provide us
the ability to conduct research at the same time. Golden Helix
software can be utilized in the process. On our end, we plan to
contribute to the global effort defeating this virus, by providing
capabilities that allow clinicians and researchers to do their job.

Learn More About Golden Helix’s Solutions for COVID-19
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