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Abstract

Bioinformatics has becoming one of the
major research topics in the 21th century. The
constitution of computer technology and
molecular biology technology is evidently
essentially in the future. Due to the effort of the
Human Genome Project, the full sequence of
all 3-billion DNA bases is set to be completed
by the end of 2003 and to determine the
biological functions of the genes. The next
challenge will be to fully realize the value of
the data and gain a full understanding of the
genome, the relation between genes and
function of proteins. Powerful computational




tools and technologies are critical for scientists
to discover the biological features to provide
insight into their structures and functions. Most
of the progressive countries pay more attention
on the research of Bio-technology including
Taiwan. However, the bottleneck of
development of Bio-technology in Taiwan is
lack of bio-engineers. Therefore, the objective
of this project is to educate and train a
of bio-engineers to
development  of

sufficient member
contribute  on  the

Bio-technology for Taiwan.
The project is partitioned into four parts;
Bio-informatics, Bio-computational algorithms,
Stochastic analyses and Bio-database. Each
part concerns on the course planning and
rescarch on its related topics. The
undergraduate and graduate course are also
included in the course planning. This project
lasts for three years. In the first year, we had
opened 10 courses for undergraduate students
and another 10 courses for the second years.
For the last years of the project, 4 courses for

graduate students are opened.
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Abstract

How a group of genes or organisms
evolved is a fundamental question in biology.
Biologists who study such evolution try to
reconstruct the evolutionary history of all
living organisms. The divergence over
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evolutionary history can be described with a
tree-like structure termed a phylogeny. As
the number of descendants increases, the
number of possible tree topologies increases
very quickly.

Multiple sequence alignments (MSA) play a
crucial role in molecular biology. Large
genome projects result in an explosion of
sequence data in public databases. For many
genes a database search will reveal a whole
number of homologous sequences. One
wishes to learn about the evolution and the
sequence conservation in such a group
requires efficient MSA programs.

In this project, we use two books that
Fundamentals of Molecular Evolution and
Molecular Evolution and Phylogenetics be
textbook, the following important topics
were teach: MSA , Neighbor-join(NJ),
Maximum parsimony (MP) and Maximum
likelihood methods (ML), the using
techniques for web tools.

Keywords: MSA -~ MP - ML ~ NJ
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Evolutionary Change in Nucleotide
Sequences

Rates and Patterns of Nucleotide
Substitution

Molecular Phylogenetics

Gene Duplication, Exon Shuffling, and
®m Concerted Evolution

(7) Evolution by Transposition

(8) Genome Evolution

[Molecular Evolution and Phylogenetics]

(1) Molecular Basis of Evolution

(2) Evolutionary Change of Amino Acid
Sequences

(3) Evolutionary Change of DNA sequences

(4) Synonymous and Nonsynonymous
Nucleotide Substitutions

(5) Phylogenetic Trees

(6) Phylogenetic inference: Maximum
Parsimony Methods




(7) Phylogenetic inference: Maximum
Parsimony Methods

(8) Phylogenetic inference:
Likelihood Methods

(9) Accuracies and Statistical Tests of
Phylogenetic Trees

(10)Molecular Clocks and Linearized Trees

(11)Ancestral Nucleotide and Amino Acid

Sequences

(12)Genetic Polymorphism and Evolution

(13)Population Trees from Genetic Markers

(14)Perspectives
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6 | Ligand regulation A 3
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proteolysis, splicing and
other PTM regulation
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10| Experimental tools for [ A 1.5
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1. For protein prediction and classification:
http://scop.berkeley.edu/
http://bioinformatics.ljcrf.edu/pdb_blast/P
B_help.html
http://www.uark.edu/chemistry/facultystaf
f/faculty/sakon/homepage/expasy.html

http://bioweb.pasteur. fr/seqanal/interfaces
/toppred.htm]
http://www.sdsc.edu/pb/edu/pharm207/8/
8.html#goals
http://www.protonet.cs.huji.ac.il/
http://www.ncbi.nlm.nih.gov/Structure/V
AST/vast.shtml

. For protein docking tools:
http://zlab.bu.edu/zdock/benchmark.shtm
1
http://www.scripps.edu/pub/olson-web/do
c/autodock/
http://www.techfak.uni-bielefeld.de/~sne
umann/agaiprot/
http://dock.compbio.ucsf.edu/
http://www.sdsc.edu/CCMS/Papers/DOT

sc95.html

http://www.bmm.icnet.uk/docking/
http://www.csd.abdn.ac.uk/~dritchie/hex/
http://www.bioinfo.de/isb/gcb99/poster/zi
mmermann/
http://abagyan.scripps.edu/lab/web/man/f
rames.htm
http://pc-gamba.math.tau.ac.il/

3. For protein  structure  alignment:
http://zlab.bu.edu/zlab/protein.shtml
http://lore.came.sbg.ac.at:8080/CAME/C
AME_EXTERN/PROSUP/
http://www.embl-heidelberg.de/predictpro
tein/predictprotein.html
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http://www.cmpharm.ucsf.edu/~nomi/nnp
redict.html

http://hmmer.wustl.edw/
http://www.cse.ucsc.edu/research/compbi
o/sam.html

BMERC PSA Server:
http://bmerc-www.bu.edu/psa/

STRIDE and PREDATOR:
http://www-db.embl-heidelberg.de/jss/ser

vlet/de.embl.bk.wwwTools.GroupLeftE
MBL/argos/stride/stride info.html
DSSP: http://www.cmbi.kun.nl/swift/dssp/
FSSP:
http://www.bioinfo.biocenter.helsinki.fi:8
080/dali/index.html
HSSP: http://www.cmbi.kun.nl/swift/hssp/
PDBselect:
http://www.cmbi.kun.nl/swift/pdbsel/
PDBFinder:
http://www.cmbi.kun.nl/swift/pdbfinder/
PSIPRED: http://bioinf.cs.ucl.ac.uk/psipred/
PSI-pred: http://www.psipred.net
DSC
http://www.aber.ac.uk/~phiwww/prof/
4. Kyoto Encyclopedia of Genes
Genomes:
http://www.genome.ad.jp/kegg/
“http://genome.cse.ucsc.edu/
5. For proteins in cell
http://www.biocarta.com/
http://www.cbs.dtu.dk/services/SignalP/
http://www.cbs.dtu.dk/services/TargetP/
6. For Signal Transduction Knowledge
Environment:
http://stke.sciencemag.org/
http://www.grt.kyushu-u.ac.jp/spad/
http://geo.nihs.go.jp/csndb/
http://www.indstate.edu/thcme/mwking/o
xidative-phosphorylation.html
. For biomolecular interaction network
database:
http://www.blueprint.org/bind/bind.php
http://dip.doe-mbi.ucla.edw/

and

biology:

8. For metabolic pathway / genome
databases:
http://biocyc.org/
http://www.ncgr.org/pathdb/

9. For protein  function prediction:

http://predictome.bu.edu/
http://dunbrack.fccc.edu/'SCWRL3.php




http://fold.doe-mbi.ucla.edu/

http://www.cbs.dtu.dk/services/ProtFun/
Module finding:

http://www.bork.embl-heidelberg.de/Mod

ules/
http://jura.ebi.ac.uk:8765/holm/ddd2.cgi

10. For signaling pathway and gene
regulation:
http://193.175.244.148/
http://www.amaze.ulb.ac.be/

11. For structural genomics:

http://cubic.bioc.columbia.edu/genomes/

b
Biochemistry in 3D:
www.worthpublishers.com/lehninger3d
www.umass.edu/molvis/freichsman
http://www.biochem.ucl.ac.uk/bsm/pdbsu
m/
15. Evaluation
prediction methods:
LiveBench
http://bioinfo.pl/LiveBench/
16. Databases:
http://www.rcsb.org/pdb/

of protein structure

RES/2002 bioinformatics/

12. For bioinformatics tools:
http://www.cse.ucsc.edu/~karplus/compbi
o_pages.html/
http://www.public.iastate.edu/~pedro/rese
arch_tools.htm]

Alignment:

http://www.c2b2.columbia.edu/research/p

apers_topics.html
http://www.ch.embnet.org/software/TCoff

ee.html

http://www.drive5.com/muscle/
http://www.fcce.edu/research/labs/dunbra
ck/pisces/

Hydrophobicity:
http://bicinformatics.weizmann.ac.il/hydr
oph/

13. For particular protein family:
http://supfam.mrc-lmb.cam.ac.uk/SUPER
FAMILY/
http://pfam.wustl.edu/

Channel proteins:
http://www.neuro.wustl.edu/neuromuscul
ar/mother/chan.html

G-protein: http://www.cmbi.kun.nl/7tm/

14. For protein structure visualization:
http://www.umass.edu/microbio/rasmol/

http://www3.ebi.ac.uk/tops/

Protein Explorer:
www.umass.edu/microbio/chime/explorer
PDB Lite:

www.umass.edu/microbio/rasmol/pdblite.
htm

DRuMS Standard Color Schemes for
Macromolecules:
www.umass.edu/molvis/drums

NonCovalent Bond Finder:

www.umass.edu/microbio/chime/find-nc
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fip://ftp.ebi.ac.uk/pub/databases/

http://tw.expasy.org/sprot/
NMR: http://biotech.ebi.ac.uk:8400/
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Section 1 Introduction

Textbook: A Biologist’s Guide to
Analysis of DNA Microarray Data,

Steen Knudsen, Wiley-Liss, 2002

Hybridization(1)

* 2 DNA strands hybridize if they are
complementary to each other.

* One or two strands can be replaced by RNA.

* Techniques using hybridization: Southem

blotting, Northern blotting and DNA
microarrays.

Hybridization(2)

« DNA arrays:

- Oligonucleotide probes have been immobilized on
a surface at pm distances.

— The sample is labeled with a fluorescent dye that
can be detected by a light scanner.
— Tens of thousands of hybridizations are run at the

same time. It offers a systemic view of how cells
react in response to certain stimuli...

Hybridization(3)

* DNA arrays:

— A probe matches a mRNA in cells. AmRNAisa
result of gene expression, so it can apply to
expression analysis. (=an expression profile)

— Another application: to detect mutation in specific
genes. (i.e. genotyping, see Section 11)

— For expression analysis, 2 major technologies are
available: Affymetrix chips and spotted arrays.

Affymetrix Genechip(1)

 Affymetrix uses equipments similar to be used
for making silicon chips.

» Photolithographic process: Affymetrix uses
masks to control synthesis of oligonucleotides
on a chip. (Figure 1)

* Length of oligos <= 25.

Figure 1: photolithographic
construction of microarrays
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Affymetrix Genechip(2)

« Up to 40 oligos are used for detection of each
gene.

 Affymatrix selected a region of each gene that
has least similarity to others.

« From this region, 11-20 oligos are chosen as
perfect matches (PM) and 11-20 oligos are
mismatch oligos (MM), which are identical to
PM except for central position 13. (Figure 1.2)

Affymetrix Genechip(3)

« PM and MM:
— MM: detect nonspecific, background hybridization.

- However, for weakly expressed mRNA,
subtracting MM from PM add considerably to the
noise in the data (Schadt, et al., 2000).

~ Average difference between probe pairs is
calculated as signal intensity. (Section 3.1)
 Target mRNA is labeled with fluorochrome.
The steps from cell to chip is shown in Fig.1.3.

Performance of GeneChip Tech.

Table 1.1 Pak ¢ of the Ally GeneChap tcchnol Nuners refer w chips in
noutine e and ehe currene limat of the welwology (Lipshutz, et ab, 199%: Rangh, &1 al., 2AKN).

Routine nse Current limit
Starting material o 5 pgtotal RNA 2 ng lotal RNA
Diclection speviticity 1: W 1: 108

10% changes
93% identity
4 urdess o maga.

Dufterence deteclion iwolold changes
Discrimination of related genes 70-80%: identity
Dy numic: rage (lincar detection) 3 orders of magn.
Probe pairs per genc 20

4
Number of genes per array 12.000 40,000

Figure 1.2 Affymetrix GeneChip

A UATKTGGGAAT TGO TCAGAAGCACTO TGUCT AGG GO
GGAATTGGGTCAGAAGGACTGTGULC et ek uligo
GUAA NGRS IUCACAMIGACTATGOC  Mismatch olign

'W  ortect mach probe wells
IR tvenmich protee veils

Fig. 1.2 T i GoneCll The presence of RNA is detesial
hy 4 series of pnrbr airs et diler in oniy anc of N
meocnger KNA 6 (s probe patns ua the chip i deloind by luser scanaing of the chip
suface. 1Figuie by Chyistoffer Bro.)

Figure 1.3 Preparation of sample for
GeneChip arays
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Spotted Arrays(1)

A robot spotter is used to move small
quantities of probe from a microtiter (F§E)
plate to the surface of a glass plate.

The probe can consist of cDNA, PCR product,
or oligonucleotides.

Each probe is complementary to a unique gene.
Probes are fixed to the surface. (Fig. 1.4)




Figure 1.4: Spotted Array Tech.
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Spotted Arrays(2)

Advantage for spotted arrays:

— We can design any probe for spotting on the array

— The sample and the control are hybridized to the
same chip, whereas 2 Affymetrix chips are
required to compare a sample and a control.

Disadvantage:

- Spotting will not be nearly as uniform as
Affymetrix chips.
- The cost of oligos becomes high.

Table 2.1

Table 1.2 Vcrlommance of Ure spolted aemay technalogy (Scheny, 2000).

Routine nse

Startiny matcrial 10-20 g total RNA
Dynamic range: (linear deteetion) Jonders of magnitude
Number of probes per gene I

Numbr of genes or ESTs per array 210,000

1.5 Example (Figure 1.8)
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Section 2 Overview of Data
Analysis
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Section 3 Basic Data Analysis

Absolute Measurements(1)

 Image processing software:
— Identifies the probe cells
~ Calculates signal intensities
— Subtracts background
— Measures noise level
+ Intensity level:
~ cDNA array: int. no.s for red/green channel
— Affymetrix: Average Difference is calculated

Absolute Measurements(2)

+» Average difference and weighted average
difference (Li and Wong, 2001a, b) :
Sy PM = MM

AungDiff = %
4

Yo (P, — MMy
N

§=

Scaling(1)

+ Scaling: ensure the expression levels in sample
are comparable to exp. levels in control.

- Maintenance genes: expressed at a constant level.
And then we check these genes are expressed at
the same level in sample/control.

- Assume the total amount of mRNA measured from
each cell is constant. We then multiply all exp.
level by a scaling factor until the sum of all exp.
level in sample/control is identical.

Scaling(2)

* Nonlinear scaling:

— Better method: scale weakly and highly exp. genes
separately. (Schadt, et al. 2000, Li and Wong
2001b. Workman. et al. 2001)
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Detection of Outliers

* Outliers in chip:
— Entire chip is bad.
~ An individual gene on a chip that deviates from the
same gene on other chips from the same sample.
* Detection of outliers:
— The simplest model is equality among replicates.
If one replicate deviates from mean, it is an outlier.
— A replicate with a low significance t-test measure.
— More advanced models (Li and Wong 2001a, b)




Fold Change

+ Compare expression level in sample & control.
— Sample/control : >1 © up-regulated
— AffyFold: fold change is symmetric

— Logfold: log (sample/control), symmetric and
continuous.

AffyFuld = Surnple. = Comlrol { 1 if S;\mp[c » Control

mui(Sample, Control) —1 it Sample < Control

Significance (t-test)

« Sample / control = 2. Is it an experimental
error? Is it significance ?

« If you repeat control and sample, you can use a
t-test to determine expression is significantly
different between control and sample.

« T-test: B R BRECRAERE,
BARA A/l = n2, RIfATF|Ft-testifliR L
BAHIEERETEZE. (p.25 Ex, t-test.xls)

Tabie 3.2 s-test on dilference beiwen paticnt categonics A and 5,

T-test —
? . tient
) . Gene Ay Ay B, B, P-value
AulR R T LM, MRS | g T ST
ot fa=pir f b 3% 410 590 610 0003
{12 Y % X UL
ROEH S ' 190 290
PG e A R V) 210 310
Suyfpt 200 300
o 200 200 200
fis,t= (=D SE+n=1) 57
=2
. 7.071068
Afin, n SRS EAREEARD, Y, V.SWERFNTIH,
0019419
Significance (ANOVA) ANOVA

« If you have more than two conditions, the
method analysis of variance (ANOVA) will,
using F distribution, calculate the probability
that all come from the same distribution.

« ANOVA: BEBMF, B F M BNERNE
A, AR E S EEERREEERE RS
» Example: p.26, Table 3.3

SST =SSR+SSE

A& n — L3 — o, LI —_—
LT =S T -+ 5 (Y- T

imli=]
- g)h(.}?i_?)z'f‘ 2::‘(71.'“ 3] -§;2

« MSR=SSR/(k-1)

« MSE=SSE/[k (n—1)]

« F=MSR/MSE, #i—&iE=k-1, B Ehpe=k(n-1)
k: R, n: EGREIEAR




Table 3.9 ANDVA on dilference butweon putient catepones N o und B.

Patient

Gene N Ny S Ay i B, P-value
a N 1o {90 210 290 0 0.0018
[ 190 210 390 110 550 610 (L0002
¢ 92 110 110 Yo 120 50 l.(w
d 200 100 100 9 600 200 0.5560

L200. . 400. 600 .
100 9. 200, :
e 1300 2454000 265
5000 48050:  80000. 133050:

Significance

* Nonparametric tests (ZERHEIR E):
— Both t-test and ANOVA assume data follow
normal distribution.
- Wilcoxon/Mann-Whitney rank sum test will assess
significance without assuming normality.

* P-value: EHBHAZ(EAZAUHER, BIELKSE
BURGUB AR,

Example 2: Number of Replicates

* Number of Replicates Bfl t-test 4 n; BY
ANOVAF n f, n fl#E/, T 5% F @8, 1
ERGERFIIEARH,, RIS TR,
BIERRFEIEE AR . .. Arlltable 3.4623 5,
HreplicatesB{i#5/|\EF, False negativefH#gA.

* B&EEreplicatesBIAN, true positivesiEig.

* How many replicates need? This depends on
how large is variance btwn repl. and how small
a fold change do you wish to detect.




Section 4 Visualization by
Reduction of Dimensionality

Principal Component Analysis
(PCA)

+ |f we measured 6000 genes in 15 patients,
the data constitute a 15x6000 matrix.

» Imagine 6000 genes as points in a 15-dim
hyperspace. A cloud of 6000 points in
hyperspace. Exist one direction where the
cloud will be extended. This is the axis of
first principle component (PC).

* 2nd PC: is orthogonal to first PC and
captured maximum variation in data.

Flg. 4.1 A clomd ot pbmu m ibsrcu-dieonsional space. Tha cloud is nat regulsr. 1t vatends
more m onc discetion thin in all other directines. ‘This ion s lhe first peincipal comp:
(dinhod line).
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Section 5 Cluster Analysis

Hierarchical Clustering (H Clustering)

* Once you have more experiments under
different conditions, it makes sense to group
significantly changed genes into clusters that
behave similarly under different conditions.
H clustering method:

— Each gene is a N-dimension vector.

— Calculate the distance between two genes.

— Group those genes together that are closest.
(nearest neighbor or centroid)

Table 6.1 Expresvinn readings af five genes in two patients.

Patient

Genme Ny A
a 90 1m0
13 A 390
< 90 110
d 200 4
[ L50 200

H

5 1g. pomeg o * SR

L3

T o

H

na s
100 y
0 oo " 0

GoasEsprasion In Patione K [ P—

| ’2. 3.1 Veranhaal rl.l\kl‘u’ o xeucs bewd on et Huchdesn dtigance

K-Means Clustering

H clustering only fails when you have a large number
of genes (several thousand).

K-means clustering is faster.

- Do not calculate distances between all genes.

— Number of clusters is decided.

- Computer randomly assigns each gene to a cluster.

— Calculate the distance between each gene and centroid.

- Ifa gene is closer to center of another cluster then it is
reassigned to the closer cluster.

— Stop algo until centroids will no longer change.

A Example: K-means clustering

HUfememmmemee e e
< . -
z . 3
§ wnaq B S A :, -2
3 E cenuoid 2|
2 <omsoid 2 s
£ 0 5 04
¢
3 conirond 1 g
FECZ I ol 2] ! .1
(-] k] <entroid |
| = 1
X Ly v v I L. . T
s o % e p W 19 am
Gene Exproasion ia Paiwcnt NY Grue Eapression iu Fawnt N1

Fig. 83 X means clustering of genes based oo their Euclidasn distance. (i, proes are
randomly axspned 10 one of the wo Shistera 1n K 1 or 2 (Left). The controids of cuch cluace
we cakouluied. Getws ure tien igned 1o wxdlx clusier if they aue closer W dwe centroid
nt That cluster (Righe). Al just ane iterstion, the final solution ic ahtainest (Riph).

* SOM is similar to K- i

Self-Organizing Maps (SOM)

means, but instead of

-

allowing centroids to [t R
move freely in space, %
they are constrained to a 2 ol
2D grid. 8
¢ 3 ‘

* Fig. 5.4: centroids are at ¥ ™1
each corner of the grid. )

Gene Cxpression i Puticnl N1




Distance Measures

« Euclidean distance:

sqrt((al-b1)"2+... AN
+aN-bN)"2) Hs e = = ”‘h‘v )
+ Vector angle: Fig. 5.5. Vb
(A, EBAIE
FERAR)
. Peafr;or} correlation SN (e —a)h - D)
coefficient.

VN i = a/u¥ (b — b2

Example: Comparison of Distance Measures

Table 5.2 Exprcsion readeoys of four 2 i 3ix Pkt

Tabin'5.5  Pourson distance matrix belwess four genes.

Guwe
Gene a 4 I3 _f
@ 0.00 0.06 145 L3
b 0.06 0.0 143 0.98
¢ 148 143 0.00 0.83
d 1.03 0.9§ 0.83 [X8.1]

o=
L

Pt

Gene N ¥ M A By B

« %0 o 190 K 20 0
b 19 210 %0 410 590 6o

. w0 110 1o P 120
o od 200 1w 400 0 n 200
: P
|2 Tabia £3 Enclidesn dittance mwiris hetwrem lis genes
3
¥ Gene
A CGuan: o b i3 o
S [ T ¥ 7} 120 D
Y oh 520 0.00 3% 532
te 320 838 000 S84
E d 43 532 384 0.00
H
H Tabie 5.4 Vocw angie distance mas beiwoen four vae.
H Cune T
i Gene a b - o€
} a 0.00 0.02 042 0.5
) [ 0.00 a1 0.50
E « 042 aal wo 031
k. 052 0.50 051 0.00

* Vector angle distance is the best way to
represent gene expression responses.

* Genes a, b and d all have increasing expression
over the 3 patient categories. The vector angle
clustering has captured this trend, grouping a
and b close together and d nearby.

. . -
Huachidvaan Ve angle Prrron
Fig. 5.6 Hieruchical iy wldistanccs (with il Ji: byt
genos wn the caamply.
* Normalization

» 3 common ways of normalizing expression of
a gene:
— Means: subtract the mean from all numbers.
— Length: divide all numbers by that length.
— 8.D.: divide all numbers by standard deviation.

+ Remember, you have already scaled data, so
expression should be comparable.

» Author suggest: use vector angle distance on
non-normalized expression for clustering.

Visualization of Clusters




Section 6 Beyond Cluster
Analysis

Function Prediction

* Genes that appear in same cluster have similar
transcription response to different conditions. It is
likely caused by some commonality in function. You
can infer function of orphan genes in same cluster.

* When no genes with known function, a number of
properties can be used to predict a likely function
class. (proteins with similar function also share some
similarities in AA length, posttranslational
modification, cellular destination signal...)

Discovery of Regulatory Elements in
Promoter Region (1)

+ If some genes share a regulatory response to
some stimuli, we assume they share a binding
site for a transcription factor in their promoter.

— ClustArray allows you to select a cluster and

search their upstream promoter region for
regulatory elements. (promoter region are known)

— Saco-patterns: searches for patterns are fully
conserved (for example, AGCTTAGG). But
transcription factor binding sites may degenerate.

Discovery of Regulatory Elements in
Promoter Region (2)

~ Ann-spec: searches degenerate patterns, but it is

sensitive to choice of parameters.
+ Example 1: discovery of proteasomal element

— Take 6269 annotated yeast ORFs and extract 200
bp starting 300 bp upstream of ORF to cover most
promoter regions.

— Divide 6269 promoter regions into proteasome (31)
and those have not (6238). (positive /bground set)

~ Run saco-patterns, GGTGGCAAA present 25 of
positive set and 26 of background (false positive).

Discovery of Regulatory Elements in
Promoter Region (3)

+ Example 2: Rediscovery of Mlu cell cycle box
(MCB)
- Sort yeast promoter regions by expression in a cell
cycle experiment.
— We look for patterns are more frequent in up-
regulated genes than in nonregulated genes.

— Fig. 6.1 shows the distribution of genes that
contain a MCB pattern ACGCGT, was discovered
to be significant.

Urawing by Lurs Juhi Jeuscu based oa dota from Jemsen and Knisdsca (2XK).
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Integration of Data (1)

« Data analysis from an expression experiment
becomes more powerful if information about
function of genes and knowledge of promoter
elements controlling expression are included.

+ Such an integration of data can be done
manually on a small scale.

« If you have a group of genes with significant
different expression btwn 2 conditions, you
can subject them to further analysis.

Integration of Data (2)

» 2 further analysis:

— Look at functional annotation (Medline abstracts)
of genes to discover clues of a pathway they may
all be a part of.

— Run a promoter analysis in Section 6.2. (problem:
ftup-regulated genes#Jpromoter regionsfJfF$,
RHFRIRF BUF!, E{Fregulatory element)

« Such analysis takes a long time, and you only
do it manually for a small number of genes.




Section 7 Reverse Engineering of
Regulatory Networks

Introduction

« A gene can affect expression of another gene
by binding of the gene product to promoter
region of another gene.

* Between more than 2 genes, the regulatory
network is referred as regulatory interactions.
*» Reverse engineering problem can be solved in

2 ways: using time-series data & steady-state
data.

The Time-Series Approach (1)

» Expression level of a certain gene at a certain
time point can modeled as some function of
expression levels of all other genes at all
previous time point.

* Linear modeling approach:

— First, remove genes don’t show significant change.

— Cluster genes that behave the same way.
- Build a linear model of remaining gene clusters.

The Time-Series Approach (2)

N
wy(l) — Zv'g'}:r,-(f. - 1)
i—1

* Xj(t): expression level of gene j at time t.

rij: a weight factor showing how gene i affects gene j.

Another solution: Holter et al. (2000) and Bayesian
networks (Friedman, et al. 2000).

Example 4 (Section 7.7)

stan—

Rap
fevel

Yime it

Expression of each gene at each time as log10 of fold
change relative to time 0. gene a is expressed 0, 0, -1,
-1,-1 at time points 0, 1, 2, 3, 4.

Example 4: expression matrix and
linear equation model

Table 7.2 Expression mairix for four genes.

Time —1{t = B) = 1,0~ vy} F 7gad
3 4

Gene 0 1 2

a 0 0 -1 1 1 ~t{t=2) - rp0+r.al »raull
b 0 0 o -1 -1

[ 01 1 1 I — 1) = -

A 0 0 0 0 i O = 1) = 1500 + 12,00 + 14,0




Example 4: interaction matrix and
regulatory network

Gene a b ¢ d

Gene

q ——1

a
fr

IR

The Steady-State Approach

* The effect of deleting a gene on the expression
of other genes is measured.
— If exp of gene b increases after deletion of gene a,
then gene a repressed the exp of gene b.
— If exp of gene b decreases after deletion of gene a,
then gene a enhanced the exp of gene b.

— Reference: Ideker, et al. 2000 and Hughes, et al.
2000.

Limitation of Network Modeling

* Genetic network approached ignore regulatory
interactions take place at protein-protein level.
In future, regulatory network models must
include protein-protein interaction maps...

+ We need a way to combine prior biological
knowledge of regulatory networks,
information deduced from time-series / steady-
state experiments. (1, 3 =>2)

Example 1: Steady-State Model

Gene a rb a >b
Gene a b ¢ d T / l T l
—_ i _ A
Q + | ¢ ——d c d
b +
¢ - Redundant Parsimonious
& neiwork netwark

Redundant network => parsimonious network:
delete those paths for each pairs of genes excluding
the longest path.

Examplé 2: Steady-State Model on

Real Data

+ Figure 7.2: Known i
regulatory network in 3‘;_-?;_: I o gn
Bacillus subtilis. @ ]
(Jarmer, et al., 2002) l‘ i

_I'_?_

+ Figure 7.3: Regulatory Lom e T
network reverse £ i;t; ) - ?ld i~
engineered from real ) |
steady-state data. [- & |

[ e ey




Section 8 Molecular Classifiers

Introduction

* Problem: What if you have several cancer
specimens from one subtype and several
specimens from other subtypes?

* You need to look for genes that all specimens
from one subtype have in common and are
absent in all specimens from other subtype.

* You have just selected genes to fit your data.
No general method for classification.

Basic Rules to Build a General Method

 Avoid overfitting data. Use fewer estimated
parameters than the number of specimens.

Validate your method by testing it on an
independent data set.

Cross validation: When data set is small, you
subdivide data set into test and training several
time. (tenfold cross-validation for 10 datum)

Classification Schemes

* Nearest Neighbor:
- For each patient, find k nearest neighbors.
— Predict most common class among the k neighbors
by majority vote.
— It works well if the classes are well separated in
PCA or clustering.

* Neural Networks:
— It is suitable to classify large data set (50 — 100).
+ Support Vector Machine: machine learning.

Example 1: Classification of Cancer
Subtypes
+ 2 subtypes of bladder cancer: superficial and
invasive.
* Only had biopsies from 10 patients.

» The Method: to measure the angle between the
vector of all gene expression levels for each
patient and the vectors of 2 reference pools of
superficial-and invasive cancer. (Figure 8.1)

» To test 4 new patients, they were correctly
classified.

Figure 8.1
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Example 2

« Khan, et al. (2001) have classified small, round
blue cell tumors into 4 classes.

« A k nearest neighbor classifier.
— Data set: 2000 genes, 63 tumor samples

— K =3, Euclidean distance, and leave-one-out
cross-validation

— Correct rate: 61/63 .
» A neural network classifier: pp. 78-79.

Second Principal Component

Figure 8.2

First Principal Component




Section 9 Selection of Genes for
Spotting on Arrays

Introduction

* You may have so much knowledge about the
genes that you spot on a custom array.

» If you are not sure that all genes, you can do a
homology search (Psi-Blast) / Medline search
at NCBI website.

* Another way of selecting genes for a spotted
array is to use a commercial Affymetrix array
to identify genes about a particular problem.

Gene Finding (1)

+ No matter what organism, a large fraction of
genes is not functionally characterized.

They have been predicted by the existence of a
cDNA or EST clone with matching sequence,
by a match to a homologous gene in another
organism, or by gene finding in genomic seq.
Gene finding uses software to predict structure
of genes based on DNA sequence alone.

Gene Finding (2)

¢ Quality judgment of gene finding:

- Expression analysis may be a good method for
experimental verification of predicted gene.

- Skovgaard, et al. 2001: the predicted number of
4300 genes for E. coli probably contains about 500
false positive predictions. All ORF’s longer than
100 triplets were annotated as genes for the
Archaea Aeropyrum pernix, half are probably false.

Gene Finding (3)

Better performance is achieved when including
codon usage statistics. These frequencies are
to some degree specific to the organism.

+ Even better performance is including models
for specific signals like splice sites, promoters,
and start codons. Such signals are best
combined within HMM.

Selection of Regions with Genes

» How can you prevent spotting probes that are
complementary to more than one gene?

* There is software available to help search for
regions that have least similarity to other genes.

* ProbeWiz: takes a list of gene identifiers and
uses Blast to find regions in those genes that
are the least homologous to other genes. It
uses a DB of the genome from the organism...




Section 10 Limitations of
Expression Analysis

Introduction (1)

*» Expression analysis measures only the
transcriptome.
— Important regulation takes place at translation and
enzyme activity. Those regulations are ignored.
* The effect of alternative splicing is ignored.
— To what extent are changes in observed signal

from a particular mRNA due to alternative splicing
rather than due to a changes in cross-hybridisation?

— Changes in relative probe intensity within a gene
might reveal altemative splicing.

Introduction (2)

» mRNA is an unstable molecule.

— Messengers are programmed for enzymatic
degradation and half-lives of messengers vary
considerably.

— Messengers with very short half-lives may be
difficult to extract. Thus, it is impossible to detect
with statistical significance.

Relative vs. Absolute RNA
Quantification

* Absolute quantification is a much harder task.

— We need to know how well each probe hybridizes
to its target for each different mRNAs.




Section 11 Genotyping Chips

Introduction

+» Genotyping chips are available.

— They measure DNA.

— p53 chip is available from Affymetrix for detecting
mutations in DNA of human p53 tumor supressor.

— It does so with overlapping oligos that each are
complementary to 20 bps of TP53 gene (Figure
11.1). (SNP)

— There are still limitations of accuracy of this

determination. Develop a NN software improve it.
(Figure 11.2)
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Nano-computers

* Electronic Nanocomputers
Quantum mechanical tunneling effect
« Chemical Nanocomputers
Stores information in the chemical bonds: DNA etc.
» Mechanical Nanocomputers
Moving molecular scale parts: how to assemble ?
+ Quantum computer
Each bit of information as a quantum state: spins etc

Nanoelectronic Devices

[ Solid state nanoelectronic devices I

«Quantum dots “artificlal atoms” (QD): 0-D M

+Resonant Tunneling Devices (RTD, RTT): 1- or 2-D || Islands confine
+Single Electron Transistor (SET): 3-D electrons

Q Cellular A (QCA)
*Magnetic R A Memory (MRAM)

Molecular electronic devlces}

hemieall PPy o

rather than artificlally drawn

structures

Microelectronic Transistor: structure,
operation, obstacles to miniaturization

» Function of transistor
- Two state device or switch
- Amplification

n- and p-type Silicon Semiconductor

*p-type
B doped
«Hole carrier

*n-type
P, As doped
*Electron carrier

Depletion region

Some of the free
electrons in the n-region
diffuse across the
junction and combine
with holes to form
negative ions. In so
doing they leave behind
positive ions at the
donor impurity sites.

Structure and Operation of MOSFET

Conventional Microelectranic Transistor:
A Bulk-Effect Switch and Amplifier

@ Schematic of nMOS transistor:
metal contacts (green) printed
on surface of selectively
“doped™ silicon semiconductor
(yellow and orange)

M © Transis
P'semiconductor insufates and
blocks current flow between
“source” and “drain” contacts
© Transistor “On”
Current flows between “source”

and “drain” when a positive

charge is applied to the “gate™~ =t
polarizes carriers and opens +
“channel” (blue arrows)




I-V Charateristics of n-type MOSFET

25
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Teanslutor Tachnofopian Sop. 2000

SAMSUNG's Sub-100nm CMOS Transistors

Epitaxially. Grown' Channet

Electron Nature in Smaller Sizes

+ Energy quantization
d ~ Fermi wave length of electron in a metal (A;)
or exciton diameter in a semionductor
+ Charge quantization
Charging energy (E.) >> Thermal energy (kT)
» Ballistic
d<mean free path (3)

Free alectron case: see Kittel

W = exp(ikr), k =2zn/L

E=N2k%2m

N = 2x (4xkY/3)/(2w/L)? = VKY/3x?
Let electron concentration N = NV
Eg= (h%/2m) k2= h22m) (3n2N) 2°
ke = (352 N)'?

Ae= 21/K,= 2x (3n2 N)1R

4

Transistor Technoiogies S4p. 2000
Technology Challenges Gate oxids
Gate: ilicide: i0:
o s {Silicide: ol‘w«,
Bl | [E] B
Iat (Ti T-Shaped
Dusi Metal (Ti, Mo, &t hvyg
3
Daep S/D: ZrO, & Siicate
Elgvated SO E HIO» & Sikcawe
Junction Compensaton lip La:0s
Pro- i SeTiOs
SiGo SI0 8sY
Shallow Junction:
Low Enevgy lp
Pra-Amarphization
T L Laser Anneaiing
Plasina Dopey
SO
Channel, Wall:
Structure: Sokid Phase Difkusion
2"90' 5':" S?G".M'““ Wedl Vertical Channel Alomic Layer Doping
trained Si, Damascene Gata £-Beom Bombardment
so1 Disposable Spacer

Obstacles to Further Scaling of FET

« High electric field due to bias voltage to short distance
- avalanche break down due to high kinetic energy
electrons
« tunneling through insulating layers
» Heat Dissipation of transistors due to limited
thermodynamic efficiency
- molecular scaled device: as much heat as gunpowder
* Vanishing bulk properties and nonuniform dopant
concentration

« quantum mechanical effect

* Shrinkage of depletion regions(<0.1um)
- current leakage

» Shrinkage and uneveness of the thin oxide layer
- tunneling

- few dopant atoms In nanoscale: functioning as transistor?|

Energy Quantization of Electron in a QD

Quantum dot
J/ .
@ R ‘ e | |As
E of
insulator Insulator Egof QD

*Particle in a box problem

*Energy levels of electron and hole are quantized due to
the finite size of the dot
E(R) =h2x2/2pR?

‘R |= Energy spacing A¢ }

For energy quantization:
Au: A:=0.52 nm, Si: ry,on = 4.3 NM




Quantum Confinement

Energy for the lowest excited state
relative to E_
E(R) = h2n2/2uR? — 1.8¢%/2¢R ...

Particle in a box problem

*R<< r: Strong Confinement
- 1%t term (localization) dominant
- Electron and hole are quantized
- Energy gap ~1/R?

eg) Si<4.3 nm, Ge<11.5 nm, GaAs<12.4

*R>> r: Weak confinement i
= 27 term (coulomb attraction) dominant
« Exciton confinement character

L.E. Brus, J. Chem. Phys. 80, 4403(1984)

Quantum well for RTD  [.quantum effects:
- Energy quantization
- Tunneling
*Multiple on and off states

1st excited state

Ground state
for N+1 electrons
oV

Ground state

for N electrons

Ag : Quantized energy level spacing ~1/R?
Ec: Charging energy

Charge Quantization

— —
See{ N=3
D] N =2
Aemed N =1
I Ec~1/d
«Charging encrgy: Ec=¢%2C >> KT
At T =300K
kT =26 meV
C<<3.1x10*F
C=4ned
4ne = 1.1x10° J ! C?m?
Ec=e¥ 8red ~ 1/d
*The condition for charge quantization: d<< 28 nm

Resonant Tunneling Device (RTD)

L
u.'.-" oy bt
Carvmet | N /
Zwivar Callertor
] '—Ihq}—(
Oxtran Sow
c
L’-m. Resanum npwriing sebler core {Scabacgh 1996) | a c ™\
i [Zr=rr==)
Figure 6.11. Resonant tunneling device {(MolTat 1999).

. Ae ~1/d?
Comparison: QD, RTD and SET Ec ~1/d

RTD: As>>Ec !
- 1-D Narrow Islands
- Short dimension (5-10nm): Ae large
- Long dimension: Ec small

QD : Ae<Ec
- 0D- islands: shortall in 3 D |
- Metal or semiconductor
- As large and Ec large

SET: Ae <<Ec +— Ec—
- No very short and no very long dim. v
- For energy quantization: 1
d(metal) <<d(Semic.)
< Ecis much less sensitive than Ae
to choice of materlals as islands
- Metal islands emphasize Ec over Az Ec—

[

- Coulomb blockade

Single Electron Transistor

Island | vg=1v

: Vg =1V
Single Electron Transistor

- Island potential is capacitively controtled by the gate.
- Coulomb blockade is overcome by changing the gate voltage

Advantage
- ultra low power operation
-fast




1999

History

Charge Quantization In a small box

Singla Charge Transfer
Single Electron Transistor at vory low lamporature

Singlo Charga Sonsing Siruciure

Single Eleciron Memory Protolype

Singls Electron Momory 3l Room Te.nw.mro using Quantun Dots
Fiesi Single Electron Mamory Array. €4bits

Firsl ULS! Single Elacion Memory Prototype. 128Mbits
and Ahmod! i Lab)

A Davice for Naxi Generation Memory

Example:

S.Y. Chou et al, Appl. Phys. Lett 67, 938 (199:

o

SET at 100K
. - ‘.Z/
i // "
2
Y] v.ml.l
C] oV ool iy el "'L'.:

n.»--»npu-o.vnm-a;h-h-n—
x4 K sogoihessaly.

+Si dot with 20nm diameter : energy spacing = 40meV
«Current oscillation due to the interference between different
modes of quantum waves in a cavity

Single Electron Memory

Batore Writing

Stoiage
Crannel ™ gy

Storage dot

Coulomb Blockade Effect

Island
G :
'\ .
Ct Q
Coulomb Biockade Effect
Q ling of el

source and drain can be biocked If the
charging energy Ec = e¥2C >> kT
AE = eV -Ec <0: blocked

2Ec =e¥(C,+C,)
Coulomb Staircase
- Asymmetric junction (R2>>R1)
- Current steps at e/2C, + n{e/C,)

1| Rumi-1000

R2/R1 =1

K. Matsumeto et al, Appl. Phys. Lett. 68, 34 (1996)

Example: SET operating at room temperature

[P B

2t
3 s 2w |
[ P
l. ]
1 tamnd
st {[ums
HiCA
T W w
P

Unclear coulomb staircase due to the
symmetric size of the tunnel juncton

S =
=T
Ll =

s e,
GO
O Yogs VRO

fCoulomb staircase with periods of 1S0mV

Example: Single Electron Memory

7 <5 48 36 a1 3z 13
Qe vetope 19

*Seif-limiting charging process

+Discrete shift in tho threshold voltage
the charging voltage and the shift

L. Guo, E. Leobandung, S.Y. Chu. Science 275, 649 (1997)




Nanotube Single Electron Transistor
Tunneling Spectroscopy of InAs QD
Nanofube

. r
i o ~——STM
i £
i g
H ' N Optical
[ »

« (};"". Voare (V)
E “ m‘f' R . The amount of current (l5) flowing through the
> E] "‘ #:‘7,,: nanotube channel can be varied by a factor of
H o4 - : 100,000 by changing the voltage applied to a

o et gate (Vo)

T T V'ﬁj"f.eﬁ
Yy

Ec=0.11 ¢V: single clectron charging eacrgy U. Banin et al, Nature, P. Avouris et ol Appl. Phys. Lett, 73, 2447 {1338}
Eg=1.02 eV: nanocrystal band gap 400, 926 (2000)

Quantum Dot Cellular Automata

o
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*Wireless interconnection
«Communicate by the electric
fields of electrons

1. Amiani et al, Sclence, 284, 289 (1999)

Magnetic Random Access Memory (MRAM)

G.A. Prinz, Science 282, 1660 (1998}

RAM that Is constructed of GMR
elements

RAM that Is constructed of magnetic
tunnel junction

Magnetic Yunnel Junction(MTJ)

Nanowire Transistor Y.Cuiand C.M. Lieber, Science 291, 851 (2001)
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Comparison of Nanodevices

Comparison of Nanotransister Technologies
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Comparison of Nanodevices

.

Lo
s-?l‘cumlﬂiuu

micredecironic transisiers

single
Bectron
Transistor

High gain Low temperature
Simdiar in operation to FET | Difficust to control

Wireless
Low onergy dissipaiion

OFficutt design rues
Susceplibie 10 noise

Molecutar

Smait bul rabust
Assembled chemicaiy

Siow switching
How 10 nu“é‘m”‘v‘

Yoty hoh spesd
Sub ranameter size

Very low lemperature
Vvery uncokadie

SUb rancmel,

o 3ize
More reliable fuan alom relay

How 10 fapncate?
How 16 interconnedt?

Drawbacks and Obstacles to Solid- State
Nanoelectronic Devices

* Valley current in RTD
- not clear on and off
» Sensitivity to input and current fluctuations
- accidental on and off
* Cryogenic operation: 30nm Si SET at 150 K
- reducing size: Ec and Ae increase.
* Materials: Siis still preferred
- Si0, Is still best insulator
- GaAs is far inferior to electric fields
* Background charge problems
* Extreme sensitivity of the tunneling current to width of
potential barriers
- SOI technology or nonpolarizable organic compounds
* Extreme difficulty of making islands and tunnel barriers
precisely and uniformly

Ary g1

« N “Polymeric Nanoparticles for Drug

Delivery”

o BAL EEA

na(M)
- 34 EESHS 25 2 ADILA

A2k 98 132(5) 17:00-17:30




2. Molecular Electronics
*Molecular-scale electronics

«Molecuiar materials for electronics

*Molecular wire

Diode, rectifier

*Molecular switches

*Molecular memory

*Sensors

*Optics and optical switches

Displays

*Electrochemical devices

*Molecular heterostructure and quantum well devices

Molecular Electronic Switching Devices

Electric-field controlled molecular switching devices
including quantum-effect molecular electronic
devices

Electromechanical molecular electronic devices

Photoactive/photochromic molecular switching
devices

Electrochemical molecular devices

w - \\/
E kT | Bistability
t

V- W

e =AM

+ Information transfer
Interconnections
Electron transport

« Molecular wire

* Molecular rectifier

+ Molecular switches
Molecular RTD

* Molecular memory
Atom relay

Computational Limits

Rolf Landauer

Nonreversible computer performing Boolean
logic operation requires minimum energy for a
bit operation,

P=nkyT In2

Ex) energy required to add two 10 digit decimal numbers ?

P ~ 100kT In2 ~ 3x10-'® joule per additions

10'® additions per joule

This is roughly the equivalent
of 10° Pentiums !

Why Molecular electronics ?
ENIAC, 1847

17,468 vacuum tubes

80,000 pounds

16,200 cubic feets

174 kilowatts (233 horsepower)

*Popular Mechanics (1949, March issue) predict that
someday ENIAC would in only 1500 tubes

*Now, improve powaer efficiency by 10° and shrink by 10*

sThelr prediction was based wrong foundation(vacuum-tube
technology)

HP Jornada, 200

Technology and Biology

Technology Biology

« Artificial Natural

+ Si-based C-based

« Manufactured Self-assembled
« Short history Long history

« Function: logical
numercal operation
* Room temp

Replication, adaptation...

Room temp




Microprocessor vs Brain

MPU Brain
« # of MOSFET ~ 107 # of cells ~ 102
- # of switches ~ 107 # of switches ~ 10'* neurons
« # of connections ~107 # of i ~ 10" sy
+ Wiring: fixed floxible
« Architecture: serial parailel

DRAM vs DNA

DRAM DNA
T \’j w
£ 3

!

T s

> 10" atoms/bit ~ 50 atoms/bit

Advantages of Molecular Electronics

*Nano-scaled structures with identical size

«Ultra High density: 108 times denser than Si logic
circuits

*Very cheap

Critical issues on Molecular Electronics

*What device types can provide bistable operation ?

*How can these devices be organized into high
density 2D and 3D arrays ?

*How can these devices be connected in large number
to input/output lines?

Dynamic Random Access Memory (DRAM)

w1
we
v
CMOS FET
D1 D2 {bit line)

Interconnection Dilemma

* Today’s chip densities are such that the wires
consume some 70% of the real estate
— they cause some 70% of the defects that
lower chip yleld

« The rate of defects in a chemically fabricated
nanocircuit : ppb level
— million defects in a system containing 1013
components

It is impossible to tolerate such a
level of defects!!




Several Fascinating Possibilities

Future computing architecture
should be highly tolerant defects!!

« Defect-tolerant computing architecture:

* Nanocell:
Tour at Rice, Reed at Yale teamed up with Penn State
in Nov, 1999

* Switching with nanotubes:
Lieber at Harvard University

« DNA assembly, computation:
Seeman at New York University

Heath, and Stoddart at UCLA, teamed up with Williams at HP

Defect-Tolerant Computing Architecture

Front View
Address lincs \4
\ Memory
p r p
o=

Oblique view

]

Data lines’

b) The Crossbar

Manuf ing by chemi bly Is feasibi

A~

*Fat tree architecture enable one to route around and avoid the defoct.

HPL Teramac
1THz multi-architecture computer

Tera: 10'2 gperations per sec

*Mac: Multipie architecture computer
+10° gates operating at 108 cycle/sec
«Largest defect-tolerant computer
~Contains 256 effective processors
*Computes with look-up tables
+220,000 (3%) defective components

Nanotube Interconnects

Nanotube Computer

*Molecular scale wire with atomic perfection
«Interconnect at high density

«High thermal conductivity

*Very stiff materials

Lieber et al

Wire conductance vs. Electron transfer

Intramolecular
electron transfer

_T- Ef DA) , P(D*A’)
A

Obsevable current

Molecular wire

Potential
Energy

rate constant

Continuum electrode vibronic levels

Process electron tunneling electron tunneling

Theory I = (27e/h) § dE TX(E,V)

[fo(E)1-fA(E+eV))

k =(21/h)T%,,(FC)

Conductance : Landauer formula

[1= (2em) § dE T(EV) [(E-p)HE- |
[)]

*F(E): Fermi function
*T(E,V): transmission function
=) molecular energy levels and their coupling
to the metallic contacts
Hys 4z ¢ electrochemical potentials
w=Ef-eV
py=Ef+eV-eV,

W. Tian et al, J. Chem. Phys. 109, 2874(1998)




Intramolecular Electron Transfer

D Bridge A
I E (DA) , P(D°A’)
]

NN

RDA

k = (2/h)V2,,(FC)

Voa= aexp(-BRo,), B= -(1/a)In(2VE,)
Vpa ¢ electronic coupling through direct and
superexchange
FC: Frank-Condon factor
Rp, : DA distance
a: length between electronic basis function in
the bridge structure
T: matrix elements between those bridge structure
Eg : energy gap

Chap1 and 2 in Molecular Electronics ed. J. Jortner and M. Ratner

Fabrication: Self-Assembled Monolayer (SAM)
Self-
Anhstrnm Assembled

{SAM)
" \/"< e JHR

DLinmersion

Solution

Fabrication: Langmuir-Blodgett Technique

®
B phobic
H yaroptua Siiding Barriers
H @ 4
s
- s . EJ! -
- ater
T e %
[ Setup for Langmulr-Blogett Deposition } 5‘0 Monolaysr
5
i
820
pest 5 :
" T |
FRINSARE:
Gas Phase

® Srmmn
T fle  Molscular Area (A%)

hittp://www.public.issiale.sdu/—miller/nmo/Ibfims.hml

s , :
Multilayer Film

Conductance of molecular wire: STM

*Tip blas voltage = 1V,
*Tunnling current = 10 pA

L. A. Bumm et al , Science 271, 1705 (1996).

I:onductance of Molecular Wire: MBJ
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E hanically controllable break juncti
i E I *Energy gap Gap 0.7 oV

*Conductance = 0.45 uS (R=22 MQ)

MA REED,C Zhou, CJ Muller, TP Burgin, JM Tour, Science 278, 252 (1997,

Structural Effects on Conductance:Theory

*Resistance increases exponentially with the # of the rings
*Relative orientation of the rings
*The bonding between them.

MP Samanta et al, Phys. Rev. 853, 7826 (1996)




Temperature Effects : Theory
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*Unusual temperature induced large shift {(~1eV) in is due to:
- The rotation property of the NO, group
- Diffarent symmetry of the states localized on the NO, group
with respect to the orbitals of the carbon ring

Comparison of Conductivity

1,4 b polyphenyl rb pper wire
ditiol wire (3ring) nanotube
App. Vol 1 1 1 2x10°
{(10cm)
Current (A) 2x10¢ 3.2x10 3 1x107 1
Cross section
{nm?) ~0.05 ~0.05 ~3.1 ~3.1x10%
r=1am r=imm

Current density 2x10%2 4x1012 2x10% 2x10°

(e/sec-nm?)

M Di Ventra, SG Kim, ST Pantelides, ND Lang, PRL86, 288(2001)

Molecular Rectifier |

A. Aviram and M.A. Ratner, —-}'—

Chem. Phys. Left. 29, 277 (1874)
electron donor  electron acceptor bias

Dpart Eupmi/A&"
: i "NC_CN

Energy Levels of Molecular Orbitals

Opax  feea i A

H

H

¢
00

sckes] AEiumo *Eiumo (O} Evymo (A)

Unoccupied 1" ‘/

Ef = No bias
Occupied Off resonance

Transmitted
electron

Forward bias
In resonance

Electrical Rectification of LB films
R. M. Metzger et o, J. An. Chem. Soc. 119, 10455 (1897)

XPM, Afpat

ot

CielsyQ3CNQ, 1

AN e B e e | wacery

Energy levels

I~ Electron
. affinity
— :
lonization _l_:.'.',f" \ LUMO

potential /Iv— serrrs

o | o

senrrirs

L S

* lonization potetials I, for D end must be small and match as closely as
possible work function (§1) of metal layer (M1).
- If I is too low, the molecule would oxidize in air

» Electron affinity A, for A end must be as /arge as possible, match with
the work function metal layer M2($2): this is not easy !




Elcpyive

Molecular Switches

1. Chemical switching
2, Electrochemical switching
3. Photochemical switching

<"'-’

>}. v rﬂg,_@_vv .E\\.z

"’1 '..-

>In~. . E- V-G \nﬁ.I(
)}(‘Y‘f.}: & 4()..-'-\(-. 2.4 -"‘J‘s—I(

V.Bal et al, Acc. Chem. Res. 31, 405 (1998)

Molecular Switches and Gates: Rotaxane

-x224 @

:
[ ]

+Closed at reducing voltage(-2V): current flow due to resonant tunneling
*Open at oxidizing voltage(>0.7V): Irreversible

C.P. collier et al, Science 285, 391(1998)

Electron Transport in Single molecule

Electron Transport in Single molecule

V=V

Then, reset at the opposite bias
MM

T i AEydoomo v
Veesr /

Molecule switches
M M

A
B

Difference between high
and fow current levels:
15~30

C.P. Collier, E.W. Wong et al.

V+

Current {10* Amps)

»

~

Configurable Molecular AND Gate

A AB
c 000
q>—° 100
B 010
111
+V
te
bigh {A]
(B]
fGeveofoe out
low
| S —
A= 0 0 1 1
B= ¢ 1 [d 1

AND Gate Address Leveis

Reversible Molecular Switches: [2]Catenane

Colller et al, Sclence, 269,1172 (2000)

a0

TUAI : top electrode

LB rr;onolayor
n-type ploy Si film:
Sl bottom electrode

sio,

o
O!

-Upon oxidation, the TTF become positively charged, the Coulombic repulsion

TTF* and the

Reviemoce o 0.1V (105 )
—

&

*Reversible switching :Opened >+2V, :loscd <-1.5V

causes to circumrotate.




Molecular Field Effect Transistor

R.A. Reed and J.M, Tour, Sci. Amer. 282,86 (2000)

Ien ard ham A 2ppied &
e Qute dram slachers 1 e wandsior (1}, snabiag currentlo
heckan A

b ) was alse uaed 0 arich

T carter g hac ayerrmete 113gments, enabing i © be histed
by an elcirical liskd &4 Wih  speciic wokage acpied, he slechcal
et twisied the rolaculs and perrvi el cursnt 1 tow.

Reversible Molecular Switch with NDR Effect
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e

*Negative Differentlal Resistance ~400 MQdcm?

*Peak current denisty: 50A/cm?

Peak to valley ratio = 1030:1 {typical device=30:1)

*Temperature induced shift : rotation of ligand (JACS,122,3015 (2001))

J Chen, MA AM Rawlett,_JM Tour, Science 286, 1550 {1
NDR Effect (Continued) Molecular Diode
Q=0 -1 -2 A
A P : SALAR A
= Nl Py e W S
o~ i Ll h 3
L L | B -~ 500 F-- : .........
u y B 3l
r\,-\ . J oy o r;_lnx E 400E- " :
e o ey A et drtT :
#t It C 20F- ; Volags (V) - f He S
9 O v GRS bovon - < |
| s— | L - + ¢ YR T aY n; 04
Iy Pokey e Biss Voitage (V)

*Anion conduction state | | Dianion insulating state
*ON . *OFF = <, :

*The prominent rectifying behavlor Is due to the asymmetry of

the molecular heterostructure.

*The barrier from the bottom electrode is higher than the barrier for
electrons from the top T electrode

C. Zhou, M. R. Deshpande, M. A. Reed, L. Jonea i, and J. M. Towr, Appl. Phya.

Lett., 71, 611 (1997).

Lowest Unoccupied Molecular Orbital (LUMO)

.No LUMO states on the ring

Molecular RAM

T
tdid

woe
vew

*15min hold time DRAM at room temperature
*Reversible molecular memory
*Over one billion cycles and counting with no degradation

M.A. Read st al, Appl. Phys. Lett. 78, 3735 (2001),
Z.J. Donahuer et al, Science 292, 2305 (2001)




Molecular Resonant Tunneling Diode (MRTD)

=0 O OO
Unoccupied

Off 1 296K
Occupied L

1nm

Curval (pA)

On| =

Hlas Voltage (V)

*Peak to valley ratio = 1.3 :1
«Electrically active device by molecular orbital engineering

M.A. Reed, Proc. IEEE , Volume: 87, 852 (1999)

Synthesis of Molecular Devices

“n., R >
- G ey S
N

g

N
e TNT S

- B -
HE 51 v e Tk s (T, st i 228 3 -t ped N 1 e T

Source I Drain }
T

Gate

*Nano-scaled structures with identical size and shape
*High density and low power

J.A Tour, Acc. Chem. Res. 33, 391 (2000)

Logic Gate : OR

—lo-‘o)
- a0
aaacl

Conj d ar organic molecul

Electromechanical Molecular Electronics

1. Single molecule electromechanical amplifier:
Joachim and Gimzewski Chem Phys. Lett. 265, 353 (1997)
- conductance modulation due to
electromechnical deformation of Cg, cage

2. Atom relay transistor
Y. Wada, JVST A17, 1389 (1999)

"ON® SOFF*

noumag/ S MN'E\g

! [eecsosfooe o]

\swnumm:u/
~— RESETQATE——-

<Upon charging a gate, a mobile switching atom move into
a line of atomic wire

Inroganic-Organic Hybrid Circuits: Nanoc

* Molecular wire having alligator clip

INPUT

Metallic
which are connected | 1um Ll
by functional
molecules

Further challenges

Combining individual devices

Mechanisms of conductance

Nonlinear I’V behavior

Energy dissipation

Necessity of gain in molecular electronic circuits
Slow speed

New computer architecture

Synthesis of new molecules

* & & o o e o o




SR

Read Feyman's lecture “There is plenty
of room at the bottom” listed at
www.zyvex.com/nanotech/feynman.html

=

SF20Z (E2Y): 52
ANE B
week 7: 10.16-10.18 Macromolecular nanostructures (U4 & R4

week 81 10.20-26 B A} 2 switch

SIaY JUTNTANL
© BLFYU  Nasstechnology Rescarch Dicections: INGN Workihop Repart(1999)
Rescorch Divection:
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Chap 0 Preface
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£ & ¢ (Chih-Chin Liu)
FHERE RIMTHEA
February 2003

Research Issues in Bio-Databases @

= Data Modeling
s How to store/represent biological data
m Data Retrieval
= To retrieve similar biological objects
» Data Mining
» How to find rules behind biological data
= Simulation
=« Pathway Simulation, Virtual Cell, Virtual Life

| Assistant Prog. Chik-cChin Lis Page?

Data Mining

Data Mining

Area Term

Artificial Intelligent Machine Learning

Signal Processing | Pattern Recognition

Database Data Mining

Axvistant Prof. Chik-Chin Lin Page3

data
mining

[ Assistant Prog Chin-Chiin Lin

Paged

Data Mining Techniques 8

Traditional Data Types

= Classification Analysis
a Clustering Analysis
= Association Rule Analysis

= Generalization Analysis

Assisiant Prof. Chih-Chin Lin Page |

| Assistant Prof Chik-Chin Liu

= Strings
» char
» varchar
= Numeric
= integer
= float/double
= decimal
= money
= Date

Page é




New Data Types in Bio-Databases

» Large Strings
= DNA Sequences, Protein Sequences
» Biological Images
a 2D Gels, Microarray Images
m 3D Structures
w Proteins, Compounds
= Network
= Pathways

Axxistant Prof. Chik-Chin Lin Page 7|

New Data Types in Bio-Databases

m Large Strings: Protein Sequences

ReramAcamuOaNr
OrmErumcrroOmE
OmEAvwER AR R
rondimcannosond SEEC

o
3

Ansistant Prof. Chik-Chin Lin Page9

New Data Types in Bio-Databases §£3

3 e T s

n Large Strings: DNA Sequences

T AR

L

Assistant Prof. Chih-Chin Lis Pages

New Data Types in Bio-Databases @i

» Images: 1D-Gel, 2D-Gel

Assigant Praf. Chik-Chin Liu Page 18

New Data Types in Bio-Databases @

New Data Types in Bio-Databases @;

= Images: Microarray (Stanford Microarray Database)

Asvistant Prof. Chik-Chin Liu Page 11

= 3D Structures: Protein

LT TR R Y
15,224 1863 L0932 M ]
WSS 1M WL 1 45T e
Wi oas um om0

T O 1 s
178 14000 L0818 c
msw O 1 MW ons
W am w1 8 C

s 3 Cc oW 1 -nee
LT 156 L0017.08 c
s 3 C W 1 10 sE
ne 12 48 W C

AT 40 W 1 33
150 18T L0 IRE 0
msw 40 WL 1 ITH uw
A 41 WM W 0 3

Assistant Prof. Chih-Chin Lin




New Data Types in Bio-Databases

New Data Types in Bio-Databases

= 3D Structures: Chemi

cal Compound

= Network: Pathways

| Umtiees. cx\ h N
o7 -
157%
035
0442 H
20M
2m
1728
231 |
; 1240
H : anz
; | A
H & 2250
i 6
H ¢ 1480
‘t 2220
H 2
.
Assistant Praf. Chik-Chin Lin i page s Assistent Prof. Chik-Chin Lin Pege 14
Textbook Journals ]
Ry X
» Nucleic Acid Research
Data Mining: Concepts ,
and Techniques http://nar.oupjournals.org/
Jiawei Hanand * » Bioinformatics
Micheline Kamber . . ,
: http://bioinformatics.oupjournais.org/
Publisher: Morgan
Kaufmann; 1st edition.
{August 2000) -
MCCNA | ISBN: 1558604808
| Axxistant Prof. Chik-Chin Lix Page IS Asxistant Prof. Chih-Chin Lin Page 16

KDD Conferences and Journal

» KDD Waorkshops 1989, 1991, 1993, 1994

n KDD Conference ann

ually since 1995

= KDD Jourﬁal since 1997
s ACM SIGKDD http://www.acm.org/sigkdd

Assistant Prof. Chih-Chin Ll

Page 17,
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#{ £ & (Chih-Chin Liu)
FHERE FMIEA
February 2003

u Introduction to Classification

u Classification vs. Clustering

» Classification Approaches

u Criteria for Comparing Classification
Methods

| Assistent Prof. Chik-Chin Lin Page2

Introduction to Classification

by i)

Introduction

» Classification and prediction are two forms of
data analysis that can be used
= to extract models describing important data
classes
= to predict future data trends
» Many classification methods have been proposed
in machine learning, pattern recognition, artificial

intelligence, expert systems, and statistics.
Asxisiant Prof. Chik-Chin Lin Page3

= Objectives of classification

= To find common properties among objects in a
class

= To predict the properties of an unknown object

» To organize large amounts of data into
hierarchies

s To retrieve similar objects in the same class for
a given query example

Assisant Praf. Chih-Chin Lin Paged

Introduction

Introduction

m Training Phase

Asxsistent Prof. Chik-Chin Lin Page 5

u Biological targets to classify/predict
= Protein Functions
= Protein Annotations
» Protein Structures
» Gene Functions
a Gene/Intron/Exon Boundaries
= Operons

Y Assistant Prof. Chih-Chin Lix Page 6




Classification vs. Clustering

Data Mining Techniques

s Classification

supervised
training &

Assistant Prof. Chih-Chin Liun

» Decision Tree Approach

u Bayesian Classifier

u k-Nearest Neighbor Classifier
» HMM Classifier

= Neural Network Approach

Assistant Prof. Chih-Chin Lin Page 3

Classification Techniques

Data Mining Techniques ,@

» Association Rule Mining Approach
» Genetic Algorithm Approach

» Fuzzy Set Approach

» Rough Set Approach

= Case-Based Reasoning Approach

No classification method
is superior over all others

for all data types and domains!

Axsivtant Prof. Chik-Chin Liu Page 9 Assistant Prof. Chih-Chin Liu Page 10
Criteria for Comparing 7 @
Classification Methods References L

» Predictive Accuracy: how accurate is it ?

» Speed: computation costs for training and
prediction

» Robustness: can it handle data with noises and
missing values ?

n Scalability: can it handle large amounts of data ?

u Interpretability: any understanding or insight
provided ?

Assistant Prof. Chih-Chin Liu Page 11

a [Han00] Jiawei Han and Micheline Kamber, “Chap 7
Classification and Prediction,” Data Mining: Concepts
and Techniques, Morgan Kaufmann, 2000.

» [Duda73] R. Duda and P. Hart, Pattern Classification
and Scene Analysis, John Wiley & Sons, 1973.

= [Winston92] Winston,P.H., Artificial Intelligence, 3ed,
Addison-Wesley, 1992.

Assistant Prof. Chik-Chin Lin Page 12




Chap 2 Decision Tree-Based
Classifiers

%] & 12 (Chih-Chin Liu)
FHERE RIMTER

February 2003

Introduction to Decision Trees

u A decision tree is a flow-chart-like tree
structure, where
» each internal node denotes a test on
an attribute
= each branch represents an outcome of
the test
» each leaf node represents a class

Asvistent Prof. Chik-Chin Liu Page3

Introduction to Decision Trees

= Example: A Decision Tree

Assintant Prof. Chik-Chin Lin Page 5

Outline

Y

ta
>

)

o

= Introduction to Decision Trees
w Decision Tree Classification Algorithms
« CLS
s ID3
s C4.5
» C4.5 Tools
= C4.5 by Quinlan
s Other C4.5 Tools

| Assistant Prof. Chik-Chin Lin Page2

Introduction to Decision Trees @
Non-Categorical Attributes Categorical Attribute
A Al
L e i R X
» LTT AW
[ A AN
65 LTy R
8 A ey
s0 A Fah
55 Py FAN
62 s AN
“ AL XA
) nLL an
2 A AW
4 AP AN
50 AN FA4
| Assistant Prof. Chik-Chin Lin Page ¢

Introduction to Decision Trees @

s Example: Another Decision Tree

<60 >=70
60 <= k<70

Assistant Pref. Chik-Chin Liu Page §,




Introduction to Decision Trees @

Decision Tree Classification
Algorithms

Problem:

n Input: Given a relational table with
= N non-categorical attributes and
a A categorical attribute

= Output: A decision tree which can
generate the categorical attribute value
according to the corresponding N non-

MR B E TR, MBS

R BR8N Entropyed A 1

RBRAT ik, TREXRAAHVER
# # X 4 (missing values)it it

categorical attribute values C5
Asxistant Prof. Chik-Chin Lin Page 7| Axxistant Pref. Chih-Chin Lin Page d
CLS Algorithm ID3 Algorithm @

S1: T¢the whole training set.
Create a T node.

S2: If all examples in T are positive, create a ‘yes’
node with T as its parent and stop.

53: If all examples in T are negative, create a ‘no’ node
with T as its parent and stop.

S4: Select an attribute X with values .....tw and
partition T into subsets Ti,....Tx according to
their values on X.
Create ¥ 7; nodes ({=1,...,/N) with T as their parent
and .\' =1; as the label of the branch from T to 7.

= Definition: -3 & # X #) Entropy H(X)

N
H(X)=) Plog,(1/P)
J=1
w Example: 12 {84 4, 6 @R #%, 6 MFRAE
8] 3t #A % &9 Entropy &

\L
[ \
i

y
ne 61 @1 @3 & G5 0 ol a5 W 18
’

Figere 162 Eatsupy husctioe for rasdeen variable witk two equally
Likely owcovmes.

Eatropy  (for two Do)

Assistant Frof. Chik-Chin Lin Page 11

S6: For each 7; do: 7'« ¥; and go to S2. 6 1 6 1 1 1
l—z-logz E +Elog1 E =E+E=l
Assistant Prof. Chik-Chin Lin Page9 Assident Prof. Chik-Chin Lin 12 12 Page 18
ID3 Algorithm 2 ) ID3 Algorithm 2}
x%1 Y
? » Decision Tree ¥ {£— leaf node %5
//’ L Entropy «.4 0
" \ = Proof:
/ N

leaf node ¥ &4 #1 4 categorical attribute
values 2 {48 R, £ 4 EH A
Pcat_attr=A =1, Pcat_attr:A =0
-.Entropy =1 log, (1)=0

Assidtans Prof, Chik-Chin Lin Page 12




ID3 Algorithm

w Definition: & # X2 #1&(P,, P, ..
Entropy H’(X)

H'(X)= Z":%H(E)

Assistant Prof. Chik-Chin Lin

. Poes

Page 13

ID3 Algorithm 2]

T¥Re

= Example: 12 @44, 6 MAK, 6 MFRM, THETHA
4 BARECBES, MAFEE) 8 BAL LB MR, S

G
)

H(AZEE) -—log,[ +—log,[—] =0.954

=0.811

H(brsE) = —log,[ 3

1 (&) -—o sn+%o 95420 907
Assistant Pref. Chik-Chin Lin Pegels

ID3 Algorithm 4 ID3 Algorithm £3
u Definition: 4 %37 #L & 3% v & Gain(X) = Example: 12 8% 4, 6 MR 4%, 6 BE &% 28
HEH S 4 MRS AN, 1R RIE), 88
Gain = H(X) - H'(X) A$4 (3 MR, SBERYS), REPLFROL
: K34 EGain($ )%
Gain(S4E) = H(X) - H (&)
Assistant Prof. Chik-Chin Lin Pegels Assistant Prof. Chik-Chin Liu Page 16
ID3 Algorithm €3 ID3 Algorithm 4
function [D3 (R: a set of noa-categorical attributes,
C: the categorical attridbuts,
$: a trainiag sel) returns u decision tres;
beia 11 S is owpty, return 3 single nods with value Failere;
et g, e e vl Lo ID3:% L 32 Y
rolurn a single sode with l!ll value; . 3 A
e A AR R BER
R AT S
(2 OB e e o e, Gainfi EA# B
e R R R D B
103(R-{D). C. SI), ID3(R-[D}, C, 82}, .., ID3(R-{D). C, Sw};
end [D3;
Assistant Pref. Chik-Chin Lin Page 17| Assistant Prof. Chik-Chin Lin Page 13




ID3 Algorithm

ID3 Algorithm £

Non-Categorical Categorical
Attributes Attribute
A
Cnde | Quilende | Temperadure | umidity | Woaedy | Decimon
1 i hot fugh true | Don't Play
2 il normal tree Don't Play
3 » mikd high Teue Play
4 ovareadt mild novmat false Play
B3 rain hot high Tl Play
[ overcast coal normal true lay
7 sunay hot, norimal vene | LDont Pley
= annny mild high Tene Dot 'ay
9 Bany mild normal falwe Play
¢ rain ol normal false | Play
[B] ain hot high fnlse Play
12 iy host high false | Don't Play
13 Hunny cool normal false | Don't Play
14 rain mikd normal true lion't Play
Assistant Prof. Chih-Chin Lin Page 19

Q‘ﬂﬁ 1|ﬁwErl_1tropy-
TR TR

OUTLOQI 4 & £ 8T & ¥ # th Entropy R 313

1.0 =

. 843, 340 T4
ETY =<7 I(J.J)r—I4 I(J,U}+—M 1(1,1)
P P I S [ i FOT .
I:I(IEAII’I'IR;\ILRIE‘):——” 12304 i) v = 1(3,2) = 1.24
EXIUMIDITY ) = %1(&3; + 3%4/(11,4) =

245

FIWINDY) = %’nz,a) + "’—i:'-“'l(r» PR

Assistant Prof. Chih-Chin Lis Page 20

ID3 Algorithm

ID3 Algorithm 0D

GUILOUK

FEMPURATURE WINDY
Pay
et it nw Gabe
o]
Dot Play Dhon’t Play  UMIDITY Don't Play Play
e iah
lay o't Play
Assistant Pref. Chik-Chin Lin Page 2!

it OUTLOOK = overvast then Play.

I QUTLOOK = min and WINDY = true then Don't Play.

If QUTLOOK = suin and WINDY = fulse tlwn Play,

W QUTLOOK = sunny and TEMPERATU RE = hot then Don't
Play.

It OUTLOOK = sunny and TEMPERATURE = cool then Dont
Play.

It OUTLOOK = sy and TEMPERATU RE = mild and
HUMIDITY = normal then Play.

Il QUTLOOK = sy and T'EM PERATU ItE = mild and
HUMIDITY = high then Dow’t Play.

Ascdstant Prof. Chik-Chin Lin Page 22

C4.5 Algorithm

i‘l
&

C4.5 Algorithm 2}

B APE
AT

Quinlan #g 31 3 4 ‘

C4.5; Programs for Machine
Learning

J. Ross Quinlan

ISBN 1558602380
Morgan Kaufmann

1993

Price: £ 42.95

Assistant Prof. Chik-Chin Liu Page 3

Non-Categorical Attributes Categorical Attribute

. . 7RSO

Hualdity | Wiudy Play (poskive) / Don't Play (negaiive) H

‘*_"—Ts_'_?_?i:__z Dot Play H

% uwe :

) 4

9% | fose H

80 | false 5

R A | ; uwe _ _ DontPlay

64 63
i) TTes”
69 0
23 30
70
2




C4.5 Algorithm Tools: C4.5 by Quinlan

wC45 FE L4 ID3 it/ ,
» 7 5L 793¢ 8k 4 (continuous) & 3k - B 1
» I 04K I Gl (missing values) ey JE - BB

S0 M0 o enan Sa @ v L W
B otk il piomntie 2
IO

Software
The following e avauloble fos fip

© FUIL Releaye 6, (shell arcluve)

* FFOIL Rejeare 2 t#hell aachive)

* (3 5 Relense 8. (gpped tar filk)

Tuo louger provade suppost kn €33 Alvo, please uote restrictions v

Assivtant Prof. Chik-Chin Lin Admﬁf Chik-Chin Lix — LS j
Tools: C4.5 by Quinlan Tools: C4.5 by Quinlan
A sds A4 X o J& A $5.45): Golf i

p cs.uregina.cai~hamilton 31/notes/muid DIRTHA DISRF R

Wk

28R R

cie °v : v ZRRR]
hi ;

th i
Assistant Prof. Chik-Chin Lia

Page 27 Assistant Pref. Chik-Chin Lin

Page 23

Tools: C4.5 by Quinlan Tools: C4.5 by Quinlan @
i A #0.4: Golf R 1 A §6.5): Golf L

cs.uregina.cal- J8314 Ic4.5/cA.5_probl.htm!

.3 €4 Suber Vachossty Levi
% chivles L g0lf < 3 > gelle)
Asxistant Prof. Chik-Chin Lin

Page 29 { Assistant Prof. Chik-Chin Liu Page 3t




Tools: C4.5 by Quinlan
& A #.p5): Golf

= Training Data Set: golf.names

Play, Don't Play ;

outlook:: sunny, overcast ram
temperature: continuous.
humidity:- continuous.
windy: true, false.

Tools: C4.5 by Quinlan
i

= Result: Decision Tree golf.data
CA4.5 {roleass 8] decision lree generator Thu Jun 15 08:15:50 2000

| Page31

Assistant Prof; Chik-Chin Lix Page3l Assistant Pref. Chik-Chin Lin
Tools: C4.5 by Quinlan Tools: C4.5 by Quinlan
‘u,,.g_ et}

ﬁ )il i’e“{}-]: Golf

= Result: Decision Tree golf.data

(75

A #45(: Golf

= Result: Rules golf.rules

Axeistant Prof. Chik-Chin Lis ! weE e e Page3s | Assistant Pref Chit-Chin Lie Page3d
Tools: WEKA Tools: MLC++
http://www.cs.waikato.ac.nz/~ml/ g http://www.sgi.com/tech/mlc/ o]

(L2 4) s o miale

project » $oftvmee - DookK * publications - poopie « retatedt

Weka Machine Learning Project

m:ummadmlmd
mdmmn—m.mmmu
auomatucally analyse a Large body of data and decxde what
ormation & most relevaat. This cryetalied informalyn an then
be uad 10 help pecple make decisions [aster and mcre accuralely.
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Py "'W"‘c"m':umumkrwu“

o 0urces a7% research domain and may

o oupos.

Tmtn The current set of scurces wi complie on 3G's G+ Mongoose 7.X

Sy compliers for IRIX § 2 and Ivgher: ey wil 3is0 compde Lnder Windews

Somace Cote NTwhh VCov ond e g4 2122 o . Toay i ol comoie

Sceusai e Sus e ke

- ph-tyherkdeliimi o
s e e . v
& RS
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Tools: SIPINA

http://eric.univ-lyon2.fr/~ricco/sipina.html

Tools: DBMiner 2@
http://www.dbminer.com/ B

OB Mincr MicrsotUintee! kxploree
RO MDD BAY WHARW IAD WD ¥
Q=N R IR, 88w FE8 @ - LN
e ) )

. . DBMiner

Get one up 0n your competition
Transform your data to critical knowledge

Yeas i 8 P Arount of asstome: and batiness
ot - U sacticn, rarkers, sl
TarAECIING 3 Wb 4T3 FEw wOAS YOu e 1O
tove vns Asta ity workng bor you 93 v can
Drbiet dorsitandd you stomoey wed vo
TS ATCttive vartagRs?

7
Awssixtant Prof. Chik-Chin Liu
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Data Set Repository @
http://www.ics.uci.edu/~mlearn/ 3 References i

» Training Data Sets &2z &

OEK - O Tl S ime yrowoan P80 @ 40~ % & - i

L".'!?!!J Ancshos o, SIPAAARY-TAR N comabns 3 whiv of e of oo ciisbvrs, Barh chtrbam ..,éj
§ winiei ¥
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s [Han00] Jiawei Han and Micheline Kamber, “Chap 7

Classification and Prediction,” Data Mining: Concepts and

Techniques, Morgan Kaufmann, 2000. (Decision Tree, ID3

§1)

[Quinlang3] Quinlan, J.R., C4.5: Programs for Machine

Leaming, Morgan Kaufmann, 1993. (C4.5 8 i ¥ )

[Winston92] Winston,P.H., Artificial Intelligence, 3ed,

Addison-Wesley, 1992. (ID3 # 1)

w hitp://www.cis.temple.edu/~ingarqgio/cis587/readings/id3-
¢45.html (C4.5 1)

u http://www.cs.uregina.ca/~hamilton/courses/83 1/notes/mi/dt
rees/c4.5/c4.5 probi.htmi (C4.5 4 $5.45)
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Chap 3 Biological Data Classification
Using
Decision Tree Based Classifiers

#| & {¢ (Chih-Chin Liu)
PHERE FMTHA
March 2003

Outline

» Research Issues

» & &K MikF i Hixsg: [Kretschmann01]
n B o 5 2 # SRR [King00]

» B G KA BEARR: [King01]

m AT/ RRFE AR [Ting94)

PR 1

D %] Featutes! ik 7| FeatweNs T arpets|

Assistant Prof. Chik-Chin Lix Page 2
Research Issues in (@‘ Research Issues in @
Biological Data Classification i Biological Data Classification 5
oy

» Target Selection: 4-#a4% &4 B 47 7

w Feature Extraction: dof s £ 1 T H & ¢ #4
BREITE BB HEHME?

n Classifying Method: 3% A 748 9 %8 ¥ &
g g ?

w Verification/Analysis: 4o {78 38/ 5 ¥ /i A

SRR R R 7
Assistant Prof. Chik-Chin Lin Assistant Praf. Chik-Chin Lin Page 4
[Kretschmann01] [Kretschmann01] (2 )

= Motivation: Gap between GenBank/EMBL
and SWISS-PROT

19,808,101 EDNAA 5|
TEIBRFHTARNAT

Assistant Prof. Chik-Chin Liu Page §,

u Target: Protein Annotations (Keywords)

Prosite Pfam
SWISS-PROT patiem  pattern  Mammalia
D PS00487 _PF01493
Q9ZNZ? - yes - s
Q9JI00 - - yes -
Q9zZL14 yes - -
QONYQ3 - - yos
QoUIM8 - - yes -
QoNYQ2 - - yes
Q43155 - yes - yes
Q9TOP4 - yes - yes
QoWU19 - - yes -
Asxistant Prof. Chik-Chin Lin Page é




[Kretschmann01]

s Feature Extraction: Motif |dentification

Asistant Prof. Chik-Chin Lin Page 7|

[Kretschmann01] )

Z¥=es

= Classification Method: C4.5 (Weka)

Mammal?

yes no
do nothing Prosite
(S instances) PSO0487?

yei/

do nothing
(1 Instance)

_ Fxnnulam ‘FAD’

(3 instances)

Axdsiant Prof. Chik-Chin Liu Page

[Kretschmann01] ‘@,

[King00]

s Application: TTEMBL Keywords

TrEMBL: 002624

10 00MM  MELINY, M 2% AL

«

ool m. 197 (bt ra). 00, Cavotodd

UT O JL- 199 5 adate)

or st ansotst iea update)

x aase (WO(M1e) (Prasast).

o ok

05 Chrecerse svores

& Ewtatasiss Weluions unm:h Yesroots: Lussii: Boomia:

O Mgzl Esjenterseeli janian: Bachicen; Sacorom:

o« Quaaels

o ICH TaalOe 123

0 tedtss, (012,
W

|
'r o w
2% Ak; 30003 W, BER2SIAS 78 CHOM.
VLELYEAKN AOVLIFYYPE GFIPOL LOKISMNALA 1L IXGFORA BGEGICAISH
THOCSORAYA EVLEOLPOWN

CCTALITIC YOCREKYSE APYSSCKTIE BLEAEM 00 KLOGPPTARE WTILINKGL
ERPRETA} MICTSLEP MLIDCIZN Lo

Assistant Pref. Chik-Chin Lin Page9

» Motivation:

» For the existing sequenced genomes function can be
assigned to typically only between 40-60% of the
genes.

» The new science of functional genomics is dedicated to
discovering the function of these genes, and to further
detailing gene function.

= A novel data-mining approach to predicting protein
functional class from sequence is presented.

Assistent Prof. Chik-Chin Lin Page 10

[King00]

[King00]

and mucleotrdes..

— Diosyaihesis of caluctuns, provietic
Broups and vuenses .

[ Lipia Biocyntbenss .

[ Polvhetide und 1am-ubosomal
Pepredc cynthesis .

— Broad regulory funcooss...
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e el
» Target: Gene Function Hierarchy = Feature Extraction:
Levet 1 Levet2 Leveld Vit ezt
W) o A Fwad by N1 BEAST
, e W) 1 5.0 Swoa s v woed oomd 4
Small-malecule Metabolism wxa Degrad Carbon ) = e T o i T et
. {— Loeryy Metabolnm... r SecaraA. Specien) refors to the v of I, takes fone Swedron,
Masrumnkecule metatnliom... ¥ Amino acids 3nd amiaes el a_ e, Werkiy 4 oo of & vrv b, 3 bow, 3 e S hegh_sml & o Mk
- [ Comeal imermediary Tauy acids s _scil_ratio_sekctA, s PV
Cell.. Processes.. nembolnm .. Rz Woivbtr i
— Ao ot brosyatie Phasphorous compounds y Gr v he P -Tot -y I
o, Anune acnd bvsyatbess. . asphorous compe PR o 0 TSV s e (o W 3 e vahes man % g
b Potyamime s aihens .. L Y o X TS pem e wpe—— ey ey T
miab koo Value) certan sl
|- Punnce. pyemidine. . ;
Punnes. pyemidine. nucleodes ol e liewA, Wengh | O et € S

ool _ut WA Wendhh
anmo_scod_pens )

-uum:u-unﬁn-hmap-w“wxm-—x-unhm

z-lut«:uuu -kumhmolmca-uaalnm-hpm: ]

roerates il  pevceatage. i vt o baaml.
v m«-x.mma.m-u S for cxmple 2.8 mean b2
s e ot T others vewh. 1ok w0 0 e atpeshoon of e (e e s <
the pemo. i the yover B
P ser_p Nuwwbet} ltﬁnlol‘uwt*r-ﬂdcm--a‘itﬁUlLA\de(rmnh-whsh-\-‘d
P et Kot Numher) L il
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[King00]

[King00]

s Classification Method: C4.5 and C5.0

[ enct ol asmgned fuim o s | [n;e.\-wr-nm..-u “"m“:l
Ceentole sequence
enerimens ] ORFs
Datahusw lor Itequenl paticen disosery
Amubierclativaaly
diwasery
using WAKMK
Databur Vot tole kearpiy Methnd
mngls (latina) [ v‘nh-lnln-TI
ot L
t Ruk learniny > [ destng [
mung 4 S & (34
r Rules j—. l&clc«'tcd Mules _-—.[ Prodwtings
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= Classification Method: C4.5 and C5.0

"

ticre exrsts @ houmbagous peotcin i Swissiron with the
Keyward “awmbrane”

AP <xists 2 homobogous protern i Haciilus subiis

and here does on exist 0 hownologous protem with vey
Jow ok cubar werglht,  lange purcontnge of glatanue 3cal,
wnd meviium sequencs simikinty

and there does It evist u bomologs prowin in SuissPat
with g i similarity, low percentage of cysieine,
ihe keyword “raanemban® and 4 taly high moleculae
worght

there dook 1ok NN a firmicites sp, penein s SwixaProt
with the keyword "iramsninabranc”, wath nxcdium awhecutar
weight, and a very high ot af kew ciopy sepano:
and there exmts o homwlogons aumaslion prokn in
SwissProt witlh the keywrd “repai” with very high

bk weight
Thas
- The ORF Ias the fisctiond clas -mym>
nucronmkcues”
Assistant Prof. Chik-Chin Lin Page 14

[King00] 0

£
=t

[King01]

= Verification/Analysis: ] 65% 3 #E % 42 #yORFs,
E 5k % 60-80% (£ A Mycobacterium tuberculosis)

Lovel Lo Lewd Level

7 2 J 4
Number of rules 23 Y 20 3
Rules predicting awore | 19 Y X 1
than o homelogy
chaws
Rules predicung » 18] (M ! [
now homology class

Average test accuracy | 02% 65% 6% ¢

Detaule fext secunny. K% 145 % 2%
ew fanctions 880 W 60 k)
anigned R A%) () i

Assistant Prof. Chih-Chin Liu Page 15

= [King00] &y 2Lt pr: M S AH=H
» SEQ: J & 55558 4% A 542 B 44 31 43 0 4, 933
(E-3:ERS Y Ll
» SIM: gt £ 5% 8 A 548 0% (PSI-BLAST)4a M 4%
BRAd, 13799 @A PR H
s STR: Sk & W — R $E M 4n M 45 1 4A, 18342184
AR

| Assivtant Prof Chik-Chin Lin Page 16

[King01]

[King01] (2]

TIAL
. > B AL P . ;ﬁ a& " * ﬁ
m SEQ: 9t 85 848 AR 548 B 03T 44180 1A n SIM: s R A BT 7048405 48 M 45 1%
pr— ecime e P R
. Pirbomerdamunitek ol — P b s mingoms rvieia fomd by
ek The piege cmpeition st N el FoBLASY
et of Pope K erimtd? D) Pis 4 Nmsbogn povecia kvnd by
AR RS Tihe ey 6 i s o . PSERLAKT with SIM mepwee £
10 0.5 b e s et gt X} 7.4 Do gt owmd b
Wi W pot s RS T prrieasipt CLompdrion v H e PSLRLAST with STM mepsny e hae X
Wevistae punes vé wpe X 8§ eadgel X)p s 0 ivancbagant poaacia Sme) by
s Jeayn it masir o P 0 e Vo PSEBILAST with $IM mowwsed povoner o ¥
nsande? 30 P s 2 bt preria foond 97
sl The 0 oyt mackrcudar wd - PSLBLAST b Mevothn It
T comywud o mAL ¢ - pea?. 0 ¥ i3 koot pocie Cromd by
- ‘-W“:l:\'\’\u, 1. PREBLAST u devatiom Lo e X
! Pl giP. X 7152 hovaudboguon preacie Seond by
ool ipogiired ' FRALATY 2 e o o
T treniog mpia Mg Apacient, Spucess The puwscta I counes Jaan sgevees Spwuie.
a ™
- privror-asinbli Sniho g bnpcic s sion Chms.
PSg— T (WP s, wanpuoitionod 3 - bl X ;n—«-'nwm-.u
whouat i
Y P X3 T mwhovky wrghtof Py e o X
g et A Tor kel Cr o P e St
rogea Ny, caspeaib o
il " penr
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[King01]

w STR: %% & K =R &+ 48 M 434

[rer— Isopson

Wi L -
wos cememw of o T

sl 2T Cirew i savsadory o # o tm N,
0 aeipbb g povtion SL Wik
Aawielhms "
predcha e ¥

nakhat, g X5 Rovions 5 i probcind ko wt slpha-eit
0 cogh porstes thae X (rionl sty oy
ol

e o X D
Tough gamcr thaa § cculaty ey ecad
i) -

s g% Rrionn A in roctead b o ol o Lngth
m than X st b it of w1

L T P A TS T

aoctind 12 b2 se-dclcs 52 s gl
ST i X vty Mg i f 3y
L e ST T
Y e

st tham X iomilady e *

-NewRl S2 g X0

—aclS1 82, . X

,...-..xmmuq-_ ‘9

[King01]

Byt

= Verification/Analysis: bkt — #4582 MK R84

g v SUFF B SIMEE R BEF
Auivaies Avwaey ¢ Quwage . Kol rasohw
1 2 3 [ 1 1 " k] 3
5K o » 3 E) [y 4 RN Uy A
S i g ) ~ K3 [ [T mity o)
Sk ] ) i ] T 3 Hn um N
SEQ+ S8t 5 n 0 a a 1 Moo mun nsen
S+ STR o " 0 » 2 3 Tase ol Yid
SII ¢ STR » " i x 2 B 189 gy 120
SHY + M4 STR b3 # st = % 1§ My »ay 15
&'ﬂm_\mn:,u; 0 £ 5] 5 E) 36 = 1w Ben
VAELALL s & 3 i3 ] [ a00n min ine
WIS o “ 2 3 u 21N wan Wi
WAT.ZSSS ® = H st (3]

BWRT(RTLLENR (Mﬁ&)mﬂ
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[Ting94] O [Ting94] 8

» Motivation;

= DNA => Protein # ##i¥i& 42 P, Intron/Exon #
REBRER

= {& A Data Mining 45 #7 7 R Intron/Exon s &
Exon/Intron & i% 5

s C45 itk Eth, 12 ID2-of-3 LB K FH

» 3%3t44 A MoN &4 B ik, e K ARCIE5 &
ID2-0f-3 ¢4 ¥
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= Data Set UC! Machme Leammg Repos:tory

Molecular Biology Databases

= Prowoser Gene Sequences Daabise:
aﬂnﬁle&aﬂtSﬂAAAlNTﬂﬂ Shavik. & Noordewier

o E Coli pn
olmmmmm&nudhﬁu

W
.wncmrmmAM
om'n 2nd "ie” ctude every “sphit-gee” for grimencs 10 Geabank
2 1phcng e
GSIWl-'I:!-md— "ti” Q5B) “ie” QYS) and Neder (50%)
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[Ting94]

]ﬂg‘_ ’ i

[Ting94]

» Data Set: UC/ Mach/ne Learnlng Reposdory

€8 1CTA IR I SAGRCECTITASEC Rt CASE tACSARALE THEC1 EA41 SOLECAREECE

je

Assistant Prof. Chih-Chin Lin

= Data Set: UCI Machine Learning Repository
m ﬁﬁr é’] m RNA
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[Ting94]

[Ting94]

= Source: Genbank

{ el oy | (Sl Deaslociall |

[J>git 1765551261 502989, Ov] noakey (A.trivirgatus) insulin gene, complete cds
Lel 13

Score = 119 bits (60), Expect = 6e-25
ldeatities = 60/60 (100%)
Straad = Plus / Plus

Query: |

11 80
FEOORTEEE R O e e e ey

L 4

Sbjct{ 521

Assistant Prof. Chik-Chin Liu

u Source: Genbank

511 521 550 551 580 730

Intron 1

FEATURES Location/Qualifiers
source 1..2113
lorganism="Aotus trivirgatus"
/db_xref="taxon:9505"
prim transcript 511..2008

pote="ins mRNA and introms”
intron 551..730
note="1ns intron A"

Page 25 Asistant Prof. Chik-Chin Liu Page 26
[Ting94] [Ting94] ()

Axzistant Prof. Chik-Chin Liu

m Result: £5& % vs. #4755/

C{.5rules | MoN*S4 | MoN*G | ID2-of-3
A TO—
(CHErr_ | 11.5026 | 9.7 020 | 106016 ] 9.5 1.7 |)
Cupt | 32.502.8 | 200035 | 26.7 04.6 | 124 00.7
Time 18.0 93.6 19.8 | 23546.7 |)

Table 1: Result Summary for Splice-

C{.5rules MoN*S5A MoN*G |3
# rules | (#m-n:fmy] | [#m-n:fmy]

[ 328 | 200{100:93] | 267[146:145] | 118[50:9

Table 2: Types of rules induced

Assistant Prof. Chik-Chin Lix
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Chap 3 Data Mining Supports
in SQL Server

#| & & (Chih-Chin Liu)
THEAL FiNLEA

February 2003

SQL Data Mining @

Data Mining : found hidden knowledge from data base.
Technique : using Data Mining Model to analysis.
Model : DS for describing analysis object.

Data Mining tech. :

B neural net

B decision tree

B genetic algorithm
B generalization

Assistant Prof. Chik-Chin Liu

Page2
SQL Data Mining SQL Data Mining
e s
B Data Mining Model in Analysis Services : ¥ clustering :
R decision tree :
Assistant Pref. Chik-C1: E Page3 Assintant Prof. Chik-Chin Lin Page 4

SQL Data Mining

SQL Data Mining 1@1

E SQL data mining object
¥ cube
® table in data base
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Analysis Services

Build up model from table ~ £3

a WL ool
W Server

s

S U LA RN S NG SR 14 eyl bt
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THBANCREN
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Build up model from table

Build up model from table {3

Ringuma
any . .
T Ao
AU PR ARy wamnama ¢
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Build up model from table @

Build up model from table @‘
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Build up model from table

R R

Assistant Prof. Chik-Chin Lin Page 13 Assistant Prof. L‘;ib-cklu Lin Pege 14
Build up model from table L
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Build up model from table @ Build up model from table £

Yo' 13 : CREATE MINING MODEL (yee¥) (Cwstnmes 14) LOXG KBY , [hccownt Wy

-yl AMkMNL. T ¥ 071155
;| Miniaghiodel
fayj Moaaghiodel yus' WATT : INSERT INTO [ywe) (SKLP, (Account Num). [Lanme], (Prame}, Mil, [Addsess|

A e e o
e p—mmamnﬂm_ : |
L R T
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Ie -a! T WA Toodbect 200 #1528 |
5 BAed M You's

lminghbodel
o () MHNE: TF 071155 MM T4 071227 RIS 0.0032
N Mimaghiotel Yo' #A1T . CREATE KINDNO MODEL [ma3] GCwsiomer M)LONG XIY , [Acvownt Nu
© - Bl Mininghlodel yer' 1Y : IREERT LHTO (yea) (RXIP, (Accomat Huw. (Lawmul, (v ] D43 (bdiow
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Build up model from table
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Build up model from table

Page 23

EERTE A
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Build up model from table
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WEKA-E‘ http://www.cs. waikato. ac.nz/~ml/
TEYETE bup/www.cs waikato.ac.nz-~mliweka/index html

TSRS

http://p: load: relt ‘weka/weka-3-2-3.exe
SRR
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package weka.classifiers.adtree
package weka.classifiers.evaluation
package weka.classifiers.j48
package weka.classifiers.kstar

package weka.classifiers.m5

package weka.classifiers.neural -

TR

frelation weather

fettribute outlook (sunny, overcasc,

facccibute temperacure ceal
feceribuce huwidicy real
Sactribute vindy (THUL, FALSZ)
Qactribute play (yes, no}
fateribuce test (y,n)

fdace

sunny, 85,85, FALSE, no, ¥
sunay, 80, 90, TRUL, no, B
overcast,83,86, FALSE, yes, y
reiny, 70,96, FALSE, yes, y
rainy, 68,80, FALSE, yeo, ¥
cainy, 65,70, TRUZ, 5o, 0
overcasc, ¢4, 65, TRUZ, yes, y
suany, 72,95, 7ALSE, 00, B
sunny, 69,70, PALSE, yes, ¥
reiny, 75,060, FALSE, yes, ¥
sunay, 75,70, TRUZ, yes, ¥
overcast, 72,90, TRUL, yes, y
overcasc, 81,75, FALSE, yes. ¥
zainy, 71,91, TRUE, 0, 8

rainy}
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Golf(4# F access)
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Step 1: Create a User DSN
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Step 1: Create a User DSN
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Step 1: Create a User DSN
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Step 1: Create a User DSN

» EERHARHEX
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Step 2: Set up the
DatabaseUtils.props file

Step 1: Create a User DSN

BERHA - .
- : » 'The file is a text file that needs to contain the

RORALKQ:  [cen we | following lines:

HED: f jdbcDriver=sun.jdbc.odbc jdchdbchver

AW o | ;dchRL—]dbc.odbc dbname

Rom: DA \My Document\t AR J\golf ;db , H BA® P e i L — { |

RS | Rvo. | _ea®. | B9 | gpq. DG EUBRAAMIS H I @ EEIN N D
Wy | Soncumosme osmesnyacess
|
~ | RO

Step 3: Open the database Step 3: Open the database

= Choose Open DB...
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Chap 6 Hidden Markov Model

Outline

£ & ¢ (Chih-Chin Liu)
FHEAL FMTHA
April 2003

» HMM Tutorial
s Observable Markov Model
s Hidden Markov Model
s HMM = xp3
» LRI AR
. ARFERI
» D4R B AR

Assistant Prof. Chik-Chin Lin

Page2?

EEAERHMM G E4 £

HMM Tutorial 4233

Fundamentals of Speech
Recognition

Lawrence Rabiner, and
Biing-Hwang Juang

Pearson Education POD
1 edition, 1993

ISBN: 0130151572

Assistant Prof. Chik-Chin Lin Page3

Proceedings.of IEEE; Vol Z7:NG: 2, pp. 257-286, Feb. 1989 |

A Tutorial on Hidden Markov Models and
Selected Applications in Speech Recognition

LAWRENCE R. RABINER, FaLOw, i€t

prow ant
iy PLTR. 52000 2 mathash of davbow 1m0 Wi Mackwt'
g Aine dechme inastngly pagui @ the st several

50 thes cace, weth 2 goad sigal medel, we o sitmulate the
sowrce and lesen 24 mach 3 vie

Finaly, o masl imporiont reion why sigasl medels e
Soc- ” 4.

o, mic., 0

Ay 1t ety e the Imenl pects &) b ot

sga, Beaudy one can dchoranizs e iy o signal

L .

et the
Signal it 3 Saewave, of & vum of sapomentiale, e%c. In thete
e atiomn >

e Jscreve i nature 9. chavacvers irom o feise. 0f the sigaal model s generaly s
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Observable Markov Model
#5149 —: The Coin-Toss Model 54

Observable Markov Model
#5,4%) —: The Coin-Toss Model

05 0.5

[aFafmm: ERESEAME—I%|

Assistant Prof. Chik-Chin Liw'. Page S

= A Set of N Distinct States
{1, 2} = {Heads, Tails}

s Matrix of State-Transition Probabilities

y RF BRI R BRG] G E

| Assistant Prof. Chik-Chin Lin

Page§




Observable Markov Model
§5.4%] —: The Coin-Toss Model

(M. EohamEs0.9]

Assistant Prof. Chik-Chin Lin Page?
Observable Markov Model
$547) =: The Weather Model o
n Set of States
{1,2,3}={m, &, o}

» Matrix of State-Transition Probabilities

Axvistant Pref. Chih-Chin Lin Page 9
Observable Markov Model @
#.45] =: The Weather Model o

s PIRR1 4K 8 R 49 R A A -k -of - T - H- ok - -
HMEH SR
Sol: 4 O = (ef, 8, o, &, @, of, 14, of)
=(3,3,3,1,1,3,2,3)
P(O|Model)=P((3,3,3,1,1,3,2, 3)| Model )
= P[3)P[313IP[3|3]P[1|3IP[1[1]P[31]P2I3IP[3(2]
= M3833833213311831323832
= (1.0)(0.8)(0.8)(0.1)(0.4)(0.3)(0.1)(0.2)
=1.536 X 104

Asxitant Prof. Chik-Chin Liu Page 11

Observable Markov Model
$515] —: The Weather Model

0.4 0.6

Assixtant Prof. Chih-Chin Lin Page 2

Observable Markov Model
#.45] —: The Weather Model ]

n First Order Markov Chain

Assistant Prof. Chih-Chin Lin Page 18
Hidden Markov Model (2]

w Observable Markov Model: The output of each
state is not random. (;& & # 9, R&RTEE)
s This model is too restrictive to be applicable to
many problems.
» Hidden Markov Model: The observation (output)
is a probabilistic function of state.
s Doubly embedded stochastic process
« State Transition: Hidden
+ Symbol Emission: Observable

Assistant Prof. Chih-Chin Lin Page 12




Hidden Markov Model
$5.1%) =: The Coin-Toss Model

Hidden Markov Model
$.4] =: The Coin-Toss Model

0.5 08

P(HIfF % & F) = 0.9

PHIZF 811 F) = 0.5 | 9
P(THESR 4B F) =01

P(TIA###F)=05

u Set of States

S={1,2} = (X rHRF, RHRTF)
u Set of Symbols

V={H,T}
» Matrix of State-Transition Probabilities

« Matrix of S};mbol Emission Probabilities

lp‘(up,.grgsgu%gf‘ P(TIA# &R F)= 0.5
PHifE B e F)Z 085" PTHER6#F)=0.1

u The Initial state distribution

[r=tra st =(05,05]
Assitant Prof. Chihi-Chin Liu Page I3 Assivtant Prof, Chik-Chin Lin Pagels
Hidden Markov Model Hidden Markov Model &
% M Set of Symbols $i47 va: The Weather Model 2i

w AR E%R:V={H T}

s REX®: V={ek B, &)

» & #%M: V={C,#C, D, #D, E, F, #F, G, #G,
A #A B}

a DNA%%: V={A T,C,G}

« RaRA7R%: V={AC DEFGH,IK
LMNPQRSTVWY}

" ZOREETR: V=B tun}

Assistant Prof. Chik-Chin Lin Page is

Assivtant Prof. Chih-Chin Liu Page 16
Hidden Markov Model Hidden Markov Model @
#5,1%) w3 : The Weather Model $¢.15)v3: The Weather Model N

s FIAE2: i 4k 8 R &9 K A5 oF - - - - - o -4 -0
EREFNEMFFHRBERASKR?
Sol: 4 O = (uf, &, &%, @, &, o, 14, &)
O =(m% Mm% ®E wE 7F, RE 0E, RF)

P( 0, Q,| Model ) = T, o P(sk i % )P (% %|% %) P(sk|#% %)
P(# %% £ )P(sk % £)P( £1% £ )P(%|% %)
P(% % |5 % )P(% % % )P( % % % )P (s % %)
P(# %7 £)P(r | %)P(% %% % )Pk |2 %)
=(0.5)(0.01)(0.9)(0.01)(0.9)(0.01)(0.9)(0.9)(0.9)(0.9)
(0.9)(0.01)(0.9)(0.09)(0.9)(0.01) = 1.7433922005 x 10-12

Assistant Prof. Chih-Chin Liu Page 17

Sol: 4 O = (k. of, o, &, @, o, 1%, k)
Q=(*%, 3% 1% 3% 1%, 2%, 5%, 15)

P( O, Q)| Model )} = Tty o P(ok |2 £ )P(1 %1 %) P(sk| 1 %)
P(2#11%)P(sk )% £)P(1 %1 £)P(%| 1 %)
P %11 %£)P(%)| L £)P(1£|1£)P(X| 1 %)
P(m#122)P(i| 1 £)P(L 213 £)P(% |1 %)

=(0.5)(0.98)(0.95)(0.98)(0.95)(0.98)(0.95)(0.005)

(0.95)(0.005)(0.95)(0.98)(0.95)(0.015)(0.95)(0.005)

=6.03866331428782x10°10

| Assistant Prof. Chin-Chin Liu Page 18




Hidden Markov Model
4§47 .: The DNA Model

HMM = X B

0.01.

state sequence (hidden):

N ONOIOIOROIOIOIOTOONO RIS

transitions: 7 099 0.99 0.99 099 001 09 09 0.9 0.1 099
bol b, hle)

. A T €C A A G G C G A T...
omissions: 04 04 01 04 04 05 05 04 05 04 O3

Problem 1: Given the observation sequence O = 0, O;
g «++ Oy, and a model \ = (A, B, x), how do
WHHA we efficiently compute P(O|N), the proba-
bility of the observation sequence, given the
model?
Problem 2: Given the observation sequence O = 0, O,
mENa Oy, and the model \, how do we choose
a corresponding state sequence Q = g, q;
* + grwhich is optimal in some meaningful
sense (i.e.,, best “explains” the observa-
tions)?
Problem 3: How do we adjust the model parameters A
VML = A, B, x) to maximize PO]AR

Assistant Prof. Chik-Chin Lin Page 19

Assistant Prof. Chik-Chin Liu Page20

HMM = X B %8 0
Problem 1: it B8 g

HMM = KA
Problem 1: tb ¥} B AR %

s B4— HMM A ft—38% A 5| (observation
sequence) O = (04, 0y, ..., O7), RI4E3t HMM # A F
HR O aMmHEP(O| 1) BfT?

w Ak — RNk
o LREX—KEAF = (), Q... Qr) THRO s $

P(Olq, 1)
w2 R HMM A H TRGKEA T q, RIP(O] )aMH
REFFI qQHERO i Reheio

Asxictant Prof. Chik-Chin Liu Page 21

P(Olq,l) HP(OIq,,}l) ,(0|) (01) '?(o,) .
i P(q[l) zta allivig ~

fL2 1:43 qr- IQI

P(O 4l '1)‘— P(O | g A)P(q] ﬂ-)

(Or)ﬂ' aql'haﬂﬂ: graar

Assixtant Prof. Chik-Chin Liu |8 Dlgi Ty Page 22

HMM = K F#4
Problem 1: tb#} B AR

w PAE B O=HHH ¢y £ B4 ?

P(T|4'F#6’Jﬂ"f‘) =01
[z={m,7,) = {0.5,0.5}|

Assistant Prof. Chih-Chin Liu" Page 23

HMM = KX FlR& @(
Problem 1: tb ¥ B8 D

P(O, Q1Q1Q1| A) = by(H)by(H)by(H)m,34,3,,=(0.5X0. 5)(0 5)0.5)0. 5)(0 S)=o01s828
P(0,q,2,G,| 1) = by(H)b,(H)b,(H),8,,8,,=(0.5)0.5)X0.9)0.5X0.5X0.5)=0cze125
P(0,0,0,9;| 2 ) = by{H)b,(H)b,(H),a,,3,4=(0.5)0.9X0.5X0.5X0.5X0.2)=0.01125
P(0.3,Q,0,] 1 ) = by(H)b,(H)b,(H)m,a,,3,,=(0.5)0.9X0.9X0.5X0.5X0.8)=0.081
P(0,8,9,q4 A ) = by(H)o,(H)b,(H)r,8,,8,,=(0.90.5)0.5)0.5)(0.2)(0.5)=0.01125
P(0.4,,02| 1 ) = by(H)os(H)b,(H)r,2,431,=(0.9X0.5)0.9X0.5)0.2)(0.5)=0.02025
P(0,q20,q4] 2 ) = by(H)b,(H)b,(H)mpa553,,=(0.9X0.9X0.5)0.5)X0.8)(0.2)=0.0324
P(0,G,0,G A ) = ba(H)b,(H)b,(H)m,3,,3,,=(0.9X0.9)X0.9X0.5X0.8)(0.8)=0.23328

E(HHH ]A)=0.015625+0.028125+---+0.23328 = 0.43318J

Assistant Prof. Chik-Chin Lin Page 23




HMM = X A&
Problem 1: 1t ¥ B} AR

HMM = X B A
Problem 1: it ¥} B A

» %k = #7 %) 3k %% (Forward Procedure)
o 1A R T AR AE RSB A 5104, 0y,
L O I E afi)
= 2. 3638 % aq(i)
w3 RIHMM #rA TheE TR /RS H AME
A5 O ik ® afi), RIP(O| L) & HME adfi) th

al(i)= P(oloz"'onqz =1"1)
a()=mb(o), 1SiSN
N
am(j)=[Za,(i)ay:|bj(am), 1St<T-land1<jSN

i=l

P(O|2)=) a(i)

840 =
Asxistant Prof. Chik-Chin Liu Poge 25 Assistant Prof. Chik-Chin Liu Page 26
Problem 1: b # B4 Problem 1: vt # ] 78 ==

af)= - aft)= . a(t)=
0.5x0.5=0.25" (0. 5a,(1)+o 2a,(2))o 5 (o 5a,(1)+o 2a,(2))o 5
070525 ;. -

w f20k = R4 ik %k (Backward Procedure)
ol ERE CHRT TR B RB I MEF 70,
Opzs -, Op B4R E B(i)
w2 K3k () =1
3. Rk # B4()
= 4. Kb HMM pi % T RE 4 Zode (t=1) 850 T K86

0&(2_);4'5 s af2)= s csar +(()2)- . HRAMBAEF] O i B,(), RMIP(O| X)AMA
.5x0.9=0. (Os ¢1(1)+0 501( 0.9 (0. az(f) aaz( 2))0. ’Gﬁ1(i)b1(°1) 8 i Fo
Axsistant Prof. Chik-Chin Lin Page 27| Assistant Praf. Chik-Chin Lin Page 28
HMM = K 88 HMM = K B A8
Problem 1: Lt #} B8 Problem 1: bbi‘i‘[‘hﬁ

B,() = P(0,,01,+0r | g, =, A)

Ar=1, 1si<N g
/3,(;) Zﬂ,,,(})a”b (o,ﬂ) 1St<T- landlS1SN

P(Oll)=27!/ﬂ,(i)bi(0|)

ist

Asxistaut Prof. Chih-Chin Liu Page 29

()= et :
0. 5p,(1)a 540. 5p,(2)o 9 o 5;,(1)0 5+0. sp,(z)o 9
0 .

B(1)=1

P(HHH |A). v 870
=0.54(1)0.5+9.55
=0.43318 )

0.5

A= BY= _
0. 2p,(1)o 5+o ap,(z)a 9 o 2p,(1)o m ap,(z)o 9 B(2)=1
Axsivtant Prof. Chih-Chin Liu Page 30




HMM = K F#
Problem 2: A2 £ 14

HMM = XA @
Problem 2: #2#£ A8 L2

m 24— HMM X st —iR & 4 7] (observation
sequence) O = (04, 0,, ..., O7), BlfE 3t HMM # & T
RATHRAKREFS q=(q, Az ..., Q1) BT ?

Ak Kt BRIRATRAKS q

a Mk REHTHRAKEHEF q=(qy G ... O7)
Viterbi Algorithm

w AR KA L BRIRATRAKSE q
s 1. &% — HMM 1 f1— %K A4 5| (observation
sequence) O = (0,, 0,, ..., O7), T K4 t IR &
q=izig®
w0 =P =i]O, 1)
w2 K4 p() RARREH I HH q,

HMM = X [ @
Problem 2: 2 £ ] 28 )

w Ak Rt BRRATRAKE q
w 1. 84— HMM A ft—8 8 4 5| (observation
sequence) O = (0,, 0,, ..., O7), T K4 t BFRIK G
G =iz#E
7D =P =i]0, 1)
s 2. KR p() WFBRARMA i B0 B q

HMM = K 7 @
Problem 2: fi2 £% ] & B
ri())=P(g,=i]0,4) .
+ P(0,q,=114)

P(0.7).

HMM = K FA2 @
Problem 2: #2£% ] A &5

= A% = Viterbi Algorithm
w SAMAT e i Wik ek
» AE RNk il afi) 35 a.q()
o Viterbish ¥ ik: R KA &(1) 132 §,,(i)

Assistant Prof. Chik-Chin Lin Page 34
HMM = X B2 @
Problem 2: fi2 £ B A8

Assistant Prof. Chih-Chin Liu Page 35

= A7k = Viterbi Algorithm

ol RRAE RS EREQ, Q. G B TRK
BREFHREFMEFF10,, 0, ..., G HIMBRX
tael % 6()

2. e W &)

» 3. KEHMM A THES £9548 9, Q2 ... Or £
Tofb) i kB A RME A 5] O a2 540), R
q= (qh q21 erey qT) ar’éﬁﬁ'*

Assistant Prof. Chik-Chin Lin Page 36




HMM = K K&
Problem 2: Viterbi Algorithm

HMM = X F#& @
Problem 2: Viterbi Algorithm i

5,(i)=£3§_l P99, ¢,154, = 1,00, 0, | 4)

0,()=mb (o), 1£i<N
= 5,(j)=E%[a,_l(j)ay]b,(a,), 2<t<Tand1<j<N

s BATE % ikeh £ 5]
w AT 4k B0k Aokl alfi)

o,(1)= &(1)= &(1)=
0.5%0.50.25  Max(0.5&(1), 0.2&(2))0.5 Max(0.58(1), 0.26(2))0.5
=0.0625 =0.0324

05 ¢ 0.5

Problem 3: bt ¥ K88

w Viterbis® ¥ 5k IR FE KA (1) (2)= 5(2)=
0.5x0.9=0.45  Max(0.55,(1), .84(2)0.9
=0.324 : 5 328354 §
Ascistant Prof Chih-Chin Lin Page3? | Asaistant Prof; Chik-Chin Lin ' Pagest
HMM = KA

HMM = X B f3 @
Problem 3: b3 B & S

m #2;+—: Baum-Welch Method (EM Method)

s ##:%—: Baum-Welch Method (EM Method)
ol ERAE RS q =i L EH1BRE qu =
JzmE &0, j)
w2. & A, B, afi), Bi), & §(i.J)
w 3.8 &0 ) & 5l
w4 & &) | on() B4 A B,
» £4 2 3,4 248t (A=(A B, 1) %)

Axsistent Prof. Chik-Chin Lin Page 39 Assistans Prof, Chik-Chin Lin Page b0
HMM = K F] A& HMM = K P& 3@
Problem 3: it ¥ B 2R i3

Problem 3: b ¥} B AR

w 4% —: Baum-Welch Method (EM Method)
&) =P(g,=i,9,=710,4)
_Plg, =i9,=/,014)
PO12)
_ a:(i)aybj(0:+|)ﬂ:+l ()
P(OlA)
- Q, (i)ay'b/ (0,.)8,.(J)
Z Z Q, (i)a(ibj (0, VB

i=t j=1
Assistant Prof. Chik-Chin Lin Page dl

7.0)= £ 5)

Jj=1

T RS B - -
Z 7,(i) = expected- number of transitio ns from state i in (8]

=1

—— — . — .
> £(i, j) = expected number of transitio ns from state i to state jin O

=1

Assistant Prof. Chih-Chin Lin Page 42




HMM = K Fj#
Problem 3: it ¥ B

T-1
PRACE))

@ =L——,1<i<N,ISiSN

PNAG)

1=}

T
PRAG)]
=1

B (k) = 22—
Y1)

=1

JUSISNISISN

Assistant Prof. Chih-Chin Liu Page 43

References
Rabiner & HMM 48 #1134 %

= [Baum66} Baum, L. E. and T. Petrie, “Statistical inference
for Probabilistic Functions of Finite State Markov Chains,”
Ann. Math. Stat., Vol. 37, pp. 1554-1563, 1966.

= [Baum67] Baum, L. E. and T. Petrie, “Statistical Inference
for Probabilistic Functions of Finite State Markov Chains,”
Ann. Math. Stat., Vol. 37, pp. 1554-1563, 1966.

Assistent Prof. Chik-Chin Liu Page 45
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Chap 6 HMM Applications

Outline

#! & 1% (Chih-Chin Liu)
PEXP FMIaA
April 2003

= Books and Tutorials About HMM
= Biological Applications of HMM
s Profile HMM: [Eddy98][Haussler93]
= Protein 2nd Structure Prediction: [Asai93][Karplus97)
s Gene Prediction: [Krogh94)[Kulp96]
= Multiple Alignment: [Eddy95]
= ncRNA: [Eddy02]{(Eddy01]

| Assistant Prof. Chin-Chin Liu Page

HMM# 29 R BR S5 E# £Y

Biological Sequence
Analysis: Probabilistic
Models of Proteins and
Nucleic Acids

Probabiistic modals ¢ R. Durbin, S. Eddy, A. Krogh,
e - and G. Mitchison

nuclcic acldy

9. Eddy
A. Krogh
G. Mitchlson .

f. Dwbia ' Cambridge University Press

1st edition, 1998

ISBN: 0521629713

Assistant Prof. Chik-Chin Lin Page3

INFORMATICS

Bioinformatics: The Machine
Learning Approach

Pierre Baldi and Seren Brunak
The MIT Press
2nd edition, 2001

ISBN: 026202506 X

Assitent Prof. Chik-Chin Lin Page &

Motivation

Motivation

» Bioinformatics 4= Post-genome Era iy A € £ A &
w BB A 5L 315 (BLASTP, BLASTX, PSI-BLAST)
BERDARKRPOBMIEGRO S TR

» “Established sequence comparison algorithms
detect significant similarities to 35-80% of new
proteins, depending on the organism.” [Eddy1996]

s “In the 1990s, only roughly a third of the newly
predicted protein sequences show convincing
similarity to other known sequences, using pairwise

comparisons.” [Baldi2001)
Assistant Prof. Chik-Chin Lin Page §

= David Haussler, Anders Krogh, and
colleagues at UC Santa Cruz
recognized that all the profile methods
could be expressed as hidden Markov
models (HMMs) {Haussler1994].

s Major Research Groups
» UC Santa Cruz: Krogh, Haussler
=« WU St. Louis: Eddy
= Baldi

Assistant Prof. Chik-Chin Liu Page §




[Eddy98] Profile HMM [Eddy98] Profile HMM
Architecture Architecture
O—{ {25+ {e—O BLOCKS
123
Cow A
CVF EFEEHEHEO META-MEME
CKY
Asxixtant Prof. Chik-Chin Lin Page 7| Assistant Pref. Chih-Chin Lin Paged
[Eddy98] Profile HMM @ [Eddy98] Profile HMM @
Architecture ol HMM Software b
Software URL
SAM https/[www.co.ucsc.edu/research/compbio/sam.himl

profile HMM

HMMER2 "Plan 7°

HMMER  hitpe//genome.wustLodufeddy/hmmer hiad

PFTOOLS  hutp:f/ulrec3.unil ch:80/profile/

HMMpro http:/ /www.netid.com/

GENEWISE  http://www.sanger.ac.uk/Soltware/ Wise2/

PROBE fp://nchi.nlm.nih.gov/pubfneuwald/probeL.0f
META-MEME  http:f/www.cst.ucsd.edufusers/bgrundy/metameme.1.0.hml
BLOCKS hetp:/ fwwrw.blocks there.org/

PSEBLAST  hutp://www.ncbi.nlnnih.gov/BLAST /newblast itm!

Assistant Praf. Chik-Chin Lin Page9 { Assistant Prof. Chik-Chin Lia Page 19
[Haussler93] Profile HMM £y [Haussler93] Profile HMM @
Architecture ol Analysis of Globins ey

Assistant Prof. Chik-Chin Lin

Page 1]

w A4z F (myoglobin) & 5 — 18 A X4t 4% S A% 2
MiERRDPERHET K153 EAKAR, 8
{Ba-helix)

Asxistant Praf. Chih-Chin Lix Page 12




[Haussler93] Profile HMM [Haussler93] Profile HMM
Analysis of Globins Analysis of Globins
s Manual Aligned Fi;u're 2: The alignment of seven representative
g globins from Bashford et al. (1). Above the align-
ments are indicated which alpha helix each column
Bachfordit A L. belon)p to. Bashford et al. identified 8 helices (A
. to H), but some regions are not well defined (es-
£ 41748 Globins Jotsste pecially CD, D, and FG). The sequences and their
Wk B AR . o7 rroco SWISS-PROT idcntiﬁera are from the top: Hu-
R SOOI ADALTMAVIV- D CHPALSALESLAKL- - VoY man o (HBASHUMAN), human 8 (HBBSHUMAN),
P FILHEE. ‘u’u,uxsgunm-:éﬁzz::-;‘ %QM’:‘:H sperm whale myoglobin (MYGSPHYCA), larval Chi-
WAL, T a::zm-ww ""mm:cmwh“ mry ronomous thummi globin (GLB3$CHITP), sea lam-
: prey globin (GLBSSPETMA), Lupinus luicus leghe
44226 Globins ommoman e coass———— moglobin (LGB2SLUPLU), and bloodworm globin
201514 TS AT LAVLACAM PO CADAGIANS AN s :--nu::u;;%;; (GLBlSGLYDI).
AT« D A GABAMGA T P PGP &30 -
AT o BB Reference: (1} D Bashford, C Chothia and A M Lesk, Joura Mol
~~~~~ Biol 196 (1987) 199-216.
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[Haussler93] Profile HMM
Analysis of Globins

[Haussler93] Profile HMM
Analysis of Globins B

& HMM Trained

Haussler /i 40048

Globinshisk t —18 | :

#& $GlobingsHMM

"+ B ¥ Swiss-Proteh

&R 200044

iéﬂﬁﬂﬁmﬂ

BX:

Globin G2SMM2R | sonimeuinin gm0
JEGlobin 19458M@8 | iimmtienenie it SEaTi s
1018 B L T A e el
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s Globin 4484 & $63+

4000F © non-—globins
E 23 training sat
8000 - test set

-~ B3
2000 B4
E .
1000~ .
3 <+
=|

H H °, .

§

3
BTy

3
o

Number of sequences
>
°
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[Eddy02] ncRNA &3]
Motivation

» The number of known noncoding RNA genes is
expanding rapidly.

» Computational analysis of genome sequences,
which has been revolutionary for protein gene
analysis, should also be able to address questions
of the number and diversity of noncoding RNA
genes.

= However, noncoding RNAs present computational
genomics with a new set of challenges.

Assistant Prof. Chik-Chin Lin Pagel7
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f}; Chap 4 Protein Motif Databases

#{ & & (Chih-Chin Liu)
PHERE FiINTEAR

March 2003

Outline

u Introduction

» PROSITE (RE, Profile)
= Pfam (HMM)

= PRINTS (Profile)

= Blocks (Profile)

» EMOTIF/IDENTIFY (RE)

Asxistant Prof. Chik-Chin Liu Page 2
Gene Function Prediction Gene Function Prediction 1@
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Peges

PROSITE: Protein Profile Database l@
http /Iwww. expasy.org/prosxte/ o

PROSITE: Protein Profile Database
http://www.expasy.org/prosite/ L35

*
3
S [ [ ] 3
PROSITE H
LN Database of protcin familics and domains

Redease 1742, uf 04 L duscribe o pamerse, roles
od profiimaimarricsn).
SRR}
hmmhucln ocumentaion uxt g
0 P ol -;nd s, =:Smij:.m.
H % . ]
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n B TS RA kAR, EAFERERK
= E.g.: globins, SH2 domains, SH3 domains
» {4464 PSI-BLAST A 748t 1o 1 # ik L PHIR
w B4 | Protein Profile tb#t
= A profile is a table of position-specific animo acid
weights and gap costs.
= Pattern = Motif = Signature = Fingerprint
w &% 464 R fa(genomic)F 5|
w & A8 cDNA 45|
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PROSITE: Protein Profile Database

s PROSITE et —feprilissi k2o Z 6 ¥
(uncharacterized proteins)z sy st ¢y — @& & K
Profile 34 &

w ARG EERRR

» &% 4 &% E s(genomic) A 7|
» & EA¢ cDNA A7)
n Profile 3 31 7 ik:
S EFARAFILY
= [Gribskov90]{Luethy94][Thompson94)

Assistant Prof. Chik-Chin Liu

Page?

PROSITE: Protein Profile Database
AR RA

s &M (Completeness): K44 + & patterns $t
profiles B A ¢ R B XX B4

= § ¥ —H#(High Specificity): Profile #|#7 Motifs #)
$-Hd, ETHREARA

s X #iEM 5 % (Documentation). PROSITE ¥ & ¥
KRR H TEXHIER

n Z M3t (Periodic Review): PROSITE & #is& t44
FEERMNFAR

= 9t SWISS-PROT R &84 F]— M8 4z,
SWISS-PROT st PROSITE R} # £ #%

Assistant Pref. Chik-Chin Lin Page?
PROSITE: Protein Profile Database

TREMER N

B "D Ohly e

160

3 P

g g
80 110 38 4B
70 0591 441 02
EUIRTVTIEE S
90 061 %0 689
BTIT Y. 73 1] -
no iy THE TV T T oo e
1207 0494 785 1029 First rciesse 10 include profiks
13077108 % Tiel -
T TR T
150 0658 1014 1352
160 0799 10M 13
470 HO1 1908 1501
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PROSITE: Protein Profile Database
Profile 3£ 3 ¥ 7%

How we develop Prosite patterns!

AALD 3 1 LL
V7 <1

st U
x R

Baipten fomchom / 1995

P> g

Assistant Prof. Chik-Chin Liu Paged

PROSITE: Protein Profile Database
TREHNE g,

u PROSITE TH#& R
(ftp://ftp.expasy.org/databases/prosite/)
= PROSITE.DAT : Profile ##
s PROSITE.TXT : Profile 18 44K
s« PROSITE.DOC : Profile 4 K #i§ i&
LY OE S
= ScanProsite
» ProfileScan
= FrameProfileScan

= InterProScan
Assistant Prof. Chik-Chin Lin

Page 18

PROSITE % #}#& X, &
AR 43 3%, BA R

Notif st
PROSITEAF Be R

Pattern %#
ProfileX#

SVISS-PROTH R
PDBA 3
PROSITES #4 8
LERESR

Assistant Prof. Chik-Chin Liu
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PROSITE & i# 4 &

PROSITE & i &

Pattern Pattern Examples
10 T4_DEIODINASEI PATTERN.
AC  PS01205;

DT  NOV-1997 (CREATED}; JUL-1999 (DATA UPDATE): JUL-1999 (INFO UPDATE).
DE__ Iodothyronine deiodinases active sit.

/RELEASE=40.7,103373;
NR  /TOTAL=16(16); /POSITIVE=16(16); /UNKNOWN=0{0); /FALSE_POS=0(0);
NR  /FALSE_NEG=0; /PARTIAL=0;
CC  /TAXO-RANGE=2?82?; /MAX-REPEAT=1;
CC  /SITE=12,active_site;
DR P49894, IODL_CANFA, T: 042411, IOD1_CHICK, T; P49895, IOD1_HUMAN, T;
DR  Q61153, IODL_MOUSE, T; 042449, IOD1_ORENI, T; P24389, IOD1_RAT , T:
DR  P79747, IOD2_FUNHE, T; 92813, IOD2 HUMAN, T: Q9Z1Y9, IOD2 MOUSE, T:
DR  P49896, IOD2_RANCA, T: P70551, IOD2_RAT , T:; 042412, IOD3 CHICK, Ti
DR  P55073, IOD3_HUMAN, T: P495898, IOD3_RANCA, T; P49897, IOD3_RAT , T:
DR P49899, I0D3_XENLA, T;
DO PDOC00925;
/!

Assistant Prof. Chik-Chin Lin Page 13

[AC]-x-V-x(4)-{ED}.
This pattern is translated as:
[Ala or Cys]-any-Val-any-any-any-any-{any but Glu or Asp}

<A-x-[ST](2)-x(0,1)-V.
This pattern, which must be in the N-terminal of
the sequence ('<'), is translated as:.
- “Ala-any-{Ser or Thr]-[Ser or Thr]-{any or none)-Val

| Assistant Prof. Chik-Chin Lin Page 14

PROSITE & ¥4 &
Profile

PROSITE %} #% &
Profile Example

1D NSM2R) WATAIX.
01031
DY  JWN-1994 (CREAPED); JUN-199¢ (DATA UPDATE); WOV-1995 (INPO URDATE}.
20 2

11 mems lives ewitted..
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PROSITE# 5| B

PROSITE % & % A& P 2% 2,
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Field of expestise Base Baai

EF you dave questions conceralag cue of the Tielde of
listed dalov. yeu mey click o the epert’s Emil edd
You will be given & fora for youar nessaze to the enpe

mphmuuvl g

14-3-3 pretals
Altkee d.: Map/Er easeny. apc/sel-bls

43C traaspert acubsmas comd.
Bun E.: s i

100-c1bouylation factors
[ R Asanztfke expagy,onefeei-bla

“Wiow: | @ on the expat kst i
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Pfam: Protein Families Database

AP Pl Hov Foge o Nasorsele oeng? Fapleins
QR Q) J G0 yamue oun € 3- 5 B L

s of poters
Tt + gl et 7 g 0 sl i .-

Y WO
l& -
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Pfam: Protein Families Database
http://www.sanger.ac.uk/Software/Pfam/ L35

http://www.sanger.ac.uk/Software/Pfam/ foec

u ERAeeat A R(Sanger¥.3) ~ mt
(Karolinska#} % t) ~ £ B (Washinton & £)

= 3071 @& & K £# (/& %6.6, 2002)

u & ¥ 69% 4= SWISS-PROT 39 st TrEMBL 14+
hEEa R A7

» Motif &53% 4548 & Profile HMM, &4 HMMER2 &
4 (&£ K 4 bitp://hmmer.wustl.edu/)

s W20 REAREXRT, BARKORRBRYL
2500 x4 KA L
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Pfam: Protein Families Database
http://www.sanger.ac.uk/Software/Pfam/

Pfam: Protein Families Database
http://www.sanger.ac.uk/Software/Pfam/ e

Wellcome Trust Sanger Institute (UK). Karolinska Institute (Sveden) St Louls (USA)
<Gowp oader Cenkss >
of Department
* Mhau - Webmaster/Database Administrator
: §am Criffhs-Jones

i Previous
Ewan Bimey- now working at EB1
| Lorenzo Cernuttl
 Willam Misud - Summer student from University of Maita
i Nina Man

Matthew Bashton L] !

Axsistant Pref. Chik-Chin Liu Page23

Asistant Prof. Chih-Chin Liu Page 28




Pfam: Protein Families Database
http://www.sanger.ac.uk/Software/Pfam/

Pfam: Protein Families Database
http://www.sanger.ac.uk/Software/Pfam/
o
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= Protein Sequence Alignment 3% A Stockholmi% &,

(http:/Awww.cab. ki.se/cgb/aroups/sonnhammer/Stockholm. html)
= Pfam &% %+

= Pfam-Aseed: 4 # FE G K A2
« Plam-Afull: 64 248 Za RAFILHER
= Pfam: &,4- Profile HMM & & ¥ Motif 1&g
= PfamDB 1 MySQL &4 (10 {# tables, F# % 2)
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Plfam ¥ # k&
A & F M fSeed Alignment N

Plam %4k & 2]

Annotation s

Motif£# ID DnaJ
Motifs4st AC PFr00226
Motiffi§ik DE DnaJ domain
4 AU Finn RD, Birney E
‘¥HpHJ SE Prosite
¥ FEk AL Clustalw
#F% BM  hmmbuild HMM SEED
BM  hmmcalibrate --seed 0 HMM
XMEk#Ae  GA hmmsearch -T 10 --domT 10
Rk TC, 10.50 10.50
EGauE NC 7.90 7.90
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1%}
34387431
nd specitic regulatars of Hap™.

Oyr DY, Lavper T, Douglas MG:
Trends Biochen £ci 1998:19:)176-181,
121

65877
I2activaticn of phB-related proteins pl10 aad PI0T mediated dy the J domain
ot simlan virus 40 large T antigen,

Stubdal H, 3a)vide J. Carpbell X3, Schweitier C. Soberts TH. DeCepeio JA;
Nol Cell Biol 1957¢17:4479-4390.

The stzucture of the Daas domsis by M.

34 ik

1

2430434

MR structure of the J-dasain and che GlysPhe-cich region of the

Xzcharichia coll Dnal chaperons,

Pelincchia ¥, Sayperski T, %all D, Gecrgopoulos C. Wetheich X;

3 wal Binl 1995;260:234-250,

[ 23 ’_ BC08; 1xnl; wer

PaoSITE; PDOCO0SSY;
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TEMIE Bzt of 3 Chaperone Iprotein folding) systes
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Ises rof 3 adove}
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Pfam & 4k & 2
Full Ali@ment L3

o
RTYET, 181 xLvmn,
YIS YEASY/A-T EVYDLLOVAY
VIOTYRAST/S-TE  Twvmilazex
TINYIAST/ASS-438 DVVKALEVEP . .
SIRAIIRANI/ 1311 TYYBUGLYE . .
31-39% orvavne
CMT_YEAST 4278 oo s
TOUD CANRLY 362-870 DAYEVIGLEE . : oaact
RPLNGUERS W 19L DNYAVLAWVR eier
oy
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Pfam & FH ik &

Profile HMM e
T
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Pfam & 4 # X A

u [BatemanOQ2] Bateman, A,, et al., “The Pfam Protein
Families Database,” Nucleic Acids Research, Vol. 30, No. 1,
pp. 276-280, 2002. (Pfam# #t & f§ 1)

= [Krogh94] Krogh, A., et al, “” J. Mol. Biol., Vol. 235, pp.
1501-1531, 1994. (Profile HMM 7# i)

» [Eddy96) Eddy, S.R., “" Curr. Opin. Struct. Biol, Vol. 6, pp.
361-365, 1996. (Profile HMM 7 ;%)
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Pfam
A Profile HMM tt 4% & 8 A 7

Pfam HMM search results

Chitting o 1 modd pace DACY Hou 10 the (Tans documamcamce (o shat pectein tasdly.

Nl Seq-frvm Seqein Scorn Fsuutue Description
¥ M2 130 25 1521 L2wA7 Sec hoewology dosin 2
1% SHY W2 3 4G 2lee S hasokgy doxwin 3
*SH2 331 A2 1IBR 2Res® Sro honwlogy dernin 3
% 474 ATT 1100 LAe3L PH fplects:rim homokogy ) doesin
r® e WG 673 03 ametE C2 domsis
1 HmGAY M9 W3 3205 22092 UTrme-xciraix pitoen o Kasdike GTPICS
S 181-2%4
A 8L
SHI 331N
Mares?
" . «
RNGAP 76943
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PRINTS: Protein Fingerprint Database &
http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/ 1

2RI Y - Mic Ir\ptﬂmltpnw
MED GAG NMD BPMRA TAD WD

QL)+ Q- Al @D, 08 unwn Fur O 35 B -
Fasit L, AvemaPRINTY AT BE NiE "

hm-amdmﬁ-mm“’uwﬁ-n.-dn—sm‘m o charscacring &
mmmnmmu-mn
uﬁdﬂnmhmwlﬂl -y ID-wace.
<hully thas can single marif, pesmiy
deriving from the raupual comet provided by mold seighbours. Refcsepees

New:
» SPPINT . Saanch PRINTS.S (relstross! PRINTS)

@ L IRINTS - Sewch PRINTS' sndomalic sgpimcst
@ fmie - anlonhob-f&u‘— 5
En S
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s [Bateman02] Bateman, A, ef al., “The Pfam Protein
Families Database,” Nucleic Acids Research, Vol. 30, No. 1,
pp. 276-280, 2002. (Pfam % #+ & f§ 1r)

n [Krogh94] Krogh, A., et al, “* J. Mol. Biol., Vol. 235, pp.
1501-1531, 1994, (Profile HMM # k)

= [Eddy96] Eddy, S.R., “" Curr. Opin. Struct. Biol, Vol. 6, pp.
361-365, 1996. (Profile HMM ¥ k)

w [KroghO1} Krogh, A., et al, “Predicting Transmembrane
Protein Topology with a Hidden Markov Model: Application
to Complete Genomes,” J. Mol. Biol., Vol. 305, pp. 567-580,
2001. (Profile HMM ¥ k¢4 8 )
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PRINTS: Protein Fingerprint Database
http://www.bicinf.man.ac.uk/dbbrowser/PRINTS/ 5%

w i S R ANk, 2FRERERK
» E.g.: globins, SH2 domains, SH3 domains
u {R 465 PSI-BLAST A Fidaftdd tb ik ik il
w PESM$: st Protein Profile tb#f
» Fingerprints are groups of conserved
sequence motifs that together provide diagnostic
signatures for protein families.
= $t Blocks, PROSITE(profile) 4
= # %5 hierarchical classification
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PRINTS: Protein Fingerprint Database
http://www.bioinf.man.ac.uk/dbbrowser/PRINTS/ i

PRINTS: Protein Fingerprint Database

DATABASE DatE W0.OF DATABASE TOTAL MO,  DTABASE e

Yessiow enRIEs OF WOTIPS  VERSION BTRIES OF WITIFS
¥ 18.10.1991 2 6 18.0 31.03.1998 5 “n
Lt 16.10. 1992 ] e 9.0 20.07.19% ”s bl
2.0 13.03. 1993 59 2.0 25.10.19%9 5701
2.1 16.04.1993 59 m 2.0 03.01.1999 1050 6142
1.0 22.07.1953 104 1% 2.0 23.03.1999 1100 6510
4.0 29.10.1593 150 m 2.0 30.06. 1999 1160 938
5.0 20.04.19%¢ 20 951 3.1 15.08.1998 s 6933
60 22.07.19%4 25 i .0 01.10.1998 1210 4
7.0 2.11.19%4 300 143 5.0 07.01.2000 1260 539
3.0 22.03.1995 350 168 26.0 29.03.2000 1310 7097
9.0 22.07. )¢ 400 1942 7.0 31.05.2000 1360 nd
9.1 14. (11995 0 1842 2.0 25.09.2000 110 8550
10.0 21.12.1995 ©0 220 2.0 01.01.2001 1460 2830
o 08.04. 199 500 5% 30.0 20.03.2000 1500 [
2.0 21.06, 1996 550 275 30 30.06.2001 1550 9531
2.4 22.00.19% 550 % 2.0 23.09.2001 1600 9600
13.0 29.09.199 80 397 3.0 01.01.2002 1650 10085
13.a 03.11.199 814 3200 Mo 01.04,2002 1700 10342
160 16.12.1996 650 3 8.0 14.07.2002 1750 10626
15.0 15.04. 1997 0 3038
16.0 16.06.1997 750 a3
7.0 13.09.1997 000 4

| Asxintans Prof Chin-Chin Liu Page37

Axvistant Prof. Chik-Chin Lin Page 33

PRINTS: Protein Fingerprint Database
A Fok

PRINTS: Protein Fingerprint Database

HRAEEH S

" REARBARIZSH

Identificr APOLIPOAL

Creation Date 29-JUL-2002

Accussion PPO00YY

No. of Matily 4

Title Apolipoprotein a-i (APO-AI) signature

Database

References PFAM; 01442 Apaolipoprotein
INTERPRO; IPR0O00074
PDB; 10DP; 10DQ; 10DR; 1GW3; 1GW4; 1AV
SCOP; 10DP; 10DQ; LODR; 1GW3; 1GW4; 1AV]
CATH; 10DP; 10DQ; 10DR; 1GW3: 1GW4; 1AV]
MIM; 107680; 205400; 105200
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PRINTS: Protein Fingerprint Database@
HAEH
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Blocks: Protein Block Database
http://blocks.fhcrc.org/

3 bk WWR Server M) vt Fapinrcr ¥
B0 WD ‘l“ _m IO RWa0 r
QLK - A3 /08 MmNt SUR @ v T -

eyt R L

Igl Blocks WWW Server &

A veswie for biclage) sence saslysia o th [ & Coripr in Semrle, Washingon, USA.
Viait the Slociy mipror 3ig o the Weigrgas Iagitzs of ¢k in Tsrael.

. 10 seanch § sequesce vi Blocks d
o

Blocks: Protein Block Database
http://blocks.fherc.org/

s Blocks are ungapped multiple alignments
corresponding to the most conserved regions of
proteins.
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Blocks: Protein Block Database
Sample Data

Blocks: Protein Block Database
Sample Data X

ZDASE, GG,
X poaities auun-a e previcus bliacks (56, nn

o llwly! enzywes *G-D-K-G° tardly, Elsed

h I ot (. nd:h—xs- sogs=b; 99.5is608; Seremthe 141

Block BLOT173A | "t ‘tri'miistiesiicts s

LIFAZYURSE ( 199) AAKLEFHOGGPCIGD 100
TMCCRCOUE { 83) ATLPYLUKGEILON %
LIPS_BOMAN ( 344) SLIWN

ms_;wr 34 uwnlmvm 15

m LIPASE GDXCNIC: MIACT
M BLO1I73N; distence Lram previous block=(is.18)
Lipolyelc snxymes G-DX-G famiiy. hisc

e idine,

Bl YEA morif: uMk}.‘!St seqans: 39, St-lldll strength=152?
Block BLOT173B | “auismun’( 1001 viativanereseraasvioavasy 100

EET_ACICA 1064 v1m1nmr—m:(mxm:mw 4

L 192}
TRAC_8COLL (114 m;mrn.s-mmx:unuc 23

DARUMAX ( 377} IISIDYSLAPRAFFPRALRECKFAY 58
LIFSAAT { 378} ITZLDYSLAPEAEPPRALESCPPAY 34

D LIPAJE GUNG_HIS: BLICK
AC  BLOT1TEC, distance from previcus I.'Awh wan
DX Lipolytic entymws “4-O-

X0~ family. hia
p B 05 Rty widvan 191 agans: 5. 34 :'m, ereateran
oc TRRY PORVTLACDSAGAGLA
Block BLO1173C :‘;‘r‘:fmcn 137 CikedL Fochenaaiia 100
£1m] 3271 GASPIRIVLOGDIARCIA 7

LIPSMAT { €111 GETORRICIAGDSAGUKLS 66
.“
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[Block BLO1173A] [Block BL011738] [Block BLO1173C]

SHALT LIPS _FRY vith
siletztgsivelaedniafil
if[mmmlnylnlzqmlwll

nsdthmlvnmlutdn waln.flelsruqhseph&prmseulwlgtdﬂmt rd}slmmsd!.pas

PR I ke fver | Y ank

1saatd

palddsvatarzl mlggt | rvedLphgficlaalererrqaaelcvaricv] trpagagpsget gragrizgogth
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Blocks: Protein Block Database
Sample Data s

Blocks: Protein Block Database
Block to Profile el

' BAH STRHY

CBAC ECOLI
EST ACICA

————— LIP2 MORSP

[LIPS HUMAN
LIPS RAT

BLOO708B: DAP1_YBAST 774 IDESKIATWGHWSYGGFT
DAP2_YEAST 668 VDPQKISLFGWSYGGYL
PPCE_AERHY 526 TRTDRLAIRGGENGGLL
PPCE_PIG 543 TSPXRLTINGGENGGLL
PTRE_ECOLI 521 GSPSLCYAMGGBAGGHL
YLI1_CAEEL 526 ANRSEVAVMOGEYGGYE
ACPH_PIG 576 FDAGRVALMIGSHGGFL
ACPH_RAT 576 FDARRVALMGGSHGGFL
DPP4_HUMAN 619 VDNKRIATWGWEYGGYV . L0
DPP_MOUSE 613 VDSKRVAIWGWEYGGYV § (.8
DPP4_RAT 620 VDSKRVAIWGWSYGGYV 0.6
PPCE_FLAME 545 TSKEYMALSGR¥NOGLL -

PPCF_FLAME 545 TSKDYMALSGRBROGIL ¢ 04
0.2
0.0 1

BLOL173C: BAH_STRMY 132 CPPGRVTLAGDSAGAGL
EST_ACICA 138 IKPKDITISGDBCGANL
LIP2_MORSP 228 ASPSRIVLSGDBAGSCL 0.2
YBAC_ECOLI 154 INMSRIGFAGDEAGAML
LIPS_HUMAN 413 STGERICLAGDSAGGNL Aignment  position
LIPS_RAT 412 STGERICLAGDBAGGNL

Column score
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Blocks: Protein Block Database
Block to Profile

Blocks: Protein Block Database
Sample Data

(DEAD)

.o

kBl o |
- . 1 ‘{ R "€ I

%L.‘g‘:t {L J .L;sg:é.ggglé_ﬂ_;
TNRThO e e T NN RS RAR RN

Sequence logo of block BL00039C

ID  Kringte; BLOCK
AC  IPB000001B; distance from previous block=(13, 381)

DE KXringle
BL RGS: width=25; seqs=45; 99, 5%=1167; strength=1320
FAL2_CAYPOIQQ4962 ( 216) CYEGRGVSYRGMARTTVSGAKCORY 17

FAI2_IIUMAN|PO0748  ( 217) CYDGRGLSYRGLARTTLSGAPCQPY 19
PLUN_ERIEU|Q29485 ( 103) CKVGNGKYYRGTVSKTKTGLTCQKY 26
PLUN_NOUSE{P20818 ( 103) CKTGIGNGYRGTMSRTKSGVACOKY 27
UROK_CIICK|P15120 (- 79)- CYSGNGEDYRGNAEDPGCLYWDIIPS 100
TPA.RAT|P19637 ( 213) CYVGKGVTYRGTHSFTTSKASCLPY - 31

RORI_IUMAN[QO1973  ( '313) CYNSTGVDYRGTYSYTKSGROCQPY 17
RORI_NOUSE|Q9Z139 " ( 313) CYNSTGYDYRGTYSVTKSGRQCQPY 17

756 (286) CFLGNGTGYRGVASTSASGLSCLAY 2k

AN Q04
]IGFJUIUUSBIQQROSB { 283) CFLGNGTEYRGYASTAASGLSCLAY
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EMOTIF/AIDENTITY
Protein Motif Database

EMOTIF/IDENTITY
Protein Motif Database

» Motifs are useful for assigning functions to
proteins even in the absence of any homology
apart from the limited motif regions.

» IDENTIFY is a valuable tool for assignment of
function to newly sequenced proteins, especially in
those cases where there are no significant
sequence similarities by

= Alignment (PSI-BLAST)
= Profile (PROSITE, Blocks, PRINTS)
= Hidden Markov Methods (Pfam)
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Protein Motif Database
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Protein Motif Database
EMOTIF/IDENTITY

EMOTIF/IDENTITY
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small hydrophobic
medium hydrophobic
acidic/amid

small hydroxyl
small polar

basic
all amino acids

aromatics

small
basic

BRI BHT SRR

AG
ILMV

ST

KR
FWY
HKR
ILv
EDNQ
AGPST

EMOTIF/IDENTITY
Protein Motif Database
Protein Motif Database

EMOTIF/IDENTITY
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EMOTIF/IDENTITY

EMOTIF/IDENTITY "
KHmER: M vs iRER

KBRER: F—Mvs. BEE

0%
w Speciticily $OREs 2 ORFs assigned ¥ Motils Lixpedted # ot
assigned with no ansiggned talse motif
- annotations. assignments
To%
0% 61 at i 002
“%
n >
3 10 8 9 =) 02
E o 10* 103 69 301 17
w 10° Qz) 2 188 7
2

8338 3 Rk k4o B 7k LA FI u A N
&y B¢ i ORFs, A EMOTIF T #8172/

#
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Chap 6 HMM Tools

Outline [}

%] & 1% (Chih-Chin Liu)
PHEARE FIMTHA

May 2003

= Books and Tutorials About HMM
» Biological Applications of HMM
» Profile HMM: [Eddy98][Haussler93)
s Protein 2nd Structure Prediction: [Asai93]{Karplus97)
a Gene Prediction: [Krogh94}[Kulp96]
= Multiple Alignment: [Eddy85]
= ncRNA: [Eddy02]{Eddy01]

Aszistant Prof. Chik-Chin Liu Page 2

HMMpro

= Download HMMpro from http://www.netid.com/

£ pthr o ) jw BIX

" HMMpro 2.2

NotID, tc.

Assistant Praf. Chik-Chin Lin Page 3

| Assistant Prof. Chik-Chin Liu Paged

HMMpro ;

w Step 1: Design HMM Architecture

Asxivtant Prof. Chik-Chin Liu Page S

HMMpro
HMM Architecture e
= Linear HMM

| Assistant Prof. Chik-Chin Lin Page é




HMMpro
HMM Architecture

HMMpro
HMM Architecture

» Linear Full HMM

Assistant Prof. Chik-Chin Liv

Page 7

s HMMER 2

Assistant Pref. Chik-Chin Liu

Peged

HMMpro
HMM Architecture

HMMpro
HMM Architecture

= Loop HMM

Assistant Prof. Chih-Chin Lin

Pages

s Wheel HMM

(I Main4] End Jmain2 [

)

Asxistant Prof. Chith-Chin Lin
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HMMpro
Step 2: Training HMM

HMMpro
Step 2: Training HMM

= Step 2a: Select Training Data

e il 3 (we)
ey [@Rees 3 e |

Asxistant Prof. Chik-Chin Liu

Pagell

a Step 2b: Training Options Setting

g ptionst

) & Osline
o [T P
Tranasion R 07 Emasiennoie: ot
1 Nomatae

s ]
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HMMpro
Step 2: Training HMM

» Step 2c: View Training Process

Assistant Prof. Chih-Chin Liu - Pege 13
HMMpro
Step 3: Scoring ¥

n Step 3a: Select Training Data

Assistant Prof. Chtih-Chin Lin

Page 15

HMMpro 0
Step 2: Training HMM L

= Step 2d: Check Training Result

ARD
Avaya

Assistant Prof. Chih-Chin Lin Page ld
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Genes , Genetic Codes ,
Mutation

2003/09/17

Nucleotide sequence

W The hereditary information of all living
organisms, with the exception of some
viruses, is carried by deoxyribonucleic
“.~acid (DNA) molecules.

« Purines : adenine(A), guanine(G)

= Pyrimidines : thymine(T), cytosine(C)

y L
z LWARARE i

Nucleotide sequence

o
(Y Aderina &) Guanine (6}
"} ¥ " E
“
P J“N n—e'“A\!‘ \'I(
[ i N -
\”, *u‘e\ \.’ \«c\n,u
X " 4 |
L]
o Thyming (T} Cytasine (€)
E "
o e
i \T’e\n 0#t ity
) )
SURBHUE.

G e €
- ,l\_,-m! l ,,«ol\‘/“
\EJ\;LI)"_L, L

ne Ll

v‘ - ‘ﬂl\J
1RARRNE

* contains a pentose sugar, a phosphate
*. group, and a purine or pyrimidine base.
. The backbone of the DNA molecule
consists of sugar and phosphate
moieties.

The 5’ and the 3’ directions are also
eferred to as upstream and

' ey downstream ’i{mﬂ"“

c’% -—..—omx.:
SRARANT




Nucleotide sequence

" W The heavy strand is the one that

¥ contain more than 50% of the heavier

2+ nucleotides, the purines. The light

-"strand is the one that contain more

~“than 50% of the lighter nucleotides,
the pyrimidines.

& e O
(% LRRARME

" Nucleotide sequence

:The éntire complement of genetic
material carried by an individual is
called the genomes

Ad hoc term that may include genic

.sequences whose function has not yet
been determined.

f e meie.

FERNRANE

Nucleotide sequence

% RNA differ from DNA by having ribose
#"¥ instead of deoxyribose as its backbone
_sugar moiety, and by using the
““nucleotide uracil in place of thymine

o —_—
l ‘ ZRAARSY

&

ucleotide sequence

" before every cell division
Each of the two DNA strands servers as
template for the formation of a new
“strand
~-w;DNA is replicated semiconservatively
‘Replication starts at a structure called a
¢ replication bubble or origin of

f{ Tnarey)

~ replication




G___enomes and DNA replication

| EE:
Y T -

New Bases
Qtlﬂl“'

Genomes and DNA replication

'”'Replication proceeds in both directions
as two replication forks

= Replication DNA occurs only in the 5" to
o3

= Leading strand , lagging strand and
‘Okazaki fragment

{rrmreecuu
(E!‘in.-'

Genomes and DNA replication

/ ~ Leading
strand

M My NG Connected by
i Direction of fork (b‘ DNA ligase

strand

s
L BERNME

‘Genes and Gene Structure

w:DNA___. RNA—_. Protein

% A standard eukaryotic protein-coding
.. genes consists of transcribed and
untranscribed parts

untranscribed parts are designated

: according to their location relative to
S sthe transcribed parts as 5’ and 3’

= flanking regions

g - WD
(g Zwaanny )

__Genes and Gene Structure

©W.The promoter region consists of the

44 following signals :

TATA BOX , GC BOX , CAAT BOX

«: With few exceptions, all eukaryotic
“nuclear introns begin with GT and end

- with AG (the CT - AG rule)

e U Bt
AORRANE




Genes and Gene Structure

(5‘ watransisied region Trl:‘hlll ‘.(‘.0'0 1,000) 3" untrensieted regien s
10-200 nuclostides) uwace (100-> 1, {50- 200 nuclestides) 3
: Patn's "'g N—
o B b e i B e Ol - BT IR JATAY BolpR Talon
3 30t 200
Terminetor
Nucleotides (I::::bl (UGA, UAA, UAG) Nucleotides

~—

. The §' cap of & sukaryotic mRMA molecule
s

A P
. -‘:Q [ &? Ly
LN o)
. s %

s

L1
> 2

v
e TennASE

Genes and Gene Structure

- RNA-specifying genes are transcribed
" 4% into RNAs but are not translated into

E FYTIYIEY

Arhino Acids

. AAmino Acids are the elementary
1‘“‘ structure units of proteins

. Each amino acid has an — NH2 group
: ~and a HOOH group on either side of a
* __..._central carbon called the a carbon. Also
_attached to the a carbon are a
ydrogen atom and a side chain, also

(* enoted as the — R group
lm i (3*‘!—?"'““')

" Amino Acids

“Mirror-image : levorotatory (L) and
" dextrorotatory (D)

. Only L-amino acid are used in the

“process of translation of mRNAs into

~ ~protein

.- aThe classification of amino acids is
¢made on the basis of their — R group

Hydrogen atom
TR H MiEwE
i t L
inﬁm:m N O e m‘:;"g‘mp
R
4
3
Side chain :
, g ey
NPT . . TR .‘L
" Amino Acids
H o} (o) H
NN N
¢ ¢
HO""(E"‘H H'-'é'-OH
CH;OH HOH;C
L-glyceraldehyde D-glyceraldehyde
MIRROR o
"t INARAND




hydrophilic amino acid
Amino Acids oo R
& sn
\\', 5 hydrophobic amino acid ey Goarien cpmne
l‘n W Mo on H W W s ""_{'
et TS D S
ST ’ "'C'W‘c«. e e e’ -wn, F J\
Nra ahuin Valine oucias mracios 8_.“,
S o Ho oo " 1 40" N oon --T- - a:d- e it
i Nlc/'!_‘c‘l}:(o _<° '_E<g _‘(O —<° "’—{{: M_I_{
} ) it P
"\’::gw ) o I>' W’
Pprolioe plevylalaning Uypuphen matidoming e [ il
QT ) €T
" Proteins
A profein is @ macromolecule that
¥ consists of one or more polypeptide
- chains.
_a"In a polypeptide chain, the a-carboxyl ’l‘l ‘I‘z ’;n ﬁ ';z ,
“... . ..group of one amino acid is joined to NHy= CH = COOH + NH,~ CH— COOH ~— NH, —CH—C— NH~CH-COOH
: h(_=_ a-amino group of another amino B ho —
id by a peptlde bond. : amino acids dipeptide
€T %}ﬂ‘j
- Proteins a-helix oteins B-pleated sheet
Sl ( = »
J o J Q{ QT




Proteins
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Translation and Genetic Codes

» & EmRNA g F 5 » JRNA Aamino
¢ acid » feribosome L 4- g polypeptides)
R e

‘w Translationi® £ 4~ %:

- & ¥5(initiation)

'?é-&(elongation)

# i (termination)

i ML,
l% LUARRNE

Translation and Genetic Codes

R QENE“G OODR

& - CTHY,
Lz LERANMT )

Translatlon and Genetic Codes

DEGENERAOY OF TNE

Numbae of ‘.w

| W.Z'",'Mfutation

Error in either DNA replication or repair occur giving
‘rise to new sequence

; A RRRH RGBT A
. L. g &, 28 89 X % (chromosomal mutation)
RIX CEEE 2 2T LgiE 1oL 2

. 2. 35 % 9 (point mutation)
7 &NAQ-}N—ﬂ&aﬂi&&&i&! VTR RUTR

¥ ik % 52 4%, 32 % (base substitution mutation)
NAN — ik X4 5% — Rk B A B4R, -

: """,,H,I\'/!:utation

. 1232 1 # % % (frameshift mutation)

F T BT 4

(1). i %48 A(base insertion): DNA 4T
WEET —AREMEEE -

(2). ik 2 4% % (base deletion): DNA&F A
BT AR RERE -

n
‘ TRARRNY




Frarheshift mutation

a. $3& % ¥ (transition mutation)

" i The purine (A and G) in a base pair is replaced by the
" . other purine and the pyrimidine (C and T) is replaced
by the other pyrimidine. For example, AT—+GC

b. JE 4 7 $# (transversion mutation)

e purines change to pyrimidine and vice versa.

r example, AT-CG
(F'f e

AAACCCGGG
Original sequence
TTTGGGCCC
wild type
Y AAACTCGGG substitution
._y‘),‘ TTTGAGCCC 5—8 A AUCCC G Gorrmmommme 3
. Aliy Ser Arg
B AAACCCTGGG A
s insertion el
TTTGGGACCC --Mutant.
(5--CAAAUCCC Gooemenme 3
AAACCGGG deletion ' Gin Ile Pro
i : TTTGGCCC
\ k '?
,'l‘ L“‘ PYTTLONE 6@1‘.‘%
_Mutation
HRERUABERZAVETIA:

1. missense mutation

" DNAFRMEHY BESANEaXP
%?—mgiuaﬁag EREORTE—

‘L:‘Z nonsense mutation

“"DNAS TP 2 WA — ﬁ“iﬁﬁ(smp
codon) » HwCAG—UAG » R EX O K44

##E o A~ A K £ &polypeptide

ain
f——ecHL:
li IURBRNY

o ,Mfutation

DNASFAMERR - 2 A B RBE « H ¥triplet
codon ¥ =45 % (wobblef X)a 9 + & & i Asilent
mutation » HARY X ABEFEGIME - Hie
UCA—UCG » S XX MF% Ryt
oiserine

".4. neutral mutation

_DNASFAREAR » MOLLRAFEF HRLEH
T o W AAA—~AGA 1% lysinet X
arginine s L= E B MM RBL AP IHRBF
THETaRANE -
l“'

- )F . % TEARARS )|

aky mutation

¥ DNASFRREAY » &K —MRSH
GEW o SREL OB EERBELA
R Myt 2 B RE, -

i frmm—sntie
SNANRUT




CF AREBERE - e it ) 4B

Mutation
\q C.iiAMEE AT AP T4

7 1. morphological mutation
ik - ééfé.&é L EX P S E N Y

2. Blochemlcal and nutritional mutation

P EEL EXV T I5) P04 X d AR 3203
g X

<'a, sugar utilization mutation
‘lac*—lac

=
3]
%

1 RAA

Mutation

\b amino acid production mutation
v argt—arg
f' 3. antibiotic resistant mutation

. amp*—amp" (s: sensitivity, r: resistant)

.. 4. lethal mutation

R RS ALBMAT o HlioTay-Sachs

disease
" 5. conditional mutation

LI EE NS S

(¥ e et L. L
lylﬁz_n_-ﬂj
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MUTATION

BEAR  REH
M9202055 HH—F KR

Mutation
N ’lﬂ;bef'

The errors in either DNA replication or
repair occur giving rise to new

sequences.

= Type :

1. substitution

2. recombination

3. deletion & insertion
4, inversion

(F L
TEARRER

Mutatlon

ety ABCCAAM!!‘I’AC‘MGYEH‘

ACCTACTGEAAACAT
¥ e
7 acera - e e
WAGGCAACTCAICTIAT - 1o

I

( .
73 AGGCAAAI:CI‘ACTAMGLCG'CTI’AT

(l‘ an'rno CTAC“.GTC‘KTAT

hwn:.ﬁ'wyp-ot.‘i;uuu Original daquraci. o fios €163

‘:a"cr'?':;'z‘mw»ew-"’ Rt Tusshin e € '3
) Deletion of the sequence ACCTA. (f) inserd

u«wwucwh-un&r—cumc-a’ i o

7 M
LAWARANE

1. Transition
pu‘rine to purine or pyrimidine to pyrimidine

“NeeHe O N " »
Nt O P N H
5—< \.f‘“(:\z T N‘c—c'kf
NeoH—N -~ ¢ VAR
¢ o { N wd  non (C-AN)C \
o -HN Vi % "/
Viasine (amino) M Guanine (keto)  Cylosine (imino) Adenine (amino)

2. Transversion

purine < pyrimidine QE:““.‘E‘."]

S;lffjbstituion

1. synonymous
nucleotide change that does not alter the
- amino acid sequence.
" 2. nonsynonymous
1.missense
mutation changes one amino acid into another amino acid
2.nonsense
changes amino acid codon into a stop codon.

.

TR i
)‘ APERANE ‘

Pnuul.u 'lypuv!nlbulmlnn numlom lnAdengndnm(a) tynuny-mu-, M]

missense and {c) non:




Substituion
~Recombination

% Homologous recombination
¥ It occurs between two homologous DNA
molecules.

."Two types of homologous recombination
:1. crossing over
. gene conversion

7

- Substituion
=l

B

b

F‘ runj
IBARANY

e caipie
SRRAANNE

{b) Gena conversion

P S SR
——re——————

E o rg a2
[ 00 SRR Y |

4

] ° t
(¢} Crossover
1 - SRS SV T

——ee
Ehar = T

f . S-S

T e F 7

Gene conversion - the red DNA donates part of its

genetic information (e-e' reglon) to the blue DNA.

f¢ DNA crossing over - the two DNAs exchange part
 of their genetic information (f-f and F-F). (¥ seaaxay

=7 0 T
o @ Herodpieiogen
Holliday —=
¥ structure s l
v

e o

1

ndiesed {along e 1}
mgresed

[ « ° . 3
I — s '
T R - i Lig
] 4 L i £ L
3 v ¥ M) Q

o . D . R E——
114 “The Holliday structare. Note the b duplex DNA aofdunRNe )
hed choopotil stands foray and white steandal -

: % 2 WARRNE q
Heteroduonef h




Recombinatio

e

Recombination

Site-specific recombination

ex: the integration of phage genomes into
bacterial chromosomes

witnchmant
sive loriihh
Phage A phage ONA
alsadhenent Integruti (PITPhage!
e tonPy A imtngrane (INTs
mr
—————a -
Paint of etvion:
— i =y
DNA ]
B« XIS
R. ooli viwemupme
2T The and ioes of bat- DHNA. The recombinase is the i lntegress or J
Nigwre intogracion snd excinion hage omb e

Deletion and insertion can occur by several
mechanisms :

“emn - 1. unequal crossing over
2. intrastrand deletion
3. replication slippage

4. transposition

e T
LRRANEE

nequal crossing over

Crossing over between homologous chromosomes
that are not precisely paired, resulting in non-
reciprocal exchange of material and chromosomes of
.unequal |

&

ench in o6t of the dapighier srands and the deplication,

Wiien s DNA s dupllosted 1o tandwn,

... Deletion and insertion
~-w-Intrastrand deletion
- aifbpeated sequence pairs .
}ﬁ?ﬁ another in the same
ientation on the same
chromatid + and an intra- -
- chromosomal crossing
_over event oceurs

replication slippage

f It occurs at the repetitive sequences when

. the new strand mispairs with the template
“strand.

K

7 it
ANRERMY




Deletion and insertion

) Neurna: paiving
B ot cmions DNA
S-AATCCTAGTATATACACGAAT T8

F-TTAGGATCATATAIGTUCTTAA-S

S

-5 l
¢ b : ' . AG
oAt TATA . P P
tirormr o . BTt . _—
F-TYAGGAFCATATAIGIGE TTAA§ y..,m;o ) !—HT IAIACACGN\T‘I x
s i i
Ay . T-TTAGGATCAIAL,  TTAA
- ISV I T G
Felotun o ¢ . Enghatcnmbme e . er
watig [A: b ol parad -l
: E . L L TAwpestsnie
remreetaonaraadaiatroy C l
z-};h':‘ Al A santes PLATA CAATT-Y

) R . . ~YTACGATCATATATGTGETTAA-Y 5
£ o 2wnnned

Deletion and insertion

I
I

» Transposition

It is the process |;

that a transponse

-...-is inserted into a
" target DNA.

b

I
i

1

i
i
|

h
lu—
p

|

F_-f_'-_"i)

" Deletion and insertion

. - La ™ o - o
um&%a“w #c.ﬂ%An%mmwnmb

" Chromosome segment excises and reintegrates in
opposite orientation.

Anvcihe

ARC DR

STYITS

“Mutation Rate

¥:Spontaneous

£ mammalian nuclear DNA :

3 ~5x1076 per nucleotide per year
mammalian mitochondrial DNA :

3 ~5X107-5 per nucleotide per year
virus =

101-2 per nucleotide per year

W I——
% AORRENY

Mutation Rate

ype

nuclear DNA

Transition : 60~ 70 %
Transvertion : 33%

N mitochondrial DNA

' ‘Transition : transvertion = 15 ~ 20 : 1

Some region has higher frequency

(’.E—-—-—wmvj
L WARANG
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Chapter 2

Dynamics of Genes in

' INTRODUCTION

¥ Evolution is the process of change in
A the genetic makeup of populations.
."“a A basic problem in evolutionary
" population genetics is to determine
How the frequency of a mutant allele

. FREQUENCIES

The chromosomal or genomic location
» of a gene is called a locus.
s Alternative forms of the gene at a given
:locus are called alleles.
= The relative proportion of an allele is
_ " referred to as the allele frequency or
77 “gene frequency.(FEERK (B KR
- EEAERSE  BIBRERER )

rerrr e U
ARARASE

Populations will change in time under the effect of
svarious evolutionary forces.
M09202050
BABR X Q{’ €T
CHANGES IN ALLELE - CHANGES IN ALLELE

REQUENCIES

EX:a haploid population of size N
ndividuals, tow alleles , 4,and 4,.

IR A E, nfS 4 REBE.

Rijallele frequenciests
=n/N,4,=n/N
Note: n, +n,=Nand /N +n,/N=1

" “CHANGES IN ALLELE
" FREQUENCIES

The set of all alleles existing in a

* population at all loci is called the gene

.. pool. (B FTH ZE R AL )

For a new mutation to become

. _significant from an evolutionary point

....0f view it must increase in frequency
«:and ultimately become fixed in the

. * ¢ 'population.
LR (9£' eErans)

- "CHANGES IN ALLELE
" FREQUENCIES

The major factors affecting the

¥ frequency of alleles in populations are
natural selection and random
genetic drift.

e,
Iz sunnavy )




CHANGES IN ALLELE CHANGES IN ALLELE
FREQUENCIES FREQUENCIES

Determmlstlc model(ﬁ;ﬁﬂﬁiﬁ)

.....

,sT wo mathematical model to studying
' ¥genetic changes
. 1. Deterministic model

.-7"-w It assumes that changes in the

. ) -~ . frequencies of alleles in population

2. Stochastic models - “form generation to generation occur in
"~ aunique manner and can be
“unambiguously predicted from
nowledge of initial conditions.

W (s ety
~ CHANGES IN ALLELE - "CHANGES IN ALLELE
__ FREQUENCIES " FREQUENCIES

Need two conditions:
¥ 1. The population is infinite in size.

* 2. The environment either remains
constant with time or changes
according to deterministic rules.

r. Stochastic models(i#&iH5)

¥ Stochastic models assume that changes
', in allele frequencies occur in a
robabilistic manner.

------- s
SERARWE FURBANY

“NATURAL SELECTION

“The fitness of a genotype,

¢ commonly denoted asw , is @ measure

of the individual’s ability to survive and

eproduce.

-~ =:In nature, the fitness of a genotype is

‘..ot expected to remain constant for all
: enerations and under all

nvironmental circumstances.

 NATURAL SELECTION

»-Natural selection(x 1) is defined as
he differential reproduction of
. genetically distinct individuals or
~genotypes within a population.

(f e 120070 3 SE———.
(%f_.__)uﬁlu Q{ﬁmy)




NATURAL SELECTION

# Deleterious:reduce the fitness of
1% genotype.This type of selection is called
‘. negative or purifying selection.
" a Neutral:as fit as the best allele in
- population.

» Advantageous:increase the fitness of
" genotype. Is call positive or
.advantageous selection.

2 18

NATURAL SELECTION
, HQ‘A‘Z{E alleles A% 3@ genotypes 43> RI£S:

AA,AA,, 4,4,

o FitnessBIES wi,wiiwy

4 allele frequency -> p

4, allele frequency -> ¢=1-p

AP ] ARNARN T '.3:‘:"?;".‘ IMARARY
) NATURAL SELECTION :NATURAL SELECTION
AA Ad, Ad, 5 ,allele frequency in the next
w, W, Wy generation( ¢,,.).
p’ 2pq g’
G = quxz'*‘qzwzz
;o P W +2pgw, + g wy,
(2.1)
,. PaW, +q’ Wy _
... NATURAL SELECTION W+ 2pgw, + g wy,
. : 2 2 _ 2, 3
N A2EHHR Bfrequency i B ~PIW,tq Wy — pgw, —2pgw, —q Wy,

Ag=q,,—q,

T Plp(Wy, —wy,) + q(wy, —w,)]
" pzwn +2pgw, + q2W22

: 2.2)

Py +2pgw, +q wy,
= PdM, =2pg’w, - p’qw, + 4wy, — ¢’ wyy
Py +2pgw, +q wy,

_ Pgwip—q)- p’qw, + pg'wy

 P'W+2pgw, + gy,

Pq[P(le - Wu)+ q(wzz — Wy )]
Pzwu +2pgw, +q2W22




NATURAL SELECTION NATURAL SELECTION
e '.,.'_fi{/e common modes : »\',;hff»Assume population is diploid.
: b,.‘?‘,lp"' 1.codominance or genic selection : ,.;»:ffl,i\llele 4,
"+ 2.complete recessiveness . Genotype A4,
~ 3.complete dominance R
4.overdominance Allele 4 &4,
S.underdominance : - Genotype 44 44, 4,4,
d - 1 1+s 1+2s
W Ve (i)
" Codominance " Codominance

Two homozygotes fitness different.
Heterozygote is the mean of the fitness
. of the two homozygous genotypes.

» RATHE T (Heterozygote) R R AR
- HogiSREL

_¥:Genotype 44, Ad, A4,
 Fitness 1 1+s 1+2s

tness{{, A Equation 2.2
_ SPq
A 1+ 2spg +2sq* (2.3)

& e €I

T A——
g IRRRANE )

Ag = P‘I[P(le - Wn)"' Q(sz - sz)] _ -

P p'w, +2pgw, + q’wy o -Codominance

W palp(l+s=1)+q(1+2s (1 +5))] 'If S is small,the denominator in
i p*+2pg(1+s)+q*(1+2s) " Equation 2.3 approximately 1,and the
- palps + gs] ejgr:;:\ogf; s ;:duieff to Ag =spq

"""" P’ +2pg+2pgs+q* +2q°s : MR TR
' _ . pas(p+q) =spq =sq(1-q)

3 1+2pgs +2q°s 2.4)

a4 spq

T+ 2spq +2sq* %X——J DAL ) permd




Codominance

(2.5)
. The frequency qt is expressed as a
“function of time t.

o lYmaﬁi

Codominance

1 a(1-g,)
s 1-
s g, 26
u The number of generation form ¢,

: Foqt

G"F“llj
IOXBRRRE

ro L ali-a,)
s _gl-q)

(e CU
LURANSE

" Dominance

The two homozygotes have different
¥ fitness values,

a The fitness of the heterozygote is the
same as the fitness of one of the two
homozygous genotypes

(of e tartie.
ADARKEY

“Dominance

4, is dominant over allele 4,.
Genotype 44, A4, A4,
». Fitness 1 1+s 1+s

(2.7

Y SO,
AHRRBOE




Ag= pq[p(w, "V||)+‘I(W niid) )]
P Wy +2pgqw, +q W
=pq[p1+s 1)+q(l+s (I+s))]
: P2 +2pq(l+5)+q*(1+5)
RIS palps]
P +2pg+2pgs+q +q’s
__ Py
1+2pgs+q°s
p’gs
1+Zsp(l p)+(l p) s
pgs
I+2.vp 2sp* +5-2sp+sp’

SR

s ns
P +‘: -qus Ve

D.ominance

- ,\\A dominant over 4,.

LAF Genotype AA, AA, A4,
S Fitness 1 1 1+s

« fi tnessﬁ)l Equation 2.2
pg’s
SAg =
=1+ s (28)

E‘ ru-xj
ERANRNE

S Ag= p‘I[p(le W11)+q(W22 - le)]
; p Wn +2pgw,, +q Wy
pq[p(l )+g(l+s-1)]
p +2pq+q2(1+s)
___ palgs]
P +2pg+qt +q°s
pg’s
1+¢%s

orsrw YO
LWRANME

e Overdomlnance and
‘ underdomlnance

Overdomlnance selection,the
¥ heterozygote has the highest fitness.

».Genotype 44, A4, 44,
s Fitness 1 1+s 1+t

in:Note:s>0 & s>t,t can be +,zero,-

Y s L

“Overdominance and
~underdominance

,ﬁiﬁﬁtness{ﬁ)k Equation 2.2
e

_pa(2sqg-19-5)

1+ 2spq + 1g* '
1+2spg+1g 2.9)

e _ pqls(1-29)+ gt

£ a0 e
IOREANE

SR e pq[p(wu —wy)+ q(wn -wy)]
1 p Wn +2pgw, + q W
pq[p(l +5-1)+q(1+1-(1+5))]
P +2pq(1+s)+q (1+t)
__ pqlps+qt—gs]
P +2pq+2pgs+q* +q*t

_ pdls(p-q)+4gt]

1+2pgs+q’t

1+2pgs+q°t
_ pq(— 2sq+1tq + s)

1+2spg +1g° ()
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" Generation o Corerstian “
FGunR 2.2 _ (s} Changes In tha frequency of
selection. taltial tnq:':\d- frou top t botturs. ,
00136 = 0.04 and f = 0.02, Sincm ihe s and £ valuet ars excegtionally lags the - 4
chavae In allele frequency 18 rapid. Note Lhat ihare Is 2 ntable .qullll; am al g =

an wilele subjuct to overdosilnant
curvas: 0.99, 0.75, 0.80, 025, and ]

Srequered fruana bo) mbomm"‘o.n,mm’,mm:
o e o001 A e, because of the large  vilaes otz end & he:
uency i - Nove that there Ly aa e - 0647, 7

hange el Fe ey o wiives vee the sifightest devintioa (o I
will cause one of the slleivs to bw climinated from the population. o

§ oS g’
LARFAME

Overdominance and
u‘nderdominance

¥ Stable equilibrium
A% Overdominant selection called
~. balancing or stabilizing selection.
w4, frequency allele at equilibrium, g
= Ag=0 (2.9

s

2s—t (2.10)

y cme
IRAARDS

~ ~Overdominance and
. underdominance

Underdominant selection,the
¢ heterozygote has the lowest fitness.

- Genotype 4,4, A4, A4,
- wFitness 1 1+s 1+t

s CUY

LONANRNE

“~ 'Overdominance and

"~ underdominance

nstable equilibrium.

Below the equilibrium frequency to
_extinction.

@( = nwj
SRRAANY

RANDOM GENETIC DRIFT

i iAllele frequency changes can occur by

" chance.

. The process of change in allele
-+frequency due to solely to chance

- effects is called random genetic drift.

¢

s S,

ANBEREY




' RANDOM GENETIC DRIFT

(2N - i) 2.11)
P>00<g<l1

e (A
‘ ARNARMY

] tequencies of alieles lnbjcct to rsndotn

o dlrzm mmuuw (= 25) fixatiap
ons. THe o&mhvo pop e hud‘% 1;:
bt will ultfmately reach fixation if 5

m Bodmer and Cavalli-Sforxa (1976).

y e
l»c lz.s Two oufcoines | da tons of slze
2.‘5 :; Pem0S. lnP:::h generation, 25 alloles were umplud' :;“Komﬂumm?:ﬁ::

previc gray :
;sh:mmnm h“;;rlnrlh-uhu, P -l.llallklonlnyurl-_

®. Mod(ltd lmmhﬂ”ﬂ S v - -
et
z ANAEEBE

RANDOM GENETIC DRIFT

- ,:Diploid population
% N individuals
-u. The population contains 2N genes.
“u:2 alleles, 4, and 4,
"n 4, frequency p
4, frequency g=1-p
B 4,allele typerIE B

Co
TRARARE

RANDOM GENETIC DRIFT

The direction of change is random at
"any point in time.

The random genetic drift is that
uctuations in allele frequencies are
uch more pronounced in small
opulations than in larger ones.

RANDOM GENETIC DRIFT

The mean of frequency of allele
Al - po
.The variance of the frequency of allele

A —>V(p,) _
D, = Py (2.12)

V()= pli- )[1— .
g ( 2") (2.13)
~ po(1- p,)i— €]

fmmr——stuns
ARRRRNY




RANDOM GENETIC DRIFT

\i The mean frequency does not change
+ with time.

+ w The variance increase with time.

& O
LORENMY

RANDOM GENETIC DRIFT

~_iThe cumulative effect of random genetic
'{" rift.

-5 diploid individuals. alleles frequency

4, and 4, are each 50%.

= Ask:what is the probability of obtaining
‘the same allele frequencies in the next

Y mewrey et S
IRARRRE

"~ RANDOM GENETIC DRIFT

“Using Equation 2.11, we obtain

¥ probability of 25 %. In other words,
75% will be different form the initial
allele frequency.

=22 =0.24609375 ~ 25%

ok ‘3{( €T

s
: CHL
!% IRARAREY

RANDOM GENETIC DRIFT

- &“ The probability of either 4, or 4,

¢ being lost increase with tlme

= The frequency of an allele reaches

“.either 0 or 1, its frequency will not
change in subsequent generations.

«The first case is refereed to as loss or

xtinction, and the second fixation

e cione
ANERALY




Chapter 2
Dynamics of Genes
| in Poﬂpuﬁlqnons '

CHU CSIE
M09102048
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z rwannny i

One locuswith two alleles, 4, and 4, The Hardy-Wemberg«cquxhbrmm

One locus with two alleles, 4, and 4,

Genotype  Ad Ak Ak

P 1

Natural Selection — the differential rel;fndd tion of genetically
distinct individuals or genotypes within a' populanon
?
Fitness (©) — a measure of the mdmdual‘s ability to survive Fitness
and reproduce. \ *
> The evolutionary, iuccess ofan mdw:dual is determined not
by it absolutc,ﬁmcss butby its relative fitmess

Y S—
ANARENE




pqon +G oy,

Consider a recessive allele, A, double the fitness of its carrier
If fi4,) = 0.2 in this generation, what is it in next generation?

Q1= = Genotype  A4A AA A
Poy 12pG o, +C72‘,°~)1:“’ typ 171 1'42 Ak
7 (0.8)2 . 2(0.8)(0.2) (0.2)2
P [b‘(élz—“)u)*“l (0y-0)3)] Fitness ‘ 3353
Aq:q(‘*l—ql’:‘ :
o Proy 2pq 0y, +gr oy
k St '*lw".
Agis frequehg}} (z‘_', 'lli,eE 4, pi §9¥“ﬁ'ﬁ‘si .
Lt Y e « NI N, B ¢ : 05,
‘«J‘_;Jr’“ 3 Y4 :&) Grpg = - - — =0.12
- / SWRARME TUARANY
wwg->1 wwg->1
Dominance(4, is dominant over the old.4,) W8 > 145 Dominace(4, is dominant over 4, ™, wB §->1
% BB H-> l+s BB & ->1l4s

relative fitness value of 1

Genotype AA

A, is recessive)
Genotype

AT —

WWgH-> 1
Codominance “‘\mq‘ WB 1K -> l+s
4, BB B -> 142
Genotype
Fitness

& ol LLg
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AA > 1
Overdominace and underdominage Aa o> 145
s <t 5<0 Underdominance aa -> 14t

s>t>0  Overdominance

Genotype AA

Fitness_,
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For mathematical convenience,
we shall assign a relative fitness value of 1 -
0= 1, @0,= 1 +5,and 0= 1+1¢

Genotype Ad Ak A4
P 2pg @

~‘ PRI
7 pq (148) +G {1+

P +2pq(1rs) + ¢ e

) Pq(1+9) +@ (14
T R 2pg () + @ )
Pq sy +E (141
Ag=q.,~ 97 —— -q,
) S+ 2pg (148) + G (14Y)

~ -pg(2sq-19-5)

w»jfthq (1+s) + g2 (1+ 1)

s -
IwaAnRSR

At equilibrium, Ag =0

P9(239-tg-$) _
P+ 2pg(1+s) +g2 (1+1)

e CHU
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Random Genetic Drift —
Allele frequency changes can also occur bﬁh@xﬁ)ce, in which case
the changes are not directional but random. The'process of changes
in allele frequency due solely to chance effects, fs called random
genetic drift.
s Qi?‘ £ (white)
|oooooooooo] 05
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Yot
Genotype AA  AA ‘if‘-zAz
P 2pq 'gg ¢
. v
Fitness @@
. hLg
P
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A diploid population with ¥ individuals— =,
=> at any given locus, there are 2N genes Yy
one locus with two alleles, 4, and 4, @'3,

fi4)=p
/(A)=1—p q A

When 2N gametgs 319 sampled from the infinite gamete pool, the
probability, Pmth“ “the sample contains exactly i alleles of
genotype A4, i by the binomial probability function

~w§3 AP prmmss)

Census population size, N, defined as lhe tota'] number of
individuals in a population. 9

From the point of view of population genetlcsand evolution,
however, the relevant number of, mdmdua]s to be considered
consists of only those mdwnduals that actively participate in
reproduction. Tllls part is ls,called the effective populsmon size and is
denoted by N,. Because not all individuals take part in reproduction.

In general, N, is smaller, sometimes much‘smaller, than N.
Ina populauon consist of N, males and Ny fcmales (N=Ny+N;),
N, is given by 3
4N, N; ,J“’
Ny= —2—— Mﬁ
.\Xx 4‘{”"}

The long-term cﬁ'c\%m/ popiilation size in a species for a period
of n generatio _lg: ven by

words, N equals the’ harfionic i .meap of the N, values,
consequently it is closer to the sm§llest value of N; than to the

largest one. (}i SEAREvY




Gene Substitution
Gene substitution is defined as the process whereby a
mutant allele completely replaces the predominant or wild type
allele in a population. In this process, a mutant allele arises in a
population as a single copy and become fixed after a certain
number of generations. “

1— e 4Nesq ‘*@..‘; '

1— e Nes N

]
g%

Since ™ = 1- x for small values of RN Pxequals to g as s approaches
0. Thus for a neutral alle]e, the fi xahon probability equals its initial
frequency in the p%pulauon

We note that an w mutam arising as a single copy in a diploid
population gfsnze N has an initial frequency of 1/(2N).
For a neutral mumtion’v ie. tion probability

Fixation probability

The probability that a particular allele will become fixed in a
population depends on 1) its frequency, 2) its selective advantage or
disadvantage, s, and 3) the effective population size, N,.

In the following, we shall consider t.hat the relative fitness of the
three gcnolypesA,A,.A,A,‘.. and 4,4, are 1, 1+, and 1+ 2s,
respectively. Kimura a | (1962) showed that the probability of fixation
of Ay is -

—rr——s CYMe-
‘ AERENSR

Whens # 0, 1- e (@Nes/N)

1— e 4Nes \‘Lﬁ

B4

8
If the population size is equal to the effective gopulauon size,

;M‘i"

Fixation time

The time required for the fi xatioms of an allele depends
on 1) the frequency of the allele, 2) its selective ﬁdvantage, and 3)
the size of the population.
In the following, we deal with the memﬁxanon time of those
mutations that will evemually become fixed in the population. This
variable is call conditional ﬁxamon time. In the case of a new
mutation whose mma] frequency in a diploid population is be
definition ¢ = l/( the mean conditional fixation time, ¢, was
calculated by ;Sltmira and Ohta (1969). For a neutral mutation, it is

approxxmateq: o

k!

=
?'?' f’/i /; 4N generanon;.,
and for a mutation WI}h a: selectlye advantagepf s\nt |s“approxm1ated
by e il s . < 5\ ,

. :‘i ]
={2s) } 2 k i E
(2/s) In( N) generations-; e

Neutral mutations ¢
) -
E
2

Time ———
Advantageous mutations
5

g
g
2
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Rate of gene subs{i_tution

Rate of gene substitution: the number of mutanons reaching fixation
per unit time. »

Neutral mutations: If neutral mutations occur at a rate of u per
gene per generation, then the number of mutants arising at a locus
in a diploid population of size N is 2Nu per generation. Since the
probability of fixation for each of these mutations is 1/(2N), we
obtain the rate-of substitution of neutral alleles by multiplying the
total number.ofmutanons by the probability of their fixation:

Fwls o

e U1
ARRANUE

Advantageous mutation: the rate of subéhmtlon can also be
obtained by multiply the rate of mutation by the probability of
fixation for advantageous alleles. When s> 0

K= 2}Vu X 2s =4Nsu

i
InANRRE

Genetic pol, ymorp(usm

Monomorphl A locus in population is monomorphlc if there
exists only one allele at the locus.

Polymorphic: A locus in population is ymorplnc if two or more
alleles coexist. Polymorphic commOnly defined as the frequency of
the most common allelig(:' Ies? flian 99%, Having genetic diversity.

3 e CIM S
AWRENUE

Gene diversity

Propertion of polymorphic loci(P): dlvr“'lhelnumber of
polymorphic loci by the total number of loci smpled

Example: If 4 of the 20 loci are polymorphlc’ lien;
If you survey gencuc 1/31 tiofl7at 20 loci and only 4 loci

Measure of genetic variability is the mean expec!ed heterozygosity
or gene diversity or single-locus expected heterozygosity, is
defined as A

=1.3 X3
i e ,‘\\. ‘1‘
where x; is the frequency'pf allele iand m is the total number of

The average. of f the Zvalues over all the loci studied, , can be used
as an estimate Mle ‘extent. of genenc vanablhty within the

population. That is, {‘;’/ / f .
¥ ; A .
H={ > s
n m 3 : -
. s e Si .
Where 4; is the gene diversity at loctis-i, and ' is the numbet; Elochn.

£10CHme |

Nucleotide diversity

For DNA sequence data, a more a;?ropnate measure of
polymorphism in a population is the average number of nucleotide
differences per site between any two randomly 0sen sequences.
This measure is called nucleotide dlverslty m; its denoted by I1

:?yh

where x,x; are th e
sequences, respex
alleles betweei

e%uencles of the ith and jth type of DNA
ely, and r, is the proportion of the different
and jth types.

This is equivalent
w clcqn:cuscu:

rsity at tl]é.n'iélgqt'de level.

GRGEYGLAACAG
CETCLAACA

. GRGGTGCAACA:
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Eye Color G_epe

Eye Color Gene

DNA Codé Result

N

vy

‘mutation

CATGTT =——p B

A rare clf:i{&{jn{;mc DNA of genes tha( u.l‘;u ately

creates genetic diversity
[x ARRARME )

Eye Color Gepe

DNA Code Result
’ —» CATGAT —> b

A rare clmnw‘dle DNA, of genes that ul:;'itely
creates genetic dlversntx a7
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Evolutionary Changes
in Nucleotide Sequences
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- Jukes and Cantor’s one-parameter model

This simple model assumes that substitutions occur with
equal probabimy among the four nucleotide types.

Com?érsely, the probabilities of either T,C or G changing to A
arelalso equal, and the rate of substitution is in each of the
 possible directions of change is a.

- ,Becanise the model involves a single parameter, q it is called
the one-parameter model. ®
. A FT—/——G

C a= T VARANSE

' Since we start with A, the probability hat this site is occupied by
Aattime Qis Py =1.

he probability of still having A at this site is given by

Pun=1-3a

. whlch 3a is the probability of A changing to T, C or G,
and 1'=3a is the probablhty that A has remained unchanged.

a
A &—//—G

¢ o T %y ZoRnAWE )

“'The prolﬁ,ability of having A at time 2 is

A= (1-30) Puy ta[1-Pyy]

i -
“ TRARRRY l

‘:T_he recurrefice equation applies to any .

Py =(1=3a) Py, +afl- Paol

: APA(,)—PM,,,)—PM,) {(1=30) Ppy+ o [1-Ppy] }- Py
=-3a Py +a[l~P,,l
=-40 Py, +a

& et (I
(z dnasxue ¥

. ﬂApproxxmate this process by a continuous-time model , by

regardi

—md’ =-dak, +a (L)

4
vith A, the probability that the site has A at ime 0 s 1,
1

P -l'(pm T 7))

o8
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Initial nucleotide is A ’

Initial nucleotide is not A l

Time

e (UL
% LRAKAWE

) -%’%t*‘ 6.9

¢
W - N
¥4 If the initial nucleotide is G instead of A, then
Po=3-Ge 610
Fun = ':"%"" aan
Pinn’%'%‘-“ e

£ e
‘ INRARARY l

In this niddel,
(1) g‘iéte of transitional substitution at each nucleotide site is & per
umd

(2). Tﬁc'.rate of each transversional substitution is B per unit time.

) % ToRRNUE

Scenario I Scenario I Scenario IV
Traneversion

I
[ T
‘Miﬂl Teaneversion IM
A A

FIGURE 3.5 Four possible scenarion, according to Kimura's (1980} two-param.
model, for having A al a slte at time £ » 2, given that the site had A at ime 0,

A
] Traraversion
I

te2 A A

oter

Pangy = (1= 0= 2)Ppaq) +BPriacy +BPeagy + 2Foay 614

YLet us consider the probability that a site that has A at time 0 will

. 'have A'time t. After one time unit, the probability of A changing
~to Gis'o,:and the probability of A changing to either C or T is 2p.
<Thus the:probability of A remaining unchanged after one time unit

3a3)

@muq
1RAARNE

Paagioy = (1= =20)Pusgy +BPragy +BPea +a Fory) Qa.1s)

. . Similarly, we can obtain

S \
Proy =B Pyt (1 —a=2P) Pryy +a Py +BPgy
Peny = B Pagyt @ Pry+ (1-a~2B) Pey + B Pey

~~~~~~ ey = & Pag+ BPry + B Poy + (1-a=2B) Pgy

= l + 1 g8t 4 _1. e~ APt 3.17)
4 4 2

v foritn
(‘ TeRRRNY )

P, AA(f)




1.1 e ey (3.17)
=—d— += .
Pyaty 2 + i e 2 e

& Py = Psow = Pecy = Prry

x(l) = % + % =Bty _;_ e=2aP)t (3.18)

Let Y, = the probability that the initial nucleotide and the
nucleotide at time t differ from each other by a transition.

Y= Py =Py =Prcw=Pcry

1 1 _ 1 . ,19)
Ym’;*z‘ «m...z.e 2a+B)t (3.19)

i e
‘ ﬂ IRAUANE l

. ;l'he,proll)étbility, Z,, that the initial nucleotide and the nucleotide at
time ¢ differ by a specific type of transversion is given by

1 (3.20
Z(,) = Z—It . )

(.pcm»]
SANRANE

T nucleotide substitutions between two DNA sequences
‘If two squénces of length N differ from each other at # site,

ftl:\en the proportion of differences, n/N, is referred to as the degree
-of divergence or Hamming distance.

¥ .
fgree of divergence is substantial,

' ﬂ‘ig observed number of differences is likely to be smaller than
the actual number of substitutions due to multiple substitution or
multiple hit at the same site.

& - €I
ICARARY

LACTGAACGTAACGC
. N
A A
C CoA single substitution
T T
G G
A A sequential substitution
A A
Cs C oA Coincidental substitution
G+ G
ToA " T >A Parallel substitution
A ) A
ASCoT AT Convergent substitution
c C
G G
C C—>T—>C  Back substitution

: (3 TeavaNy |

.'R;;,(,), and’consequently the probability that two descendant

- Similarly,the probabilities that both sequence have T, C, G at this

ucleotide substitutions between two noncoding

L’et.usAstaj}_ ith one-parameter model.
In ihis,n}}g}‘lel, itis sufficient to consider only [, which is the
proba ility that the nucleotide at a given site at the time ¢ is the same

SuppK ;that the nucleotide at a given site was A at time 0. Attimet,
the probability that a descendant sequence will have A at this site is

sequences have A at this site is P2, .

62
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Tn= PA’A(I) + P:m) - P:cu) - P}.ﬂn 6.21)
) 1,3 (Y
iR ly=jedes

Note‘xlha! the probability that the two sequences are different at a
site at time tisp = 1- l(,) Thus,

p-%(l-r“'} (3.23)
SO
!at-—ln(l--;-p) o2
[3{" Teamwir)
lu!--ln[l--;-p] 024
K=23at)

an .calculate Kas

K.--.,\(l__,,) 2%

N _Wheyg g})s observed proportion of different nucleotides between

ancestral sequence

Jat, at

sequence 1 sequence 2

-The time of divergence between two sequences is usually given
_not known, and thus we can not estimate a. Instead, we compute
K, which is the number of substitutions per site since the time of
* divergence between two sequences. In the case of the one
parametermodel, K= 2(3a t), where 3at is the number of
substitlkii,ons per site in a single lineage.

% o
i% 1RARRNY

sequencc sare classified into transitions and transversions.

- two sequences.
[pm.
STARNEE

Qgie-ﬁarqmeler

(3.25)

For',
' 1 1 1,( 1
=il ——e |4 = | ——— 32
} K z”‘(l-zﬂ-o)'4"‘{l- zo) ?

Ex.1: 2 sequences with 200 nucleotides that differ by 20
transitions and 4 transversions

Qne-parameter Two-parameter
L=200 L=200
p=24/200=0.12 P=20/200=0.10

Q =4/200 = 0.02
K =013 K =013

“In the case:of two-parameter model, the differences between two

LetP. and‘Q be the proportion of transitional and transversonal
d'ffere,}hes between two sequences.

-flie number of nucleotide substitutions per site between two
s, K, is estimated by

PR TYR SD W R0 YW (e @
K zk‘(l-zp-q]'t t-w)

& NI
Iz TwARANT

-~ Onezparameter

Two-parameter
L=200

=012 P =20/200=0.10
Q =4/200=0.02
K=0.13

. s examnple, the two models give essentially
“:the same estimate because the degree of

= divergence is small enough that the corrected
-1_:1 degtegfof divergence (i.e., the number of
_.__nucIeZi'tide substitutions, K) is only slightly

~la han the uncorrected value (i.e., the

er of nucleotide differences, p). . , —




One-parameter

-3(1-4 325
K ‘tn(l 3’]

Two-parameter

1 1 1
1 ) L L @an
. "Q k=3 [1—2?—0]'4"‘(1-20)
RN
i

Ex.2: 2 sequences with 200 nucleotides that differ by 50
transitions and 16 transversions

One-parameter Two-parameter
L=200 L =200
p =66/200 = 0.33 P =50/200=0.25
. Q=16/200=0.08
‘é‘\ K043 K =048

ol
W ;:61;;;.'."";}

“there are prior reasons to believe that the rate of

One-parameter Two-parameter

L =200 L=200

p = 66/200 = 0.33 P =50/200=0.25
: 0 =16/200=0.08

K =048

When the degree of divergence between two
sequences is large, and especially in cases where

transmon differs from the rate of transversion,
the t)gg} parameter model tends to be more
accugate than the one-parameter model.

g aea
( ‘ snanawy )

Violation of assumptions

Al
hig tate of substitution was assumed to be the same at all sites.
is assumption might not hold, as the rate may vary greatly from

3) The sub
| ﬂie":}xcleotlde frequencies are maintained at a constant equilibrium

.amino acid replacement.

“value\throughout their evolution.
(z l.lll“:‘i

Substitution mutations

changes beween A and G, or between T and C
changes between a purine and a pyrimidine

ymous (silent mutations)
iNucleotide changes do not effect amino acid sequence.

nymous (replacement mutations)
Alchange in single nucleotide in a codon can result in an

cco CTG crTe
[o{e]c] cue cuc
‘fino acid Proline Leucine  Leucine

m nnxj
AWAANNY

Number of substitutions between two protein-coding genes
( Li, 1985)

Grate (L,): all the possible changes at this site are nonsynonymous

twtb)folftll egenerate (L,): one of the three possible changes is synonymous

‘e
lid-degenerate(L,): all possible changes at the site are synonymous

The nucleotide differences in each class are further classified into
transitional (S) and transversional (¥)) differences, wherei=0, 2,
and 4 denoted nondegemeracy, twofold degeneracy and fourfold
degencrac Vi respectively.

All th;sgbsmunons at nondegenerate sites are nonsynonymous.

All the;gtibstitutions at fourfold degenerate sites are synonynous.
At twol§lld degenerate site, transitional changes are synonymous,

wherea§ transversitional changes are nonsynonymous. FLITY O

CCC (Pro)
CAA (Gn)
S \4
Path1 CCC & CCA & CAA

(Pro) (Pro)  (Gln)

\Y% v
Path I CCC & CACe CAA
(Pro) (His) (Gln)

N et oL
( ‘ ARBRAVY )




The proportion of transitional differences at i-fold degenerate sites
between two sequences is calculated as

B
Az 631

Simi[i'{tfy. the proportion of transversional differences at i-fold
degenerate sites between two sequences is calculated as

C oy,
-
Q=1 G

{f e CMi

{¥ avnsnwi

} ‘The total number of substitutions per ith type of degenerate site,
K, is given by

(337

4;aid B, denote the numbers of synonymous and nonsynonymous
. subst itions per twofold degenerate site, respectively.

:K‘-= A, +B, denote the numbers of synonymous substitutions per
- fourfold degenerate site.

§ LT
lx LWRANEE

~Li(1993) and Pamilo and Bianchi (1993) proposed to calculated the
number of symmonymous substitution by taking (L, 4,+ L, K, )/ (L,
+ L;) as an‘estimate of the transition component of nucleotide

s'ubstituxié'n at twofold and fourfold degenerate site

- A, +L A

K 51—1—4—1-'1”_‘ +B, 641
By +

KAV'AG" L+L, 0.42)

Kimura’s two-parameter method is used to estimate the number of
transitional (4,) and transversional (B;) substitutions per ith type site.

1 1
= =In{e,)~~=In(b, 339
A z"" ) (®,)

B -%ln(b,) 330

Where a,=1/(1- 2 P,-Q),
b,=1/(1-2Q)

[ S—

IRAEANY
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) The numb‘éy of synonymous substitutions per synonymous site (Kg)

r of nonsynonymous substitutions per nonsynonymous
be obtained by

&-Mﬂ".ﬁl @39
L +3L,
3taBy+ LK
K = TP 2 040

Y i
|z swannny )

‘I:‘:direc{estlr tions of the ber of nucleotide substitution

. Indirectegtnmatc of K values are subject to much larger sampling
“.errors than those based on direct comparisons of nucleotide

s e
1RARRST
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Number of Amino acid replacements between two proteins
From the comparison of two amino acid sequences, we can
calculate the observed proportion of different amino acid between
two sequences as

pey 049

_where n 1s the number of amino acid differences between two
'sequcnces an L is the length of the aligned sequences.

'A simiple model that can be used to convert p into the number of
> amino acid replacements between two sequences is the Poisson
process,..The number of amino acid replacements per site, d, is

estimaged-as
[‘4 ERNARGE

d=~In(l-p) Q.46)

Comparison of two homologous sequences involves the identification
if the location of deletions and insertions that might have occurred in
either of the two lineages since their divergence from a common
ancestor. . This process is referred to as sequence alignment.

i

\\
There: are three types of aligned pairs:
A mat?:ed pair is on in which that same nucleotide appears in both
sequeﬂoe.

A'nnsmatchcd pair is a pair in which different nucleotides are found
‘in the two sequences.

icates that a deletion has occurred in one sequence oran_
b1i: has occurred in the other. FeRRANY

v _....Manual aligi by visual inspecti
{garge of Migomenl}
ATTGTCMI?GII‘\ T IGAGCTGATGCAT
GGCAG) L}G}L thbAcancosrarce
(MR
=% ungcalable, i.c., its results cannot be compared to those derived
- from other methods.
'2 uun‘:‘ﬂ [§ tﬂtﬂ‘iw
.
The dot matrix “

In a dot matrix, the two sequences to be aligned are written out as
column and row headings of a two-dimensional matrix. A dotis
. put.if the dot matrix plot at a position where the nucleotides in
!heﬁ‘Wo sequences are identical. The alignment is defined by a
'ph(h’ through the matrix starting with the upper-left element and
udmg with the lower-right element.

aré four possible types of steps in this path:
-1) a diagonal step through a dot indicates a match,
2)" 4 diagonal step through an empty element of the matrix indicates
.3 mismatch,
‘."3) a hon20ntal step indicates a null nucleotide in the sequence on
. the;gop of the matrix,
4)_a §@rtical step indicates a null nucleotide in the sequeuce on the

. Jejtof the matrix. ’
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Distance and similarity methods
- The best possrble alignment between two sequences, or the optimal
alignment, is the one in which the numbers of mismatches and gaps
are minimized according to certain criteria. Unfortunately, reducing
the numbher of mismatches usually results in an increase in the
numbs:y5 f gaps, and vice versa.
S e
B

TCAGACGATTG L,=I1
TCGGAGCTG Ly=9

TCAG ~-ACG-ATTG # of mismatches =0
TC- GGA-GC-T- G #ofgaps=0

o

TCAGACGATTG # of mismatches=5

an.
) TCGGAGCTG— #ofgaps=1

¥  TCAG-ACGATTG # of mismatches=2
Y TC- GGA-GCTG- # of gaps =4 B

As a consequence, we must find a common denominator with which
to compare gaps and mismatches. The common denominator is
called the gap penalty or gap cost. The gap penalty is a factor by
which gap values are multiplied to make the gaps equivalent in
value t(‘\\he mismatches.

Fro an g;ven alignment, we can calculate a distance or
dissirhilarity index (D) between the two sequences in the alignment

D=Lmy+LZwgz,

the number of mismatches of type i,

smatches penalty for an i-type of mismatch,

z;is thy umber of gaps of length &,

: ositive number representing the penalty of gaps of length k.

xliﬁlll

* Alternatively, the similarity between two sequences in an alignment
may be measured by a similarity index (S). For any given
alignment;:the similarity between two sequences is

S=x-Lwgz,

-is the number of matches,
zy:is the iumber of gaps of length &,
-wy is a positive number representing the penalty of gaps of length k.

) In ;henlo;t frequent used gap penalty systems, it is assumed that the
-gap penalty has two components, a gap-opening penalty and a
‘gap-extension penalty.

[Pmu-
LWRRAME

ﬁsfnggfliﬁear gap penalty system in which the mismatch penalty is

1, mg,gapegpen penalty is 2 and the gap-extension penalty is 6.

TCAG-ACG-ATTG # of mismatches =0
TC-GGA-GC-T-G #ofgaps=6

= (0 x 1)+(6 x 2)+6 (1-1)=12

TCAGACGATTG # of mismatches =35
TCGGAGCTG- - #ofgaps=1

=(5 x 1)+(1 x 2)+6 (2-1)=13

: QII) . TCAG -ACGATTG # of mismatches =2

TC- GGA- GCTG- #ofgaps=4

= (2 x I)+(4 x 2)+6 (1-1)=10 %@

‘Using a different penalty system in which the mismatch penalty is 1,
the gap-open penalty is 3 and the gap-extension penalty is 0.

TCAG-ACG-ATTG # of mismatches =0

m
; TC-GGA-GC-T-G #ofgaps=6

=(0x 1)+(6x 3)=18

TCAGACGATTG  # of mismatches =5
TCGGAGCTG- - #ofgaps=1

"D= (5x I+(1x3)=8

(III) TCAG -ACGATTG # of mismatches =2
TC- GGA- GCTG- #ofgaps=4

Kt
D= x x4 qmﬂ.!..]

Alignment algorithms

'l'he e Needleman-Wunsch algorithm used dynamic programming,
wlnch qﬁ general computational technique used in many fields of
stud;

\pmgrammmg can be applied to alignment problems
similarity indices obey the following rule:

S 1y =MAX S it S,
_y is the similarity mdcx for thc two sequences up to

_y.1 is the similarity index for the best alignment up to
| in the first sequence and y-1 in the second sequence,

e similarity score for aligning residues x and y. "
z IRRARNE
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Mudltiple sequence alignment

Multiple sequence alignment can be viewed as an extension of
pairyvisa‘¢lequences alignment, but the complexity of the
compytation grows exponentially with the number of sequences
beingif?énsidered and, therefore, it is not feasible to search
exhaustively for optimal alignment.

Most of the programs use some sort of incremental or progressive
a]gorid)m.‘in which a new sequences is added to a group of already

- aligned sequences in order of decreasing similarity.

it'is usuglly advisable to take a look at the final multiple alignment,
as such dlignments can be frequently improved by visual inspection.
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Rates and Patterns of
Nucleotide Substitution

HEHKRZYR
#4% 1 M9202055
KiEH

» I : the number of substitution per site per year
= K the number of substitutions
« T: the time of divergence between the two sequence

"

" Function
4,1 only holds when dealing with distantly related species

K @)

& e CU L
LRRARME

Introduction

it present data on the rates and patterns of

% “nucleotide substitution and discuss three factors
affecting them

= Functional constraint

= Positive selection

..~ Mutation input

'a Italso dissect the substitution rate into its
constituent parts in order to infer the pattern of
ubstitution, in particular the pattern of spontaneous
utation

-

o cu.
‘ IHARRRY

o Rétes of Nucleotide Substitution

¥ Anctial saqisici’ R

In dealing with protein—coding sequence, it is

- important to deal discriminate between nucleotide
'~ changes that affect the primary structure of the

. encoded protein

Z-Nonsynonymous nucleatide substitution are reflected
‘in the rates of protein evolution

7» Extremely conservative

Intermediate rate
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Coding regions

' ‘\i In the vast majority of genes, the synonymous
» substltutlon rate greatly exceeds the nonsynonymous rate.
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vC}oding regions

:Nondegenerate site : low rate

Fourfold degenerate : highest rate

Twofold degenerate : intermediate rate

m--ummhmhmu
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Noncodmg regions

) A ‘The most published sequence are cDNA sequence
. derived from mRNAS. (only include 5’ and 3’
untranslated regions )

, The rates vary greatly among genes, but this
5 "-variation may largely represent sampling effects due
777 to the fact that both these regions are usually very
e

i g
S RRANME

: Noncodmg regions

=reUHUe,
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Pseudogenes are DNA sequence that were derived from
functional genes but have been rendered nonfunctional
by mutations that prevent their proper expression.

ISR oy NN O s e Lo Er e —

Region* :
- 5 Danking region - T 53812
5 untranslated.region . .. e 40220

+ Fourfold degenerata sites - . - . v B6E2E -
CInteoew 0 - B P ¥YY
3.untranslated region - . 88222
¥ untranslated reglon : 80115
Pseudvgenes.- < Y. T 1 1. 91109

canie.
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Similarity profile

‘A similarity profile is a graph of similarity
»:f along an alignment of two homologous sequence.

Peims (4 A dimilecity progil for freo aitgned DNA sequences. Conserved < e
" wwglons shuw up 2« pesks, which in ey allaw wa to tden g"’"‘“ )
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Similarity profile
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CaUSe of variation in substitution rates

“The rate of mutation

The probability of fixation of a mutation, it depends
on whether the mutation is advantageous, neutral,
‘or deleterious.

[%::: umv]
ASRARMY

" Functional constraints

‘Kimura(1977, 1983) illustrated a simple model.
» A certain fraction s+ of all mutations in a certain
molecule are selectively neutral or nearly neutral and
the rest are deleterious.

¥ is the total mutation rate per unit time.

The rate of neutral mutation v, is

Vo=Vifo (42

According to the neutral theory of molecular evolution,
the rate of substitution K =V. Is

K =Vifo (4.3)

A

" _Functional constraints

a=Functional or selective constraint defines the

% range of alternative nucleotides that is acceptable at
a site without affecting negatively the function or
~structure of the gene product.

The stronger the functional constraints on a
macromolecule are, the slower the rate of
substitution will be.

_Functional constraints

*Function density is the proportion of amino

.f acids that are subject to stringent functional
constaints.

>, = nsis the number of sites committed to specific functions.

N is the total number of sites.

The functional density of a gene is F

F = Ns / N
The higher the functional density, the lower the

rate of substitution is expected to be.
q{ Teane)




Functional constraints

@ Advantage selection : the rate of synonymous
.~ substitution is higher.

=. Purifying selection : the rate of nonsynonymous
= "substitution is higher.

a ANeutraI selection : the rate should be the same, or at
' least very similar. .

F
(X amasaue

Vgriation among different gene regions

l‘li.”Within a protein, the different structural or functional
- domains are likely to be subject to different
i-r' functional constraints and to evolve at different

. rate,

aIf structural or functional domains have less
constraint, it should have higher substitution rate.
;8 : the signal peptide and the ¢ peptide

o
IARARNE

‘V_é'riation among different gene regions
o o l
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" _..Variation among genes

wo possible reason
= The rate of mutation
= The intensity of selection

Ex : the apolipoproteins and histone H3
“the lax structural requirement may explain the fairly
high substitution rate

__ Variation among genes

Lapkee, .
DNA

FIGUR, Schematic dingians uf a nuclevsome. The DNA double helix is wound
":nmn‘:l:l :)'i eore t:::anrs uf«o oach of histanes H24, HU, 113, and H3). Ristone H1
v W bimds tn the outside of this core particle and to the linker DNA. © -
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S Agceleration of nucleotide substitution
"........rates following partial loss of function

When selection constraints are only partially,
¢ rather than entirely, removed. Such a
phenomenon is called relaxation of selection.

The substitution rates following partial loss of
function Is higher than fully functional.

“EX i the ad-cywaitn gene in the blind mole rat and
other rodents, such as mouse, rat, gerbil, which
possess fully functional eyes.

q’ ———wmu)
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Estimating the intensity of purifying
selection in protein-coding genes

»ﬂ Cphir et al. (1999) proposed a simple method by
& 5;;.‘ which the intensity of purifying selection on a
. _";‘iif functional protein-coding gene can be quantified.

-»* Their method requires three homologous
. sequences
‘s A pseudogene (v 4)
.~ A functional homologous gene from the same species (4)
v ;j',‘- A functional homolog from a different species ()

v —
SWARAME

o ‘E\:stimating the intensity of purifying
... selection in protein-coding genes

-If we assume that the mutation rate is the same
in the gene and the pseudogene, i.e., v4= vy,
* and if we further assume that mutations
occurring in @ pseudogene do not affect the
fitness of the organism, i.e., f,.=1, we obtain

K

fa= (4.6)

definition, the fraction of deleterious
Mmutations that are subject to purifying selection
(or the intensity of selection) is 1- %

f—r—v Cs
LOARNSE

i',t>(M:Gtation input: Male-driven evolution

-  the mutation rates in males

: the,mutation rates In females

: the ratio of male to female mutation rates

: the mutation rate per generation for an
autosomal sequence

a= (4.7)
4=22Y (4.8)

e opms (M
FETY.O0

Estimating the intensity of purifying
selection in protein-coding genes

v.ﬁ:‘: The number of nucleotide substitutions along the
% branches leading to v4 and 4, Le., k.. and «

: Following Kimura’s (1977) model in equation 4.3,
... the numbers of nucleotide substitutions along the
“ two branches leading to v4and 4 are given by
w Kya=vpafya (44)
Ka = vafs “5)

v s the total mutation rate per unit time
= f ls the fraction of mutation that are selectively neutral

* ... _Estimating the intensity of purifying
........5election in protein-coding genes

gordpael
TRARANY

itation input: Male-driven evolution

: the mutation rate per generation for a sequence located
; on the X chromosome
i y : the mutation rate per generation for a sequence located
on the X chromosome

An X-linked sequence is carried 2/3 of the time by females
and 1/3 of the time by males.

X= Un +2ur (4.9)
A Y-linked sequence is only carried by males.
Y =tim (4.10)

S‘ »E—-.—..nm:
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Mutation input: Male-driven evolution

11“. Theratioof Yto 4 is

vh oy 4n2e (4.11)
i+a

« Theratioof x to 4 is

X1ax222a) (4.12)
Mi+a)

. The ratioof Yto 4 is

yix =22 (4.13)
2+a

fomrrrrmry Qe
SRRARME

Mutation input: Male-driven evolution

R In human, » was estimated to be about 33
A u= was estimated to be about 200
[

-In mice, w was estimated to be about 28
e u= was estimated to be about 57

eir evolution is male-driven.

3 o
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~Positive selection

ADetecting positive selection

+ K. : the number of substitution per nonsynonymous site
¢« Ks : the number of substitution per synonymous site
7w ¥ :the variance
_ Ki—Ks

N TravTe) (4.19)

<a Under the null hypothesis of neutral evolution, i.e. no
- positive selection - _ o

e WIS
2WRKNS T

_..__Positive selection

etecting positive selection

= Ms , M the numbers of synonymous and nonsynonymous
differences between the two protein-coding sequence

= Ni, N« the average numbers of synonymous and

nonsynonymous site

Nonsynonymous | synonymous Total
" | Changes Ma Ms Ma+ Ms
No changes Na-Ma Ne-Ms L~ (Ma+ M)

Total N N L

= Under the null hypethesisofneutral evolution, i.e. no
positive selection y

con
EWARERE

”P;ofsitive selection

Parallelism at the molecular level is defined as the
independent occurrence of two or more nucleotide
substitutions of the same type at homologous sites
in different evolutionary lineages.

.- Molecular convergence is the occurrence of two or
* “more nuclectide substitutions at homologous sites in
different evolutionary lineages resulting in the same
utcome.

) o T o ik Soticen
L G Soregut of cow; Samges, ond heatzin. The lingite of tt

: bowa, omerhaft
7. Sasise acid (see Table 1.2) failowad Iy the packion mamber at whith the roplace-
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Positive selection

) ‘Prevalence of positive selection

« According to a survey by endo et al. (1996), positive
selection affecting entire protein-coding sequences is
suspected in only very few cases. In their study of 3595
groups of homologous sequence, they found only 17 gene
groups (about 0.45%).

The highest ratio of nonsynonymous to synonymous
substitution ( K./ ks=5.15) for a full-length protein was found
In the 10-kilo-dalton protein In the acrosomal vesicle at the
anterior of the sperm cell of several abalone species. It is
thought that sex-related genes are subject to positive
selection for short period of time during speciation as a
means of erecting reproductive barriers that restrict gene

flow between the speciating populations )
‘% Q'I!l":‘i I

Patterns of substitution and replacement

9':‘Def’ nition: the relative frequency with which a
*ff certain nucleotide changes into another during
fr evolution.

» The pattern is usually shown in the form of a 4x4
“matrix, in which each of the 12 elements of the
matrix,

(F -nx:
IMARARS

- ,lséftterns of substitution and replacement

: the proportion of base changes from the Zth type to the

Jj th type of nucleotide (#, j =A, T,CorG,and i # j)
: the number of substitutions from i to j
: the number of the / nucleotides in the ancestral sequence.

n
Py= 4 (4.15)

ni

: the relative substitution frequency from nucleotide to
nucleotide j

Ji= N (4.16)

1 g 3 TeRERME

) .M»I'D“:ittern of spontaneous mutation

One way to study the pattern of point mutation is to

= examine the pattern of substitution in regions of

DNA that are subject to no selective constraint.
Pseudogenes are particularly useful in this respect.

n figure 4.9 we can assume that the nucleotide in
the pseudogene sequence has changed from G to A
If sequence 3 ha G, but that the nuclectide in
Sequence 2 has changed from A to G if sequence 3
has A. If sequence 3 has T or C, then we cannot

ecide the direction of change.

. Pattern of spontaneous mutation

) ‘manfwoctional
nucicatides occupying homologeus sites but
it i wion )
i e “ . 13
can be mnambiguensly infered. - [S‘ RUSTITYS
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Strand inequalities: Pattern of
substitution in human mitochondrial

T C K Row totals
04 11 1 156
- 08 03 U4
58 - 05 24
11 16 — 27
a3 365

/) of nud - from § 40/ bered on 95 sequerices,

ot (U,
“ LRWRAME l

Patterns of amino acid replacement

‘,\;{'These so-called physicochemical distance are
-y, based on such properties of the amino acids as

;‘f:‘r" polarity, molecular volume, and chemical

*. composition.

» Grantham's (1974) physicochemical distances are
shown in Tabel 4.7

= cn
( ‘ IRARRRE

Patterns of amino acid replacement
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| “(e.q., glycine to tryptophan or cyysteine to
“~~tryptophan; Figure 4.10b) is called a radical
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Patterns of amino acid replacement

me amino acid, such as leucine, isoleucine,

amino acids with which they can be replaced

hich they can be replaced.

-through a single nonsynonymous substitution.

APRARMY

glutamine, and methionine are typical amino acids,
since they have a number of similar alternative

] ;cher amino acids, such as cysteine tryptophan,
- -tyrosine, and glycine, are idiosyncratic amino acids;
ey have few similar alternative amino acids with

e,

___Patterns of amino acid replacement

e conservative replacements occur more
¥ frequently than radical replacements in protein
evolution.

Argyle (1980) devised a circular graphical
-representation of amino acid exchangeability. A
modified version by Pieber and Toha (1983) is

hown in Figure 4.12. Depending on the protein,
0-90% of observed amino acid replacement involve
e nearest or second-nearest neighbors on the ring.




Patterns of amino acid replacement
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A “The two most highly conserved properties are

.~ bullkiness (volume) and refractive index (a measure
of protein density).

= "Hydrophobicity and polarity also seem to be

"-moderately well conserved, whereas optical rotation
~"seems to be an irrelevant property in the evolution
of proteins.
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Pétterns of amino acid replacement

e (1980 method. Nesmbers In parsritheses denota nwmber of
i cises where ax amin acid is mmcoded by two codues faml-
" mine involye the nenrest or,

‘of the cbserved smine acld ceplacements FA—
‘neixhbors ool thie ring. Déta from Fleber and Tobd (1963). » TEREADE




Rate and Patterns of
Nucleotide Substitution

Speaker: &F£471%
2003/ 10[29

~ Nonrandom Usage of
Synonymous Codons

M:Synonymous mutations do not cause

# any change in amino acid sequence

a If all synonymous mutations are indeed
" selectively neutral, and if the pattern of
mutation is symmetrical , then the
_synonymous codons for an amino acid
:should be used with equal frequencies.

(Fnuq
ANRKRANE

" Nonrandom Usage of
. Synonymous Codons

t became evident that the usage of
synonymous codons is distinctly
_nonrandom in both prokaryotic and
~eukaryotic

& e U
(% aERRAVE

Translation

2nd base in codon

UICIA|G

Phe | Set Ty

Phe | Ser sl‘r Cys
Lou | Ses 0P | STOP
Low | Set | STOP| Top

uopo3 Uy esEq Pig

Jst base in codon
ol»]o] c
7
F
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7
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2
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Genetic Code

Source: www.cimr.cam.ac.uk/ links/codon.htm -
!x ABEARMY '
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Measures of codon-usage bias

‘ ,p #6554 » mRNA_E#ycodon(64%E)Ed
© ty amino acid(208) U N B2 BN —H—1
. r BRR > TTHERRZS{E(2 ~ 3 -~ 4 ~ 6)codonZk
o HFEE|—{Eamino acid - FREEE E2K
i IR E4Ecodond FEE|—{Eamino
-acid - BRI FRILE Famino acidify
2 iEPu{FcodonHIRATHE R EE LS
25% » {EERMIRBHER FHERILIE
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~ Measures of codon-usage bias

“Relative synonymous codon usage (RSCU) a
‘simple measure of nonrandom usage of
-" synonymous codons in a gene.

RSCU,BT_J_ ‘ Q; o ‘75(4'.17).

VR

«_n is the number of synonymous codons (1<n<6)
is the number of occurrences of codon i

g muj
AWRANME

Measures of codon-usage bias

HHPRER © UUA -~ UUG -~ CUU ~ CUC -
CUA - CUG;E6{EcodongRa] LA % ESY
leucine » 7 E£. colfjouter membrane
... protein II(ompA) - 23{@leucine

residuesth521{FZencoded by the
codon CUG - jtF&Enonrandom codon
sageztfE £ codon usage bias -

(5‘ eIy

Measures of codon-usage bias

codon adaptation index
o] The relative adaptiveness of a codon wi
L is the number of codon

" "Measures of codon-usage bias

AhSCUmax is the RSCU value for the most

frequently used codon for an amino acid

The CAI value for a gene is calculated as the

geometric mean of wi values for all the

> codons used in the gene

‘s CAI value are frequently used to identify
--genomic regions that have been horizontally

'.;;f.transferred among species. (Chapter 8)

?.‘_’__P-‘:'“‘-
l% LEREREE

Fi (|—2 3,4,0r 6) Is the average probablllty that
o randomly chosen codons for an amino acid
th i codons will be identical.
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Measures of codon-usage bias

,i'ENC values range from 20 (the number
4% of amino acid) to 61 (the number of
¥+ sense codons)
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Universal and species-specific
patterns of coden usage

» ﬁ‘iAccordmg to genome hypothesis, the
2% genes in any given genome use the

» same strategy with respect to choices
~ among synonymous coden; in other
“word, the bias in coden usage is
_Species-specific.

frermmee R
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Codon usage in unicellular

__organisms

::E. coli ribosomal protein-coding genes

‘d preferentlally use synonymous codons that

“ are recognized by the most abundant tRNA

_species.

i Suggest that the preference resulted from
~-naturgl selection because using a codon that

-s translated by an abundant tRNA species

ill increase translational efficiency and

frrrererea CH U,

SRARRUY

‘Codon usage in unicellular
_organisms

o -
IRRARRNY

" "Codon usage in unicellular
_organisms

In E. coli CUG (the codon recognized
# by this rRNA) is much more frequently
used than the other five codons.

~Codon usage in unicellular
organisms

U in the first position of anticodons can
5.8 pair with both A and G.

G can pair with both C and U.

C in the first anticodon position can
~~only pair with G at the third position of
codons, and A can only pair with U.

& Cunre.
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Codon usage in unicellular
organisms

F I
li LLLLLTS

~ Codon usage in multicellular
_organisms

F )
. LRAARME

: ;,:: "C¢don usage in multicellular
. organisms

:Multicellular organisms, different cells

¢ produce different protein, and
therefore a simple relationship between
codon usage and tRNA abundance is
‘not expected.

Codon usage in unicellular
organisms

 Factors determining the choice of
& optimal codons in unicellular organism

foe A ver G wheps thiolsied uckdine cx S-carb  are stthe .
4, Preference for T and C over A'whet inoskae st the seticodon wobble positin. .
« Predsrmnce for Gt the th posion of codons AAN, ATN, TAN, snd TIN

"i':':ff,icbdon usage in multicellular
...organisms

he vast majority of genes show
codon-usage biases, as indicated by a
mean ENC value of 46.

the ribosomal protein-coding genes,
‘the codon-usage bias is much stronger
—.{mean ENC=35)

e (UL
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" Molecular Clocks

omparative studies of hemoglobin and
cytochrome ¢ protein sequence form

> _different species, first noticed that the
rates of amino acid replacement were
-approximately the same among various
mammalian lineages.

& e,
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I

SR - all lineages or, in other words, that

'Molecular Clocks

,ﬂ ‘Therefore proposed that for any given
& protein , the rate of molecular evolution
is approximately constant over time in

-there exists a molecular clock.

{Fvrmerew clitie,
2RURENRT

¥ of species divergence and to

Molecular Clocks

m They can be used to determine dates

. reconstruct phylogenetic relationships

. among organisms.

= This estimated rate could then be used
to date the divergence time is lacking.

- .
l ‘ IRRARNY

“Molecular Clocks

Let us assume that the rate of

nonsynonymous substitution for the a

- chain of hemoglobin is 0.56*10/-9

“:substitutions per site year, and that a-

_"globins from rat and human differ by
0.093 substitutions per site.

§fmreerscmuse.
IRASNET

Molecular Clocks

nder the molecular clock hypothesis,
the divergence time between the
human and rat lineages is estimated to
"be approximately 0.093/(2*0.56*10/- -9)
80 million years ago.

Y e cT81;
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"Molecular Clocks
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‘The controversy over the molecular

# clock hypothesis often involves

+ disagreements on dates of species
divergence.

To avoid this problem, several tests
that do not require knowledge of
divergence times have been developed.

R £ M.
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Margoliash, Sarich, and Wilson’s
te_st

'y » T
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Pouse
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‘Margoliash, Sarich, and Wilson’s
i tgst

§

§
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.Margoliash, Sarich, and Wilson’s
test

:;I'he time that has passed since species

A and B last shared a common ancestor
’is by definition equal for both lineages.

*According to the molecular clock

‘hypothesis, Koa and Kos should be
2qual.

%:nw-]
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f_’ﬁiargoliash, Sarich, and Wilson's
test

‘We denote this difference by d.

A positive d value means the molecule
~_has evolved faster in lineage A than in
- “lineage B.

~ -~ w The variance of d is given below

5 TN
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(‘l!ﬁfiargoliash, Sarich, and Wilson’s
test

Koa-KoB=Kac-Ksec, we compare
substitution rates in A and B directly

We use Kac-Ksc as an estimator of Koa-
Kos represents the difference in branch

eading from O to species A and B.

ﬁ?jgrgoliash, Sarich, and Wilson’s

. test

L a1
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Margoliash, Sarich, and Wilson’s

test

# The one-parameter model, V(Kac) and
~ 1% V(Kec) can be obtained from Equation

4" 3.27 (Chapter 3). V(Koc) can be
" ¢ obtained by putting into Equation 3.27.

o TR
SR S{ JERRAUE

Margoliash, Sarich, and Wilson's
test

. % We note that Equations 4.21~4.26 also
# hold for the two alternative cases : (1)
. A and C diverged from each other after
“*the divergence of B, and (2) Band C

diverged from each other after the
divergence of A

Prmprssmre CHE
IMARANE

~ Margoliash, Sarich, and Wilson's
. test

,%When the order of divergence among

¢ three species is unknown, two of the
. species must be more closely related to
each other than either is to the third.

" Tajima’s 1D method
Assume (1) that the substitution model
s known (2) that the substitution rates
among different sites vary according to
ome prespecified distribution

We start with three aligned nucleotide
sequence 1,2,3

ik be the number of site where
equence 1,2,3 have nucleotides i,j,k

" Tajima’s 1D method " Tajima’s 1D method
3 Sequence 3 is the outgroup : M:i:,rmv-nnlm*"mc“"m _‘ wo
CORE SRR S T o S B

This equality holds regardless of the
‘- -substitution model or the pattern of

---variation in substitution rates among
sites.:

mpXuy T TR
= Magn +ach Hiaps ¥ Rcia Hlloos Figrs ot ¢ 3D
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Tajima’s 1D method

B ,_,"\i"fWhen sequence 3 is the outgroup, the
expectation of m1 is equal is that of
*» m2 under the molecular clock

' E(m) = E(m,) (432)

(eI
% 2RAARUE

'""‘I‘_fests'involving comparisons of
duplicate genes

#:The molecular clock hypothesis can
also be tested by comparing
homologous genes that originated

' through a gene duplication event.
_=_If we denote the number of
substitutions between sequence i and
quence j by K

Tajima’s 1D method

&The equality can be tested by using
¢ X2 with one degree of freedom,

. hamely

2 Sy —mp2 o

my ki,

- 4.33)

> .
% TURRAWE )

S s CU*.
z TeAANUZ )

Tests involving comparisons of
~ duplicate genes

" Tests involving comparisons of
__duplicate genes

Ken=Kup Kot KontKyy '
Kag <K G+ Kop 4oy 20 )

S K =K 3 Ky K = Ko~ Kon (0360
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z ABARRUE

“,'IeSts involving comparisons of
plicate genes

f A1 evolves at the same rate as A2 and
<" B1 evolves at the same rate as Bz, then
. Kaar = Kaaz and Kes: = Kss2.

u_Kate1 — Kazg2 = 0

G»?u_-———-nm.:
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Nearly equal rates in mice and Nearly equal rates in mice and
rats _rats

,ﬁ Table 4.10 shows a comparison of the ,}\

¥ rates of synonymous and non-

synonymous substitution in mice and of g Rl
ution compared Xn' Ky K Kp—Kp

{-rats using the relative rate test.
= Species 1 : mouse

= Species 2 : rats

:Species 3 : hamster

Synhnymm- 4258 199207 511203 34£1D ~13379
.r Nnmynmymm 17 AA0 19201 29101 27208 03:13
mummmp.mduum

: acd arvee. Ky  number of per 100 staes between species { and }

N ot
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“Lower rates in humans than in Lower rates in humans than in
African apes and monkeys Afrlcan apes and monkeys

g Table 4.11 in the comparisons between
" Homo (species 1) on the one hand and
. P. paniscus, P. troglodytes, or Gorilla
(species 2) on the other, we see that
“~the value of m1 are significantly smaller
_than the m2 values.

kS CHU
SURANNE

‘ower rates in humans than in

Lower Lower rates in humans than in
African apes and monkeys

n all cases, K13 ~ K12 is significantly larger
“than 0 and we may conclude that the rate of
4* substitution in the noncoding regions, which
presumably reflects the rate of mutation, is

. .-‘ higher in the African monkeys than in
-humans.

e Specnes 1 : African monkey

“wiSpecies 2 : human

pecies 3 : New World monkey

%‘zzw) %@j




Higher rates in rodents than in
primates

!iKs : number of nucleotide substitutions
T¥ per synonymous site

= Ka : number of nucleotide substitutions
“per non-synonymous site

» MR ZE H(globin)

Uy,
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- “Prlmltlve" versus advanced: A
questlon of rates

| i...\léhyletic gradualism versus punctuated
...equilibria at the molecular level

i

n figure 4.19, we see that growth
hormone genes evolve quite slowly
throughout most mammalian evolution.
“Two independent bursts of rapid

- evolution.

f e ettt
ELT I 138

| Higher rates in rodents than in
primates

- n-un-t uwo 2

s -
SUARANE

un.u -u‘,hm-u—l
ot P- oy

T Erimitive” versus advanced: A
_.question of rates

:The lineage leading to descendant 1
evolevd faster (i.e., accumulated more
substitutions) than the lineage leading
-to descendant 2.

‘We may conclude that descendant 2 is
more primitive than descendant 1.

rgo, Homo sapiens may be the most

rimitive mammal.

“Tz—mzlj
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.Phyletic gradualism versus punctuated
equilibria at the molecular level

} ,ﬁf.'The lengths of the branches are
¥ proportional to the numbers of
nucleotide substitutions along them.

wTwo evolutionary bursts are evident,
one in the lineage leading to primates,
the other in the lineage Ieadmg to
rumlnants

“’—-—-—-——‘l‘-l)—
LWRANGT

Phyletic gradualism versus punctuated
equilibria at the molecular level

,& Three possible explanations could
-+ 1'& account for the increased evolutionary
. rates in ruminants and primates

~m.(1)an increase in the mutation rate
= (2)positive selection for altered

- - :biological properties

3)relaxation of purifying selection

(e
INAANRE

Phyletlc gradualism versus punctuated
equmbrla at the molecular level

' ﬁ;‘ able 4.14 we see that during the rapid
& phases of evolution, there is a

.. significant increase in the Ka/Ks values,

dicative of either positive selection or

relaxatlon of selection.

Jrrrrr—a G
ABARKNE

_.Phyletic gradualism versus punctuated
.. equilibria at the molecular level

Rates of substitution in organelle
DNA Mammalian mitochondrial genes

The synonymous rate of substitution in

& mammalian mitochondrial protein-

- coding genes has been estimated to be

£:5.7%¥10-8 substitutions per
synonymous site per year.

= _This is about 10 times the value for

Ai;.?éynoqymous substitution in nuclear

L :“g"'f‘protein-coding genes.

siates of substitution In organelle

DNA - plant nuciear, mitochondrial, and
chloroplast DNAs

Since the plant and animal kingdoms
# diverged about 1 billion years ago, the
pattern of evolution in plants might
have become very different from that
“in animals.

»_Plants differ from animals in the
.organization of their organelle by
‘mitochondrial and chloroplast.

11



Plant nuclear, mitochondrial, and
chloroplast DNAs

Plant nuclear, mitochondrial, and
chloroplast DNAs

' a Table 4.16 shows a comparison of the
substitution rates in the three genomes
-, of vascular plants.

Ks :number of synonymous substitutions per
“Synonymous site

" Ka : number of non-synonymous substitutions per

- --;hon-synonymous site

:number of synonymous site
‘ta :number of non-synonymous site

é-»F‘V|.:
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Plant nuclear, mitochondrial, and
" chloroplast DNAs
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H.Rates of Substitution In DNA
iruses - Estimation models

A % RWAL. E ‘
.
l% INAARY

_'_'_?‘R:ates, of Substitution In DNA
iruses - Estimation models

quence 1 was isolated t years earlier
than sequence 2.

R is the rate of substitution per
nucleotide site per year

- w-L1and Lz are the expected numbers of
:Substitutions per site from O to the
‘time of isolation of sequence 1 and 2.

e eze.
z AORRRSE l

‘ Rates of Substitution In DNA
iruses - Estimation models

s
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Rates of Substitution In DNA
Viruses - Estimation models

- #.dy denotes the number of substitutions
4 ¥ per site between sequence i and j

£ st P
LOAANME

Human immunodeficiency
viruses

1wy
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Chapter 5

Molecular Phylogenetics

M09202050
BHER

INTRODUCT ION

: @ Molecular phylogenetics is the study of
A4 evolutionary relationships among

. organisms by using molecular data

*such as DNA and protein sequences,

. -insertions of transposable elements, or
__other molecular markers.

@l‘lﬁ']
InALARY

~ INTRODUCTION

This chapter will:(1)introduce the
vocabulary of phylogenetics, (2)explain
how to reconstruct a phylogenetic tree
+ =from molecular data, and (3) discuss

- some theoretical problems associated
with molecular phylogenetic
reconstrucnon

- TERMINOLOGY OF
~ PHYLOGENETIC TREES

The evolutionary relationships among a
& group of organisms are illustrated by
means of a phylogenetic tree (or
- dendrogram).

_=:A phylogenetic tree is a graph

_composed of nodes and branches, in
EE. :<wh|ch only one branch connects any

§E—-—~.-.cuu.
LRARARME

two adjacent nodes.

Ficuus 5.1 A phylogerbetic tree lustratisy g the evoluti relationships aman
ve OTUs (A~l!) Sohd and while circles denote terminal an{l intermal nol:l‘e-, 8
kespectively. Solid ard dashed lines denote inal and i 1 branches, respec
llvely Thz internal nodes (F-H) represent the HTUs. ¥ 15 the root.

B ey

TERMINOLOGY OF
HYLOGENETIC TREES

We distinguish between terminal and
internal nodes, and between

. external branches (branches that
end in a tip) and internal branches
(branches that do not end in a tip).

R e
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TERMINOLOGY OF
PHYLOGEN ETIC TREES

. Termlnal nodes represent the extant
47 taxonomic units under comparison,
" which are referred to as operational
* - taxonomic units (OTUs). Internal
~. nodes represent inferred ancestral units,
and since we have no empirical data
-pertaining to these taxa, they are
::sometimes referred to as hypothetical
- nk taxonomic units (HTUs).

s
LRRRRGE

TERMINOLOGY OF
PHYLOGENETIC TREES

#.A node is bifurcating if it has only two
“immediate descendant lineages, but
multifurcating if it has more than two
-immediate descendant lineages.

. In evolutionary studies we assume that
' 'Ethe process of speciation is usually a

- e
INANRRY

“'@boted and unrooted trees

#.In a rooted tree there exists a
v particular node, called the root, from
- which a unique path leads to any other
“hode.
. = Au unrooted tree is a tree that only
specifies the degree of kinship among
e taxonomic units but does not define

- . Rooted and unrooted trees

an unrooted tree with four external
¥ nodes, the internal branch is frequently
referred to as the central branch.

g + HHL
TRARRNT

he evolutionary path.

Tune

FIGURE 5.2 Rooted (a} and unrooted (b) trees. Arrows indicate the unique path
udlnglmm the root to OTU D.

{f ~rer—es it
InABANY

Eé/ed and unscaled trees

a:Unscaled:their lengths are not
proportional to the number of changes,
. which are indicated on the branches.

Scaled:each branch length is
" “proportional to the number of
changes(e.q.,nucleotide substitutions)
that have occurred along that branch.
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The Newick format

».In computer programs, trees are

¢ represented in a linear form by a series
- of nested parentheses, enclosing

" names and separated by commas.

(s

gwm\:
IRARANT

“Number of possible
" phylogenetic trees

The number of bifurcating rooted tree
i (N,,) for n OTUs is given by
__(2n-3y n>=2 (5.1)

e The number of bifurcating unrooted
~strees (Ny) forn >= 3 is
_(2n-5) (5.2)

r of snrooted trees
. o \n :
3 1
4 3
5 15 .
6 106
. w
8 - ‘10995
2 gL TS
10 84459425 v 2pzms
b S eSATI9NTS - A4S
12 o 13249810575 s CATVNTS
- 13 LT BI6II40225 13749310575
W L 905883860428 Theuiems
R 2UIASBMHEETBATS 7905 85,500,625
A6 6190283, 363,67975. L 2IASE 076,575
17 Ll 191598, 783.962,510428. - 6190,283,353,629,375
18BN AT MI B0 191,89,733.962.510.425
U LS ATEITIETS 6332559 870,761 850,425
20 » §,200,794,532,637,89) 859 375 231,643,095 A76 698,771 XTS5 )
X Data from Felasnstein (1978b).




- evolutionary history.

True and inferred trees

# True tree:only one of all the possible
e trees that can be built with a given
", number of OTUs represents the true

« Inferred tree:a tree that is obtained
by using a certain set of data and a

& CHL:
SHRARIY

Gene trees and species trees

- A-The routers of inheritance represent the

e passage of genes from parents to offspring,
and the branching pattern depicts a gene

- tree.

“a-When we trace back the history of many
genes from different species, we infer the
--routers of inheritance for the species, and in
his case we obtain a phylogenetic tree for

he species, or a species tree.

&/ Cw
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Species 1 Species2 ‘
[FiGuug 5.6 Diagram showing that in a geneticaily polymorphic population, gene
Lpiitting events (G~Gs)'may occar before or after the speciation event (S). The evo
lutionary histacy of gene splitting resulting in-the six alleles denoted a-f is shown
in solid lines; ¢ tiou (Le., population splitting), ls shown by broken lines, ..
v{odlﬂed m Nej (1987). R .
PYITY I

. Gene trees and species trees

The gene tree can differ from the species
tree in two respects.

« First,the divergence of two genes sampled from
two different species may have pre-dated the
divergence of the species from each other.

‘s The second problem with gene trees is that the
¢ branching pattern of a gene tree may be different
from that of the species trees.

Time

£

®)

S A,

[

X X z

he tme of diverg:  resp por .
hene tree in (<) is different fram that of the species tree. Modified
el

hcuu S.2 Thres possible relationships between & species lree (broken lines) and -
s gene tree (solld linea). In {a) and (b), the topologsies of the spccics trees are iden-
bical to those of the gene travs. Note that In (a) the time of divergence between the
henes is roughly equal to the time of divergence between the populations. in (b),

b the other hand, the time of divergence between genes X %iy greatly pre-dates

of the

Nel (1987).
-

S

taxon is a species or a group of species
* (e.g., a genus, family, order, or class).

Natural clades:a group of all the taxa that
ave been derived from a common ancestor,
lus the common ancestor itself.

rchosauria:two taxa share a common
ncestor not shared by any extant organism.

f:E’—-——.—-.w- x.:
ANRARNT




Froums 58 M‘n- denpm-,mluuub.m illos da ot can-

‘since thelt mut recusd cootmon ancestwr (black circle) alve
p"’ﬂwh!ht‘ﬁisnﬁu* ﬂ*kduﬁlhlhlhﬁ'uﬂldhﬂhld 9
Nmndm»—,m‘h“hdm.quww CRL

bui) that e daced by any now- JRNARUE

‘Character data

Characters are either quantitative or
¢ qualitative.

= The character states of a quantitative
character(e.g.,height) are usually
continuous and are measured on an
: winterval scale.

The character states of a qualitative
character(e.g.amino acid positions in a
“‘protein) are discrete.

& e
LRNANKE

Assumptions about caracter
.evolution

‘Ordered if the number of steps from one
state to another equals the absolute value of
. the difference between their state number.

.Partially ordered characters are those
characters in which the number of steps
--varies for the different pairwise combination
-of character states, but for which no definite
relationship exists between the number of
eps and the character-state number.

.
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TYPES OF DATA

.‘ﬁ Molecular data fall into one of two
£) & categories:characters and distances.
“.w A characters provides information

- about an individual OTU.

a A distance represents a quantitative
--statement concerning the dissimilarity
between two OTUs.

(F‘ cmxj
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‘- Assumptions about caracter
.. €volution

1).The number of discrete steps required for
one character state to change into another.

. (2).The probability with which such a change

A character is designated as unordered if a
¢hange from one character state to another
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Distance data

' . Three possible reasons for converting
" st characters into distances.
<. w LAlong list of character states, such as a DNA
sequence, is in itself meaningless in an
evolutionary context.
= 2.As pointed out in Chapter 3, one must take into
£ account multiple substitutions at a site.
= 3.Numerous methods exits for inferring
i phylogenetic trees from distance data.

J LW
LDRANMET

METHODS OF TREE
RECONSTRUCTION

w3 ,ﬁ A phylogenetic reconstruction,
i therefore, consists of two steps:
% = Definition of an optimality criterion, or
- . objective function.
f.iA- Design of specific algorithms to compute
- the value of the objective function and to
- identify the tree (or set of trees) that have
the best values according to this criterion.

z‘...._..(-uj
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"DISTANCE MATRIX
" METHODS

~ #7In the distance matrix methods,
“evolutionary distances (usually the

¥ number of nucleotide substitutions or

5 :xamlno acid replacements between two
- taxonomic units) are computed for all
-pairs of taxa, and a phylogenetic tree is
- .. constructed by using an algorithm

ased on some functional relationships
‘among the distance values.

F CHUS.
LDARENT

¥ : 'Unwe/ghted pair-group method
__with arithmetic means(UPGMA)

dentify from among all the OTUs (or

" simple OTUs) the two that are most
similar to each other and treat these as
new single OTU. Such and OTU is
_referred to as a composite OUT.

OTU] A= B . C.

v
IRRRNRY

...=_Let us assume that d ,is the smallest.
.Then, OTUs A and B are the first to be
clustered, and the branching point, /,, ,
# is positioned at a distance of /

substltutlons

PiGons 5.10 Diagram

for Iour OTU- by using UI‘(‘ MA. uu text).

Unwe/g/;ted pair-group method

with arithmetic means(UPGMA)

‘The first clustering, A and B are

& considered as a single composite OUT
(AB), and a new distance matrix is
computed.

Oy | (4B) €
C'_ i TERy
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= The branching point between two simple OTUs, I
and j, is positioned at half the distance between
them

= 52.,_ (5.3)

\)uThe branching point between a simple OTU,l,and a
« composite OTU,(jm).

. Ly + d,)/2 o)

L ngm) 2

»_The position of the branching point between a
composite OTU, (ij), and a composite OTU, (mn) is

(d R T d,:) 5.5
’un( o) = 3

#In the case of a tripartite composite OTU (ijk), and
X/ a bipartite composite OTU, (mn)
i

(g + dy + Ay + iy + dp + 4,.)/6

. G,
. (RN} 2 . iwlﬂl"'

Zfransformed distance method

l"p:_jilf the assumption of rate constancy among
Y% lineages does not hold, UPGMA may give an
erroneous topology.

D WA C 8 D

I\ /1%

- Pous 818 mmmpwakmwmmu lomlaho
:‘mnlludd ud;:.UPGMA. k‘d‘nu bclnul(:)mun{ﬂu o
unequal substite rales along ferent branches. () The troe

the imnsformed distance method.. .

L} and the node of the common ancestar of

mhdmhdbythmbmd

g

method. The root must be on the branch connecting
A.I.md(‘,bntlhalﬂm ".-‘j

A correction called the transformed
+ distance method.

An outgroup is an OTU or a group of
::several OTUs for which we have external
i “knowledge, such as taxonomic or
“er - paleontological information, that clearly

- -5hows them to have diverged from the
ommon ancestor prior to all the other OTUs
‘J% under consideration (the ingroup taxa).

(pnmq
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“Sattath and Tversky’s

n an unrooted bifurcating tree, two
" OTUs are said to be neighbors if they
- are connected through a single internal
*:node.
(0]

< p—
GURE 512 Bifurcating unrooted trees with (2) four OTUs and (b} Rvﬁi)‘l’ﬂ;.ﬁ)

ML
~dg-d
1,.:’1_2__&+;n C an
whann’ is the f dd b

OTUs {and j, and dp is & correc-
»,,.ummlthmtmhmdu : . .

s Z“w :
dpmbl— s 38
n is the number of lngroup OTUs.

The transformed distance method dones not
rovide branch lengths.

%ﬁi‘f-‘j

dm*dw dm¢dn=a+b+c+d+hud“+d@+2x (5.9

‘4’;7 Tl e S e bl 10
. : &Al'*"?cn < dpap + dac . (5.10)
These two conditions are collectively

known as the four-point condition.

“This approach to phylogenetic
_reconstruction is called the
“neighborliness approach.

attath and Tversky’s method does not
rovide branch lengths.

e em—stuus.
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Saitou and Nei's neighbor-
Joining method
» The neighbor-joining method is also
¥ a neighborliness method. It provides an

- approximate algorithm for finding the
© shortest (minimum evolution) tree.

= The sum of all the branch lengths is

1 N d
N-2 3%t 512

N S TF RS P
s TBUAN-2) BTy

£ e 404
ATRANUT

T 813 1) A staslike tree for
R OTUs with no hieraichical stric- 3 )
yhure {b) Trees Ia which two of the
. ‘{Olu‘mdllm, atnode X and a
‘E‘ singje inlemal branch connects nodey 3
*osing pos o Tl Theessich
B o b e OO
: examples are shown. Modified from 2 . mapany

-~ MAXIMUM PARSIMONY
" METHODS

‘The principle of maximum parsimony

» involves the identification of a topology that

" requires the smallest number of evolutionary

" changes (e.g., nucleotide substitutions) to

-1:explain the observed differences among the
OTUs under study.

'w Use discrete character states, and the

o shortest pathway leading to these character

states'is chosen as the best tree. Such a tree
s called a maximum parsimony tree.

o =s )
LORANMEY

MAXIMUM PARSIMONY
“METHODS

A site is defined as invariant if all the
* OTUs under study possess the same
character state at this site.

Variable sites may be informative or

~uninformative.

A nucleotide site is phylogenetically
nformative only if it favors a subset of

ees over the other possible trees.

——scun
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" 'MAXIMUM PARSIMONY
~ METHODS

site is informative only when there

" are at least two different kinds of
_Nucleotides at the site, each of which is
epresented in at least two of the
sequences under study.

Site

1. 2 3 4 s 6 1 8 9
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MAXIMUM PARSIMONY
METHODS

y infer a maximum parsimony tree

« 1. identify all the informative site.

» 2. for each possible tree we calculate the
minimum number of substitutions at each
informative site.

= 3. We sum the number of changes over ali

- the informative sites for each possible tree
and choose the tree associated with the
smallest number of changes.

i ————sCHU~.
6 LTHRARMER ‘

® .

c.ot G T A A T T
‘FicuRE 518 Nucleotiges In six extant species (1-6) and inferred. possible: -
feotides in five ke pocies (7-11) according to the method of Fitch (1971);
Unlans are indicated by pacentheses. Two different trees (a and b are depicted.
Note that the Inference of an asicestral nud: "_ ataa I node is depend:

MAXIMUM PARSIMONY
- METHODS
if;l'he inference of the number of

substitutions for a given tree can be
made by using Fitch’s method.

- nodefg[E] > Elnodek &
» node~4E[E > EXnodel

- -
(4 ERANRNE l

. Modified from Fitch (1971).
SRARAME

i+~ MAXIMUM PARSIMONY
~_METHODS

The number of unions equals the minimum
o number of substitutions required to account
¥ for the descendant nucleotides from a
common ancestor.

The number of substitutions at an
uninformative site is equal to the number of
different nucleotides present at that site
minus one.

“The total number of substitutions at both
~informative and uninformative sites in a

¥ particular tree is called tree length.
* ‘K IRARARE

Weighted and unweighted

Unweighted parsimony : All the

+ different nucleotide substitutions were

given equal weight.

Weighted parsimony : assign

“- different weights to the various
character state changes.

» We may wish to give a greater weight to

transversions, since they occur less

frequently than transitions.

Py BUS——

e
A BMERRNE

-~ "Searching for the maximurm
._parsimony tree

Determine all the trees length, and
choose from among them the shortest
one (or ones). This type of search for
the maximum parsimony tree(s) is
called an exhaustive search.

G‘me;
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‘Searching for the maximum
parsimon y lree

. __,p Branch and-bound method :

¢ » consider an arbitrary tree or, better, a tree
obtained from a fast method (e.g., the neighbor-
joining method), and compute the minimum
number of substitutions, L, for the tree.

» L is then considered as the upper bound to

. which the length of any other tree is compared.

= The rationale of the upper bound is that the

maximum parsimony tree must be either equal in

length to L or shorter.
[ﬁ{‘;ﬁ“ﬁ:‘.‘j

Kot 1! Ax Mvktion o e b

NandCame A

" g agh bn B perd sy,

mqm—n—u-—m&_{um&nmda "

Sodiad

‘ "‘35earc/7/ng for the maximum
__parsimony tree

Heuristic searches :

» An initial tree Is constructed by using a certain
procedure, and we seek to find a shorter tree by
examining trees that have a similar topology to
the initial one.

« If a shorter tree is found among the set of similar

trees, a new round of exploration Is initiated

stating from this new tree.

= This iterative quest terminated when at a certain

round we fail to find a shorter tree within the set

of similar ones.

g ree ORI
10ADRUT

lnsorciopo

- Searcﬁ/ng for the maximum
_parsimony tree

Branch swapping(or rearrangement) :
* that can be used to generate
. toplogically similar trees from an initial

O e gaste.
ANKRNSY

_Flcuu!.‘u An ! oibmwh in by-u £t

~-formmmkdmmm70'muwmelnlualmhpma (b)'mepmzd .
-part is ludmmmmhlcadmgloomc (c) The resulting rearcanged ‘;_]
. “tree, Mo from Swofford et al. (1996).
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MAXIMUM LIKELIHOOD
Ml:_I'HODS

,p The likelihood, L, of a phylogenetic tree is
» the probability of observmg the data (e.g.,
~ the nucleotide sequences) under a given tree
.-and a specified model of character state
- changes(e.g., the substitution pattern).

- w_The aim of maximum likelihood methods is to
=find the tree (from among alt the possible

(éf‘,,'tress) with the highest L value.

{

(3

TICR 819 Scoesalc wpewenGlloa ol ]
the caleulation af the likelihood of 3 tree.
{a) Data i the focm of seyucsnce slign-
ol of fengih x. b} Une of three poset-
ble tres fox the faue Lins whase
aequences are hm-hll).k)ﬂwlﬂurh
N hood af a particalas sits, in ibis case
& equals the sums of the 16 ynbabllmc
of every possible recanstauction of ances.
Hius ’ tral ataien o nides S and & in (b). (d) the
likclihood of the tree ia (b} la the produd
. af the individual likelihonds for all »
sl sltea. fe) The iikelihood is ussally evalu
aaed by um--h‘ tha logadibuns of the
llnumb #t each sile, and roported s
Ikelihwod of Ihe troe. Madified
lma wofford of al. (19964
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~“MAXIMUM LIKELIHOOD
" METHODS

Log likelihood (InL) : the likelihood is

- usually evaluated by the logarithmic

_ transformation, which transforms
multiplication into summation.

- Compute the likelihood values for the other
--possible tress, and the tree with the highest
likelihood value is chosen as the maximum
|kellhood tree.

@ L-l(;)xlmx!.g)xxlm-‘nll(o ‘.f

©  inlelnly + Inlgy # Iy +or a—Lm-lE,Ilan QI

~ROOTING UNROOTED TREES

o root an unrooted tree, we usually need an
* outgroup (an OTU for which external
information, such as paleontological evidence,
learly indicates that it has branched off
arlier than the taxa under study).

The root is then placed between the
utgroup and the node connecting it to the

ther OTUs, which are the ingroup.

~ ROOTING UNROOTED TREES

4=In the absence of an outgroup, we may
position the root by assuming that the
. rate of evolution has been
pproximately uniform over all the
branches.
_Under this assumption we put the root
. _:at the midpoint of the longest pathway
V(:ﬁ ‘between two OTUs.

FicuRe 8.20 A hypothetical unmoted Thylo;znctlc -tree with scaled branches tha{
been rooted at the midpoint of the longest pathway (thick line) from among

fhas
all possible pathways between two OTUs (Lc.. B and E). The numbers of substitu
tions are marked on the branches.

11



ROOTING UNROOTED TREES

,i'An unrooted tree cannot be said to
& represent the evolutionary history of
dlvergence among a group of taxa.

: ff‘ 'r L‘&Lﬂ'ﬁ

®C DABC DU AA BDCDABDCATBCD

WYYy

<a ¢cbB D

FIGURRSZT  An umrooted fonrtaxon teee (a) can be rool-
ed an.each of its hranches (R;-Ry to obtain five compaii-
‘ble rovted trees (b). The rooted tree in (0 isincampatible {uo

‘with the unrooted tree in {a).

© ESTIMATING BRANCH
" LENGTHS

Fitch and Margoliash’s method

A¥ . Assuming that the tree topology has
. already been inferred by a distance matrix

nracadiira

[ Y S,
L N
) N . g
A\ \ €
~ k4 . &
,l/’ /
. ' o £

“.Unrooted mmdmeonp-ubundx 3

phylogenede
Iwmc'n% the Fitch and Margoliash’s (1967) melhod. (a) A frve with J—
i 5. (b} A tree with five OTUs. X — = SAWE

“ESTIMATING BRANCH
'LENGTHS

Note that sometimes an estimated
branch length can be negative. Since
-. the true length can never be negative,
i+t is better to replace such an estimate

by .

- ESTIMATING BRANCH
" LENGTHS

(5.13)
(5.13b)

T (5130)
(s:14a)

(5.14b)

T 5140

- d Sl

 DIVERGENCE TIMES

et us assume that the rate of
evolution for a DNA sequence is known
from a previous study to be 7
substitutions per site per year.

=-The divergence time, T .

Chapter 4(Equation 4.1) = I%T
r=_f7- L Eas)

12



ESTIMATING SPECIES
- DIVERGENCE TIMES

A B c

RGURE 523 Model tree for estimating times of d T; = di
between species C and the ancestor of 3 species A -nd B. Ty= dlvetgmee time
bemcen species A and B, W

time

)

ESTIMATING SPECIES
DIVERGENCE TIMES
o .ﬁ Let K ;be the number of nucleotide

K3 substrtutlons per site between species i
and Jj .

Ky + K
r==AC__BC (516
271)
time b species A and B (T3) is estimated by

X KT,
T AR o _UARTE
2 Kpe+Kog a7

JConversely, in the case ﬂmt Tz is known but Ty is not, Ty is given by

T,= (Kac +Kac)hy

Ky -

ey

(5.131
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Topological Comparisons

= It is sometimes Necessary to measure the
similarity or dissimilarity among several tree
topologies.

= Several methods of tree reconstruction(maximum
parsimony) may produce many trees rather thana
unique phylogeny.

= When two trees derived from different data sets
or different methodologies are identical, they are
said to be congruent,

= Congruence can sometimes be partial, i.e., limited
to some parts of the trees, other parts being
incongruent. %*_-ﬁéj

Penny and Hendly's topological distance
]
s A commonly used measure of dissimilarity between
two tree topologies. :
= The measure is based on tree partitioning, and is
equal to twice the number of different ways of
partitioning the OTUs between two trees.

dr=2¢

« Where dr is the topological distance and ¢ is the
number of partitions resulting in dif ferent

divisions of the OTUs in the two tree. o
L?lﬁmﬂ

Consensus trees

} ;

= Consensus trees are trees that have been derived
form a set of trees.

» The purpose of a consensus tree is to summarize
several trees as a single tree.

= In consensus trees the points of agreement among
the fundamental trees are shown as bifurcations,
whereas the points of disagreement are collapsed
into polytomies.

= The most commonly used are the strict consensus

and majority-rule consensus trees.
A
(g iblilll,

frr—eemts.
g1 1111} 3




Assessing Tree Reliability

» Phylogenetic reconstruction is a problem of
statistical inference.

= Assess the reliability of the inferred phylogeny
and its component parts.

= After inferring a phylogenetic tree, two questions
may be asked:
s (1) How reliable is the tree? Which parts of the tree are

reliable?

Assess the reliability can be accomplished by several
analytical or resampling

» (2)Is this tree significantly better than another tree?

s cmtien
& LSARANE

The bootstrap

« Each pseudosample is used to construct a tree by
the same method used for the inferred tree.

» Subhypothesis (1) is given a score of 1if OTUs 3
and 4 are sister taxa in a bootstrap tree, but a
score of O otherwise. The score for subhypothesis
(2) is similarly decided.

« Bootstrap values are expressed as percentages,
and are indicated on the internal branches
defining the clades.

[g—m——-.cnm)
2WAARNE

The bootstrap
1

= A common practice in the literature is to “reduce”
the inferred tree by collapsing branches that are
associated with bootstrap values that are lower
than a certain critical value.

= By using topological comparisons (see page 206)
between simulated "true” trees and inferred ones,
it has been shown that collapsed trees are more
similar to the true tree than the original inferred
tree. .

et
1DTRRME

The bootstrap

} .

s The bootstrap is a computational technique for
estimating a statistic for which the underlying
distribution is unknown or difficult to derive
analytically.

» The bootstrap technique has been frequently uses
as a means to estimate the confidence level of
phylogenetic hypotheses.

= The bootstrap belongs to a class of methods called
resampling techniques because it estimates the
sampling distribution by repeatedly resampling

data from the original sample data set.
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Tests for two competing frees

|-
» Several tests have been devised for testing

whether one phylogeny is significantly better than
another.

» Such tests exist for each of the three types of
tree reconstruction methods (distance matrix,
maximum parsimony, and maximum likelihood).

» In the following we present a simple test for
testing maximum parsimony trees against
alternative phylogenies.

Tests for two competing trees

st
i GRusRuy

» Kishino and Hasegawa Devised a parametric test
for comparing two trees under the assumption
that all nucleotide sites are independent and
equivalent.

= The test uses the difference in the number of
nucleotide substitutions at informative sites
between the two trees, D, as a test statistic;
where D=ZD, , and D, is the difference in the
minimum number of nucleotide substitutions
between the two trees at the /th informative site.

Tests for two competing frees

» The sample variance of D is
no< 1< z
V(D)y=—— ) —— > D
> n—l;(D ng .)

» Where n is the number of informative sites.

= The null hypothesis that D=0 can be tested with
the paired t-test with n-1 degrees of freedom,

where .
%
JV(DWn

Problems Associated with
Phylogenetic Reconstruction

(g——.-—-m.]
LERAAUE

« No method of phylogenetic reconstruction can be
claimed to be better than others under all
conditions.

= Each of the methods of phylogenetic

reconstruction has advantages and disadvantages,

and each method can succeed or fail depending on
the nature of the evolutionary process, which is by
and large unknown.

In the following we will review the strengths and

weaknesses of different methods and outline

several strategies for minimizing error in
phylogenetic analysis. TRARARY

Strengths and weaknesses of different
methods

« Maximum parsimony methods make no explicit

assumptions except that a tree that requires

fewer substitutions is better than one that

requires more.

When the degree of divergence between

sequences is small so that homoplasies are rare,

the parsimony criterion usually works well.

» However, when the degree of divergence is large
so that homoplasies are common, maximum
parsimony methods may yield faulty phylogenetic

inferrences.
£ g WO 0
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Minimizing error in phylogenetic
analysis

} R

« The best way o minimize random errors is to use
large amounts of data.

« A tree based on large amounts of molecular data is
almost invariably more reliable than one based ona
more limited amount of data.

S e CV o,
x AWHANME

Phylogeny of humans and apes
| -

s The issue of the closest living evolutionary
relative of humans has always intrigued biologists.

= Darwin claimed that the African apes, the
chimpanzee (Pan) and gorilla (6orilla), are our
closest relatives, and hence he suggested that the
evolutionary origins of humans were to be found in
Africa.

= Darwin’s view fell into disfavor for various reasons.

s (UG
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Molecular Phylogenetic
Examples

1 o

= In this section we present several examples where
molecular studies have (1) resolved a longstanding
issue, (2) led to a drastic revision of the
traditional view, or (3) pointed to a new direction
of research.
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Phylogeny of humans and apes

T
= Estimated the time of divergence between humans
and chimpanzees to be almost three times as large.
s There are several possible reasons for the large
difference between the two estimates.

= The assumption of a constant rate {(a molecular clock) my
not hold.

= The reference dates for calibration may not be accurate.
= Each estimate is subject to stochastic errors.
= This example shows that divergence date
estimates should be taken with extreme caution,

¥ —re T
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Cetartiodactyla and SINE phylogeny

|

» The more than 80 species of whales, dolphins, and
porpoises, which form the order Ceacea.

« SINE

= Short interspersed repetitive element

= If the surroundings of the SINE are conserved
during evolution, they may be used with the PCR to
amplify the homologous loci.
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o fm-- » SINE indicate that

—— el hippopotamuses
. B (Ancodonta) are the
T e closest extant relatives
of whales.
- ot s Incidentally, pigs and
juagll peccaries (Suina) were
4 it} " found to be unrelated to
““L__Em... - hippopotamuses.
i s The molucular evidence

Pt 123 W Dasnl ok Lihonm i therefore invalidates
— e B the monophyly of the
m...:“ "‘"“‘:-“‘..“‘.‘.“:':,'.‘.‘t.";"..‘?.'.“‘f. suborder Suiformes.
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Molecular Phylogenetic
Archeology

Phy/o_qeny of the marsup/a/ wo/f
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Is the quagga extinct?
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The dusky seaside sparrow: A lesson in
conservation biology
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LThe Universal Phylogeny
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The first divergence events
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The first divergence events
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The first divergence events
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Endosymbiotic origin of mitochondria
and chloroplasts

| The cenancestor
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Endosymbiotic origin of mitochondria
and chloroplasts
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Neil A. Campbell « Jane B. Reece + Lawrence G. Mitchell » Martha R. Taylor

Topic 1

Fundamentals of protein structure

From PowerPoint® Lectures for Biology: Concepts & Connections

Jou. publishing

» The capture strand contains a single coiled silk
fiber coated with a sticky fluid

+ The coiled
fiber
unwinds to
capture
prey and
then recoils
rapidly

Coprrighi © 2003 Pravean Education, lax. pebiinhing st Denfomin Comasings

2y EEEE

Copyright © 2005 Tvasmen Educeten, Inc. publuinag w Bempamnin Comemengs

Spider Silk: Stronger than Steel

« Life’s diversity results from the
variety of molecules in cells

+ A spider’s web-building skill
depends on its DNA molecules

« DNA also determines the
structure of silk proteins

—These make a spiderweb
strong and resilient

« Life’s structural and functional diversity results
from a great variety of molecules

+ Arelatively small number of structural patterns
underlies life’s molecular diversity




3.1 Life’s molecular diversity is based on the
properties of carbon

« A carbon atom forms four covalent bonds
—1It can join with other carbon atoms to make
chains or rings

Struchw sl Ball-and-stick Space-iliing
formula model madel

-
!

The 4 slngle bonds of carbon point to the corners of a tetrahedron.

Figore 3.1, top part
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Skeletons may be arranged In rings.

Ethane Propsne
Carbon skelatons vary in length.
"
1
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H~E~C—~C— 0N n—e —C'—ﬁ -"
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Butane lsobutane
may be o d.

« Carbon skeletons vary in many ways

Figwe 3., boom past
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« Functional groups are the groups of atoms that
participate in chemical reactions

~ Hydroxyl groups are characteristic of alcohols

— The carboxyl group acts as an acid
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3.3 Cells make a huge number of large molecules

from a small set of small molecules

Most of the large molecules in living things are
macromolecules called polymers

— Polymers are long chains of smaller molecular
units called monomers

— A huge number of different polymers can be
made from a small number of monomers

Copymight © 2081 Pousmse, Lducvtive, It publbing m Bavpemin Cunmmings

» Cells link monomers to form polymers by
dehydration synthesis

‘x‘}—%ﬁy: ‘ Ho—35 5

Short polymer Uniinked monomer
HQ:x
Removal of h
waler molecule

Figurw 3.3A

Longer polymer

» Polymers are broken down to monomers by the
reverse process, hydrolysis

H
Coating of
capture strand
Figae 338

Copyright © 2041 Poursos, Liwaion, Lnc. peblickos = Bonjunes Cononias:

i Ctiﬁﬁs of life
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* Proteins are involved in
~ cellular structure
—movement
~defense
- transport

Figam 11t
— communication

» Mammalian hair is composed of structural
proteins

+ Enzymes regulate chemical reactions

P e —
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« Proteins are the most structurally and
functionally diverse of life’s molecules

—Their diversity is based on different
arrangements of amino acids

Copyrih © 1981 Pearwa Educwton, Inc. publiivng e Bepunin Cuernpe

Each amino acid contains:
—an amino group

—a carboxyl group

- an R group, which distinguishes each of the 20
different amino acids




« Each amino acid has specific properties
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+ Cells link amino acid.
synthesis

called peptide bonds

Carboxyl Amine

» The bonds between amino acid monomers are

PEPTIDE
froup sroup BOND
N H Dehydrstion H ? H B o

LN ,0 LN é '0 synthesls N é [ | 4

/N—c—c\p + N— —c\ —T’ "/N— —C‘_N—E—‘c\ou
H * Ol OH o *

Amino acld Amino scid Dipaptids
Figwe 313

together by dehydration
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« A protein, such as lysozyme, consists of
polypeptide chains folded into a unique shape

—The shape determines the protein’s function

— A protein loses its specific function when its
polypeptides unravel

Figers 3144 Figers 3.148




3.15 A protein’s primary structure is its amino
' acid sequence

3.16 Se’condary structure vis’polypeptide, coiling or
folding produced by hydrogen bonding

Primary @_ : -
stucture it
. Amina acid
}

Fipae 315,16
Copygh © 208 Faamen Linwiin, Las. publistens e Bowarnia Cumesingt

3.17 Tertiary structure is the overall shape of a
: +- polypeptide :

- 3.18 Quaterhary structure is the relationship
among multiple polypeptides of a protein

Teansthyretin, with four
Identical polypeptide subunits

Figees 3.12,1
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Topic 2 Protein tertiary and
quaternary structure
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Secondary structure of proteins

o o- helix

o p-sheet

o Turns

o Combination of three

o Intramolecular interactions
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3.16 Secondary structure is polypeptide coiling or
folding produced by hydrogen bonding
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Proline is unique

@ Proline has the amino nitrogen cyclized with the side chain
terrpmal carbon which leads to many of the unique properties of

proline.

restricts the conformational space available to the peptide

reduced barrier to cis-trans isomers of the peptide bond

loss of H bonding capability of the immino nitrogen.

Proline Is a component of collagen, a major structural component

of cells and animals.

SH3(Src l{mmology region 3) and WW domains of signal

transduction pathway proteins recognize proline containing

sequences and are used to mediate protein-protein interactions of

signal transduction components.

Proline specific peptidases have been found that are sensitive to

the conformation of proline.

Cis-trans isomerization of proline is the rate limiting step in

foiding of some proteins and many cyclophilins or racemases

catalyze the cis-trans racemizaton of proline containing proteins.
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= Figure 13.5  The five types of molecular interactions tut
cklomc i - determine the tertinry structure, or three-dimensional confor-
paraible mvangrrmed of the b wation, of a polypeptide. The disulfide bridge is a covalenc
e, bond; all other interactions are nancovalent,
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Tertiary structure to quaternary structure

Figuad 4.13

A comprasioon of the stoges of
Hisrros v ghobmsbar proteion
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Protein structure analysis

o Overall folding structure
o Amino acids sequencing

3.17 Tertiary structure is the overall shape of 2
polypeptide

3.18 Quaternary structure is the relationship among
multiple polypeptides of a protein

Tortlary
3 structure
{ " Polypeptide
; i (élngle subunit
N 7/ of ransthyretin)
Quaternary
structure

Transtiryretin, with four
identical polypaptide subunits

Figore 117,12

’ 1
polypeptide chains folded into a unique
shape
u The shape determines the protein’s function

» A protein loses its specific function when its
polypeptides unravel

Figwe 3144 Figee 3.148

.y




Rt

Pe—
ot o
oA
R G
i ar
- Jox-Eoxty
Frauae L. 1) FiGune 4.20 »
dnv--rk-n—-q.nmuum‘.qk-.-yh-ﬁ(nk Wy
€11 Thve e of 32w wf wma. A A
T M e oy
o E CaN| ﬂ
g g
[N — e e
<
e
‘%} \!bu'oc :::‘v:-—m‘—unnl
KM T g 1
e et s s Kewmiad G
e ot
s~
"‘*z‘L L ....J“{\.c -..\f"f\..g - fgh
l&u—-‘- - Oigast prerrie
s e Y ,.....:...‘.:. M1 e o et e f Y 00
bt M X wvesnd ¥ Cwmmnd
3 LI |
{/ [ S
. Oad ¥ Cormms
;ﬂf L{‘nr Neaq § > ‘;\u s -\' e Nt e VoW
" Crraed
rperari- e < il oo b frTERr——
l l Nermat  Cormins
Conbinr b e Mo tos — 00N
CTERNTEY R~}
Pavas 1
Srevas o1 ot
The sanlann -
e e arvenate.
avita md resivers.
N 5.y @ &
- = N—d -~
Il L
&
N
e
I! R P “H Ay
L o -
(Y a): Clopmustrypein Hia— bt — The — et — Al — Trp
A R T VN B P, e
L 19 .J: I Omogra brvimide R S ————~
&, v Cwmenypia Va—Lp—00"
u’q\- [ k. i i
[
,.. d FiGuas 4.4
e m-m—"-o . lu-un—!— piog. proten wuence.
! al L T twomide.
il
trauns 42




5 DD e
ALY

vt
o g0 0o o
\ ————
|-«.._
=
>,
EN it o s (<G
— Py s - .
. Bttt amem e e
o v ol gl

e ! - oryie vt

fodial onle

et i .

. E @ B

proteins

o The globular protein- hemoglobulin,
myogiobulin
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o The fibrous protein-myofibril
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Actively metaboliziog
tissie (aaich s ascle) €0,

HLO, + H" + CO,

/7
0, + Hb
Alveoll of lungs N

FIGURE 4.24

The: general features of the Bohr effect. In aclively metabolizing tisue, hemogiohin
releases oxygen and binds buth COy and H. In the lungs, hemaoglobin releases
both COy and 1* and binds oxygen.
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FIGURE 4.2§
A comparison of the vxygen-binding capacity of hemoglobin at pH 7.6 and pH 7.2,
An increase in the hydrogen ion comcenuration in blond keads 1 a release of oxygen
From hemoglobis,
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FIGURE 4.27

A comparison of the oxygen-binding properties of' Jobin in the presence and
absence of ¢ S-bisphosphoglycerate (BPG). Note that the presence of the BPG
markedly decreases the oxygen allinity of hemogiobin.
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A comparizon of the oxygen-binding capacity of fetal and maternal hemoglobina.
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Topic 3: Protein stability
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Topic 4: Protein function
recognition
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SQOP (structural classification of
protein database from 1995) hierarchy

Protein can be classifies into four groups bases on
their predominant secondary structural element:

o All algha proteins [
All beta proteins

Alpha and beta proteins {a/b
lainly parallel beta sheets (beta-alpha-beta units)
o Alpha and beta proteins {a+|
Jainly antiparai eta sheets (segregated alpha and beta regions)
] Mul;!-g_gmaln pmtelnz (alpha an% beta}
0lds consisting Ol or more domains belonging to different classes

o Membrane and cel 3 ins a ]
es o lude proteins in the immune system

S;m]l gﬁtelng
sually inated by metal ligand, heme, and/or disuifide bridges
a ﬁolled ;5“ Epgglns
ot & true class
a W lution prol ry
3 true class

Peptide:
ﬁﬁia’ig and fragments. Not a true class
Deslgned proteins

o The method used to construct the protein classification in
SCOP is the visual inspection and comparison of
structures first compared using automatic procedure.

» The SCOP database is organized on a number of hierarchical
levels, with the principle ones being family, superfamily, fold,
and class.

s Within this hierarchy, the unit of categorization is the protein
domain since domains are typically the units of protein
evolution, structure, and function.

s Small- and medium-sized proteins usually have a single
domain.

n  The domains In larger proteins are classified individually.

s Thus, different regions of a single protein may appear in
multiple places In the SCOP hierarchy under different folds or,
in the rt:alge of repeated domains, several times under the
same fold.

Superfamily.
1IMM Lbrary and genome assignments server

Access methods

This server offers sequence Searching, ahgnments and genome assignmants,
The server can be entered in three ways:

+ Use the sequence search facilly.
+ Browsa the genome assignments.
o Perform a kewword search.

Clitation: Groups using results derived from this database for publication are asked to cile Gough, J.,
Kerplus, K., Hughey, R. and Chothia, C. 2001. "Assignment of Homology to Genome Sequances using a|
Library of Hidden Markov Models that Represent el Proteins of Known Struchure.” J. Mol. Biol,, 313(4),
903.919.

.




Topic 4: Protein function
recognition
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"Protein structure and function”,
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Topic 5 Catalysis function
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Topic 6: Ligand regulation
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Topic 7: GIPase
regulation
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Topic 8: Degradation,
phosphorylation, proteolysis,
splicing and other PTM regulation
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Topic 10: Experimental
tools for probing protein
function
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Topic 11: Sequence alignment,
homology modeling, profile-based
threading and rosetta
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Alignment is the first step in determining whether
two sequences are similar to each other

o A key step in comparing two sequences is
to match them up in an alignment.

o As a quantitative measure of similarity, a
pairwise alignment is given a score, which
reflects the degree of matching.

n Simplest case: only identical matched residues
are counted known as percent identity.

u The Hidden Markov Model Is a statistical model
that considers all possible combinations of
matches, mismatches and gaps to generate
the “best” alignment of two or more sequences.
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Multiple alignments and phylogenetic trees

o Multiple alignments of homologous
proteins or gene sequences from different
species are used to derive a so called
evolutionary distance between each pair of
species on the degree of difference.

o These distances can be used to build
phylogenetic trees which are greatly
influenced by the algorithm and specific
assumptions used.

Structural data can help sequence comparison find
related proteins

o Prediction of secondary and tertiary structure
from sequence alone are methods such as Chou-
Fasman and profile-based threading (fitting
unknown to any protein folds gathered).

o Knowledge of the variability (residue interplays,
local structure influence, and superfamily
features) of a sequence that can form closely
similar structure can improve the prediction
methods based on statistical analysis of
sequences.

o All methods for prediction protein structure from
sequence seem to have a maximum accuracy of
about 70%.

fOm Protein Structure and runction
by Gregory A Petsko and Dagmar Ringe

e i

Posilien 1




Topic 12: Identification of
binding sites and catalytic
residues
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Src kinases both activate and inhibit themselves

o Src-family kinases are activated early in
many signaling pathways and once
activated sustain their own activated
states by autophosphorylation, providing a
large amplification of the signal
(prolonged activated src causes cancers).

src kinase is activated

a In the presence of signal,.

= The C-terminal phosphorylated tyrosine is
dephosphorylated to release the SH2 or the
SH2 is bound by a new phosphorylated
tyrosine from a receptor protein.

= The activation loop is phosphorylated to be
active form.

= The causes a conformational change to release
SH3 from polyproline helix, and SH3 binds to
the target proteins.

(a) Cdk2 monomer

src kinase is inactivated

o In the absence of signal,
» The SH2 domain binds to a phosphorylated
tyrosine in the C-terminal, and
= the linker region between SH2 and catalytic
domain forms a polyproline helix binding to
SH3 domain.
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