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Introductions!
What’s your name? 

What year are you?

What interests you about genomics?

What’s one weird thing that happened to you this week?



What exactly is genomics?

As defined by the NIH:

“Genomics is the study of all of a person's genes (the genome), 
including interactions of those genes with each other and with the 

person's environment.”

From the National Human Genome Institute



So, what’s a genome?

● A genome is an organism’s complete set of of 
DNA, which contains all of its genes 

● Consists of ~3 billion DNA base pairs in 
humans (the 4-letter “code” of DNA)

● Every cell in an organism contains a copy of its 
full genome, like an instruction manual





The central dogma of biology

● If the genome is an organism’s instruction manual, the central dogma explains how that 
manual is read (DNA > messenger RNA > Protein)

● Proteins are the workhorses of the cell!



But, there’s so much more!

Non-coding RNAs (ncRNAs) don’t make protein, but 
they play a regulatory role in the cell

Chromatin folding and accessibility can change which 
genes can be transcribed 

Link to source 
Link to source 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.genengnews.com%2Fmagazine-issues%2Fjune-1-2011-vol-31-no-11%2Fpcr-assay-for-chromatin-accessibility%2F&psig=AOvVaw1WNCek9tMSWVk1KvYFJ5O8&ust=1678565235001000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCOCQ_faU0v0CFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FThe-role-of-ncRNAs-in-the-central-dogma-NcRNAs-have-changed-the-view-of-the-central_fig3_268233170&psig=AOvVaw1hgRoQfrcfu4l6pM1NcJ1g&ust=1678564901653000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCPigz9yT0v0CFQAAAAAdAAAAABBH


The Human Genome Project

● Large-scale international project led at the National 
Institutes of Health (NIH) by the National Human 
Genome Research Institute

● Produced the first high-quality version of the 
human genome sequence (finished in 2003), now 
freely available in public databases

● The sequence is not that of one person, but is meant 
to be a "representative" or generic sequence that 
was generated from many individuals

Link to source 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fgeneticliteracyproject.org%2F2017%2F03%2F03%2Fhuman-genome-project-2-scientists-synthesize-entire-genetic-blue-print%2F&psig=AOvVaw0yP7ZJxQaev6pkw1vuQgX6&ust=1678565565872000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCJjV55-W0v0CFQAAAAAdAAAAABAD


So… now what?



Genome annotation and interpretation: at the 
heart of genomics

● Can think of a genome as a series  

of functional elements (like genes!)
○ What functions does each of these 

elements have in the cell? In what types 

of cells is it expressed? Is it related to 

disease?

● We use other types of sequencing 

techniques to figure out what these 

functional elements are are



The complexities of the cell

https://www.youtube.com/watch?v=Nnpl4mE-pX0

http://www.youtube.com/watch?v=Nnpl4mE-pX0


Genomics = Data 

In genomics, we combine our genomic 
information with numerical readouts of 
what is going on in cells (like gene or 
protein expression).

Our goal is to use computer science and 
statistics to understand what precise 
changes in the genome mean for the cell. 



How do we tackle data of this size?

Link to source

If you can define 
inputs and outputs, 

and you have 
enough data, you 
can reformulate a 
biological problem 
as a computational 

problem!

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.scs.org.sg%2Farticles%2Fmachine-learning-vs-deep-learning&psig=AOvVaw0hdvjRBsimNKlnZgLKzKOc&ust=1678926484212000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCPjsmtjW3P0CFQAAAAAdAAAAABAD


Natural language processing (NLP): For ChatGPT 
and for Biology

Link to source

I fixed my dog a sandwich A T C T T A G T

Neural network algorithms

https://www.google.com/url?sa=i&url=https%3A%2F%2Finvestingnews.com%2Finvest-in-openai-chatgpt%2F&psig=AOvVaw1QM-PWO3ikxP5WD4z5fcfB&ust=1678926866717000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCOiS7Y7Y3P0CFQAAAAAdAAAAABAD


… can also use biology to inform computer science!

Inspired by 
neurons in the 

brain!
Link to source

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.livescience.com%2Fartificial-neurons-memories.html&psig=AOvVaw0VemwFukmhADQ5F3G00goo&ust=1678927902099000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCMD57P3b3P0CFQAAAAAdAAAAABAD


5 minute break!



Applications of Genomics



Paleogenomics

● We can extract ancient DNA (aDNA) samples 
from fossils, and use them to reconstruct whole 
genomes of extinct species

● Using these genomes, we can create species 
trees, which can help us understand:
○ How modern species are related to each other 
○ How complex traits, like opposable thumbs or color 

vision, evolved
○ What distinguishes us as humans from other hominids?

● Projects to “bring back” extinct species, like the 
woolly mammoth  

Link to source

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.semanticscholar.org%2Fpaper%2FPaleogenomics-of-Archaic-Hominins-Lalueza-Fox-Gilbert%2Fb661d0faf10586d4ef866fad4a1a1597e4d9734e&psig=AOvVaw1pGc-zYFJ18lZSJ7dEJCZN&ust=1678928483449000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCPi14JPe3P0CFQAAAAAdAAAAABAD


Cancer genomics (my specialty!)

● Our cells develop mutations (changes in the sequence of 
our DNA), along with other changes
○ This happens naturally, and in response to carcinogens, like UV 

radiation and cigarette smoke
○ Some of these mutations lead to cancer development

● Over the last few decades, we’ve collected thousands of 
healthy and tumor genomes, along with information 
about gene expression, chromatin structure, etc.

● Can we use this information to figure out which 
mutations cause cancer? Then, can we figure out how 
they cause cancer, in order to treat them?

● The goal of cancer genomics = personalized medicine
○ Using a patient’s genome to understand their tumor and treat them 

accordingly



Plant genomics and agricultural biotechnology

● Big movement to sequence and annotate the genomes of important plants, 
particularly plants we eat! 

● Once we understand their genomes, we can edit them using tools like CRISPR
○ Drought resistance, pest tolerance, more nutritional value, better flavor, etc.

● Helping crops and ecosystems be more resilient to the effects of climate change



Infectious disease/ pathogen genomics 

● Sequencing the genomes of bacteria, 
fungi, and viruses that make us sick

● We can use pathogen genomics to:
○ Understand the molecular mechanism of 

how bugs make us sick, to inform 
development of drugs, treatments, and 
vaccines

○ Track how these microorganisms change 
over time in response to environmental 
pressures (e.g. ‘variants’)

○ Diagnosing infections, in order to treat and 
to track transmission and outbreaks

Link to source

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.gao.gov%2Fproducts%2Fgao-21-426sp&psig=AOvVaw3oGxvxcwCWFyG1zmPcox4W&ust=1678979563183000&source=images&cd=vfe&ved=0CBAQjhxqFwoTCOjz5vCc3v0CFQAAAAAdAAAAABAD://www.semanticscholar.org/paper/Paleogenomics-of-Archaic-Hominins-Lalueza-Fox-Gilbert/b661d0faf10586d4ef866fad4a1a1597e4d9734e


Genomics for understanding microbiomes

● Microbiome = the community of microorganisms 
(such as fungi, bacteria and viruses) that exists in a 
particular environment

● Sequencing the genomes of the microorganisms 
that live in and on us can help us understand what 
species live there and how they interact with our 
cells
○ We are still uncovering all the many ways our microbiome 

impacts our health!

● We can also sequence microbiomes from other 
environments (like soil, or tree roots) to better 
understand how human activity affects the 
diversity of microbes in these environments

Link to source

https://www.genome.gov/genetics-glossary/Microbiome


Some other fun examples…

● Making better cheeses, yogurts, breads, beers, wines…
○ All of these products involve the use of microorganisms; we can use 

genomics to understand how these microorganisms work, and 
modify them to make them more effective

○ Fun fact: the science behind CRISPR was invented by a team 
searching for a better way to make yogurt!

● DNA sequencing is often used in forensics, to match the 
DNA of site samples to suspects
○ Not much AI involved here, but still genomics!

● Companies like 23andMe and Ancestry.com use genomics 
to uncover the genetics of human traits, like whether you 
like chocolate or sneeze multiple times in a row, and 
where your family came from



What did we learn?

1. Genomics is the study of genomes, which is an organism’s complete set of DNA

2. The field relies on the central dogma of biology, which states that the genome (the “blueprint”) is 

transcribed into mRNA, which is translated into protein (which makes things happen!)

3. The Human Genome Project sequenced the human genome, but we are still working on annotating and 

interpreting that genome (defining “functional elements” and their role in the cell and the body)

4. We can combine genomic information with other information in the cell, like gene expression, but that 

data gets very large and complex very quickly!

5. Computation, like artificial intelligence (AI), can help us make sense and draw meaning from this data
a. Likewise, the more we learn about biology, the more we can use that biology to design new computer science techniques

6. There’s so many applications of genomics that spans all kinds of fields!



Time for an 
activity!

Choose your favorite topic to the 
right. We’re going to dig a little 

deeper…

● Paleogenomics

● Cancer genomics

● Plant genomics and agricultural 

biotechnology

● Pathogen genomics

● Genomics for understanding 

microbiomes



Thank you! (Any questions?)
My email: scamilli@princeton.edu


