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Saturday, August 10: Opening Lecture

The Language of Life: Decoding the Human Genome with AI
by Olga Troyanskaya

The human genome is 3 billion letters long and encodes the di-
versity of our cells and tissues, the process of our development,
and of aging. The genome is full of puzzles - how does the same
DNA sequence generate such di�erent cells in the brain versus
the skin? What genomic signals encode our predisposition to
cancer? What is the impact of a speci�c letter change?

Answering these questions and decoding the human genome is
similar to deciphering a book in a lost ancient language that
uses a four-letter alphabet and is written with no punctuation
or spaces. I will discuss how the explosion of AI models has
led to breakthroughs in this �eld and the major open ques-
tions in this �eld. Challenges include interpreting the 98% of
the genome that is noncoding (sometimes referred to as `junk' DNA), detangling genomic signals
regulating tissue-speci�c gene expression, mapping the resulting genetic circuits in disease-relevant
cells, and, �nally, connecting these mechanisms to speci�c disease outcomes in humans. I will in-
troduce several of the state-of-the-art AI models addressing these challenges and their applications
to autism and cancer.

About the lecturer: Olga Troyanskaya is a Professor at the Department of Computer Science
and the Lewis-Sigler Institute for Integrative Genomics, Princeton University, the Deputy Director
for Genomics at the Center for Computational Biology of the Flatiron Institute of the Simons
Foundation, and the Founder and Director of Princeton Precision Health. Dr. Troyanskaya's lab
builds AI methods to decode genomes and diagnose and treat complex diseases. Her group pioneered
Bayesian approaches for building networks to map tissue and cellular speci�city to study pathway
dysregulation in disease and for deep learning models to study regulatory genomes, enabling study
of transcriptional and post-transcriptional variants and their role in cellular function, evolution,
and diseases. Through developing AI-based integrative approaches, her lab focuses on studying the
non-coding genome and modeling of complex molecular-level changes captured via diverse multi-
omics techniques, including in speci�c clinical, treatment, and environmental contexts, enabling
systems-level molecular views of human health and disease. Dr. Troyanskaya has committed to
democratizing the use of her novel machine learning approaches with interactive, public interfaces
for the biomedical community.
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Sunday, August 11

Marine Viruses: Tiny Biological Entities with Giant Global Impacts
by Joaqu��n Mart��nez Mart��nez

Did you know that there are more viruses in the ocean than
stars in the known universe? Viruses are a diverse and dy-
namic component of marine ecosystems across all latitudes and
depths in the ocean water column. Viruses are estimated to kill
20-30% of the marine microbes each day, but the consequences
of viral infection in the ocean go beyond mortality alone. Un-
fortunately, for a long time, science failed to investigate viruses
true ecological value. In order to reproduce and propagate,
viruses rewire their host's metabolic machinery, virtually cre-
ating a new organism or \virocell" that behaves di�erently
than healthy individuals. Viral impacts at the single-cell level
cascade through populations, communities, and ecosystems,
mediating and controlling many biological and chemical in-
teractions among diverse organismal levels and serving as a
leading edge of evolution. In this lecture, you will learn about
ways in which viruses are an integral part of a balanced global
ocean engine and how understanding marine viruses can lead
to problem-solving research.

About the lecturer: Spending every summer growing up on the Mediterranean coast in Spain
led to Joaqu��n Mart��nez Mart��nez's passion for the ocean. Joaqu��n obtained a bachelor's degree in
Marine Sciences at the University of C�adiz (Spain), a master's degree in marine microbial ecology
at the University of Stirling (Scotland), and a Ph.D. in marine virus ecology at the University of
Plymouth (England). Currently, he is a biological oceanographer at Bigelow Laboratory for Ocean
Sciences in Maine. Joaqu��n's research is broadly focused on exploring microbial host-virus systems
diversity and inter-relationships in marine environments, from coastal sites to deep-sea igneous
crust. Viruses are the most abundant biological agents in the ocean, but they are still one of the
most unexplored reservoirs of genetic and functional diversity. His overall goal is to understand the
genetic basis of viral infections and how they a�ect life in the ocean. Joaqu��n is constantly awed
by new discoveries that reveal the mighty impacts tiny viruses have in modulating life the way we
know it.
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Patterns in Nature: Understanding Crystals and Quasicrystals
by Michael Bershadsky

This lecture will explore the mesmerizing realm of tilings, crys-
tals, and their underlying symmetries. Crystals, with their pe-
riodic structures, have long been admired for their beauty and
order. But what happens when we step beyond the boundaries
of periodicity? Enter the enigmatic world of quasicrystals, the
aperiodic cousins of ordinary crystals. Discover how quasicrys-
tals, like the famous Penrose tiling, defy traditional symmetry
and reveal hidden order dimensions. Learn how these extraor-
dinary structures can be seen as \projections" from higher di-
mensions, o�ering a glimpse into a world where the usual rules
of symmetry are transformed. Join us for a journey through
the intricate patterns that govern the natural world and un-
cover the secrets of crystals and quasicrystals, which challenge
our understanding of symmetry and order.

About the lecturer: Michael Bershadsky got his PhD in
physics from Princeton University in 1990. Immediately after
this he came to Harvard University, where he was on the faculty at Physics Department until 2000.
In 2000 he resigned from Harvard University and joined a private �nancial company. In January
2023 he resigned from the �nancial company. He is now studying biology.

Quantum Entanglement: \Spooky Action at a Distance"
by Sasha Abanov

Join us for an exciting journey into the world of quantum
physics, where things get really weird and fascinating! In this
lecture, we'll explore the mysterious phenomenon of quantum
entanglement, famously dubbed \spooky action at a distance"
by Albert Einstein. We'll discuss Bell's theorem, a ground-
breaking idea that challenges our understanding of reality it-
self. You'll get a glimpse into the strange and wonderful world
of quantum mechanics. No prior knowledge is required | just
bring your curiosity and imagination!

About the lecturer: Sasha Abanov is a Professor in De-
partment of Physics and Astronomy at Stony Brook Univer-
sity, NY. Sasha's research is in theoretical condensed matter
physics and in mathematical physics. He is mainly interested
in systems whose properties are de�ned by the laws of quan-
tum physics. Some examples of such systems are super
uids, superconductors and Quantum Hall
e�ect systems. Sasha enjoys teaching physics and mathematics at di�erent levels. He has a lot of
experience in teaching school students in various summer camps and math circles.
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Error Eror Error Correcting Codes
by Sofya Raskhodnikova

You want to send a message from Sigma to your parents, but
you have been warned that the person who transcribes mes-
sages into emails to parents is prone to typos: a couple of
letters of your message could be changed. How can you intro-
duce redundancy to your message without making it too long?
For example, if you want to say \Pick me up at 9am on the
last day of Sigma next to the Art Barn," you can be worried
that 9 in your message might turn into 6 and \Art" might
turn into \Ant". You can repeat things multiple times, as in
the title of this talk. However, this is also dangerous, since
the person who types the messages might get mad at you that
your message was so long, or even worse, your parents might
think that you developed a verbal tic and come to pick you up
earlier. In this lecture, we will explore how to add redundancy
using error-correcting codes, a method used everywhere from
the internet to satellites to hard drives in order to communicate and store information. We will
also see that error-correcting codes can help us save a king from being poisoned and to accomplish
group COVID-19 testing with fewer tests.

About the lecturer: Sofya Raskhodnikova is a professor of Computer Science at Boston Uni-
versity. She received her undergraduate and graduate degrees in mathematics and computer science
from MIT. Sofya works in the areas of randomized and approximation algorithms and also data
privacy. These areas are part of theoretical computer science. Sofya has taught at Epsilon Camp
and C.A.M.P. (Camp for Algorithmic and Mathematical Play). Her best memories of her childhood
are from a math camp she attended in Belarus. As far as her hobbies go, recall that she works on
privacy.
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Molecular Factories: A Study in Saddle Points
by Tim Pinkhassik

Chemists often invoke particular mechanisms of reactions, but
how do they gather evidence for them? It is impractical and
often even impossible to observe reactive intermediates, but
chemists speak with con�dence on the existence of dozens of
species that they have never isolated to explain why a given
reaction is fast or slow, gives certain products, or favors partic-
ular substrates. Chemists can make very con�dent predictions
about the structure of a transition state|the key to discover-
ing new reactions and improving existing ones|without ever
having seen one. We will explore the experiments and physi-
cal principles underlying the study of mechanisms in chemistry
through the lens of designing an organometallic catalyst.

About the lecturer: Tim Pinkhassik is an undergradu-
ate student at the University of California, Berkeley. He does
catalysis research, and is particularly interested in discovering
the mechanisms of how these reactions happen. At SigmaCamp, Tim runs the \Molecules that Save
Lives" semilab, and can commonly be found in the Chem Circle.
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Monday, August 12

The Energy Machinery: Mitochondrial Bioenergetics and Cellular Respiration
Explained

by Alexander Galkin

This lecture provides an in-depth exploration of the fundamen-
tal mechanisms underlying cellular energy metabolism. We
will learn how cells transform energy through the process of
oxidative phosphorylation in mitochondria. We will examine
how food is used to generate ATP and other energy currencies
of the cell and also discuss how the energy from redox reactions
drives the biosynthesis of ATP in mitochondria. By the end
of this lecture, you will gain an understanding of the basics of
bioenergetics, discover why cyanide is toxic, and learn what
\barbasco" �shing in the Amazonia is.

About the lecturer: Alexander received his PhD in Bio-
chemistry at Moscow State University and completed postdoc-
toral studies at Frankfurt University and University College
London. Dr. Galkin's research lab at the Brain and Mind Re-
search Institute, Weill Cornell Medicine, focuses on studying
the role of mitochondria-associated metabolic changes in tissue
injury during cardiovascular diseases such as stroke, tissue is-
chemic damage, and neurodegeneration using various in vivo and in vitro models.
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