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Local alignment - review

» Two differences from global alignment:
- If a score is negative, replace with O.

- Traceback from the highest score in the
matrix and continue until you reach O.
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What would the best local alignment (probably) look like?




Score Matrices

Where do all those numbers come from?
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Protein score matrices

- Quantitatively represent the degree of conservation
of typical amino acid residues over evolutionary time.

» All possible amino acid changes are represented
(matrix of size at least 20 x 20).

* Most commonly used are several different BLOSUM
matrices derived for different degrees of
evolutionary divergence.

* DNA score matrices are conceptually similar.



BLOSUMG62 Score Matrix
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BLOSUMG62 Score Matrix

-

O

o £

(-] o -

i £ L

T O

Q SVI

. >~ [\ VI

o= S ©

O O =y

n O O .=

* eumm Sm

T £

o o T o

o c a =

O O ©
V033A31223331211220314
1] "R " F BN 1 E1 F1 B ] g1 K1 8 L I B ]
Y22232123211213322271
=1 V] v el ] %] ] O LI A R A R R | LI I B B | ]
W33442232232311432123
.1 “p 1 "l O ®BHcEY ORIl =N W Ok el TRl O] -.1 ]
T01011112211112115220
] &0 N ] ¥l Wl CElOCEL -3 TR 51 =B
~ | | O O[O O| - N[N|O| | N[~ ||~ O N[N
o) ' ' O T e I i e v IR
P12213112233124711432
: 1 %1l "FEl =il Tl B}l O RE] K O OFE] CEl "™TI1 Ll R ™ L R R DR B AR R B |
F23332333100306422131
| DU A B B R A R A DN D D A B AR B AR | ] LI I B B | ]
M11231023212150211111
LI B A B A D e | LI I R ] 1 L I R D A R A B R |
K12013112132513101322
1 O I ¥ 1 %1 51 51 %1 3 51 Y1 %1 3
L12341234324220321211
-_.-_-_- 1 LI R B B A N A ]
wat| | R | TR T T | | =R V| T| P
H20113002833121212223
1 [ = 1 | I A B D RN A R A DR D D R D A B B | ]
G02013226244233202233
] g1 GEQ =F1 % 2l %l %1l Nl ¥l %1l R | S B S R o (N |
MEEECANEEEEREEEEEEEEHEE
Q11003522032103101212
1 1 1 LI . ] [ O L ) § 1 K1 vl @
003339343311312311221
L R B B | £1 %1 %] ¥ ¥l &1 §¥1 1! R OCRL OB RO ORI O
D22163021134133101433
LI B ] 1 L I I R A R RN R AR D AR BN AR B SR | LI A R R B R |
N20613000133023210423
1 .__ 5 1 % B ! T I | Y1 ¥0N 8
R15023102032213211323
1 - n 8 1 | I I ) LI A R R N RN A RN B AR BN AR RN AR |
| | N N O v~~~ O N| v~~~ | N[~~~ O M| ANl O
< " R ) vl Dol T T R R B A Vo
<|lx|Z(alo|glwlo|IT|—-|4AX| Siwuiajlnl-2>]>




Amino acid structures
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Deriving BLOSUM scores

* Find sets of sequences whose alignment is thought to
be correct (this is partly circular - requires alignment).

* Measure how often various amino acid pairs occur in
the alignments.

* Normalize to the expected frequency of amino acid
pairs randomly in the same set of alignments.

* Derive a log-odds score for aligned vs. random.



Example of alignment block
(the BLO part of BLOSUM)

31 positions (columns)
61 sequences (rows)

 Thousands of such blocks go into
computing a single BLOSUM matrix.

« Represent full diversity of sequences.

» Results are summed over all columns of
all blocks.
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Pair frequency vs. expectation

Sample column from an

Actual aligned pair frequency: alignment block:
1 this is called the sum D
qij = — Z Cij of pairs (the SUM E
T part of BLOSUM) D
N etc.
where Cij IS the count of i pairs D
and T is the total pair count. D
6 D-D pairs
4 D-E pairs
Randomly expected pair frequency: 4 D-N pairs
1 E-N pair
eaa — pa pa
€, = PPy + PPy = 2 P, P, (a multiple alignment of N
sequences is the
e equivalent of all the
where pa_and py, are t_he ov_erall probabilities pgirwise alignments,
(frequencies) of specific residues a and b. which number (N)(N-1)/2.)




Log-odds score calculation (so adding scores
== multiplying probabilities)

_ Iog2 qu counted pair frequency

el j expected random pair frequency

For computational speed often rounded to nearest integer and (o
reduce round-off error) they are often multiplied by 2 (or more)
first, giving a “half-bit" score:

qu

€

matrixScore = (rounded) 210g, —

(computers can add integers faster than floats)



P

)¢ —~ %/OU
° anmm S ls
C + 9 O =
) * - s -h

€ O = S5

o O <
O M ..,.a- o + o
= O +
S O >~ O

S A _ QO a9
O Y— c _ >
S ! O eaa
Y— < 3 <
OIG o S S 3
~—/ . o <o
V03331223331211220314
LI R R D R D B A R B N AR R B | 1 |l K| % LI B
Y22232123211213322271
51 81 S Rl TRl Okl EE Y LI D D R DR R | LI I B N ) ]
W33442232232311432123
R G A B N B B (R A BE AN B Rl I o I U B G B N (e AN R LI I I B I ) )
T01011112211112115220
1 LI I D DR R AN A A N AR N AN D N D AN DU A RN R B R ) LI I )
|| O O O|O| -~ N N|O| | N| ||~ O N| N
S ) 1 1l & % 1 Tl K 51 k) TR
P12213112233124711432
£ 1 "%kl Rl O El R CWl Rl ¥l Oyl @8] TFE] ) 1 K <& 1 K1 =%
N OO O(N[O| O O~ OO M O| O N|N| —~| O «—
L) o] O T T e ] T e T [} [ R ) ]
M11231023212150211111
] & ] 581 "X °F il TR 1 ] 8] Al W] =R
K12013112132513101322
] §1 “% S I B X (R 1 =5l & ¥l %1 SEl =%
L12341234324220321211
| S I BN N 3N DN O (R RN DR SN DR B D BN B 1 g1 X1 Tl "] &
—| | R R | R T| R | R R N | R T2
H20113002833121212223
) LI R 1 1 “FE'] | ] R &)l Bl LR )
GO2013226244233202233
] L I I R N B B | L I I I DR N D N A R AR R B | 1 1 EEl1 X
_._._10024252033123101322
' 1 1 L . "] ¥ B 31 TER SR] TR
Q11003522032103101212
] 1 1 LI I 2l K ¥l 5] =l 8
ol ™M DN | | O[O | | O [N M| v~ | «—| N[ |
C LI I I R $ 1 &1 ¢¥1 ¥} 4] ¥ &1 4} ] R} )] 0] OE] KL D
D2216 OlN|[~~ |~ DT | D D | O] | T| O ™
¥l g 1 $1 1 7] ] )] Y] ¥ @ ] E] GEY] S
N20613000133023210423
' ) L ] i (e B I [ N B B |
R15023102032213211323
) ) B | 1 LI B 1l %) -1 &1 El -El %1 %
T | N N[O~ | | O N[~ | | N~ O| M N O
A 1K) % LI R | 2l "8 | "=l N | ek |
<lx|zZzlalo|loglw o|T|l—|2XSwulajln|l-Z>>

Reverse calculation of aligned C-C pair frequency in BLOSUM data set:

0.0162%0.0162 = 0.000262

22.63 € =

= 2(4'5) =

qCC

C-C

eCC

thus Q.. =22.63%0.000262 =0.00594

(in words, C-C pairs are 22.6 times more frequent than you would expect by chance)



Constructing Blocks

Blocks are ungapped alignments of multiple sequences,
usually 20 to 100 amino acids long.

Cluster the members of each block according to their
percent identity.

Make pair counts and score matrix from a large
collection of similarly clustered blocks.

Each BLOSUM matrix is named for the percent identity
cutoff in step 2 (e.g. BLOSUM70 for 70% identity).




Stop here if short of fime

Gap (indel) scores
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Randomly Distributed Gaps

Py = K (probability of a gap at each position in the sequence)
P(9,) =k, P(g,) =k’,..., P(g,) =k"

Expectation for Linear Gap Penalty

[note - the slope of the line in
this plot will vary according to
the frequency of gaps, but it
will always be linear]




Distribution of real alignment gap lengths in a large

set of X-ray structure-aligned proteins
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Nowhere near linear - hence the use of affine gap penalties (there

ideally would be several levels of decreasing affine penalties)



What you should know

* How a score matrix is derived
* What the scores mean probabilistically

* Why gap penalties should be affine



