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SCOPE2: A Platform for Sars-COv-2 Primer covErage Evaluation
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Abstract—Currently, there is an increasing number and speed
of SARS-CoV-2 mutation taking place around the world, posing
a threat to promising public health and challenge to existing
diagnostic tools. RT-PCR technology is recognized as the gold
standard diagnosing methodology but has shown inaccuracy
under some mutated SARS-CoV-2 circumstances. In this study,
we developed a platform named SCOPE2 (Sars-COv-2 Primer
covErage Evaluation) based on our previous publication.
Testing by commonly-used SARS-COV-2 PCR primers,
SCOPE2 is proved to effectively and efficiently assess the quality
in terms of detection coverage, which may provide a practical
tool for primer selection acceleration and primer design
improvement.

Clinical Relevance—This assists in single SARS-COV-2
Primer selection and suggestion of different SARS-COV-2
Primer combinations.

I. INTRODUCTION

Multiple severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) variants are now circulating globally [1].
Researchers have cataloged more than 12,000 mutations in
SARS-CoV-2 genomes, and the number increases at a
minimum of 2 nucleotides (nt) per month [2]. The observed
mutations in SARS-CoV-2 are not predicted to affect the
utility of currently deployed vaccines; however, changes in the
viral nucleic acid and protein sequences put at risk the utility
of certain in vitro diagnostic assays if the mutation occurs in
an area critical for a primer in RT-PCR assays [3]. For
instance,  Katharina  Ziegler = found two  SNPs
C28858T/C29200T can escape detection of Xpert Xpress
SARS-CoV-2 (GXP) assay (Cepheid Inc., Sunnyvale, United
States (US)) [4].

Under such circumstances, each RT-PCR primer needs re-
evaluation once a new essential mutation occurs. There has
been a push to make the RT-PCR testing process automated,
which minimizes user error and improves assay
reproducibility, making the test faster and cheaper to run [5].
Victor M Corman presents a validated diagnostic workflow for
2019-nCoV where assays were evaluated based on how well
they matched to the 2019-nCoV genome released
independently on GISAID [6]. Po-E Li developed a web-based
assay validation algorithm that checks existing PCR-based
assays against the ever-expanding genome databases for
SARS-CoV-2 using both thermodynamic and edit-distance
metrics [7].

These above-mentioned tools provide practical
methodologies for SARS-CoV-2 primer coverage evaluation.
Following these ideas, we developed a platform named
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SCOPE2 (Sars-COv-2 Primer CovErage Evaluation,
http://124.207.243.56:8081/) based on our previous work [8].
Through aligning designated sequences to differential
datasets, SCOPE2 calculates the coverage of targeted assay
against virus genomes. An optimal one obeys the criteria of
high SARS-CoV-2 genome coverage. Since the automatic
analysis of the pipeline and continually updating of the
genome, SCOPE2 can guide assay selection and assist primer
design.

II. METHODS AND MATERIALS

A. Background Data

GISAID (a global initiative on sharing avian flu data) is
recognized as an effective and trusted mechanism for rapid
sharing of both published and ‘unpublished’ influenza data [9].
17,111 hCoV-19 sequences in this database were collected and
retrieved as virus references for coverage calculation of
targeted primers. Two widely-recognized and commonly-used

primers 1) forward prime
“GACCCCAAAATCAGCGAAAT” and reverse primer
“TCTGGTTACTGCCAGTTGAATCTG” by US CDC

(https://www.cdc.gov/coronavirus/2019-ncov/lab/rt-pcr-
panel-primer-probes.html) and 2) forward prime
“CACATTGGCACCCGCAATC” and reverse primer
“GAGGAACGAGAAGAGGCTTG” by WHO [10] are
introduced as use cases to be evaluated.

B. Evaluation Algorithm

Based on the methodology implemented previously [8,11-
12], we defined PCR primer coverage as the ratio of the count
of reference sequences which can be mapped by PCR primers
against the count of the reference sequence and further
developed a pipeline applying to virus sequences dataset. A
highly covered virus dataset means this PCR can cope with the
different mutations and strains among the SARS-COV-2
genome. In the meantime, we additionally generated a
distribution digraph of the existing hCoV-19 sequences in the
database covered by the input primer around the world.

C. Integration Framework

SCOPE2 is constructed using Brower/Server structure
(Figure. 1). Both the front-end and the back-end of the
platform are mainly implemented by Go-lang, ensuring
reliability, speed, and user-friendliness across multiple
platforms [13]. The background reference sequences are stored
locally as fasta-format files, whose indexes are organized in a
key-value style and saved in a relational database. The
geographic distribution digraph of the mapping hCoV-19
sequences is dynamically drawn by d3js tools [14].
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Figure 1. The MVC framework of SCOPE2.

III. RESULTS AND DISCUSSION

A. User Interface

As shown in Figure. 2, at the very beginning, users need to
submit the job by uploading targeted primer, selecting
reference database, and verifying default parameters. Due to
the performance limitation of our server, no more than 50
primer sequences in fasta format are recommended to be
simultaneously received and respectively analyzed to calculate
coverage against the latest virus sequence dataset (SARS-
CoV-2 (17,111 sequences, update 2020-09-20)) according to
users’ intention. Other essential parameters, such as minimum
melting temperature and product size range, have been
assigned the recommended value as the default input to
decrease the professional demand and simplify the complex
operation. Once confirming all the above-mentioned
information, users can finally press “RUN” and complete
submission.

After a few seconds of waiting, users can get a detailed
descriptive report of their primer (Figure. 3a-c). The output
report consists of the following sections: 1) overall statistics of
the input primers including sequence size, GC content, and
coverage rate against reference database; 2) detailed
description of potential amplicons including mapping
sequence, sequence distribution, binding sites at each mapping
sequence; 3) specific parameters of the submitted job
including reference database, mismatch count and melting
temperature as users assigned. Among all these results, the
coverage rate against the reference database is the most
important indicator showing the potential performance of the
primer dealing with a wide variety of SARS-CoV-2 mutants.
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Figure 2. The job submission page of SCOPE2.

There are 17111 records in current SARS-CoV-2 database, this primer set misses 34 records (download failed

records), the coverage rate is 99.80% (download all amplified records).

Primer list

"BBI and MBN: primer binding number to the plus and minus strand.

Primer ID Sequence (5' — 3°) Size (bp) GC (%) T (°G) AG (keal/mol) PBN™ MBN
2019-nCoV_N1-F GACCCCAAAATCAGCGAAAT 20 4500 57.15 -20.50 17098 0O
2019-nCoV_N1-R  TCTGGTTACTGCCAGTTGAATCTG 24 4583 6134 2461 17107 24193

Hairpin list (0)

No hairpins found.

Dimer list (0)

No dimers found

Histogram of size of first 200 ( 17077 in total ) potential amplicons

Size

Number of amplicans

0-100 00-250 250-500 500-750 750-1000 1000-2000 >2000

Size (bp)

Figure 3a. The result presentation page of SCOPE2 - overall
statistics.
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Amplicon details

Amp 1: 2019-nCoV_N1-F + 2019-nCoV_N1-R ==> MT971688.1:28245-28317 |Severe acute respiratory
syndrome coronavirus 2 isolate SARS-CoV-2/human/AUS/VIC5766/2020, complete genome
show seq

download

Size = 72 bp, GC content = 51.39%

F: Ty = 58.06 °C, AG = -21.85 kcal/mol

R: Ty = 61.45 °C, AG = -25.36 kcal/mol
Binding sites: 28246(20/20) ... 28317(24/24)
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' GACCCCAAAATCAGCGAMATgEaccCcgeattacgtttggtggaccctCAGATTCAACTGGCAGTAACCAGA 3°
28246 3388685386603 EEABAREEREE
3" CAGATTCAACTGGCAGTAACCAGA 5°
24 1
2019-nCoV_N1-R<<<

Figure 3b. The result presentation page of SCOPE2 - detailed
description.

Parameters

Database SARS-CoV-2-20200927-17111.fasta
Kvalue 9

Mismatch 0

Product Min Size (bp) 0

Product Max Size (bp) 600

Tm (°CQ) 47.00

Concentration of monovalent cations (mM) 50.00

Concentration of divalent cations (mM) 1.50

Concentration of dNTPs (mM) 0.25

Concentration of annealing oligos (nM) 50.00

Figure 3c. The result presentation page of SCOPE?2 - specific
parameters.

B. Using Performance

We firstly took USCDC primers to evaluate how well it
adapted to the majority of existing SARS-CoV-2, this primer
set misses 34 records, the coverage rate is 99.80% among
17111 records in the current SARS-CoV-2 database. We
subsequently closely examined the matching and missing
sequences. As for the matching ones, the primers mainly
bound to 28200-28400 loci on the SARS-CoV-2 sequences,
suggesting SARS-CoV-2 virus may share some conserved
region [15]; while for the missing ones, almost 80% (27/34)
originated from Australia and America (Figure. 3), which may
be in accordance with the T29095C lineages of mutant SARS-
CoV-2 virus mostly discovered in these two countries [16].

10%
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Figure 3. The distribution of uncovered SARS-CoV-2 sequences.

Multiple assays in a real-time RT-PCR SARS-CoV-2
panel can mitigate the risk of loss of sensitivity by new
genomic variants during the COVID-19 outbreak [17]. To take
a step further, we utilize another SARS-COV-2 primer
released by WHO (calculated coverage 98.70% by SCOPE2)
to explore whether it can match the missing samples by
USCDC primers. 33 extra sequences were successfully
mapped by WHO primers while only 1 subject from Iran was
failed, proving a combination of primer can indeed improve
the coverage from diverse sources, which constitutes a
practical solution for SAR-COV-2 testing.

Currently, SCOPE2 is deployed and executed on a high-
performance server equipped with 160 cores CPU and 504GB
memory, making it possible to load index and map sequence
fast and easily. For instance, dealing with the above-mentioned
single pair of primers, it takes about 30 seconds to finish the
SARS-CoV-2 dataset evaluation job. When the number of
primers expands to the maximum limitation, 50, the running
time maintain the same as single pair. Each pair of primer was
automatically treated as a single submitting job and parallelly
calculated at different computing threads in the meantime. As
long as the resources are adequate, analysts can get their
expected results in an acceptable time.

C. Downstream Analysis

After obtaining the primer coverage evaluation result, we
can exert downstream analysis to further explore the
performance of this primer. For instance, coverage metrics can
be extended with the introduction of demographic and
virological characteristics. The virus sequence geological
distribution is not a random or isolated event that may be
associated with the population. [18] The collected data,
although retried and updated from all over the world, is not
enough to reflect the real world. If the demographic features
are included, such as the number of stationary and mobile
people, we can exert more weight to the location holding more
population and give more attention to these more critical
places. Similarly, virological innate features are also important
to describe the true COVID-19 epidemic distribution. The
phylogeny of SARS-COV-2 can lead us to discover the
development of existing SARS-COV-2 and explore the
explosion of recent mutants [19]. With the help of this
information, we can put more emphasis on the more influential
and severe strains.

What’s more, specificity metrics can be calculated
following the idea of coverage calculation. To be more
specific, the combination of the coverage of the primer to
SARS-CoV-2 dataset and the irrelevance of this primer to
other virus datasets (such as SARS-CoV and MERS-CoV or
human influenza viruses including HIN1 and H7N9) can
measure the specificity of that primer [20]. Although
specificity has been taken into account during the initial primer
design process, the virus is evolving at a high speed and rate
as we mentioned previously. There is no means for us to be
able and affordable to update the overall latest virus sequences
dataset. As a result, specificity re-evaluation is highly
recommended following the coverage evaluation. High
coverage of the SARS-CoV-2 dataset and low coverage of
other virus datasets may draw a deduction that the input primer
has an acceptable specificity.
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D. Transverse Comparison

SCOPE2 may outperform the other existing PCR
assessment tools ([6] and [7]) in the following aspects: 1)
flexibility, user can complete coverage evaluation of their PCR
primers based on their parameters instead of open-access PCR
primers based on fixed parameters; 2) scalability, user can
execute coverage evaluation to no more than 50 primers in
parallel mode instead of once primer at a time; 3) generality,
user can take advantage of a well-developed and generally-
acknowledged coverage evaluation algorithm enduring long-
term utilization and optimization instead of a recently
proposed methodology which may still need further validation
and has improvement potential.

IV. CONCLUSION

In this study, we developed and deployed a SARS-CoV-2
primer coverage evaluation platform called SCOPE2 to cope
with the question of whether the current PCR primer can
maintain validity against the ever-changing SARS-CoV-2
sequences. By testing it using common SARS-CoV-2
primers, we found it has high coverage towards existing
SARS-CoV-2 sequences, providing potential evidence that
this primer may become a potential candidate for SARS-CoV-
2 diagnosis. In addition, be it by single or in parallel, the
evaluation can finish in an acceptable time, making SCOPE2
an effective and efficient software for the analyst to accelerate
the process and improve the accuracy of SARS-CoV-2 primer
evaluation.
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