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Introduction - 
What is 
Bioinformatics?

Bioinformatics is a unique field within STEM 

research in that it combines both aspects of 

biology and informative statistics of biological 

data.  

It requires an in-depth knowledge of biological 

systems and mechanisms as well as a strong 

background in computer science/languages in 

order to properly analyze and interpret data.

Bioinformatics takes high-dimensional 

information and graphically optimizes it into 

low-dimensional graphs/plots.
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Fun fact: The Human Genome Project, completed in 2003, was a major milestone in bioinformatics.



Research Opportunity Experience
Some of the topics discussed during our weekly meetings at the Anschutz campus Death Star (Health 
Sciences Building:

● Cell sequencing
○ Single cell RNA sequencing
○ Bulk cell sequencing

● R/R studio
○ Seurat
○ DESeq2

● The workflow process
○ Sequencing
○ Preparing the data
○ Displaying the data in useful, informative graphs

● Practical applications
○ Effect of estradiol on breast cancer cells
○ In-vivo implant of breast cancer cells in mice, high fat and low fat diets
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Fun fact: Bioinformatics tools are integral in predicting and analyzing the impact of mutations on human health.



Cell Sequencing Why is this important?

Single cell RNA sequencing allows for the 

study of gene expression for individual cells, 

whereas bulk sequencing can only give the 

average gene expression across the entire 

population of the cells being studied. This 

has many real world applications, from 

developmental biology, to cellular 

heterogeneity, and tumor environments.
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Two of the most common cell 
sequencing methods used nowadays are 
bulk RNA sequencing and single cell 
RNA sequencing. Bulk sequencing 
involves the genetic library of a 
population of cells whereas single cell 
sequencing can provide the genetic 
makeup of a single cell. 

Fun fact: About 5% of the weight of a human cell is RNA.



➔ R is an integrated environment of software facilities used for 

data manipulation, calculation and graphical display.

➔ Majority of meetings and learning experience revolve around 

learning and working within the R-Studio environment.

➔ Seurat - heterogeneity (variability) of single cell transcriptions

➔ DESeq2 - package used to analyze and interpret bulk RNA 

sequencing

R! The Programming Language

Fun Fact: The term “Arrr!” usually denoting the presence of a pirate, was popularized in the 1950 film “Treasure Island.”
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Fun Fact: Dimensionality reduction is common in fields that deal with large numbers of observations of variables, such as 

speech recognition, neuroinformatics, and bioinformatics.

The Workflow Process
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Sequencing

The cells are 
sequenced (either 
single cell or bulk) at a 
lab and the raw data is 
sent to the researcher.

Quality Control

The data is processed 
and any genes that do 
not meet a certain 
criteria/threshold are 
removed from the data 
pool. Cell data can be 
dumped at this point if 
it does not pass QC.

Normalization/
Feature 

Selection

Normalizing the data 
ensures that the data 
entries appear similar 
across all fields. 
Feature selection 
allows the researcher 
to choose those genes 
with high cell-to-cell 
variation. This means 
they are highly 
expressed in some 
cells and low in others. 

Graphical 
Presentation

The final step is to 
present the data in an 
informative graph or 
plot, showing cell/gene 
relationships or 
clustering. This aspect 
helps biology 
researchers to find 
relationships between 
cells/genes and helps 
cure many diseases.

Dimensional 
Reduction/Bio

markers

Dimensional reduction 
allows the researcher 
to reduce the number 
of variables into a 
more easily explorable 
dataset without 
sacrificing too much 
on accuracy. 52D>2D.
Biomarkers labels 
clusters of cells within 
similar environments, 
showing relationships.

From the lab to the cure



Practical 
Applications

Bioinformatics has many real world 

applications. One that we discussed were 

the effects of estradiol on breast cancer 

cells gene expression.

Another was the effect of low-fat or 

high-fat diets on breast cancer cells placed 

in-vivo in mice.
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Testing for the effect of estradiol on breast cancer 
cells can help treat or prevent breast cancer. 
Estradiol is a regulator of growth for some breast 
cancer cells that express estrogen receptors. 
Blocking these receptors can possibly help 
prevent or treat breast cancer.

Different types of diets can have an increased or 
decreased risk for breast cancer. High-fat diets 
are typically closer linked to increased risk of 
breast cancer. (1)

1. Uhomoibhi TO, Okobi TJ, Okobi OE, et al. High-Fat Diet as a Risk Factor for 
Breast Cancer: A Meta-Analysis. Cureus. 2022;14(12):e32309. Published 2022 
Dec 8. doi:10.7759/cureus.32309

Fun Fact: Estrogen (another name for estradiol) is traditionally considered a 'female' hormone that helps a woman have 

female characteristics, supports menstruation, and conceive and carry a baby.



Graphs & Images B”H

Violin Plot Feature Scatter Plot UMAP

UMAP

Violin Plot

Box and whisker Plot Excel Data of HFD/LFD

Fun fact: MCF-7 is a breast cancer cell 
line isolated in 1970 from a 69-year-old 
White woman.



Cultural Exchange
Learning about new cultures

One of the most important facets of the ISCORE 

program is its ability to put people with 

completely different backgrounds into the same 

room and get them to get to know each other, 

even if it’s awkward at first. Even though the 

program was centered around the research, I 

particularly enjoyed the human aspect of 

interacting with new people that I would not 

usually have had the chance to interact with. 

Two of my takeaways that I learned from 

observing Kiran is that patience is key and 

almost anything can be debugged if you try hard 

enough.
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I enjoyed learning about Kiran and his 
background. I learned that Kiran came 
to the US about 12 years ago or so and 
has spent almost all his time here in 
Denver! I learned that it is very difficult, 
almost impossible, to become a doctor in 
India due to the selectively few spots 
open and huge numbers of applicants. I 
also learned that cricket is a fun sport to 
watch and if you mention Pakistan, 
that’s fighting words.

Fun fact: There are 38 pro cricket teams in India. India has 
one of the best international cricket teams in the world.



Thank You!
A big thank you to everyone involved in making my first research opportunity a possibility! Drumroll, 

please:

● Of course the researcher himself, Kiran! Kiran brought me into the world of bioinformatics with an 

unmatched wealth of knowledge.

● Elizabeth Evans, the cultural facilitator. Elizabeth’s ability to tell you that you might be culturally 

offending someone with a huge smile on her face is probably the best way to learn cultural 

sensitivity.

● And finally, Dr. Cristina Cenciarelli. If not for Dr. Cenciarelli’s effort and perseverance in promoting 

the ISCORE program, I would not have had such an amazing opportunity in the 1st place.

● Data displayed credited to the Kabos Lab in Anschutz.
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Fun fact: The term “thank you” can be traced back to the Proto-Germanic word "thankōną," which means "to think" or "to feel grateful."


