Exploring the Depths of Bioinformatics:
Unraveling the Process

Elif Hangl

Why Bioinformatics?

Bioinformatics, at its core, is a multidisciplinary field that combines biology,
computer science, and statistics to extract meaningful insights from biological
data. It involves the application of computational techniques and algorithms to
analyze and interpret vast datasets derived from biological research.

In the realm of molecular biology and genetics, where the complexity of data has
surged in recent years, bioinformatics plays a pivotal role. It facilitates the
organization, analysis, and interpretation of biological information, ranging from
DNA sequences to protein structures. This integration of computational tools into
biological research has revolutionized our ability to uncover hidden patterns,
make predictions, and derive valuable knowledge from the vast ocean of biological
data.

The importance of bioinformatics lies in its capacity to accelerate research and
enhance our understanding of complex biological processes. It aids in identifying
genes associated with diseases, predicting protein structures and functions,
and even designing novel drugs. Bioinformatics tools enable researchers to
navigate through the intricacies of genomics, transcriptomics, and proteomics,
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making it an indispensable ally in advancing scientific discoveries and medical
breakthroughs.

How Did I Start

Embarking on a journey into bioinformatics, one of the initial and essential steps
is gaining insights into how leading companies leverage bioinformatics in their
operations. This preliminary understanding serves as a foundation for several key
reasons:

Real-world Application: Companies at the forefront of bioinformatics apply these
tools and methodologies to solve practical challenges in the field of genetics,
genomics, and molecular biology. By examining their practices, we can gain
exposure to the real-world applications of bioinformatics.

Technological Landscape: Bioinformatics tools and technologies are continually
evolving. By observing how companies incorporate the latest advancements, we
can stay abreast of the dynamic technological landscape. This awareness is crucial
for any one of us aspiring to contribute meaningfully to the field, as it helps in
anticipating trends and staying adaptable to emerging technologies.

Networking and Collaboration Opportunities: Understanding how companies
integrate bioinformatics opens doors to potential networking and collaboration
opportunities. Familiarity with industry practices allows us to engage in more
informed discussions with professionals in the field, enhancing our ability to
collaborate effectively and contribute meaningfully to bioinformatics projects.

Selecting a suitable company may initially appear challenging due to the
multitude of options available. In my case, I opted for Sangamo Therapeutics,
drawn to their innovative applications like CAR-T cell therapy and the utilization
of zinc proteins. It's essential to recognize that the ideal choice varies for each
individual. By researching companies aligned with your interests and offering
potential job opportunities, you can identify the one that best resonates with your
career aspirations.

Sangamo Therapeutics



THERAPEUTICS

Sangame

Sangamo Therapeutics, a prominent player in the biotechnology sector, is at the
forefront of advancing genomic medicine and gene editing technologies. The
company has garnered attention for its innovative approaches, particularly in the
application of zinc finger proteins for precise and targeted gene editing. This
novel technology involves engineering zinc finger nucleases (ZFNs) to specifically
target desired DNA sequences, enabling meticulous modifications at the genetic
level.

One notable area of Sangamo's work lies in the realm of CAR-T cell therapy, an
emerging and promising field in the treatment of various diseases, notably certain
forms of cancer. In the context of CAR-T cell therapy, Sangamo likely employs
bioinformatics to analyze extensive genomic data. These analyses aid in
optimizing the design of chimeric antigen receptor (CAR) T cells by identifying
target genes, understanding gene expression patterns, and enhancing the
therapeutic efficacy of these innovative therapies.

Beyond the laboratory, bioinformatics serves as an essential tool for Sangamo in
the realm of data analysis and interpretation. Large-scale genomic data
generated through various research initiatives require sophisticated
computational approaches to extract meaningful insights. Sangamo likely
leverages bioinformatics tools to navigate through this vast genomic landscape,
identifying potential therapeutic targets, understanding the functional consequences
of genetic modifications, and predicting the safety and efficacy of their
interventions.
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MindMap about Sangamo Therapeutics



After dedicating a two-week period to thorough research on Sangamo and its
applications (depends on your availability), I have synthesized my findings into a
comprehensive mind map. To explore the intricacies further, you can click
[here]. Utilizing a mind map proved to be an optimal approach, ensuring a clear
and organized understanding of the subject matter. By categorizing each
application separately, this visual representation facilitates a streamlined process,
allowing you to select a specific area for more in-depth exploration in the further
steps.

R Programming Language

In bioinformatics, we turn to R for its data prowess and statistical might. It's our
go-to language for unravelling the intricacies of biological data, offering a rich
toolbox of libraries designed just for us. With R, we seamlessly crunch large-scale
genomic data, visualize complex datasets, and unearth insights from differential
expression analyses. Its open-source spirit fuels collaboration, letting us share
and refine tools worldwide. R isn't just a language; it's our key to unlocking the
secrets within genomics and proteomics, a dynamic force in the ever-expanding
realm of bioinformatics.

How To Learn It

Given the diversity in learning styles and abilities, my suggestion is to discover what
works best for you. Explore various approaches to mastering the R language and
tailor them to suit your preferences and objectives in bioinformatics. In this article,
I'll share the method I employed in learning, offering insights that might resonate
with your own learning journey.
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BIOINFORMATICS 101

How to download gene
expression (RNA-Seq) data
from NCBI GEO

Bioinformatics 101 | How to download RNA-
Seq data from NCBI GEO | Bioinformatics f...

Youtube Tutorials: I discovered that my most effective learning approach involves
watching tutorials on YouTube first and then replicating the process
independently. One standout channel, Bioinformagician, provides exceptional R
language tutorials for bioinformatics. The creator, a young and passionate
individual, makes the learning experience both engaging and straightforward. The
tutorials meticulously cover every aspect, leaving no detail untouched. This
method has proven remarkably easy for me to grasp complex concepts and
execute them confidently. For those seeking a dynamic and thorough learning
experience in R for bioinformatics, I highly recommend checking out
Bioinformagician's tutorials [here].

5 down, 19 to go

The initial phase of this bioinformatics learning guide encompasses the first five
videos of the series. In subsequent articles, we will delve into the further steps,
exploring advanced topics and expanding our knowledge in the fascinating realm
of bioinformatics.

Let's kickstart our learning journey! Before diving into specific research cases,
we'll begin by focusing on breast cancer through a series of tutorials. In these
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sessions, you'll gain hands-on experience in downloading patient data directly
from the NCBI website. This acquired skill will serve as a foundation for our later
steps, enabling you to confidently select and explore your chosen disease in more
detail.

NIH National Library of Medicine
National Center for Biotechnology Information

GEO DataSets GEO Datasets v| | [ scarcn

Advanced Help

GEO DataSets

This database stores curated gene expression DataSets, as well as original Series and Platform records in the Gene

. Expression Omnibus (GEO) repository. Enter search terms to locate experiments of interest. DataSet records contain
additional resources including cluster tools and differential expression queries.

Getting Started GEOQ Tools More Resources
GEO Documentation Submit to GEO GEO Home

GEO FAQ Advanced Search GEQ Profiles

About GE ataSet DataSef Browser SRA

Construct a Query. Programmatic Access

Download Options GEO2R

In the next phase of our learning journey, we'll delve into the art of data
manipulation. Building on the foundation of breast cancer data obtained from the
NCBI website, you'll acquire the skills to craft various datasets and tables. This
process is crucial for extracting and segregating biological information, setting the
stage for conducting extensive and impactful experiments.

Now, let's dive into my personal favorite part — data visualization! In the
upcoming tutorials, you'll learn the art of professionally visualizing biological data.
These skills will empower you to create compelling graphics that can enhance the
visual impact of your research papers and experimental reports. From intricate
charts to insightful graphs, we'll explore a range of visualization techniques.
Here's a sneak peek at some of the graphics we'll be crafting in the tutorials.
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In the final phase of this learning series, we'll broaden our horizons by delving into
a different type of data—SRA, accessible through the NCBI website. SRA stands
for Sequence Read Archive, a repository that stores raw, high-throughput



sequencing data. It includes vast amounts of genetic information from various
organisms, providing a goldmine for researchers.

In the final installment of this tutorial series, we'll explore the differences
between RNA-Seq normalization methods, with a specific focus on techniques
like FPKM and RPKM. Understanding these normalization methods is paramount
in the realm of bioinformatics, as they play a crucial role in ensuring accuracy and
comparability across RNA-Seq datasets.

Before we venture into the intricacies of DESeq2 in the upcoming videos, it's
crucial to take a moment to understand our learning. In the following sessions,
we'll revisit and reinforce the concepts we've covered, ensuring a solid
understanding of the fundamentals. This reflective pause offers the perfect
opportunity to adapt our newfound knowledge into practical applications for your
individual projects.

How to Personalize Our Learning Experience

Recall our initial research on a company? We immersed ourselves in exploring
their applications, creating a structured mind map to comprehend their
mechanisms. Now armed with insights into how they initiate experiments, let's
use this knowledge to replicate and apply similar methodologies in our own
projects.

In inflammatory bowel diseases (IBD) su
as Crohn's disease, the inflammation Is

located in the gastrointestinal (Gl) track.

We engineer Tregs with a CAR targeted to IL23R,
which is found in the Gl tract and overexpressed by
inflammatory cells in the gut of Crohn's disease
patients. When the CAR-Tregs are infused into thed
patient, they are expected to migrate to the Gl tract,
engage IL23R and suppress the local inflammation.
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Part of my MindMap

My enthusiasm lies in CAR-T cell therapy, and upon reviewing my mind map,
you'll notice a specific focus on Sangamo's application of this therapy for patients
with Crohn's Disease. Recognizing the potential, I've decided to make this the
cornerstone of my replicate project.

Once you have selected the disease you want to focus on, utilize the NCBI website
to identify the appropriate dataset. Specifically, navigate to GEODatasets and
enter the name of the chosen disease for relevant information.

GEO DataSets GEO DataSets v ‘Crohn's Disease | |w

Create alert Advanced Help
Entry type Summary = 20 per page ~ Sort by Default order = Sendto: » Filters: Manage Filters
DataSets (6)
Series (333) w Top Organisms [Tree]
Samples (7 ,668) Search results Homo sapiens (7918)
Platforms (4) Items: 1 to 20 of 8011 Page [1_] o401 | Next> | Last>>| | Musmusoulus (75)
T human gut metagenome (27)
Cosie ) 7 Bacleroidgs lhgtaiolaomicron VPI-5482 (2)
(J The FOXP3+ pro-inflammatory T cell: A Potential Therapeutic Target in Crohn’s Disease Escherichia coli (2)
Study type 1. (Submitter supplied) The incidence of inflammatory bowel disease, including Crohn's disease (CD), continugs  More...
Expression profiling by array to increase worldwide, however, the contribution of CD4+ cell populations remains to be elucidated. Emerging
IMethylation profiling by array evidence suggested increased infiltration of potentially dysfunctional FOXP3+ regulatory T (Treg) cells in
Customize .. inflammatory lesions. In this study, we aimed to provide an in-depth transcriptional assessment of CD4+ cells ~ Find related data =

Author
Customize ..

Attribute name

driving chronic ileal inflammation. more...

Organism: Homo sapiens

Type: Expression profiling by high throughput sequencing
Platform: GPL20301 11 Samples

Download data: H5

Database: | Select ~

tissue (4,777) i :

strain (41) Series  Accession: GSE209832  ID: 200209832

Cust Search details -
e () Etrolizumab-s fails to control E-Cadherin-dependent co-stimulation of highly stimulated cytotoxic T “crohn disease”[MeSH Terms] OR Crohn's

Publication dates 2. cells associated with Crohn's disease Disease[all Fields]

0 deys (Submitter supplied) To interrogate the potential of aE7 integrin as a target in Crohn's disease (CD), we single

You will encounter numerous datasets. One significant mistake I made was
neglecting to verify the file type. If it's in H5 or another format, it becomes
challenging to convert and read in R. The most preferable format is CSV, and you
will learn how to handle CSV files in tutorials. I've spent considerable time
attempting to convert tar (H5) files, and I must admit, it was quite traumatizing!
Make sure to find the dataset that best fits your needs, and don't forget to confirm
if it's in CSV format.

Following that, all you need to do is follow the steps you learned from the tutorials
applicable to your dataset! While it may initially be challenging to adapt to the
specifics of your dataset, with time, you'll gain a full understanding of what
each step entails. Feel free to ask questions, including reaching out to me through
the contact information provided at the end.
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GSM7994746 Healthy control | GSM7994746 Public on Dec 28 2023 Dec 27 2023 Dec 28 2023 SRA 1 Data

GSM7004747 Crohn's disease GSM7994747 Public on Dec 28 2023  Dec 27 2023 Dec 28 2023 SRA 1 Ofilel 256253 obs. of 1561 variables
O file2 219618 obs. of 1639 variables
O gse Formal class GSM
O gse2 List of 1
& gse3 Formal class GSM
O metadata 2 obs. of 43 variables
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O Newroider @ NewBlankFile ~ @ Delete = Rename  40F More -

42 Home > focus
¥ Neme
T .
b » " heatmap_savel.pdf
GSM7994747_CD.csv

GSMT7994746_Control.csv

Showing 1to 2 of 2 entries, 43 total columns

@R R432  ~ffocus/ =0
GSM7994746 Fp://Ftp.ncbi.nim.nih. gov/geo/samples /GSM7994nnn/GSM7 994746/suppT/GS7994746_Control.c ~ GSE252122 RaW.csv
sv.gz | geneexpression
GSM7 994747 ftp://Ftp.ncbi.nIm.nih. gov/geo/samples /GSM7994nnn/GSM7 994747 /suppl/GSM7994747_CD. extracted_files
sv.gz o -

cell type:chl disease state:chl facs:chl tissue:chl
GSM7 994746 T-cell Healthy control CD3+CD45RA-wd+ Peripheral blood

GSM7 994747 T-cell cCrohn's disease CD3+CD45RA-ud+ Peripheral blood
> metadata <- pData(phenobata(gse3[[111))
Error in h(simpleError(msg, call)) :
error in evaluating the argument 'object' in selecting a method for function 'pData': error in e
valuating the argument 'object' in selecting a method for function 'phencbata': this sS4 class is n
ot subsettable
> # Assuming gse3[[1]] is an ExpressionSet object
> expression_set <- gse3[[1]]
Error in gse3[[1]] : this S4 class is not subsettable
> View(metadata)
>

The table I made from the data set, to use in further research

In my case, my dataset lacked numerous pieces of information necessary for
creating visualizations. However, I addressed this by creating metadata that

includes crucial details required for research papers. These tables have

86KB
13GB
11Ge
18

2.6KB

significantly streamlined the process of writing research papers and preparing
reports. In your dataset, specifically check if there's an FPKM section in your
metadata. If it exists, experiment with every visualization method you learn. This

will undoubtedly enhance your experience and understanding of the data.
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