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Sequence Vowriations
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Sequence variation

Base mutations: the source of sequence
variation

Purines A G
A A

Y Y

Pyrimidines C T

[ Transitions

Hl Transversions
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Sequence variation (cntd)

tggagctAtt

tgtgggctgt
tcattecttet

cggtacaaca

attgctaagt Aacatttacc ccctgaagtt aatgGatcaa

aatgaaTcgt Cttattgaat Taacaggttg gatcgttctt
M N R L I E L

tggcgtggcg agtcacattg acaactatca gccacctgaa

caagtaagct ctgcacttgt ggagcgacat gctgcccgtc

tcaagagaga
gtcgtttcag
cagagtgctt
cgggtgcatg
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IIliSSGIlSG nonscensce

silent

tggagctGtt
tgtgggctgt
tcattcttet

cggtacaaca

atlzéSfagt %kcatttacc ccglgaagtt aatgAatcaa

aatgaaCcgt Gttattgaat Aaacaggttg gatcgttctt

M N R V I E
tggcgtggcg agtcacattg acaactatca gccacctgaa

caagtaagct ctgcacttgt ggagcgacat gctgcccgtc

tcaagagaga
gtcgtttcag
cagagtgctt
cgggtgcatg
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180
240
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Sequence variation (cntd)
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2. Average rates of substitution in different parts of genes and in

Figure

pseudogenes.
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D ustoonce measures
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Nucleic acid distances

No selection - no correction:

D=k/N

1 1 1 1 1 1

Expected distance +/- SD
p for u=0.002 and n=100C,

>
D - Distance

—]

T | T T T
200 400 600 8a0 1000
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Source: http://helix.biology.mcmaster.ca/72 1/distance/distance.html.



Nucleic acid distances (cntd)

Jukes-Cantor correction:

D, =-0.75 In (1 - D/0.75)

Jukes - Cantor Distance +/- SO
p for u=0.002 and n=100.

A
>
Ouc

D | e . --. i
T 0 200 400 600 800 1000

p t - time
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Source: http://helix.biology.mcmaster.ca/72 1/distance/distance.html.



Nucleic acid distances (cntd)

Kimura’s 2-parameter model:

Dy,p = -0.5 In (1 - 2P -2Q) - 0.25 In(1 - 2Q)

P
A
A p A
P P
\ p Y
C T
P
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Source: http://helix.biology.mcmaster.ca/72 1/distance/distance.html.



Scoring matrices

BBSI 2006 30-MAY-2006 © 2006 P. Benos 11




Nucleic acid distances (cntd)

Nucleotide substitution matrices.

ATCG A T C G ATCG
A10O00O A 5 -4 -4 -4 A 0551
T 0100 T -4 5 -4 -4 T 5015
cCc0010 C -4 -4 5 -4 C5105
G0O0O01 G -4 -4 -4 5 G1l550
Identity BLAST Transition/

Transversion
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Amino acid distances: PAM

Percent Accepted Mutations (PAM) matrices:
Frequency substitution matrix from aligned
sequences (Dayhoff, 1978).

M(i,j): no. of a.a. i to j mutations

71 groups of closely related proteins (why?);
1,572 changes.

PAMun: the aligned sequences have n a.a.
. substitutions per 100 residues.
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Amino acid distances: PAM (cntd)
Assumptions of the PAM model:

Replacement at any site depends only on the
a.a. on that site, given the mutability table.

Sequences 1n the training set (and those
compared) have average a.a. composition.
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Amino acid distances: PAM (cntd)

JUY GapOU/2oUDISIP/[ 7 / /DI 423SDudut (30]01q X112y //:djpy :22.4n0g

(multiplied by 10Q)

Table 1 - The log odds matrix for 250 PaMs
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Amino acid distances: PAM (cntd)

Sources of error in the PAM model:

Many proteins depart from the average a.a.
composition.

The a.a. composition can vary even within a
protein (e.g., transmembrane proteins).

A.a. positions are not “mutated” equally
probably; especially in long evolutionary
distances.
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Amino acid distances: PAM (cntd)

Sources of error in the PAM model (cntd):

Rare replacements are observed too
infrequently and. ..

...errors iIn PAM1 are magnified in
PAM?250.
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A.a. distances: BLOSUM

Blocks Substitution Matrices (BLOSUM):

Log-likelithood matrix (Henikoff & Henikoff,
1992)

BLOCKS database of aligned sequences
used as primary source set.
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A.a. distances: BLOSUM (cntd)

GDAL Score(ij) = 2 log, q;;/ e,
RALDA
A-—-— A e..=2p.p. or 1+7
roER i~ 2pip;  Jorifj
DAE_ DHSSCL| p.=0.5(q; + 3 qzj,)
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A.a. distances: BLOSUM (cntd)

Weighted contribution of stmilar(*)
sequences 1n order to reduce redundancy.

BLOSUMBG62 1s more closely related to
PAM120.

(*) n% similar; the n in BLOSUMn
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A.a. distances: BLOSUM (cntd)
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Table 2 — The log odds matrix for BLOSUM &2
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Substitution matrices.: comparison

PAM vs BLOSUM
BLOSUM 80 BLOSUM 62 BLOSUM 45
PAM 1 PAM 120 PAM 250
Less divergent =< > More divergent

Source: http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/Scoring2.html

Matrices of choice:
BLOSUMG62: the all-weather matrix
PAM?250: for distant relatives
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Substit. matrices: comparison (cntd)
PAM vs BLOSUM (cntd)

Lower PAM/higher BLOSUM matrices
identify shorter local alignments of
highly similar sequences

Higher PAM/lower BLOSUM matrices
1dentify longer local alignments of
more distant sequences
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Substit. matrices: comparison (cntd)

-10 -11 -17 -21 10
-7 -4 -7 -6 -20 9

-4 -13 -6 -6 -13 -10 -7 7

-11 -4 -2 -7 -10 -2 -9 -13 10

-11 -9 -11 -8 -17 -13 9

-19 -21 -8 -13 -14 -9 -4 7

-10 -2 -4 -8 -20 -6 -7 -10 -10 -9 -11 7

-8 -7 -15 -17 -20 -7 -10 -12 -17 -3 -2 -4 12

-12 -12 -12 -21 -19 -19 -20 -12 -9 -5 -5 -20 -7 9

-4 -7 -9 -12 -11 -6 -9 -10 -7 -12 -10 -10 -11 -13 8

-3 -10 -5 -8 -11 -9 -9 -10 -11 -5 -10 -6 -7 -12 -7 -2 8

-20 -5 -11 -21 -22 -19 -23 -21 -10 -20 -9 -18 -19 -7 -20 -8 -19 13

-11 -14 -7 -17 -7 -18 -11 -20 -6 -9 -10 -12 -17 -1 -20 -10 -9 -8 10

-5 -11 -12 -11. -9 -10 -10 -9 -9 -1 -5 -13 -4 -12 -9 -10 -6 -22 -10 8
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Substit. matrices: comparison (cntd)
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(cntd)

ices: comparison
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Alignment.: the problem

Given two sequences, S and 7, and a scoring
matrix find their relative arrangement with
the highest “score”.

Seq. #1: GAATTCAGTTA
Seq. #2: G GA T C G A
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Alignment: the problem (cntd)

ATTCAGTTA

T C GTTA

A
I
A

A T

GTTA

GAATTC-A
I I || I
GGA-TCGA
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Alignment: the problem (cntd)

Scoring schemes: three possible situations...

Match

Mismatch
Gap
* (Gap 1nitiation

e (Gap extension

How much??
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Alignment: a naive approach

Seq #1
GAATTCAGTTA

G 1 1
G 1 1
N
#* A 11 1 1
g T 11 11 S
©n C 1 S
G 1 1 S
A 11 1 1 &
=
‘ insertion seq. #1 5
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Alignment: a naive approach

Seq #1
GAATTCAGTTA

G
NG 1
*+ A 11
o'
g T 11
n C 1
G 1
A
GAATTC-AGTTA
| | I I I
GGA -T-CGA © 2006 P. Benos 32




Alignment: a naive approach (cntd)

Seq #1
GAATTCAGTTA

G |1
3+ A 1
o'
a0 T 11
0 C 1
G 1
A 0
GAATTC CAGTTA
| | | | |
GGAT-C-GA © 2006 P. Benos 33




Global alignment

.
g JI J PAM

-1 - DNA matrix BLOSUM

/'
M, ; ;i1 T Score(S,,T;)
M..=MAX M..,+w
W < -1 Gap penalty
- Mg tw

Needleman & Wunsch, 1970
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Alignment: adding scores (cntd)

In the following example: match=1,
mismatch=gap=0.

In each step we need to keep track only the

scores of the (i,j) position and 1ts immediate
neighbours: (i-1,j-1), (i-1,j) and (i j-1).

We backtrack from the right-down corner to
_ find the actual alignment.

BBSI 2006 30-MAY-2006 © 2006 P. Benos 35



Alignment: adding scores (cntd)

G A A TT CAGT T A G A AT T T COGTT A
OO0 [ Of Of Of Of O O O O] 0|0 0

o % I T I %
22 | | D | D |||

) —] Gl )
22 | | D || D ||

S(1,1) = MAXY{
S(0,0)+1=1,
S(0,1)+w=0,

&, - O:, S 1 O _|_ _O _1 http://'www.sbc.su.se/~per/molbioinfo2001/dynprog/dynamic.html
T 1S (1,0)+w=0}=
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Alignment: adding scores (cntd)

.
Moy

A TTOCAGTT A

G A ATT

0

0

0

0

0

0

0

0

0 olofofo]o

1

1

1

1

1

1

1

1

1

w|lw | w | w [ b | —

Lh-t:s-t:awtoto.—-QQ
|l | &= w |- o
b |lw | & w | DD — o
|| wlw | D =S| e

| D | D | DD | DD | D

G
0
1.
1=
l-
1
1
l-
1

r-._‘:"":'r\_'n"":'[\_'u."’:'t\_‘u"":‘r-._‘."":"._.."’:"_' =

(el el He N D=0 Rl Rl B e )

o T T B % T
(oo =] —
wlta||o|o|—=]—
wlw|lw|w || — | —
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Source:
http.://'www.sbc.su.se/~per/molbioinfo2001/dynprog/dynamic.html
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Alignment: adding scores (cntd)

GA ATTTCAGTT A GAATTUCAG TTA

olofololo]olo]o]o]o]o]o 0 (0 fo|o|ofo]|o]o|o|0]0
glofr [ fafafafafafa] ofofrfr{rrfrfr|r|1f1]l
slofiiailafafafalzlzlz]z] oot {111 fr]1]1|2]2]2
slofililalalzlzlzlzlzla]s]| aloft|zfz]z]2]2]2 (2|2 ]2
Tlofifz2]s]s]s]s(s|ss]s]| Tlo|t|zfz]3]3]3]|3][3][3]3
clofif2]2s|sfafafalfalala| clo]rfa|2]s]3|s]a]s]s]a
Glofrf22fs(s]afafs|s|sfa]| alofr|2]2]3]s]s]a]s5]545
slofifz2]s[s]s]a][5]5]3 5?% A
(Seq #1) A
Alignment: |
(Seq #2) A

Source:
http.://'www.sbc.su.se/~per/molbioinfo2001/dynprog/dynamic.html
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e Q0 1o QO Q

Alignment: adding scores (cntd)

AG TT A

G
0
1
1
1
1
1
1

c
0
1
1
2
3
4
4

T
0
1
1
2
3
3
3

T
0
1
1
2
3
3
3

(e N T N T N P N N B

(e N T N T N P N O N

(Seq #1) T A
Alignment:
(Seq #2) - A
Source:

http.://'www.sbc.su.se/~per/molbioinfo2001/dynprog/dynamic.html
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e Q0 1o QO Q

Alignment: adding scores (cntd)

GAATTCAG TT A GAATTOCAGTT A
0|0 |0 |00 |0
(1|1 ]1]1]1 G
(1|1 ]1]1]1 G
1|2 ]2 (2|2 |2 A
1[22]3]3]3 T
1 (2233 |4 c
1 (2 2]3 |3 |4 a
A
(Seq #1) GAATTCAGTT A
Alignment: | | | | |
(Seq #2) GGA - T C - G - - A

Source:
http.://'www.sbc.su.se/~per/molbioinfo2001/dynprog/dynamic.html
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Alignment.: another example

ST A AT T C A GT T A > A A TT C A GT T A
OO0 | O Of Of O Q) O Of Of 0|0 OO [ O Of O O Of Q) Of O O[O
G 0?\_3. G oiz
g loEh 01—?
A0 A 0% 0
T |0 T |0
C |0 C |0
G |0 G |0
A |0 A |0

Now: match=2, mismatch=-1, gap=-2

Source:
http.://'www.sbc.su.se/~per/molbioinfo2001/dynprog/adv_dynamic.html
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Alignment: another example (cntd)

G AATT CAGTT A G A A TTCAUGTT A
0 0 0 0 0 0 0 0 0 00 ,.,.,.,.,.,_ ,.,.

Lo ) e B e ) L= e iy B e B e ]
T17717
= -
w=lo|lalw] s = o
e Q- e QQ

e Q0 A e QQ
<

Source:
http.://www.sbc.su.se/~per/molbioinfo2001/dynprog/adv_dynamic.html
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Alignment: another example (cntd)

G A ATTCAGTT A G A ATTOCAGTT A

e Qo - QQ
e QO e QQ

(Seq #1) TCAGTTA
I |

(Seq #2) TC-G - - A
Source:

http.://'www.sbc.su.se/~per/molbioinfo2001/dynprog/adv_dynamic.html
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Alignment: another example (cntd)

G AATTCAGTT A GAATTCAGTT A
g G
G G
A A
T T
C C
. G
- A
(Seq #1) GAATTCA G T T A
Alignment: | | | | |
(Seq #2) GG A - T C - G - - A

Source:
http.://'www.sbc.su.se/~per/molbioinfo2001/dynprog/adv_dynamic.html
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Local alignment

.
g JI J

) DNA matrix BLOSUM

l
-

0
M. + Score(S;,T;
Mi,j=MAX< Mllj] ( i )
iyj-1 Gap penalty
. M tw

Smith & Waterman, 1981
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Local alignment

Given two sequences, S and T, find two
subsequences, s and ¢, whose alignment has the
highest “score” amongst all subsequence pairs.
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EGR4_HUMAN
EGR4_RAT

EGR3_HUMAN
EGR3_RAT

EGR1_HUMAN
EGR1_MOUSE
EGR1_RAT

EGR1 BRARE
EGR2_RAT

EGR2_XENLA
EGR2_MOUSE
EGR2_HUMAN
EGR2_BRARE
MIG1 KLULA
MIG1 KLUMA
MIGl YEAST
MIG2 YEAST

Local alignment: an example

NH

)

'} cooH

EGR
NH,—C) —

MIG
FACPVESCVRSFARSDELNRHLRIH] TGHKP [FQCRICLRNEFSRSDHLTSHVRTH] TGEKP
FACPVESCVRTFARSDELNRHLRIH] TGHKP [FQCRICLRNFSRSDHLTTHVRTH] TGEKP
HACPAEGCDRRFSRSDELTRHLRIH] TGHKP [FQCRICMRSFSRSDHLTTHIRTH] TGEKP
HACPAEGCDRRFSRSDELTRHLRIH] TGHKP [FQCRICMRSFSRSDHLTTHIRTH] TGEKP
YACPVESCDRRFSRSDELTRHIRIH] TGQKP [FQCRICMRNFSRSDHLTTHIRTH] TGEKP
YACPVESCDRRFSRSDELTRHIRIH] TGQKP [FQCRICMRNFSRSDHLTTHIRTH] TGEKP
YACPVESCDRRFSRSDELTRHIRIH] TGQKP [FQCRICMRNFSRSDHLTTHIRTH] TGEKP
YACPVETCDRRFSRSDELTRHIRIH] TGQKP [FQCRICMRNFSRSDHLTTHIRTH] TGEKP
YPCPAEGCDRRFSRSDELTRHIRIH] TGHKP [FQCRICMRNEFSRSDHLTTHIRTH] TGEKP
YPCPAEGCDRRFSRSDELTRHIRIH] TGHKP [FQCRICMRNEFSRSDHLTTHIRTH] TGEKP
YPCPAEGCDRRFSRSDELTRHIRIH] TGHKP [FQCRICMRNEFSRSDHLTTHIRTH] TGEKP
YPCPAEGCDRRFSRSDELTRHIRIH] TGHKP [FQCRICMRNEFSRSDHLTTHIRTH] TGEKP
YPCPAEGCDRRFSRSDELTRHIRIH] TGHKP [FQCRICMRNEFSRSDHLTTHIRTH] TGEKP
————————————————————————— ] ——-RP [YVCPICQRGFHRLEHQTRHIRTH] TGERP
————————————————————————— ] ——-RP [YMCPICHRGFHRLEHQTRHIRTH] TGERP
————————————————————————— ] —-—--RP [HACPICHRAFHRLEHQTRHMRIH] TGEKP
e el S ] —-—--RP [FRCDTCHRGFHRLEHKKRHLRTH] TGEKP

cx [ ]

* ok ok ok k % * ok Kk

BBSI 2006 30-MAY-2006

* ok k ok

© 2006 P. Benos

——— cooH

FACDV--CGRRFARSDEKKRHSKVH
FACDV--CGRRFARSDEKKRHSKVH
FACEF--CGRKFARSDERKRHAKIH
FACEF--CGRKFARSDERKRHAKIH
FACDI--CGRKFARSDERKRHTKIH
FACDI--CGRKFARSDERKRHTKIH
FACDI--CGRKFARSDERKRHTKIH
FACEI--CGRKFARSDERKRHTKIH
FACDY--CGRKFARSDERKRHTKIH
FACDY--CGRKFARSDERKRHTKIH
FACDY--CGRKFARSDERKRHTKIH
FACDY--CGRKFARSDERKRHTKIH
FACDF--CGRKFARSDERKRHTKIH
HACDFPGCSKRFSRSDELTRHRRIH
HACDFPGCAKRFSRSDELTRHRRIH
HACDFPGCVKRFSRSDELTRHRRIH

HHCAFPGCGKSFSRSDELKRHMRTH
* * Kokxkk k%

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[. *]

47



Local vs. global alignment
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Source: Durbin et al “Biological Sequence Analysis”, 1998,
Cambridge University Press
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Local vs. global alignment (cntd)
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Source: Durbin et al “Biological Sequence Analysis”, 1998,
Cambridge University Press
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Local alignment (cntd)

Characteristics of local alignments:

The alignment can start/end at any point in
the matrix.

No negative scores.

The mean value of the scoring matrix (e.g.
PAM, BLOSUM) should be negative.

There should be positive scores 1n the
scoring matrix.
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