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Two widely used families of Amino Acid Substitution Matrices
Parameterized for evolutionary divergence (N)

* PAM matrices, Dayhoff et al, 1978

* BLOSUM (Block Sum) matrices, Hennikoff &HHennikoff, 1991

Amino Acid Substitution Matrices
Parameterized for evolutionary divergence (N)

Overall strategy for both PAM and BLOSUM
1. Trusted amino acid alignments
2. Obtain amino acid pair counts (Ayy)with corrections for
* Evolutionary divergence
* Sample biases
3. Estimate substitution frequencies, q,’}’y, from pair counts, A’,}’y

. . . N
4. Log odds substitution matrix:  $V/x,y] =c log L
DxPy
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Log odds substitution matrices

Two sequences have N PAMs divergence , if,
on average, N amino acid replacements per

100 residues occurred since their separation Frequency of x aligned with y
/ in sequences with divergence

v N
SN [x,y] =c log %‘i

y
/ \ Frequency of x aligned with

y in “random” sequences

Scaling
constant

Two widely used families of Amino Acid Substitution Matrices
Parameterized for evolutionary divergence (N)

»PAM matrices, Dayhoff et al, 1978

* BLOSUM (Block Sum) matrices, Hennikoff &HHennikoff, 1991
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PAM Matrices

Atlas of Protein Sequence & Structure
1965 - 1978

Margaret Dayhoff
PhD in Chemistry, 47
Watson Computing Lab

Examined 1572 changes in 71 groups Fellow 47 - 48
of closely related proteins

Evolutionary divergence (amino acids)

* PAM: Percent Accepted Mutation
* Accepted Mutations are mutations that are retained and passed on to

future generations

* We say the divergence between two sequences is N PAMs, if, on average,
N amino acid replacements per 100 residues (including multiple
substitutions) occurred since their separation.
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1. Trusted multiple sequence alignments

Examined 1572 changes in 71 groups
of closely related proteins

At least 85% identical

Amino Acid Substitution Matrices
Parameterized for evolutionary divergence (N)

Overall strategy for both PAM and BLOSUM
1. Trusted amino acid alignments
2. Obtain amino acid pair counts (4%, )with corrections for
* Evolutionary divergence
* Sample biases
3. Estimate substitution frequencies, qﬁc\’y, from pair counts, Aﬁy

. . . N
4. Log odds substitution matrix:  $V/x,y] =c log L
DxPy
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2. Obtain amino acid pair counts (Axy)with corrections for
evolutionary divergence and sample biases

Counting amino acid pairs on a tree:

For each unrooted tree with k leaves
» Select the tree(s) that require the fewest substitutions to explain the data

* Count amino acid pairs on the branches of the tree

Suppose we have an alignment of four sequences. There are 3
hypotheses (i.e., 3 unrooted trees) for their evolutionary relationships

1 3 1
AEIR QKLH AEIR DEIR
1. AEIR
2. DEIR , DEIR RHLH OKLH AHLH
3
3. QKLH (1) (1)
4. AHLH
1err DEIR 2

<

(1)

AHLH QKLH

How to select the tree(s) that require the fewest substitutions to explain the data...
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For a given a tree, assign labels to internal nodes that minimize the
number of changes required to explain the data

1 3
1. AEIR
2. DEIR There may be more than one set of
3. QOKLH labels that satisfies this criterion
4. AHLH

Tree | requires six substitutions

Three most parsimonious ways to
assign internal labels to Tree (I)

In each case, six substitutions are
required to explain the data.

AEIR A-Q OKLH AEIR A-Q QKLH

DEIR AHLH DEIR K-H auru
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Select the most parsimonious tree; i.e., the tree that requires the
fewest substitutions to explain the data.

1
AEIR QKLH AEIR DEIR

DEIR AHLH 4 QKLH AHLH
3
(1) (1)
Tree | requires six substitutions

lAEIR DEIR 2

AHLH
(I1II) explain the data

> < Convince your self that Trees Il and IlI
QKLH

require more than six substitutions to

2. Obtain amino acid pair counts (Axy)with corrections for

evolutionary divergence and sample biases

Counting amino acid pairs on a tree:

For each unrooted tree with k leaves

* Select the tree(s) that require the fewest substitutions to explain the data

» Count amino acid pairs on the branches of the tree

* For each branch, v
* if labeled x y, AY, = AYy+1 and A}, = AY,+1

« if labeled x x, AN = AN +2
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Impact of counting pairs on a tree: some examples

1 3
AEIR QKLH

A-Q
E_
I-L
AEIR o AELH
A-D E-H

DEIR RHLH
2 4

Counts along tree branches

1. AEIR

2. IR
3. LH

4. AHLH

Pairwise counts in the MSA

Apq =1

Impact of counting pairs on a tree: some examples

Counts along tree branches

1. R
2. R
3. H
4. AHLH

Pairwise counts in the MSA

Apq =1
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Impact of counting pairs on a tree: some examples
1 3
AEIR ag OKLH 1. AHIR
L - 2. DEIR
AEIR — AELH 3 Q
perr ETEN aHLE 4., A
2 4
Counts along tree branches Pairwise counts in the MSA
A =1 Agg =

Amino Acid Substitution Matrices
Parameterized for evolutionary divergence (N)

Overall strategy for both PAM and BLOSUM
1. Trusted amino acid alignments
2. Obtain amino acid pair counts (Ayy)with corrections for
* Evolutionary divergence
* Sample biases
3. Estimate substitution frequencies, qﬁy, from pair counts, Aﬁc"y

N
4. Log odds substitution matrix:  SV/x,y] =c log %ﬁ
xPy
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3. Estimate substitution frequencies, qfcvy, from pair counts, Ay,

* Markov model with 20 states (A, C, D, E ... Y)

« Estimate 1 PAM transition matrix P from Ayy
* N-PAM transition matrix: PN = (P1)N

¢ qgcvy = Py legl N

* SVx,y] =c log 4w
DxPy

Is P{},a symmetric matrix?

Is SN[x,y] a symmetric matrix?

Two widely used families of Amino Acid Substitution Matrices
Parameterized for evolutionary divergence (N)

* PAM matrices, Dayhoff et al, 1978

»BLOSUM (Block Sum) matrices, Hennikoff & Hennikoff, 1991
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BLOSUM Matrices

* Trusted data
* 2000 blocks of conserved regions in ~500 groups of proteins
* Count amino acid pairs: Aﬁy
* Parameterize by evolutionary distance, N
* Correct for sample bias
* Calculate amino acid frequencies:
* Related pairs: qy),
* Background pair frequencies calculated from blocks: E.,
Log likelihood scoring matrix

am
e SN=2 long—y
xy

1. Trusted multiple sequence alignments

**BLOCKS from MOTIF*+
Tel
9 sequences are included in 4 blocks

Tcl A, width = 46
RCEYVEKKPLOPAT c

DmBari-1 3 PINRTERTETALE FUYOCSTS
Dol | 98 KVPLPSPRHIKARLSLAKTYLNWPVSKWRNILWTDGSKIMLPGGTG ~ H
DhMinos [156 EKPLLTLRQKKKRLQWARERMSWTQRQWDTI IPSDEAXPDVSVGDT] 2000 blocks representlng
TC1A_CAEBR | 53 KKPLVSLENRKARVEWAKQHLSWGPREWANHIWSDESKFNMPGTDG .
TC1A_CAREL 53 KKPFI IWSDESK! PFGSDG
TC2A_CAEBR | 53 KKPSISKKNRIARVAWARAHLHWGRQ 500+ groups of protelns
TCIA_CAEEL [110 KLRPAPLLSADHKLKRLEPAKNNMGTNWSKVVPSDEKK!
EsTesl
DhUhu
DmBari-1 (
DmHB1 (
DhMinos (
TC1A_CAEBR (
TCLA_CAEEL (
TC2A_CAEBR (
TCIA_CAEEL ( TVMVWGAF
EsTes1 | 214 GGGSLMIWGSF
DhUhu (
Tcl D, width = 15
DmBari-1 ( 18) 267 WPPUSPDLNITERUW
DeHBI ( 18) |247 WQAPPSHLNPIENLY
DhMinos ( 18) |304 WPSNSPDLSPIENIW
TC1A_CAEBR ( 18) [201 WPSQSPDLNPIEHMW|
TC1A_CAEEL ( 18) [201 WPSQSPDLNPIEHLM|
TC2A_CAEBR ( 18) [201 WPSQSPDLNPIEHLW
TCIA_CAEEL ( 18) |255 WPARSPDLNPIENLMW|
EsTesl ( 22) |297 WPAQSPDLNPIELVW . i R R
DhUhu ( 18) |229 XPAQSPDVNVIXNLW Automated construction and graphical presentation of protein blocks

from unaligned sequences

Shmuel Pietrokovski **

104, US4
4, L

Alford **

Steven Henikoff ***, Jorja G. Henikoff *', Wil

Scwmer Diwum, Fred Homhimsem €
o i, Freed Mo

Raceivod 10 May 1993, revied 29 Juse 1995, sccegaed 1 bty 1995, published | Ang 1995
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2. Count amino acid pairs: AY,

Parameterize by evolutionary distance, N
Correct for sample bias

* Cluster sequences such that if s1 and s2 are in different clusters, then
identity(s1, s2) < N%

* Count amino acid pairs in s1 aligned with s2 only if s1 and s2 are in
different clusters

* Normalize for cluster size

An example...

BLOSUM clustering example

Percent Sequence Identity

1: KKRK [21 [3] [4] [5] [6]
2. KKKK [1] 0.75 0.5 0 0.25 0.25

[2] 0.25 0 0.5 0.25
3: KNRN [3] 0 0.75 0.25
4 : NRNR [4] 0 0.75
5: KNKN [5] 0.25
6: KRNR

Unclustered sequences: Every sequence is at least 25% identical

12
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Percent Sequence Identity
[2] [3] [4] [5] [6]
[1] 0.75 0.5 0 0.25 0.25
[2] 0.25 0 0.5 0.25
[3] 0 0.75 0.25
[4] 0 0.75
[5] 0.25
1: KKRK < 25%
2: KKKK identical
3: KNRN
5: KNKN
4 : NRNR
6: KRNR
Percent Sequence Identity
[2] [3] [4] [5] [6]
[1] 0.75 0.5 0 0.25 0.25
[2] 0.25 0 0.5 0.25
[3] 0 0.75 0.25
<65%id
<es%id |17 KERK ; Eg T
i .
°.|2: KKKK
3: KNRN
5: KNKN
4 : NRNR ;
6: KRNR
<65% id G\
0.7
0.75

13
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Two widely used families of Amino Acid Substitution Matrices
Parameterized for evolutionary divergence (N)

* PAM matrices, Dayhoff et al, 1978

* BLOSUM (Block Sum) matrices, Hennikoff &Hennikoff, 1991

Similarities and differences between PAM and BLOSUM

PAM

BLOSUM

Evolutionary
model

Explicit evolutionary model

None

Data Full length MSAs of closely Conserved blocks. i.e.,
related sequences. ungapped local MSAs

Bias Trees Clustering

correction

Multiple Markov model: P"=(P1)" Implicitly represented in data

substitutions (clustering)

Evolutionary |Markov model: P"=(P1)" Clustering

distance

Matrices Transition and log odds scoring |Log odds scoring matrix only.
matrices

Parameter n |Distance increases with n Distance decreases with n

Biophysical |Derived indirectly from data Derived indirectly from data

properties

14
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A GUIDE TO THE TWENTY COMMON AMINO ACIDS

AMINO ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS, THERE ARE OVER 500 AMINO ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NON-ESSENTIAL AMINO ACIDS CAN BE SYNTHESISED IN THE BODY.

Chart Tey: .MIPHATI( @ ~romatic . ACIDIC . BASIC nvoroxviic () sutrur-conTaming . AMIDIC ONQN—FSSFNTIAI {1 EsSENTIAL

- - -
4 A 4 ~ 4 ~
7 8N ! FE Y 4 f
l\/ﬁ)knul I\(ﬁ)\nnl 1 on |
\ L \ N, f L S TR |
~ s ~ s’ ~ 4

- - -

wmo OLfCiNE 0 ISOLEUCINE @D LEUCINE @ PROLINE 9 VAL [v]
Io iy tew o v
-
' ~
I 2\
e on |
N '
o
ASPARTICACID (@) sLUTAMIC ACID @ ARGININE ) HISTIOINE ()
Asp Glu Ag His
’ e Y
o 7 o \
HS/\‘)kOH 1 /SV\l)LM 1
\ NH, \ Ly '
N b 5
. e
Lysve @ SERINE THREONINE CYSTENE () METHIONINE () ASPARAGINE ) GLUTAMINE @)
iys Ser e o Met Asn Gin

Note: This chart only shows those amino acids for which the human genetic cade directly codes for. Selenocysteine is often referred to as the 215t amino acid, but is encoded in a special manner
In some cases, disting between tic acid and g acid is difficult. In these cases, the codes asx (8) and gix (2) are respectively used.
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Comparing PAM and BLOSUM matrices

Less
divergent

Sequence BLO 1

PAM identity | SUM
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More
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