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After today, you should be able to

Describe the course structure, expectations, and available resources for success.
Define computational biology and explain its interdisciplinary nature.

|dentify key applications and recent advancements.

Understand the balance between applications and development.

Identify potential career paths and educational opportunities.



Meet your teaching team

Alex Maldonado, PhD w B.S.E in Chemical Engineering, 2018
he/him/his

Western Michigan University

m Ph.D. in Chemical Engineering, 2023
University of Pittsburgh

Office hours: Tuesday & Thursday from
11:30 am - 12:30 pm in Clapp Hall

Email: alex.maldonado@pitt.edu

Acceptable ways to address me: Alex (preferred) Dr. Maldonado Dr. Alex Dr. M

Reya Kundu (she/her/hers) Justine Denby (she/her/hers)

Major: Computational biolo Major: Computational biolo
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Alex's fun facts

Every male in my (maternal) family played football —I rebelled
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https://s3.amazonaws.com/media-p.slid.es/videos/1510246/xQLtnjV3/maria_birthday_2014.mp4

Alex's fun facts

Part-time jobs

e Construction

e UPS package handler

e Kent County Traffic safety

e Jimmy John's delivery driver
e Wings West ice events
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https://letterboxd.com/aalexmmaldonado/
https://open.spotify.com/playlist/37i9dQZF1EpsRmc43CDLAh?si=dee3641015e8492d

Single source of truth

All course materials will be posted on this
website: pitt-biosc1540-2024f.0asci.org/

Why? | am extra

There are few comprehensive
resources for this rapidly changing field

Things that contain student information will
be only on Canvas to be FERPA compliant

Assignments will be submitted on Gradescope


https://pitt-biosc1540-2024f.oasci.org/
https://pitt-biosc1540-2024f.oasci.org/
https://canvas.pitt.edu/courses/238471
https://www.gradescope.com/

My course philosophy

Critical thinking is paramount and happens
outside your comfort zone

How does this influence my teaching?

Bloom's Taxonomy

4 Produce new or original work
< e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Few points

Justify a stand or decision
eva I uate appraise, argue, defend, judge, select, support, value, critique, weigh

Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish, examine,

experiment questo,tes This is where my focus is
wen ;s e SO (similar to computer science
and engineering)

analyze

schedule, sketch

Explain ideas or concepts
classify, describe, discuss, explain, identify, locate, recognize,
un d e rSta n d report, select, translate

Recall facts and bhasic concepts M a ny pOi n ts

define, duplicate, list, memorize, repeat, state

) \ Vanderbilt University Center for Teaching
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There are two types of
programming languages™

Source code: _
hallo.c Machine code: H Ll |
P l"‘“""m"‘" —=> COMPILER —> |24 "EEE:} 5
S e a———
. . PR program
E‘g" MOJO' RUSt' Zlg' T Program (also é
Go, C, C++ called binary,
executable ...)
Credit
Python Interpreter o5
Interpreted o
- - T LI i -1
E.g., Python aﬂd R Code Editor Source File Compiler Byte Code Running Program
\. J
Credit

There are some exceptions: Java, Julia 0


https://www.geeksforgeeks.org/internal-working-of-python/
https://medium.com/from-the-scratch/stop-it-there-are-no-compiled-and-interpreted-languages-512f84756664

Python is absolutely necessary for a
career in computational biology

Programming is how you obtain, manage, and analyze data

PLS Component 2

-5.0 -2.5 0.0 2.5
PLS Component 1

Data Results and insights

5.0

[A]

Cro66 OH - His148 HD1 Distance
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No coding will be necessary to
successfully complete this course

We will emphasize learning
the foundational principles
instead of coding

Previous semesters
used R or Python

There will be optional
coding opportunities

11



Semester overV|ew

Modules Where do we get our insight from?
1. Genomics 2. Transcriptomics
y
. . . ’( EF{
Bioinformatics 7 Y
| e S "‘ﬁ“ C%Lé {::“
‘\ue»

3. Molecular simulations 4. Computer-aided drug design

Computational
Structural Biology

Special interests/ Subfields we are not

Python? able to cover in detail Scientific python

12



Exams

Assignments

Project

Assessments

We will have ...

e Eight homework assignments
e One hands-on project
e Two exams

An optional cumulative final will be
provided to replace lowest exam grade

Attendance is not mandatory, but encouraged

13



Project: Computer-Aided Drug
Design for a Novel Pathogen

We will work through a complete, web-based workflow mirroring the steps
researchers might take when confronted with a new pathogenic threat

DNA sequencing of Assembled and Protein structure Protein-ligand
Staphylococcus aureus annotated genome prediction docking

14



Other policies

Please read the rest of the
syllabus on your own

| can also answer any
guestions now

Syllabus

Semester: Fall 2024

Meeting time: Tuesdays and Thursdays from 4:00 - 5:15 pm.
Location: 1510 Posvar

Instructor: Alex Maldonado, PhD (he/him/his)

Email: alex.maldonado@pitt.edu

Office hours:

Day Time Location
Tuesday 11:30 am - 12:30 pm 102 Clapp Ha
Thursday 11:30 am - 12:30 pm 315 Clapp Ha

Catalog description

This course gives students a broad understanding of how computational approaches
can solve problems in biology. We will also explore the biological and computational
underpinnings of the methods.

IONnte

The catalog course description mandates what material this course has to cover. How the material is

covered is at the discretion of the instructor.




After today, you should be able to

2. Define computational biology and explain its interdisciplinary nature.

3. Identify key applications and recent advancements.
4. Understand the balance between applications and development.

5. ldentify potential career paths and educational opportunities.

16



What is computational biology?




What is computational biology?

My definition...

Any application of computational methods to
obtain insight into biological phenomena.

My main categories. ..
Bioinformatics

Computational structural biology

18



Bioinformatics deals with untangling
big data for biological insight

Data Information

Genetic sequences of healthy
and Alzheimer patients

* . * . . «
——————————— MPREDRATWKSN YFLKII@LLDDEP KCF IVEADN VG IRMS LRGK - AVV LMEKNEMMRKAIRG N--PAL

Find genetic risk factors

K

- ---MPREDRATWKSN YFLKITIQLLDD¥PKCFIVGADNVGEK TRMS LREK-AVV LMGKHNTMME KATRG H--PAL

= ---MPREDRATW#KSN YFLKIIQLLDD¥PKCFIVGADNVGE(K IRMS LRGK-AVV LMGKNTMMEKATRG! H--PAL

——————————— MPREDRATWRSNYFLKITQLLDDYPKCFIVGADNVYGSK TRMS LRGK- AVY LMGKNTMME KATRC: H--PAL \

- ---MPREDRATWKSN YFMK I TQLLDD¥PKCEFY¥ YCADNVCEK TRMS LRGK-AVY LMGKNTMMEKATRG H--PAL

= ---MPREDRATW#KSNYFLKIIQLLDD¥PKCFIVGADNVGE(K IRMS LRGK-AVV LMGKNTMMEKATRG! H--SAL Q

- ---MPREDRATWKSN YFLKIIQLLDDYPKCFIVGADNVGEK IRLSLRGK-AVY LMGRNTMMRKATRC H--PAL 58 Cys APOE2
- ---MPREDRATWKSN YFLKITIQLLND¥PKCFIVCADNVCEK TRLS LRGK- ALY LMGKNIMMEKATRG H--PAL

——————————— MYRENKAAWKAQYFIKVVELFDEFEKCFIVGADNVGSK IRTSLRGL-AVY LMGKNIMMEKATRG: H--POQL APOE Olllcvn
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= MAKLSKQOKKQMYIEKLSSLIQQ¥SKILIVHYDNVGSNOMAS YRKS LRGK - ATTLMGKRIR IR TALKKNLEA V- -POI '\ COOH
-----MIGLAVTTTKKIAKWKVDEVAELTEKLKTHKT ITTANIEGFP ADKLHE IRKKLRGK-ADIKY LENTALKNAG---—— o NH2
----MRIMAVITQERKIAKWEIEEVKELEQKLREXYHT ITIANT FPBDKLHDIRKKMRGM—AEIK\IE FGIARKNAG---—- LDYS Chromosome 19 o
----MKRLALALKQRKYASWKLEEVKELTELIKNSNT ILTGNLEGFP ADKLHE IRKKLRGK- ATKY FK TABKNAG-- - - - IDIH

MS¥¥sLYGQMYKRE KP IPEWKT LMLRELE ELFSKERYVLF ADLT Gl FvleVRKKLWKK—lEMMVAKKRIILRAMKAAGLE———LDDN 158 Arg
-MMLATEKRRYVRT ROF¥P ARKVK IVSEAT ELLOKYP YVFLFDLHGLS SRILHE¥RYRLERY -GV IKITKP FLFK TAFTKYY¥GE - - - TP AR ' Ql)(n APOE3
—————— MAEERHHT EHIPQWRKDETENIKEL I0S HKYFGMYEIEGIT.ATKMOK IRRDLEDY - AVLKY EALNQLG-----ETIP

—————— MAEERHHT EHIPQWRKDEIENIKELIQS VFGMVRItILBTKI IRRDLKDV—AVLKVK ﬁRnLNQLG—————ESIp l:\'>

—————— MAAVRES - -—PPEYKVRAVEE IKRMISSKEVVAIVSFRNVEAE IRREFRGK-AE IKVVKNILLE RALDALG- - ———&D 4
M}WKAKGQPPSGYEpKVAEWKRREVKELKILMDEENVGLanl@IpAp TRAKLRERDEITR MRIALEEKLDER——DE& NH2 A COOH

== MAHYAEWKKKEVOELHDLIKGYEV¥GIANLADIRA MROQT LEDS - ALTRMSKKFLIS LALEKAGRE L-—ENVD

= —MITAESEHKIAPWKIEEVNKLKELKNGQHALVDMMEVPA IRDKIR—GTMEK IERAIKEVAEE TENPEFA
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————————————— MRKINPKKKE IVSELAQDITKSKAVAIVDIKEVR TRAKNRDK- VK IKYVKKELLFKALDS IND- - - ~EKLT
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dlooaooao o ncooaao 20. 0&8la cncoaao (ccocoaao 5] P 0. . ... ... 70. LBO0L L L 20

Credit Credit "


https://en.wikipedia.org/wiki/Multiple_sequence_alignment
https://www.labmedica.com/molecular-diagnostics/articles/294778461/alzheimer-disease-stratified-by-apoe-genotype.html

Bioinformatics deals with untangling
big data for biological insight

Data Information

Early detection of benign to

MRNA of cancer cells in a tumor S
cancerous cell transition

mostly
healthy

000 00000000
cDNA

mostly
cancer

Whole Genome Expression Data

Credit Credit
20


https://www.genengnews.com/news/rna-sequencing-technology-developed-that-is-reportedly-faster-and-cheaper/
https://www.scilifelab.se/news/spatial-transcriptomics-reveals-cancer-in-seemingly-benign-tissue/

Modeling employs representations that
mimic key biological phenomena

Phenomena Representation

Protein-protein binding Classical force fields

water
Continuum solvent model

Hydrophobic effect is roughly
proportional to surface area

Credit Credit

21


https://www.creative-proteomics.com/services/molecular-dynamics-simulation-service.htm
https://en.wikipedia.org/wiki/Force_field_%28chemistry%29

After today, you should be able to

3. Identify key applications and recent advancements.
4. Understand the balance between applications and development.

5. ldentify potential career paths and educational opportunities.

22



AlphaFold 3

"AlphaFold 3 can predict the joint structure of complexes including
proteins, nucleic acids, small molecules, ions, and modified residues."”

23



HOMER2

"We show that the effect of transcription factor binding
on transcription initiation is position dependent.”
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Where?

Mucleotide-level annotation

Miniprot: protein-genome aligner

"Miniprot [...] is tens of times faster than existing tools while
achieving comparable accuracy on real data."

Table 1. Evaluating protein-to-genome alignment

Q o0
What?
Frotein-level annotation
P s
X7
- =] q_: -
g A
o @
[ \," ; i

Genome species Human Human Human Human Human
Protein species Zebrafish Zebrafish Zebrafish Zebrafish Zebrafish
Aligner Miniprot Miniprot Spaln2 Spaln2 GeMoMa
Splice model Human General Human Default N/A
Elapsed time (s) 267 257 10 708 11097 8718
Peak RAM (GB) 21.8 22.5 9.3 8.9 146.9
No. of protein 25007 25007 25007 25007 25007
No. of multi-exon 16 866 17 104 13 643 13 854 23109
No. of predicted junc. 157 918 161295 151 388 209 312 204 764
No. of non-ovlp. junc. 482 802 1206 15658 5712
No. of confirmed junc. 145 545 144 734 136 916 129 645 153 781
% confirmed junc. 92.16 89.73 90.44 61.94 75.10
%o base SN 63.11 63.16 57.16 55.74 67.02
% base SP 95.43 94.91 95.11 86.75 88.70
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Why would we use protein-genome instead
of genome-genome mapping?

A. Protein-genome mapping is more sensitive for detecting distant homologs
B. Genome-genome mapping is too slow for large-scale comparisons

C. Protein-genome mapping allows for the detection of RNA editing events

D. Genome-genome mapping cannot handle intron-exon structures

0
w
TopHat: 173423

26



After today, you should be able to

4. Understand the balance between applications and development.

5. ldentify potential career paths and educational opportunities.

27



Computational Biology is broad

Data science Computer science

You can tailor

Mathematics your career to Biology
these interests

Physics/ Chemistry/
Engineering Biochemistry

We will touch on all of these topics in this course

28



Method development or applying tools?

Computer Developing

) Biolo
science )

Typically, it is harder to pick
up after the fact
(a different way of thinking)

Many, many, many
specalities

Both separately are pretty saturated

29



After today, you should be able to

5. Identify potential career paths and educational opportunities.

30



Bioinformatics Scientist

Description: Develops software tools and
approaches for analyzing biological data,
particularly genomic and proteomic data.

Qualifications:

e PhD in Bioinformatics, Computational Biology,
or related field
e Strong programming skills (Python, R, C++)

Example companies: UPMC, lllumina, 23andMe,
Genentech, Regeneron Pharmaceuticals, Broad Institute

Expected Salary: $80,000 - $130,000

31



Computational Biologist

Description: Applies computational methods to
study biological systems, often focusing on
modeling complex biological processes.

Qualifications:

e PhD in Computational Biology, Systems Biology
e Expertise in mathematical modeling and simulation
e Strong programming and data analysis skills

Example companies: Moderna, Vertex Pharmaceuticals,
Biogen, Allen Institute for Brain Science, Flatiron Health

Expected Salary: $75,000 - $135,000

32



Biostatistician

Description: Applies statistical methods to
analyze biological and health-related data, often
in clinical trials or epidemiological studies.

Qualifications:

e Master's or PhD in Biostatistics or related field
e Strong background in statistics and mathematical modeling
e Proficiency in statistical software (R, SAS, STATA)

Example companies: Pfizer, Merck, Johnson & Johnson, IQVIA,
Fred Hutchinson Cancer Research Center

Expected Salary: $72,000 - $119,000

33



Molecular Modeler

Description: Uses computational methods to model
and simulate molecular structures and interactions,
often in drug discovery.

Qualifications:

e PhD in Computational Chemistry, Biophysics, or related field
e Experience with molecular dynamics simulations
e Knowledge of drug design principles

Example companies: Schrodinger, Novartis, GlaxoSmithKline
(GSK), Atomwise, Dassault Systemes BIOVIA

Expected Salary: $85,000 - $140,000

34



If these careers sound interesting, a PhD
should be on your radar

Note: There tend to be more jobs in
bioinformatics than simulation and modeling

35



Okay, but what about a
Bachelor's degree?

Focus on one half of your major

Biology Computer Science
I'm unfamiliar with options here Software engineer, data science,
(your advisors are well-versed) machine learning, web development

To be honest: Engineering degrees give the highest
chance for a well-paying job after graduation

36



What will help you prepare for

Distinguish yourself
with extracirriculars

Employers and graduate schools do not care about the
classes you took, they care about what you can do

How to do this? Show and tell

37



Show what you can do

Contribute to open-source projects

Parsing ORCA MP2 gradients #788

SV berquist merged 7 commits into cclib:master from aalexmmaldonado:master (0 onjan 9, 2020

L) Conversation 10 o Commits 7 FL Checks o [®) Files changed 2

@ aalexmmaldonado commented on Dec 12, 2019 Contributor | ===

The ORCA MP2 module uses a different flag other than "CARTESIAN GRADIENT" for gradients. Here, I just added another
block to the ORCA parser that catches these MP2 gradients.

®

E+ aalexmmaldonado added 3 commits 5 years ago

o @ Adding some ORCA 4.2 test files 1868157

o @ Adding MP2 gradients to ORCA parser d9bd9eg

o @ adding ORCA MP2 gradients 0260834
@ shivupa requested changes on Dec 22, 2019 View reviewed changes

cclib/parser/orcaparser.py ( Qutdated )

@ -403,6 +403,25 @) def splitter(line):

403 403 if not hasattr(self, 'grads'):
484 484 self.grads = []
405 405 self.grads.append(grads)

406 +

407+ # Grab MP2 gradients

Edit <> Code ~

+25 -6 HEEN
Reviewers
@ shivupa
‘-,3 berquist v
Assignees

No one assigned

Labels

Projects

None yet

Milestone
]
v1.6.3

Development

Successfully merging this pull request may close
these issues.

None yet

38



Show what you can do

FLAG

A Gamification of

Cybersecurity Learning

CAPTURE TlE

Hackathons and competitions

\\#

(CTF)

LEASH BIO - FEATURED PREDICTION COMPETITION - 3 MONTHS TO GO

Leash Bio - Predict New Medicines
with BELKA

Predict small molecule-protein interactions using the Big Encoded Library for
Chemical Assessment (BELKA)

Overview Data Code Models Discussion Leaderboard Rules

Overview

In this competition, you'll develop machine learning (ML) models to predict the binding
affinity of small molecules to specific protein targets — a critical step in drug development
for the pharmaceutical industry that would pave the way for more accurate drug discovery.
You'll help predict which drug-like small molecules (chemicals) will bind to three possible
protein targets.

Start Close
14 days ago 3 months to go
[ o o NI Y

Join Competition vee

Competition Host
Leash Bio

Prizes & Awards
$50,000
Awards Points & Medals

Participation
2,571 Entrants
330 Participants
304 Teams

1,927 Submissions

39



Your marketable skills are learned
outside the classroom

Computational biology: You will get a small taste of this in classes;
you need some research or project experience

Computer science: Python, GitHub, machine learning

Graphic design: lllustrator/Inkscape, Photoshop/Gimp, Blender

Communication: Writing and presenting

40



Before the next class, you should

R I .
Lecture 01: Lecture 02:
Introduction to DNA sequencing

computational biology

e Check that you are subscribed to Canvas notifications
e Make an account on the following sites (for the project):

m ysegalaxy.org
= alphafoldserver.com

41


https://usegalaxy.org/
https://alphafoldserver.com/

