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DNA and RNA
Protein

Functions

— Regulatory
— Interactions

Signals
Experimental Data
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 Sequences
— DNA, RNA, Protein

e Structures
— DNA, RNA, Protein

e Networks

— Protein-Protein Interactions, Gene Regulatory,
Signaling Pathway
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WERZE 1)

o Statistics and Probabilistic, e.g. hidden Markov model
(HMM) in sequence analysis and gene finding

e Operations Research, e.g. dynamic programming (DP)
in sequence alignment

e Mathematical Programming, e.g. linear programming
and non-linear programming in protein structure
prediction and docking problem
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 Topology, e.g. in protein structure comparison

 Functional Theory, e.g. Fourier transform and
Wavelet in protein structure comparison

* Information Theory, e.g. in sequence alignment and
protein structure prediction



HFERZE (3)

e Computational Mathematics, e.g. differential
equation in molecular dynamics and protein folding
problem

 Groups Theory, e.g. in genetic codes and DNA
sequence analysis

e Combinatory, e.g. in molecular evolution and DNA
rearrangement
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Journals (1)

e Explicitly including word “Bioinformatics” in journal
Nname
— Bioinformatics
— BMC Bioinformatics
— Applied Bioinformatics
— Briefings in Bioinformatics
— Journal of Bioinformatics and Computational Biology
— Genomics, Proteomics & Bioinformatics
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Journals (2)

e Other biological journals
— Nucleic Acids Research
— Genome Research
— Genomics
— Journal of Molecular Biology
— Journal of Computational Biology
— Computational Biology and Chemistry
— Molecular Biology and Evolution
— BioTechniques
— BioTechnology Software



International Conferences

e WABI: International Workshop on Algorithms in
Bioinformatics

e RECOMB: International Conference on Research in
Computational Molecular Biology

e |SMB: International Conference on Intelligent Systems for
Molecular Biology

e |CSB: International Conference on Systems Biology
e (CSB: IEEE Computational Systems Bioinformatics Conference
e PSB: Proceedings of Pacific Symposium on Biocomputing
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Eukaryote

= Prokaryote

10 ecm

Nucleolus
Capsule

Nucleoid
/ Cell wall

Nucleus

Ribosomes
Cell membrane

Flagellu
Mitochondrion
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Homologous Meiosis I
chromosomes continues

1.0 gfMAp | Recombinant
ool log VeIV chromosomes

vgVe/ \vgg Ve

Meiosis | l Meiosis II

. . . .Gametes

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 10.19 Crossing Over Results in Genetic Recombination
© 2004 Sinauer Associates, Inc. and W. H. Freeman & Co.




Core of eight

@y, histone molecules

2001 Sinauer Associates, Inc.
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o YeffiifK (chromosome)
o [AJFEYLf4K (homology chromosome)
o AL Callele)
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R E B Xt (Base Paring)

-------------
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o M4 (purine)
— A: adenine, JRMEFS, ZH:, 554
— G: guanine, MRS, JREL, 5o
o EEIE (pyrimidine)
— C: cytosine, JUMENE, I, 5o
—T: thymine, FIARWERE, FEREL, 58
o JWH:A C/HEE:T, G
o SHEH:A, T/5EEE:C G
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base pairs

backbone

bhase
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Parenmnt double helix
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Twwo daughter double helices
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DNA®Y 48 =4 2>

DNAXUIZ g 25 ¥ (double helix; double
strand)

DNA%E) /0] Corientation) : 3’ fll 5

Wa3t H AMACXT (Watson-Crick base pairing) -
A/T C/G

B 3EXT (base pair)
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* DNA LR Drfie i — 1 Jr i, B33 —H

R E HERIYRIE . —okiE, — R A
ﬁéﬁ%’ﬂ/\ﬁ Ji o

o (R —ZRYLAR EERT B 2R, —4%

I A O S v NI T I 2 = 15 A ol W e
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DNAZF= 25 &

F: K [A] P DNA Cjunk DNA)
FRTHIAE T Cintron)
R RIZNE T (exon)
J5 31+ (promoter)




3350 (Central Dogma)

promoter
; TSS i 1 -
3 Exon | Intron | Exon 2 Intron 2 Exon 3 3
DNA
ol
Transeription factor
binding sites Transcription downstream
T-*.T.-i-_bux element
COUAAT-bax
i Exon 1 Intron 1 Exon 2 Intron 2 Expn 3 Pri
rimary
- transcript
. g ag P
\\ ", rd /i{uga.lma.uag} I
", H‘h X 7 4 L
% "‘%._ x._‘ﬂ i i Pl cleavage
'\ & W _.-"' 3 : §
\\H N \ Splicing 7 i A polyA  site
E B ™, Fi pd s signal
N, g ."‘x o f.ﬂ' rd
o osutr | < | ./ 3UTR P
", wfnreansanses . 3 oly A tail  Mature

AAA-AAA mRNA

Start codon
aug Stop codon
) (nga,una,uag) cleavage

Translation site

Protein
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DNA

. Gene
( Gene1
M_’ Gene 3
(template) AllcicialajalcichclalGlT




First letter

w P
#1252+l (Genetic Code)

Second letter
U c A G
uuu UCU UAU UGU U
vuc S F™ | uce ., | UAC vl uec } Cvs | o
UUA UCA UAA Stop | UGA Stop | A
uue} Leu | yea | UAG Stop | UGG Trp | G
Cuu CCU ) CAUY | cGu U
cuc I L | oce L | oa } 2L cfsc} ag |
CUA CCA CAA CGA A
CUG. CCG J caa SO | cea G
AUU ACU ) AAU AGU u
} Asn } Ser
AUC tlle | ACC || AAC AGC c
AUA ACA AAA AGA A
AUG Met | ACG . AAG } Lys AGG} ACHN e
GUU GCU GAU GGU U
GUC GCC GAC } AP | Gac c
cua (¥ | cea (M@ | Ggaa & GGA} Gy 1A
GUG GCG GAG} Y | cea G

1919 pIyL
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R-group
oFr side chain

o carbon
\ | -E!'_ hydrogen
"HyN— c:H—c-___
:
o aming : carboxyl
group O grous




Non-polar

Acidic
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Amino acids groups

Group Characteristics Names Example (-Rx)
CHy_
non-polar hydrophobic Ala, Val, Leu, CH— CHZ_g
lle, Pro, Phe |oy”
Trp, Met
polar hydrophilic Gly, Ser, Thr, OH
(non-charged) | Cys, Tyr, Asn N\
Gln P
CH; Thr
acidic negatively Asp, Glu 0\
charged /c -CH,——
O Asp
basic positively Lys, Arg, His
charged NH3*-CHo- CHo - CHE-CHE%
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BksE (Peptide)

Peptide = chain of amino acids

—

N terminus

N

polypeptide chain

/
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O
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C terminus
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Protein Structure(Summary)

*Primary |The amino acid sequence Glu-Arg-Phe-Gly

*Secondary | Characteristic structures that
occur in many proteins
(E.g. alpha helix , beta sheets )
alp a helix

beta sheeis

*Tertiary [Three dimensional structure Z

of proteins X

*Quaternary Three dimensional structure
of proteins composed of
multiple subunits
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. o-helix (30-35%)
o- 12 g

+ B-sheet / B-strand (20-25%)
B-#r &

e Coil (40-50%) J&HiI| 2
e Loop ¥f
o B-turn B-F5
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Protein types

Type Function Examples
Structural Give shape and structure | Actin

to cell or organelles Tubulin
Enzymes Catalyse biological Trypsin

reactions Adenylate cyclase
Receptors Bind to other molecules Glutamate R.

and transmit signal Steroid R.
Other Have specific functions Antibodies
functional Nuclear factors
proteins Neuropeptides

H




Structural statistics from August, 2003

Classification

Of
Proteins 7 CLASSES

(a,b,a/b,a+h...)

800 FOLDS

domain structures

2,327 FAMILIES

strong sequence homology

54,745 DOMAINS

Murzin, AG, SE Brenner, T Hubbard, and C Chothia. "SCOP: A Structural Classification of Proteins Database for
the Investigation of Sequences and Structures.” J Mol Biol. 247, no. 4 (7 April 1995): 536-40.
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