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Abstract

Genetics has brought huge breakthroughs in understanding human health & well-
being, diseases and treatment through modern methods such as personalized medicine.
This has been possible through substantial research in the area that reveals how genes
are directly linked to our health. As genetic information is passed down in the family,
genetic conditions are also hereditary. It is therefore very important to understand
the pathogenic role of genes.

As new research progresses at a tremendous rate, a lot of insights can also be
drawn from the volumes of literature already published by the scientists. Text mining
and NLP have become indispensable tools to analyse large amount of textual data
such as scientific literature and derive insights from it. Information preserving NLP
methods distill from a vast corpus, the relevant pieces of information such as gene-
organ relationships, pathogenic role of genes and more.

Ambitious efforts are being made to map the human body at the cellular level
to understand variations in cells and how they lead to diseases. In this study, we
aim to investigate gene-organ relationships through existing literature. We exploit
visualization extensively as a tool to accelerate our understanding of this data. We
introduce PathoMap - a novel tool to visualize any organ-related data on the human
body. It is the first Python package to plot such organ-specific information. In the
context of gene-organ relationships, we use PathoMap to draw conclusions in both
healthy and pathological conditions. We hope that our visualization tool, PathoMap
will be widely adopted and used in a range of studies to visualize organ-related data.

Thesis Supervisor: Dr. Debarka Sengupta
Title: Assistant Professor(C.B., CSE)
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Chapter 1

Introduction

Human body has been the subject of research for centuries. As research progressed,

we understood that this complex machinery is made up of different systems that

interact with each other. These interacting systems are composed of organs which

are made up of tissues. Further research revealed that tissues are composed of cells.

A cell is the basic building block of life. A human body is made up of trillions of

cells. They come in different types and perform different functions. WBCs(White

blood cells), for example, form the body’s defense system where as RBCs(Red blood

cells) carry oxygen to the different parts of the body.

What are these cells made of? How do they know what their function is? More

importantly, if all humans are made up of the same types of cells, why are we all

so different from each other? The answer lies hidden inside the cell in the form of a

slightly acidic substance known as the DNA (Deoxyribonucleic acid). DNA is made

up of bases Adenine(A), Cytosine(C), Guanine(G) and Thymine(T). It has small

sections - sequences of A, C, T and G, that perform a crucial function in the human

body. These sections, known as genes, carry information to make molecules called

proteins. Proteins are crucial for our survival as they are the functional units of a

cell. Each protein performs a specific function. So, the body must understand how

to synthesize protein molecules.

The synthesis of a protein happens due to the instructions contained in a gene

through a process called gene expression. Francis Crick [4] proposed a fundamental
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rule about this information transfer, known as the Central Dogma of Molecular

Biology. This rule says that there is a unidirectional flow of information from a

nucleic acid(DNA or RNA) to a protein.

Figure 1-1: Central Dogma of Molecular Biology

As shown in the Figure 1-1, information can flow from DNA to RNA(Ribonucleic

Acid) through a process called transcription. It can also flow from RNA to protein

through a process called translation. What is not observed, however, is an infor-

mation flow backwards from the protein. (It is worth noting here that some recent

studies refute the Central Dogma of Molecular Biology [10])

Instructions for this information flow are stored inside genes. They also determine

how we look like, or the color of our eyes and all the other features of our body. This

links genes closely to human anatomy and physiology, as organs are made from these

protein molecules. But where do these genes come from? The answer has led to huge

breakthroughs in understanding the human body.

Genes are carriers of hereditary information. This is why we look like our parents.
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We inherit genes from both our parents - the dominant copy determines our features.

Thus, genes can tell us about our past. Studies to understand genes have revealed

that genes have a direct linkage to human health/illness - they affect the parts of

human body in which they are active. But why do genes affect human health?

1.1 Pathological Role of Genes

This pathological role of genes occurs through mutations. Sometimes, one or more

bases in a gene’s sequence get modified. This variation leads to different instructions

for making the protein molecule. A protein molecule thus synthesized may vary in

shape or function. Most of the time this mutation is harmless, but in rare conditions,

it leads to some serious genetic problems. Sometimes, mutation in a single gene is

enough to lead to a disease where as in other situations, environmental factors such

as exercising habits, smoking etc also play a role.

Diseases that are caused by variations in genes are called genetic conditions. Since

genes carry hereditary information, this variation can be passed down in the family.

As a result, a person born with a certain variation in a gene may be more prone

to a particular disease. For example, studies have shown that women with certain

variants in the BRCA gene are at a high risk of developing breast cancer [29]. Another

study attributes about 18% of disease risk in Crohn’s disease (an inflammatory bowel

condition) to genetic mutations in the NOD2 gene [9]. Other studies [25] associate

Alzheimer’s disease to genetics. Harlequin Ichtyosis, a severe skin condition that

is often fatal, is caused by mutations in the ABCA12 gene which is responsible for

making a protein essential for proper skin growth [12]. Many other examples of genetic

disorders include Down’s syndrome, Leukemia and Sickle Cell anemia.

This direct connection between genes and human health has sparked a lot of

research in the area. From disease risk prediction to personalized medicine, several

new discoveries are being made. Several studies and tools have tried to establish

this gene-organ relationship using different methods - DAVID [11] uses biochemical

pathways, where as Gene ORGANizer [6] follows a phenotype-based approach.
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To assess the activity/expression level of gene in an organ, we introduce BodyMap

- part of our PathoMap tool that can display gene expression data on human body.

We follow an expression level based approach with the underlying data obtained

from the GTex portal (https://www.gtexportal.org/home/). A gene that is highly

expressed in an organ is expected to affect that organ when a mutation occurs.In our

study, we will investigate such interactions and the pathogenic role of genes.

1.2 Human Anatomy

Human Anatomy deals with the study of the structure of human body. Our body

is made of different types of organs - heart, lungs, stomach, brain etc. These organs

interact together to form different functional systems that we call the organ systems.

The digestive system, for example, is composed of the mouth, esophagus, stomach,

pancreas, intestines, rectum and anus. The organ systems, though different, depend

on each other to make the body a complete functional unit.

Human anatomical diagrams are an effective way of understanding how these

organ systems are organized inside the human body. Figure 1-2 shows the typical

human anatomical position with palms upright and spread out to the sides, feet

slightly apart and facing the observer.

What makes the organs different? Why is the heart different from the brain and

performs completely different functions compared to the other organs? An organ is

made up of tissues which are created by cells. Different types of cells give rise to

different types of issues. Cells of the nervous system, for example, are very different

from the cells of the digestive system in function as well as structure. While skin cells

are specific to the skin, bone cells help form the bone tissue and muscle cells form

the muscles of the human body.

Single cell studies isolate individual cells through techniques such as FACS [5] in

order to understand them further. Advances in single cell genomics show promise

towards understanding the variations from cell to cell, and how despite those differ-

ences, the tissues and organs manage to work together. There are several ongoing

16
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Figure 1-2: Human Anatomical Position: Drawn by our tool PathoMap using coor-
dinates from Expression Atlas

efforts to create maps of single cell gene expression across the human body. Human

Cell Atlas [24] is an ambitious project that aims to generate maps of different cell

types and their location in the human body.
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1.3 Importance of Visualizing Data through maps

Access to comprehensive reference maps of every cell in the human body can bring

huge breakthroughs in health and disease treatment. It would enable us to understand

how different cell types work together and how changes in their map can lead to

diseases. It would help us reveal the identity of pathogenic genes and where in the

human body are they active.

Biologists have too much raw data available to them. It is extremely helpful to

have visualization tools that can help understand the data easily. A good visualization

can significantly improve the understanding of available data. Moreover, when data

is visualized against a familiar backdrop, it creates a mental model that enables the

observer to make better connections. As an example, when gene expression data

is visualized on human anatomical maps, it is easy to understand which genes are

affecting which organs. Not only is it easy to understand, it also aides memory.

Prior to our work, no Python package was available that could plot/visualize any

organ related data on the human body. Our tool PathoMap addresses that issue and

we use it to analyse the gene-organ relationship in the pathological context.

1.4 Thesis Structure

We will begin chapter 2 by taking a look at the data mined through literature that

forms the basis of this study. We will briefly explain the data acquisition techniques

and preprocessing methods applied. Further we will deal with the annotation and

classification of data. Then we will look at its transformation into pathovalues -

values that indicate the relative significance of a gene under a disease in a particular

organ. Finally, we will discuss the PathoMap database - an open repository derived

from the gene-related information lying latent in previously published literature.

In chapter 3, we will introduce the PathoMap, a Python package for visualizing

organ-related data. Prior to our study, no immediate package was available for plot-

ting human organ related data anatomically in the Python programming language
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- a language widely used by Computational Biologists today. We will look into the

capabilities and features of PathoMap. Through case studies, we will demonstrate

how this novel tool can be used to derive multiple interesting conclusions from the

pathovalues discussed in chapter 2.

Chapter 4 presents the PathoMap web application - a tool designed to easily

interact with the gene-organ data before exploring the complete features through the

Python package. It comes with an easy to use interface, that displays gene-organ

relationships in both healthy and pathological context. It also serves as a repository

for all the available genes and their pathovalues with nice visualizations on the human

body. One can search and find information for 15,000+ genes through this database.

The web application is built with modern technologies that include ReactJS on the

frontend, and Django on the backend.

In chapter 5, we will discuss the results of our study. We will look at pathogenic

genes and how our visualization tools can help in understanding them. We will

summarize the features of the PathoMap software. We will conclude with a discussion

of future work and scope.
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Chapter 2

The PathoMap Database -

Background & Design

Genetic variations and their role in diseases have sparked a lot of interest in this area

of research. The research community is producing papers at a staggering pace.

As a result, it is hard to keep up with the pace at which new work is getting pub-

lished. Volumes of research material already published over the years also contain a

lot of information on gene function and their pathogenic role. This already available

information can be explored to generate multiple insights in the fields of disease risk,

drug development & repurposing and more. To enable researchers to digest this infor-

mation, several tools have been built using text mining techniques. Many published

research papers have suggested that text mining and NLP(Natural Language Process-

ing) methods can be utilized to extract useful information that is lying latent in the

previously published literature. One study on disease-gene associations [18] focuses

on using text mining to create DISEASES: a freely available database resource for

disease-gene associations. Another study uses entity recognition for biomedical text

mining [13].

The key idea that makes text mining useful in extracting relevant information

from a text corpus is the fact that words with similar meaning usually appear in

similar context. So, even without a rigorous training and background in the technical

terms of a field, one can establish relationships based on the context in which the
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words appear.

About 18 million abstracts form our text corpus. We selected abstracts as our

data source because abstracts capture the key concepts and ideas of research papers.

They are crisp, concise and avoid extra information unrelated to the main theme of

the papers. We then quantify this data into numerical values through information

preserving ML techniques described later in the chapter. This transformation allows

for better processing and analysis on the data.

After preparing the Pathomap database, we use it to power Pathomap - an open-

source package built as a part of this study to generate visualizations and develop

mutliple insights which will be discussed in Chapter 3.

Below, we describe the various stages of PathoMap database development.

2.1 Data Acquisition

We acquired the literature data from NCBI servers through their text mining web

services. We deployed an automated Python script to extract information in the

json format. While the available data contains additional information such as the

PubMedID, author details and publication details, our interest was in abstracts as

they capture the objective and key findings of a research paper. The resulting corpus

was composed of 18 million(approx.) abstracts. We subject this data to different

preprocessing techniques as described below.

2.2 Data Preprocessing

Any algorithm follows the rule - Garbage In, Garbage out. To get better performance,

a prerequisite is to remove the noise/clean the data. With the goal of refining the data

for analysis by AI tools, we applied standard text mining techniques for preprocessing

the corpus obtained in 2.1.

As a first step, we removed the metadata contained in the corpus. This included

copyright information, reviews, acknowledgements etc. These do not contain the
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information of interest - abstracts relevant to genes, gene functions, diseases etc.

Then, we cleaned the data by removing HTML tags and trimmed off the punc-

tuation marks. We followed this with lower case conversion. Lower case conversion

makes it easy to preprocess and parse the data. It also removes redundancy as words

like ’Cancer’, ’cancer’, ’CANCER’ etc. are no longer treated as different. We also

converted numbers to their word forms to standardize the format even further.

Tokenization is a crucial step in NLP processing. It is a process to segregate the

data into meaningful units of information. For example, a sentence can be broken

down into words units or tokens, each of which carry a single bit of information. We

used the NLTK [14] library which provides several open source tools for tokenizing

the data and other standard tasks in NLP such as classification, tagging etc.

As a final step of our preprocessing on the text corpus, we apply lemmatization.

Lemmatization is the process of identifying a representational word or lemma for a

group of words that have similar meaning but are different due to grammatical uses.

Lemmatization uses a language’s vocabulary and removes inflectional endings and

maps a word back to its dictionary form or lemma. As an example, lemmatization

maps read, reads, and reading to read. It is useful as it helps in identifying the different

forms of a word that have the same intended meaning.

2.3 Data Annotation & Classification

Not all abstracts obtained from NCBI, were relevant to our study of gene-organ

relationships. We therefore, identified the subset of the corpus that relates to the

field of molecular biology, genetics, gene functions, and human diseases. In order

to effectively classify the dataset as positive(relevant to our study) and negative(not

relevant), we used a binary classification method.

At first, we manually annotated a small subset of data. Approximately 2100 ab-

stracts were manually classified as positive or negative. We trained a binary classifier

on this data. A binary classifier is used whenever there is a yes/no question. For

example: One can use a binary classifier to check if an email is spam or not. In
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cancer therapy, whether a tumor is malignant or not is an important question that

can be answered using a binary classifier.

We applied different binary classifiers including logistic regression, decision trees

and SVM (Support Vector Machines).

A Decision Tree splits the dataset into smaller datasets such that we have a tree-

like structure made up of - decision nodes and leaf nodes. The decision nodes implies

more steps before classification, where as a leaf node means the classification result

or label. The tree starts at the root node for an input and makes a decision based

on some attribute. Then it moves on to one of the possible branches and recursively

traces the path to a leaf node.

The logistic regression method uses a logit function to determine the proba-

bility that an entity belongs to a particular class. It can be used to perform binary

classifications by calculating the probability of the entity belonging to one class or not.

The logit function is the natural log of the odds of being in a class. Mathematically,

𝑜𝑑𝑑𝑠 = 𝑝
1−𝑝

where, p = probability of being in a certain class for a given condition

The natural log of the odds, can be used to classify an abstract as relevant or

non-relevant.

𝑙𝑛( 𝑝
1−𝑝

) = 𝑥

SVM (Support Vector Machine) is a supervised learning algorithm that takes

subsets of training data, called support vectors from each class to generate an optimal

decision boundary (hyperplane). The idea of an optimal hyperplane is a decision

surface that maximizes the margin around itself, i.e., the support vectors are the

farthest from this hyperplane. We finally used the SVM classifier [26] as it performed

better than the other techniques on our data. After classification, we obtained 7

million(approx.) relevant abstracts.
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2.4 Finding associations through Word Embeddings

In order to determine the relationship between words in our corpus, we first trans-

formed them into their vector form or embedding. A word embedding is an n-

dimensional vector that contains floating point values at each of n-dimensions. We

used the Word2Vec [7] tool to generate these word embeddings.

Word2Vec converts the words into vectors which in turn envelops the entire text

corpus into a few hundred dimensions. It works by assigning a unique vector to

every word in the vocabulary. Thus, a word in the corpus has a corresponding vector

representation in the vector space. By converting words into vector representations,

the task of finding neighboring words becomes easier. And this process is also easy for

any combination of words since now, the word combinations will yield just another

vector in the vector space.

Each vector has a direction based on which its relationship with other vectors can

be established. There are two popular methods used in Word2Vec - CBOW(Continous

Bag of Words) and the Skipgram model. While CBOW uses surrounding words to

predict the current word, the Skipgram model uses the current word to predict the

words around it.

As an example, let us pick the word gene and input it to the Word2Vec skipgram.

The skipgram will look at each word in the vocabulary and find the probability of

it being a nearby word to gene. This is based on the idea that related words often

appear togther in text. So, the skipgram will return higher probabilities for words like

mutation, expression, sequences or molecular than for words like fashion and Physics

which are unrelated to gene.

2.5 Pathovalues

In order to determine the nature of relationship between a gene and an organ in

pathological condition, we needed a distance metric. One of the most common and

widely used metrics with Word2Vec is cosine similarity [28].
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Cosine similarity is a normalized dot-product of two vectors. Mathematically,

𝑐𝑜𝑠𝑖𝑛𝑒𝑠𝑖𝑚(�⃗�, �⃗�) = 𝑐𝑜𝑠(𝜃) = �⃗�.�⃗�

|�⃗�||�⃗�|

where, �⃗� and �⃗� are two vectors. 𝜃 is the angle between them.

If cosine similarity = 1, vectors have the same orientation/meaning. If cosine

similarity = 0, it indicates no relation and a cosine similarity of -1 indicates extremely

dissimilar/opposite meaning words. Higher the cosine similarity is, the more similar

the words are.

We call the values thus generated as Pathovalues. Each pathovalue is the cosine

similarity score for a gene vector and an organ vector, based on the word embeddings

obtained from the corpus of biomedical abstracts. The name pathovalue justifies itself

in the sense that it is a measure of how related a gene is to an organ in pathological

conditions.

We also applied Z-scoring to observe how the scores vary compared to a normal

distribution. A Z-score gives an idea of how far a data point is from the mean value.

As an example, if a person is 220 cm tall, with a Z-score we can find out how this

person’s height compares to the average height of the population. Mathematically,

𝑧 = 𝑥−𝜇
𝜎

where 𝑥 is a data point, 𝜇 is the mean, 𝜎 is the standard deviation

Thus, we generated a score matrix of 15,000+ genes and 37 organs where each

cell in the matrix is a cosine similarity value of a gene vector and an organ vector.

2.6 Gene Expression Data

Several tools and approaches have tried to establish links between genes and the

organs of the body they affect. Some such as DisGeNet [17] and PhenGenl [21] use

phenotype-based approach, where as others like OMIM [8] only provide gene-organ

relationship for certain diseases and limited organ sets.

We introduce an expression level approach, where we acquired Gene Expression

data available from GTex(https://www.gtexportal.org/home/). GTex provides
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gene expression for non-diseased tissues. GTex or Genotype Tissue Expression project

is an initiative to build a comprehensive collection of gene expression in different

tissues of healthy human beings.

From the GTex data we generated a gene-organ matrix where cell values indicate

the relative expression levels of genes in different organs.

Figure 2-1: Pathomap DB design steps

2.7 The PathoMap DB

By collecting and processing the data in the manner discussed above, we obtained

a distilled dataset of quantified values that retain the gene-organ relationship infor-

27



mation in both the healthy and pathological contexts in the form of expression and

pathovalues. We converted this data derived from previously published literature into

a database that could serve as a repository for different kinds of visualization tools

and applications built on top of it.

We used SQLITEDB as our DBMS(Database Management System) which pro-

vides a fast, full-fledged database engine that is self-contained, cross-platform and

requires minimum setup costs. It also provides the flexibility of moving to a more

enterprise level database such as PostgreSQL when the need arises.

2.8 Conclusion

With a database derived from the information lying latent in the previously published

literature at our disposal, we proceeded to create novel tools that would allow for

comprehensive visualizations of the data on the human body. The database would

serve gene-organ relationships in both pathological and healthy conditions and help

us to identify pathogenic genes and hitherto unknown gene-organ relationships.

In the upcoming chapters we discuss the analysis tools we built as part of this

study to visualize and draw insights from the PathoMap database.
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Chapter 3

PathoMap - Python Package

While visualizing data on heatmaps and bar plots has its advantages, it is even more

useful when the data is plotted on a related object e.g. the body of an organism

related to the data. Jesper Maag in 2018 introduced gganatogram [15], an R package

to plot data on anatomical maps of different organisms. But no such package was

available for similar analysis in Python.

The Python PathoMap package solves that problem and adds more tools to the

toolbox. While built for the analysis and visualization of the gene-organ relationship

data that we have curated, it is extensible, can be used with any anatomical data in

the correct format. In the following sections, we discuss the features and capabilities

of the PathoMap package with examples.

We have implemented the PathoMap package to generate visualizations of data on

human body with a single command. The information displayed is not limited to our

pathovalues and the user can display their own data by conforming to the expected

input of the command. Currently, data can be plotted and viewed on both human

male and female body maps.

The package is in active development and we hope that the community finds it

useful and contributes to its growth.
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3.1 A Python Package

Python is a wonderful and exciting programming language that is suited to multiple

tasks such as Data Science, Machine Learning, Web Development, Games and more.

Many times when working in any of these areas, we need to solve a problem that

has been previously solved by someone else. These good people make their solutions

available freely online for others to use in their own projects.

A Python package is a collection of programs that collectively target a common

task. For example, the Pandas package makes it easy to do data analysis and manip-

ulation. Each program inside a package is a module, that does a specific task. In

other words, a Python package is a collection of modules.

PyPI (https://pypi.org/) is an online repository of Python packages that hosts

over 250,000 Python packages and more are added daily. These packages can be

downloaded and installed through a one-line command. After installation they can

be used in any project as an already available resource.

3.2 Software Resources

We have released the Pathomap package through the standard way of releasing Python

software packages from https://pypi.org/. One can install and use Pathomap using

Python pip as shown in the command below.

pip i n s t a l l pathomap

• Source code available at Github: https://github.com/Br34th7aking/

Pathomap

• Link to the development version: https://test.pypi.org/project/pathomap/

3.3 Implementation Details

A Python package is surprisingly easy to create. You write your modules, pack them

into a directory and add a special __init__.py file. This file tells Python to treat
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this directory as a package. Then, you build the software into a distribution for your

target OS(Operating System) and upload it on PyPI for others to download and

install.

In PathoMap v1.0.0 available at the links in Section 3.2 we have implemented the

following modules:

• Bodymap: The BodyMap module is responsible for plotting the human anatom-

ical maps according to the organ-data supplied through a function call. Cur-

rently, it provides two anatomical maps - human male and human female. The

maps drawn are SVG images. We obtained the co-ordinates for these SVG im-

ages from the Expression Atlas (https://www.ebi.ac.uk/gxa/home) website.

The Bodymap module also allows you to draw organ level plots of different

organs. You can adjust the size of these plots as well as pick a color of your

liking.

• The Gene module: The Gene module provides functions for generating the

expression values and the pathoscores for any gene of your choice. It accesses the

PathoMap database, to return the result for your query. You can query these

values for a single or a list of organs and sort them in ascending/descending

order.

• The Organ Module: We created the organ module that provides functionality

to explore the data through organs. You can query for an organ and get the

top N genes for that organ.

These modules were then packed into a package, and built for cross-platform(OS

independent) use and then uploaded to PyPI using twine - a standard Python tool.

3.4 Datasets

The main functionality of the Pathomap package is based on the data we have col-

lected, annotated and processed. The resulting dataset used by Pathomap is:
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• Gene Organ Data Healthy: A collection of 15,000+ genes with their com-

puted scores for 37 different human organs for a healthy human.

• Gene Organ Data Pathological: A collection of 13,500+ genes with their

computed scores for 37 different human organs for a diseased human.

3.5 Dependencies

PathoMap package is written in Python and requires Python >= 3.6 to operate

successfully. Internal dependencies include Pandas library which gets installed if it is

not already available on the system.

Most of the PathoMap package features work with the command line, but to

view the body maps, it requires to be used with graphical tools such as the Jupyter

notebook.

3.6 Example Usage

Pathomap comes packed with a range of features some of which are discussed below

through examples.

To use the PathoMap package, it needs to be imported in the standard Python

way.

from pathomap import Gene as g # acce s s s i n g the Gene Module

With a one-line command, PathoMap provides access to the pathoscores for any gene

in our database.

g . pathoscore ( 'MT−TL1 ' )

When run, it returns a data frame containing the pathoscores for that gene across

all 37 organs in the dataset. By providing additional parameters, it is possible to

normalize the data and view the results in descending order. It is also possible to

limit the search to a particular set of organs.
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g . pathoscore ( 'MT−TL1 ' ,

o rgan_l i s t [ ' l i v e r ' , ' lung ' ] ,

normal ize=True , desc=True )

Executing the above command, displays the data frame containing the Z-score nor-

malized patho values for lung and liver in decreasing order for the gene MT-TL1.

It is also possible to explore the data organ-wise using the Organ module of the

Pathomap package.

from pathomap import Organ as organ

organ . gene_values ( ' stomach ' , c ond i t i on= ' pa tho l o g i c a l ' )

The above line of code will return the genes with patho values for ’stomach’. The

default limit is set at 10. It is possible to change parameter values to get genes in

descending order by patho score, as well as Z-score normalised data for this organ.

o . gene_values ( ' stomach ' , c ond i t i on= ' hea l thy ' ,

normal ize=True , l im i t =15)

When the limit is set to -1, Pathomap returns the data for all the genes.

3.6.1 Usecase: Healthy vs Pathological

With just the features mentioned above, powerful analyses can be done on the

pathoscore dataset.

## compare va l u e s o f same genes f o r a g iven organ

## under hea l t h y vs p a t h o l o g i c a l c ond i t i on s

## ge t a l l the gene va l u e s us ing l im i t=−1

df1 = o . gene_values ( ' stomach ' , c ond i t i on= ' pa tho l o g i c a l ' ,

normal ize=True , l im i t=−1)

df2 = o . gene_values ( ' stomach ' , c ond i t i on= ' hea l thy ' ,

normal ize=True , l im i t=−1)

gene_l i s t = [ 'MT−TL1 ' , 'FGR ' , 'MT−RNR1 ' ]
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## s e l e c t the su b s e t o f the d f s

df1 = df1 . l o c [ df1 [ 'gene_name ' ] . i s i n ( gene_l i s t ) ]

df2 = df2 . l o c [ df2 [ 'gene_name ' ] . i s i n ( gene_l i s t ) ]

The block of code above, gives the patho scores for 3 genes MT-TL1, FGR, and

MT-RNR1 for ’stomach’ under both pathological and healthy conditions. This com-

parative analysis can be done with different organs and the same set of genes and

much more.

As mentioned before, Pathomap is completely compatible with libraries such as

matplotlib, so it is possible to use the plotting features available in combination with

Pathomap.

Let us now explore some gene-organ relationships in pathological context through

the PathoMap visualization tool.

3.7 BDNF Gene - Brain Relationship

PathoMap package has the built-in capability to plot any organ-related data on human

anatomical diagrams - both for male and female. As an example, Figure 3-1 shows

the PathoMap for the BDNF gene. The regions highlighted in purple indicate that

this gene is pathogenically related to the nervous system, specifically the brain. (The

color intensity is representative of the magnitude of the pathovalues). Our PathoMap

database provides the cosine similarity with brain related areas as shown in Table

3.1. It is clear that BDNF has high cosine similarity with tissues in the brain.

A quick search on the NCBI gene database reveals that the BDNF gene is indeed

related to brain diseases such as Alzheimer’s, Parkinson’s and Huntington’s diseases,

and may affect stress response and mood disorders.
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Figure 3-1: PathoMap of BDNF gene

Table 3.1: Cosine Similarity of BDNF gene with regions of the brain

Organ Cosine Similarity
Hippocampus 0.618
Frontal Cortex 0.515
Amygdala 0.514
Hypothalamus 0.452
Cerebellum 0.4

3.8 EGFR Gene - Lung Relationship

The EGFR gene contains instructions for making the EGFR protein which is a cell

surface protein and is responsible for epithelial growth. It forms the inner linings

of organs of the human body, hence it is expected to be expressed in many organs.

Figure 3-2 shows the bodymap generated from our PathoMap tool that shows the

gene expression of EGFR gene under normal conditions. As expected, it is expressed

in the entire body.
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Figure 3-2: BodyMap of EGFR gene showing gene expression in normal conditions

The PathoMap plot however tells another story. PathoMap shows EGFR to be

related to lungs, colon, and prostate under pathological conditions.

Figure 3-3: PathoMap of EGFR gene

Multiple mutations in EGFR gene have been linked to lung cancer [16]. Such

mutations are only present in the cancer cells and cause lungs to develop a tumor.

Interestingly, such mutations have a high chance of occurring in people who have
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never smoked. This hints at environmental factors playing a role in genetic disorders.

3.9 AKT1 Gene - Various organs

The AKT1 gene contains information for synthesis of AKT1 Kinase which regulates

growth, metabolism and cell survival. This gene is highly expressed in many different

organs of the human body. Figure 3-4 illustrates the bodymap of AKT1 gene.

Figure 3-4: BodyMap of AKT1 gene

Mutations in the AKT1 gene can lead to several disorders including breast, col-

orectal and ovarian cancer, Proteus syndrome (overgrowth of tissues) and Schizophre-

nia. PathoMap highlights the related organs in Figure 3-5. Parts of the brain, breasts,

colon, uterus etc. are highlighted in the figure.

3.10 CFTR Gene - Lungs & The Digestive System

Expression of CFTR gene directs the synthesis of the cystic fibrosis transmembrane

conductance regulator protein. This protein acts as a channel via which water and

ion are secreted & absorbed. It is responsible for the transportation of mucus, saliva,
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Figure 3-5: PathoMap of AKT1 gene

tears etc. CFTR is expressed in different parts of the body including lungs, liver, gall

bladder, colon, pancreas and intestines. The bodymap of CFTR is shown in Figure

3-6.

Figure 3-6: BodyMap of CFTR gene

Mutations in the CFTR gene lead to Cystic Fibrosis - a lethal disorder that causes

thickening of fluids like mucus, sweat and saliva. Cystic fibrosis damages the lungs and
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Figure 3-7: PathoMap of CFTR gene

the organs of the digestive system. Mutations in CFTR can also lead to respiratory

defects and pancreatitis. The PathoMap shown in Figure 3-7 closely captures these

associations with the related organs in the body.

3.11 Summary

We have developed and released a Python package that allows comprehensive and

interactive visualizations of gene-organ relationships on human body. The package

draws inspiration from gganatogram(an R-package for plotting anatomical diagrams)

and uses the tissue coordinates available from Expression Atlas.

We have ensured compatibility with mainstream tools commonly used by biolo-

gists, thus, the package has potential to be a promising Python tool to plot organ-

related data on the human body.
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Chapter 4

PathoMap - Web Application

Scientists and researchers from all fields (Biology included) have embraced computing

as a vital tool in their research work. However, there is still a need for an easy to use

interface, for those not yet versed in the art of using software tools. The PathoMap

web application provides a familiar environment for users to explore, and understand

the capabilities of PathoMap before they can use it in their own projects.

We discuss the application’s architecture, features, and capabilities in this chapter.

There is also a how to use section that provides all the information to get started

with PathoMap.

4.1 Application Architecture

PathoMap web-application has been developed using the API(Application Program-

ming Interface)-first approach. This helps to keep the frontend and the backend of

the application separate from each other. This separation allows the backend to be

connected to several different frontend UIs on different platforms such as the web or

the mobile phone without much rework. Figure 4-1 provides a rough picture of the

web application’s architecture.

The PathoMap web application uses Django REST Framework( a Django-based

framework) for the backend [4.2.2] API development and React JS for the frontend

[4.2.3]. Both Django and React are popular frameworks for creating highly scalable,
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Figure 4-1: PathoMap - Web Application Architecture

performance-optimised web applications. The separation of the backend and frontend

components makes the platform easily adaptable to any new technology on either end.

These frameworks were chosen because they are actively developed and maintained

and have risen as the standard way to build maintainable and robust applications.

4.2 System Design

PathoMap web application is a data-powered web software. Following standard prac-

tices, we have built the separated the application into three components - database,

backend, and frontend. Below, we discuss each one of them.

4.2.1 Database

As discussed in Chapter 2, the underlying database of PathoMap web application is

composed of pathovalues. We have followed the relational database design and used

SQLite as our DBMS(Database Management System).
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4.2.2 Backend Design

PathoMap’s backend is built using Django and the Django REST framework for the

APIs. Any data-powered application needs a database for CRUD operations. Django

generates the database for PathoMap through its ORM(Object Relational Mapper)

eliminating the need to write the SQL queries for every table in the DB. The applica-

tion is currently using a SQLite DB which is quite capable for projects like PathoMap.

For handling the HTTP requests, PathoMap uses Django REST framework, for creat-

ing the API endpoints which serve the data to the UI. REST(Representational State

Transfer) APIs provide a range of benefits to a web application such as PathoMap

including the following:

• Support all standard HTTP methods

• Light, fast and scalable

• Easy to understand and implement

• Highly performant

• Support multiple formats of data transfer

4.2.3 Frontend Design

PathoMap’s frontend is built using React JS - a library designed by Facebook, for

developing web applications. React JS follows a component-based architecture where

the different parts of a webpage are designed using components. These components

can be used anywhere in the application, much like how Python’s import feature

works. For adding responsiveness to the application, Bootstrap(specifically, the React

Bootstrap library) is used. To draw the human body maps, I have utilized the SVG

path features with tissue coordinates taken from Expression Atlas: https://www.

ebi.ac.uk/gxa/home
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4.3 Deployment

PathoMap version 1.0 is currently deployed as a free service on Heroku - a platform

that allows developers to build and run web applications on the cloud. Just like you

have containers in Docker, Heroku provides dynos, which are virtual Linux containers

that run your code. In other words, a dyno is a web-server instance. You can find a

demo application here: http://bodymap-demo.herokuapp.com/

4.3.1 Deployment Prerequisites

Every React + Django app needs to be built according to the server before it can be

deployed there. For Heroku, below are the required steps:

1. Generating a folder structure according to Heroku requirements

2. Creation of a Procfile (this file contains commands to be executed by your

Heroku dyno)

3. Pushing the app’s source code to Heroku git

4. Heroku takes care of the rest and builds your code on the server

Figure 4-2 is a screenshot from the current deployment of the PathoMap web appli-

cation.

4.4 How to use PathoMap

The current version of the PathoMap web application allows you to visualize the gene-

organ relationship from data accumulated through extensive literature exploration.

Currently, the data consists of 13,500+ genes with their impact on over 37 organs

in the human body (both male and female). The PathoMap UI is extremely easy

to use for anyone with some experience in using web apps. Below is a step-wise

demonstration of how to interact with the platform.
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Figure 4-2: PathoMap - Homepage

1. Enter the PathoMap URL in the browser: https://bodymap-demo.herokuapp.

com/. You will be presented with the home screen with a search page.

2. Search for a gene of your interest. The search bar will provide recommendations

based on your input.

3. You can choose to enable the Z-scoring method. PathoMap currently allows you

to either use cosine similarity or z-score as a method to find the Gene-tissue

similarity scores.

4. Click on the ‘Search’ button, and PathoMap returns the data related to that

Gene visualized on the human body.

4.5 PathoMap Web Application Features

At its core, the PathoMap web application is an online repository of how genes im-

pact human organs under normal and diseased conditions. It provides a searchable
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Figure 4-3: Gene Expression in Organs: BDNF

Figure 4-4: PathoMap: BDNF

database of thousands of genes, curated from published literature. Below are some

of the main features of the web server.
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4.5.1 Search Across a Vast collection of Genes

There are currently 15,000+ genes in our database. It is highly likely that you will

find the information related to your gene of interest.

4.5.2 Sort and View Paginated Results

Sometimes, one is interested in questions like:

• What are the top 10 organs for XYZ gene?

• What is the organ most impacted by a gene?

• Which organ is the least affected?

You can get the answers to these questions simply by sorting the data provided in a

neat tabular format. With a simple click, you can rearrange the view, and get the

answer to questions like the above. For ease of digestion, the data is presented in a

paginated format, that is easy to browse through.

4.5.3 Anatomical Maps of Human Male & Female

Utilizing the tissue coordinates from Expression Atlas, the PathoMap server, provides

you a visual representation [4-3, 4-4] of the data on the human body(shown separately

for male and female). These plots are SVG paths and provide a near accurate repre-

sentation of the organs of the human body. You can hover over any organ, and get

the score for that organ from the figure itself. The opacity of the organ colors in the

body maps is proportional to the score for that gene-organ pair.

4.5.4 Different Scoring Methods

Currently, PathoMap offers two different ways to investigate the data.

1. Raw Pathovalues: These are obtained from during the data curation process as

described in Chapter 2.
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2. Z-Score: If you want to study how this data compares to the normal distribution,

PathoMap provides you a Z-score feature which you can enable from the UI.

Once enabled, you can see how far the data points are from the mean value.

The online version of PathoMap (https://bodymap-demo.herokuapp.com/) is

intended to help biologists and other researchers who don’t have sufficient technical

skills in a language like Python to explore the data and use the PathoMap software.
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Chapter 5

Conclusion & Future Work

5.1 Conclusion

This thesis achieves two goals - first, to distill the latent information about gene-

organ relationships present in previously published research work through use of NLP

techniques. We extracted this information and made it available in the form of an

open-source repository that can be used and accessed by everyone. Secondly, to

develop tools & methods that allow a comprehensive visualization of a large amount

of organ-related data on the human body. We developed PathoMap - a Python

package that can be used in a variety of studies related to organ data.

To illustrate the usability of the PathoMap package, and to validate our Path-

omap database, we visualized the pathovalues on our software package and found

that the pathovalues closely capture the gene-organ relationships. For example, the

BDNF gene was found to be pathogenically related to brain diseases. Similarly, we

validated that the EGFR gene has pathogenic relationship with lungs (cancer). Our

visualizations also suggested an interesting property for genes such as the MLN gene

which no protein expression in organs like Spleen but under pathological conditions,

they appear to be related. This behavior can be further investigated in future work.

PathoMap provides a novel way to interact with organ-related data and we hope

that it will be widely adopted in different studies related to human body parts. We

have built the Pathomap Python package to be compatible with several mainstream
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tools e.g. matplotlib, pandas. The data can also be exposed to existing analysis

methods through the package. To make the data available through a more easily

accessible interface, we developed a web application that is powered by the PathoMap

database. It is built using the API-first approach, so the same data can be used by

different web-based or even mobile applications. Biologists can use this application

to explore the information from a rich gene-related literature within minutes and

develop their own ideas.

The results we have obtained confirm that the pathogenic role of genes can be an-

alyzed using scientific literature. There is also scope of discovering new relationships

through the use of this data.

5.2 Future Work

There are myriad ways in which the gene-organ relationship data can be studied. One

can choose to explore the ectopic behavior of genes. We can also investigate the data

on an organ-system level such as genes and the nervous system.

For the tools we developed, the web application can be further enhanced by adding

ways to visualize custom data on the body maps. We can also add the ability to do

plot comparisons on the application.

The human bodymap coordinates can be further refined to provide better visual-

izations. We currently have tissue coordinates for 37 different organs of the human

body. This can be extended to encompass all the organs in the human body.
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