Alignment IV
BLOSUM Matrices



BLOSUM matrices

- Blocks Substitution Matrix. Scores
for each position are obtained
frequencies of substitutions in blocks

of local alignments of protein
sequences [Henikoff & Henikoff92].

* For example BLOSUMé?2 is derived

from sequence alignments with no
more than 62% identity.



BLOSUM Scoring Matrices

- BLOck SUbstitution Matrix

* Based on comparisons of blocks of sequences
derived from the Blocks database

* The Blocks database contains multiply aligned
ungapped segments corresponding to the most
highly conserved regions of proteins (local
alignment versus global alignment)

- BLOSUM matrices are derived from blocks whose

alignment corresponds to the BLOSUM- matrix
nhumber



Conserved blocks in alignments

ABCDA. . .BBCD
ABCDA.A .BBCB
BBCDABA .BCCA
AACDAC.DCBCD
CBADAB . DBBDC
AACAA. . .BBCC
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Constructing BLOSUM r

To avoid bias in favor of a certain protein, first
eliminate sequences that are more than r7%
identical

The elimination is done by either
- removing sequences from the block, or
- finding a cluster of similar sequences and replacing it by
a new sequence that represents the cluster.
BLOSUM ris the matrix built from blocks with no
more the r% of similarity

- E.g., BLOSUM62 is the matrix built using sequences with
no more than 62% similarity.

- Note: BLOSUM 62 is the default matrix for protein
BLAST



Collecting substitution statistics

1. Count amino acids pairs in each
column; e.q.,
- 6 AApairs, 4 AB pairs, 4 AC, 1 BC, O BB,
O CC.
- Total = 6+4+4+1=15
2. Normalize results to obtain
probabilities (pys and g,y S)
3. Compute log-odds score matrix from
probabilities:
s(X.Y) = log (gxy/ (px p)))
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Computing probabilities

Sum the scores for each columns across columns:
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Normalize the pair frequencies so they will sum to 1:
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2 1 = number of sequences
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From h‘r‘rp://www.csi’r.fsu.edu/~swofford/bioinformaTics_springO5/Iec’rures/lec‘rureO3-blosu91.pdf



Computing probabilities

Calculate the expected probability of occurrence of the ith residue in an (7.j) pair:

: qy

Pi=di+ Q=
J=i

The desired denominator 1s the expected frequency for each pair (assuming
independence):
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Computing probabilities

Each entfry for (7.j) in the log odds matrix 1s then equal to g;/e;;

Log odds ratio: §.. = lo

Value stored for BLOSUM = 2 5., rounded to nearest integer (“half bit” units)



Example

Matrix of Cj values:

sequence | AATI -:5&--1-1-;-16 ———————————————————————————————————
sequence 2 S AL !
sequence 3 T A L I ! 0
sequence 4 T AV I E 3 ¢
sequence 5 A AL S |, 0
T 4 2 1
Vo 1 3 0
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From h‘er://www.csi’r.fsu.edu/~swofford/bioinforma’rics_springO5/lecTures/lec‘rureOB-blosmirCS\.pdf



Matrix of g,; values: Vector of p; values:

\

e oo 6/ ,. L
1 pa = _.1 1+ F,],.f" 30 =14/30 = 0.466
0 . 4y | _
3 3/ pr=|0+=] /30=2/30-0.066
, %0 0 .2
0 0 (6
730 | Py = ka + E] 30-6/30=02
4/ j.-"'f /f j-I 'I|l
30 30 /30 o
i —_
Yo Fao 0 p=|0+ % | /30=2/30-0.068
f 6"5. ) —
pr =|1+=|/30=4/30-0133
A I L S T Y . 2)f
0.366 pe =(0+2] 30-2/30-0068
0 0 2
0 01 01
0066 0 0
0133 0 0 0066 0033

0 0033 01 0 0 0



Matrix of ¢, values:

A |

I fH u]f/u 1:;/3(1): 1

- AHol%0) A% (%) ﬁ

5 ' 2(1440)(40) 3{%0}{%@] 3[%0_]{%0} |%n |

T F’(H soll? 39] 2 %30/ %40) 21:%9_:3(_4 3::1_] 3(%@}{%0_} (%4o) .
v (W0l %h0) 2A%40)%50)  2%0)%0) 2A%0%h0) A% 00 (50)



Log odds ratio:
0.366 | |
e.g., Saa =log, VA =1o0g,1.6837 =0.7516
(")

BLOSUM value for AA = round(2:-0.7516) =2

Full matrix:

A2

12 9

L'? 4 3
Si0 72 7 9
T:0 7 2 4 2
ﬂ.-':*’} 4 4 7 7

Note: undefined values result from unobserved pairs (would ordinarily not happen with real data)
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Comparison

* PAM is based on an evolutionary
model using phylogenetic trees

+ BLOSUM assumes no evolutionary
model, but rather conserved "blocks”
of proteins

BLOSUM 45 BLOSUM 62 BLOSUM 90
PAM 250 PAM 160 PAM 100

More Divergent S Lo:c Divergent
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