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Lecture — 57
Pathway Enrichment and Data Analysis

Hello students. I hope you know from the previous sessions you got motivated and you
started playing with certain online tools available for you to start analyzing your own data set
and more importantly how best to plot your data and start you know visualizing the data start

presenting data and then start making the biological sense of the data.

So, once you have analyzed your data you end up getting a shorter list you know from the
very big large big data set which was the starting point from the NGS or mass spec or
microarrays. And now you know you have narrowed down to a shorter list of the most

significant proteins.

But now you would like to put them together into the biological context that what are their
roles these proteins belongs to which pathways, they interact with which other proteins, are
they part of you know the a network or the given physiological pathway where that makes

more sense right.

So, then once you start getting that idea then only probably you will have you know the
follow up experiments plan, can now start thinking about a drug which might be able to
inhibit and control a given pathway right. So, many time these clues only comes when you
start your big data set, they start looking at the most significant list narrowing it down and
then further you process after looking at the pathways and networks, they come up with a
hypothesis and then look at what can be the actionable hypothesis to build the next set of

experiments.

So, there are many online tools which are currently available which are really good, some of

them are you know developed from lots of resources and funds provided by the initial



governments, but with mandate to make it publicly available. You can start utilizing these
resources and start looking at various example data set and see whether you are getting

comfortable in doing these kind of analysis.

So, today my research scholar Deeptarup Biswas, he will walk you through a different steps
involved in looking at the pathway enrichment analysis and network analysis using various

tools. So, let us start today’s lecture.

Till now we have learned a lot about statistical power primary analysis and secondary analysis

to generate the expression data set.
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Now, the main important thing which is coming that we got a very good pattern of differential

gene regulation. So, the questions come what next?
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I want to start with two important question, how do my data delayed to known biological
function? Are there specific function that are characterized by gene expression changes? After
the secondary analysis what I feel the most important things to do is the tertiary analysis; that
means, identify the functional group. This function group identification is based on different
pathway enrichment network analysis and PPI modules that is Protein Protein Interaction

modules.

So, in the workflow what I have added is the last one after the identification of the differential

gene is identify the functional group.
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Different kinds of software’s that generate different IDs. If we are using any proteome
discover, commercial software or trans proteome pipeline they will give you different kinds
of IDs in the protein identification. But we to start a tertiary analysis we have to get multiple
ID and that is possible only through ID conversion. So, this is a very basic thing, but still I

want to take a little time and want to tell you how this ID conversion can be done.

So, there are mainly three important platform which we can taken into consideration; the first
thing is David. David is a multiple ID conversion tool, apart from this it can help in also
different types of annotation and enrichment studies. Next is WebGestalt and this platform
can also be used for different kind of ID generation. The next is protein identifier cross
reference, this is another platform where we can upload our ID and we can get a multiple ID

converted from this software.



So, David, WebGestalt and protein identify cross reference is a very simple tool where we
just need to put the ID, the list of ID and we can select what are the what list of ID we will get
as a conversion. But there is an important tool that is KEGG Mapper converter ID, that is a
very important tool because like other platform we cannot put any other ID in the KEGG
Mapper. We have to get the KEGG gene ID from the KEGG Mapper and then only we can
put it in the identifier identification toolbox and we can get the KEGG mapping pathway.

So, I will show you a glimpse like how from a test say data set we can approach to KEGG
Mapper and we can convert the ID to KEGG gene and after that we can put those KEGG
converted ID into the KEGG Mapper to get the pathway. So, I have already shared the test 1
text file, you have to open the text file there is a list of gene that is mainly a GBM repository
data set a processed file which I have taken and we will copy paste that list into the KEGG
converter ID. So, I have already shared the link in the slide. So, please go to the KEGG ID

converter and copy paste the link.
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So, this is the homepage of KEGG Mapper convert ID where in the first outside DB you can
choose what is the different NCBI gene ID or NCBI protein ID or UniProt ID you are putting.
So, as I have given a list of UniProt ID, so I will be selecting UniProt ID here. After that the

important thing is the what is the organism?
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So, if when we are clicking this, so we have to write the name of the organism and as I know I
have taken the file from the Homo sapiens repository. So, I will be selecting the Homo
sapiens and I will select the tab and so it is showing here hsa. Here in the inter outbox outside
identifier we will copy paste the list of the UniProt gene and then we will select we will click
on the execution tab. So, it will take a little time and it will give you the complete converted

ID from UniProt to KEGG ID.
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So, as you can see the conversion result is giving you the name of the UniProt list. So, we
will be copying only the KEGG ID. So, we will click here display KEGG ID only where we
will get the name of the KEGG IDs.
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So, we will copy paste the complete KEGG ID from here.
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So, we have to come to the homepage back again there is our option of search pathway. So,
we have to click the option search pathway here and the search pathway dialogue box will

open.



(Refer Slide Time: 07:51)

T @ bt weww genome
% KEGG Mapper - Search Pathway

Search agaanst: ~u Bater: mup, ko, ag, mm, hasdd, or | arg

Entar alijects!

hak: 1487
ALDOA §

Tuamgley
Hama sapens gty ¢

Altwimativaly, enter the fils aame con Uaining U data:

ik chaias

Fiter (R dwirect W/CAGTVR/RI/RC numbary)

d I the saach

antaining 8l the skjects (AND search

mocaBB0QA

So, here we have to paste the KEGG ID which we have already converted and here we have

to select the Homo sapiens pathway. So, after selecting the Homo sapiens pathway we have to
go down and click the execution tab.
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So, after clicking the execution tab you can see the KEGG Mapper has already generated a
complete profile of what are the different kinds of pathways are there and how many paths

how many hits are there in each pathway.
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So, if we click into each of these pathway, it will redirect you to the complete to the pathway
and you will found that what are the proteins that are present and they are highlighted with the

yellow color and the red font.

So, this is the glimpse of how you will use KEGG Mapper and how you will convert your
UniProt ID into a KEGG ID. Next thing what I want to show you is a WebGestalt and I feel
this is one of the best software in omics platform where it is giving a complete downloadable
data, downloadable image from your data sets. So, over a sample run GSEA sample run and
NTA sample run are three important platform that WebGestalt is providing. Apart from this

in 2019 they have also included phosphosite sample run into this software.
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So, I will I want to show you the different kind of images downloadable images it is
providing. So, in the left you can see it is providing a complete list of different kind of
classification like starting from biological pathways, cell components and so on. In the middle
there is a complete list of gene ontology, different kinds of gene ontology from your data set

what they are coming and how they are linked.

Apart from these whatever I was talking about WebGestalt gene conversion, so they are also
providing a complete conversion of your ID into different kinds of gene name and entrance
gene. Apart from this it is also giving a glimpse of the network whatever you are getting

through PPI interaction Protein Protein Interaction module.
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So, now I will be talking about a very new, but widely used software that is reactome. So,
reactome is nothing a database which can help you to link your proteins, link your candidates
with a different kind of pathway. This database this software is so much robust and dynamic,
that it will not only end up with giving a single pathway rather than it will give you a different

kind of sub pathway and sub network and followed by single single reaction.
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So, after clicking the analyze data the another window is opening which is asking for to
submit your data. So, here we can submit the data in two way; first choosing a file where we

can choose a text file with the name of the candidates apart from this we can just simply go to

the box and copy paste our candidates gene.
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After that we have to select the continue. So, here are two option; the first option is project to
human and the second option include interactors. Include interactors means what are the
proteins that is interacting with your candidates or what are the chemical compounds that
mainly are metabolites that including different kinds of drugs that can be linked with your

candidates will be also shown.
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So, we will be clicking here and we will start analyzing the data. So, as you can see there is a

complete list of different kind of pathways they have given.
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And here they have also given what are the identifiers that are not found that may be due to
the upgradation of the databases. So, now, if we want to check the top power pathway which

has come in that is related to disease of signal transduction.
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So, when we will be clicking this that pathway we can find, the reactome database will show
the complete details of the pathway and when we will zoom in the pathway, we will find that

this has given a complete glimpse what are the different sub networks that are present.
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So, apart from this if we come to the expression, the expression is nothing but whatever the
different candidates that are present in the pathway and what are their expression throughout
in different tissues are present here. So, if we select different kinds of tissues from here and

we can find that what is the expression level of that candidate in those tissues.
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If we go to the molecule tab over here we will find there are a couple of options are already
available; that means, chemical compound proteins DNA, RNA and drugs. This says what are
the different kinds of molecules that are present in this pathway of which chemical
compounds are mainly the metabolites different kinds of proteins, DNA and RNA and
different kinds of drugs.
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If I am selecting one disease and we can found there are different kinds of sub pathways that
are coming and in this sub pathway there are two important symbols that is; one is U and one
is plus. So, if we keep the pointer over here we can find that the U says that this is the updated

databases and the plus is it is related to a disease.

So, likewise reactome gives a lot of information about your data set to large aspect. So, now,

the important thing is like downloading the result file.
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So, here is a tab of downloading the result file where clicking this one will download the
result in dot CSV format. So, the dot CSV format will have all the data sets and all the
complete data file of the analysis. So, from there we have to select certain criteria like pValue

or FDR which are already given as you can see.
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So, on the basis of that we have to select and we have to filter the complete analysis.
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Sorting and filtering data on the basis of pValue and FDR

Pathway identifier Pathway name [ities pVal] Enilties FOR Specles mame Hits | Hiis | Hits | HWits | Hiis | Hits
R-HSA-1474228  |Degradation of the extracellular matrix BSAEDG | 7.28E04 | Homosapiens| FO2452| Q13444 | PLI11D PO24EY | POBI23 | PO1023
R-HSA-5691579  |Homolagous DNA Pairing and Strand Exchange 121E06 | 736E04  Homosapiens|Q1331%) Q13535 | PSISET 014757 Q96604
R-HSA-2022090  |Assembly of collagen fibels and other multimenc st} SA3E05 | 0.001903665 | Homo sapiens| PO2452) PL2110 | PO2461 | POR1Z3 | QBNTIG
R-HSA-L4T4240  |Extracellular matfis aiganization S29E05 | 0.001903665 |Homa sapiens| POZ452| QL3444 | PL2L10 PO2461 ) POBLIY |O43184
R-H3A-1650814  |Collagen biowynthesis and modifyingenrymes | 136605 | 0.002061153 | Homo saplens | PO2452| P12110 | PO2461 | POBLE3 | PO246I |
R-H3A-1 16083 integrin cell surface interactions L LBIE04 | 0.00310669 | Homo sapiens| PO2452| PL2110 | PO2461 | POBLE3| P12110 |
R-HSA-1474250  [Collagen Formation | 227E04 | 0003404851 | Homo sapiens| PO2452| P12110 | PO2461 POB123| PSES4S |
R-H3A-69620 Cell Cyche Checkpaints 2E6E04 | 0.003730964 | Homo sapiens| PA3454 | QANT26 | 013315 Q13535 Q96604 Q14757
RHSA-L0D606__|Inirinsic Pathway for Apoptosis GEIE0! | 0.003020045 | Home sapiens| PSS211| PLO4IS | 007812043184 | Q725R6 Q3315
R-H3A-16B643 Nucleatide-binding domain, leucine rich repeat cont S.59EDM | 0.010522536 Homo sapiens P352L1| PIO41S |OONOCT 043185 Q13315 QTZSRG
RH5A-2214320  JAncharing fibrl formation DLO0L1ES| 0.010522536 Home sapiens| PO2452| POR1Z3 | Q13444 PL2110) PO2461 POB123
R-HSA372708  |pl30Cas linkage to MAPR signaling for integrins | BL0DLLES| 0.010522536 | Homo sapiens| Q7Z5R6| P56945 | Q13444 | PLI1I0| PO2461 | PORLLI
R-H3A-111471 Apoptotic factor-mediated response |O.DO1LI37) D.01 1580184 Homo sapiens| P35211| QO7812 | Q13444 PA21I0| PO24GL | POS123
R-H3A-69615 (GL/S DA Damage Checkpoints 0001511 | 0.012089811 | Homo sapiens | QBNT26| Q13315 | 014757 | |
R-H5A-2243919  |Crasshinking of collagen fibirils (0001673 | 0.01338478T |Homo sapiens| PO2452| PORLZY | Q13444 PLI100) PO2461 POBLZ3
R-H5A-63473 |G2/M DHA damage checkpaint 0.00223 | 0.017358823 Homo sapiens| 013315| Q13535 |D14757) |

R-H3A- 109581 [Apoptosis 0002823 | 0.019753656 Homo sapiens | P55211) PI0415 | 007812 (835222

R-H3A-1500620  |Mesosis | 0.00313 | 0.019887109 Homo sapiens|Q13315| Q13535 | PS1567 |

IT Bambay

So, after sorting and filtering a data on the basis of pValue and FDR I have found some top
pathways which I will be taking for the next part of the analysis. So, as you can see this is the
table I have taken from the result file and you can find the pathway identifier these are
nothing, but the unique identifier ID of each pathway in reactome. These are the pathway
name, this is the pValue, this is the FDR, species name and these are the hits; that means,

these what are the proteins from your sample data is matching with this pathway.
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So, this data we can put into any kind of protein protein interaction module and from there we

can take the dot c file or the JSON file and we can put it directly into the cytoscape and check

what is the visualization is coming.

So, as cytoscape can is having different kind of plugins we can generate different kind of

visualization network.



(Refer Slide Time: 15:01)

»
ﬂ)o -] B 0q28

But apart from this today I will I want to show you a very robust visualization of visual
analytics platform for comprehensive gene expression profiling and meta analysis that is
network analyst. So, network analysts will give you different kind of visualization platform

where, you can do single analysis and multiple analysis even multi gene expression analysis.

So, now, we will go to the next hands on that how the data that we have already generated
from the pathway, we can link in to a network platform to generate a network analysis this is
the homepage of network analyst, but there are four top platforms. First is a gene list input
where when you are having a normal gene list with p value or fold change we can use this
one. This one is the multi gene expression tables where multiple gene with different

expressions can be checked.



This is a gene expression table where micro RNA micro array and RNA sequence data can be
done and this is the raw RNA sequence data from where we can take the sequencing data and
we can start with. This is the network file where analyzed file of dot ¢ or JSN can be directly

incorporated and we can get the visualization.
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After clicking the gene list input we will be having this homepage where we have to select the
organism that is homosapiens, we have to select the ID as we are taking the IDs from the

same paste 1 file. So, we know that this is a UniProt ID.
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Then we have to copy paste the ID names after this we have to select that upload here and if

we are getting any kind of duplicates or errors.
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So, it will be shown over here, if everything is fine we have to select the proceed option.
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So, first we will check the list enrichment network that is a pathway enrichment network
visualization platform, where after clicking this you can see there is a complete network

interaction module generated from different kinds of pathway.
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So, in the left we can select the reaction database, after this we have to change the

background color to white and submit the database.
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After submission you can see there is already a huge number of pathways are already there
and we really do not need this many pathways as it in making the complete network very

much complex.

So, now we will go to our table sorted table that we have generated from the reactome and we
have all the pathways that are present and we have taken on the basis of significant pValue.
And we will select those pathway which is already present there like this one downloading
signaling matrix, signaling of EGFR, signaling of FGR FGFR, signaling of NGF and like this

way we have to select some of the pathways from here.
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And we have to come to and we have to extract these pathways.
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So, after extracting these pathways we can see there are only few pathways which we have

extracted.

To just give you the glimpse I have selected some few pathways, but your data set may have

different top pathways that you can take into account. So, after this there is option of view.
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And from here we will be selecting the bipartite network that will not only give you the name
of the pathway, but also it will give you the name of the proteins. So, as you can see the
whatever pathways we have selected are already present there and apart from this whatever
the proteins that you have submitted in your data set is already available now. Now, if we
select each pathway each proteins from like this and there is a option of label and label the

selected nodes. So, already these pathways these proteins are already labelled.

So, by this way we can select different proteins, different candidates according to our data set
and we can select those and highlight those protein. Even we can change the color of each
protein like if I want to show that this protein is upregulated, so I can put in red color
whereas, this protein is down regulated. So, I can green color and here again I have to select

the label selected protein and it will show that IRS1 is upregulated one whereas, the PINCIO



is the down regulated one. So, there is a lot of thing that can be done in this list of bipartite

network and network analysis.

So, now, we know how to generate a very good pathway enrichment model. So, the same way

we can go for the protein protein interaction model.
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So, to get the protein protein interaction model we have already uploaded our data set in

network analyst, we will be choosing the generic PPI.
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So, there is another very good platform that is a tissue specific PPi, like if someone is
working in brain or someone is working with kidney. So, there are already these kind of
tissues are already available in the database and they can check, but as I just want to give you

the glimpse.



(Refer Slide Time: 20:47)

A Search PTHIY % | P Dnease - Anss X [} wesian x [ Oestiet ® 4 - 0 X

L C @ it/ networkanalyst ca faces, Senure metwork/LstAnalOvenien thim 4

So, I will be choosing the generic PPI where three names of the databases are already there.
So, these three are the PPI that is Protein Protein Interaction database one is IMEx
interactome, STRING interactome and Rolland interactome. So, people generally use
STRING, but IMEx interactome will give you a very big profile of different kind of
interactors that are present which they mainly update their database from the curated

literature.
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So, if I am choosing the IMEXx interaction and we can see like there is a one sub sub network
with 4677 nodes, 114 11427 edges, 176 seats. So, from here you can download the dot c file

of the interactions and we can upload it again into the network for future use.

So, now, we will proceed and we will found the data the software has generated a complete
protein protein interaction module which is a big; which is a big module. And now I will
show you how to make this module small or informative and how to decrease this complexity

of the network.



(Refer Slide Time: 22:06)

[} T ® + y 3
L | Wk rewrianalyat £ &
B o e e ¢ e, O at i S .
Bk, SCOTbeEl] T Bk = Sty . .
1 i
e Tl ¥ i st
D - - »
D N i = e
" LI
Medas | i
o ey
N e e




(Refer Slide Time: 22:24)

1 Sewh PTHT ¥ | [ oot DN “ % o0 x
L L L4
By il o sl (vt e Lm0 & M aianon afeme PR3 Qe Slaley  Blpsn  Bheeen  Wleun Liswe s
ok SOTRNTKY T Pckposd [ WhS ¢ View Topoley * Loy - Specly - " e Spacly. Y Bag o SPROly - Tl ~Spaaly- ¥ Dol - Spaaly- ¥
o rol
o gl . Fometias Eeplirt
st W [ 0 . M o
ks Flicieeng okt [
T
g % . -
i WA T S
. & e
e a e
- BT T Tl 1k
: # Ry
gl 14171 184
i e 1 19 . ’
i N I
4 Pl A b M = h
-~ L
Carvral e n ] died
w ST
ity
. N il
kel [ipiisns
Faih Lglerer
L o e

So, as you can see the software has generated the complete protein protein interaction module
this is really very complex. So, first we have to select what is the database we want to choose.
So, let us go with reactome database and after that we will be changing the color to white.

Now, I have already given you in the test 1 file.

(Refer Slide Time: 22:30)



So, now there is a option of batch selection which says that whatever what are the proteins

that we are interested in, we can copy paste those protein at (Refer Time: 22:47) ID.
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And after that we have to click the submit. So, after submission we can see there is a

highlighted candidates that we can found in this complex network.
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So, now as we are very much interested with this candidates, we will select and extract those

candidate from this complex network.
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So, after selection and extracting the candidates we found that these are the proteins that we
have selected and is present in this network. Apart from these this proteins which are there are
the top most interactors that is coming in this protein protein interaction modules. So, like

these we have to make some adjustment to make this network visually interpretable.

So, that can be also done from their given layout which a different kind of layouts are already
available, but for reducing the overlapping I will choose this one to reduce the overlap and as
you can see the complex network has got some clarity. So, after adjusting little manually we

can download this one with as a PNG Image and we can save the file as a PNG or JPG.
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So, now, we know; so now, we know how from a data set we can generate the pathway
enrichment model protein protein interaction model. So, after this I will show you an example

of a recent paper that got published in nature scientific by a Fan et al in 2018.
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So, they have given a very good they have used this network analysis software to a large
extent and they have given how this network visualization platform can be used to produce

this kind of network analysis images.

So, in the first one you can see they have differentiated this protein differentiated the protein
candidate list is upregulated and downregulated manner. And they have also generated
different sub networks like these four sub networks they have generated and on the basis of

different pathway or protein protein interaction.

So, now, if I want to check like what are the different clusters that is coming in my protein
protein interaction module in terms of pathway that can also be done checking the curated

sorted reactive list that we have generated.



(Refer Slide Time: 25:26)

Nirkd
L
sied
1 kgt
Exbd
. Fye P
Tok v ..r L Adonal
(1M2){3){4)Jun o wi@” r Pon
Egrli3) € ® [s] 2
o} o o s
Bkl Lyn
(1) Junb @ o F H:‘ e
4 & - b 0 @b
(HAang Fas(I)) ¥ P L Cxelld
L o @ L ] p
)
Ilhl‘mb. l“’“’"‘. ay 'm. e . ,\m
LOC1 0091 2488
Lociebiass & A 0 !
bt @ Avprla (8 Cnerd
y @
KIBE) Nost () Semmlg(9 o o0
(1) cellular response 16 calcium won Guall Gmld  Guald  Omg
(2) SMAD protein signal transduction
(1) regulation of transeription from RNA . Rgc
polymerase [] promoter in response io siress Wl. Vip:
{4} response 1o muscle stretch Adepl
(918 eell chemoiaxis Adeyplel @ @ \_.‘ .Ellca
ipr2
Fan et.al, 2018

Apart from this they have given a complete view of what are the proteins present and whether

the a single candidate is present in multiple pathway or single pathway with this help of the
with the help of this diagram.

So, that is all thank you.
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Points to Ponder

+ Reactome and KEGG are two important and widely
used pathway databases.

+ Network Analyst and Omics.net can be used for
Pathway enrichment and Protein-Protein Interaction.

* Multiple tools and databases can be use to get the
complete biological information of a dataset.

MRDC-NPTEL IT Bombay

As you have got some sense today that all the experiments that are defined are based on
certain hypothesis and therefore, the data analysis and interpretation becomes really crucial.
What is very important that you have to be very unbiased when you are starting on a big data
field you have to be very unbiased you have to start from the big data big table and look at

what is most significant changes happening.

Looking at the statistical value, looking at the p values and then thinking about you know
various threshold which you have set it up to the very high stringency filters which you
applied to obtain a much shorter list which is the most confident candidates, the genes or

proteins which you would like to take forward.

Now, based on these then you would like to make some actionable hypothesis and then you

would like to do a follow up experiment to test out is my hypothesis working. If not then you



will look for you know other proteins or other set of you know genes on the same list and

look at is there any alternate hypothesis which might be more effective right.

So, you should start with very unbiased way looking at the data at the same time you should
also be on top of literature and what is has already been published in the (Refer Time: 27:10)
you know if you go to the various publication of that question what people have already

published.

So, you would like to also make some sort of a strong foundation from the publication already
available and look at the data independently then start trying to map the things together are
there certain parts of the published report is also getting mapped in your you know unknown

data set.

And if that is the case then of course, you are more confident that people have reported these
pathways in these you know set of the proteins which are very significant in their
publications. And we also see that among our top 100 proteins 50 of them are coming, but
then there are 50 more which are totally new and unknown proteins and what those proteins

are.

Now, then you know your more curiosity will refer there how to tell these, out how to ensure
that this protein what we are finding our top list they are the real proteins right. So, the
pathway analysis and the network analysis theory tries to give you the much more
comprehensive picture which is very close to the biological question which you wanted to

add.

So, its good idea for you to get familiar with these software tools, with these bioinformatics
aspect of analysis. So, that you know you can start looking at your data in a very very
different way which is otherwise not possible just by looking at your excel sheet and just

looking at proteins and gene lists in the isolation.

We will continue more of these discussion in the next lecture, till then.



Thank you.



