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Abstract. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a positive-sense single-stranded RNA virus.
It is contagious in humans and is the cause of the coronavirus
disease 2019 (COVID-19) pandemic. In the current analysis,
we searched for SARS-CoV-2 sequences within the human
genome. To compare the SARS-CoV-2 genome to the human
genome, we used the blast-like alignment tool (BLAT) of the
University of California, Santa Cruz Genome Browser. BLAT
can align a user sequence of 25 bases or more to the genome.
BLAT search results revealed a 117-base pair SARS-CoV-2
sequence in the human genome with 94.6% identity. The
sequence was in chromosome Ip within an intronic region of
the netrin GI (NTNGI) gene. The sequence matched a
sequence in the SARS-CoV-2 orflb (open reading frames) gene.
The SARS-CoV-2 human sequence lies within non-structural
proteins 14 and 15 (NSP14 and NSP15), and is quite close to
the viral spike sequence, separated only by NSP16, a 904-base
pair sequence. The mechanism for SARS-CoV-2 infection is the
binding of the virus spike protein to the membrane-bound form
of angiotensin-converting enzyme 2 and internalization of the
complex by the host cell. It is probably no accident that a
sequence from the SARS-CoV-2 orflb gene is found in the
human NTNGI gene, implicated in schizophrenia, and that
haloperidol, used to treat schizophrenia, may also be a
treatment for COVID-19. We suggest, therefore, that it is
important to investigate other haloperidol analogs. Among
them are benperidol, bromperidol, bromperidol decanoate,
droperidol, seperidol hydrochloride, and trifluperidol. These
analogs might be valuable in the treatment of COVID-19 and
other coronavirus infections.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) is a positive-sense single-stranded RNA virus (1). The rapid
spread of the infection suggests that the virus could have
adapted in the past to human hosts. If so, some of its gene
sequences might be found in the human genome. To investigate
this possibility, we utilized the UCSC Genome Browser, an on-
line genome browser at the University of California, Santa
Cruz (UCSC) (https://genome.ucsc.edu) (2).

To compare the SARS-CoV-2 genome to the human
genome, we used the blast-like alignment tool (BLAT) of the
UCSC Genome Browser (2). The SARS-CoV-2 sequence we
analyzed with BLAT was FASTA Severe acute respiratory
syndrome coronavirus 2 isolate Wuhan-Hu-1, complete
genome, NCBI Reference Sequence: NC_045512.2.

BLAT search results revealed a 117-base pair SARS-CoV-2
sequence in the human genome with 94.6% identity. The
sequence was in chromosome 1p within an intronic region of
the netrin G1 (NTNG1) gene (Figure 1). The sequence matched
a sequence in the SARS-CoV-2 Orflb (open reading frames)
gene (Table I). Table II shows alignment of the SARS-CoV-2
sequence and Chrlp. Figure 2 shows side by side alignment of
matching SARS-CoV-2 sequences and human Chrlp
sequences. A BLAST search did not find the human sequence
within the SARS-CoV-2 genome.

SARS-CoV strains have two orfl genes, orfla and orf1b.
The 16 orflab non-structural proteins (NSPs) are directly
involved in viral replication. Five of the NSPs, NSP12 to
NSP16, are on orflb (3).

The SARS-CoV-2 human sequence lies within NSP14 and
NSP15. As NSP12 duplicates the coronavirus genome, it
sometimes adds a wrong ‘letter’ to the new copy. NSP14 cuts
out these errors, so that the correct ‘letter’ can be added
instead. NSP15 protein degrades residual virus RNA to
evade the infected cell’s antiviral defenses.

The SARS-CoV-2 human sequence is quite close to the
viral spike sequence, separated only by NSP16, a 904-base
pair sequence (Figure 3). The mechanism for SARS-CoV-2
infection is the binding of the virus spike protein to the
membrane-bound form of angiotensin-converting enzyme 2
and internalization of the complex by the host cell (4).
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Figure 1. The 117-bp orflb (your seq) gene sequence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in an intronic region of
the human netrin G1 (NTNG1) gene on chromosome Ip is shown in the University of California Santa Cruz genome browser.

SARS-CoV-2 sequences were present in chimpanzee (not
shown in Figure 1). A 26-base sequence was on Chr3 with
100% identity; a 31-base sequence was present on Chrl with
96.3% identity; and a 24-base sequence was present on
Chr10 with 83.4% identity. No SARS-CoV-2 sequences were
present in orangutan or bonobo.

Hu et al. analyzed the genomes of 15 SARS-CoV
strains. Regardless of different host bat species, SARS-
CoV and SARS-related-CoVs detected in bats from
southwestern China (Yunnan, Guizhou and Guangxi
province) formed one clade, in which SARS-related-CoV
strains showing closer relationship to SARS-CoV were all
from  Yunnan. SARS-related-CoVs detected in
southeastern, central and northern provinces, such as Hong
Kong, Hubei and Shaanxi, formed the other clade, which
was phylogenetically distant from human and civet SARS-
CoVs (3).

Human NTNGI encodes a pre-pro-protein that is
processed into a secreted protein containing eukaryotic
growth factor-like domains. This protein acts to guide axon
growth during neuronal development. Polymorphisms in this
gene may be associated with schizophrenia (4).

Eight percent of DNA in the human genome comes from
human endogenous retroviruses (HERV), and some human
diseases have been attributed to this DNA. HERV sequences
have occasionally been adapted by the human body to serve

a useful purpose, such as in the placenta, where they may
safeguard fetal-maternal tolerance (5). However, SARS-
CoV-2 is not a retrovirus.

Gordon et al. identified 332 high confidence SARS-
CoV-2-human protein—protein interactions. Among these,
they found 66 druggable human proteins or host factors
targeted by 69 existing US Food and Drug Administration-
approved drugs, drugs in clinical trials or preclinical
compounds.

Of special interest are drugs interacting with the sigma
receptors. Both sigma-1 and sigma-2 are human
transmembrane receptors that act together with many non-
polar, cationic drugs. Gordon et al. prioritized several of
these drugs based on potency or potential disease relevance,
including the antipsychotic Haloperidol, which binds to both
sigma-1 and sigma-2 receptors (6). Sigma-1 has been
implicated in schizophrenia, clinical depression, and the
effects of cocaine abuse. Chloroquine, which is currently in
clinical trials for SARS-CoV-2 acts with the sigma-1
receptor and sigma-2 receptor (7).

It is probably no accident that a sequence from the SARS-
CoV-2 orflb gene is found in the human NTNGI gene,
implicated in schizophrenia, and that haloperidol, used to
treat schizophrenia, may also be a treatment for COVID-19.
We suggest, therefore, that it is important to investigate
haloperidol analogs. Among them are benperidol,
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Figure 2. Side by side alignment of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (upper sequences) and human
chromosome 1p (lower sequences).
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Figure 3. Orflab genome of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), showing the 16 non-structural proteins
(NSPs) and the viral spike. The human sequence is within NSP 14 and
NSP 15 (arrow). The human sequence is separated from the spike by
NSP16, a small sequence of 904 bases. The mechanism for SARS-CoV-
2 infection is the binding of the virus spike protein to the membrane-
bound form of angiotensin-converting enzyme 2 and internalization of
the complex by the host cell.

Table 1. Alignment of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) genome and human chromosome 1p. Bases 19300 to 19400
are within the SARS-CoV-2 orflb gene. Matching bases in cDNA and genomic sequences are colored blue and capitalized. Light blue bases mark
the boundaries of gaps in either sequence (often splice sites).

tTGATAAAAG
TCTGACAGT

taaataaaca
aatttaaAAC

19350
19400

tgcattccac
AATTACCATT

acaccagctt
ttetatt AC

TGettttgtt
catgtgagtc

Table II. Alignment of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) genome and human chromosome lp. Bases 107467294 to
107467444 are within the human netrin GI (NTNG1) gene. Matching bases in cDNA and genomic sequences are colored blue and capitalized.

Light blue bases mark the boundaries of gaps in either sequence (often splice sites).

GATAAAAGT aactagaag acacaggagt
ttacctaatg aaacataaaa agcatgaacc
ctgtg ACTCT GACAGTCCtat cttttattgt

atgcactatg tgaaacttca 107467344
tatatt AACA ATTACCATT 107467394
aggactttga gcagtgectg 107467444

bromperidol, bromperidol decanoate, droperidol, seperidol
hydrochloride, and trifluperidol. Benperidol was developed
by Janssen and is marketed in Europe as Anquil by Kyowa
Kirin. Testing immediate release bromperidol is likely to be
more productive than testing bromperidol decanoate.
Generally, the purpose of a decanoate salt is to facilitate
formulation of a long-acting injection. Droperidol was
marketed as Inapsine® and, in combination with fentanyl, as
Innovar® by Janssen. It is the same as benperidol without the
tetrahydropyridine ring. One or more of these analogs might
be valuable in the treatment of COVID-19 and other
coronavirus infections.

A weakness in our study is that the 117-base pair sequence
of SARS-CoV-2 was discontinuously present in NTNGI.
Hence, such a matching result is not proof of a genetic
relationship between SARS-CoV-2 and the human genome,
nor with the short sequences (24-31 bp) of SARS-CoV-2
found in chimpanzee. It would be worthwhile to examine the
proteins to verify the similarity between SARS-CoV-2 orflb
and the NTNGI gene. Further studies are warranted.
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