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The human genome
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What is bioinformatics?

Genetic
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Where is bioinformatics used?

DNA analysis

= DNA sequencing
= Sequence analysis

= Genes involved in diseases

= Protein structure and function
= Drug targets

= Lead compound

= Clinical trials

Drug
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Technologies at the Fraunhofer-Chalmers centre

» Computational physics and fatigue

* materials, mechanics, electromagnetics
* fatigue life and load analysis

» Opitmization and quality engineering

* design, geometry, qulity management
* logistics, scheduling, production

» System theoretical methods

* biostatistics, bioinformatics, systems biology
* telecommunciations, sighal and image analysis
* finance and insurance
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Bioinformatics

retrieving, storing, organizing, analyzing and visualizing such data.

Research, development and application of computational methods (R
and tools to expand the use of biological and medical data, including q,_,r} . ) : \
AN
. 5 &

= Sequence analysis to classify sequence data and ’ N4 '_
identify functional elements :‘\ L

= Comparative genomics to detect similarities and i %r,;_ T3
differences in related organisms i ] 7T

= Functional genomics to infer biological structure %
and function from primary sequence

= Proteomics to identify, characterize and
quantify proteins active in certain pathways,
tissues, cells or organs

= Biostatistics and statistical genetics to
analyze disease genotypes and phenotypes, . |
detect environment interactions etc -
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Sequenced genomes
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More to come...
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Whole genome analysis - Why?

= Complete gene and protein sets

= Primary sequence of all genes

= Sequence relationships between genes and proteins
= Function of new proteins

= Transcriptional level of all genes

= Understanding methabolic pathways

= Trace disease genes
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Whole genome analysis

= Gene finding
= Sequence comparisons
= Regulatory region identification
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Gene finding
- Generalized HMMs
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Basic genetics
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SUGAR-PHOSPHATE
BACKBONE Bases

Guanine (G)



Gene expression

‘ DNA ‘ CCTGAGCCAACTATTGATGAA
transcription
| }
‘ RNA ‘ CCUGAGCCAACUAUUGAUGAA
translation

1 v

‘ Protein ‘ PEPTIDE
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Gene structure

transcription translation T, translation transcription
start start stop stop
TATA . | | )
‘ promoter |_€xon1 exon2 exon3 exond exond

1 franscription

H—A—A

l splicing

l transiation




Finding genes

transcription translation FtreR translation transcription
TATA start start stop stop
i | | .
promoter | _€xon1 exonz2 exon3 exons

start codon splice sites stop codon
ATG TAA TAG TGA
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> HSCKIIBE, Human gene for casein kinase II subunit beta (EC 2.7.1.37).
ggggctgagatgtaaattagaggagctggagaggagtgcttcagagtttgggttgoctttaagaaagggt
ggttccgaattctcecccgtggt tggagggeccgaatgtgggaggagggaggataccagaggcagggaagga
gaacttgagctttactgacactgttctttttctagotgacgtgaagatgagocagctcagaggaggtgtc
ctggatttcctggttctgtgggcoctccgtggcaatgaattcttoctgtgaagtgagttctocttcaacctee
ctacttgccagcttcacatatcttcoccoccaccagacgttocctticacatattccacttctacactgttctcet
aaagcttttatgggagagagtgtaggtgaactagggagagacacaagtacttctgctgagttgggagtg
agaaacaagcacaacagatgcagttgtgttgatgataaggcatcacttagagcattttgcocccaggtcaa
agatgaggattttgatatgggttcocctottggocttoccatgtocctgacaggtggatgaagactacatcca
ggacaaatttaatcttactggactcaatgagcaggtccctcactatcgacaagctctagacatgatctt
ggacctggagcctggtgaggcacocctcagggttgttttgtgtgtgtgogtgocactatttttctoticaa
atctctattcacttgcocctgaattttgocaaatttectttggttctoctgatttectttaaccccaaattea
tgoctttattttgateccteccacctgactecttgtctagttttgtgacgtatatcacttgttctecatgtitt
tgcaagggtcagaagcccaggtt tctgggtcccatgoceccagatgt tggatggggtaaggcccaaaagta
ggtgctaggcaaactgaatagccocgocagocococctggatatgggocagggocacctaggaaagoctgaaaaaca
agtagttgcatttggccgggctgtggt tcagatgaagaactggaagacaaccccaaccagagtgacctg
attgagcaggcagccgagatgctttatggattgatccacgoccocgeotacatccttaccaaccgtggeatce
gococcagatggtgaggcctotoctgotectacctgectect toctgagocagtaagagacacaggttocctgea
gcaagaagtcatgtttaagccocctgtttaaggaagctagoctgagaagaggggaagaaccccagaact tgg
ccctgcoccctaatttggaagaaaggcaacacagaagtttgagagcccatctagtoccagagaagggggocct
ctggacagagttggaaggagtgoccgacagagttggtatgggt tgggoctgocgaagggagt tgoctcttot
ttacatctacctgccaaccecctteccattgtattcacctecagt tggaaaagtaccagocaaggagactttg
gttactgtcctocgtgtgtactgtgagaaccagccaatgcttococcattGgtgagtgt tgaagaagggaaa
ggaaagcaccgtgtggcagtct tatgggaaggagttggggctcaacacattggagecctgagtocctgagg
ggaggt taggtaggaatagggggatacctggcocctgotgagtctggoctgtctoccocaggoct ttcagacat
cccaggtgaagoccatggtgaagctctactgoccoccaagtgocatggatgtgtacacacccaagtcatcaag
acaccatcacacggatggcgcocctactteggcactggtttocctcacatgetettcatggtgecatcococoga
gtaccggcccaagagacctgoccaaccagtttgtgoccaggtagggagcagggagagtcat taagggtca
aaggaaaggcccaagatccococcagagaggggaggacagggcatggoccctttocttgaggtctgottctoee
cagaatcagggcatctccctgoctgagtgactgtgggaaagttatttgattatctgtgottgagttacet
tattgtagaatgttcttgagctgagaagttgggaaccacgaggctttagctctgagocaggtccatagag
gagctcaggtggggaggtgggaatgcaggtgactggcagggocctggatggggctcatgeotgoctgoctet
ctgacctctgoccctggoctaggctctacggtttcaagatccatcogatggoctaccagoctgocagotcca
agccgccagcaact tcaagagcocccagtcaagacgat tcgectgat tccctccceccacctgtocctgocagtce
tttgtcttttocctttoctittttgocaccectttcaggaaccctgtatggtttttagtttaaattaaagga
gtcgttatcgtggtgggaatatgaaataaagtagaagaaaaggccatgagctagtctgctggtgcttgc

gaagggggtggagcgtggccatggaaatcgggectococacggoccagggatgg



> HSCKIIBE, Human gene for casein kinase II subunit beta (EC 2.7.1.37).
ggggctgagatgtaaattagaggagctggagaggagtgcttcagagtttgggttgoctttaagaaagggt
ggttccgaattctcecccgtggt tggagggeccgaatgtgggaggagggaggataccagaggcagggaagga
gaacttgagctttactgacactgttctttttctagotgacgtgaagatgagocagctcagaggaggtgtc
ctggatttcctggttctgtgggcoctccgtggcaatgaattcttoctgtgaagtgagttctocttcaacctee
ctacttgccagcttcacatatcttcoccoccaccagacgttocctticacatattccacttctacactgttctcet
aaagcttttatgggagagagtgtaggtgaactagggagagacacaagtacttctgctgagttgggagtg
agaaacaagcacaacagatgcagttgtgttgatgataaggcatcacttagagcattttgcocccaggtcaa
agatgaggattttgatatgggttcocctottggcttcoccatgtocctgacaggtggatgaagactacatcca
ggacaaatttaatcttactggactcaatgagcaggtccctcactatcgacaagctctagacatgatctt
ggacctggagcctggtgaggcacocctcagggttgttttgtgtgtgtgogtgocactatttttctocticaa
atctctattcacttgcocctgaattttgocaaatttectttggttctoctgatttectttaaccccaaattea
tgoctttattttgateccteccacctgactecttgtctagttttgtgacgtatatcacttgttctecatgtitt
tgcaagggtcagaagcccaggtt tctgggtcccatgoceccagatgt tggatggggtaaggcccaaaagta
ggtgctaggcaaactgaatagccocgocagocococctggatatgggocagggocacctaggaaagoctgaaaaaca
agtagttgcatttggccgggctgtggt tcagatgaagaactggaagacaaccccaaccagagtgacctg
attgagcaggcagccgagatgctttatggattgatccacgoccocgotacatccttaccaaccgtggeatce
gococcagatggtgaggecctoctoctgotectacctgectect toctgagocagtaagagacacaggttecctgea
gcaagaagtcatgtttaagccocctgtttaaggaagctagoctgagaagaggggaagaaccccagaact tgg
ccctgcoccctaatttggaagaaaggcaacacagaagtttgagagcccatctagtoccagagaagggggocct
ctggacagagttggaaggagtgoccgacagagttggtatgggt tgggoctgocgaagggagt tgoctcttot
ttacatctacctgccaaccectteccattgtattcacctecagt tggaaaagtaccagocaaggagactttg
gttactgtcctocgtgtgtactgtgagaaccagccaatgct toccat tGgtgagtgt tgaagaagggaaa
ggaaagcaccgtgtggcagtct tatgggaaggagttggggctcaacacattggagecctgagtocctgagg
ggaggt taggtaggaatagggggatacctggcocctgotgagtctggoctgtctoccocaggoctttcagacat
cccaggtgaagoccatggtgaagctctactgoccoccaagtgocatggatgtgtacacacccaagtcatcaag
acaccatcacacggatggcgcctactteggcactggttteocctcacatgetettcatggtgecatcococoga
gtaccggcccaagagacctgoccaaccagt t tgtgoccaggtagggagcagggagagtcat taagggtca
aaggaaaggcccaagatccococcagagaggggaggacagggcatggoccctttocttgaggtctgottctoee
cagaatcagggcatctccctgoctgagtgactgtgggaaagttatttgattatctgtgottgagttacet
tattgtagaatgttcttgagctgagaagttgggaaccacgaggctttagctctgagocaggtccatagag
gagctcaggtggggaggtgggaatgcaggtgactggcagggocctggatggggctcatgeotgoctgoctet
ctgacctctgococctggoctaggctctacggtttcaagatccatcogatggoctaccagoctgocagotcca
agccgccagcaact tcaagagcocccagtcaagacgat tcgectgattoccctccceccacctgtocctgocagtce
tttgtcttttocctttoctittttgocaccectttcaggaaccctgtatggtttttagtttaaattaaagga
gtcgttatcgtggtgggaatatgaaataaagtagaagaaaaggccatgagctagtctgctggtgcttgc

gaagggggtggagcgtggccatggaaatcgggectococacggoccagggatgg



Approaches to gene finding

= Homology searches
- BLAST, Procrustes

= Ab initio
- Genscan, Genie, GenelD
= Hybrids

- GenomeScan, GenieEST, Twinscan, SGP, ROSETTA,
CEM, TBLASTX, SLAM
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A simple Hidden Markov Model (HMIM)

Fag= 1+ aA
b,(1) = 1/6
P =1 - by(i) = 1/4
Initial distribution: BA o
T = (RA !TCB)
@
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A lattice view
Observed sequence:

OO0

B

Hidden sequence:

O—O—O—BO—B—®—
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Two fundamental problems

= The probability of the observed data given the
model.
The forward algorithm

= The best hidden state sequence given the data.

The Viterbi algorithm
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The forward algorithm - X

State B N
1@ Transition probabilities
Py; .
> @ p Output probability
Jjot
3@ 3@ j
P .
Ne Nj
t-1 t
o, (1) o (j)
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The forward algorithm

N -
Q9
c 3
)
@p)]
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The Viterbi algorithm - O

State
10
30 <« @ |
Ne

t-1 t
5_(i) 5 (j)
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HMMs for gene finding

. exon ! intron; exon : intron: exon: UTR : intergene

intergene UTR

Observed:
CTTGATGCTGGCACGTTCTGCTTCATCGGAGACAAATTACGGCTTTCCGGAGCA

Hidden:
CTTC O EEEACETTG T T SATOEEHA A A T IRSEEETINEE cGAGCA
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Generalized HMM
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Sequence alighment
- Pair HMMs
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Sequence

50
247

368

100
292

418

150
332

467

200
367

517

alignment

GGTGAGGTCGAGGACCCTGCA CGGAGCTGTATGGAGGGCA AGAGC

| L e N e N R N B L1 1===111I
GAGTCGGGGGAGGGGGCTGCTGTTGGCTCTGGACAGCTTGCATTGAGAGG

TTC CTACAGAAAAGTCCCAGCAAGGAGCCACACTTCACTG

11 - I N I O B R L et B B I
TTCTGGCTACGCTCTCCCTTAGGGACTGAGCAGAGGGCT CAGGTCGCGG

ATGTCGAGGGGAAGACATCATTCGGGATGTCAGTG

—-= - LEEETEEErrrr e e = et
TGGGAGATGAGGCCAATGTCGAGGGGAAGACATCATTTGGGATGTCAGTG

TTCAACCTCAGCAATGCCATCATGGGCAGCGGCATCCTGGGACTCGCCTA

et rrrrrrrr=errrerrrrrrr et rr=rrert=rrrrrrnl
TTCAATCTCAGCAACGCCATCATGGGCAGTGGAATTCTGGGGCTCGCCTA
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Pair HMMs for alignment

M = (mis)match
X = insert seq1
Y = Insert seq2

Output sequence: Observed sequences:
ATCG--G ATCGG
AC- GTCA ACGTCA
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Pair HMMs

A T C G - - G

A C - G T C A

Output sequence: Observed sequences:
ATCG--G ATCGG
AC- GTCA ACGTCA

Researc h Centre
Industrial Mathematics



Comparative gene finding
- Generalized Pair HMiMs




Comparing human and

15 Februany 2001

International weekly journal of scieniee

rnature.com/nature
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Why mouse?




Human

Mouse

12

11



Seq1: human
Seq2: macague

Seq1: human
Seq2: pig

Seq1: human
Seq2: rabbit

Seq1: human
Seqd: mouse

Seq1: human
SeqZ: rat

Seq1: human
Seq2: chicken

Exon
CHS

human vs macaque, pig, rabbit, mouse, rat, chicken
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_} SLAM - Microsoft Internet F.:Il:lir_l.'rl:r
| Dz - @ - [x] [B] | PDsewtr Grramies @rede @) (13- 2 F -

| Address [] hitp: fbeboon. math, berkeley. sdujs yrkenic/slem, el

Download Hel
About - FAQ P

LIRS

The SLAM server: submit pairs of syntenic sequences for gene annotation and alignment

Enter wour emad address (for obtaning results): [
The first sequence (in FASTA format): | _Browse.
The second sequence (in FASTA Format). | Browse., I

Reset| | Submitsequences |

rebt Besults of the SLAM whele genome annotaton of human and mounse

Powered by the baboon

http://bio.math.berkeley.edu/slam/



Comparative gene finding in SLAM

translation ) translation
start intron stop
—»
TATA polyA
promoter exon1 exon2 exon3d

2nd organism

f
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The Rosetta set

Local SN SP AC Global SN SP AC
Genscan | 0.96 | 0.91 | 0.93 Genscan | 0.87 | 0.87 | 0.84
Twinscan | 0.96 | 0.94 | 0.94 Twinscan | 0.89 | 0.92 | 0.89

SGP-1 094 | 0.96 | 0.94 SGP-2 0.88 | 0.94 | 0.89

SLAM 0.95 | 0.98 | 0.96 SLAM 0.87 | 0.96 | 0.90

BRI fdn
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A problem: HoxA human-mouse

HOXA L HoxAZ HOXA 3 HOXAad
s - - e ~PETEDT
5 mimenigem g
n - 100%
il 75%
yﬂ[ |!1HI|'|I'|' !“ ]| H' “! M'll”‘“!r’l ||
Ut : I!H . : j 50%
53.9k 63.9k 73.9k 83.9k 93 .9k 103.9k
HOXAS  HOXAG HOXAT HOxAS HOXAL 0 HOXAL1
i okl ity ‘ iz
100%
75%
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S0%

100%
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The SLAM model

Industrial Mathematics

Research Centre
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Example: HoxA2 and HoxA3

REefzeq.UCEC
denscan
Twin=oan
=dF
SLAM CDT
TELASTX

Bepeat s
SLAM SIS
WLETA

TELASTI
SLAM CDTS
=dF
Twin=oan
gensoan

Befseg.UoSC

O |
[l
0 0 N o or r oo M- - 0+ Oomm 0 0 OO O o
o IR IR . I I T Y (N . N Y T . R O T R N O T T O O T O I I I A A I O T T O O
] 1 [ 1 11
s i R 0 | [F == o 1| [ o R o o s o | o cm |:||:|:|:|:|:||:|:||:|:|
[ | I ] [ 1 [ [ ] I I 31 [ |
SO CH I I T O S S R Y I S (O T 0 O O
o 0-m L XTI 0 [Omo -0 a
i | B |
— o
&= =5 a

[ ] VISTA [ ] TBLASTX [ SLAM [ ] Twinscan

B RefSeq [ | SLAMCNS [ SGP-2 B Genscan
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Comparative UTR prediction

transcription translation T, translation transcription
start start stop stop
TATA |
promoter | €xon1 exon2 exon3 —

SUTR
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Reducing computational
complexity
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Computational complexity

Model Time Space
HMM N’T NT
PHMM N°TU NTU
GHMM D*N*T NT
GPHMM pD‘N’TU | NTU

N =no. states T =length seq
D = max duration U = length seqg2
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Approximate alignment

Z Reduces
TU -factor to hT

//

nono0EFE_HPEPHOQOOHROOOHROO > =

CTGCCCTATGCTCGGTOGOCGA
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Steiner trees
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Steiner trees

Minimum spanning
tree

Steiner tree
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10’000 bp
A

(4 \
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410011 > ~ 1ogedges
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2-approximation in O(n°)



Regulatory regions
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Regulatory complex
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a Hepatic site C CCAAT box

Mousae NNNNAGCCTCAGGAARCAGAGCTGATCCTTGAACTCT-AAGTTCCACATCGCCAGCARARALG

Rabbit NNNN-GCCCTAGGGACGGAGCTGATCCTTGAACTCT-AAGTTCCACATGGCCAGGACCAG
Human NHNNNAGTCCCAGGGACAGAGCTGATCCTTGAACTCTTAAGTTCCACATTGCCAGGACCAG

Mouge TAAGCAGTGGCAGGGCCAG-GCTGAGCTTATCAGTCTCCCAGCCCAGCCCCTGCCCACAC
Rabbit GGAGCAGTGACTAGGCCCA-GCTGGGCTTATCAGCCTCACAGCCCAGCCCCTGCCTGGAG
Human TGAGCAGCAACAGGGCCAGSGCTGGGCTTATCAGCCTCCCAGCCCAGACCCTGGCTGCAG

TATA box

Mouse ACATATATAGACCAGGGAASAAGAGCTGGACACCC-
Rabbit ACATAAATAGGCCAGGGGCCRA---GCTGGCCGCAGG
Human ACATBRAATAGGCCCTGCAAGR---GCTGGCTGC--~

b Hepatic site C CCAAT box

Mouse AGCCTCAGGAACA-GAGC-TGATCCTTGAACTCT -AAGTTCCACATCGCCAGCARRAGTA
Rabbit -GCCCTAGGCACG-GAGC-TGATCCTTGAACTCT-AAGTTCCACATGGCCAGGACCAGGG
Human AGTCCCAGGGACA-GAGC-TGATCCTTGARACTCT TAAGTTCCACAT TGCCAGGACCAGTG
Chiekaen CTCTCCCGGGCCGTGCGCACGATCCTTGAACTCT -ACGCGCCACAT CGCCCGCGCCGEGA

T
Mouse  AGCACTGGCAGGGC--CAG-GCTGAGCT TATCAGTCTCCCAGCCCAGCCCCTGCCCACAC
Rabbit AGCAGTGACTAGGC--CCA-GCTGGGCTTATCAGCCTCACAGCCCAGCCCCTGCCTGGASG
Human  AGCACCAACAGGGC--CAGGGCTGCGCT TATCAGCCTCCCAGCCCAGACCCTGGUT GCAL
Chicken GTGATTTCTITGGGCTGLGGCGCTG-GCT TATCTGGTGEGGAACT--GCCCCTGG-TG-—-
——

TATA box

Mouse  ACATATATAGACCRGGGARGAAGAGCTGGACACCC-
Rabbit ACATAAATAGGCCAGGGGCCA---GCTGGUCGCAGG
Human ACATAAATAGGCCCTGCAAGA=---GCTGGCTGC-~-~
Chicken -CATAAATAGCGGLCGCGGEA---ACCGGGLUTCAC-



How many genes do we have???

27462
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