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Bioinformatics

1987
(Dr. Hwa A. Lim )
Bioinformatics
bio-informatique,
bioinformatique
bioinformatics

¢ The study of biology-related information content and
the associated information flow

bioinformatics 1990 4

DOE, Florida technology and research authority,
Thinking machines Corp., Digital Equipment Corp.,
Cray Research Inc.



Thinking Machines

65536 CPUs
¢ CM-200 : 8192-65536 CPUs
¢ CM-2 : 16384-65536 CPUs with router chips
¢ CM-5: 16-16384 SPARC CPUs

Hypercube SIMD array type

2" CPU CPU CPU
n

PC
Cluster



PC-Cluster and Serversin BMEC/I TRI

« PC-Cluster
ePC-cl uster 28
¢Du al Penti um
¢SDRAM 16G
eHard Drive 36
¢Red Hat 7. 2

« Dat abase Servi
¢Du al Penti um
¢SDRAM 2-4 G
¢e¢Tot al Storage




PC-Cluster iIn BMEC/ITRI

Network topology of the

PC Cluster




Clustal W

guide tree, gene family tree, species tree
Phylogeny tree
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(simi |l ari ty)
e Smilarity distance
o Similarity
e e(g. Percent identity
e Distance
« Euclidean distance, Manhattan distance
« Hamming distance (from telecom)

e Edit distance: the minimum number of symbol
Insertions, deletions and substitutionsthat is
required to transformsa string into another



(novel protein)

(i.e. percent identity less than 40 %)

conserved motif pattern or profile
pattern /profile

pattern / profile



= Pattern

Pattern

V S

¢ e.g. Prosite pattern for PHI-Blast <A-x-[ST](2)-x(0,1)-V

= Profile

¢ for protein families which lack strongly conserved features.

¢ e.g. PROFILES (Gribskov et al PNAS 4355-4358 1987),
PSSM (for PSI-BLAST) or HMM

—-AGTCA
CATTTT

GACTCT
CTGTCC

L1 L2 L3 L4 L5 L6
A 0.75 0.25
T 0.25 0.25 1.00 0.25 0.50
G 0.25 0.50
C 0.50 0.25 0.75 0.25




module/domain
structure prediction

pattern / profile

¢ Guide tree
¢ Gene Family tree
¢ Speciation/Phylogeny tree

PCR primer
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Where can | find sequences for Multiple
Sequence Alignment ?

=« Use a query seguence to extract homologous sequences
from GenBank. These sequences can then be compiled
Into a multiple sequence FASTA format file.

« Multiple sequences can also be obtained from Sean
Eddy’s paper in the web

¢ http://lwww.genetics.wustl.edu/eddy/publications/tigs-
9808/worm2.fa

>F18C5.8 CE02657 (ST. LOUIS)
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Clustal W

Most commonly used global MSA tool.

Progressive approach.

Could be used and downloaded from several sites, e.g.
EMBL-EBI PIR (Georgetown university) and BCM
Search Launcher (Baylor college of medicine)




Clustal W
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Try the MSA yourself!

Goto NCBI-Entrez and then search ‘Protein’ for
‘rhodopsin human’

Click on the top 10 sequences

Display ‘Fasta’

copy the sequences and put them in a multiple FASTA
sequence file.

Go to EMBL-EBI-ClustalW site
¢ Upload the multiple sequence file and ‘Run’

¢ scroll down the webpage to see the results and the
guide tree

¢ use JalView to manipulate the result
Try also the PIR site to see the better guide tree
¢ http://pir.georgetown.edu/pirwww/search/multaln.html
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Clustal W outputs

= Multiple sequences alignment result

¢ some system (e.g. DiAlign) will give the alignment
result in FASTA format.

= A guide tree in he Newick tree format

¢ http://evolution.genetics.washington.edu/phylip/newi
cktree.html



Trees and Graph Theory

= Three basic data structures
¢ lists, trees and graphs
= [rees
¢ Topology (branch order)
¢ Branch (edge) length (weight)
¢ rooted and un-rooted trees
¢ leaf nodes and internal nodes



Progressive MSA, Clustal W and Trees

« J D. Thompson, D. G. Higginsand T. J. Gibson,
“CLUSTAL W: improving the sensitivity of progressive
multiple sequence alignment through sequence
weighting, position specific gap penalties and weight
matrix choice,” Nucleic Acid Research, vol.22, no.22,
4673-4680, 1994. (EBI)

« http://bimas.dcrt.nin.gov/clustalw/clustalw.html



Time and Space complexity

« TIme and space are important resources for
a computational system

= TIme and space complexity can be described
using the big O notation

¢ The time and space comsumption is a
function of input data size n.

¢ Thus, the big O notation is generally
presented as follows

- Time comlexity = O(n) -- linear
= Space complexity = O(n?) -- quadratic



Computational Rationale of Progressive
approach for global MSA

dynamic programming n, n,

¢ time complexity = O(n;*n,)

n time complexity = O(n?)
dynamic programming | n;
(Optimization) (I <<n,)
¢ time complexity ~ O(n *n,*ng*......*n)
n time complexity = O(n')

¢ C(I, 2) n2 =0(n?
Progressive approach Clustal W  O(n?)

Question local optimum global
optimum??



Biological Rationale of Progressive
approach for global MSA

= Da-Fe Fengand R. F. Doalittle, “ Progressive sequence
alignment as a prerequisite to correct phylogenetic trees,” J
Mol. Evol 25:351-360, 1987.

= Sequences are aligned progressively, beginning with
the most similar pair and continuing with the addition
of the next most similar sequence

= Once agap, always a gap
= Assumes that divergent evolution is binary in nature

« Putting more trust in the comparison of recently
diverged sequences than in those evolved in distant
past

« Parsimony



Pairwise alignment:
Calculate distance matrix

Unrooted Neighbor-Joining tree

Y

Rooted MNJ tree (guide tree)
and sequence weighis

Y

Progressive
alignmenk
Align following
the guide tree
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Hba_Human 3 59 A5 -
Hba_Horse 4 59 59 13 -
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Algorithm of Clustal W Part 1

Progressive approach (

1. Pairwise alignment using

¢ 1.1 the full mode, which utilizes dynamic programming
with the affine gap penalties, i.e. opening (GOP) and
extending (GEP).

¢ 1.2 thefast mode. Parameterssuch as ktup, window
Size etc must be set. (not described in paper)

2. Calculate distance of all pairs of sequences.
« Distance = 1 — percent identity

3. Distance matrix construction using the pairwise
alignment of all pairs of sequences



Distance Matrix of a set of globins

Hbb _human 1

Hbb horse 2 0.17

Hba human 3 0.59| 0.60

Hba horse4 059 059 0.13

Myg Phyca5 077 077 0.75 0.75

Glb5 Petma 6 081 082 0.73 0.74 0.80

Lg2 Luplu7 0.87| 086| 0.86 0.88 0.93| 0.90
1 2 3 4 5 6




Algorithm of Clustal W Part 2

= 4. Guidetree construction

¢ 4.1 UPGMA —unwighted pair-group method with
arithmetic mean (old version)

¢ 4.2 Neighbor-joining method + mid point method
(new version)
= Neighbor-joining method >> Unrooted guidetree
< Mid point method >> Rooted guidetree



Guide Tree : UPGMA

« Unweighted pair-group method with arithmetic mean

¢ Distance Matrix distance
(or OTUs) (clustering)
branch length

¢ OTU : operational taxonomic unit

2 distances
2 tree
= Problems
¢ UPGMA nodes tree
2 nodes
topology

» http://www.icp.ucl.ac.be/~opperd/private/upgma.htmil



Guide Tree : Neighbor Joining

= N.Saitou and M Nel, “ The neighbor-joining method: a new
method for reconstructing phylogenetic trees,” Mol Biol Evol
1987 Jul 4(4): 406-25

¢ Try to minimizethetotal length of thetree
¢ N sequences (N>= 3)
¢ Startswith a star-liketree, centered at ‘ X’

¢ Obtain ‘Y’ which resultsin the smallest sum asthe new
center.

¢ [teratively obtain new ‘Y’ until number of branch of ‘Y’
IS 3.
¢ Set ‘'Y’ as‘Z’ and thetopology of treeisfixed.

¢ Using theleast squar e estimation to set the branch
lengths



Neighbor Joining (Saitou and Nel 1987)

P Roat )

(f)



An un-rooted tree of a set of globins

HBB HUMAN MYG PHYCA
HBB HORSE
HBA HUMAN GLBS PETMA
HBA HORSE

LGB2 LUPLU



Guide Tree : mid-point method

= J.D. Tompson, D.G.Higginsand T.J.Gibson “Improved
sensitivity of profile sear ches through the use of sequence weights
and gap extension,” CABIQOS, vol.19, no.1, 19-29, 1994.

¢ Determine the branch length using the topology of the
un-rooted tree, the distance matrix and thelinear algebra.

¢ For every internal nodein the un-rooted tree, bisect the
treeinto left treeand right tree. Thetotal distance of the
sequencesto thisinternal nodeisthen calculated.

¢ Thereal node of thetree can beinferred from above
Information.



A rooted tree with branch lengths

AR
226 ‘ Hbb Human: 0221
(=g
1 Hbb_ Horse 0n22s
55 )
_m&. 219 E Hba_ Hwuman: 0,194
o Hba_ Horse: 0203
(&7 A9R
' Myg_Phyca: 0411
Lt
- GIbS_Petma:  0.998
447

Lgb2_Luplu:  0.442

= Branch lengths determines weights for each sequence. The most
diver gent sequence receives the highest weights.



Scoring Strategy

dynamic programming

Match

Mismatch :

Gap

Gap affine gap
Gap open penalty (GOP)

Gap entension penalty (GEP)



Algorithm of Clustal W Part 3

= 5. Progressive alignment

¢ Align the sequences following the branching order of
the guidetree, from thetipsof thetreetoward the
r oot

¢ sequence isweighted during alignment
» 6. Heuristic on gaps

¢ short stretches of hydrophilic resdues usually indicate
loop or random coil regionsand are unlikely to have
gaps

¢ GOP and GEP isdetermined on lots of heuristic

factors, e.g. wherethere existing gapsin the
neigbor hood.



Clustal W Method Summary

Assumes sequence similarity provides the phylogeny
Information, thus the alignment can follow it.

Does not guarantee global optimum.

¢ This problem can be alleviated using iterative or stochastic
sampling procedure.

The alignment obtained from the initial stage can effect
the final stage of the alignment

Not reliable for highly divergent sequences

DBClustal = Blastp database search + ClustalW

¢ J.D. Tompson et al., “DBClustal: rapid and reliable global multiple
alignments of protein sequences detected by database sear ches,”
Nucleic acids research, vol.28, no 15 pp.2919-2926, 2000.

¢ http://igbmc.u-strasbg.fr:8080/ballast.html



Can you follow me ??7?

o UPGMA, neighbor joining, mid-point
method

L MSA protein
family, phylogeneitc study

0 MSA



Other MSA related approaches

« DIALIGN

¢ Global alignment using locally Matched Block

« http://bioweb.pasteur.fr/seganal/interfaces/dialign2
-simple.html

= http://www.genomatix.de/cgi-bin/dialign/dialign.pl
« http://www.gsf.de/biodv/dialign.html

« MultiAlign
¢ Global MSA with hierarchical clustering
« http://prodes.toulouse.inra.fr/multalin/multalin.html
« MEME

¢ Motif finding for a group of sequences
domain (e.g..

circular permutation)
= http://bioweb.pasteur.fr/seqanal/motif/meme/



Homologs

homologs

A

paralogs

N e

~ _ N - .
frogx  chick®! mouse: mousefd chick  frog[3

(/-chain gene }-chain gene

\ gene duplication //

carly globin gene




(Dupl i cati

= Color vision gene

< Shyue, S.-K., D. Hewett-Emmett, H. G. Sperling,
D.M. Hunt, J.K. Bowmaker, J.D. Mollon and Wen-
Hsiung Li (1995) Adaptive evolution of colour
vision genes in higher primates. Science 269:1265-
1267

= Yeast genome:

¢ 446 duplicated genes in found in 55 duplicated
regions. These genes make up 13% of proteins
- K.H. Wolfe and D.C. Shields, “Molecular evidence

for an ancient duplication of the entire yeast
genome,” Nature 387, 708-713, 1997



chromists
plants alveolates

anim a];e‘r';f:;_.' thodophytes
fungi

EUKARYOTA

tlagellates

cyanobacteria

heterotrophic
bacteria

‘ basal pr{'.-ti:;t.-;

ARCHAEA

h.‘ll[}philﬂ'!‘i thurmuphiieﬁ



Algorithm and software that syncronize
gene family trees with Phylogenetic trees

= Kevin Chen,Dannie Durand and Martin
Farach-Colton “Notung: A program for dating
gene duplications and optimizing gene family
trees,” Journal of Computational Biology,
vol.7, numbers 3/4 pp.429-447, 2000.



Phylogenetic trees vs. gene family trees

= A guidetreeis morelikely to be agene family tree. It
doesn’t guarantee to be atrue phylogenetic tree.

= Observations: within agene family tree, there are
¢ speciation internal node and duplication internal node

Marmmals
B
Reptilas
Tetrapods
Amphibiara
Jaaed Weriebe ates
Borry Figh
Deulerostomes
I- i o e s
Prolostomes
Ir=ecis
Matazoa
MNermalodes
F|_|"|g|
Plans
[-'i;_:;.Lr A species tre -J OWing m _|.l]' speciation events in the enkarvote line h. This tree was derived from the
I v of Arizona of Lafe e | L I':I- | th "'.1' Bl Tax  dlataba {

o Seethe Unlversty of Arlzona, Tree of Life Project at
¢ http:/tolweb.org/tree/phylogeny.htmi



Mouse_A1
Fish_A X
Chicken_A1
w
¥
Mousa_ A2
Chicken_A2
(a)
- Fish_A
Chicken_A1
b Mouse_A1
ra Chicken_A2
! Mouse_A2
(b)

Mousa_A1

g
I . Chicken_aA1
Fish_A1

= —I: (Mouse_A2)
| u
Chicken_A2

I— (Fish_A2)
Mouse A3

(Chicken_A3)

(Fish_a3)

(d)

{:'“'h A e kel A
Mouse_A1

¥

—L a2
Mouse A2
(e)

FIG. 3. Gene family trees for the hypothetical gene family, A, with five known gene sequences (Iwo in mouse,

two in chicken and one in fish). (a) An unrooted GFT for A, (h)

(d) Three alternate rootings of the GFT in (a).

Duplication nodes are shown in italics and missing genes are shown in parentheses



Three functions of Notung

« Identify duplication events for unambigious
gene family tree by comparing it with a
Species tree.

« FInd a best root for an un-rooted gene
family trees which is consistent with
phylogeny

= Optimize rooted gene family trees which
contain edges of weak confidence

» Kevin Chen,Dannie Durand and Martin Farach-Colton “Notung: A program for
dating gene duplications and optimizing gene family trees,” Journal of
Computational Biology, vol.7, numbers 3/4 pp.429-447, 2000.



A gene family tree, o
produced by neighbor joining heuristics,
may be inconsistent with the phylogeny

fruitfly *rxr
__% silkworm*rxr

hormworm*rxr
° [T Gaved frog:bt
' awed frog rxr
T eusen
7 human*rab
zebrafish™rxre
| 6 [64] Mt
15 (100] zebrafish mrdhuman‘rxra
2 zebrafish*nura

14 [90]

. zebrafish*rxrg
clawed frog*rtrg
chicken®rxrg
mause’*rxrg

human*rxrg

FIG. 1. A rooted Neighbor Joining tree for the RXR family reproduced from Hughes (1998). Interior nodes are
labeled numerically. Labels in square brackets represent the percentage of bootstrap samples supporting that branch
leading from the label to the root. Values < 50% are not shown.

= A.L.Hughes, “phylogenetic tests of the hypothesis of block

duplication of homologous genes on human chromosome 6,9, and 1,”
MBE, 15, 854-870, 1998



1. Duplication event identification

« Goal: identify species ( M(v) )and duplication
events of nodes (v) in a gene family tree

= bottom up approach, M(v) = lease common
ancestor ( M(I(v)), M(r(v))

= a node is a duplication node iff M(v) = M (l(v)) or
M(v) = M (r(v)) or both

= duplication event occurs at
¢ Upper bond U(v) = M (av) av = ancestor of v

¢ Lower bond L(v) = M (v)
» Kevin Chen,Dannie Durand and Martin Farach-Colton “Notung: A program for

dating gene duplications and optimizing gene family trees,” Journal of
Computational Biology, vol.7, numbers 3/4 pp.429-447, 2000.




Result of duplication event
identification for RXR family

16
5 [99]

fruitfly *rxr )
LTy gikwornne
hormwaorm*rxr

clawed frog“rxrb1
clawed frog mxrb2

[ZTO0_— ousexro
human*rab

7

15 [100]

14 [90]

zebrafish™rxre

| 6 164] zebrafish*rird
human®*rxra

2 zebrafish*nura

W zebrafish*rxrg
L lawed frog*rxrg

c
chicken®rxrg
mause’*rxrg
human*rxrg

FIG. 1. A rooted Neighbor Joining tree for the RXR family reproduced from Hughes (1998). Interior nodes are
labeled numerically. Labels in square brackets represent the percentage of bootstrap samples supporting that branch
leading from the label to the root. Values < 50% are not shown.

Duplication at 15 Lower bound:
Duplication at 14 Lower bound:
Duplication at 6 Lower bound:
Duplication at 3 Lower bound:

jaw Upper
jaw Upper
zebrafish Upper
clawed frog Upper

bound: pro
bound: pro
bound: jaw
bound: tet



2. Find best root for un-rooted
gene family tree

Cai(Tg) = ¢, v A+ 5+ 4,

= lamda : number of gene loss
« delta: number of duplication nodes

« For every node in the un-rooted tree,
calculate Cg. Report the node which gives the
smallest C,, as root.

» Kevin Chen,Dannie Durand and Martin Farach-Colton “Notung: A program for
dating gene duplications and optimizing gene family trees,” Journal of
Computational Biology, vol.7, numbers 3/4 pp.429-447, 2000.



Nearest Neighbor Interchange

verfehrate vertebritie verteb

e = mm—_—— SN emem-m——-— »
vertebrute fefruprod
vertehrare fi
. ish
MoLse frog /
; fish OIS fish L frog
[ i
e (a) (a")
(a")
wertebrate verfebrute yertahhare

.

PR | T "
verlebrile arvnemd
vertebrale .
i1sh
T 56 monse
mouses fish o e fish monse TS
{h ¥ } { h } {h T }

Figure 6: Two tree fragments, each with the three possible Nearest Neighbor Interchanges around the edge shown
in bold. Duplication nodes are shown as grey circles.



3. Optimize rooted GFTs

=« Nearest neighbor interchange (NNI)

= Bottom-up greedy heuristics

¢ For every weak edge, apply NNI and see
which configuration can optimize C

» Kevin Chen,Dannie Durand and Martin Farach-Colton “Notung: A program for
dating gene duplications and optimizing gene family trees,” Journal of
Computational Biology, vol.7, numbers 3/4 pp.429-447, 2000.



Algorithm A:

Compute M (x) for every node in 7.

For each T;.
Compute the optimal rearrangement tree, 7.7, by exhaustive enumeration.
Replace T; with 7" in Tg.

Recompute M (x) for every node in Ti;.




The HSP70 (Hughes 1998? tree before and after NN
rearrangements, The Phylogeny is changed from
fungi, (Insects, (plants, vertebrate))) to
plants, (fungi, (Insects, vertebrates)))

AMNIOTE*GRP78
- 3 [99 . .
fission yeast*grp78
18 : -
fission yeast™ssal

fission yeast*ssa2
fruitfly*87c1

4 [100
17 [100]

16 [77)

5153 petunia*hsp70
corn*hsp70
L6 [100] tomato*hsc-1

15 (53] —1IT§Q]— AMNIOTE*HSCT0
1378 clawed frog*hsp70
AMNIOTE*HSC70

E— AMNIOTE*GRP78
—=———— fission yeast‘grp78

18 _E petunia®hsp70
6 tomato*hsc-1
17 corn*hsp70

_E fission yeast*ssat

16 fission yeast*ssa2
5 fruitfly*87c1
”) clawed frog*hsp70
13 AMNIOTE*HSC70

AMNIOTE*HSC70



« Phylogeny Programs

¢ http://evolution.genetics.washington.edu/phylip/soft
ware.htmi

=« Wen-Hsiung Li, Molecular Evolution, Sinauer
Associates, Publishers, 1997
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