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SYLLABUS

Introduction

Data sources

Sequence alignment

Sequence databases and searching
Molecular phylogenetics I.
Molecular phylogenetics II.
Genomics and transcriptomics |.
autumn break

Genomics and transcriptomics |l.
Network and systems biology I. - exam . (lecture 1-6)
Network and systems biology Il.
Network and systems biology Ill.
Protein structure bioinformatics
exam |. (lecture 7-12)



EXAM

Lecture

e 2 written exam during the semester
e Average of those
e |f eitheris1, oral exam is required

Practice

e Maximum 3 absenteeism
e Submit a project
e Group of 3 student



CHOOSE ONE

e RASK (KRAS)
o ERKT(MAPK3)
o JAKT

e |GFIR

o GSK3B

o AXINT

e SMAD?2

e NOTCHIT



WHAT IS BIOINFORMATICS?
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Definition: Bioinformatics

“Research, or application of computational tools and approaches
for expanding the use of biological, medical, behavioral or health
data, including those to acquire, store, organize, archive, analyze,
or visualize such data.” “Bioinformatics applies principles of

information sciences and technologies to make the vast, diverse,
and complex life sciences data more understandable and useful.”

Working definition by the NIH Biomedical Information Science and Technology Initiative Consortium, 2000

http://www.bisti.nih.gov/docs/CompuBioDef.pdf



Definition: Computational Biology

“The development and application of data-analytical and
theoretical methods, mathematical modeling and computational
simulation technigues to the study of biological, behavioral, and
social systems.*

“Computational biology uses mathematical and computational
approaches to address theoretical and experimental questions in
biology.”

Working definition by the NIH Biomedical Information Science and Technology Initiative Consortium, 2000

http://www.bisti.nih.gov/docs/CompuBioDef.pdf
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Tharmacologst |
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Programmer |~
| am
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I am one & only the real Bioinformatist and Computational Biologist. //

/




WHAT IS BIOINFORMATICS?

IN ANARROWER SENSE IN THE BROADER SENSE
e Working with data in life e Molecular bioinformatics
sciences e Sequence and structure of

macro molecules
e Annotations
Network biology



MOLECULAR BIOINFORMATICS

Central dogma of molecular biology

cellular
DNA — RNA — protein —l

phenotype
Central dogma of genomics
, cellular
genome — {transcriptome —>» proteome ——>» phenotype

7

RNA =gy protein
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DATA SCIENCE?
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SCIENCE VS ENGINEERING




Science Engineer
Bioinformatics Computational

Data
sience

Business



BIG DATA

“Big data is like teenage sex;
everyone talks about it,
nobody really knows how to do it,
everyone thinks everyone else is doing it,
so everyone claims they are doing it”.

Dan Ariely, Duke University



THE SUBJECT OF BIOINFORMATICS

Classic bioinformatics
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WITHOUT COMPUTER




CLASSIC
BIOINFORMATICS

Sequence alignment
Statistical analysis (e.g. CG
ratio, gene length)

Genome annotation:
= ORF, gene prediction
= promoter analysis
Sequence database
Sequence searching
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CLASSIC
BIOINFORMATICS

e 3D structure of macro
molecules
e Protein docking




CLASSIC

BIOINFORMATICS
e Molecular phylogenetics
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"OLD" AND "NEW" BIOLOGY

In the (near) past:

For researchers the greatest
the challenge was to produce
good quality data.

Today:

The biggest challenge for
researchers to interpret a
massive set of data is because
biological data collection is
done in bulk, has become
industry-standard.



MODERN

BIOINFORMATICS

e Post-genome era

e Next gen sequencing

e Comparative genomics
e Transcriptomics

e Proteomics

e Systems biology




THE SUBJECT OF BIOINFORMATICS

Data
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NCBI GENEBANK: 2.6*1012 BASE

Bases

1,000,000,000,...
100,000,000,000
10,000,000,000
1,000,000,000
100,000,000
10,000,000

1,000,000

1985 1990 1995 2000 2005 2010



SEQUENCED GENOMES: 72000 ORGANISM

Organisms

100,000 - Archaea

,f_/ —— Bacteria

Complete
10,000 — Fungi
—— |nvertebrate
—— Mitochondrion
— Plant
1,000 —— Plasmid
— Plastid
—— Protozoa

100 — \ertebrate
Mammalian

— Vertebrate
Other

10 — \firal

2005 2010 2015



“And that's why we need a computer.”




TOOLS WE'LL USE DURING THIS COURSE

e Database querying, searching

e Data managing in text files and table

e Web services

e Graphical programs

e 3D structure modelling

e Network analysis and visualization tools

o | INUX



N
0MG-

CanltBeSaturdayNow.com




Linux indows Mac

as seen by...

Mac
Fanboys

Windows
Fanboys

Linux
Fanboys
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LINUX

Distributions

Package managers
Kernel

Shell

File system

Graphical user interface
Remote access



PCLAB

. _ e U13 C102
S o v RS0 04
Sl wmand -
Raspberry Pi Model B+ V1.2 03 m M
-« N>
o -

Raspberry Pi 2014 L
(©Raspberry S mm o
= [ c20

-

»
~
w
3

e

vl

SRR .

>
-<
2
o -
s -
—
=

R3
Ridw»
R33n »

. w=9 28R62 R¥Suw
R60 R32m»

R49

R58
/€108 D5

psv- tn

::Ml

- =
)
=wa S
=

PR )

- de

Bl
-
i
-
-
B
-y
=
-
.
el
e
el
-
.
.
-
-«
e

Y — N

O s IIIIII

||
18

0 m

“ann C3
1 »RSS
T

C60 CEI==

CAMERA
ENRRERANAAARAAN. 3

~




DATA STORING




SEQUENCE - FLAT FILE



SEQUENCE - FASTA FILE

Homo sapiens chromosome 16, GRCh38 Primary Assembly

NCBI Reference Sequence: NC_000016.10
GenBank Graphics

>gi|568815582:¢355241-287440 Homo sapiens chromosome 16, GRCh38 Primary Assembly
CTCCAGGCTTTCTGACCCCCTTCCTGTCCCTGCAGGGCAGGGGLCCCGAGGAGCTGGAGGCCCAAGGGLC
TTGTTCTGGTCCCAGGGLCTGGGGACACCTGCCACCGAGGGLCCAAGAGGAGGATGOACGTGGACACAGCC
CCGAGAGCCTGGCCCOGACACAGCAGCAGCTCTOCAGAACCAAGGCAAGCATTGOGGACCTTGTTGGGAG
TCGGGGGGCAGCCCAGGGGCCAGTGTCTGAGGTCCTGCTGTCTGTCTGGCCACCCAGGACTCCCTCATCC
CTGGAAACTGTGCTTTACCATGGAGGCCACCCACTCTGTCTCCTCTAAGGTTCTGAGGCTGAATGGGCTA
GGGGGCTTGCGGGGAGGCCCCAGTGTCCAGCACTGTGGGACCTGGCAGGGTGCCTGCGGCCAGGACCCAG
CGGGGCCAGGTGTTGGTCTAACAGTGCAGCTTCGTTCATATCCCCAGCCCCTGCCCACCTGCTCTGAGCA
CAGTGATGGCCCTGGGAGGTGGGCCTGGGCCCTTGGCAGGCTGGGGACAGCCTAGTGGCCCTTGTCCCAT
GCTACCCCCTTTCCCACACAGCGATGCTGGCATCAGACACCATGCTGAGTGLTGGCAGGGGCGAGGGLTG
GGAGGCTTCCACACATGGTTCCCCATGCAGTCCCACCTGTGGGCATCTGGTTGGGGGTAGGCTGGAAGCT
CGGGGAGCCTGGAGCTGGGACTTCTGTGLCTTGCCTGGGAGCTCTGAAGGGTGAGGCTGGGCATCCAGGGT
GACACAGCCCAGGGAAAGACATGGOGGGTGACGTGAGAGGTGCCTGGAGGGAGCTGGCAGGTATGGACATG
ATGGACACGGAAGCACGGAGGCGGGCAAGTGGCCAGACGCATCTAGGGGAAGGTGTGGGGGAGGCGCCCT
TAGGAAGGGCCCTGAAGGGCTGTGGGCAGCAGGGAGCCCTGGGAGGCCTAAAGCAGAGGGCAGATAGATG
AGGGCTGTTGTCTCAGGTGTGGGGCGGACGAGGTGGGGAGCCCTCACCCAACAGGAGGCGAGLTGGTCCT
GTGTGGCCTGAACTGCAGCTGTCTCCTCTGTGAAACGGGGGTATAGCTGACCCCAGGGGGCTGLCTGGAG
CATCCCGGGAGGTGCCAGGCCCAATAGTGCTCTGGGAAGGACAGGGCCCTGGACTGTTGTGGGAGGCGGC
AGATCCTGGTACTCACATCCTCCTCCTTGGGGAGGGCCTGATGGTTGGCTGAGGCCTGGGTGGAGAGCAG
AGGGTTGGTTCTGACAGGGTTGGGCTGGCCAGAGCTGGTGCTGGGGCTGCTGCTGGGGGCCCOTGCCTCT
CTGCCGTGGGGTGCCTGGGGCTGTGACCTCATGCTCTGTGGCCTGCAGGGCAAGTGACACGGATCTGGGL
AGCCAGGGTGGCAGGATCGGACTGGACCCCTTGGCAGGGCCGCTGTGGAGACAGCCCAGGGGAAGGGGTG




SEQUENCE - WITH ANNOTATIONS

Homo sapiens: GRCh38.p11 (GCF_000001405.37) Chr 16 (NC_000016.10): 2,216,453 - 2,307,568

Reset All Share this page FAQ Help Browser Agreement Version 4.2
pI3.3 piz.2  pi3a pi2 pl.2 plll qlld qn.2 qi21 qi2.2 qI3 q21 q22 q23 q24
1 i | I - 1 1 | |8
4 | Regionv |RNPS1 v ||NM_006711.4 v | W | {p coooocoo00
Gene Transcript Exons: click an exon above to zoom in, mouse over to see details
& NC_000016.10: 22M..2.3M (91Kbp) - <O O | @, | @ AT == RToolsv L | Tracks> & ? ~
|2.228 K [2.230 K |2.248 K |2.250 K 2,268 K |2.278 K |2.288 K [2.298 K |2.300 K
Genes, NCBI Homo sapiens Annotation Release 108, 2016-06-07 ! *®
E4F1 RNPS1

NM_684424.4 p—s——=—HH10 NP_BB441532 NP_8@81273556.1 |} HH—+— NM_8e1286627.1
IM_881288776.1 —b——}—=—HHHH NP_BB1275705.1 NP_601273556.1 | || : HiH ' NM_001286626.1
IM_8812887781 b= |——H—ll NP_BB1275707.1 NP_542161.1 || | i} =] NM_B20594.3

%R_429636.3 ——b——-vt—|—>—H{HH B} = NR_104435 1

%R_243266.4 F——>———HH{H KP_BB5255105.1 | i it || XM _BB5255048.1

®M_665255155.1 == 10 xP_2o52552121 KP_B16878363.1 | =i | KM_B17022874.1

*M_0115224021 f—s——t—|=—HHH10 <P_211526704.1 KP_BB5255106.1 | e} HHH—=" xM_bas255649.3
®M_805255156.1 ————>—HHH 1IN xP_po52552131 NP_0667082.1 | |-} : HHH— nr1_sec711.4
M_217622010.1 =10 <P 2162724991 NP_881273554.1 | i || NM_BB1286625 1
XM_811522403.1 f——tr—4—}=—{HH 10 %P _211520705 1 LOC167984839 LOC1GEEE0E0E
#M_ 9170230111 f——tr—d—{——{HH 0 <P_216878500.1 wR_po1752052.1 B NR_1329881 F—s—at—
XR_DB1751853.1 ==~ B ’ '
M_Be6720858.1 —t—t——=—HHH10 xFP_0067209211 MIR3E77 [+3] |
ECI1 f
NP_801171506.1 st ———| NM_8811728629.1 npoetesez -ttt ——t——t
NP_091918.2 ||| NM_B81913.3 MIR94G
DNASEIL2 NR_B30636.1 | hsa-miR-94@
XM_B11522399.1 "'ﬂﬁ ®P_B11526761.1 MIR4717 [+3] I

NM_881374.2 i NP_2e1365.1
NM_oe13e1686.1 HHH NP _Be1288669.1



NETWORK - PLAIN TEXT

source_name; source_uniprotAC;source_speciesID;source_species;source_topology;source_pathways;target_name;target_uniprotAC;target_speciesID;target_species;target_t
opology;target_pathways;layer;interaction_type;directness;effect;references;source;confidence_score;score_from_the_source

JAK2 ;060674 ; ENSGOOP@2096963;H. sapiens;Mediator;JAK/STAT(core);PTPN11;Q06124;ENSGO@@@0179295;H. sapiens;Co-factor,Scaffold;RTK(non-core),JAK/STAT(non-
core);Interaction between pathway members;PPI directed;direct;stimulation;8995399|8995399|21071413|20542890;8iogrid(url: http://thebiogrid.org/ ,pmid: 21871413),
Signalink 2.0 (manual curation)(url: http://signalink.org ,pmid: http://signalink.org);;

PTPN11;Q06124; ENSGO@@00179295;H. sapiens;Co-factor,Scaffold;RTK(non-core),JAK/STAT(non-core);JAK2;060674 ; ENSGOOO@O096968;H. sapiens;Mediator;JAK/STAT(
core);Interaction between pathway members;PPI directed;indirect;unknown;14522994|8995399|8639815|8912646|7559603|8912646|8995399 | 18988627 | 20542890 |21071413 ;HPRD(
url: http://www.hprd.org/ ,pmid: 18988627), Signalink 2.0 (manual curation)(url: http://signalink.org ,pmid: http://signalink.org), Biogrid(url: http://thebiogrid
.org/ ,pmid: http://thebiogrid.org/);;

IRS1;P35568; ENSGOO000169047;H. sapiens;Mediator,Scaffold;RTK(core),JAK/STAT(core);JAK1;P23458;ENSGOO000162434;H. sapiens;Mediator;RTK(core),JAK/STAT(

core) ;Interaction between pathway members;PPI directed;direct;stimulation;9492017|9492017|21071413|20542890;Biogrid(url: http://thebiogrid.org/ ,pmid: 21871413),
Signalink 2.0 (manual curation)(url: http://signalink.org ,pmid: http://signalink.org);PRINCESS: 2809.6;

JAK1;P23458; ENSGO0000162434;H. sapiens;Mediator;RTK(core),JAK/STAT(core);IRS1;P35568;ENSGRO000169047;H. sapiens;Mediator,Scaffold;RTK(core),JAK/STAT(
core);Interaction between pathway members;PPI directed;indirect;unknown;9013940|7499365|11162588|18988627|21071413|20542890;HPRD(url: http://www.hprd.org/ ,pmid:
18988627), Biogrid(url: http://thebiogrid.org/ ,pmid: http://thebiogrid.org/), Signalink 2.0 (manual curation)(url: http://signalink.org ,pmid: http://signalink.
org) ; PRINCESS: 2809.6;

GSK3B;P49841; ENSGO0000082701;H. sapiens;Mediator,Co-factor;RTK(non-core),RTK(core),Hedgehog(core),TGF(core),WNT/Wingless(core);AXIN1 ;015169 ; ENSGO0000103126;H.
sapiens;Mediator,Scaffold;RTK(non-core),TGF(non-core),TGF (core),WNT/Wingless(core);Interaction between pathway members;PPI directed;direct;stimulation;10318824|97
34785|9734785|9734785|12511557| 16199882 | 18632848 | 21242974 | 21242974 | 19131971 | 21502811 | 9482734 | 18488109 | 10581160 | 17318175 | 9734785 | 18988627 | 20542890 | 21071413 ; HPRD(
url: http://www.hprd.org/ ,pmid: 18988627), Signalink 2.0 (manual curation)(url: http://signalink.org ,pmid: http://signalink.org), Biogrid(url: http://thebiogrid
.org/ ,pmid: http://thebiogrid.org/);;

AXIN1;015169; ENSGOO000103126;H. sapiens;Mediator,Scaffold;RTK(non-core),TGF(non-core),TGF(core),WNT/Wingless(core);GSK38;P49841 ; ENSGOO000082701;H.
sapiens;Mediator,Co-factor;RTK(non-core),RTK(core) ,Hedgehog(core),TGF (core) ,WNT/Wingless(core);Interaction between pathway members;PPI

directed;indirect;unknown; 9554852 |9734785|9734785|9734785| 18228155 | 21502811 | 28542890 | 21071413 ;Signalink 2.@ (manual curation)(url: http://signalink.org ,pmid:
20542890), Biogrid(url: http://thebiogrid.org/ ,pmid: http://thebiogrid.org/);;

MAP2K1;002750; ENSGe@200169032;H. sapiens;;RTK(core),Hedgehog(core);MAPK3;P27361; ENSGOO000102882;H. sapiens;Mediator;RTK(core),JAK/STAT(core),TGF(
core);Interaction between pathway members;PPI directed;direct;stimulation;11242034|9733512|10748187|10748187|8226933|20542890|21071413;Signalink 2.0 (manual
curation)(url: http://signalink.org ,pmid: 20542890), Biogrid(url: http://thebiogrid.org/ ,pmid: http://thebiogrid.org/);;

MAPK3;P27361; ENSGO0000102882;H. sapiens;Mediator;RTK(core),JAK/STAT(core),TGF(core);MAP2K1;Q02750; ENSGOO000169032;H. sapiens;;RTK(core),Hedgehog(
core);Interaction between pathway members;PPI
directed;indirect;unknown;9922370| 9006895 | 8626767 | 8226933 | 8226933 | 10748187 | 8626767 | 8226933 | 18988627 | 28542890 | 21671413 ;HPRD(url: http://www.hprd.org/ ,pmid:
18988627), Signalink 2.0 (manual curation)(url: http://signalink.org ,pmid: http://signalink.org), Biogrid(url: http://thebiogrid.org/ ,pmid: http://thebiogrid.
org/);;

SMAD3 ; P84022; ENSGO@@00166949;H. sapiens;Mediator,Transcription factor;RTK(core),NHR(core),TGF(core),WNT/Wingless(non-core),WNT/Wingless(

core);ESR1;P@3372; ENSGO0000091831;H. sapiens;Receptor,Transcription factor;NHR(core),TGF(non-core);Interaction between pathway members;PPI
directed;direct;stimulation;11555647|20542890;Signalink 2.0 (manual curation)(url: http://signalink.org ,pmid: 20542890);;

ESR1;P03372; ENSGOG@@@091831;H. sapiens;Receptor,Transcription factor;NHR(core),TGF(non-core);SMAD3;P84022;ENSGO0000166949;H. sapiens;Mediator,Transcription
factor;RTK(core),NHR(core),TGF(core) ,WNT/Wingless(non-core) ,WNT/Wingless(core);Interaction between pathway members;PPI
directed;indirect;unknown;11555647 | 28287742 |11555647 | 18988627 | 21671413 | 20542890 ;HPRD(url: http://www.hprd.org/ ,pmid: 18988627), Biogrid(url: http://thebiogrid.
org/ ,pmid: http://thebiogrid.org/), Signalink 2.0 (manual curation)(url: http://signalink.org ,pmid: http://signalink.org);;

PEA15;Q15121; ENSGO@@00162734;H. sapiens;Co-factor;RTK(non-core);MAPK3;P27361;ENSGOO@00102882;H. sapiens;Mediator;RTK(core),JAK/STAT(core),TGF(core);Interaction




NETWORK - TABLE

SOUrce_nz source_ur source_sp source_sp source_to source_pé target_naitarget_un target_spe¢target_spetarget_togtarget_patlayer interactio

JAK2 060674
PTPN11 Q06124
IRS1 P35568
JAK1 P23458
GSK3B P49841
AXIN1 015169
MAP2K1 Q02750
MAPK3  P27361
SMAD3  P84022
ESR1 P03372
PEA1S Qis121

ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.

sapiens Mediator JAK/STAT(PTPN11 Q06124
sapiens Co-factor, RTK(non-cJAK2 060674
sapiens Mediator, RTK(core) JAK1 P23458
sapiens Mediator RTK(core) IRS1 P35568
sapiens Mediator, RTK(non-c AXIN1 015169
sapiens Mediator, RTK(non-¢ GSK3B P495841
sapiens RTK(core) MAPK3  P27361
sapiens Mediator RTK(core) MAP2K1 Q02750
sapiens Mediator, RTK(core) ESR1 P03372
sapiensReceptor, NHR(core! SMAD3  P84022
sapiens Co-factor RTK(non-c MAPK3  P27361

ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.
ENSGO0000 H.

sapiens Co-factor, RTK(non-cInteractio PPI direct:
sapiens Mediator JAK/STAT{Interactio PPI direct:
sapiens Mediator RTK(core) Interactio PPI directs
sapiens Mediator, RTK(core) Interactio PPI direct
sapiens Mediator, RTK(non-cInteractio PPI direct:
sapiens Mediator, RTK(non-c Interactio PPI direct:
sapiens Mediator RTK(core) Interactio PPI direct
sapiens RTK(core) Interactio PPl direct:
sapiens Receptor, NHR(core' Interactio PPI direct:
sapiens Mediator, RTK(core) Interactio PPI direct:
sapiens Mediator RTK(core) Interactio PPI direct



NETWORK - RELATIONAL DATABASE

(7 id INT(11)
» name VARCHAR(20)
<> comment VARCHAR(255)

! id INT(10)
& protein_id INT(11) o
(30 topology_id INT(11)

[ pathway_id INT(10)
7 is_central TINYINT(2)

L/ id INT(10)
< name VARCHAR(50)
< comment TEXT

7 id INT(11)
£ protein_id INT(11)

2 dname VARCHAR(25)
 type VARCHAR(25)

m
£ id INT(11)
(1) protein_id INT(11)
< primary_uniprot_name VARCHAR(6)
S alt TINYINT(1)
< type VARCHAR(20)
2 name VARCHAR(150)

m

! IdINT(10)
< uniprot_name VARCHAR(6)
2 nebi_tax_id SMALLINT(4)

2 is_tf TINYINT(2)
 is_drugtarget TINYINT(2)

. is_cancer_related TINYINT(2)
 comment TEXT

e

m
/ id INT(10)
» name VARCHAR(60)

“» ac VARCHAR(10)

A > targetinTo)

Jid INT(11)
& weight_id INT(10)

'\ interaction_id INT(10)
< weight FLOAT

< jaspar_offset INT(11)
 jaspar_seq_id INT(11)

m
| id INT(10)
(J source INT(10)

& is_direct TINYINT(4)

2 Is_directed TINYINT(4)
» Is_stimulation TINYINT(4)
< source_domain INT(10)
 target_domain INT(10)
 target_motif INT(10)

> layer TINYINT(4)
oy

MySsQL:

¢y id INT(10)
& name VARCHAR(128)
 default_value FLOAT

/id INT(10)

< pubmed_id INT(10)
< description VARCHAR(500)

() interaction_id INT(10)
& reference_id INT(10) 3,

(O interaction_id INT(10)
< source_id INT(10) O

m

7 1d INT(10)

2 reference_id INT(10)
 db_name VARCHAR(50)

. description TEXT
0 url VARCHAR(150)
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