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Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

We Sequenced our own Genome!



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

We sequenced what was previously impossible!



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

We invented new sequencing technologies!



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

We understood the need and value of being inclusive!



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

Sequencing changed our understanding of disease



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

Sequencing changed our understanding of Gene expression 
and Gene models



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

We invented even better sequencing technologies!



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

We developed single cell Genomics!



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

We started sequencing the genomes of our ancestors!



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

We re-defined the meaning of reference genomes!



Milestones In Genomic Sequencing

https://www.nature.com/immersive/d42859-020-00099-0/index.html

We learned how to sequence a chromosome with no gaps!



The Result was…

https://www.nature.com/immersive/d42859-020-00099-0/index.html



The Price of Genomic Sequencing is Dropping…



Genomic Sequencing Is Generating a Problem
The Volume of Incoming Data is Overwhelming



Databases are Growing at an Amazing Rate
The Problem



The Problem

https://www.ncbi.nlm.nih.gov/sra/?term=Homo+sapiens

Homo sapiens

As of: 2021-05-18

Databases are Growing at an Amazing Rate



The Problem
The Reproducibility Versus Replicability Crisis

https://plato.stanford.edu/entries/scientific-reproducibility/



The Problem
There is a Divide Between Biology, Computational Sciences and Statistics 

And 
Biology is developing at an amazing rate, becoming increasingly interdisciplinary

Biology Computational 
Sciences

Statistics

Sweet Spot 
X 

Computational Genomics

Question 

How do you train students for the 
future, knowing what we know 

about the past? 

One Answer… 

You teach them to Think!… 
Inter-disciplinarily



How do we do that? 

Where do we start?



To Gap The Divide Between 

 Biology, Computer Sciences and Statistics 

We should start by Teaching 

 Hypothesis-driven 

Computational Genomics Courses 

A Solution…



• Computational Genomics gaps the divide between Biology, 
Statistics and Computational Sciences 

• Computational experiments can and should be designed like any 
other wet-lab experiment 

• The belief that data processing is separated, or different from, wet-
lab experiments is biased, damaging and wrong 

• The rapid evolution and availability of new algorithms, and 
computational tools make previous data analyses potentially 
obsolete  

• This generates the need to re-test and re-analyze already produced 
genome data, and  provide us with a unique opportunity for training

A Solution…



A Solution…

Undergraduate Level 
Started 2010

Graduate Level 
Started 2000

Graduate Level 
Started 2012



About Computational Genomics (BIOL350) and Genomics (BIOL650)

Students Internet Internet Students

Galaxy 
(Class Work)

VPN

GDrive (Exams and Final Reports)

Outside 
the 

Firewall

Inside 
the 

Firewall

SuperComputer

GitHub (Class Notes and Class-related Issues)



Web-Based 
Computational Tools

Reveille 
Deployed 2016  

Ada

Kaiser 
Deployed 2020 

Terra

About Computational Genomics (BIOL350) and Genomics (BIOL650)

Galaxy



History of Genomics

https://www.nature.com/articles/35084503.pdf

About Computational Genomics (BIOL350) and Genomics (BIOL650)



SequencingLibrary  
Construction Assembly

http://training.ensembl.org/events/2021/2021-05-18-OpenVirtualBrowser_May

About Computational Genomics (BIOL350) and Genomics (BIOL650)



Gene ModelsGenome 
Annotation

http://training.ensembl.org/events/2021/2021-05-18-OpenVirtualBrowser_May

About Computational Genomics (BIOL350) and Genomics (BIOL650)



Databases Data Retrieval and Analysis

http://training.ensembl.org/events/2021/2021-05-18-OpenVirtualBrowser_May

About Computational Genomics (BIOL350) and Genomics (BIOL650)



Patterns as Formulas Computational Arithmetics

About Computational Genomics (BIOL350) and Genomics (BIOL650)



Comparative GenomicsBy Taxa

Shared Syntheny

Homology Relationships

Gene Gain/Loss Tree

http://training.ensembl.org/events/2021/2021-05-18-OpenVirtualBrowser_May

About Computational Genomics (BIOL350) and Genomics (BIOL650)



Final Project Hypothesis: 
The number of conserved proteins is directly proportional to the evolutionary 

distance between the proteomes tested

Calculate Intersections Between three 
Different Proteomes

A2

A1

Genome A
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Genome B

A5

B2

B1

B3

B4

B5

A1 A2 A3 A4 A5 B1 B2 B3 B4 B5
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100

-

-

100

-

No - Yes No - - No - Yes NoRBHit Reported?

Genome
A x B

Genome
B x A

Advanced AlgorithmBasic Idea

All students get the same (control) proteome and then each student 
gets two different unique proteomes

About Computational Genomics (BIOL350) and Genomics (BIOL650)

Undergraduate Level 
Understanding

Graduate Level 
Understanding

The Final Project workhorse is the Reverse-Blast-Hit (RBH) Algorithm



Datasets Combinations

Intersections AND/OR/NOT

5’-
3’-

-3’
-5’

Gene Models
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About Computational Genomics (BIOL350) and Genomics (BIOL650)

Key Concepts

Proteome A Proteome B

Many to Many

Proteome A Proteome B

One to One

Proteome A Proteome B

One to Many

Databases Relationships



Key Concepts

About Computational Genomics (BIOL350) and Genomics (BIOL650)

1 2 3 4 5 6 7 8 9 10 11 12
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Table containing
12 fields (columns) and 15 records (rows or lines) 

Field 01
Record 01

Field 12
Record 01

Field 01
Record 08

Head -2

Tail -4Sorting by Colors
On Field 04

1 2 3 4 5 6 7 8 9 10 11 12

2

3

4

5

6

7

8

9
10

11
12
13

14
15

Previous Head

Previous Head
Previous Tail

Previous Tail

New Head -2

New Tail -4

Tables and Text Manipulations

ctg123 . gene            1000 9000  .  +  .  ID=gene00001;Name=EDEN
ctg123 . TF_binding_site 1000 1012  .  +  .  Parent=gene00001
ctg123 . mRNA            1050 9000  .  +  .  ID=mRNA00001;Parent=gene00001
ctg123 . mRNA            1050 9000  .  +  .  ID=mRNA00002;Parent=gene00001
ctg123 . mRNA            1300 9000  .  +  .  ID=mRNA00003;Parent=gene00001
ctg123 . exon            1300 1500  .  +  .  Parent=mRNA00003
ctg123 . exon            1050 1500  .  +  .  Parent=mRNA00001,mRNA00002
ctg123 . exon            3000 3902  .  +  .  Parent=mRNA00001,mRNA00003
ctg123 . exon            5000 5500  .  +  .  Parent=mRNA00001,mRNA00002,mRNA00003
ctg123 . exon            7000 9000  .  +  .  Parent=mRNA00001,mRNA00002,mRNA00003
ctg123 . CDS             1201 1500  .  +  0  ID=cds00001;Parent=mRNA00001
ctg123 . CDS             3000 3902  .  +  0  ID=cds00001;Parent=mRNA00001
ctg123 . CDS             5000 5500  .  +  0  ID=cds00001;Parent=mRNA00001
ctg123 . CDS             7000 7600  .  +  0  ID=cds00001;Parent=mRNA00001
ctg123 . CDS             1201 1500  .  +  0  ID=cds00002;Parent=mRNA00002
ctg123 . CDS             5000 5500  .  +  0  ID=cds00002;Parent=mRNA00002
ctg123 . CDS             7000 7600  .  +  0  ID=cds00002;Parent=mRNA00002
ctg123 . CDS             3301 3902  .  +  0  ID=cds00003;Parent=mRNA00003
ctg123 . CDS             5000 5500  .  +  1  ID=cds00003;Parent=mRNA00003
ctg123 . CDS             7000 7600  .  +  1  ID=cds00003;Parent=mRNA00003
ctg123 . CDS             3391 3902  .  +  0  ID=cds00004;Parent=mRNA00003
ctg123 . CDS             5000 5500  .  +  1  ID=cds00004;Parent=mRNA00003
ctg123 . CDS             7000 7600  .  +  1  ID=cds00004;Parent=mRNA00003

Relationships: Tables to Graphs



Process 
Data

Google Drive 
Or  

GITHUB

Databases

SuperComputer 
Galaxy

Student A

Student B

Download 
Question(s)

Send

Receive

Send

Receive

Upload 
Answers(s)

Receive 
Data

Send 
Queries

About Computational Genomics (BIOL350) and Genomics (BIOL650)

Text Messaging Individual Processes

Grading
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About Computational Genomics (BIOL350) and Genomics (BIOL650)

Text Messaging

For a given question: 

• Is the answer reported correct? 

• Does the corresponding Galaxy history exists? 

• Does the corresponding Galaxy history contains 
the corresponding individual processes? 

• Are those processes correct?

Grading Galaxy Work
Grading
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About Computational Genomics (BIOL350) and Genomics (BIOL650)

Text Messaging

Grading Galaxy Work
Number of 
Students

Number of 
Questions

Number of 
Processes/
Question

Number of 
Processes 
to Grade

Times Six 
Exams/

Semester
1 1 5 5 30

50 1 5 250 1500
50 10 5 2500 15000
65 10 5 3250 19500

• Grading is Hard because there are different 
ways to solve the same problem 

• Scripting grading is possible but requires files to 
have consistent names! (…which requires 
students to name files correctly, which assumes 
that all students will follow instructions…)

Grading



Students

Internet

Supercomputer

VPN

GitHub

Virtual Machines

About Digital Biology (BIOL647)

Command-line Driven



Module 01 Module 02 Module 03

Virtual Machines 
(Jetstream)

Supercomputer 
(Ada / Grace)

Master the Command-line Introduction to 
Supercomputers

Basic 
GNU/Linux/Unix 

Introduction

Basic 
Scripting

Advanced 
Scripting

Students

Internet

Supercomputer

VPN

GitHub

Virtual Machines

About Digital Biology (BIOL647)

Jetstream work is supported by XSEDE  
Grant Nº BIO210035 

Funded by NSF ACI-1445604, Awarded to XSEDE



About Digital Biology (BIOL647)

User01

Wolf00

Wolf01

User01 User02

User01
Secret

User01
Public

User02
Secret

User02
Public

User03

User02
Secret

User03
Public

User02

User03

Wolf00

Wolf01

SSH and Data Transfer

Module 01
GIT/GITHUB and Version Control

Emacs/Org-Mode



About Digital Biology (BIOL647)

Unix101

Unix102

Unix103

Unix104

Comprehensive Introduction to GNU/Linux/Unix

Advanced Text manipulations, Software Compilation, and 
Conda/Bioconda installation and use

Introduction to Regular Expressions, GREP, SED, and AWK

Fundamentals of Scripting

Module 02



About Digital Biology (BIOL647)
Module 03

Genome Files, Genes and Genome Browsers

NCBI Databases and NGS Quality Control

Experimental Design

Introduction to and Scripting of 
Transcriptome 

Mapping, Assembling and 
Quantification 

(Supercomputer)

Introduction to and Scripting 
of Mapping and Alignment



BIOL350 BIOL650

Who Takes BIOL350, BIOL650, and BIOL647?

BIOL647



Problems Encountered  

• Galaxy is intrinsically collaborative, which makes 
it hard to “isolate” students contributions and/or 
interactions 

• Because we are using the same Galaxy 
instantiation for Exams and Teaching, we cannot 
stop students from continuing processing Exam-
related data, once a given exam is completed 

• Currently, we cannot unmistakably document and 
isolate a given student’s work on a given exam 

• Other Supercomputer users sometimes submit 
unreal amount of jobs to Ada/Terra while an exam 
is in progress 

Potential Solutions 
• To have the ability to float one Galaxy 

instantiation/student/exam 
• Dedicated nodes for Galaxy during exams

About Computational Genomics (BIOL350) and Genomics (BIOL650)

Other Observations/Questions  

• To access the Supercomputer students need to 
apply for a Supercomputer account.  
 
After the semester is over, the majority of students 
will not be using their Supercomputer account 
again 
 
Is this an unnecessary overhead on the 
Supercomputer facility?  
 
Should we have a temporary Supercomputer 
accounts for teaching? 
 
We urgently need to implement the local 
deployment of virtual machines and, ideally,  to 
have those machines outside the firewall
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