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1.1 What Is Bioinformatics?
TtH4 2EEEIEL5

+ XENIH (EEE D EW5)RIE X
(2000)

+ Research, development, 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.
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Genomics £ E B F#iE

the term “genomics” encompasses a broader scope of biological study.
A genome is the total sum of all an individual organism‘s genes. Thus,
genomics is the study of all the genes of a cell, or tissue, at the DNA
(genotype HRFEB, EYMAER LBVEMK, EPAEEREEA), mRNA
(transcriptome 3%3%4H, DNARVIZ{R{E B#HE DLRNARYZEZ ), or
protein (proteome EH2R) levels.

Proteomics & H2H = #1E

Proteomics is the large-scale study of , particularly their
and


http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Protein_structure
http://en.wikipedia.org/wiki/Functional_genomics

+ Metabolomics {Xift4E F= 1R
Metabolomics is the scientific study of chemical
processes involving (FXE4) . The

(X253 ) represents the collection of all
metabolites in a biological cell, tissue, organ or organism.

* One of the challenges in the bioinformatics research is to
Integrate and
information to give a more complete picture of living
organisms.


http://en.wikipedia.org/wiki/Metabolite
http://en.wikipedia.org/wiki/Metabolome
http://en.wikipedia.org/wiki/Proteomics
http://en.wikipedia.org/wiki/Transcriptomics
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1.2 What is Systems Biology
H4 ERAREYS

— M 5lF

- FBENEYFEIANR: YHSRESHNERrEENZSERAYERE
BERXAR (Reductionism, &1L, ZIRIL) .

. ZHER—MEEFDY, HEEENERRNL. 9FZPN. MAXE
EENEREB BN EREBRMAME. KEERANEESRESL 6
FE5.5/2E, Y- AREEKRL 56F.

. EESNERARER NEEESEMHLEIESR, EREEH

HNAREENMEYE, MBES RSB ATHNEEER ML
HWERE. AALERBEN. SRNAEERERRS.



1B ERAYEF

¥ MNT—PT100NMNETEMEERZ, 851
WMENTTEZSATR—1ThEE, WiZzR%ER
20/ NI EE ;

x M T—1NB20M MEITEZNBE RN RS,
EESTTEZAESENENIIEE, A
15504 Fh I gE




12 (TARERENF

REGEV2EMEE AN Leroy Hood, EETRERSAE
AT (EREFB—NRGEEVEFT) k:

» Many biological problems, particularly human
diseases, fall into the category of ““systems problems”

-- Leroy Hood
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1.2 What is Systems Biology
H 4 RRSG L5 ()

Systems Biology: A Brief Overview
Hiroaki Kitano, Science 2002

To understand biology at the system level, we must examine the structure

and dynamics of cellular and organismal function, rather than the characteristics
of isolated parts of a cell or organism.

Properties of systems, such as robustness (&#:14%) , emerge as central issues,
and understanding these properties may have an impact on the future of
medicine.

However, many breakthroughs in experimental devices, advanced software, and
analytical methods are required before the achievements of systems biology can
live up to their much-touted (REESEMRAY) potential.
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What is Systems Biology
H 2 2R L5 (continue)

Systems Biology: A Brief Overview
Hiroaki Kitano, Science 2002, vol. 295

1) System structures. These include the network of gene interactions and
biochemical pathways, as well as the mechanisms by which such interactions
modulate the physical properties of intracellular and multi-cellular structures.

2) System dynamics. How a system behaves over time under various
conditions can be understood through metabolic analysis, sensitivity analysis,
dynamic analysis methods such as phase portrait and bifurcation analysis, and
by identifying essential mechanisms underlying specific behaviors.



What is Systems Biology
H 2 2R L5 (continue)

Systems Biology: A Brief Overview
Hiroaki Kitano, Science 2002, vol. 295

3) The control method. Mechanisms that systematically control the state of

the cell can be modulated to minimize malfunctions and provide potential
therapeutic targets for treatment of disease.

4) The design method. strategies to modify and construct biological systems
having desired properties can be devised based on definite design principles and
simulations, instead of blind trial-and-error (& £ 5).
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R 4WM¥ (Systems Biology)
RONIESEBRER R 5 R

Trey ldeker, et al, "Integrated genomic and proteomic analyses of a systemtically
perturbed metabolic network”, 4 May 2001 Vol 292 Science

Michael T Laub, et al, "Global analysis of the genetic network controlling a
bacterial cell cycle", 15 December, 2000 Vol 290, Science

H. Jeong, et al."Lethality and centrality in protein networks", Natture ,\Vol 411, 3 MAY
2001

George von Dassow, Eli Meir, "The segment polarity network is a robust
developmental module”, Nature, Vol 406,13 JULY 2000

H. Jeong, et al, "The large-scale organization of metabolics networks",
Nature , v407, 2000

Thomas Simon Shimizu, et al, "Molecular model of a lattice of signalling proteins
inVolved in bacterial chemotaxis", Nature Cell Biology, Vol 2, 2000


http://cellularsignaling.org/aspen/aspenvonDassow.pdf
http://cellularsignaling.org/aspen/aspenNature3.pdf

Michael B. Elowitz, et al, "A synthetic oscillatory network of transcriptional regulators ",
Nature , v403, 2000

S. Kalir, et al, “Ordering genes in a flagella pathway by analysis of expression
Kinetics from Living Bacteria", Science, v292, 2001

Matthew Freeman, "Feedback control of intercellular signalling in development
Nature, v408

Chunyan Xu, et al, "Overlapping activators and repressors delimit transcriptional
response to receptor tyrosine kinase signals in the drosophila eye", Cell, \Vol.103,
2000

Thomas Surrey, Francois Nedelec, "Physical properties determining self-
organization of motors and microtubules ", Science Vol 292 11 May 2001

Norbert Frey, et al, "Decoding calcium signals inVolved in cardiac growth and
function ", Nature Medficine * Volume 6 * Number 11 * November 2000

Reka Albert, et al, "Error and attack tolerance of complex networks", Nature ,
v406, 2000
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O DNA(Deoxyribonucleic acid), , =Cromosome,

(Human cells have 23 pairs of large linear nuclear chromosomes,
22 pairs of autosomes (FZ: &) and one pair of sex
chromosomes)iEE WX F /L 5

o DNAKIEARLBRE AR 2% EEE (Nucleotide), BANZEESE—N5hk
VEIEE— N SNSRI E A — DS REEAR, BE AU
mes (adenine) A; Aedze®=g (cytosine) C;

L% o4 (guanine) G; A9AREE (thymine) T.

o DNADFEHRAEZLEBR(Nucleotide)§iE LL B #MEC X (A-T, C-G)J& N By
F 5% B RUZ BEZE #3(Watson-Click, 1953, Nature) B9 F X &4,


http://baike.baidu.com/view/23560.htm
http://baike.baidu.com/view/6633.htm
http://baike.baidu.com/view/6633.htm

Rosalind Franklin, Francis Crick and James Watson

*+ Rosalind Franklin »]

(1920~1958) IHIEZ
HIDNAGRIRERF, AXEZ
TR IR R TIRE
MH{EA. B “BlEZHER”
REFRDZERE, EfR
R ¥ AN Z BT E R




1953 WatsonF[ICrickES 2B NWELERVNAYD |, 375 BYCrickiEF L
FAAREER., SZRIARMN , {ti1giE3REEa BT 7 Ri<ATial
NTE , FRETER. EAIIERIINREEIEEERI2ANNA |, {ti1EE
FHARGEINEPaulingBl1E & ZFRAIZTFDNAZEIAYIEC I , Paulingigizity
HENSMIZELE, WatsonBI\EZ[EHRIESENBHGE , AARMEE 7
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James Watson was born on April 6,
1928 in Chicago, and at the age of
15 enrolled in Chicago University
and majored in zoology. He received
a Ph.D.in from Indiana
University, when he was 22 years
old. In 1951, he joined Francis Crick
at Cavendish Laboratory in
Cambridge, England. He was only
23 years old when his greatest
discovery was made


http://www.nature.com/scitable/topicpage/Reading-the-Genetic-Code-1042

Francis Crick was born on June
8, 1916 in Northampton,
England, into a middle-class
family. He began doing science
experiments in his home when
he was ten years old. He
graduated with a degree in
Physics from University College
in London. He died of colon
cancer in 2004 (aged 86).


http://en.wikipedia.org/wiki/Sequencing

« TE1953%FF2H K, 33%HFranklinE 47 Hid
H 518, DNARBEREHERNLE. 1953%3H
17H, ZHFranklin{FAREREZEIERITE L
F=BF, &IWatsonFACrick il BEDNAZE#IYIE
BEftIEHEERT

+ 4H2H, Watson. CrickFAWilkinsHZE X3
{Nature) Z*7E, 4B25H %3k, EEHM{1#E
5A30HH/) {Nature) ZEEXAZFRT “DNA
HIRERFEEX" —X, BEMMiFEMER T

RBFEDRE FRIE X,

» MWEREERZE, WatsonFlCrick®E & id it
1B R BE L UEDNAXRZ FE LS A BUX ST 2k SR R T 5
AR, HFHERETEEZERX.



http://baike.baidu.com/view/25292.htm
http://baike.baidu.com/view/25292.htm

Rosalind Franklin, Francis Crick and James Watson (continue)

« Bal, A Franklinf) TEL RSN, XWilkinsB 8 &g
5 Z & I DNATUZ G M R R R ER A FIL

« 19624F, Watson. CrickFIWilkinstt[E]5ZiEDI/RERT, Franklin®
2 EHCHRfE B T M I R B F AR R E R iR,

» XNMAENERFLEMARE. RBRE, BIUREAFETFELEERBA.
s, FE—RIMEZREHITARE, RIMAFranklinidE, oHR
B? HHEFEEESRARNTFEFHER? BARTXNKENEESR
ERZNEIBEFITIEIFZB/UNEFE. ABATNTIZMAFRET B0
We ?
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How does the cell convert DNA into working proteins? —

Gene expression EEFRIX :
Transcription ( ¥53% ) and translation ( §1%E )

In the first step, the information in DNA is transferred to a
messenger RNA (mRNA, {S{E#%PERZER) molecule by way
of a process called transcription (3%3%) . During
transcription, the DNA of a gene serves as a template for
complementary base-pairing, and an enzyme called

Il (B2&M8) catalyzes the formation of a pre-

MRNA molecule, which is then processed to form mature
. The resulting mRNA is a single-stranded copy of the
gene, which next must be translated into a protein molecule.


http://www.nature.com/scitable/topicpage/RNA-Transcription-by-RNA-Polymerase-Prokaryotes-vs-961
http://www.nature.com/scitable/topicpage/RNA-Transcription-by-RNA-Polymerase-Prokaryotes-vs-961
http://www.nature.com/scitable/topicpage/Chemical-Structure-of-RNA-348

* During translation, which is the second major step in gene

expression (FEFEFRIE) , the mRNA is “read” according to
the , Which relates the DNA sequence to the
amino acid (8 %E) sequence in proteins. Each group of
three base pairs in mRNA constitutes a codon (Z/3F) |
and each codon specifies a particular amino acid (hence, it
IS a triplet code). The mRNA sequence is thus used as a
template to assemble—in order—the chain of amino acids

that form a protein



http://www.nature.com/scitable/topicpage/Reading-the-Genetic-Code-1042
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® 19854 Fhr#A L EREMEALLAAG
1% %8k A 7.1990 % A £ £ & 4+ %] (HGP)
i X & £ NIH#DOE & 58, %] A15% .
304z £ 7o

o HGP# ¥l 69 & 7| K44 #429.1/u ok at, R
HAINA F & 4 4272775 £DNAK £
(44 F 3 £543N N Axt) #HE@HNG,
REEASLAF 45114,

o % %k f2Science (vol. 291, 16, Feb. 2001) ¢ x
% “The sequence of the human genome”
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DNA sequencing ( I ) refers to methods for
determining the order of A, G, C and T—in a

% History:

*

RNA sequencing was one of the earliest forms of nucleotide sequencing. The
major landmark of RNA sequencing is the sequence of the first complete gene
and the complete genome of M BT 1) , identified and
published by at the ( : ), between
1972 and 1976.
Prior to the development of rapid DNA sequencing methods in the early 1970s
by at the , in England and

and at : a number of laborious methods were
used. For instance, in 1973, Gilbert and Maxam reported the sequence of 24
basepairs using a method known as wandering-spot analysis.

The chain-termination method developed by Sanger and coworkers in 1975
soon became the method of choice, owing to its relative ease and reliability.


http://en.wikipedia.org/wiki/Sequencing
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Bacteriophage_MS2
http://en.wikipedia.org/wiki/Bacteriophage_MS2
http://en.wikipedia.org/wiki/Walter_Fiers
http://en.wikipedia.org/wiki/University_of_Ghent
http://en.wikipedia.org/wiki/Ghent
http://en.wikipedia.org/wiki/Belgium
http://en.wikipedia.org/wiki/Walter_Gilbert
http://en.wikipedia.org/wiki/Allan_Maxam
http://en.wikipedia.org/wiki/Frederick_Sanger
http://en.wikipedia.org/wiki/University_of_Cambridge
http://en.wikipedia.org/wiki/Walter_Gilbert
http://en.wikipedia.org/wiki/Walter_Gilbert
http://en.wikipedia.org/wiki/Allan_Maxam
http://en.wikipedia.org/wiki/Harvard_University
http://en.wikipedia.org/wiki/Chromosome
http://en.wikipedia.org/wiki/Nucleotides
http://en.wikipedia.org/wiki/Chromosome
http://en.wikipedia.org/wiki/Clone_(genetics)
http://en.wikipedia.org/wiki/Vector_DNA

Large-scale sequencing strategies

Current methods can directly sequence only relatively short (300-1000
long) DNA fragments in a single reaction.

Large-scale sequencing aims at sequencing very long DNA pieces, such as
whole . Common approaches consist of cutting large DNA
fragments into shorter DNA fragments. The fragmented DNA is into a

, and amplified in (KBARTED . Short DNA
fragments purified from individual bacterial colonies are individually sequenced
and into one long, contiguous sequence. This method
does not require any pre-existing information about the sequence of the DNA
and is referred to as de novo (M\TEEIH, MLFFIE) sequencing. The different
strategies have different tradeoffs in speed and accuracy; shoigun methods
are often used for sequencing large genomes, but its assembly is complex and
difficult, particularly with often causing gaps in genome
assembly.


http://en.wikipedia.org/wiki/Nucleotides
http://en.wikipedia.org/wiki/Chromosome
http://en.wikipedia.org/wiki/Clone_(genetics)
http://en.wikipedia.org/wiki/Vector_DNA
http://en.wikipedia.org/wiki/Escherichia_coli
http://en.wikipedia.org/wiki/Sequence_assembly
http://en.wikipedia.org/wiki/Microsatellites
http://en.wikipedia.org/wiki/File:DNA_Sequencing_gDNA_libraries.jpg
http://en.wikipedia.org/wiki/File:DNA_Sequencing_gDNA_libraries.jpg

*

E
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E

New sequencing methods

High-throughput sequencing,

amplification,
Parallelized sequencing,

Sequencing by ligation GZERZE) , 2005

(

2007-2008

Invitro GRXEA) clonal (M4 (E%E)ERB)
2003-2005

2005

it
2005

2005


http://en.wikipedia.org/wiki/Sequencing_by_hybridization
http://en.wikipedia.org/wiki/Mass_spectrometry

In October 2006, the established an
Initiative to promote the development of full genome
sequencing technologies, called the

intending to award $10 million to “the first Team” that
can build a device and use it

to sequence 100 human genomes within 10 days or
less;

with an accuracy of no more than one error in every
100,000 bases sequenced;

with sequences accurately covering at least 98% of the
genome;

and at a recurring cost (££4 R ZX) of no more than
$10,000 (US) per genome.



http://en.wikipedia.org/wiki/X_Prize_Foundation
http://en.wikipedia.org/wiki/Archon_X_Prize
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Bio-molecular networks (A4 F M 2&)

By bio-molecular networks, we mean -

Gene regulatory networks (GRN, ZEF#EM. HEFFEW)
Protein-protein interaction networks (PPI, Z&H3HE W)
metabolic networks (ET B )

Pathway network (155 @& M)



*

GRN, ERTAIEMN. FEFiFIEM

A regulatory network or genetic regulatory network (GRN) is a collection of
segments in a cell which interact with each other indirectly (through their

RNA and protein expression products) and with other substances in the cell,

thereby governing the rates at which genes in the network are transcribed into

In general, each mMRNA molecule goes on to make a specific protein (or set of

proteins). In some cases this protein will be , and will accumulate at
the cell membrane or within the cell to give it particular structural properties. In
other cases the protein will be an , I.e., @ micro-machine that catalyses a

certain reaction, such as the breakdown of a food source or toxin. Some
proteins though serve only to activate other genes, and these are the

that are the main players in regulatory networks or
cascades. By binding to the region at the start of other genes they
turn them on, initiating the production of another protein, and so on. Some
transcription factors are inhibitory.


http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/MRNA
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Enzyme
http://en.wikipedia.org/wiki/Transcription_factors
http://en.wikipedia.org/wiki/Promoter_(biology)
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(a) Basic unit

Transcription factor

Target gene and
binding site

GRN %

(b) Motifs
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(c) Modules
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(d) Transcriptional regulatory network
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Protein-protein interaction (PPIl) network

HH3ZHKX

Protein-protein interactions (PPI) occur when two or more bind
together, often to carry out their

Many of the most important molecular processes in the cell such as

(£ ) are carried out by large molecular machines that
are built from a large number of protein components organised by their
protein-protein interactions.

Protein interactions have been studied from the perspectives of

7 ’ 7

, and other metabolic or genetic/epigenetic

Indeed, protein-protein interactions are at the core of the entire
(3Z B 2H%) system of any living cell.


http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Function_(biology)
http://en.wikipedia.org/wiki/DNA_replication
http://en.wikipedia.org/wiki/Biochemistry
http://en.wikipedia.org/wiki/Quantum_chemistry
http://en.wikipedia.org/wiki/Molecular_dynamics
http://en.wikipedia.org/wiki/Chemical_biology
http://en.wikipedia.org/wiki/Chemical_biology
http://en.wikipedia.org/wiki/Signal_transduction
http://en.wikipedia.org/wiki/Graph_theory
http://en.wikipedia.org/wiki/Interactomics
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The horseshoe shaped ribonuclease (FZ¥EZELES) inhibitor (shown as

wireframe) forms a protein-protein interaction with the ribonuclease

protein. The contacts between the two proteins are shown as coloured
patches




PPl are important for the majority of biological functions.

For example, signals from the exterior of a are mediated to the
inside of that cell by protein=protein interactions of the signaling

molecules. This process, called ES51&S), plays a
fundamental role in many biological processes and in many diseases

(e.g. Je
Proteins might interact for a long time to form part of a
(ERBBRE &), a protein may be carrying another protein (for example,

from (ZHBEFR) to (ZABfI4%)or vice versa in the case of
the importins), or a protein may interact briefly with
another protein just to modify it (for example, a (BB

fi§) will add a phosphate (T%H&EL) to a target protein).

In conclusion, protein-protein interactions are of central importance for
virtually every process in a living cell. Information about these
interactions improves our understanding of diseases and can provide
the basis for new therapeutic approaches


http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Signal_transduction
http://en.wikipedia.org/wiki/Cancer
http://en.wikipedia.org/wiki/Protein_complex
http://en.wikipedia.org/wiki/Cytoplasm
http://en.wikipedia.org/wiki/Cell_nucleus
http://en.wikipedia.org/wiki/Nuclear_pore
http://en.wikipedia.org/wiki/Protein_kinase

*

Metabolic network ¥iF54Cig1

A metabolic network is the complete set of metabolic and physical
processes that determine the and properties
of a cell. As such, these networks comprise the chemical reactions of
metabolism as well as the regulatory interactions that guide these
reactions.

With the sequencing of complete genomes, it is now possible to
reconstruct the network of biochemical reactions in many organisms,
from bacteria to human. Several of these networks are available online:
Kyoto Encyclopedia of Genes and Genomes (KEGG)| 1], EcoCyc [Z],
BioCyc and metaTlGER [4]. Metabolic networks are powerful tools,
for studying and modelling metabolism.


http://en.wikipedia.org/wiki/Physiology
http://en.wikipedia.org/wiki/Biochemistry
http://www.genome.ad.jp/
http://www.ecocyc.org/
http://biocyc.org/
http://www.bioinformatics.leeds.ac.uk/metatiger/

Signal transduction network (S S{ESM4Z

+ Cell signaling governs basic cellular activities and
coordinates cell actions.

+ The ability of cells to perceive and correctly respond to their
microenvironment is the basis of development, tissue repair,
and as well as normal tissue

+ Errorsin cellular information processing are responsible for

such as , (BE®EM), and

(#EFRJ®). By understanding cell signaling, diseases
may be treated effectively and, theoretically, artificial
tissues may be created.! ]


http://en.wikipedia.org/wiki/Immunity_(medical)
http://en.wikipedia.org/wiki/Homeostasis
http://en.wikipedia.org/wiki/Diseases
http://en.wikipedia.org/wiki/Cancer
http://en.wikipedia.org/wiki/Autoimmunity
http://en.wikipedia.org/wiki/Diabetes
http://en.wikipedia.org/wiki/Wikipedia:Citation_needed

+ [Traditional work in biology has focused on studying
individual parts of cell signaling pathways ({5 518 g).
research helps us to understand the
underlying structure of cell signaling networks and how
changes in these networks may affect the transmission and
flow of information.

+ Such networks are in their organization
and may exhibit a number of properties including
and ultrasensitivity.


http://en.wikipedia.org/wiki/Systems_biology
http://en.wikipedia.org/wiki/Complex_systems
http://en.wikipedia.org/wiki/Emergent
http://en.wikipedia.org/wiki/Bistability
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Book about Biomolecular networks

BIOMOLECULAR

NETWORKS

z = boaTe Sty

LT THEM

Luonan Chen, Rui-Sheng Wang, Xiang-Sun Zhang.
Biomolecular Networks: Methods and Applications in Systems Biology.
John Wiley & Sons, Hoboken, New Jersey. July, 2009.



http://www.amazon.com/Biomolecular-Networks-Methods-Applications-Bioinformatics/dp/0470243732
http://www.wiley.com/WileyCDA/WileyTitle/productCd-0470243732.html

(=)
— it 32K



EUEEFRRN—EEN=R

» D FEPMFETEBERNRHREGIT
1) éazr?:E B (A-T-G-C)Z MR
2) | KRG TR

» AGEMFIEBENRREGF
3) EEEER LR HEET
4) TEHERHEE/ERMAY TN
5) FASFEYMEFRERRINL

Wit

q

T

Y IESEY)




3.1 HEiZEE (A-T-G-C) 5
(single-nucleotide polymorphisms ---SNP)
OE IR




3.1 EBEZHBRSSHENRR

*

DNA FIRX fhER KB T AR E MR ( genetics diseases) F
%%%y—r( phenotype differences)

Fi S ARB SRAERER(DNA, BFRAIZHEER ‘nucleotide’ i B A-4H AX)
A 99% =HHERY

E—EAT DNA FINERMAZSMY, ERNMEEER LNE

=57 jdjﬁil%z ME(SNP: Single Nucleotide Polymorphism)
£ AXDN l'" ?'JFF%J&’EIEHSOAF SRR A — 1" SNP(ASSHIDNA
?5‘] é] ﬁg’] 210 4SNP, 2—MRIKHIF 5']),(1%'5 1%HY

HEEPMAB210FNSNPEE—EFRA Haplotype/Genotype
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* Haplotype, B{&84: T, G, C; A, A, G

+ Genotype, &[E

(TA) / (AT), (GA) / (AG), (CG)/ (GC)
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T =, FIB LU TA3E0):

« = ABYEREYZE %2 (Haplotype Assembly)

* _gH.SNP):IL-Eﬁ

« A— D EHIHERT

4H 3= = A HY—XT haplotypes

—2Bhaplotypes

« 2T —2RMiN15Z Y genotype, HEHT—~2Ehaplotypes,
{FHEEERIENIR B ZAY genotypezB (B A~ E] HIHE R 4
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--- Conflict Graph (CG) and its Bipartization

« Problem:

BINRARBFEH . FTHA
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« A0{A]
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--- Conflict Graph (CG) and its Bipartization

S1 S2 S3 S1 | |S2||Ss
R R T
, | [cIMA|T | c A |
R NEE NEEnEn 6 || o g
f, AlT|clAla|T|c|c|alT G V| e
f. clalll G (=,

DNA sequence fragments

V SNP matrix
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--- Conflict Graph (CG) and its Bipartization

o

A 7[R E & R

« A E% (two fragments) BY
HIDNAFF

R BIRBEA

9jl-<l'

Inl

« B RER—RREEN B RESENERE
(EX—gETERE, MESH B R
HORENE = 53 FRAR S PR 43 0 a1 )
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--- Conflict Graph (CG) and its Bipartization

ENX—TFEE: G=(V,E),
« a5 FRBSNPH EZ 2B BR

» MPMREEBEFE CREARDMNIEE) , N
B—FKi10HERE.
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--- Conflict Graph (CG) and its Bipartization
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SNP matrix The conflict graph
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A case when data is error-free.
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--- Conflict Graph (CG) and its Bipartization

« A LA Mathematica 5.1# By T2+ BipartiteQ &1t
BHE— 1 ERERE— 120k

» —NEIRBRZ/EIEHBNXHEEEEFE (acycle
with odd number of edges) (S.Skiena,1990)

(EFERBIFFIZEIULTT IR )
« A N BIREREIE P K E H—XJ haplotypes
=
M — 1N EZ B S BT i — M &
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--- Conflict Graph (CG) and its Bipartization
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--- Conflict Graph (CG) and its Bipartization
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--- Conflict Graph (CG) and its Bipartization
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--- Conflict Graph (CG) and its Bipartization

FiE—LhkBE =S E (HY T EB—LSNP{L
BT R—FHE EX—SNPHIE)
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« 2B a]8 (The haplotype assembly

problem)

« Conflict Graph (CG, H1Z8
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Minimum Error Correction
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W—PNEIRERAR/N, BIERZ#HIRIEMKE, AL, FE—IKRBIERZA,
FRTANEARSENSHN PL), P A—ZBEERE, MFRX e 2 S
iNICIEI N7 g R:

— M a]@FR 9= NP-hard , & RRVIERREXT ERIEHRI AT AR 2
WEZE (NERZXEMHVIFEN)

— N e)@i BT APX (short for approximation algorithm), BiIEHFHE—TZIMI
BTERIAE R L, SRIEETHMERENRMNE.

— 2 a]gEFR A PTAS (polynomial-time algorithm scheme), =58 ZIN\Hx,
SHMESFEE e F R IUfE

— a2 APX-hard, —PAEIRVIEEEZE, XZ— NP-hard [0]g1, {BA
BT+ PTAS. EMmMENRER.
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TSR E Sl

MER —  APX-hard
Omit vertices <
LHR —  NP-hard
/ MSR —  APX-hard
| Omit edges
i MEC " APX-hard

WMEC —— NP-hard




PFRARNR--- EBMNEE (£E)

+ Algorithms for MLF (MEC) (Minimum Letter Flips,
Minimum Error Correction)

+ An exact algorithm based on branch-and-bound method (43

X E A %)and a heuristic method (|8 & 375 7%) based on
genetic algorithm (=& & ;%) are proposed to solve MEC

In Wang R.-S., et al, 2005.

+ Algorithms for WMLF ( Weighted MLF)

« A heuristic algorithm based on dynamic clustering (17528
ZS)method is presented in Zhao Y.-Y et al, 2005 for WMLF.
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The haplotype assembly problem
--- Algorithms directly based on conflict graph

+ \ertex bipartization

+ Reed et al and Heuffner provided exact algorithms for the
graph bipartization. Their algorithms seek for a minimal set
of vertices by deletion to make the conflict graph bipartite.
The algorithm given by Heuffner has time complexity
O(3¥ - |V||E]), where k is the number of vertices to delete.

+ The algorithm is so called fixed-parameter tractable or
parameterized complexity



The haplotype assembly problem
=== Algorithms directly based on conflict graph

+ Edge bipartization

+ Motivated by the works of Reed et al. and Heuffner, Guo
et al. recently considered deleting edges instead of
vertices to make the graph bipartite. Their algorithm has
time complexity O(2K- k| E|2), where k is the number of

edges to delete.
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haplotyping problemfJ4E & 14 L&

Models and algorithms for the haplotyping problem,
Current Bioinformatics,

vol.1, no.1, pp.105-114, 2006
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’_Ei' }_ﬁg%*@f)ﬁimurﬁ]%ﬂmotein Structure Prediction

¥ Predict protein 3D structure from (amino acid, 20FF &£ ER)
sequence

E Sequence — secondary structure — 3D structure — function

§' atgcccaagctgaat ... 3
atgcccaagctgaat... =
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+ o-helix (30-35%)
o-9Z /E

+ [3-sheet / -strand (20-25%)
B-ir & v

+ Coil (40-50%) FTcHiN| & oy

+ Loop Ifp

« B-turn, P45 8




3D Structure of Protei <

Turn or coil

b —— _'-'_'.-:-'_ — _ l

Beta-sheet

Oop and Turn



Protein 3D Structure Detection

X-ray diffraction
X-STE TS
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» ZEATIUNEY AT BETE 7R T
» —RFHIRE R ME— iﬂzﬁﬁamT_ R &5 4t
x —IREMIFEIAMERTS50%ET, JUFA] LAHERT = 2R 4E
AL EN DN
v BEHITUIAR A E
+ DNA sequence data » protein sequence data »
structure data

1994 1997 | 2002.10
Sequence (Swiss-Port) 40,000 68,000| 114,033
Protein Structure (PDB) 4,045 7,000 18,838




Three Methods of Protein Structure Prediction

« [EIiIREREE (Homology Modeling)

Construct 3D model from alignment to protein
sequences with known structure (FE=TF—#E4EF/0 EE %)

« Ir&EIRFE Threading (fold recognition)
Pick best fit to sequences of known 2D / 3D structures

(folds) (FET &2 [E] 45 R LX)

« MSLTGE (de novo, FEEERtF3%)
« 9FEIHE (Molecular dynamics ) , R4FKI&HE
« B 753E (Lattice models)
« REERBFE
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The Critical Assessment of Techniques for Protein Structure

Prediction — CASP
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CASP: Critical Assessment of Techniques for Protein

*

Structure Prediction

CASP is a worldwide experiment for
taking place every two years since 1994. CASP provides research
groups with an opportunity to objectively test their structure prediction
methods and delivers an independent assessment of the state of the
artin protein structure modeling to the research community and
software users. Even though the primary goal of CASP is to help
advance the methods of identifying three-dimensional structure
from its amino acid sequence, many view the experiment more as a
“world championship” in this field.

More than 100 research groups from all over the world participate in
CASP on the regular basis and it is not uncommon for the entire groups
to suspend their other research for months while they focus on getting
their servers ready for the experiment and on performing the detailed
predictions.


http://en.wikipedia.org/wiki/Protein_structure_prediction
http://en.wikipedia.org/wiki/Protein

Selection of target proteins

In order to ensure that no predictor can have prior information about a
protein's structure, it is important that the experiment is conducted in a double-
blind fashion: Neither predictors nor the organizers and assessors know the
structures of the target proteins at the time when predictions are made. Targets
for structure prediction are either structures soon-to-be solved by X-ray
crystallography or NMR spectroscopy, or structures that have just been solved
(mainly by one of the centers) and are kept on hold by the

If the given sequence is found to be related by common descent to a protein
sequence of known structure (called a template),
may be used to predict the (=2 &5#4). Templates can be
found using methods such as or or
methods. Otherwise, de novo protein structure prediction must be
applied, which is much less reliable but can sometimes yield models with the
correct fold.


http://en.wikipedia.org/wiki/Structural_genomics
http://en.wikipedia.org/wiki/Protein_Data_Bank
http://en.wikipedia.org/wiki/Homology_modeling
http://en.wikipedia.org/wiki/Tertiary_structure
http://en.wikipedia.org/wiki/Sequence_alignment
http://en.wikipedia.org/wiki/BLAST
http://en.wikipedia.org/wiki/FASTA
http://en.wikipedia.org/wiki/Protein_threading
http://en.wikipedia.org/wiki/Protein_threading
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Lattice Models:

Emergence of Preferred Structures in a Simple Model of Protein Folding
Hao Li, R Helling, C Tang... - Science, 1996

A Beo & . € 66
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http://adsabs.harvard.edu/abs/1996cond.mat..3016L
http://adsabs.harvard.edu/abs/1996cond.mat..3016L
http://adsabs.harvard.edu/abs/1996cond.mat..3016L
http://adsabs.harvard.edu/abs/1996cond.mat..3016L
http://adsabs.harvard.edu/abs/1996cond.mat..3016L

Lattice Models

e Suppose that each amino acid occupies one
point in a space lattice

e |t is called an Exact Model



e Twenty amino acids can be divided into two classes:
Hydrophobic/Non-polar (H)  (#i7K)

Hydrophilic/Polar (P) (GEXK)

e The contacts between H points are favorable

® Hi/KFRMR
5 FKEER

344 (ovalent bond)

~_ H-H contact

e Goal: k8 E KK H-H contacts



Let the both of sequence and lattice size be Ilet Xij = 1/0
for the i-th acid taking the j-th lattice point or not. Let N ()
be the neighboring set of point j.

Let | N(j)|=1/2/3 and the coordinates of pointj be Y ;

i—H/P= f(i)=1/0

max Z[Zf(l)xIJ > Zn:f(i)xis]

j=1 =l seN(j) i=1

subject to injzl, =



+ NP-hard problem even in the case of two
dimensional HP model

P.Crescenzi, et al.

On the complexity of protein folding,
Journal of Computational Biology, 5(3):
423-, 1998

+ Many local solutions

» GAGRfEE L) MC(RH¥EFi&) SA ()— time
consumlng



A B R THESH Sa o) RE HY AR BUFNFE R BASR A
XA 4EHPREY

A Traveling Salesman Problem with an
energy function concerning the H-H contacts
that would be maximized.



+ EXisting algorithm

« TR TSP BHLRBRT /5 7%
« 7 BFreR i+ B _E HP Information

« S Eig 0—o0 0 I
H— 1 KE R o9 .
SOERE=2iE 2] L | I

o—9 o
A 36-long sequence I l
In a 6x6 lattice I




Motivation
+ Consider a bigger lattice than

the sequence to have more I

flexible shapes than the only

rectangular shape

A/

+ Equivalent to a PCTSP

(Price Collecting Traveling

Salesman Problem): a man

travels only a part of the city

set with some expectation.

Difficulties caused:
Number of cities > number of neurons




A traveling salesman who gets a prize f,in every
city k that he visits and pays a penalty p, for

every city | that he fails to visit, and who travels
between cities | and j at cost C;;, wants to minimize
the sum of his travel cost and net penalties, while
iIncluding in his tour enough cities to collect a

prescribed amount f, of prize money.



MaxX i[ i f(i)xij Z i f (i)Xis]

seN(j) i-1
subject to > x;+y; =1 j=1..m
=1

m

Dot Si.fidle N

i3

n n

I inij ¥ X(i—l)ij =1, i=2,..n
—1 5|

J J

where m>n and the total variables are (n+1)m.
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Constructed HP

sequences o—e

(Length of 17) '

2. HP benchmark

(up to 36 amino
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http://zhangroup.aporc.org/

Thank you!
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