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ARTICLE INFO ABSTRACT

Keywords: Mitochondrial protein/gene mutations and expression variations contribute to the pathogenesis of various dis-
Mitochondrial protein eases, such as neurodegenerative and metabolic diseases. Detailed studies on mitochondrial protein-encoding
Datab‘ase (MPE) genes across diseases can provide clues for novel therapeutic strategies. Here, we collected, compiled,
g;t:t;;zn variation and manually curated the MPE gene mutation and expression variations data and their association with diseases
Diseases in a single platform named mitoPADdb. The database contains 810 genes with 18,356 mutations and 1284
Pathway qualitative expression variations associated with 1793 diseases, grouped into 15 categories. It allows users to

perform a comparative quantitative gene expression analysis for 317 transcriptomic studies across disease cat-
egories. Further, it provides information on MPE genes-associated molecular pathways. The mitoPADdD is a
valuable resource for investigating mitochondrial dysfunction-related diseases. It can be accessed via
http://bicresources.jcbose.ac.in/ssaha4/mitopaddb/index.html.

Transcript expression

1. Introduction

The mutation and expression variation of MPE genes were found to
have a correlation with several diseases pathogenesis (Gorman et al.,
2016; Javadov et al., 2020; Scharfe et al., 2009; Télot et al., 2018; Wang
et al., 2022). For instance, the mutation and downregulated expression
of FXN gene were linked to Friedreich ataxia (Clark et al., 2019; Deutsch
et al., 2010), while upregulated expression of PRDX3 gene was associ-
ated with dilated cardiomyopathy (Rosello-Lleti et al., 2014). There are
several mitochondrial databases available containing human diseases
information; these are MITOP (Scharfe et al., 2000), MITOMAP (Bran-
don, 2004), Mito Phenome (Scharfe et al., 2009), MitoDB (Scheibye-
Knudsen et al., 2013), MSeqDR (Falk et al., 2015), and MitoPhen (Rat-
naike et al., 2021). However, the diseases-associated expression varia-
tion and comprehensive mutation data on MPE genes are lacking in
these available databases. The MPE genes are worth investigating in
data sciences for identifying novel therapeutic strategies. Keeping this in
mind, we collected, compiled and curated the MPE genes’ mutations,
expression variations, and associated diseases on a single platform,
named mitoPADdb. It includes data from the last three decades of
progress in clinical mitochondrial research to comprehend the role of
mitochondrial and nuclear-encoded MPE genes in terms of mutation and
expression variation associated with diseases. It can help researchers

investigate mitochondrial dysfunction-related diseases.
2. Methods
2.1. Data procurement of mitoPADdb

We have collated and curated a comprehensive pathogenic mutation
dataset of MPE genes from the literature and ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/). We have also collected the qualitative
expression variations data of MPE genes, with at least 1.5-fold upregu-
lated or downregulated in the disease state compared to the control in
the same experiment and p-value < 0.05 as shown in the literature. The
810 MPE genes with diseases associated information were manually
sourced from 1032 published scientific case studies and clinical research
articles (Supplementary Figure S5) from NCBI-PubMed, and NCBI-
ClinVar datasets, ensuring a well-rounded dataset (Supplementary
Figure S6). The curated diseases were grouped into 15 standard disease
categories. This information is current as of July 2023. Supplementary
Methods S1 and S2 describe the MPE gene selection and disease
grouping strategy. Supplementary Table S4 provides 810 MPE genes’
localization annotation to mitochondria or mitochondria-associated
function (Mitochondrial protein annotation type) and the evidence
from the UniProtKB/Swiss-Prot annotation, GO CC/GO BP annotation,

Abbreviations: MPE gene, mitochondrial protein-encoding gene; OXPHOS, oxidative phosphorylation.
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PubMed literature, and the MitoCarta3.0 annotation. This database will
be updated with new evidence of mitochondrial protein localization,
mutation, and expression variation-associated disease at one or two-year
intervals.

2.2. Meta-analysis of transcriptomic data for differential gene expression
study across diseases

We performed multiple searches in GEO (https://www.ncbi.nlm.nih.
gov/geo/) with relevant selected keywords of curated human diseases
(e.g., Friedreich ataxia, Leigh syndrome) from disease categories (list of
keywords in Supplementary Table S3). A meta-analysis was conducted
on the data from 317 transcriptomic GEO studies across 14 categories of
diseases (excluding ‘Others’), which comprised of 165 unique GEO ac-
cessions. Studies were manually selected based on the presence of both
disease and control data, with similar samples, techniques and condi-
tions/states as diseases, and excluding drug-treated groups (Supple-
mentary Methods S3).

2.3. Pathway enrichment analysis

The mitoPADdb provides enriched pathways obtained from two
popular databases, Kyoto Encyclopedia of Genes and Genomes (KEGG)
(Kanehisa et al., 2017) and MitoCarta3.0 (Rath et al., 2021). The
pathway enrichment analysis utilizing 810 MPE genes set in the Enrichr
tool (Kuleshov, 2016) was used to select the KEGG pathways. From this
analysis, we identified 89 enriched pathways with a p-value < 0.05,
included in this database. For the selection of MitoCarta3.0 pathways,
we performed gene-pathway mapping using 810 genes set to all 149
mito-pathways on MitoCarta3.0. Subsequently, we identified 131 mito-
pathways and included those in mitoPADdb.

2.4. Database content

The mitoPADdDb has five data types, these are i) the basic information
of MPE genes and diseases, ii) curated pathogenic mutation, iii) curated
disease associated expression variation, iv) enriched pathway, and v)
GEO studies. The basic/common information includes gene symbol,
UniProt accession ID, Gene Ontology Cellular Component (GO CC),
Molecular Function (GO MF) and Biological Process (GO BP), disease
name, disease category, external disease accession IDs (e.g., MeSH ID,
MedGen ID), MeSH tree number, and protein-disease associations. The
curated pathogenic mutation includes nucleotide change, amino acid
change, dbSNP ID, and source ID (PubMed or ClinVar). The curated
disease associated expression variation includes expression variation
(upregulation or downregulation), expression molecule, sample,
method, remarks, and PubMed ID. The enriched pathway includes
pathway type (KEGG or MitoCarta3.0), pathway name, pathway ID,
adjusted p-value, pathway gene association, and gene disease associa-
tion. The GEO studies includes comparative heatmap and studies in-
formation such as study ID, disease category, disease name, sample, logs
fold change subjects with sample size, condition/state, and GEO
accession.

2.5. Data statistics of mitoPADdb

The mitoPADdb contains information on 810 MPE genes with a total
of 18,356 mutations and 1284 expression variations entries that are
linked to 1793 disease terms which are grouped into 15 broad cate-
gories. It also provides users with a comparative gene expression heat-
map for 317 GEO studies across diseases. Detailed statistics of
mitoPADdDb is shown in Table 1.

2.6. Data architecture of mitoPADdb

The mitoPADdb was implemented using MySQL (version 5.1.69) and

Mitochondrion 78 (2024) 101927

Table 1
Statistics table of the mitoPADdb.
Disease category (No. of Gene Gene GEO
diseases)* (Mutation) (Expression studies
entries variation) entries
entries

1. Cardiovascular Diseases 35(139) 197 (296) 11
(45)

2. Congenital, Hereditary, 149 (1480) 13 (20) 11
and Neonatal Diseases and
Abnormalities (89)

3. Digestive System Diseases 24 (445) 7 (12) 34
(39)

4. Eye Diseases (48) 34 (255) 0 (0) 31

5. Hemic and Lymphatic 21 (216) 47 (50) 19
Diseases (32)

6. Mental Disorders (21) 52 (68) 5(5) 18

7. Musculoskeletal Diseases 107 (854) 39 (73) 19
(147)

8. Neoplasms (150) 47 (5060) 18 (26) 32

9. Nervous System Diseases 255 (4198) 218 (414) 36
(438)

10. Nutritional and Metabolic ~ 183 (1402) 102 (208) 35
Diseases (24 6)

11. Otorhinolaryngologic 19 (58) 11 (15) 7
Diseases (22)

12. Pathological Conditions, 19 (90) 6 (6) 17
Signs and Symptoms (18)

13. Respiratory Tract 5(10) 13 (13) 12
Diseases (7)

14. Urogenital Diseases (52) 40 (523) 13 (16) 35

15. Others (439) 290 (3558) 84 (130) 0

" The number of diseases found in the database for each broad category.

™ Qualitative gene expression (upregulated or downregulated) studies entries
as reported in the literature.

" Comparative quantitative expression analysis of 810 MPE genes across
mentioned GEO studies entries.

was deployed using the Apache HTTP web server (version 2.2.15). The
web interface was designed with PHP 5.3.3, HTML, JavaScript, and CSS.
In mitoPADdb, the curated 810 MPE genes were hyperlinked with their
respective UniProt accession IDs (The UniProt Consortium et al., 2021).
The disease terms-associated MPE genes’ high-throughput and low-
throughput expression and mutations curated source IDs were hyper-
linked with their respective PubMed, ClinVar, and GEO. In addition, the
pathways were hyperlinked to KEGG (Kanehisa et al., 2017). Fig. 1
depicts the mitoPADdb implementation strategy.

3. Implementation

The mitoPADdDb is open-access, user-friendly with search and browse
options, and does not require login password for database access.

3.1. Search options

The Search options are accessible from the home page. Users can
search the database in three ways using proper keywords, gene symbol
(e.g. FXN, NDUFB11), UniProt accession ID (e.g. P00846, P00395), or
any (UniProt accession ID or gene symbol) as shown in Supplementary
Figure S1.

3.2. Information on the search output page

The mitoPADdb comprises two output pages: the protein page and
the disease page.

3.2.1. Protein page

The protein page is composed of five sections, namely protein in-
formation, protein-disease associations, protein-pathway associations,
disease-associated mutations, and disease-associated expression
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Protein attributes PubMed

GEO

ClinVar

Gene symbol

UniProt accession ID
Protein name
Protein-disease associations
GO CC MF BP

Disease name

Disease category

Pathway type

Pathway name

Mutation and
expression data

Pathway ID Attributes for
Pathway Adjusted p-value Protein page
Mutations

dbSNP ID

Expression variation
Expression molecule

mitoPADdb

Hyperlinks

Attributes for
Disease page

Web tools
Sample
Method
Remarks Searching
ClinVar accession ID 1. Gene symbol
PubMed ID 2. UniProt accession ID

Browsing

1. Alphabetic gene symbols
2. Pathway name

3. Disease category name

5. Disease category-pairwise
expression heatmap

4. Disease category-wise MPE gene expression heatmap

comparison of MPE gene
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Disease attributes

Disease name

Disease category

External Disease Accession IDs
MeSH Tree Number
Disease-protein associations
Gene symbol

UniProt accession ID
Mutations

dbSNP ID

Expression variation
Expression molecule
Sample

Method

Remarks

ClinVar accession 1D
PubMed ID

Fig. 1. A schematic workflow and data architecture of mitoPADdb.

UniProt accession ID: Q16595 =

Users can access the four different data for this gene/protein either by selecting a name here- 1. Protein-disease a

ociations, 2. Protein-pathway a

ociations, 3.

Disease-associated mutations, 4. Disease-associated expression variation, or by scrolling up/down the page.

Fig. 2. Snapshot of the output protein page after search with FXN gene symbol. The protein page is composed of five sections: 1) protein information, 2) Protein-

Gene name FXN
Disease Non-insulin-dependent type 2 diabetes mellitus (T2DM); Friedreich ataxia (FRDA); Friedreich ataxia 1; Friedreich ataxia
with retained reflexes; Hypertrophic cardiomyopathy; Chronic Limb-Threatening Ischemia
KEGG pathways hsa00860
MitoCatra3.0 pathways MPI322
M13476; M13477; S A"AA : : T 'A'A; ;A T 77 185, M13486; M13487;
- g Protein-disease associations
Disease ID Disease name Disease category D
B Non-insulin-dependent type 2 diabetes mellitus (T2DM) Nutritional and Metabolic Diseases PDI2186
Friedreich ataxia (FRDA) Nervous System Diseases PDI2187
Gene Ontology C Friedreich ataxi Nervaie Quetam Nicaacac PDI2188

Protein-pathway associations

BrET, UniProt accession ID
D296 KEGG KPI1436 Q16595

hsa00860 %

5.31567E-5

MitoCarta3.0 MPI322

Amino acid change
M13476 GAA triplet repeat in the first intron type 2 diabetes PubMed: 95884634
mellitus (T2DM)
M13477 Ara165Cys | 016595 | FXN | D648 | Friedreich ataxia | pybMed: 10732799: 20675166 &
Disease-associated expression variation
M13478
UniProt
Gene Disease
M13479 Sample o= e D Disease name Remarks PubMed ID
M13480 v Isobaric tandem-mass-tag- ChionicLimbs
£893 5 Protein Limb muscle < >139° | 016595 | FXN | D296 | Threatening 3507346312
regulation assisted proteomics
Ischemia
Frataxin deficiency causes a decrease of NRF2/
" 5 GPX4 and GSH levels and increase of lipid
Down ’ Friedreich
€894 mRNA Blood Real-time GRT-PCR 016595 | FxN | De4s ) peroxides- an altered mitochondrial | 3319776913
regulation ataxia (FRDA) ; "
morphology-suggesting a condition of
ferroptosis.
Down Friedreich Frataxin deficiency results in increased COX
y ’ 4 48520
EBs | e | ™RNA B-lymphocytes Real-time qRT-PCR 016595 | PN | pess [ PETERE e 251048520
Down ClestsEEificwl Friedreich
€896 " Protein | blood mononuclear Western blot 016595 | FxN | De4s . 211472713
regulation R ataxia (FRDA)

disease associations, 3) Protein-pathway associations, 4) Disease-associated mutations, and 5) Disease-associated expression variation.
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variation as shown in Fig. 2 after search with FXN gene (see Supple-
mentary Figure S1). 1) The protein information section contains UniProt
accession ID, gene name, Gene Ontology (GO) annotations and an
overview of the protein’s association with diseases, pathways, muta-
tions, and expressions. 2) The protein-disease associations section con-
tains MPE-gene associated disease names, disease IDs, disease
categories, and association IDs. 3) The protein-pathway associations
section contains pathway types (KEGG or MitoCarta3.0), pathway
names, pathway IDs, adjusted p-values. 4) The disease-associated mu-
tations section contains mutation IDs, dbSNP IDs, nucleotide changes,
amino acid changes, and source IDs (PubMed, ClinVar). 5) The disease-
associated expression variation section contains expression IDs,
expression variations (upregulation or downregulation), expression
molecules (e.g., protein, mRNA), samples, methods, remarks, and
PubMed IDs.

3.2.2. Disease page

The disease page can be accessed from the protein page by selecting
the disease ID as shown D648 marking red box for Friedreich ataxia
(FRDA) in protein page (see Fig. 2) at protein-disease associations sec-
tion. This page encompasses four sections (Supplementary Figure S2),
namely disease information, disease-protein associations, disease-
associated mutations, and disease-associated expression variation. 1)
The disease information section provides disease name, disease ID,
disease category, external disease accession IDs, MeSH tree number, and
an overview of the disease’s association with proteins, mutation, and
expression. 2) The disease-protein associations section provides disease
associated gene symbols, UniProt accession IDs, and association IDs. 3)
The disease-associated mutations and 4) disease-associated expression
variation sections provide the information as described earlier in protein
page, but specific for a disease.

3.3. Browse options

The browse option of mitoPADdb offers five distinct ways to access
the data (see Supplementary Figure S3 and S4). These include browse by
gene symbol, pathway name, disease category name, disease category-
wise MPE gene expression heatmap, and disease category-pairwise
comparison of MPE gene expression heatmap. Upon selection, each of
these sections provides users with access to specific data sets, which are
outlined on the database browse page.

When utilizing the gene symbol option, users can get protein/gene
information curated in this database (see 1. gene symbol section in
Supplementary Figure S4). Alternatively, the pathway name option

2. Pathway name

Here, users can explore connections among pathways, genes, and
diseases from KEGG or MitoCarta 3.0. First, users need to select
KEGG or MitoCarta 3.0, and it will provide a list of pathways included
in that database. Second, users need to double-click on a pathway to
get a list of genes associated with a pathway. Further, users need to
double-click on a gene to get a list of diseases associated with that g

gene.
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allows users to explore connections among pathways, genes, and dis-
eases as shown KEGG pathway marking with red box in Fig. 3A. Upon
selection of KEGG pathway, it will provide a list of pathways. Users need
to double-click on a pathway (e.g., ABC transporters, marking with
black-box) to get a list of genes associated with that pathway followed
by double-click on a gene (e.g., ABCB6, marking with blue-box) to get a
list of diseases associated with that gene as shown in Fig. 3B. In the case
of disease category name, users can browse disease and disease category
information curated in mitoPADdDb (see 3. disease category name section
in Supplementary Figure S4). Upon utilizing Disease category-wise MPE
gene expression heatmap options, users can obtain a list of all GEO
studies of a disease category (e.g., Eye diseases). The list contains study
IDs, disease category, disease names, samples, logs fold change subjects
with sample size, conditions/states, and GEO accession IDs as shown Eye
diseases category marking with red box in Fig. 4A. Users can visualize
the heatmap of differential transcript expression of MPE genes associ-
ated with that disease category by selecting ‘Get expression heatmap’ in
top or bottom of the list. The heatmap will open in a new page, users
need to select an alphabet (A-Z) provided below to visualize the heatmap
of selected genes starting with a particular alphabet as shown ‘A’
marking with black-box in Fig. 4B. Finally, using Disease category-
pairwise comparison of MPE gene expression heatmap option, users
can visualize the heatmap of differential transcript expression of all MPE
genes (810) available in mitoPADdb across all (317) GEO studies by
selecting two disease categories (e.g., I. Cardiovascular diseases cate-
gory and II. Congenital, hereditary, and neonatal diseases and abnor-
malities category) at a time followed by selecting ‘Get heatmap’ at right
side. The heatmap will open in a new page for genes starting with ‘A’ by
default, users need to select other alphabets (A-Z) to obtain the heatmap
of their choice of genes as shown ‘B’ marking with grey-box in Supple-
mentary Figure S4 at disease category-pairwise comparison of MPE gene
expression heatmap section. A legible tutorial was given on database
pages on how to access the data step by step.

In the browsing section, users can download the result file of heat-
map images in JPG format, as well as the logs fold change value of
heatmaps in CSV format by clicking on ‘Download Result’.

4. Comparison with the existing related databases

There are a few mitochondrial databases available with human dis-
eases information. These are MITOP, MITOMAP, Mito Phenome,
MitoDB, MSeqDR, and MitoPhen. However, the mitoPADdb is distinct
due to its focus on diseases associated MPE genes storage. The database
contains a vast collection of MPE genes that were thoroughly curated

KEGG pathways, genes, and diseases association

KEGG Path
I 202010 (p-value = 0.035617554)
ABCB7 (075027)

@ Gene - ABCD3 (P28288)
@ Gene - ABCD1 (P33897)
o Gel o _
=
5 bphthalmia, isolated, with coloboma 7 (D1050)
? Disease - Dyschromatosis universalis hereditaria 3 (D512)
? Disease - Familial pseudohyperkalemia (D614)
 Disease - NAXD-related neurometabolic crisis (D1266)
? Disease - Hb E 1opathy (Beta-thal ) (D709)
@ Gene - ABCB10 (QINRK6)
T Adipocytokine signaling pathway : hsa04920 (p-value = 3.0121E-5)

2 Alanine, aspartate and glutamate metabolism : hsa00250 (p-value = 1.35541E-5)
: Alzheimer disease : hsa05010 (p-value = 5.55575E-51)

2 Aminoacyl-tRNA biosynthesis : hsa00970 (p-value = 8.51673E-15)

' Amyotrophic lateral sclerosis : hsa05014 (p-value = 1.55898E-54)

MitoCarta 3.0

| KEGG I

T Apoptosis : hsa04210 (p-value = 0.003709672)
Arginine and proline metabolism : hsa00330 (p-value = 8.05982€-8)
T Arginine biosynthesis : hsa00220 (p-value = 0.000132663)

T} Autophagy- animal : hsa04140 (p-value = 0.000970103)
T Base excision repair : hsa03410 (p-value = 0.038080047)

L beta-Alanine metabolism : hsa00410 (p-value = 1.73045E-6)

Fig. 3. Snapshot of the output page after browse by pathway name. A) The pathway name section of the browse page. B) KEGG pathways (e.g., ABC transporters),

genes (e.g., ABCB6), and diseases association.
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4. Disease category-wise MPE gene expression heatmap

In this option, users can visualize the heatmap of differential transcript expression of mitochondrial protein-encoding (MPE) genes provided in a disease
category and, can also obtain a list of all Gene Expression Omnibus (GEO) studies of that disease category. First, users need to select a disease category
to obtain a table of attributes e.g., study IDs, Disease name, Sample, Log Fold Change Subjects with sample size, Condition/State, and GEO Accession. To
visualize the heatmap, users need to click on the "Get expression heatmap" button available at the top and bottom of the table. In the heatmap, the X-axis
and Y-axis represent expression studies and gene symbols respectively. Further, for visualization of the heatmap of selected genes starting with a
particular alphabet, users need to select an alphabet (A-2) from the list of buttons provided. In case, there is no genes available on the selected alphabet
a message will show that "No genes starting with alphabet”. Here, the Log, Fold Change values [diseased vs control] were used to draw the expression
heatmap.

(Cardiovascutar Diseases] - (Congenital, Hereditary, and Neonatal Diseases and Abnormalities] [Digestive System Discascll (Eve Diseases =
y =
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Fig. 4. Snapshot of the output page after browse by disease category-wise MPE gene expression heatmap. A) Disease category-wise MPE gene expression heatmap
section of the browse page with metadata table of GEO studies of Eye diseases category (Red box). B) Heatmap of quantitative transcript expression of MPE genes
across all GEO studies in Eye diseases category (above) and visualize the heatmap of selected genes starting with ‘A’ (below), marked with black box.

Table 2
Comparison of mitoPADdb with six existing mitochondrion and disease-related databases.
Attributes mitoPADdb MITOP MITOMAP Mito MitoDB MSegDR MitoPhen
Phenome
MPE genome: nuclear or mitochondrial Both Both Mitochondrial Nuclear only X Both Mitochondrial
encoded only only
Disease-associated MPE genes 810 85 13 174 X 279 13
Variants type of MPE genes: non- Pathogenic X Both X X Both Pathogenic
pathogenic and pathogenic
Pathogenic mutation entries of MPE genes 18,356 X 1018 X X v 40
Disease-associated qualitative expression v X X X X X X
variation data®
Disease-associated comparative v X X X X X X
quantitative gene transcript expression
analysis of MPE genes™
Diseases/HPO terms 1793 110 v 191 257 284 26,348 HPO
Diseases classification into categories v X X v X X X
Organism Human Human, Mouse, Human Human Human Human Human
Yeast, C. elegans,
N. crassa
Pathway v v X v X X X
Publication Present (Scharfe et al., 2000) (Brandon, (Scharfe (Scheibye- (Falk et al., (Ratnaike et al.,
study 2004) et al., 2009) Knudsen et al., 2015) 2021)
2013)
Database URL status Active Inactive Active Inactive Active Active Active

#Indicates the unique attributes of mitoPADdb.

and found to be associated with various diseases. The content of these six
databases was studied and compared with the mitoPADdb, as shown in
Table 2. The unique attributes that are present in mitoPADdb in com-
parison with these available databases include disease-associated qual-
itative expression variation data and disease-associated comparative
quantitative gene transcript expression analysis of MPE genes, marked
as * in Table 2. In addition, 325 MPE genes, having manually curated
mutation in mitoPADdb, were compared with DisGeNET curated gene
sets (Pinero et al., 2020). We identified 44 unique disease-associated
MPE genes (with 622 mutation hits) based on manual curation from
literature, which are not found in the DisGeNET database (see Supple-
mentary Table S5). Overall, it shows that the mitoPADdb is enriched

with more attributes and mutational entries than other existing mito-
chondrial resources associated with diseases.

5. Utility of mitoPADdb

The mitoPADdDb contains large number of curated MPE genes that are
associated with diseases. This database can be tremendously useful for
researchers/academicians exploring mitochondrial role in health and
disease biology. The prime utility of mutation, expression data, pathway
and comparative gene transcripts analysis studies from mitoPADdb in-
cludes investigating mitochondrial dysfunction-related diseases and
probable affected pathways and developing mitochondrial protein
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targeted therapy for such diseases. Researcher can look for their gene of
interest on mitoPADdb and identify the similar trends of mutations,
qualitative expressions, and quantitative transcript expression in heat-
map across disease and disease categories. For example, comparison of
mutations table from the output page of this database, the six different
disease terms are associated with six different mutations of the
NDUFB11 gene. Among them, the ¢.262C > T (p.Arg88Ter) [dbSNP ID:
786205225] mutation is common in four different diseases terms
(marked with four red boxes in Supplementary Figure S7A). While,
comparing the qualitative expression table on the output page, the
NDUFB11 gene shows all down-regulated expression in all four different
diseases (marked with red box in Supplementary Figure S7B). One can
compare the quantitative transcript expression patterns across various
diseases by selecting a gene, such as FXN, from the “Disease category-
pairwise comparison of MPE gene expression heatmap” available in
the database browse section of mitoPADdb (Supplementary Table S1). It
was observed that the FXN expression is downregulated in Chronic ir-
ritable bowel syndrome (2 studies), Sensorineural hearing loss (3
studies), and Friedreich’s ataxia (2 studies). On the other hand, it is up-
regulated in Early-onset colorectal cancer (3 studies). When we
compared the expression patterns category-wise (Supplementary
Table S2), we found that the FXN expression is down-regulated in
Otorhinolaryngologic (3 studies) and Respiratory tract (2 studies) dis-
eases categories, while it is up-regulated in Digestive system (3 studies),
Urogenital (2 studies), and most of the studies in Neoplasms (7 studies,
except one) disease categories. Here, the expression variation logy fold
change cut-off value > 0.75 (a minimum 1.68 fold upregulation) or <
-0.75 (a minimum 1.68 fold downregulation) as compared to the control
was taken to arrive at these conclusions.

6. Conclusion

The mitoPADdb provides comprehensive information on mutations
and expression variations of MPE genes associated with diseases. As
mitochondrial research in health and disease biology gradually in-
creases, the mitoPAD database can be a useful tool for researchers and
clinicians investigating mitochondrial dysfunction-related diseases. This
database will also help to find out potential molecules for developing
novel mitochondria-targeted therapy to mitigate diseases.
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