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1 Purpose

The final course project is aimed to help you learn the course material through
practice. It is designed to help you learn about the the different considerations
when conducting an interdisciplinary research project through hands-on expe-
rience. The hope is that once you are familiar with what this work entails, you
will be motivated to pursue research in this field. Through this project you will
apply deep learning models to the proposed genomics task of predicting gene
expression from histone modification marks. You will have two opportunities -
mid-term and final - to share your work with your peers through presentations
and written report.

This type of project-based exercise will help you in developing skills like -

1. Thinking critically about the genomics task.

2. Exploring different methods to solve the task.

3. Designing robust experiments to validate your hypotheses.

4. Adapting your method to new datasets/challenges.

5. Reporting results in a clear and concise manner.

1.1 Introduction

Gene regulation is the process of controlling gene expression to become high or
low. Cells use a wide range of mechanisms to regulate genes and increase or
decrease specific gene products through translation such as proteins. Multiple
factors combinatorially regulate genes at the DNA level. These can range from
mutations in DNA sequences to various proteins binding to them. A principal
factor that plays a key role in this transcriptional regulation is the modifica-
tion of histones. DNA strings are wrapped around ‘bead’-like structures called
nucleosomes, which are composed of eight histone proteins with DNA wrapped
around the proteins. These histone proteins are prone to modifications (e.g.
methylation) that can change the spatial arrangement of the DNA. This al-
lows or restricts the binding of different proteins to DNA that leads to different
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forms of gene regulation. The importance of histone modifications in gene regu-
lation is supported by evidence that aberrant histone modification profiles have
been linked to cancer. Unlike DNA mutations, the epigenetic changes (like hi-
stone modifications) are potentially reversible. This crucial difference makes
the study of histone modifications impactful in developing ‘epigenetic drugs’ for
cancer treatment.

1.2 Motivation

The role of histone modifications in controlling gene expression has been investi-
gated for many years and has resulted in the Histone Code Hypothesis. Accord-
ing to this hypothesis, combinations of different histone modifications specify
distinct chromatin (DNA scaffold) states and cause distinct downstream effects,
such as gene regulation. Advancement in sequencing technology has allowed us
to quantify gene expression and also profile different histone modifications as
signals present in regions flanking (i.e. surrounding) the gene. 1

2 Project details for the Final

2.1 Kaggle competetion

With your team, you will work on a course project that will apply a deep learning
model to the task of predicting gene expression from histone modifications. This
project is modeled as a Kaggle competition (link posted on Course Piazza). The
description of the task and related datasets are provided on the Kaggle website.

Each team will develop and apply a deep learning framework to solve the
gene expression prediction task using the released dataset. In the same way as
for mid-term evaluations, the teams will present their methods, submit their
trained models/code, and write a report. We will test the models on a held-out
dataset and publish a scoreboard ranking their performances.

2.1.1 New Data Component for the FINAL: Genomic Sequence

For the Kaggle competition component, the main difference from the midterm
is that we will now provide you the DNA sequence in addition to the histone
modification data, so your models should take advantage of this to improve their
predictions (details on the Kaggle competition website).

2.1.2 Interpretation Component for the FINAL

For the final presentation and report, we would like you to include an analy-
sis using any interpretation techniques we discussed in the course to interpret
features (either sequences or histone modifications or both) the model is learn-
ing. Bonus points will be given for connecting your interpretation results to the
existing literature.

1Excerpts taken from [1]
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2.2 Computing resources

To allow you to build larger deep learning models for the final project, we have
provided each student in the class with one set of Google Cloud credits to
use throughout the semester. We highly recommend that you use this resource
carefully, as we only have enough credits for each student to receive one set
of credits. Additionally, Google Colab has some GPUs available to train larger
deep learning models for free without using Google Cloud credits. We encourage
you to make use of this resource, although it is more limited than Google Cloud
overall.

2.3 Presentations and submissions

2.3.1 Project Presentation (50 points)

Just like for the midterm, each team will get a 10-minute slot (7 min for pre-
sentation + 3 min for questions) to present their method and results. Please
sign-up your team for one of the slots by March 30, 2021 (11:59 PM). We
recommend the teams to practice their presentation timing beforehand to avoid
going beyond the 7-min mark (∼ 7 slides). In your presentation slides, please
describe the following - model architecture, experimental design, and the re-
sults. The teams should be able to explain their choices for model development.
They should include good figures/tables to summarize their results. Interesting
observations and their explanations are highly encouraged.
Grading Criteria: The presentations will be graded on the content and how
well you answer the questions (40 points). A fraction of the score (10 points)
will also be assigned for each student’s contribution to the project as assessed
by their team member.

2.3.2 Model and code submission (20 points)

Each team should continue to use the existing private GitHub repository
created for the mid-term phase of the project. Please highlight the major
changes made after the mid-term project via README or comments in code.
This will allow us to track the contributions of the team members as well as
access the code and the model for grading for the final phase. Please ensure that
you have a complete README in GitHub repository so that we can download
and run your models.
Grading Criteria: We will load and run your trained models on a selected set
of held out datasets, and also look at your code for completion and correctness
of the implementation. Points will be deducted if we have trouble running your
code/model or find any major logic flaw.

2.3.3 Project Report (30 points)

The project report should expand on the work you have done for the midterm
and will include the following sections - Introduction, Method, Experiment
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Setup, and Results. The Introduction section should not exceed 200 words
and summarize the overall work done by the team. The Method section will
expand on the model architecture and the rationale behind different choices.
The Experiment Setup will provide details of running and training the model.
Finally, the observations will be reported in the Results section. The over-
all length of the report must not exceed 4 pages (single space, 12 point font),
including write-up, figures, tables, and bibliography.

For the final, please include analysis using one or more of the interpretation
techniques we discuss in the course to interpret features the model is learning.
Grading Criteria: This submission will be reviewed by the instructor and the
TAs. Its evaluation will be based on the content (like description of various
sections), structure, flow of logic, and the quality of writing and figures/tables.

2.4 Important dates

Date Task Score
March 30 (Tue) Sign-up for presentation slot by 11:59 PM N/A
April 13, 15 (Tue, Thu) Presentations 50
April 20 (Tue) Model and code submission due at 11:59 PM 20
April 20 (Tue) Reports due at 11:59 PM 30
April 22 (Thu) Final Score Board Results N/A

2.5 Project policies

Collaboration Policy: Discussion of material with your classmates is both
permitted and encouraged. However, showing, copying or other sharing of an-
swers to written questions and actual code with students outside your team on
the project is forbidden. This includes publishing projects publicly on Github
or any other public platform. In addition, reusing code or pre-trained models
from another student outside your team or any public platform is forbidden.

Missed deadlines or late submissions: For all submissions (homework or
project), you can get a 3-day extension for at most 3 deadlines without penalty.
Excluding the scenario mentioned above, 20% of the total points will be de-
ducted for late submissions and missed submissions won’t be assigned any score.
For project presentations, if you are unable to present on a particular day (due
to travel, illness etc.), please inform the instructor at least 24 hours in advance.
No-show on the day of your assigned presentation will be treated as a missed
assignment.
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