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Abstract
Background The question of whether the coronavirus genome contain as-yetununderstood genetic component.
Purpose (Objective) Elucidate the novel functions of the discovered tRNA-like base sequence and lead to the development 
of novel therapeutic agents.
Methods A novel tRNA-like base sequence was found in the sequences complementary to the genomes of severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) and SARS-CoV. By comparing mutations in the tRNA-like base sequences 
of these two viruses, it was found that base pairing in the cloverleaf model of SARS-CoV-2 was more robust than that of 
SARS-CoV.
Results The results of homology search between a short sequence of the coronavirus tRNA-like base sequence and human 
genes suggest that the molecule produced by this novel tRNA-like sequence may be involved in the splicing of human mes-
senger RNA.
Conclusions Experimental molecular evidence of the tRNA-like base sequence discovered in this study is urgently needed.

Keywords Coronavirus · Cloverleaf model of tRNA · Mutation · Base sequence · Intron

Introduction

Infection with severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is now widespread, and the associ-
ated coronavirus disease (COVID-19) has become a pan-
demic worldwide. By December 3, 2021, 199,936,878 cases 
were confirmed in more than 110 countries, with 4,254,571 
deaths (Elflein 2021). SARS-CoV-2 is the seventh corona-
virus known to infect humans (Coronaviridae Study Group 
of the International Committee on Taxonomy of Viruses 
2020; Wu et al. 2020; Zhou et al. 2020). Among these, 
SARS-CoV, Middle East respiratory syndrome coronavirus 
(MERS-CoV), and SARS-CoV-2 can cause severe disease, 
whereas human coronaviruses HKU1, NL63, OC43, and 
229E are associated with mild symptoms (Coronaviridae 
Study Group of the International Committee on Taxonomy 
of Viruses 2020; V’kovski et al. 2021). In this perspective 
study, comparative analysis of genomic data was performed 

to deduce the characteristics of the SARS-CoV-2 genome. 
This revealed the notable features of a novel SARS-CoV-2 
tRNA sequence, whose mechanism of action was also 
hypothesized.

Materials and methods

A 330-base tRNA-like sequence was visually identified 
in the complementary strand of the SARS-CoV-2 genome 
without using any software such as tRNA Scan-SE. This 
method was based on the detection of the T-loop sequence 
(G/CNNNRANNC/G) and on subsequent examination of 
the following stem structure (T-stem). Next, the sequence 
was extended in the 3′ direction to search for amino acid 
acceptor stems (AA-stem). The analysis tool “Analyze this 
sequence”/“Find in this sequence” included in the NCBI 
gene database was used to detect both of these sequences. 
Meanwhile, an ochre anticodon sequence was searched at a 
position approximately 20 bases away from the T-stem in the 
5′ direction, and it was investigated whether an anticodon 
stem of five bases could be assembled. Finally, a D-loop/
stem and an intron were placed, several cloverleaf structure 
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models were drawn one by one, and the best structural model 
was selected.

Homology search between short sequences (eight 
bases) of coronavirus and human genes (one million 
bases or less) was conducted using the same “Analyze this 
sequence”/“Find in this sequence” tool, and the number and 
position of the highlighted sequences that appeared on the 
PC screen were annotated. For all analyses, a Toshiba Dyna-
book Satellite L5-C Series PC was used.

Results

The cloverleaf model of the novel tRNA-like base 
sequence, consisting of 330 bases, as well as its position 
(12,940–13,296) on the genome of SARS-CoV-2 (NCBI/
Nucleotide/NC_045512.2 complement) are shown in 
Fig. 1. Although the cloverleaf model, showing a stem and 
loop structure, is consistent with the conventional model 
(Dirheimer et al. 1995), it has the following peculiar char-
acteristics: (1) it contains an intron consisting of 260 bases 
between the D-stem and the AC-stem; (2) its anticodon 
is TTA, corresponding to the ochre stop codon; and (3) 
although the number of bases in its T-loop, consisting of 

seven bases, matches that of conventional T-loops, the static 
base sequence  G53TTC 56 is substituted with  C53TTT 56.

The mutations present in the genome of the new corona-
virus SARS-CoV-2 at bases 16,635–16,964, based on 4787 
sequenced deposited in the NCBI database as of March 25, 
2021, are shown in Fig. 2a. After identification of these 
mutations, this region of the SARS-CoV-2 genome was com-
pared with that of the previously widespread Tor2 isolate 
of SARS-CoV (NCBI/Nucleotide/NC_004718.3) (Fig. 2b). 
Fifty-two mutations were identified in the 330-base tRNA-
like sequence. The comparison of exons and introns of the 
330-base tRNA-like sequences of different SARS-CoV-2 
isolates revealed a smaller number of mutations in the exon 
region. Presumably, this depends on the bias of exons form-
ing the secondary structure of the tRNA in the cloverleaf 
model, suggesting the validity of the assumed stem struc-
ture of the discovered tRNA base sequence. Conversely, 
the comparison of the tRNA structures of SARS-CoV and 
SARS-CoV-2 strains pointed at five mutations in the stem 
region. These mutations are in the direction of stabilizing 
base pairing in the stem, and there are no reverse mutations. 
In addition, a mutation (C → T) at position 33 of the constant 
base is consistent with the general model of the tRNA struc-
ture. These results indicate that the increased pathogenicity 

Fig. 1  Cloverleaf model of the 
330-base tRNA-like sequence 
found in the genome of the 
new coronavirus SARS-CoV-2. 
The tRNA-like base sequence 
occupies 330 bases at positions 
12,940–133,269 of the NCBI/
Nucleotide/NC_045512-2 
genome (complement). It 
contains an intron consisting of 
260 bases. The exon regions are 
highlighted in color (orange, 5′ 
side and blue, 3′ side). The eight 
bases in the sequence chart 
(TTT AGT TA), surrounded by 
a red line, represent the central 
part of the 330-base tRNA-like 
sequence, which was used for 
homology search. Although U 
should be used in the cloverleaf 
model of tRNA, T was used 
for the purpose of sequence 
description (● indicates 
Watson-Crick-type pairing, and 
◯ indicates non-Watson-Crick 
base pairing)
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in the new coronavirus strain compared to the previous strain 
is partially proportional to the stability of its tRNA structure.

To obtain information about the possible validity and 
importance of the novel tRNA-like base sequence, a homology 
search between this 330-base tRNA-like sequence and human 
genes was carried out. The 330-base tRNA-like sequence was 
divided into 33 sections [〇 in Fig. 2a], and four fragments 
with different complementarity and orientation were generated 
in each section. The results of screening of 10 large and small 
olfactory receptor genes using these eight-base fragments are 

shown in Supplementary Table S1. Considering these results, 
the fragment no. 4 of section ⑰ (ATT GAT TT) was selected 
for further investigation. This choice was made based on the 
large number of homologous sequences to this fragment, 
which filled up a whole PC monitor; the absence of mutations 
in this section; and the fact that section ⑰ is located exactly in 
the center of the 330-base tRNA-like sequence.

The position of an A base at the 5′ end of fragment no. 
4 of section ⑰ (ATT GAT TT) on the human genes, as well 
as the position of the codon corresponding to the TTA anti-
codon located upstream, are shown in Fig. 3a. The num-
ber of homologous hits is almost proportional to the size of 
the gene, and homologous sequences are scattered within 
the gene. When focusing on the interval between these 
sequences, it was found that the ATT GAT TT sequence exists 
in pairs at a constant distance (461 ± 2 bases) in some human 
olfactory receptor genes, and that there is always a codon 
corresponding to the TTA anticodon located upstream at a 
fixed position of 120 ± 3 bases. The data for seven genes, 
including SFTPD, PGL, and IL7, out of approximately 150 
genes obtained by searching “Homo sapiens genes, COVID-
19” in the NCBI database, are shown in Fig. 3.

Although the 5′ATT GAT TT3′ sequence is often found in 
human genes, only the 3′ATT GAT TT5′ sequence is found 
in section ⑰ of the coronavirus genome, and these two 
sequences do not pair by Watson–Crick complementarity 
even if they are arranged side by side. Interestingly, how-
ever, these sequences can form complementary pairs by 
shifting one of the sequences by two bases to the left or 
right and considering the non-Watson–Crick G–T and T–T 
base pairs, which are often found in the cloverleaf model of 
tRNA (Clark 1979; Ozeki et al. 1987).

The position of the ATT GAT TT sequence, existing in 
pairs, and that of the stop codons located upstream thereof 
on the base sequence of the human olfactory receptor gene 
OR2L13 are shown in Fig. 3b. As an example, it is shown 
that these sequences can undergo complementary pairing 
by shifting two bases to the right (Fig. 4). To carry out pair-
ing by two-base shift, one of the two bases adjacent to the 
ends of ATT GAT TT in human genes must not be C. Nota-
bly, all of the ATT GAT TT—(461 ± 2 bases)—ATT GAT TT 
sequences illustrated in Fig. 3 do not have C in at least one 
of the two positions adjacent to the ends of ATT GAT TT.

Despite its relevance within the scope of the study, the 
ATT GAT TT—(461 ± 2 bases)—ATT GAT TT sequences 
found in human genes were not located in the exons, but 
rather in the introns. On the other hand, considering all 
eight-base fragments of the 330-base tRNA-like sequence, 
no other eight-base sequence was found to appear in pairs at 
regular intervals except for the ATT GAT TT sequence from 
the central part of the tRNA-like base sequence.
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Fig. 2  Mutations found in the 330-base tRNA-like sequence. a The 
base sequence starting at position 16,635 represents the 330-base 
tRNA-like sequence of the new coronavirus [NCBI/Nucleotide/
NC_045512.2, (+) strand], while the base sequence starting at posi-
tion 16,561 represents the 330-base tRNA-like sequence of SARS-
CoV Tor2 [NCBI/Nucleotide /NC_004718.3, ( +) strand]. Mutated 
bases are shown in capital letters between the two base sequences. 
Bases differing between SARS-CoV-2 (upper base sequence) and 
SARS-CoV (lower base sequence) are surrounded by a red line. 
①–  indicate the section number of the 330-base tRNA-like 
sequence. b Cloverleaf model of the 330-base tRNA-like sequence of 
SARS-CoV Tor2. Note that the model is drawn from complementary 
strands. → ◯ indicates a mutation in the novel strain, SARS-CoV-2 
(Fig. 1)
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Discussion

The above results allowed to hypothesize the mechanism of 
action of the 330-base tRNA-like sequence on human genes 
(Fig. 5). Splicing of messenger RNA is essential for the 
normal function of human genes containing introns (Sharp 
1994); this reaction involves spliceosomes, which bind 
to the intron regions (Warf and Berglund 2010; Will and 
Lührmann 2011). However, if the intron of a human gene 
contains a pair of ATT GAT TT sequences spaced 461 ± 2 
bases apart and an upstream codon corresponding to the 
ochre anticodon at a distance of 120 ± 3 bases, two 330-base 

tRNA-like molecules may form a dimer by complementary 
pairing with the intron of messenger RNA. This process 
would interfere with the binding of spliceosomes and thus 
impair splicing of messenger RNA. Such interference would 
cause fatal damage to gene expression, leading to a defi-
ciency in gene function.

According to the model, the tRNA structural base 
sequence (intron sequence) contains functional sites simi-
lar to those of transfer-messenger RNA (tmRNA) found 
in prokaryotes (Keiler 2008; Komine et al. 1994; Ushida 
et al. 1994); in particular, the intron does not need to be 
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Fig. 3  Positions and intervals of the eight-base fragment ATT GAT 
TT and the stop codon. a Human olfactory receptor genes; b COVID-
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spliced out of the tRNA base sequence for the latter to 
be functional.

The genes described in this study were identified 
manually through an informatics search, focusing only 
on a few genes thought to be related to SARS-CoV-2 
infection. More genes will likely be identified by con-
ducting a similar homology analysis on genes and short 
segment/fragment base sequences in the human genome 
using large-scale and modern information processing 
technology. Although it is unlikely that all these genes 
are involved in coronavirus infection, it will be surely 
possible to identify groups of genes that cause exacer-
bation and sequelae of infection by combining different 
research approaches. In any case, experimental molecu-
lar evidence of the tRNA-like base sequence discovered 
in this study is urgently needed. I firmly believe that 
basic molecular biology research on tRNA genes will be 
one of the driving forces behind humankind’s victory in 
the fight against the coronavirus.
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(using uppercase letters). Complementary bonds of the Watson-Crick 
type, solid lines; non-Watson-Crick type, dotted lines
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Fig. 5  Explanatory diagram of the hypothetical mechanism of action 
of the 330-base tRNA-like sequence on the splicing of messenger 
RNA of human genes. a The spliceosome binds to the intron and 
splicing occurs normally; however, b when a dimeric molecule of the 

330-base tRNA-like sequence binds to the intron by complementary 
binding, the spliceosome cannot bind to the intron, and splicing does 
not occur
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