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* Mutations are changes in DNA

- Substitutions are mutations
that evolution has tolerated

Which rate is greater?

Replicative proofreading and DNA repair constrain the mutation rate




Incoming
UV Photon

Thymine dimers

What happens if damage is not repaired?

10 Gray will kill a human
60 Gray will kill an E. coli culture
Deinococcus can survive 5000 Gray

K\l .. . 2K\ .
,i\\ Selectionist Evolution ,i\\ Why Are Mutations Important?
neutral beneficial
_ Mutations can Mutations drive
be deleterious evolution
Most mutations are deleterious; removed T S
via negative selection
Advantageous mutations positively selected
Variability arises via selection
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A Sequence Mutating at Random

9 actual substitutions
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Multiple substitutions at one site can cause
underestimation of number of actual substitutions
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& ;\ Simulating Random Mutations
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v;\' Measuring Sequence Divergence:
778 Why Do We Care?

« Inferring phylogenetic relationships

* Dating diverc'jgence, correlating with
fossil recor

+ Use in sequence alignments and homology
searches of databases™

* Comparative genomics is an important field. Determining not only how many
substitutions exist between two sequences but how similar two sequences are?-!!

DNA Structure

o 3

Two base types:
- Purines (A, 6)
- Pyrimidines (T, C)

G-C: 3 hydrogen bonds
A-T: 2 hydrogen bonds




Not All Base Substitions Are Created Equal
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* Transitions

* Purine fo purine (A2 G or6 2 A)
* Pyrimidine to pyrimidine (C= Tor T C)

* Transversions

* Purine to pyrimidine (A= Cor T;62>Cor T)
* Pyrimidine to purine (C> AorG; T> Aor 6)

Transition rate ~2x transversion rate
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Substition Rates Differ Across Genomes
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Alignment of 3,165 human-mouse pairs

B-13 B-14
//-
SN The PAM Model of Protein Sequence Original PAM Substitution Matrix
778} Evolution
Original amino acid
A R N D C Q E G H I L K M F P, S T
A TLKKVQKT s Ala | Arg | Asn |Asp |Cys |GIn |Glu |Gly |His |Ile |Leu Lys |Met | Phe |Pro | Ser | Thr %p ¥yr :/,a]
.« . . . B: TLKKVQKT
L4 Emplr'ICCll da'l'a—bClSed SUbSTITUTIOH C TLKKIQKQ ﬁ igg T
1. . D: 1 1 TKLQKQ D [1s4 0 532

E TITKLQK

martrix FTLTHIGKG 8 T o s
G TLTQIQKQ . E [ 266 0 94 831) [0

. o B G [s79 |10 156
* Global alignments of 71 families of Q@ ATLKKVaKT 6 e - T R
. = 66 30 36 13 8
closely related proteins STERRVRT O 2 O
. TLKKVOKT g K [s7 477|322 |85 0 147 [104 |60 23 43 39
: E lI;/[ 29 17 0 0 0 20 0 5 20 90
. CGTLKKIQKQ § 20 7 7 0 0 0 0 17 20 90 167 0 17
* Constructed hypothetical (et g g 7 O K L 0 O R i - o o
. 590 7 5 \
evolutionary trees B TRLGKS . N ) R N N M £t £ Lo s
Y [ 20 36 0 30 0 10 0 40 13 23 10 0 260 0 22 23 6
4:TITKLQKQ \ j;s 20 13 17 33 27 37 97 30 661" [ 303 [17 77 10 50 43 186 [0 17
. . . . . R N D C Q E G H I |L K M F P
° BUIH' mC(Tr'lX Of 1572 amino ClCld ETITKLQKQ Ala | Arg | Asn [Asp | Cys-|Gln |Gl |Gly |His |lle |Leu |Lys | Met | Phe | Pro ger %r "é’p 'IY'yr ¥a1

3TLTKIQKQ
FETLTKIQKQ

point accepted mutations

5TLTKIQKQ
GTLTQIQKQ
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Dayhoff,1978

Count number of times residue / was replaced with residue j

B-16




Deriving PAM Matrices >/\\ Deriving PAM Matrices
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Calculate mutation probabilities

For eac/h amino acig,/calcula‘re IEEIEREN e s o for each possible substitution
its relative mutability, i.e., s
the likelihood that the amino Ry
acid will mutate: Asn 134 His 66 M/',j = relative mUTClbIlI"'y X
S e proportion of all substitutions to j by changing to /
Glu 102 Pro 56
- # times amino acid j mutated B N py
Y~ fotal occurrences of amino acid j 1. s Phe 41 M = mjX Aij
Met 94 Leu 40 N
Gln 93 Cys 20 ZA ij
Val 74 Trp 18 !
Sourcci.' From Dayhoff (1978). Used with
permission.
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N\ PAMI Mutation Probability Matrix %\\ ‘

Deriving PAM Matrices

N

Original amino acid

A R N D C Q E G H I L K M F P. S T W Y \ M H
Ala | Arg |Asn |Asp |Cys |Gln |Glu |Gly [His |lle |Leu |Lys |Met |Phe |Pro |Ser |Thr |Tip | Tyr | Val CC(ICUIC(TC IOg OddS r‘QTIO 1.0 COHVCI"T mUTGTlon
A loss7 |2 9 10 3 8 17 21 2 6 4 2 6 2 22 35 32 0 2 18 o . .
S T S RS R T Y S W S S S N O probability to substitution score
N |4 1 9822 | 36 0 4 6 6 21 3 1 13 0 1 2 20 9 1 4 1
D s 0 a2 9859 | 0 3 53 6 4 1 0 3 0 0 1 5 3 [ 0 1
[H 1 [ 0 9973 | 0 0 0 1 1 0 0 0 0 1 5 1 0 3 2
] Qs 9 4 5 0 9876 | 27 1 23 1 3 6 4 0 6 2 2 0 0 1
1 E [ 10 [ 7 56 0 35 9865 | 4 2 3 1 4 1 0 3 4 2 0 1 2
2 G |21 1 12 11 1 3 7 9935 | 1 0 1 2 1 1 3 21 3 0 0 5
g H1 8 R E 1 20 |1 0 9912 | 0 1 1 0 2 3 1 1 1 4 1 . .
S Mz [ 3 3 [z [x |z Jo Jo Jewmls |z Jm 7 Jo [z |7 Jo {1 1= Mutation probability
) L |3 1 3 0 0 6 1 1 4 22 9947 | 2 45 13 3 1 3 4 2 15 .. . . .
g K |2 37 25 6 0 12 7 2 2 4 1 9926 | 20 0 3 8 11 0 1 1 (PI"Ob. SUbST/TL/fIDH f/’om J 1.0 /
3 M1 1 0 0 0 2 0 0 0 5 8 4 9874 [ 1 0 1 2 0 0 4 (M ) / /s an accepfed mufaf/‘on)
§' Fl1 1 1 0 0 0 0 1 2 8 6 0 4 9946 | 0 2 1 3 28 [ s 10 I 1)
P |1 B 2 1 1 8 3 2 5 1 2 2 1 1 9926 | 12 4 0 0 2 .. = —
S |2 1 34 7 11 4 6 16 2 2 1 7 4 3 17 9840 | 38 5 2 2 1) X 0910 f
T [22 2 13 4 1 3 2 2 1 11 2 8 6 1 5 32 9871 | 0 2 9 i
Wlo 2 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 9976 [ 1 [ \
5 1 0 5 0 5 0 T 0 1 T 1 0 0 2 |o 1 T 2 5945 |1 Frequency of residue i
13 2 1 1 3 2 2 3 3 57 11 1 17 1 3 2 10 0 2 9901 - . .
(Probability of amino acid i
Dayhoff,1978 occurring by chance)




Wl Deriving PAM Matrices

Scoring in log odds ratio:

- Allows addition of scores for residues in alignments

Interpretation of score:

- Positive: non-random (accepted mutation) favored
- Negative: random model favored

Cys

Ser

Pro | -

Gly—v

s [T ]p[a]c

Using PAM Scoring Matrices

PAMI: 1% difference (99% identity)

Can “evolve” the mutation probability matrix by
multiplying it by itself, then take log odds ratio

(PAMn=PAM matrix multiplied by itself n times)
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* Like PAM, empirical proteins substitution matrices,
use log odds ratio to calculate substitution scores

* Large database: local alignments of conserved

regions of distantly related proteins
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| BLOSUM Uses Clustering To Reduce
Al Sequence Bias

Cluster the most similar sequences together
Reduce weight of contribution of clustered sequences

BLOSUM number refers to clustering threshold used
(e.g. 62% for BLOSUM 62 matrix)

BLOSUM and PAM Substitution Matrices

S\

change
BLOSUM 30 PAM 250 (80)
BLOSUM 62 PAM 120 (66)
BLOSUM 90 PAM 90 (50)
% identity % change
BLAST algorithm uses BLOSUM 62 matrix B-26

W' pAM and BLOSUM

PAM

Smaller set of closely
related proteins - short
evolutionary period

Use global alignment
More divergent matrices
extrapolated

Errors arise from
extrapolation

BLOSUM

Larger set of more
divergent proteins-longer
evolutionary period

Use local alignment

Each matrix calculated
separately

Clustering to avoid bias

Errors arise from
alignment errors

AL

Importance of Scoring Matrices

» Scoring matrices appear in all analyses involving
sequence comparison

* The choice of matrix can strongly influence the
outcome of the analysis




