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Where can | get additional information?
(www.mygoblet.org)
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SolBio International Conference 2016
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Fri, Aug 21 2015
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Seminar

Modus 2021 — Vorbesprechung am 22. April
(weitere Info folgt tber slack)



Ubung

* Im Anschluss an die Vorlesung
— Pro Ubung kénnen 20 Punkte erreicht werden

— Mit Hilfe der Ubungspunkte kdnnen bis zu 10%
der Klausurpunkte abgedeckt werden.

— Copy&Paste Losungen werden nicht anerkannt



Ablaufplan der Vorlesung

April 15. Einflihrung in die Veranstaltung

22. Methoden der Hochdurchsatz-DNA Sequenzierung

29. Assemblierung von Genomen aus Whole Genome Shotgun Daten
Mai 06. Die Verwendung von De Bruijn Graphen in Velvet

13. Feiertag (Christi Himmelfahrt)

20. Mapping & Referenz-basiertes Sequenz-Assembly

27. Algorithmen in der Analyse von RNA-Seq Daten
Juni 03. Feiertag (Fronleichnam)

10. Sequenzalighnments: schneller und/oder besser

17. Markov-Ketten und hidden Markov Modelle

24. Modelle und Algorithmen in der DNA Sequenzevolutions-Analyse
Juli 01. Algorithmen in der Phylogenie-Rekonstruktion

08. Algorithmen in der Orthologensuche

15. Analyse von Clip- und Chip-Seqg-Daten
August 05. Klausur



Am Anfang steht die Sequenz

>hgl9 dna
GAGGGTGGAGACGTCCTGGCCCCCGCCCCGCGTGCACCCCCAGGGGAGGC
CGAGCCCGCCGCCCGGCCCCGCGCAGGCCCCGCCCGGGACTCCCCTGCGG
TCCAGGCCGCGCCCCGGGCTCCGCGCCAGCCAATGAGCGCCGCCCGGCCG
GGCGTGCCCCCGCGCCCCAAGCATAAACCCTGGCGCGCTCGCGGCCCGGL
ACTCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTC
CTGCCGACAAGACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCAC
GCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCTCCCTCCCCTG
CTCCGACCCGGGCTCCTCGCCCGCCCGGACCCACAGGCCACCCTCAACCG
TCCTGGCCCCGGACCCAAACCCCACCCCTCACTCTGCTTCTCCCCGCAGG
ATGTTCCTGTCCTTCCCCACCACCAAGACCTACTTCCCGCACTTCGACCT
GAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGACG
CGCTGACCAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCC
GCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAACTT
CAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATGGCG
CCTTCCTCGCAGGGCAGAGGATCACGCGGGTTGCGGGAGGTGTAGCGCAG
GCGGCGGCTGCGGGCCTGGGCCCTCGGCCCCACTGACCCTCTTCTCTGCA
CAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGC
CGAGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTCTG
TGAGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTGGCC
ATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCA
CCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCGGCAGCCTGTG
TGTGCCTGAGTTTTTTCCCTCAGCAAACGTGCCAGGCATGGGCGTGGACA
GCAGCTGGGACACACATGGCTAGAACCTCTCTGCAGCTGGATAGGGTAGG
AAAAGGCAGGGGCGGGAGGAGGGGATGGAGGAGGGAAAGTGGAGCCACCG
CGAAGTCCAGCTGGAAAAACGCTGGACCCTAGAGTGCTTTGA



Am Anfang steht die Sequenz
/gt ana ™

GAGGGTGGAGACGTCCTGGCCCCCGCCCCGCGTGCACCCCCAGGGGAGGC

CGAGCCCGCCGCCCGGCCCCGCGCAGGCCCCGCCCGGGACTCCCCTGCGG DNA/RNA/Protein?
TCCAGGCCGCGCCCCGGGCTCCGCGCCAGCCAATGAGCGCCGCCCGGCCG DNA Replication?
GGCGTGCCCCCGCGCCCCAAGCATAAACCCTGGCGCGCTCGCGGCCCGGL
ACTCTTCTGGTCCCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTC Orientation of DNA?

CTGCCGACAAGACCAACGTCAAGGCCGCCTGGGGTAAGGTCGGCGCGCAC : :
GCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGTGAGGCTCCCTCCCCTG Signal sequences in DNA?
CTCCGACCCGGGCTCCTCGCCCGCCCGGACCCACAGGCCACCCTCAACCG Transcription and splicing?
TCCTGGCCCCGGACCCARACCCCACCCCTCACTCTGCTTCTCCCCGCAGG -
ATGTTCCTGTCCTTCCCCACCACCAAGACCTACTTCCCGCACTTCGACCT Further mRNA processing?
GAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGACG Translation/Genetic Code?
CGCTGACCAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCC
GCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAACTT
CAAGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATGGCG
CCTTCCTCGCAGGGCAGAGGATCACGCGGGTTGCGGGAGGTGTAGCGCAG

GCGGCGGCTGCGGGCCTGGGCCCTCGGCCCCACTGACCCTCTTCTCTGCA >hgl9_protein
CAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGC MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLS
CGAGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTCTG FPTTKTYFPHFDLSHGSAQVKGHGKKVADALTNAVAHV
TGAGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTGGCC DDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAA
ATGCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTGCA HLPAEFTPAVHASLDKFLASVSTVLTSKYR

CCCGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCGGCAGCCTGTG
TGTGCCTGAGTTTTTTCCCTCAGCAAACGTGCCAGGCATGGGCGTGGACA
GCAGCTGGGACACACATGGCTAGAACCTCTCTGCAGCTGGATAGGGTAGG
AAAAGGCAGGGGCGGGAGGAGGGGATGGAGGAGGGAAAGTGGAGCCACCG
CGAAGTCCAGCTGGAAAAACGCTGGACCCTAGAGTGCTTTGA 44//

\_




Am Anfang steht die Sequenz
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ICCTGGCCCCCGCCCCGCGTGCACCCCCAC
!IGGCCCCGCGCAGGCCCCGCCCGGGACTCC
!ICGGGCTCCGCGCCAGCCAATGAGCGCCGC
1ICCCCAAGCATAAACCCTGGCGCGCTCGCC
ICACAGACTCAGAGAGAACCCACCATGGTC
IAACGTCAAGGCCGCCTGGGGTAAGGTCGC
iTGCGGAGGCCCTGGAGAGGTGAGGCTCCC
ICCTCGCCCGCCCGGACCCACAGGCCACCC
ICCAAACCCCACCCCTCACTCTGCTTCTCC

Geschichte [CTCCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGA Struktur
ZGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGT
GCCCTGAGCGACCTGCACGCGCACAAGCTTCGGGTGGACCCGGTCAACTT
" AGGTGAGCGGCGGGCCGGGAGCGATCTGGGTCGAGGGGCGAGATGGCG
TTCCTCGCAGGGCAGAGGATCACGCGGGTTGCGGGAGGTGTAGCGCAG
GGCGGCTGCGGGCCTGGGCCCTCGGCCCCACTGACCCTCTTCTCTGCA
GCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGC
AGTTCACCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTCTG
AGCACCGTGCTGACCTCCAAATACCGTTAAGCTGGAGCCTCGGTGE
GCTTCTTGCCCCTTGGGCCTCCCCCCAGCCCCTCCTCCCCTTCCTG
CGTACCCCCGTGGTCTTTGAATAAAGTCTGAGTGGGCGGCAGCCTG
TGCCTGAGTTTTTTCCCTCAGCAAACGTGCCAGGCATGGGCGTGGA

Evolutiondre

ssssssss

=: & % B AGCTGGGACACACATGGCTAGAACCTCTCTGCAGCTGGATAGGGTA
3 AAGGCAGGGGCGGGAGGAGGGGATGGAGGAGGGAAAGTGGAGCCAC
i AAGTCCAGCTGGAAAAACGCTGGACCCTAGAGTGCTTTGA
Daten-Historie

10

Funktion

Tree from Goodman et al. J. Molec. Evol (1974) 3:1-48



Am Ende steht die Annotation
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Biologische Grundlagen

Worterbuch

grundlage
Grund-la-ge

Substantiv [die]

etwas, das die unerlassliche Voraussetzung fur etwas ist.
“Lebenslanges Lernen ist eine Grundlage fir den Erfolg."

Ubersetzungen, Wortherkunft und weitere Definitionen

12



Grundlage 0: Characteristics of a eukaryotic cell

. Q3 - Why were the first analyses of DNA
Q1 - How many different genomes do made with mtDNA?

we have in a eukaryotic cell?
Q9 - What is ‘alternative splicing’?

chromatin
nuclear envelope nucleus

Q6 - What does the _ | "“°’°‘"b”'° v
endosymbiont hypothesis ™" """\ \
postulate? centriole y LD

{ 4

nuclear pore
nucleolus

Golgi complex

. B lysosome
vesicle <7 d

)

Q2 — How many genes does a
typical eukaryote have?

cytosol 1
flagellum

Q7 - Where are DNA, RNA, and
proteins synthesized?

plasma membrane

roug h smooth

endoplasmic endoplasmic
reticulum ribosomes reticulum .
Q4 - What does a ribosome do?
Q8 — What are exons, what are introns, and what
characterizes the process ‘splicing’? Q5 - What does a mitochondrium do?

Q10 — What are the main differences to a bacterial (prokaryotic) cell? 13



Grundlage 1: Informationsfluss in einer Zelle
(Das ,zentrale Dogma“ der Molekularbiologie)

Replication

SN \
1
\ \}:L il‘,: \ :}J-f; d fs
2 | 4 UL X ',7 B L |
rocessin /
/ ! |[Reverse I
..&" Protein transcription oL
f . S / ranscription
g "_ o ‘",a.""'— (

\

\

‘. Ribosomal 0%

\subunits () Amino acids
. - ¢ Translation

\ ® factors
N

\ mRNA translaﬁoq__,_-_—-"":—- I
\ B i Translation \

protein %
\ Functional RI\D

14

RNA ¢




Grundlage 2: Organisation der genetischen Information

in einer Zelle

Chromosom
Chromatid Chromatid

Nucleus

Telomere
Centromere

Telomere

Doublehelix

~

15



Grundlage 3: DNA-Replikation ist semi-konservativ

OVERALL TOPOISOMERASES
DIRECTION OF
REPLICATION

e Die 3 Grundprinzipien
’( BINDING PROTEINS enzymaUSCheI' DNA

DNA

roLERASE Synthese:

*5’=>3

* template guided
* primed

HELICASE

DNA
POLYMERASE

DNA LIGASE PRIMER

LAGGING STRAND l,rl-j‘AI )IS(;
WITH OKAZAKI STRAND
FRAGMENTS

Meselson, M. and Stahl, F.W. (1958) The Replication of DNA in Escherichia Coli. PNAS 44:671-682. 16



Grundlage 4: Die molekularen Prinzipien der
enzymatischen DNA Synthese

( DNA Synthesis |

5' 3
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| & &%
Pyrophosphate OH ) -H,
+ Incoming / 7
3 deoxyribonuclecside g'

triphosphate

Image from: https://wikispaces.psu.edu/display/Biol230WFall09/DNA+Replication+and+Repair



Grundlage 5: Ein typisches eukaryotisches Protein-
kodierendes Gen besteht aus unterschiedlichen funktionellen

Bausteinen
Upstream
Enbancers Exonic Splicing
GT Splice Silencer (ESS)
Donor
Transcription Factor
Binding Site Exonic Splicing INTRON INTRON

| Enhancer (ESE) ‘

5 ,-.-_-_-_174 5 UTR _ 3 UTR l— 3
\ Intronic Splicing. |
Upstream TATA Enhancer (ISE) . Intronic Splicing
repressors TSS \ Silencer (ISS) Poly A signal

AG Splice Acceptor

(primary) Transcript

I
Promoter Region Protein-coding sequence (CDS)

TSS: Transcription start site



Grundlage 6: Im Rahmen der Transkription wird die in der
DNA kodierte Information auf ein mobiles Molekul kopiert, die
messenger RNA (mRNA)

Elongation Non-template

strand of DNA
RNA nucleotides

RNA
polymerase

(“downstream”)

Template
\ strand of DNA
Newly made

RNA

ﬂ (i' ;
:
5 Direction of transcription

*make sure to get the orientation and direction of synthesis right



Aus dem Gen auf Ebene der genomischen DNA wird
Uber ein primares Transkript die reife mRNA gebildet

promoter

5 Exon | ‘ Exon 2 | Exon 3 3
—— B : DNA
i et ag et ag
|

Iranseription factor
binding sites Transcrlpllon downstream
TATA-box clement
COCAAT-box
Exon 1 , Exon 2 :
1o . : : Primary
#,,_;.; ...-u...,—». o transcrint
% !:in;.: gq\ ag .gt ‘.:;c p
N b : ; /" (ugauanuag)
\-“ .-\‘ s F, 4 s
. N cleavage
A Splicing / /.-"’ polyA  site
/ signal
.‘-\- o o
. ST } A 7 i
.._‘. ___________ - \\ CDS 3,-" i ,P'll\ A tail Mature

AAA~AAA mRNA

Start codon

\
\
aug Stop codon A\
(uga,uaanag) cleavage
site

Adaptedin part from
http://online.itp.ucsb.edu/online/infobio01/burge/



Unterschiedliche Exon-Usage kann aus einem Gen viele
Genprodukte generieren

Cassette Exon :@:
Mutually Exclusive
Exons

Intron Retention

:» Alternative 5'
or 3' Splice Sites
Pl P2
Alternative Promoters %
Alternative Splicing it AMA..
and Polyadenlyation

Transkripte

1. Protein-kodierende , known genes”



Grundlage 7: Die Information ist in Form von
Basentriplets (Codons) abgelegt

DNA Double Helix

Only one strand used by RNA
polymerase as template

Template Strand 3 5
(DNA) A|IT|GIC|T|CJA|G|C|C|AJA|TIA|G

i Transcription
mMRNA ulalclclalclulc|c|G|ululalulc
3 mRNA formed from DNA template 3
|Codon | I| J| I |
\ v Translation
Polypeptide Tyr Glu Ser Val lle

Polypeptide forms during translation



Die Information ist in Form von Basentriplets
(Codons) abgelegt

DNA Double Helix

Only one strand used by RNA
polymerase as template

Template Strand 3 5
(DNA) A|IT|GIC|T|CJA|G|C|C|A]JA|TIA|G

Transcription
mRNA

Translation

Polypeptide Tyr Glu Ser Val lle

Polypeptide forms during translation



Der genetische Code...
ist degeneriert™ (und es gibt mehr als nur den Standard-Code!!)

Tyr

tRNA

== =

Merke:
U & A anticodon AU G Die Existenz
i d UA C ' . .
5 L ... e TIRDA.3 unterschiedlicher
2nd base in codon genetischer Codes wird bei
U C A|G der in-silico Translation
Phe | Ser Tyr Cys U . ..
c |[U|Phe|Ser |y |G [ C | @ haufig Ubersehen. Daraus
) Leu | Ser | STOP | STOP A <
9 Leu | Ser | STOP| Tp | G | & resultieren falsch
o Leu | Pro | His Ag | U b4
s [Clie|po |cn | Ay |A |3 vorhergesagte
P Gl .
£ e s se 10 Proteinsequenzen!
- Al te | T Asn | Ser | C 3
lle Thr | Lys Arg A
Met | Thr | Lys Ary G
Val Ala | Asp Gly U
G| v Ala | Asp | Gly c
Val | Ala | Glu | Gly | A
Val | Ala | Glu Gly G

*manche Aminosiduren werden durch mehr als ein Triplet kodiert



Ziel bioinformatischer Sequenzanalyse

Evolution

AN

Wir mochten die funktionellen, regulatorischen und evolutionaren
Netzwerke in einem Organismus entschliisseln und verstehen

In den iiberwiegenden Fillen arbeiten wir mit DNA Sequenzen oder Information, die
wir von DNA Sequenzen abgeleitet haben.



Die GenomgrofRen einer Reihe von Arten

Amoeba proteus

Homo sapiens 290,000,000,000
3,200,000,000 4

. ".. Y

Bufo bufo

6,900,000,000
Amoeba dubia
670,000,000,000 e g
e b‘ " *’
Rhinolophus ferrumequinum v 4
1,929,400,000 .

Human immunodeficiency . .
virus type 1 Plasmodium falciparum

19,750 25,000,000



as wurde bis 2018 sequenziert?
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In Progress:
Genomes
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Xanthophyceae
Synurophyceae
Spirotrichea
Raphidophyceae
Pinguiophyceae
Phaeophyceae
Pelagophyceae
Oomycetes
Oligohymenophorea
Labyrinthulomycetes
Ichthyosporea
Hyphochytriomycetes
Heterolobosea
Glaucocystophyceae
Florideophyceae
Eustigmatophyceae
Euglenida
Dinophyceae
Dictyochophyceae
Cryptophyta
Chrysophy ceae
Chromerida
Bolidophyceae
Bangiophyceae
Bacillariophyta
Apicomplexa
Streptophyta
Chlorophyta
Xenacoelomorpha

i Tardigrada

Rotifera
Priapulida
Porifera
Platyhelminthes
Placozoa
Onychophora
Nematoda
Mollusca
Hemichordata
Echinodermata
Ctenophora
Cnidaria
Chordata
Arthropoda
Annelida
Zoopagomycota
Neocallim astigomycota
Mucoromycota
Microsporidia
Cryptomycota
Chytridiomycota
Blastodadiomy cota
Basidiomycota
Ascomy cota

P

T

==

Further eukaryotes

Plants

Animals

Fungi



Womit wir bald rechnen konnen

Sequencing Life for the
Future of Life

(... )For the first time in history, it is possible to efficiently sequence the
genomes of all known species, and to use genomics to help discover
the remaining 80 to 90 percent of species that are currently hidden
from science.



HOW DO WE SEQUENCE DNA?

1000}

1st generation (1977) 100}
Sanger method: Sequencing by synthesis
Maxam-Gilbert method: chemical sequencing or E’

1t

2"d generation (“next generation”; 2005)
454 - pyrosequencing
SOLID - sequencing by ligation
lllumina — sequencing by synthesis
lon Torrent — ion semiconductor
Pac Bio — Single Molecule Real-Time sequencing, 1000 bp

34 generation (2015) 00001
Pac Bio — SMRT, Sequel system, 20,000 bp

0.1}

Gigabases per run

0.01}

0.001}

7 -h‘
- : -
e Pam ¢ u PacBio RS

GAll /0 N |

-

Hisea X __ pj seq4ooo
Hiseq o

2000/2500
o His qzsou RR

---------- NextSeq 500

== ]

Proton.)ﬂ-seq MinION
______ Y
S5/S5XL
MmlSeq
_ o
o I C '

Lex Nederbragt (2012-2016)
http://dx.doi. org/10 6084/m39.figshare.100940

) i 0.0000110
Nanopore — ion current detection
10X Genomics — novel library prep for lllumina

Del Angel et al. (2018 ) F1000 Research 7(ELIXIR):148

100 1000 10000

Read length (log scale)



SEQUENCE DATA GROWS FASTER THAN COMPUTER POWER

Cost per Raw Megabase of DNA Sequence

I:' Hﬁimx' H]az%u Microprocessor Transistor Counts 1971-2011 & Moore's Law
. AiseqX iseq
Hiseq -
1000+ 2000/2500 I:
" 2,600,000 00@,
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Die Sequenzierung gesamter Genome
— Wo findet man die Daten?

Phytozome: a comparative platform for green plant
genomics 3

David M. Goodstein &, Shengqiang Shu, Russell Howson, Rochak Neupane,

Richard D. Hayes, Joni Fazo, Therese Mitros, William Dirks, Uffe Hellsten,

Nicholas Putnam ... Show more
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Large scale genome sequencing
projects — Why?

* Access to the genome sequence of related organisms / species
* Generate catalogues of

* the encoded protein-coding and RNA genes

e transposable elements

 Structural variation

* Genetic diversity within populations

* Metabolic pathways -> natural compounds

* Assessing the metabolic capacities of species
* Understanding the link between genotype and phenoype

* Reconstruct evolutionary events both on organismic and
molecular level




The prediction of genes from genome
assemblies

ab initio [ intrinsic methods: training required

Signal prediction Content analysis Ab initio gene
start, stop, splicing sites coding vs non-coding prediction

Augustus, GeneMark,
fgenesh

a 7 __Genome N *

-Assembly | Reads
T — Contigs : _
_ | Eugene/Maker*
I Scaffolds combiner i
\ | Chromosome /
CDNA, EST, RNA-seq, Swissprot/TrEMBL Genome TE
Related genomes consensus copies

Similarity / extrinsic methods, external evidences

Del Angel et al. (2018 ) F1000 Research 7(ELIXIR):148



Functional annotation of Genes in
silico

1. Significant sequence similarity (sequence

| [ | 2.0 i ine —
i — ! | . Orthology relationships — descendants of the
((oomains [Motits ) (Orthology search ) (" Homology search ) same gene in the last common ancestral species
NCBI CDDs, KEGG KO groups Blast against NR,
InterPro Databases, PhylomeDB, Uniprot, Swissprot...
Pfam, NOG . ere .
i A egg 3. Conserved genomic position (positional

homologs/orthologs)

l

[Domains, sites, families ] A _- :]l [ Pathways, reactions ]

. ;@Eg 5. Similar/identical 3D structures

6. Agreeing (conserved) expression patterns

4. Similar/identical domain architectures

interaction networks



GENOMES AND THEIR ANNOTATION — THE UCSC
GENOME BROWSER (HTTPS://GENOME.UCSC.EDU)
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WHAT TO CONSIDER IN A TYPICAL COMPARATIVE
GENOMICS ANALYSIS'?

Complete

C.
Representative 4
Error?

* Noise? .4

*  Systematic?

- 4
= EE

I And actually in every bioinformatics analysis

Which assumption?

What is the fit of the model?
Optimality of solution

* Locally optimal?

* Globally optimal?
* And what does ‘optimal‘ mean?




DNA SEQUENCING TECHNOLOGIES
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