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Bioinformatics
RS B

Question to you!

O What is Bioinformatics?

O How about bioinformatics research in
1. Introduction ZJU, China and around the world?
Bioinformatics — Biological Big Data

O What are the current hot topics and
future directions?

O How can you be a bioinformatian?

M4 (mchen@zju.edu.cn)
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Two ways of looking a biological

problem

Top-down
approach

Biological Complexity

O In Escherichia coli, for instance, there are 225,000 proteins,
15,000 ribosomes, 170,000 tRNA-molecules, 15,000,000
small organic molecules and 25,000,000 ions inside the a
Bottom-up

few pm cell.
approach
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Life's Complexity Pyramid
(Oltvai-Barabasi, Science 10/25/
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Biological Systems
i

Complex systems of {

simple elements have \ ’
functions that emerge
from the properties of the

networks they form.

Biological systems have
/I\ﬁg functignslthat relyona
combination of the
network and the specific
elements involved.
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1911 | Fruit flies il

111 | one gene,
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puter Big 1915

Hoppers first compiler 1952__| Genes are made of DA

Francis Crick, James Watsonfll
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Francis Crick, 1958; Nature 227 ,

1970
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Protein synthesis

AT life

= Bjochemistry =¥t #examines the rudimentary
chemistry of life;

=_Molecular biology 711 :¥)*studies the complex
interactions of systems of biological molecules;

= Cellular biolol_gy 4l il 4 #)4#examines the basic
building block of all life, the cell;

= Physiology ‘LE¥i%~examines the physical and
chemical functions of the tissues, organs, and
organ systems of an organism;

= and Ecology :75%-examines how various
organisms interact and associate with their
environment.
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Andrcas von Bechtolshein ctal found Sun Microsystens; GN) by 1952
Richard Stalluan. SWTP is publ ished.

Korn_shell (ksh) relased by David Korn 1983
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introduce macintosh Systen 1.0

Bjarne Stroustrupgl 155+ Apple-introduce 1985 | Kary. MulLis @3 PCREEA et e mi canios).
sacintosh Systen 2.0 YR MK 111 windows 1.0 il
Apple introduce macintosh System 3,0 1956 A 6 7 51 K R DDB J 2 5 | I
WISS-PROT ST ; imyrasss RIEN
“8 6 3itR"
Larry Wal liiHiPer L 5 =
Awple.introduce macintosh Systea 4. 0; Windons 2.0

Compact Disk Recordable (CDR)
Apple introduce macintosh Systen

Pearson S IFASTARE
6.0

1988 | R EFAYERST AL (NCBT) Rz

£ 1L (03) patent: the JPEG standard.is adopted 1959
Wi protocol

WPEG audio L
Tin

F; HTTP 1.0 friff '&’H 1990
to exist (INTERNET). Archie by Ala

A U&W’HH WH P) H J)

Nosaic web browser 1.0 released, CERY announced W would be. 199 | G4

free 1o anyone

Wicrosaft windovs NT3. 1:FrecBSD version 1.0 relacased

EPME B REIE (1)

Linux kernel 2.1

I ELRE KR EREEEd
Windows 2000 2000 SRR A2 LR U (0 A
I
Wiridows XP 2001 | % H. VLt 6 ERE A ECeTera A ]

i N RAL P R0 53 BT o
(CCBY284T: IS AR IE

2002 | ERIMEFEATR

Windows Server 2003, Sony Blu-Ray DVD, DragonFly BSD | 2003
project announced. Linux kernel 2.6

HGPE R,

IB's Blue gene/L super computer. Internet speed 2001
record broken 7 Pioneer announce NGS.
optical drives to store 500GB of data. Optical
network speed record broken. 101gh/s

Proteomics:

Decoding the Genome
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Global Information Storage Capacity
in optimally compressed bytes

ANALOG STORAGE

DIGITAL
0.02 exabytes

“beginning
of the digital age”
50
% digital:
1% 3%

2007 aNALOG

19 exabytes

Paper. film, auditapeanduingl 6%
Anatogideotapes s, <t 3¢ AnALos
Portable medls, lashdrives 1% .
Portablebardisks 24% oeAL §
€Oz and minidisks 6%

- Computer servers and mainframes: 89 %

&

-Digitaltape:118%

OVD/Biuray: 228%

-PCharddisks 445 %
123 biion gigabytes

Others: < 1% linc.chip cand, memary carck Noppy dsks,

DIGITAL
280 exabytes

Source: Hilbert, M., & Lopez, P. (2011). The World's
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O Key development in the past 5 years

B Biology

B Computer science
B Information technology

—
Megabyte (MB) 106
Gigabyte (GB) 10°
Terabyte (TB) 1012

Exabyte (EB) 1018 =260
: 5ET

Zettabyte (ZB) 102! m=mmn
Yottabyte (YB) 1024 ==

EBI stores 20 petabytes
CERN generates 15 PB every year!
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Genomic-achievements—since - HGP

Genomic achievements since the Human Genome Project

Nature 2011, 470: 204-213
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Genetics-&-Genomics
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Omics to Systems Biology
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Personal Genome and data
Every 10-12

month:
+ Data doubled
+ Seq cost half

Rt 2
206 2008, 2010 2012

20 Billion $ (2001) 1 Bllhon $/(2004)1 Million $ (2008) 0.1 Million $ (2011
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2001) (2002-20NKR 20113
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lHHuMmina Hiseq X Ten

« cost $10 millions
« 125 bp read length
+ $1000 per genome
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@/NANOP_OBE MinION

« cost $900
+ 80 kb read length

¥200/exome (2020)?
End of 2020, 90Million Chinese to be genome
sequenced!
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advisory board presentation)

The Problem of Big Data in Biology

A decade’s progress
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. Power + Data
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2003: 2012:
Oxford Nanopore
MinilON

ABI 3730 Sequencer

Human Genome:
$900, 6 Hours

Human Genome:
$2.7 Billion, 13 Years

The Problem of Big Data in Biology

ihed onine 3 September 2008 | Nature 488, 16-21 (2008) |
01:10.1038/4550163
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“BGl, based in China, is the
world’s largest genomics
research institute, with 167
DNA sequencers producing
the equivalent of 2,000
human genomes a day.

New JJork i .
EheNew ok Eimes Business Day

DNA Sequencing Caught in Deluge of Data

BGI churns out so much
data that it often cannot
transmit its results to clients
or collaborators over the
Internet or other
communications lines
because that would take
weeks. Instead, it sends

ng

the data, via FedEx.”
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Post-genomic era

O Sequence - Structure = Function
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Biology + Informatics = Bioinformatics

But
1+1=/=2
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Bioinformatics
Experiment Computation
Information Technology
Hardware & instr ia i & Physical Models

DNA Sequence

Gene & genome
organization

SR CllEIGS
Statistical

Genomic data genetics

Molecular evolution

Protein structure,
folding, function & i
interaction = rotein structure prediction, protein

Metabolic pathways Jynamics, protein folding and

regulation
Signaling g e Z Y
Networks R Dynamical
- . " | system
Physiology & cell N
biology N modelling
Interspecies
interaction

Ecology &

environment

el A EY(E B (2006)
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O Agriculture & # 4=
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Bioinformatics
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n knowledge
1k+ databases
N tools

How can we exploit them to reveal

the mechanisms of life?...
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Approaches
in Integrative
Bioinformatics

Towards the Virtaal Cel
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“And that's why we need a computer.”
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Genome regulation data

Gene expression data’

Integration and building
predictive models

L

< -
Proteome data

Phenotyping
data

RS 187 3 | I——

Metabolome data|

Core Computational Facility:
Data Processing, Storage,
and Dissemination

Core Laboratory Facility:

Data Generation . .
Bioinformatics

(1) L1MS for raw data & protocol
(2) Preprocessed data management
(3) High performance computing
(4) Data validation and integration
(5) Knowledge representation

Cyber-infrastructure, Data Management, Data Analysis Pipeline, and Data Display

Computing Biological Complexity

A
Protein machine
Interactions
1000 TF = Molecule-based
cell simulation
Molecular machine
classical simulation
Cell, pathway, and
100 TF= network
simulation
A ‘Community metabolic
e regulatory, signaling simulations
Constrained :
rigid ~ " Constraint-based
10 TF docking flexible docking
Current ; H)’
) [l &
Computing | .

%&X@ Genome-scale
1TF* 4 i“,,, l"i 23 Y; protein threading

‘i,' 7 Comparative
e genomics

v

*Teraflops Biological Complexity
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Current Subfields in Computational Systems Biology

Developing
* " this capability

elation

SVM
“Bayesian
*SOM

DOD, DOE, NIH etc.
clients’ effort

0Vo sequencing
“Metabolite characterization

atics Analyses

: d Y,
“BIND ®wag Current effort

*Annotations Mgt
“TransPath P

10 Useful Bioinformatics Skills to
Have

1. Good communications skills. As a
bioinformatics specialist, you will be
communicating complex data to people
with a variety of backgrounds. It's very
much like being a translator. You have to
know the languages involved, and you
have to be an expert communicator in
order to help people understand each
other.

10 Useful Bioinformatics Skills to
Have

3. The ability to multitask. You will
need to be able to handle several complex
tasks at a time. This can be a high
pressure job with deadlines that have to
be met. The ability to multitask will help
you manage your job with less stress.

2015/9/21

10 Useful Bioinformatics Skills to
Have

OBioinformatics is a highly specialized,
technical field. You need a background in
both biology and in information
management, as well as specialized skills
specific to the field of bioinformatics. Here
are ten of those skills that it’s good to
have.

10 Useful Bioinformatics Skills to
Have

2. Good teamwork skills. Bioinformatics
is not for lone rangers. Researchers can
sometimes work independently, but
bioinformatics is about information and
communication. You will be working on a
team with people who have diverse
backgrounds and differing areas of
expertise. Good teamwork skills are
essential.

10 Useful Bioinformatics Skills to
Have

4. Flexibility. You may be moved from
one project to another as your skills are
needed. You may have to put aside a
project you are working on to help
someone with an urgent request. You may
need to stop what you are doing and
explain a computer model to a scientist.
Flexibility is a key skill to have in
bioinformatics.

10



10 Useful Bioinformatics Skills to
Have

5. A working knowledge of biology
and its applications. You don’t have to
be an expert in biology, but you do need
to know what kind of information you are
working with. It is especially useful to
know about molecular biology and
genetics and to understand recent genetic
research.

10 Useful Bioinformatics Skills to
Have

7. Skill in data mining. Being able to
extract data from multiple resources is
invaluable.

10 Useful Bioinformatics Skills to
Have

2015/9/21

10 Useful Bioinformatics Skills to
Have

6. Proficiency in computer languages.
You need to know basic programming
languages like JAVA and HTML, SQL and
PERL. Most bioinformatics programming
utilizes PERL.

10 Useful Bioinformatics Skills to
Have

8. Good data visualization skills. You'll
need to be able to take complex data and
interpret it into models and other ways
that make it understandable for biologists
and other team members.

9. Experience with bioinformatics
tools, such as Blast, BLAT, sequence
analysis algorithms and clustering tools.

10 Useful Bioinformatics Skills to
Have

10. Experience in using bioinformatics
resources, such as the UCSC genome
browser and Entrez. You'll need to be
familiar with the National Center for
Bioinformatics (NCBI) and the database
and analysis tools available on their
website.
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Global Bioinformatics Industry
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Ming Ches's Group of Bioinformatics

@ College of Life Sciences, Zhejiang University
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2 Home: Welcome ¥ Welcome to Bioinformatics Group!

n this page

Introduction

The Group of ioinformatics, led by Prof. Dr. Ming Chen, aims at the research and development Bioinformatics for a
the implementation of new and innovative algorithms but also on ways how to facilitate bioinformatics analysis for la
within the College of Life Sclences at Zhejlang University. It has also strong ties to other institutes, such as University |
Germany. Institute of Cytology and Genetics S8 RAS, Russia. the Departments of Mathematical Sciences & Biological §

» Books edited

| BIOINFORMATICS.
ELT ..

Practice

O Quiz (10%)
O Exam (60%)

O Homepage (30%)
m  Apache httpd server
m HTML
B Sequence analysis
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