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Introduce Yourself!

Your preferred name,
Place you identify with,
Major area of study/research,
Favorite joke (optional)!

HELLO

my name is

bjgrant@ucsd.edu

HELLO

= name is

yuz461@ucsd.edu

Today’s Menu

Course Logistics

Website, screencasts, survey, ethics,
assessment and grading.

Learning Objectives

What you need to learn to
succeed in this course.

Course Structure

Major lecture topics
and specific leaning goals.

Introduction to
Bioinformatis

Introducing the what, why and
how of bioinformatics?

Bioinformatics
Database

Hands-on exploration of several major
databases and their associated tools.
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At the end of this course students will:

* Understand the increasing necessity for computation
in modern life sciences research.

* Be able to use and evaluate online bioinformatics
resources and analysis tools to solve problems in the
biological sciences.

Be able to use the R environment to analyze
bioinformatics data at scale.

Be familiar with the research objectives of the
bioinformatics related sub-disciplines of Genome
informatics, Transcriptomics and Structural
informatics.

What essential concepts and skills should
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data from the Divisi
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YOU attain from this course?

Learning Goals

At the end of this course students will:

s Understznd the increasing necessity for computation in modern life sciences
research,
Be zble to use and evaluate online bloinformatics resources including major
biomelec
browsers, structure viewers, and select quality contrel and analysis tools to solve
problems in the biolcgical sciences.

s Be zble to use the UNDX command line and the R envircnment to anzlyze
bloinformatics data at scale.
Understand the process by which genomes are currently sequenced and the
hioinfarmatics pracessing and analysis required for their interpretation
Be familiar with the research cbjectives of the hioinfarmatics related sub-

disciplines of Genomics, Transcriptomics and Structural biocinformatics.

In shory, students will develop a sclid foundational knovdedge of bivinformatics
and be able to evaluate new biomolecular and genomic Information using existing

bioinformatic taols and resaurces.

In short, you will develop a solid foundational
knowledge of bioinformatics and be able to
evaluate new biomolecular and genomic information
using existing bioinformatic tools and resources.




Specific Learning Goals.... Course Structure
What | want you to know by course end! Derived from specific learning goals
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Specific Learning Goals

Teaching teward the s earning geals below is expected to occupy 60%-70% - Lectures
of class time. The remalning course content Is at the discretion of the Instructor - «

‘- wh
. with student body input. This includes student selected topics for peer presentaticn 'BGG.N'Z!,s

. . All Lectures are Wed/Fri 1:00-4:00 pm in Warren Lecture Hall 2015 (WLH 2015) (Map =).
as well one student selected quest lecture from an industry based genomic

* = - -
BGGlfﬁ3 e : Clicking on the class tapics below will take you ta correspanding lecture notes,
r a2 scientist. Ahangs-ohiflrod

: homework assignments, pre-class video screen-casts and required reading material.

'
)ha;ds—on introd o All students who receive a passing grade should be able to: o Date | Topica for Spring 2016
the €omputer-basel lysis

. data fram the Division of 0 orn ]
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dana frpm the DivisEl Appreciate and describe in general terms the role of Information sclence, History of Blclﬂmrr:atlcs, Types of :;Iay!a, Application
BJn\Ingical SciencesEEE. computation in hypothesis-driven discovery processes within the areas and introduction to upcoming course segments, Hands on with
/ ife sciences Jectured major Biainformatics databases and key online NCBI and EBI resources
1e able to query, search, compare and contrast the data o
Sequence alignment fundamentals, algorithms and applications

these databases Intersect (GenBank, GENE, UniProt, PFAM, Assignments & Grading G Homalogy, Sequence similarity, Local and global alignment, classic
i,
OMIM, PDB, UCSC, ENSEMBLE). i Needleman-Wunsch, Smith-Waterman and BLAST heuristic approaches,
). Ethics Code . ! " PP

contained in mzjor bioinformatics databases and describe how ) Learning Goals

" i scribe h leotide and in s st Hands an with dot plots, Needleman-Wunsch and BLAST algorithms
Assignments & Grading Describe how nucleotide and protein sequence and structure

highlighting their utllity and limitations
data are represented (FASTA, FASTQ, GenBank, UniProt, PDB) ¥y O A e L S ation

Be able to describe how dynamic programming works for

Ethics Code

Screen Cast Videos L N . y
pairwise sequence alignment and appreciate the differences

Class Details Homework
Goals, Class material, Screencasts & Homework Goals, Class material, Screencasts & Homework
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1: Welcome to Foundations of Bioinformatics Homework:

& Questions
Topics:

Course introduction, Leaning goals & expectations, Biology is an informaticn * Readings:
sclence, History of Bloinformatics, Types of data, Application areas and Introduction

ta upcoming course segments, Student 30-second intraductions, Student compurer I o PDF2: Advancements and Challenges in Computational Biology

o PDF1: What is bioinformatics? An intreduction and overview =,

setup. o Dther: For Big-Data Scientists, ‘Janiter Work’ Is Key Hurdle to Insights

New York Times, 2014.

{he cgmputer-ba: Goals: {he cgmputer-b:
Screen Casts:
Understand course scope, expectations, lagistics and ethics code.

Understand the increasing necessity for computation in modern life sciences

research.

Get introduced to how bicinformatics is practiced. rvi BGGN 21 3

Complete the pre-tourse questionnaire
Lestites Lestites Foundations of Big|

Setup your laptop computer for this course. —

Computer Setup Computer Setup
Leaming Goals Material: Leaming Goals

Assignments & Grading e Pre class screen cast Assi ts & Grad
Ethics Cod e Lecture Slides: Large PDF, Small PDF ', (To be updated!) Ethics Code

e Handout: Class Syllabus

Screen Cast Videos Screen Cast Videos

« Computer Setup Instructions.

1 Welcome to BGGN-213: Course introduction and loaistics.




Homework
Goals, Class material, Screencasts & Homework
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New York Times, 2014.
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1 Welcome to BGGN-213: Course introduction and loaistics.

Homework
Goals, Class material, Screencasts & Homework

BGGN213 Lecture 1 Homework (F17)

Please answer the following quesiions
equires

Your UCSD username/email address *
The first pert of your LCSD email address before the ‘@ucsd.cdy part

Which of the following operating systems is most frequently
used for bioinformatics tool development

O Windows
O ios
O Unix

O pen

Homework
Goals, Class material, Screencasts & Homework

ass

BGGN213 Lecture 1 Homew-""\h"ee\gs ‘?\

Please answer the following quesiions ey
-\ hes following g e‘.\\e n

equired . ue be
\S
ork Tie/email address *
\—\oﬂ‘ew et emperi saaessetre e st

Which of the following operating systems is most frequently
used for bioinformatics tool development

O Windows
O ios
O Unix

O pen

Side Note: Why stick with this course?

Provides a hands-on practical introduction to major
bioinformatics concepts and resources.

Covers modern hot topics and the intimate coupling of
informatics with biology - highlighting the impact of
computing advances and ‘big data’ on biology!

Designed for graduates in the biosciences with no
programing experience or high level math skills.

Provides a hook for increasing computational and data
science competencies in the biosciences - valuable high
demand translational skills!




BGGN-213 Learning Goals....
Advanced UNIX and R based learning goals

bioboot github.io

Calculate the alignment score between two nucleotide or
protein sequences using a provided scoring matrix and be able
to perform BLAST, PSI-BLAST, HMMER and protein structure
based database searches and interpret the re

the biological significance of an e-value

BGGN-213 Learning Goals....

Delve deeper into “real-world” bioinformatics

biohoat githutiabygn213,
seguenced and the tioinformatics processing and analysis
For a genomic region of interest (

particular gene), use 2 genome b

iranscription Tactor binding regions, epigenetic information,

3 B Use UNTX command-line tools for file system navigati \ =
r Ahan&-oﬂintrod file manipulation. 4,1 n an RNA-Seq dat: find the set of significantly
4& computer-bas i 15 differentially expressed genes and use online tools to it
7 of genomic and bl Use existing programs at the UNIX command line to analyze <
data from the Divi bioinformatics data

. Biologieal Sciences,

gene lists and annctate potential gene functions.

Perform a GO analysis to identify the pathways relevant to a

Use R to read and parse comma-separated (.csv) formatted files sel of genes (e.g. identified by transcriptomic study or a

/ : nes e
Og'alﬁm ready for subsequent anal 15, ’> mic experim

perform elementary statistical analysis on biomolecular and Use the KEGG pathway database to look up interaction
"omics” dat with R and produce informative graphical pathways.

displays and data summaries. 18 graph theory to represent biological dzta networks

View and interpret the structural medels in the P Understand the challenges in integrating and interpreting
Explain the autputs from structure prediction algorithms and Bl A S bl D LS e S TG
functional context.
small molecule docking approaches.
Have an appreciation for the social impacts and ethical

mplicati how genomic sequence information is used in

Appreciate and describe in general terms the rapid advances in

sequencing technolcgie: d the new areas cf investigation that
onr sorien

These support a major learning objective

At the end of this course students will:

Why use R?

» Be able to use the R environment to analyze PrOdUCtiVity

bioinformatics data at scale.

Flexibility
Designed for data analysis




R and Python: The Numbers
IEEE 2016 Top Programming Languages

Popularity Rankings
i R and Pythons popularity hetween 2013 and Redmonk ranking, comparing the relativs performance of
Language Rank Types Spectrum Ranking YFebr'JaprypzmtSL iobe [ndex) programming {a“nguag%s on GitHub and Stack Overflow
e (September 2012 and January 2013, 2014, 2015)
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- JavaScript : Jobs And Salary?
201¢ Dice Tech Salary Survey: :
Average Salary For High Paying Skills and Experience
R $115,531 Python 994,139

R is the “lingua franca” of data science in
industry and academia.

Large user and developer community.
[Z) You rmanrwa':'jlgn'm'lr:
* As of Jan 8th 2018 there are 12,039 add on Your Latest Activity

R packages on CRAN and 1,473 on Introduction to Spark in R usin SR ARE N,
Bioconductor -

Introduction to R
16 deys ago

tedyouta the

Virtually every statistical technique is either " e
already built into R, or available as a free ) Youtovesrevssigen:
package.

3 months age

See all ntifications

DAILY PRACTICE

Unparalleled exploratory data analysis
environment.
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Today’s Menu OUTLINE

Overview of bioinformatics
- The what, why and how of bioinformatics?
+ Major bioinformatics research areas.

Learning Objectives What you need to learn to - Skepticism and common problems with bioinformatics.
succeed in this course.

Website, screencasts, survey, ethics,
assessment and grading.

Course Logistics

Online databases and associated tools

Course Structure dMajoplfectlur'e topics ‘ - Primary, secondary and composite databases.
And Specilic 'eaning gos's. - Nucleotide sequence databases (GenBank & RefSeq).
Introduction to Introducing the what, why and - Protein sequence database (UniProt).
Bioinformatis how of bioinformatics? - Composite databases (PFAM & OMIM).
' ' Database usage vignette
Computer Setup Ensuring your laptop is all set for J . g . .
future sections of this course. - How-to productively navigate major databases.
Q. What is Bioinformatics? Q. What is Bioinformatics?
“Bioinformatics is the application of computers to the collection, “Bioinformatics is the application of computers to the collection,
archiving, organization, and analysis of biological data.” archiving, organization, and analysis of biological data.”
... Bioinformatics is a hybrid of biology and computer science ... Bioinformatics is a hybrid of biology and computer science

... Bioinformatics is computer aided biology!




Q. What is Bioinformatics?

“Bioinformatics is the application of computers to the collection,
archiving, organization, and analysis of biological data.”

... Bioinformatics is a hybrid of biology and computer science
... Bioinformatics is computer aided biology!

Computer based management and analysis of biological and
biomedical data with useful applications in many disciplines,

particularly genomics, proteomics, metabolomics, etc...

MORE DEFINITIONS

» “Bioinformatics is conceptualizing biology in terms of
macromolecules and then applying "informatics" techniques
(derived from disciplines such as applied maths, computer
science, and statistics) to understand and organize the
information associated with these molecules, on a large-scale.
Luscombe NM, et al. Methods Inf Med. 2001:40:346.

» “Bioinformatics is research, development, or application of
computational approaches for expanding the use of
biological, medical, behavioral or health data, including those
to acquire, store, organize and analyze such data.”

National Institutes of Health (NIH) ( http://tinyurl.com/I3gxr6b )

MORE DEFINITIONS

» “Bioinformatics is conceptualizing biology in terms of
macromolecules and then applying "informatics" ‘niques
(derived from disciplines such as applied mat* g\o\og\i,u[er
science, and statistics) to understand ~ P;\deé
information associated with these - _ e
Luscombe NM, et al. Methods " _6()0((\9 g

e

. . o
» “Bioinformati- ,6\0\“

ch, development, or application of
compr* 90'\“ _approaches for expanding the use of

bi ey edical, behavioral or health data, including those
to « _gqdire, store, organize and analyze such data.”

National Institutes of Health (NIH) ( http://tinyurl.com/I3gxr6b )

Major types of Bioinformatics Data
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Major types of Bioinformatics Data
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BIOINFORMATICS RESEARCH AREAS

Include but are not limited to:

+ Organization, classification, dissemination and analysis of
biological and biomedical data (particularly ‘-omics' data).

* Biological sequence analysis and phylogenetics.

» Genome organization and evolution.

* Regulation of gene expression and epigenetics.

* Biological pathways and networks in healthy & disease states.
* Protein structure prediction from sequence.

» Modeling and prediction of the biophysical properties of
biomolecules for binding prediction and drug design.

* Design of biomolecular structure and function.

With applications to Biology, Medicine, Agriculture and Industry

Where did bioinformatics come from?

Bioinformatics arose as molecular biology began to be transformed
by the emergence of molecular sequence and structural data

Recap: The key dogmas of molecular biology
* DNA sequence determines protein sequence.

* Protein sequence determines protein structure.

* Protein structure determines protein function.

* Regulatory mechanisms (e.g. gene expression) determine the
amount of a particular function in space and time.

i Bioinformatics is now essential for the archiving, organization
and analysis of data related to all these processes.




Why do we need Bioinformatics? Why do we need Bioinformatics?

Bioinformatics is necessitated by the rapidly expanding Bioinformatics is necessitated by the rapidly expanding
quantities and complexity of biomolecular data quantities and complexity of biomolecular data
Growth in genes sequenced Growth in solved 3D structures . °

* Bioinformatics provides * Bioinformatics provides

methods for the efficient: - methods for the efficient:

» storage i » storage

» annotation g:: » annotation

» search and retrieval Rl » search and retrieval

» data integration "ol : » data integration .

» data mining and analysis T » data mining and analysis T
E.G. data from sequencing, structural genomics, E.G. data from sequencing, structural genomics, '
proteomics, new high throughput assays, efc... ; : proteomics, new high throughput assays, efc...

How do we actually do Bioinformatics?

How do we do Bioinformatics?

« A “bioinformatics approach” involves the Pre-packaged tools and databases
application of computer algorithms, computer Many online
models and computer databases with the broad T T 5 (16) U
goal of understanding the action of both individual
genes, transcripts, proteins and large collections

of these entities. Advanced tool application & development

Time consuming methods require downloading...

Mostly on a UNIX environment

DN B RN IR Knowledge of programing languages frequently required
Genome —» Transcriptome —> Proteome | x 1,000 (e.g. R, Python, Perl, C, Java, Fortran)

x 100,000 May require specialized high performance computing...




How do we actually do Bioinformatics?

Pre-packaged tools and databases

Many online
Most are free to use
Time consuming methods require downloading...

Advanced tool application & development

Mostly on a UNIX environment

Knowledge of programing languages frequently required
(e.g. R, Python, Perl, C, Java, Fortran)

May require specialized high performance computing...

SIDE-NOTE: SUPERCOMPUTERS AND GPUS

Performance
(simulated ns day')
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Performance

(simulated ns day')

SIDE-NOTE: SUPERCOMPUTERS AND GPUS

| 3GB GDDRS5  Buscosras

1 1 1 1
2004 2005 2006 2007 2008 2009
Year




NSF Extreme Science and Engineering

Discovery Envi

W xsere.org/con

Homo Gmai Goal B
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Campus Visits

XSEDE campus visits em;
educcticn and offcr guidal

e the need for computational science
Ce concerning cousse content.

Cempus visits bring together faculty, students, and edministrators to
discuss the importznce of havin
modeling and simulation, acvan:
cxplore problems in scieroc and engincering, in both academic and
non-acadenmic settlngs.

rkforce thet is ready to Use

ata analysis, and visualizatior to

A tyoical campus visit consists of a general presentatior afirming the

essentiality of computational science education anc suggesting
approacres to inserting the appropriate content into the currioulum.
Discusslone &re held witn faculty and adminlstrators about the cument

XSEDE pursues innavation and collaboration in computational science education.

ronment (XSEDE)

winity-engagementleducato:

thuckst GitHub  Newev  Dsqus

Key Points

+XSEDE spcnsors full-semaster

onlline courses

+ Collaborationss with faculty at

XSEDE cumpus participating institutions
visils ernphusize +Campus visits offer guidance
the need for cancerning course cortent
computational
science education
and offer

. Related Links
guidance

concerning course
content

XSEDF Scholars Program

curriculum. Some visits are also combined with a Half-day workshop or

What is Jetstream

* A new cloud computing environment based at Indiana
University and the Texas Advanced Computing Center
(TACC) providing on-demand access to interactive
computing and data analysis resources.

U
Cyberinfrastructure

Jotstream (production) .J

U of Arizona o e INternet2
Cyberinfrastructure

Jotstream (development)

Jetstream tutorials

Developed user friendly labs for Jetstream basics

biohoot githutio/bggn?

3_M7fjetstieambaot) =

U

Starting a Jetstream Computer

Instance!

Here we describe the process of starting up and managing a Jetstream (= service

virtual machine instance

Note: Jetstrea
National

“virtual machine i

nce ation. It will provide us with computers

s a cloud-based on-demand virtual machine

1stances”) that look and feel just like 2 regular Linux

ofigenomic and b workstation but with thousands of times the computing power

data frbm the Divisi
What we're going

(an “instance”) on

Below we walk thr

to do here is walk through starting up an running computer

the Jetstream service.

ough the process of starting up and accessing one of these

Computer Setup T
Learning G;nls
Assignments & Grading
Ethics Code

Screen Cast Videos

Instances. To begin with, Just think cf It like requesting and loging-in to a brand
new remate computer. We have provided screenshots of the whole process that
you can click on to see alarger version. The important areas to fill in are dircled in

red.

Note Some of the details may vary
XSEDE accou U ma J0] th that - and the name ¢

av also varv from “Ubuntu 16.04" denendinn

Jetstream tutorials
Developed user friendly labs for Jetstream basics

: 213
ra
_Ahands-on introd
, the computer-basef
ofigenomic and bl
ata ﬂ-bm the Divisior
Biological Sciences, U

-
7

biohoot githutio/bggn?

3_M7fjetstieambaot)

U

hiohoot githutvia/hggn?*3_M7fjtstream;baat,

Request to log in to the Jetstream Portal

First, go to the Jetstream application at:

htty tream-cloud.org/appli

Now click the legin link in the upper right.




Jetstream tutorials Skepticism & Bioinformatics

Developed user friendly labs for Jetstream basics
We have to approach computational results the

same way we do wet-lab results:
Do they make sense?
Is it what we expected?

Do we have adequate controls, and how did
they come out?

Modeling is modeling, but biology is different...
What does this model actually contribute?
Avoid the miss-use of ‘black boxes’

Assignments & Grading

Skepticism & Bioinformatics

Common problems with Bioinformatics

Gunnar von Heijne in his old but quite readable

. Confusing multitude of tools available
treatise,

, provides a very » Each with many options and settable parameters

i lusion:
appropriate conclusion Most tools and databases are written by and for nerds

“Think about what you're doing; use your » Same is true of documentation - if any exists!
knowledge of the molecular system involved to

guide both your interpretation of results and your Most are developed independently

direction of inquiry; use as much information as
possible; and do not blindly accept everything the

computer offers you’. : « EBI (European Bioinformatics Institute) and

: * NCBI (National Center for Biotechnology Information)
Key-Point: Avoid the miss-use of ‘black boxes’!




Protein BLAST: search protein databases using a protein query

4+ | | 2 blast.ncbi.nim.nih.gov

General Parameters

Key Online Bioinformatics
Resources: NCBI & EBI

The NCBI and EBI are invaluable, publicly
available resources for biomedical research

Max target 500
SOTUonSeS Select he maximum number of aligned sequencesto display &
Short querics & Automatically adjust parameters for short input sequences &
Expect threshold 10 e
Word size 3:©
Max matches in a 0 @
query range -
Scoring Parameters
i Even Blast has many settable parameters
Matrix BLOSUME2 * | ©
Gap Costs Existence: 11 Extension: 1 & | &
Compositional Conditional compositional scd ~ STEP 3 - Setyoul a R .
adjustments SRR ey | Related tools with different terminology
- S FASTA 1
Filters and Masking -
EXPECTATION EXPECTATION
Filter () Low complexity regions @ ~MATRIX GAPOPEN  GAPEXTEND KTUP UPPER VALUE LOWER VALUE
BLOSUMSO ¢ [ -10 +)=2 +)2 +) 10 + | 0 (default)
Mask (C) Mask for lookup table only;
() Mask lower case letters @ ONASTRAND _ HISTOGRAM _ FILTER STATISTICAL ESTIMATES
N/A + [ no + | none + || Regress
PSI/PHIDELTA BLAST SCORES ALIGNMENTS SEQUENCERANGE  DATABASE RANGE MULTI HSPs
50 BIED + | START-END START-END no B
Upload PSSM [ Choose File | no fil selected
Optional B SCORE FORMAT
PSI-BLAST 0.005 ) Default
Threshold
Pseudocount 0 @

Wokome NGB!

s = Vil EMEL org
Getstarted Ty

Fwa

http://www.ncbi.nlm.nih.gov | https://www.ebi.ac.uk =

National Center for Biotechnology
Information (NCBI)

* Created in 1988 as a part of the National Library of
Medicine (NLM) at the National Institutes of Health

* NCBI’s mission includes:

» Establish public databases

» Develop software tools

» Education on and
dissemination of biomedical
information

* We will cover a number of core NCBI databases and
software tools in the lecture

http://www.ncbi.nlm.nih.gov

National Center for Biotechnology Information

< + | | 2 www.ncbi.nim.nih.gov :)
S NCBI  Resources (%) How To (¥)

=
d NCB] | All Databases ]

National Center for
Biotechnology Information

Sign in to NCBI

NCBI Home Welcome to NCBI
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The National Center for Biotechnology Information advances science ~ PubMed
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Chemicals & Bioassays PubMed Central
Data & Software About the NCBI | Mission | O | Research | RSS Feeds PubMed Health
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Domains & Structures Get Started Nucleotide
. Genome

Genes & Expression o Tools: Analyze data using NCBI software
Genetics & Medicine o Downloads: Get NCBI data or software SNP

o How-To's: Learn how to accomplish specific tasks at NCBI Gene
Genomes & Maps  Submissions: Submit data to GenBank or other NCBI Protei
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Literature
Proteins
Sequence Analysis 3D Structures NCBI Announcements
Taxonomy New version of Genome Workbench

Explore three-dimensional structures of pro-
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The National Center for Biotechnology Information advances science ~ PubMed

Notable NCBI databases include:
GenBank, RefSeq, PubMed, dbSNP

and the search tools ENTREZ and BLAST
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Key Online Bioinformatics
Resources: NCBI & EBI

The NCBI and EBI are invaluable, publicly
available resources for biomedical research

http://www.ncbi.nlm.nih.gov

https /lwww.ebi.ac.uk =

European Bioinformatics Institute (EBI)

* Created in 1997 as a part of the European Molecular
Biology Laboratory (EMBL)

 EBI's mission includes:

» providing freely available
data and bioinformatics
services

» and providing advanced
bioinformatics training

* We will briefly cover several EBI databases and tools
that have advantages over those offered at NCBI




The EBI maintains a number of high quality
curated secondary databases and associated tools
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The EBI maintains a number of high quality
curated secondary databases and associated tools
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The EBI maintains a number of high quality
curated secondary databases and associated tools
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EMBL-EBI Services | Research Training About us | NI

Services

Overview AtoZ  Data submission = Support

Popular

Bioinformatics services

We maintain the world’s most comprehensive range of freely available and up-to-date molecular databases.
Developed in collaboration with our colleagues worldwide, our services let you share data, perform complex queries,
and analyse the results in different ways. You can work locally by downloading our data and software, or use
our web services to access our resources programmatically. You can read more about our services in the
journal Nucleic Acids Research.

e! Ensembl
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DNA & RNA Gene expression Proteins

genes, genomes & variation RNA, protein & metabolite sequences, families & motifs
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Molecular & cellular structures reactions, & pathways &

Ontologies Literature Cross domain
taxonomies & controlled Scientific publications & patents in tools & resources WEMWUWQ
vocabularies

[ Tt S

https://www.ebi.ac.uk

The EBI makes available a wider variety of online tools than NCBI

Proteins

Popular services Quick links
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 All se-vices in this category
© Praject websites in this exregay

UniProt: The Universal Protein Resource
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HMMER - protein homology scarch
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search etncds for querylng aga nst beth sequznce 2nc HIMM mrget databases.
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Interfroscan 4.8 has been retred.




The EBI also provides a growing selection of online tutorials
on EBI databases and tools
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Notable EBI databases include:
ENA, UniProt, Ensembl

and the tools FASTA, BLAST, InterProScan,
MUSCLE, DALI, HMMER

Browse by subject

@ Genes and Genomes

@ Gene Expression

Next Class...

MAJOR BIOINFORMATICS
DATABASES AND ASSOCIATED
ONLINE TOOLS




Bioinformatics Databases

AATDB, AceDb, ACUTS, ADB, AFDB, AGIS, AMSdb, ARR, AsDb,BBDB, BCGD, Beanref,
Biolmage, BioMagResBank, BIOMDB, BLOCKS, BovGBASE, BOVMAR BSORF, BTKbase,
CANSITE, CarbBank, CARBHYD, CATH, CAZY, CCDC, CD4OLbase, CGAP
ChickGBASE, Colibri, COPE, CottonDB, CSNDB, CUTG, CyanoBase, dbCFC, dbEST,
dbSTS, DDBJ, DGR DictyDb, Picty_cDB, DIE DOGS, DOMO, DPD, DPInteract, ECDC,
ECGC, EC02DBASE, EcoCyc, EcoGene, EMBL, EMD db, ENZYME, EPD, EpoDB, ESTHER,
FlyBase, FlyView, GCRDB, GDB, GENATLAS, Genbank, GeneCards, Genlilesne, GenlLink,
GENOTK, GenProtEC, GIFTS, GPCRDB, GRAP GRBase, gRNAsdb, GRR, GSDB, HAEMB,
HAMSTERS, HEART-2DPAGE, HEXAdb, HGMD, HIDB, HIDC, HIVdb, HotMolecBase,
HOVERGEN, HPDB, HSC-2DPAGE, ICN, ICTVDB, IL2RGbase, IMGT, Kabat, KDNA,
KEGG, Klotho, LGIC, MAD, MaizeDb, MDB, Medline, Mendel, MEROPS, MGDB, MG,
MHCPEPS Micado, MitoDat, MITOMAP M|DB, MmtDB, Mol-R-Us, MPDB, MRR, MutBase,
MycDB, NDB, NRSub, 0-lycBase, OMIA, OMIM, OPD, ORDB, OWL, PAHdb, PatBase,
PDB, PDD, Pfam, PhosphoBase, PigBASE, PIR, PKR, PMD, PPDB, PRESAGE, PRINTS,
ProDom, Prolysis, PROSITE, PROTOMAR RatMAPR RDP, REBASE, RGP, SBASE, SCOR
SegAnaiRef, SGD, SGP, SheepMap, Soybase, SPAD, SRNA db, SRPDB, STACK,
StyGene,Sub2D, Subtilist, SWISS-2DPAGE, SWISS-3DIMAGE, SWISS- MODEL
Repository, SWISS-PROT, TelDB, TGN, tmRDB, TOPS, TRANSFAC, TRR, UniGene,
URNADB,V BASE, VDRR VectorDB, WDCM, WIT,WormPep, €tc ... m

Bioinformatics Databases
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Side-note: Databases come
in all shapes and sizes

Databases can be of variable quality and often there are
multiple databases with overlapping content.

Primary, secondary & composite databases

Bioinformatics databases can be usefully classified into primary,
secondary and composite according to their data source.

» Primary databases (or archival databases) consist of data derived
experimentally.
» GenBank: NCBI's primary nucleotide sequence database.
» PDB: Protein X-ray crystal and NMR structures.

» Secondary databases (or derived databases) contain information derived
from a primary database.
» RefSeq: non redundant set of curated reference sequences primarily
from GenBank
* PFAM: protein sequence families primarily from UniProt and PDB

« Composite databases (or metadatabases) join a variety of different primary
and secondary database sources.
* OMIM: catalog of human genes, genetic disorders and related literature
* GENE: molecular data and literature related to genes with extensive links
to other databases.




Today’s Menu

Bioinformatics

Hands-on exploration of several major
Database databases and their associated tools.

B 5
Ahands-on introd
the computer-basci

Your Turn!

https://bioboot.qgithub.io/b 3_S18/lecture

sieoaat github.ie bag

Goals:

= Understand course scope, expectations, logistics and eth e
Understand the Increasing necessity for comgutation In medern life sclences
research.

Ger Introduced to how blolnfarmarics Is practiced

ion is to introduce 2 range [ natics
whilst actively investigating the

cammon

'7 of genomic and bi r Material

data from the Divisian:
Blalogical Selences, UCSD i,

 Overview

» Lecture Slides: La
® Lab:

. F

.

= Handeut: C

« Computer Setup I

Homework:

o Reacings:
PDF1: What Is blolr

BGGN-213: FOUNDATIONS OF BIOINFORMATICS (Lecture 1)

Bioil ics D: and Key Online

https://bioboot.github.io/bggn213_S18/lectures/#1
Dr. Barry Grant

Overview: The purpose of this lab session is to introduce a range of bioinformatics
databases and associated services available on the Web whilst investigating the
molecular basis of a common human disease.

Sections 1 and 2 deal with querying and searching GenBank, GENE and OMIM
databases at NCBI. Sections 3 and 4 provide exposure to EBI resources for comparing
proteins and visualizing protein structures. Finally, section 5 provides an opportunity to
explore these and other further with iti

Side-note: The Web is a dynamic environment, where information is constantly added
and removed. Servers "go down", links change without warning, etc. This can lead to
"broken" links and results not being returned from services. Don't give up - give it a
second go and try a search engine using terms related to the page you are trying to
access.

Section 1
The following transcript was found to be abundant in a human patient’s blood sample.

>examplel
ATGGTGCATCTGACTCCTGTGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGT TGAAG
TT TGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGG
GGATCTGTCCACTCCTGATGCAGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGT
GCCTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACT
GTGACAAGCTGCACGTGGATCCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCA
TCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAG! T TGGTGT! TAAT
GCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTT

The only information you are given is the above sequence so you must begin your
investigation with a sequence search - for this example we will use NCBI's BLAST
service at: http:/blast.ncbi.nlm.nih.gov/

Note that there are several different “basic BLAST” programs available at NCBI
(including nucleotide BLAST, protein BLAST, and BLASTX).

YOURTURN!

» There are five major hands-on sections including:

1.

B

BLAST, GenBank and OMIM @ NCBI
GENE database @ NCBI
— BREAK —
UniProt & Muscle @ EBI
PFAM, PDB & NGL
— BREAK —
Extension exercises

[~35 mins]
[~15 mins]

[~25 mins]
[~30 mins]

[~30 mins]

» Please do answer the last review question (Q19).
» We encourage discussion and exploration!




YOUR TURN!
* There are five major hands-on sections including:
End times:
1. BLAST, GenBank and OMIM @ NCBI [10:45 am]
2. GENE database @ NCBI [11:00 am]
— BREAK — — [ 2@ & —
3. UniProt & Muscle @ EBI [11:35 am]
4. PFAM, PDB & NGL [12:05 pm]
— BREAK — — 12:15am —
5. Extension exercises [12:45 pm]

» Please do answer the last review question (Q19).
» We encourage discussion and exploration!

SUMMARY

Bioinformatics is computer aided biology.

Bioinformatics deals with the collection, archiving,
organization, and interpretation of a wide range of
biological data.

There are a large number of primary, secondary and
tertiary bioinformatics databases.

The NCBI and EBI are major online bioinformatics
service providers.

Introduced Gene, UniProt, PDB databases as well
as a number of ‘boutique’ databases including
PFAM and OMIM.

HOMEWORK

https://bioboot.github.io/bggn213_S18/lectures/#1

M Complete the initial course questionnaire:

M Check out the “Background Reading” material online:

M Complete the lecture 1 homework questions:

ANKYou

O




