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Abstract

Pathway analysis is a very important aspect in computational systems bi-
ology as it serves as a crucial component in many computational pipelines.
KEGG is one of the prominent databases that host pathway information
associated with various organisms. In any pathway analysis pipelines, it is
also important to collect and organize the pathway constituent genes for
which a tool to automatically retrieve that would be a useful one to the
practitioners. In this article, I present KPGminer, a tool that retrieves
the constituent genes in KEGG pathways for various organisms and or-
ganizes that information suitable for many downstream pathway analysis
pipelines. We exploited several KEGG web services using REST APIs, par-
ticularly GET and LIST methods to request for the information retrieval
which is available for developers. Moreover, KPGminer can operate both
for a particular pathway (single mode) or multiple pathways (batch mode).
Next, we designed a crawler to extract necessary information from the re-
sponse and generated outputs accordingly. KPGminer brings several key
features including organism-specific and pathway-specific extraction of path-
way genes from KEGG and always up-to-date information. Thus, we hope
KPGminer can be a useful and effective tool to make downstream pathway
analysis easier and faster. KPGminer is freely available for download from
https://sourceforge.net /projects/kpgminer/.
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1 1. Introduction

2 Biological pathway is defined as a collection of genes or proteins that are
s functionally related to each others to perform some biological activities such
s+ as signaling or regulatory activities. Some of the on-line pathway databases
s are KEGG [1], Reactome [2], Wikipathways [3] etc. where pathways related
s to signaling, metabolomic, cellular processes, diseases, genetic information
7 are stored for various organism.

8 Pathway analysis is an important downstream component for many bioin-
o formatics pipelines. One of the important aspects of a pathway analysis task
10 set is to conduct enrichment test with already annotated pathways. This
un enrichment analysis include evaluating the enrichment of de novo gene sets
12 (either computationally predicted or experimentally determined) with those
13 already annotated pathways. Azad et al. designed a method called VToD [4]
1 for identifying cancer-related gene modules, which were validated with known
15 pathways from databases including KEGG [1] and GO terms [5] using gene
16 set enrichment test. Another example of gene set enrichment analysis is to
17 check the overlap of a particular set of interest e.g. differentially expressed
18 genes with those annotated pathways. All of these enrichment tests require
v a set annotated pathways presented in the databases such as KEGG [1].
2 One of the sources to collect such annotated pathway sets is the Molecular
2 Signatures Database (MSigDB) [6] which stores gene sets from well known
» pathway databases like KEGG [1] and Reactome [2]. But these gene sets
23 are static and the pathway annotations are always updating. Hence, it is
2 required to have a tool for retrieving up-to-date gene collections for users.
»s Moreover, those collections aren’t organism-specific.

2 In this article, I present a standalone tool called KPGminer that retrieves
2 the pathway genes from KEGG [1] for all the organisms every time it runs.
s This provide always up-to-date and organisms specific information which can
20 be stored in the local machine for conducting downstream pathway analysis
3 using some statistical methods such as hyper-geometric tests. I hope, this
a1 tool can be very useful for the researchers and contribute to their bioinfor-
3» matics pipelines.

33 2. Implementation

3 Figure 1 shows the main KPGminer interface. When user opens KPG-
55 miner tool it loads all the available organisms in KEGG database by making
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s HT'TP web request via a web API call using REST protocol. This REST API
s protocol is available in the KEGG website for the developers’ use. Once, all
;s the organisms are loaded successfully, the main interface of KPGminer pops-
s up will a dropdown box populated with all the organism name. Next, user
w0 has to select a particular organism for the that list, another HT'TP web re-
s quest takes place for retrieving all the pathways currently available in KEGG
2 database for that particular organism. The response of that request is then
i3 parsed to get the list of those pathways and a listbox gets populated with
s them. User can pick one or more pathways from that list which will be shown
s in another listbox (called selection listbox).

55 KPGminer = o >
File  About

: Pathway Description  Genes ~
Chose Organism - —

‘ Glycolysis [ Gluconeogenesis

i 1 dummytext | HK3, HK1, HK2, HKDC1, GCK, GPI, PF
Home sapiens (human) v| i |

Citrate cyde {TCA cyde)
Pentose phosphate pathway

dummytext | CS, ACLY, ACO2, ACO1, IDHL, IDH2,

Choose from 307 pathway(s)

Selected Pathway(s): 23 dummytext | GPI, G&PD, PGLS, HEPD, PGD, RPE, R

) sapialing ellviaty = Pentose and glucuronate interconversions | dummytext | GUSB, KL, UGT2A1, UGT2A3, UGT281
;ﬁ;ﬂ:ﬁﬁ;;ﬂ;ﬂ?ﬁ"’ g&“ﬁmﬂ;ﬁw | ||Fructose and mannose metabolism :dummyhext ;MF‘I. PMM2, PMM 1, GMPPB, GMPPA, €
:ﬁgﬁfﬁj;ﬂg”a“”g e Pentoss and glucurenate Mercanvers | | oo, toce metabolsm | dummytext | GALM, GALK1, GALT, GALE, LIGP2, PC
m"“m e e eerass Ascorbate and sldsrate metsbolism |dummytext ;UGDH, UGT2A1, UGT2A3, UGT2817, |
E&fﬁ"f:fd';g’:f A Lo e :;'fgt‘,};‘fs Fatty acid biosynthesis | dummytext | ACACA, ACACE, MCAT, FASN, OXSM
sl 2 ;ﬁ*g:ﬁ?zﬂ;’;m o ketane | || Fatty acid dongation | curmmytext | ACAA2, HADHE, HADH, HADHA, ECH
:‘aﬁgf iﬁ;ibt?;“ngzwmm Fatty acd degradation | urmytext | ACAT2, ACATL, ACAAL, ACAAZ, HAC
::‘;2":;?‘“5“ S = gt':’f;‘:ﬁ;i::e"f‘; liviege Synthesis and degradation of ketonz bodies | dummytext | HMGCS 1, HMGCS2, HMGCL, HVGCLLT
;‘:”‘C“ - = ff::ffbiﬁ’t:‘;‘fm” Steroid biosynthess ;dummyhext :FDFFI. SQLE, LSS, CYPS1A1, TM7SF:
ol ol Primary bile acd biosynthesis | dummytext | CYP46A1, CYP39A1, HSD387, CHZSH
TOR sgraing pahuey 7 :L:T-‘:";pam;fam ciotamate meta| | | Ubiauinone and other terpenoid | dummytext ;TAT,. £0Q2, COQ3, COGS, COQS, Ct
:m’;g"a“"g pathway m;’:j;;‘m:‘n::mﬁj’ Steroid hormons biosynthesis |dummytext |CYP11A1, CYP17A1, STS, SULT2BL, €
oy zg::;:g ﬁ::: Oxidlative phosphoryiation |dummytext |ND1, ND2, ND3, ND4, ND4L, NDS, ND
;fg‘;ﬁs Arginine biosynthesis | dummytext |OTC, ASS1, ASL, ARG2, ARG1, NOS1
R i 9 Purine metsboism | urmytext | NUDTS, ADPRM, NUDTS, PGML, PGM:
Caffeine metsbolism .dummybext rCYPIAZ. NAT2, NAT1, CYP2A6, XDH,
Pyrimidine metabolism :dummybext -CAD, DHODH, UMPS, CMPK1, OMPK2,

Alanine, aspartate and glutamate metabolism | dummytext | GOT1, GOT2, IL411, DDQ, ASNS, NIT
Browse output directory I

Get Pathway Genes

2athway genes are downloaded successfully 1!

Glycine, serine and threonine metabolism |dummytext | SHMT2, SHMT1, AGXT, GRHPR, GLYC
I v

< >

Figure 1: Main interface of KPGminer tool

46 To get all the pathway genes for those selected pathways, user press a but-
s ton which makes another HTTP web request. KPGminer reports pathway
s genes in single or batch mode depending on the number of selected pathways.
s Once loaded all the pathway genes the results are shown in the right panel
so on the main KPGminer interface. Finally, to all of these pathway genes are
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51 can be saved in a file by clicking a button which asks a place to save that file
s2 in the local directory. The file is saved with a .gmt extension just as similar
53 to the MSigDB for the convenience of users. A tooltip label keeps providing
s« messages for every stages of KPGminer in retrieving pathway genes for se-
ss lected pathway(s) for a particular organism. Table 1 shows the KPGminer
ss metadata.

Technology used

Version v1.0.0

Language C#.Net

Platform Microsoft .Net platform
Operative systems Windows

HTTP web request REST API

Information retrieval technique In-house built crawler

Table 1: KPGminer Metadata

57 3. Discussion

58 KPGminer has several useful features. First, even though KEGG pro-
so vided necessary APIs for retrieving those information, a single platform to
s facilitate organism-specific and pathway-specific (single or batch mode) infor-
s1 Mmation retrieval may be advantageous for practitioners by abstracting their
s2 corresponding lower-level implementations. Second, while loading, KPG-
&3 miner starts requesting KEGG databases for pathway information, which
o indicates that it always brings the up-to-date information. Third, KPG-
es Iiner is a open source and free software that can help scientific communities
s to conduct pathway analysis required with KEGG pathway databases.

67 In this version of KGPminer, there is one limitation which is in batch-
¢ mode (for multiple pathways) operation, it creates HTTP web request for
s each pathways separately, which is a time consuming. But this limitation
70 can be overcome by exploiting multi-threading approach by making each
n HTTP web request running in a single thread, which can be implemented
72 in future versions of KPGminer. In future I also hope to extend this tool
73 for retrieving information from other pathway databases including Reactome
7 [2], Wikipathways [3] or GO [5] database. I hope KPGminer can be a very
s useful tool for the researchers in their pathway analysis.
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ot KPGminer

File  About

Chose Organism

Haomeo sapiens (human}

Choose fram 307 pathway(s)

FeecD signaling pathweay
Phosphatidylinositol signaling syst:
Sphingelipid signaling pathwiay
Phospholipase D signaling pathwe
Neurcactive ligand

Cell cycle

Docyte meiosis

p53 signaling pathway

Ubiquitin mediated protechysis
Sulfur relzy system

SMARE interactions in vesicular tra
Autophagy

Mitophagy

Autophagy

Protein processing in endoplasmic
Lysosome

Endooytosis

Phagosome

Percxisome

mTOR signaling pathway

PI3K

AMPEK signaling pathway
Apoptosis

Longevity regulsting pathway
Longevity regulsting pathway
Apaoptosis

Ferroptosis

Necroptosis

Cellular senescence

2=

Get Pathway Genes

Selected Pathway(s): 23

G [ =

Citrate oypcle (TCA opcle)
Pzntose phosphate pathwiay

Pentose and glucurcnate interconwvers
Fructose and mannose metabolism
Galactose metabolism

Ascorbate and aldarate metabolism
Fatty acid bicsynthesis

Fatty acid elongation

= Fatty acid degradation

Synthesis and degradation of ketone |
Stercid bicsynthesis
Primary bile 2cid bicsynthesis

Ubiguinone and other terpencid
Stercid hormone biosynthesis
— Ordidative phosphorylation
[ Arginine bicsynthesis

Purine metabolism
Caffeine metabolism
Pyrimidine metabolism

[ o Alznine, aspartate and glutamate meta

Ghycine, serine and threcnine metabol
Cysteine and methicnine metabolism

Pathway

Glyoolysis [ Gluconeogenesis

Citrate cyde (TCA cyde)

Description

Genes

dummytext

HK3, HiK1, HK2, HKDC1, GCK, GPI, PF

dummytext

Cs, ACLY, ACO2, ACO1, IDH1, IDH2,

Pentose phosphate pathway

dummytext

GPI, GGPD, PGLS, H&PD, PGD, RPE, R

Pentose and glucuronate interconversions

dummytext

GUSB, KL, UGT2A1, UGT2A3, UGT2B1

Fructose and mannose metabaolism

dummytext

MPI, PMM2, PMM1, GMPPB, GMPPA, C

Galactose metabolism

dummytext

GALM, GALK1, GALT, GALE, UGP2, PG

Ascorbate and aldarate metabolism

dummytext

UGDH, UGT2A1, UGT2A3, UGT2B17, |

Fatty add biosynthesis dummytext | ACACA, ACACE, MCAT, FASM, OXSM
Fatty acd elongation dummytext | ACAAZ, HADHBE, HADH, HADHA, ECH:
Fatty acid degradation dummytext | ACATZ, ACAT1, ACAAL, ACAAZ, HAC

Synthesis and degradation of ketone bodies

dummytext

HMGCS1, HMGCS52, HMGCL, HMGCLL1

Steroid biosynthesis

dummytext

FDFT1, SQLE, LSS, CYP51A1, TM7SF:

Primary bile acid biosynthesis

dummytext

CYP40A1, CYP39A1, HSD3EY, CH25H

LIbiquinone and other terpenaid

dummytext

TAT, COQ2, COQ3, COQs, COQ5, Cf

Steroid hormone binsynthesis

dummytext

CYP11A1, CYP17A1, S5T5, SULT2B1, C

Oiwidative phosphorylation

dummytext

ND1, ND2, ND3, ND4, ND4L, ND5, ND

Arginine biosynthesis

durmmytext

OTC, ASS1, ASL, ARG2, ARG1, NOS1

Purine metabalism

durmmytext

NUDTS, ADPRM, NUDTS, PGM1, PGM:

Browse output directory

Caffeine metabalism

dummytext

CYP1A2, NAT2, NAT1, CYP2AS, XDH,

Pyrimidine metabolism

dummytext

CAD, DHODH, UMPS, CMPK1, CMPI2,

Alanine, aspartate and glutamate metabolism

dummytext

GOT1, GOT2, IL411, DDO, ASNS, NIT

Glydne, serine and threonine metabolism

dummytext

SHMT2, SHMT1, AGXT, GRHPR, GLYC

£

>

Pathway genes are downloaded successfully 11
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