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Abstract: Introduction: microRNAs (miRNAs) are a class of non-coding RNAs that
play important roles in gene regulation. miRNAs are transcribed from DNA sequences
into primary miRNAs and then processed into precursor miRNAs and mature miRNAs.
miRNA gene counts in chromosomes for different species have been studied.

Methods: Certain chromosomes have higher numbers of miRNA genes in all species,
such as the X chromosome, while the Y chromosome has the fewest or no miRNA
genes. miRNA counts in different chromosomes might have a positive correlation with
coding gene counts in many species. In this study, a regression model was used to find
the relationship between the miRNA count and the coding gene count across human
chromosomes, and miRNA counts for 23 human chromosomes were predicted based on
this regression model. In addition, the chromosome locations for the miRNA biomarkers
of major depression, diabetes, Parkinson’s disease, and COVID-19 are discussed.

Results: The results reveal that miRNA biomarkers of these diseases are located in vari-
ous chromosomes. The dispersion of miRNA locations across different chromosomes
might explain the complication of the pathology of these diseases. Moreover, diabetes
and COVID-19 have the largest number of miRNA biomarkers from Chromosome X.

Conclusion: As Chromosome X is a sex chromosome, this phenomenon may explain
the gender difference in the prevalence or severity of diabetes and COVID-19. The signi-
ficant gender difference in the prevalence or severity of diabetes and COVID-19 might
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be due to the regulation function of their miRNA biomarkers from Chromosome X.

Keywords: Biomarkers, chromosomes, genes, microRNA, regression model, COVID-19.

1. INTRODUCTION

microRNAs (miRNA) are small, non-coding
RNAs, about 21-24 nucleotides in length that play im-
portant roles in cell differentiation, development, and
apoptosis. The first miRNA lin-4 was discovered by
Victor Ambros in the early 1990s while studying devel-
opment in the nematode Caenorhabditis elegans, which
was often studied as a model organism, regarding the
gene lin-14. The lin-4 gene was found to control the
timing of Caenorhabditis elegans larval development
by repressing the lin-14 gene. However, in 1993, Am-
bros and his co-workers Rosalind Lee and Rhonda
Feinbaum discovered that lin-4, unexpectedly, could
not encode a regulatory protein [1]. They found that
lin-4 miRNA produced a ~22-nucleotide RNA instead
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of producing an mRNA encoding a protein. These
short non-coding RNAs contained sequences partially
complementary to multiple sequences in the 3' UTR of
the lin-14 mRNA. Wightman, Ha, and Ruvkun discov-
ered that lin-4 regulated its target mRNA lin-14 by
forming imperfect RNA duplexes to down-regulate
translation [1]. In 2000, the second Caenorhabditis ele-
gans miRNA, let-7, was discovered by Ruvkun lab that
regulated translation of the target gene lin-41 via imper-
fect base pairing to the 3’ untranslated region of that
mRNA [2]. This was an indication that miRNA regula-
tion via 3> UTR complementarity may be a common
feature and that there were likely to be more miRNAs.
The sequence and regulation of the let-7 were
conserved across different animal species, including hu-
mans [2].

The biogenesis of miRNAs has multiple processes.
Most miRNAs are transcribed from DNA sequences in-
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to primary miRNAs (pri-miRNAs). The pri-miRNAs
are then processed into precursor miRNAs (pre-miR-
NAs) and mature miRNAs. The synthesis of miRNAs
from the primary miRNAs has two stages by the action
of two RNase III-type proteins: Drosha in the nucleus
and Dicer in the cytoplasm [3, 4]. RNase III enzyme
Drosha can initiate miRNA maturation in the nucleus.
The Drosha-Pasha/DGCRS complex cleaves the pri-
miRNAs to release the hairpin-shaped pre-miRNAs in
the nucleus. Then the pre-miRNAs are exported to the
cytoplasm to be processed by Dicer into mature miR-
NAs. Nevertheless, Drosha activity on some pri-miR-
NAs was detected in the cytoplasm, which might sup-
port the existence of cytoplasmic Drosha activity [5].
Moreover, in addition to the well-characterized roles
of miRNAs in cytoplasmic gene regulation, they are al-

(a) Stem-loop sequence hsa-mir-27a
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so involved in transcriptional gene regulation restricted
to the nucleus [6].

The miRNA nucleotide sequences can be accessed
in the databases miRBase (https://www.mirbase.org/)
or MirGeneDB (https://mirgenedb.org/) [7-10]. miR-
Base is the main online resource for miRNA se-
quences. It provides extensive information about pub-
lished miRNAs, including sequences, biogenesis pre-
cursors, genome coordinates and context, literature ref-
erences, deep sequencing expression data, and commu-
nity-driven annotations. For example, the stem-loop se-
quence, mature 3p sequence, and mature 5p sequence
of human miR-27a can be accessed from miRBase
(Fig. 1). The latest version of miRBase contains miR-
NA sequences from 271 organisms [7]. Another miR-
NA database MirGeneDB provides bona fide miRNAs
[10].
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Fig. (1). The stem-loop, mature 5p, and mature 3p sequences of miR-27a obtained from miRBase (https://www.mir-
base.org/cgi-bin/mirna_entry.pl?acc=MI0000085 accessed on 13 December 2021). (4 higher resolution/colour version of this

figure is available in the electronic copy of the article).
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miRNAs are involved in cancers through various
mechanisms, including amplification or deletion of
miRNA genes, abnormal transcriptional control of miR-
NAs, and defects in the miRNA biogenesis machinery
[11, 12]. The dysregulation of miRNAs could act ei-
ther as oncogenes or tumor suppressors, while miR-
NAs could also be regulated by oncogenes and tumor
suppressor genes [13]. The earliest evidence of miR-
NA involvement in human cancer was the deletion or
downregulation of miR-15a and miR-16-1 in clinical
chronic lymphocytic leukemia cases [14]. So far, many
studies focused on developing bioinformatics tools to
identify the miRNA biomarkers of cancers [15, 16]. In
addition to cancer, miRNAs also are involved in vari-
ous diseases. miRNAs contribute to inflammation and
neurological diseases [17]. Multiple sclerosis is a
chronic disease of the central nervous system that af-
fects the brain and spinal cord. A meta-analysis as-
sessed the overall diagnostic accuracy of circulating
miRNA biomarkers for multiple sclerosis and suggest-
ed that miRNAs had reference value for multiple scle-
rosis diagnosis [18]. Up to 50% of multiple sclerosis
patients experience depressive disorders. miRNA bio-
markers were used to explore the association between
multiple sclerosis and major depression [19]. miRNAs
were also related to other neurological diseases, includ-
ing Parkinson's disease, frontotemporal dementia,
Alzheimer's disease, spinal muscular atrophy, and an-
ti-NMDA receptor encephalitis as well as eye diseases
[20-28]. The association between neurological diseases
and other diseases could be explored using the miRNA
biomarkers [25, 29]. Moreover, miRNA also could be
used to explore the association between disease and
vaccination [29-31].

So far, around 2000 human miRNAs have been dis-
covered [32], but not all of them were completely char-
acterized and experimentally validated [33]. The chro-
mosome localization of miRNA has also been dis-
cussed in the literature. miRNA gene counts in chromo-
somes vary widely in a species. Compared with other
chromosomes, certain chromosomes have higher num-
bers of miRNA genes in a lot of species. For example,
a large number of miRNAs in the X chromosome have
been observed in all species, while the Y chromosome
has the fewest or no miRNA genes [34]. Chromosome
Y is one of two sex chromosomes. As the presence or
absence of Chromosome Y determines the male or fe-
male sex, the miRNAs in Chromosome Y may play an
important role in certain male-specific diseases. From
this aspect, the miRNA count or coding gene count in
Chromosome X may be expected to be larger than
those in Chromosome Y because many diseases are
not gender-specific. As a result, exploring miRNA loca-
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tion in chromosomes could help understand miRNA
mechanisms.

miRNA counts were not correlated with the chro-
mosome length, while chromosomal localization of
coding genes is somewhat related to miRNA counts
[34]. In this study, the correlation coefficient of miR-
NA count and coding gene count across human 23
chromosomes is explored, and the result shows a
strong correlation between miRNA count and coding
gene count. As there is a strong correlation, a regres-
sion model is used to predict the miRNA count for hu-
man chromosomes by coding gene count.

In addition to discussing miRNA count by chromo-
some, the miRNA biomarker counts of diseases across
chromosomes are also investigated. In this study, the
miRNA biomarker counts for major depression, dia-
betes, Parkinson’s disease, and COVID-19 are dis-
cussed. Major depression is a mood disorder that is a
comorbidity of many diseases. The abnormalities, in-
cluding gut dysbiosis, mitochondrial dysfunction, neu-
roinflammation, chronic oxidative and nitrosative
stress, can cause major depression [19, 35-37]. miR-
NAs were shown to play a role in these abnormalities.
The manipulation of the gut microbiome modulates
anxiety-like behaviors by regulating miRNA expres-
sion in brain regions [38]. Chronic inflammation is of-
ten associated with the emergence of major depression
symptoms. miRNAs played an anti-inflammatory role
in preventing the progression of the inflammatory re-
sponse [39]. Insulin is a hormone to keep glucose lev-
els within the normal range. Diabetes is a metabolic
disease that is due to either the pancreas not producing
enough insulin or the cells of the body not responding
properly to insulin. There are several major diabetes
types including type I diabetes, type 2 diabetes, and
gestational diabetes. Insulin is produced by beta cells
in the pancreas. miRNAs play a role in regulating in-
sulin including insulin secretion, islet development, be-
ta cell differentiation, and indirectly control glucose
and lipid metabolism [40]. miR-146a was shown to be
involved in the pathogenesis of diabetic glomerulopa-
thy [41]. Parkinson’s disease is a chronic neurodegener-
ative disease that affects 1% of the population above
60 years. Estrogen exposure might be a risk of Parkin-
son’s disease. Women with higher cumulative estrogen
exposure had a significantly lower risk of Parkinson’s
disease [42, 43]. Many miRNAs were shown to have
different expressions in patients with Parkinson’s dis-
ease compared with healthy controls [44-46].

This study reveals that the miRNA biomarkers for
major depression, diabetes, Parkinson’s disease, and
COVID-19 are located in various chromosomes rather
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than in fewer chromosomes. The diversity of the chro-
mosome location might explain the complications of
the pathology of these diseases. Also, considering miR-
NA biomarker candidates in various chromosomes
may increase the chance of identifying miRNA bio-
markers for diseases. In addition, the prevalence of dia-
betes and the severity of COVID-19 infection are dif-
ferent in gender. This study shows that Chromosome X
has the largest number of miRNA biomarkers for both
diseases. This reveals that studying the count of miR-
NA biomarkers of diseases in Chromosomes X and Y
can help understand whether gender is a risk factor for
the prevalence or the severity of this disease.

2. MATERIALS AND METHODS

First, the human miRNA count in each chromo-
some was obtained from miRBase (Table S1). There
are 1917 human miRNAs data in miRBase. Among th-
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ese miRNAs, four of them do not have the chromo-
some location information. As a result, the data of
1913 miRNAs were used in this study. The miRNA
counts for human chromosomes are provided in Table
1. Chromosome 1 has the largest miRNA count 156;
Chromosome Y has the smallest miRNA count 4. In ad-
dition, the other chromosome information was ac-
cessed from Ensembl, such as chromosome length and
coding gene count. Ensembl is a genome browser for
vertebrate genomes that supports research in compara-
tive genomics, evolution, sequence variation, and tran-
scriptional regulation [47]. The chromosome length
and coding gene count are also provided in Table 1.
Chromosome 1 has the longest length 248956422 bps
and Chromosome 21 has the smallest length 46709983
bps. Chromosome 1 has the largest coding gene count
2056 and Chromosome Y has the smallest coding gene
count 64. Fig. (2) provides the histogram of miRNA
count and coding gene count in each chromosome.

Table 1. The miRNA count, chromosome length, and gene count for each chromosome.

Chromosome miRNA Count Chromosome Length (bps) Gene Count
1 156 248956422 2056
2 117 242193526 1300
3 96 198295559 1076
4 62 190214555 753
5 76 181538259 883
6 71 170805979 1050
7 82 159345973 1002
8 90 145138636 686
9 86 138394717 777
10 69 133797422 729
11 102 135086622 1320
12 80 133275309 1034
13 40 114364328 322
14 99 107043718 818
15 71 101991189 612
16 82 90338345 860
17 110 83257441 1184
18 35 80373285 269
19 143 58617616 1472

20 48 64444167 545
21 30 46709983 236
22 46 50818468 495
X 118 156040895 857
Y 4 57227415 64
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Fig. (2). The histogram of miRNA count in each human chromosome. (4 higher resolution/colour version of this figure is avai-

lable in the electronic copy of the article).

3. RESULTS

The correlation coefficient between miRNA count
and chromosome length is 0.528, which is not high. Al-
though miRNA count and chromosome length have a
positive correlation, they are not very closely related.
The correlation coefficient between miRNA count and
coding gene count is 0.9163, which reveals a strong re-
lationship between miRNA count and coding gene
count. To explore their relationship, a regression mod-
el was used to fit the data of miRNA count, chromo-
some length, and coding gene count. Let Y denote the
miRNA count, X denote the coding gene count, and L
denote the chromosome length. The regression model
is:

Y=a+bX+cl

The estimators of the coefficients, a, b and ¢ are d

=18.407, b = 0.0768 and ¢ = -3.1 * 10°. As a result,
the fitted model is:

Y =18.407 +0.0768X —3.1+10%L (1)

In this model, the estimator of the coefficient ¢ is
very small. This means that compared with the coding
gene count, the chromosome length is not an important
factor contributing to miRNA count. To assess the ef-
fect of the chromosome length on the miRNA count, I
also consider another regression model:

Y=a +c'L ()

The least squared estimator of the coefficients of
the linear regression (2) is @* = 37.6595 and £ = 3.27
* 107, This result shows that the effect of the chromo-
some length on the miRNA count can be negligible.

This regression model (1) has a high R’ value
0.8412. This indicates that this fitted model is accept-
able. Based on Model (1), we can calculate the estimat-
ed value of Y (predicted value of miRNA count) for
each chromosome and compare them with the miRNA
count (Fig. 3).

The miRNA count, the predicted value of miRNA
count, and their difference for each chromosome are
provided in Table 2, along with the ratios of the abso-
lute value of the difference to miRNA count and to the
predicted miRNA count. Coding genes have been
studied for a longer time than miRNA. As coding gene
count and miRNA count have a high correlation, using
coding gene count to predict miRNA count may be a
feasible way. If more coding genes are discovered on a
chromosome, we can expect more miRNAs to be dis-
covered from that chromosome. However, some chro-
mosomes may be exceptions such as Chromosome Y.
As mentioned in Section 1, Chromosome Y has the
fewest or no miRNA genes [34]. From Table 2, there
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Fig. (3). miRNA count and predicted miRNA count in each chromosome. (4 higher resolution/colour version of this figure is
available in the electronic copy of the article).

Table 2. miRNA count, predicted miRNA count, and their differences for each chromosome, as well as the ratios of the
absolute value of the difference to miRNA count and to the predicted miRNA count.

Chromosome m‘RN(j)“’““t Pr e‘zztj:t'?;;NA A-B A - BJ/A A - B)/B

1 156 168.61 12,61 0.080833333 0.074787972
2 117 110.76 6.24 0.053333333 0056338028
3 96 94.91 1.09 0.011354167 0.011484564
4 62 70.36 -8.36 0.13483871 0.11881751

5 76 80.61 4.61 0.060657895 0.057188934
6 71 93.77 2277 0.320704225 0.242828197
7 82 90.43 -8.43 0.102804878 0.093221276
8 90 66.61 23.39 0259888889 0351148476
9 86 73.80 122 0.141860465 0.165311653
10 69 70.26 -1.26 0.01826087 0.01793339
11 102 115.60 136 0.133333333 0.117647059
12 80 93.70 137 0.17125 0.146211313
13 40 39.60 0.4 0.01 0.01010101

14 99 77.92 21.08 0.212929293 0.270533881
15 71 62.26 8.74 0.123098592 0.140379056
16 82 81.66 0.34 0.004146341 0.004163605
17 110 106.76 3.4 0.029454545 0030348445
18 35 36.58 -1.58 0.045142857 0.043193002
19 143 129.64 13.36 0.093426573 0.103054613
20 48 5827 -10.27 0213958333 0.176248498
21 30 35.09 -5.09 0.169666667 0.145055571
22 46 54.85 -8.85 0.192391304 0.161349134
X 118 79.40 38.6 0327118644 0.486146096
Y 4 21.55 -17.55 43875 0.814385151
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are 13 chromosomes whose miRNA count is less than
the predicted miRNA count, including Chromosome 1,
4,5,6,7,10, 11, 12, 18, 20, 21, 22, and Y, and the
other 11 chromosomes are the opposite. In the last two
columns of Table 2, the largest two values of the ratios
for each column occur on Chromosomes X and Y (Fig.
4). This may indicate that the numbers of miRNAs lo-
cated on both sex chromosomes are quite different
from the expected number compared with other chro-
mosomes.

4. DISCUSSION

The abnormal expression of a miRNA may cause
diseases, and the mechanism of diseases also are relat-
ed to miRNAs. In this section, the dispersion of dis-
ease biomarker location across chromosomes is dis-
cussed. The chromosome location of the miRNA bio-
markers of the four diseases, including major depres-
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sion, diabetes, Parkinson’s disease, and COVID-19,
are discussed in this study. Their miRNA biomarkers
are located in various chromosomes rather than in a
few chromosomes.

First, for major depression, 17 miRNA biomarkers
were listed as potential biomarkers that were directly
involved in the mechanism of major depression [48].
The chromosome location of these 17 miRNAs is list-
ed in Table 3. These 17 miRNAs are located in 14 chro-
mosomes. Only Chromosomes 7, 13, and 17 are the lo-
cations of two miRNA biomarkers of these 17 miR-
NAs. The other chromosomes are the locations of only
one miRNA biomarker. This reveals that the chromo-
some location of the major depression is dispersed. Al-
though the mechanism of miRNA biomarker location
in different chromosomes is not very clear now, the dis-
persion of the chromosome location may indicate more
disease causes of the major depression.

1 2 3 4567 8 910111212141516171819202122 X Y

(b)
0.9
0.8
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0.6
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Count
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o N
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1 2 3 4567 8 9 10111213141516171819202122 X Y
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(Fig. 4). (a) The ratio of the absolute value of the difference between miRNA count and the predicted miRNA count in each chromosome to
the miRNA count; (b) The ratio of the absolute value of the difference between miRNA count and the predicted miRNA count in each chro-
mosome to the predicted miRNA count. (4 higher resolution/colour version of this figure is available in the electronic copy of the article).
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Table 3. The chromosome location for the 17 miRNA bio-
markers of major depression.

Chromosome miRNA

1 miR-92b

2 miR-128

3 miR-135a

4 miR-218

6 miR-1202

7 miR-29a, miR-335
8 miR-124

9 let-7a

11 miR-130a

13 miR-16, miR-92a
17 mir-132, miR-144
21 let-7¢
22 let-7b

X miR-223

Certain major depression biomarkers in Table 3 are
reviewed. Circulating miR-16 expression level was sig-
nificantly lower in major depression patients than in
controls [49]. The baseline expressions of let-7b and
let-7¢ were lower in treatment-resistant major depres-
sion patients compared with controls [50]. The blood
expression level of miR-128 was higher in major de-
pression patients treated with antidepressant treatments
[51]. miR-223 was downregulated in the peripheral
blood of major depression patients with antidepressant
therapy studies [52].

Major depression is known as a complex disease
that affects approximately 4.4% of the global popula-
tion [48]. A serious medical illness, life changes, trau-
ma, genetic factors, and other reasons may cause de-
pression. Chronic inflammation might increase the risk
of development and persistence of inflammation-associ-
ated depression [53]. The endocrine system plays a sig-
nificant role in the pathology of major depression. A
positive association was found between depressive dis-
order and insulin resistance [54]. Family and twin
studies also demonstrated that genetic factors played a
role to increase the risk of depressive disorders [55].
This reveals that the mechanism of major depression is
complex and many possible causes can trigger major
depression. The diversity of the chromosome location
of the miRNA biomarkers for major depression might
partially explain the complication of the pathology of
major depression.

In addition to major depression, the Human microR-
NA Disease Database (HMDD) (http://www.cuilab.
cn/hmdd) was used to find the miRNAs that were iden-
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tified to be related to diabetes and Parkinson’s disease,
respectively [56, 57]. Since the HMDD database does
not provide many depression-related miRNA biomark-
ers, the biomarkers from this database for the major de-
pression case were not searched. For the diabetes case,
the keyword used to search for the miRNA biomarkers
was “diabetes” in HMDD. The related miRNAs as
well as their reference could be found in the HMDD.
The chromosome location of these miRNAs is listed in
Table 4. Almost all human chromosomes are the loca-
tion of these miRNA biomarkers except Chromosome
Y. Chromosomes X and 1 are the two chromosomes
with the first and second top numbers of these miR-
NAs. This also reveals that the chromosome location
of diabetes is very dispersed.

Certain miRNAs in Table 4 are reviewed. The ex-
pression levels of miR-1-3p and miR-34a-5p were low-
er in type 2 diabetes patients compared with controls
[58]. miR-146a-5p was downregulated in type 1 dia-
betes patients [59]. Plasma miR-210 was significantly
upregulated in type 2 diabetes compared to controls
[60]. The serum samples from patients with gestational
diabetes had a higher miR-195-5p expression level
compared with healthy pregnancies [61]. Serum miR-7
was significantly increased in patients with type 2 dia-
betes and patients with type 2 diabetes-related micro-
vascular complications compared with controls [62].

Obesity, sedentary behavior, Western diet,
metabolic syndrome, and family history are risk fac-
tors for diabetes [63]. High-calorie diet might lead to
an abnormal generation of inflammatory molecules. In-
flammation might induce oxidative stress that could ex-
acerbate the development of diabetes and its complica-
tions [64]. Sedentary behaviors and reduced physical
activity were associated with obesity and chronic in-
flammation that increased the risk of diabetes [65]. In
addition, gut microbiota is a relatively new field that
was studied to be related to type 2 diabetes [65]. Intesti-
nal dysbiosis might promote gut barrier integrity, pan-
creatic P-cell proliferation, and insulin biosynthesis
and disrupt glucose homeostasis that could trigger dia-
betes development.

Next, Parkinson’s disease is considered. The key-
word used to search for the miRNA biomarkers for
Parkinson’s disease is “Parkinson” in HMDD. Table 5
provides the chromosome location of these miRNAs.
Almost all human chromosomes are the location of th-
ese miRNA biomarkers except Chromosomes 16, 21,
and Y. Chromosome 14 has the largest number of the
miRNA count. Similar to the major depression and dia-
betes cases, the chromosome location of Parkinson’s
disease is very dispersed.
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Table 4. The chromosome location for the miRNA biomarkers of diabetes.

Chromosome miRNA miRNA
Count
1 mir-101-1, mir-137, mir-181a-1, mir-181b-1, mir-186,mir-194-1, mir-197, mir-199a-2, mir-200a, mir-200b, 19
mir-205, mir-214, mir-29b-2,mir-29¢, mir-30c-1, mir-30e, mir-34a, mir-429, mir-9-1
2 mir-128-1, mir-149, mir-217, mir-26b, mir-375 5
3 let-7g, mir-128-2, mir-135a-1, mir-138-1,mir-15b, mir-191, mir-26a-1, mir-28 8
4 mir-572, mir-95 2
5 mir-103a-1, mir-1271, mir-143, mir-145, mir-146a, mir-9-2, 6
6 mir-1275, mir-133b, mir-206, mir-30a, mir-30c-2, mir-4463 6
7 mir-148a, mir-182, mir-29a,mir-29b-1, mir-550a-1, 10
mir-550a-2,mir-550a-3, mir-590, mir-93,mir-96
8 mir-124-1, mir-124-2, mir-30b, mir-30d, mir-320a, mir-383, mir-486-1, mir-486-2 8
9 let-7a-1, let-7f-1, mir-101-2, mir-126, mir-147a, mir-181a-2, mir-181b-2, mir-204, mir-23b,mir-24-1, mir-27b, 16
mir-31, mir-3960, mir-455, mir-6853, mir-7-1
10 mir-107, mir-146b, mir-202, mir-3158-1, mir-3158-2, mir-5699 6
11 let-7a-2, let-7d,mir-100, mir-125b-1, mir-130a, mir-192, mir-194-2, mir-210, mir-326, mir-34c, mir-4687, 12
mir-483
12 mir-135a-2, mir-196a-2, mir-200c, mir-26a-2 4
13 mir-15a, mir-17, mir-18a,mir-19a,mir-19b-1, mir-20a, mir-320d-1, mir-92a-1, 8
14 mir-208a, mir-299, mir-342, mir-370, mir-376a-1, mir-376a-2, mir-409, mir-410, mir-487a, mir-494,mir-495, 12
mir-665
15 mir-7-2, mir-9-3
16 mir-138-2, mir-193b
17 mir-132, mir-142, mir-144, mir-195, mir-21, mir-212, mir-22, mir-301a, mir-33b, mir-423, mir-451a, mir-454, 14
mir-497, mir-657
18 mir-1-2, mir-122, mir-133a-1,mir-187 4
19 mir-125a, mir-150, mir-181c, mir-199a-1, mir-23a,mir-24-2, mir-27a, mir-518d, mir-7-3 9
20 mir-1-1, mir-103a-2, mir-124-3, mir-133a-2 4
21 mir-125b-2, mir-155, mir-802, mir-99a 4
22 let-7a-3, mir-130b, mir-185, mir-33a, mir-4534 5
X let-7f-2, mir-19b-2, mir-20b, mir-221, mir-222, mir-223,mir-320d-2,mir-362, mir-374a, mir-384,mir-424, 20
mir-452, mir-502, mir-5, mir-508, mir-532, mir-652, mir-766, mir-92a-2, mir-98
Y -- 0

Table 5. The chromosome location for the miRNA biomarkers of Parkinson’s disease.

Chromosome miRNA miRNA
Count

1 mir-135b, mir-205, mir-214, mir-29b-2, mir-29¢, mir-30c-1, mir-30e, mir-34a, mir-9-1 9

2 mir-153-1 1

3 let-7g, mir-135a-1, mir-16-2, mir-26a-1, mir-28, mir-4271 6

4 mir-218-1 1

5 mir-218-2, mir-449a, mir-449b, mir-9-2 4

6 mir-133b,mir-30a, mir-30c-2 3

7 mir-129-1, mir-153-2, mir-182, mir-183, mir-29a, mir-29b-1, mir-335 7

8 mir-151a, mir-30b, mir-30d 3

(Table 5) contd....
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Chromosome miRNA miRNA
Count
9 let-7a, let-7d, mir-126, mir-147a, mir-199b, mir-7-1 6
10 mir-146b 1
11 let-7a, mir-129-2, mir-34b,mir-34c, mir-4697 5
12 mir-135a-2, mir-141, mir-26a-2 3
13 mir-16-1, mir-19b-1 2
14 mir-134, mir-203a, mir-299, mir-342, mir-376a, mir-376b,mir-382, mir-409, mir-433, mir-495, mir-543 11
15 mir-7-2, mir-9-3 2
16 -- 0
17 mir-10a, mir-132, mir-195, mir-21, mir-22, mir-301a 6
18 mir-1-2 1
19 mir-1283, mir-199a-1, mir-199a-2, mir-518e, mir-519a, mir-7-3 6
20 mir-1-1, 1
21 -- 0
22 let-7a 1
X mir-106a, mir-19b-2, mir-221, mir-374a, mir-374b 5
Y -- 0

Finally, Coronavirus disease 2019 (COVID-19)
was considered. COVID-19 is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
which has had a huge impact all over the world, affect-
ing people’s lifestyle, economy, and livelihood [66]. It
was first identified in Wuhan, China, in December
2019, and then was transmitted to Europe, and finally
arrived in the USA [67]. COVID-19 infection or
COVID-19 vaccines may induce serious comorbidities
such as anti-N-methyl-d-aspartate (anti-NMDA) recep-
tor encephalitis. However, the risk of triggering anti-N-
MDA receptor encephalitis is not high [68]. Collagen
treatments or supplements can be used to treat comor-
bid diseases and prevent complications of COVID-19
[69]. Table 6 provides the chromosome location of the
miRNA biomarkers discussed in [68]. Almost all hu-
man chromosomes are the location of these miRNA
biomarkers except Chromosomes 18, 20, and Y. Chro-
mosome X has the largest miRNA count. Similar to
the above-mentioned three diseases, the chromosome
location of COVID-19 is very dispersed.

In the four diseases, diabetes and COVID-19 have
the largest number of miRNA biomarkers from Chro-
mosome X. The phenomenon does not occur for major
depression and Parkinson’s disease. As Chromosome
X is a sex chromosome, this phenomenon may explain
the gender difference in the prevalence or severity of
diabetes and COVID-19. Diabetes was more prevalent
in men than in women in most of the world [70]. This
might be due to the difference in energy balance and

glucose metabolism between males and females. The
severity and mortality between male and female pa-
tients with COVID-19 were different. While men and
women had the same prevalence of COVID-19, men
were at a higher risk for severity and death [71]. These
two diseases have a significant gender difference in
prevalence or severity that might be due to the regula-
tion function of miRNAs from Chromosome X.

Moreover, numerous miRNAs located on the X
chromosome play critical roles in immunity and cancer
[72]. The distinct inheritance pattern of Chromosome
X is a key factor in the immune disadvantage observed
in males and the improved survival rates of females
[72]. In addition, epigenetic mechanisms also encom-
pass Chromosome X inactivation in females. During
embryonic development, one of the two X chromo-
somes is inactivated in females to ensure balanced X
chromosome expression, similar to males who possess
only one X chromosome [73]. Incomplete inactivation
of the X chromosome results in the biallelic expression
of miRNA [74]. Rheumatoid arthritis (RA) is an au-
toimmune disorder that primarily impacts women. The
roles of biased Chromosome X inactivation in the high-
er prevalence of RA among females has been explored
[75]. The expression levels of specific X chromo-
some-linked miRNAs vary between RA patients and
healthy donors, as well as between males and females,
and these have been examined [76]. The findings em-
phasized sex differences in the expression of several X
chromosome-linked miRNAs.
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Table 6. The chromosome location for the miRNA biomarkers of COVID-19.

Chromosome miRNA miRNA Count
1 mir-12136, mir-29b-2, mir-181a-1, mir-194-1, 6
mir-135b, mir-429
2 mir-26b 1
3 mir-16-2, mir-15b,mir-26a-1 3
4 mir-4454 1
5 mir-146a 1
6 mir-6891, mir-4463,mir-1275 3
7 mir-183,mir-4284, mir-29b-1 3
8 mir-548d-1,mir-30b 2
9 mir-181a-2, let-7a-1,mir-23b, let-7f-1,mir-7-1,mir-126 6
10 mir-107,mir-1296 2
11 mir-4485, mir-483, mir-125b-1, let-7a-2, mir-194-2 5
12 mir-618, mir-548c,mir-26a-2 3
13 mir-15a 1
14 mir-409, mir-299 2
15 mir-627, mir-5701 2
16 mir-365a,mir-940 2
17 mir-144,mir-548d-2, 5
mir-365b, mir-21, mir-142
18 0
19 mir-4745 1
20 0
21 mir-6501, mir-125b-2, 3
mir-155
22 let-7a-3 1
X mir-505, mir-501, mir-374a, 8
mir-450b,mir-23¢,mir-374c¢, mir-374b,mir-362
Y 0
CONCLUSION markers in Chromosome X may be a factor causing the

miRNAs are useful biomarkers for many diseases.
New miRNAs have been discovered in recent years.
The chromosome location for miRNAs and coding
genes are discussed in this study. A regression model
was used to explore the relationship between the hu-
man miRNA count and coding gene count across chro-
mosomes. In addition, chromosome location for miR-
NA biomarkers of major depression, diabetes, Parkin-
son’s disease, and COVID-19 are discussed. The miR-
NA biomarkers for any one of these diseases are from
various chromosomes rather than in fewer chromo-
somes. The dispersion of miRNA locations across dif-
ferent chromosomes may partially explain the complex
pathology of these diseases. Moreover, diabetes and
COVID-19 have the largest number of miRNA bio-
markers in Chromosome X. For diabetes and
COVID-19, the regulation function of the miRNA bio-

gender difference in prevalence or severity of both dis-
eases.
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