Chap. 2. Data Searches and
Pairwise Alignment
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Recognition of WGD (Whole
Genome Duplications) using
self-dot plot of a genome

Arabidopsis thaliana -

20034 Arabidopsis MMl S &M It &to{ &l 0| &
plotS 0l E6t0 E46t0 IR E0IZ2 AtA S
STl WUCH CHX JHel SMHE LE 2 IS & = X+l
CHSF XH&12] dot plotS off 2 Z10 M2 S2tS2H0l
JIZ2219, el -JI28719 d&52 LAGHRULC
M RAM 22 2201 A2 HI==8t 722+0]
OI0IEHCE HIE SHAM SMH 3B IREES SAMA
2810 FRE HO 22 HIIMEs Z1D %

Jell) GMR 23 B2 = gA
SN ARZE R RAE 2RAE 210 ACHa2).
Ol =0l 20t RE R/ EEMNE L2
SHEH MX S 2212 2460~70%0 & ot=
RN SE0 HUSE L = JULL 01AH2
Arabidopsis2| XIgt2| A A0l A 8t X1 & 0l Al whole
genome duplication (WGD; 8 il &M ==& 4AHO0I
AU 01ZE B2EOZ X8, 24 =2, H0| S0l
LAHGS S SAIGHCH St HAZ HAIE SE22(a1~
a27)2 2E 2 BHE St = CHAI RFAIOfl CHEE XHAI S| dot
plotS of £E2 CtAl 01 LHOIM LS S5 #2+S 1A
2 UCHBR EAIE =2+ box). 0| S B box2
LIIMESS UAl € 2 BIZ 8 = dot plot2 St
ECAl 52 22I1E HEHUH = boxSS 21Alg &= JRULH
Ol =20lM= &X A2 &35t dot plot Ol 2| H

O XIA£0[| LIE 01 = ArabidopsisHt Kl 2] & 3F & A
SOl A& 33 Ol&2 WGD S A0 2%t S2 23
=1 UCH

-

ol

Ol
e

http://amborella.net/2010Biocinformati
cs/Week04-
Bowers%20et%20al%202003%20N
ature%20Genome%20dup.pdf

Caromosome 1

Chromoscme 2

Ghromosome 3 Chromosome 4 Chromosome 5

el [F

T

=

a? |

ol

w13

nl4)
w15

wlg [ |

o]
2d
wes |

o2?

e - : : OIS

'Ia;'.'r_
..guu Y O

Chromosome 1

w1l

b
Chromosame 2

= =
- T
ey B

S, T miE
!.“‘."-';-'-'

Chromosome 3

L

!-_13

;,";rsf :

Chromosome 4

s o e fl e [N

.,
Chramosome &

1,000 garas

1l
w2 oo
w13

ER L

w14
e |

wls
wlE
ar
w18
ol
[vin)
fi-al

¥ §

Rgure 1 Arrangemeant of dupicated proten-encadng genesin Aabidgesis fafaos Top  the compesifon of S8 28 large o duplicafions (at et and boflom). Twerdy-rine [ or oy
i, o duplcafioes. Bot o and pames mepresant 26,028 ganes in thar chomosoma duplicatione gea ) are fighlgited. Coloums show how Sia four moden Asibpas

arder. Tha beest-rmalching gone pairs are plafisd, colour-codad to indicate same fadi or chromosama sagments contributa to | o ~ duplicaiions, dtinguishing con bitetions o
oot igrean anscip fondl odenfations. For frfer analsis, 57 adacantdupicated  the sagments &t left and bofiom respactivaly Som the: (1) lower-numbered dromasomes

g W oppaita arentafion and onler aeplicalle by localRad meerions wara

e (20 higher- and lowes-numberad chramasameas fight Bhue; (33 lower- and

combined info 26 Targe” dupications je01-c28) that each induded =1% 260 of f1a  higher-numbered chromasomes (dak gl ) Figher- numbanad chromazomeas (grear.
geris Eight shorter duplicaions wen podled (27 Lowar left, 3 and ~ duplicaions. Higher-ressaluion wersions of the figue and [e% of gane onders are aaiable jsea
Bo® xand pawes regresand 21,749 gangs, nan nfared anedmloder halacooun® i Supplemanary Information ).

NATURE [ VOL 422 27 MARCH 2003 | wie won st are.com o al e

@ 2003 Nature Publishing Group 435




« SIH2I DNA ME= dE et 30Kl 21}
* A match

* A mismatch

A gap + Ainsertion

ATACGGA ATACGGA ATACGGA
ATACGGA GTACGGA A ACGGA
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« Optimal alignmentE 2 0tLiJ|= < & S.

AGAT G AGATG
A TACG __ATACG

« 20| optimal alignment& J)}?
« &£ [+E alignment=0| /[U=SH?




Simple alignment

* Match score and penalty

AATCTATA AATCTATA

AATCTATA
AAGATA AAGATA

AAGATA

FIGURE 2.2 Three possible simple alignments between two short sequences.
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| match score; if seql; = seq2,
= | mismatch score; it seql; # seq2,

!
where 7 is the length of the longer sequence. For example, assuming a match
score of 1 and a mismatch score of 0, the scores for the three alignments shown
in Figure 2.2 would be 4, 1, and 3, from left to right.

Match score = 1
Mismatchscore=0 O|2tD JIE & [l ®12 2 NHE=2| score =27
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f no gaps and seq1 = seq2 : match score
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mismatch score
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Match score = 1
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Gap penalty =-1 0lct1] Jt&GHH. ..



Gaps in alignment

AATCTATA AATCTATA AATCTATA

AAG—AT-A AA—G—ATA AA——GATA

FIGURE 23 Three possible gapped alignments between two short sequences.
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Scores 2 H A B alignment= optimal
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Origination of gaps
 |Insertion vs. deletion (indel) events
= one step event in evolution
 Origination penalty (open gap penalty)
-> higher penalty value

* Length penalty (gap extension penalty)
-> smaller penalty value

AATCTATA AATCTATA AATCTATA
AAG—AT-A AA—G—ATA AA——GATA

FI1GURE 23 Three possible gapped alignments between two short sequences.

Gap origination penalty= -2, length penalty= -1,
Match score= 1, mismatch score= 0
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Scoring matrices — nucleotide
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Scoring matrices — amino acid residues

® Amino acid scoring matrix€ t== & JHAl &8
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Scoring matrices — amino acid residues

® PAM (point accepted mutation) matrix — 0 & = At &t

CHOHAI NS S= dEMES e 2EE X2= H kst

sl = (& A mutation B1&)2 OFS

® PAM unit— 10012 residue™ ofLt2| X[ &0 & LI
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® X2 X2 PAM matrixe 2Lt JIIH2 proteins 2| 5| 1 0l
E=3=}
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Similarity: Physico-Chemical
Properties of Amino Acids

aliphatic

aromatic positive

hydrophobic polar
charged



PAM-1 (Point Accepted Mutation) matrix 2t= 7|

1. Multiple sequence alignmentE Gt .
ACGCTAFKI

GCGCTAFKI
ACGCTAFKL
GCGCTGFKI
GCGCTLFKI
ASGCTAFKL
ACACTAFKL

2. Matrix2 £ H phylogenetic treeE Pt =.
(HS+=E CtE= W& 2 chpa 4, 501...)

GCGCTGFKI GCGCTLFKI  ASGCTAFKL ACACTAFKL

NS A4

GCGCTAFKI ACGCTAFKL

R / YEBEE,
(BCGCTAFKD

3. 2t2+2] amino acid typeOfl CHotOd CHE a
HH& Bl & (substitution Frequency; Fij)E £
O:|j|A—|'— I:I:|9}O| Ul-ol:/\-|O| O-I'—Digéj
A>G2 G>AE &€= Bl Y.

Feae= A>G G>A 25 count.
So, FG,A=3

_D
st A

4. 252+ 2| amino aC|dO1| CHOt A relative
mutability (mi) € 25 &
A Ol 2-H =l mutation =4
& Al mutation®| &= =6
- k8t mutationO|L| 28 =&

- Frequency of occurrence ( ) & Al

matrixl A amino acid2| === 631 0| 12
A= 10Jl 10/63=0.159.
- scaling factor =100 & 1002 =
(PAM1= 100 residues 142 HtE
LIEFLH)
ma = [4 / (6X2)] X0.159 X 100
=0.0209

0ot

5. Mutation probability (Mij) Hl &t
Mij = Mc.a = (0.0209 X 3)/ 4 = 0.0156

6. & Hl PAM matrix0l S 012 4= X (Rij)=
R A= log(Mji / mj)
= 10g(0.0156 / 0.159) = -1.01

Z 2 amino acidZ2t2| Hal=
jj=1 mj E j:”/\l'Ol'O:I O|% 6t||_-|0'“ EHP:!S}O:I
Elnn
Rjj = Iog(MJJ /- mj)
=log((1-MaA) / ma) ¥ Maa=(0.0200x2) /3
=log((1-0.0139) / 0.0209) = 1.67
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TABLE 11.1 B Selecting an Appropriate Scoring Matrix

Matrix Best use Similaricy (%)
PAMA40 Short alignments that are highly similar 7090
PAMI60 Detecting members of a protein family 50-60
PAM250 Longer alignments of more divergent sequences ~30
BLOSUM90 Short alignments that are highly similar 70-90
BLOSUMBO Detecting members of a protein family 50-60
BLOSUM62 Most effective in finding all potenrial similarities 30-40
BLOSUM30 Longer alignments of more divergent sequences <30

The Similarity column gives the range of similarities thac the macrix is able to best detect {c.f., Wheeler, 2003).



A matrix is a grid
used to analyze the
optimal alignment of
two DNA fragments
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A matrix is a grid
used to analyze the
optimal alignment of
two DNA fragments
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Algorithms for searching the best alignment

. DEHSZ= [} (K= 212 1Y

4L O T =2 — A —

« Dynamic programming — = &SZ2 &= &)
?IotH otLI2] 2HE &2 2HM=2 Li+=0

ExzofZs e A= 0/ E0l= &
« 100nt2} 95nt2| & sequenceE EEotdd 1)
StCHE
> B &= Jts¢et alignment=2
approximately 55 million!
« Olcist 2HE HZ3dlJ| 2IoH sequenceE &2

EEZ=2 Us=s.




Needleman and Wunsch
Algorithm

CACGA
First Position Score Sequences Remaining to be Aligned CGA
@ ACGA
e ! ZGA
f cACGA ~CACGA
c 7 GA CGA
C ACGA
. gl CGA
CACGA
FI1GURE 25 Thice possibilities for aligning the first position in the sequences —CGA
CACGA and CCGA. The match bonus is +1, the mismatch score is 0, and the gap

penalty is —1.
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e Matrix2 Bt=1 A tH
... =XNEMES
¢ (2,2) A X0 CHotd
1) =&=0 Xt NS
2)=d =0 Xl NS
3)(2,2)0 | Xl BI|=
X IE(N) = =2
ar= et &t
1), 2), 3)2 "l W ot Jt
e UI&EHIIAIZ AH AFSHO

M =0 E0l 0, -1, -2, -
(gap penalty2| 2 DI)
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* Final alignment

AC--TCG
ACAGTAG
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