BIOS 477/877
Bioinformatics and Molecular Evolution

Instructor: Etsuko Moriyama
(School of Biological Sciences)

Spring 2026 | Lecture 8
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Today's topics

> Alignment strategy: a good practice
> Gap Penalty
> Scoring (Substitution) Matrix

» Graduate Only Assignment
> Assignment 4
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Alignment Strategy

» Protein alignment is easier than DNA alignment
=> DNA has only 4 nucleotide types (they can match just by
chance more easily)
=> Protein sequences evolve more slowly than DNA sequences
(genetic code is redundant; nonsynonymous substitutions
are less frequent than synonymous substitutions)
> If DNA sequences are from coding regions:
=> Translate them, and align at the protein level first
=> This ensures gaps inserted between codons (prevents
insertion of frame-shifting gaps)
» Do not blindly rely on the default parameter set
=> Try various scoring matrices, gap penalties, etc.
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DNA alignment at protein level

1. Translate DNA sequences to amino acid sequences

2. Align them at the protein level

3. Reverse translate the protein alignment to DNA
alignment

[Some useful tools]
= TranslatorX
= RevTrans 2.0
= PAL2NAL
= tranalign

(included in EMBOSS servers; see the course/Link page.)
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Global vs. local alignments

Global alignment

(semi-global alignment) Local alignment

s(a;by) =2 where a=b; q
s(aby) = -1 where aith, } Match/Mismatch scores
w=-2 — Gap penalty

(w=0 for free end gap) BIOS477/877 L8 -5

Insertions and deletions: mechanisms

> A gap of length k # k gaps of length 1

T ATTCCG
deletion ‘

T ATCCG
deletion *

ATTCCG
‘ deletion o

ACG
Single insertion/deletion event

c ACCG
deletion ‘

ACG

Multiple insertion/deletion events

Which is more likely?
Which is biologically easier?
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http://translatorx.co.uk/
http://translatorx.co.uk/
https://services.healthtech.dtu.dk/services/RevTrans-2.0/
https://services.healthtech.dtu.dk/services/RevTrans-2.0/
https://www.bork.embl.de/pal2nal/
https://www.bork.embl.de/pal2nal/
https://www.bioinformatics.nl/cgi-bin/emboss/tranalign
https://www.bioinformatics.nl/cgi-bin/emboss/tranalign

Insertions and deletions: mechanisms
(continued)

= Indel mutations are often strongly deleterious
= Indel events are rare (less common than point mutations)

= Multi-residue indels are not uncommon
(e.g., hotspot, repetitive DNA)

HR
oy T
sster
chvomatid
,@sz]m Perfect repair
DB

R DSB: double-stranded

I 1111111 R 11 breaks

(b) HR: homologous repair

Perfect repair / small indel
T . MMEJ NHEJ: non-homologous
AL Polymerase

end joining
I
iy \\ mgwwv"u?:%mn MMEJ: microhomology-
T webeasssns \ mediated end joining

‘Small to medium-size deletion
Small indels o

Redeling et al. (2024)
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Insertions and deletions: mechanisms
(continued)

= Indel mutations are often strongly deleterious
= Indel events are rare
(less common than point mutations)

= Multi-residue indels are not uncommon
= Fewest number of unlikely events

= most likely evolutionary hypothesis

=> Maximum parsimony

AATCTATA AATCTATA

2 indels I l Il indel )
(more likely than 2 indel events)

AA-G-ATA AA--GATA
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Indel evolution and gap penalty

> Fewer, but longer, indel event is more
likely than too many small indels

. =

During alignment:

ATTCCG
| deletion Zc

ACG [Extension of existing gaps]
/\ should cost less than

+ Indels of muitiple residues
- Single insertion/deletion event

s - -
creation (or opening)

of a new gap
Two types of gap penalties
are required
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Gap penalty functions

> Linear (length-proportional) gap penalty:
w(x) =gx
g: gap penalty
x: length of a gap

> Affine gap penalty:
wW(x)= [g,+ gx-1) whenx>0
0 when x=0
Zo: gap opening penalty
Ze: gap extension penalty [usually g, > g.]
x: length of a gap

BIOS477/877 L8 - 10
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Gap penalty functions
- & ]
i Affine gap penalty:
g § A o~ Extension of existing gaps
8 \?’0 £ine gop costs less than
& K e x-1) creation/opening of new gaps
; Gap length (9

(g,: gap opening penalty, g,: gap extension penalty)
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Simple alignments

> Varied length & gaps considered
} ‘ Yt d

din g o
TA TA
1 Tttt 171 1t tt 1
Score= 3 3 1
Alignment Score =
(match score) x (the number of matched pairs) +

(mismatch score) x (the number of mismatched pairs) +
(gap penalty) x (the number of gaps)

‘ Use match score = 1, mismatch score = 0, gap penalty =-1
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using linear gap penalty BIOS477/877 L8 - 12
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Simple alignments (with affine gap penalty)

> Varied length & gaps considered

| L (=2
TA ATA AAQOTﬁi;
:ﬁgﬁTA TA
T Sttt T8 1t tt t
2 gap events 1 gap event 2 gap events
Length=2

Alignment Score =
(match score) x (the number of matched pairs) +
(mismatch score) x (the number of mismatched pairs) +
Y[(for each gap event) = {(gap opening penalty) +
(gap extension penalty) x (gap length - 1)}]
Match score = 1, mismatch score = 0, & using affine gap penalty:
gap opening penalty = -2, gap extension penalty = -1

BIOSH £8-13
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Empirical indel distribution: DNA

Based on the comparisons of >1700 processed pseudogenes against ‘

their functional homologues in the human genome

A 1800

Total numbers

“I = Deletions are more
3000 frequent than insertions

2000

1600 {25
1400

1200

1291
1000 1000

800
deletions _insertions.

number of insertions/deletions ( 1, )

600 585
400
=
200 93 | iz | oo 115 111 T o 128
46 (1% D37 Ba0 Dz 0y s 15 By 259 27 ﬂjwz‘bm
o 2 Sl el L LA =
"2 s 4 s 6 7 8 9 1 1 12 1 18 15 <0 <60

gap length (k)

Zhang and Gerstein (2003) BIOS477/877 L8 - 15
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Empirical indel distribution: protein

a000.
e Based on the comparisons of
e 4,952 protein pairs from
2280 human, mouse, and rat.
o Sequences were aligned by a
§ 17e0- dynamic programming method...
5 1600
* 1260-
1000
50 1
=l
”( e,
~___ 1" = 78 100

= e £ 0 £ 250
Gap Length

Chang and Benner (2004) BIOS477/877 L8 - 17

J

:ﬁiﬁm
TA
1 Tttt
Score= 1

Alignment Score =

1t

4
STATA  AATST

Simple alignments (with affine gap penalty)

> Varied length & gaps considered

TA
ttt t1 1

2

(match score) x (the number of matched pairs) +
(mismatch score) x (the number of mismatched pairs) +
Y [(for each gap event) —> {(gap opening penalty) +

(gap extension penalty) x (gap length - 1)}]

Match score = 1, mismatch score = 0, & using affine gap penalty:
gap opening penalty = -2, gap extension penalty = -1

BIOSH 18-14
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Empirical indel distribution: DNA

Based on the comparisons of

0.4

W Frequency
observed
| Frequency
assumed

23 noncoding region
sequences between Drosophila

o
©

Frequency

o
N

Indel length (bp)

distribution model assumed for the MC analysis.

oo D fghun R

1.3 5 7 911131517192123252729 3133353739
2 4 6 810121416 182022242628 30 32 34 36 38

Figure 2 The empirical distribution of indel lengths in noncoding DNA
between D. simulans and D. sechellia, and the indel length frequency

lans and D. sechellia

Keightley and Johnson (2004)

This distribution was later used
in MCALIGN2 (Wang et al. 2006)
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Based on the comparisons of
1,310 orthologous families from
22 fungal species.

o
°
2

o
=
3

Fraction of InDels

0 01 02 03 04 05
Sequence divergence (aa)

Toth-Petroczy and Tawfik (2013)
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Empirical indel distribution: protein

Loop regions have more indels
compared to the regions with
secondary structures

0.05|

Fraction of InDels
o
=
S

£ x10°  2°structure

3 ,

&

S

S Disordered o
£ ]
S ae
S Loop
Sequence divergence (aa)

.

2°structure

02 0.4 06 08
Sequence divergence (aa)
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Empirical indel distribution: protein

Number of substitutions (aa)

Toth-Petroczy and Tawfik (2013) TR A - 10

©)
2 N\
Indel rates/lengths
7 ffected b
20 PRANK_ (O EAZEICG 157
2 i different alignment
a D‘F%N methods!
E15 4 }}é TALW
s -
@
210 o
E -~ MUSCLE
z X
5 . C A%
N
0 50 100 150 200 250 300 350

Gap penalty function (more realistic)

» Empirical indel size distributions (both for DNA and proteins)
can be described by a power law:

fi, = Ck™ [k: indel size, b: the power parameter]
=> Corresponding gap penalty function
w=a+bln(k)e----______ Affine gap pendlty:
a: gap opening penalty w=a+ bk
b: gap extension penalty
* Gap extension penalty is proportional to the logarithm
of gap length k (logarithmic gap penalty system)
* increases more slowly with gap length than in the affine
gap penalty system (easier long gaps)

e.g., Cartwright (2006 and 2009); Loewenthal et al. 2021; Wygoda et al. (2024)
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Scoring (substitution) matrix:
DNA identity matrix
i i AlT|Cl|G Match/mismatch scores
can be expressed in a
Aj1/0/0]0 matrix format
T|(0O|1|0|O0
clolol1]o0 Match score =1
Mismatch score =0
G(0O|0|0|1
s(l, j) : the similarity score between nucleotides i and j
21

Types of DNA substitutions

Pyrimidines Purines

Adenine (A)
NH

.
‘ N
Sy

(9]

Cytosine (C)  Uracil (U) |:> T

NH,

¢ oor ]

X

Thymine (T) A G C:I Guanine (G)
o o
N
NH HN \
[ JI >
u/&o HZN)\N N

Transition substitutions: between pyrimidines, between purines
Transversion substitutions: between pyrimidines and purines
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Review: Redelings et al. (2024) BIOS477/877 L8 -20
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Scoring (substitution) matrix:
Transition/transversion matrix
A C| G Match score =1
All1l2| 2|2 Mismatch score:
Transition =?
T(?2(1|?|°? Transversion = ?
cl2|211]|2
G|(?|?2 |21
22

Types of DNA substitutions

Pyrimidines Purines

Adenine
NH

A)
T
N

N
H

(9]

Cytosine (C)  Uracil (U) |:> T

NH,

s e 3

X

Thymine (T) A G <:| Guanine (G)
o o
N
NH HN B
\ ﬁI )
u’go HNTSNTTN

<> Transition ? <> Transversion

Which substitutions happen more often?
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Types of DNA substitutions

Based on the comparisons of >1700 processed pseudogenes against
their functional homologues in the human genome

80%

Background G+C
70% composition:

D<38% wW38-41%
s0% D41-44% ©>44%

Transition >» Transversion ]

Proportion of substitutions (P,_;)
—

: < ]
Tv Ts )
Zhang and Gerstein (2003) BIOS477/877 L8 - 26
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Amino acid substitution matrices

> Identity matrix
» Genetic code matrix
> Matrices based on AA properties

> Matrices based on empirical data

= Dayhoff matrices (PAM120 etc.)

= BLOSUM matrices (BLOSUM62 etc.)
= Gonnet matrices (Gonnet 250 etc.)
= JTT matrices

= and more ...

AAindex (566 indices + ~150 matrices)

BIOS477/877 L8 -28
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Genetic code matrix

(A simpler version)
A B c D E F G H I K L M N P Q R s T v W Y z

3.02.01.02.02.01.02.01.01.01.01.01.01.02.01.01.02.02.02.01.01.02.0A
3.01.03.02.01.02.02.02.02.01.01.03.01.02.01.02.02.02.00.02.02.0B
3.01.00.02.02.01.01.00.01.00.01.01.00.02.02.01.01.02.02.00.0¢C
3.02.01.02.02.01.01.01.00.02.01.01.01.01.01.02.00.02.02.0D
3.00.02.01.01.02.01.01.01.01.02.01.01.01.02.01.01.03.0E
3.01.01.02.00.02.01.01.01.00.01.02.01.02.01.02.00.0F
3.01.01.01.01.01.01.01.01.02.02.01.02.02.01.02.06
3.01.01.02.00.02.02.02.02.01.01.01.00.02.02.0H
3.02.02.02.02.01.01.02.02.02.02.00.01.01.01I
3.01.02.02.01.02.02.01.02.01.01.01.02.0K
3.02.01.02.02.02.02.01.02.02.01.02.00L
3.01.01.01.02.01.02.02.01.00.01.0M
3.01.01.01.02.02.01.00.02.02.0N

3.0: Identical (no change required) 3.02.02.02.02.01.01.01.02.0P
2.0: One nucleotide change required 3.02.01.01.01.01.01.03.09Q
e 8 q! 3.02.02.01.02.01.02.0R
1.0: Two nucleotide changes required 3.0 2.0 1.0 2.0 2.0 1.0 §
0.0: Three nucleotide changes required 3.01.01.01.01.07
3.01.01.02.0V

3.01.01.0W

(B: D/Asp or N/Asn, Z: E/Glu or Q/Gln) 3.01.0Y
3.0 z
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Scoring (substitution) matrix:
Transition/transversion matrix

A|T|C|G Match score =1
All -5/-5|-1 Mismatch score:
Transition = -1
T([(-5/1|-1|-5 (more allowed — smaller penalty)
Transversion = -5
Cc|-5|-1|1 |-5 (fewer allowed —> larger penalty)
G|-1|-5|-5|1
B10S477/877 L8 -27
27
Protein identity matrix
C|S|T|P|A |G- [} S T P|A |G .
c|li1/0|0|jO0|O0O]|O c|é6|-1|-1|-1|-1|-1
s|oj1j0]j0fO0]|O s|-1|6|-1|-1|-1|-1
T|O|O|1|O0O|O0O]|O T|-1|-1|6 |-1|-1|-1
Pp|O|jOjO|1(|O0]|O P|-1|-1|-1|6 |-1|-1
AfO|jO|O|O]|1]|O A|-1|-1|-1|-1|6 |-1
G|l|OoO|lO|]O|O|O|1 G|-1|-1|-1|-1|-1| 6
Match score =1 (20 X 20) Match score = +6
Mismatch score = 0 Mismatch score = -1
B10S477/877 L8 -29
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Amino acid physico-chemical properties

Small

Proline Physicochemical properties
of amino acids:

Aliphatic * Major factors in protein
folding protein functions
- Substitutions between
similar amino acids are
more common

-> In functionally or
structurally important
regions, substitutions
are limited between

Non-polar Charged similar amino acids

Livingstone and Barton (1993) BIOS477/877 L8 31
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https://www.genome.jp/dbget/aaindex.html

Amino acid substitutions

zZebrafish/1-351
lGold£ish/1-351
ZebraMbuna/1-351
MedakaFish/1-351
[xtlanticralibut/1-351
RainbowTrout/1-351
lcreenanole/1-351
SquirrelMonkey/1-351
{Human/1-351

iBovine/1-351

Rat/1-351
{rammarwallaby/1-351
[Pigeon/1-351
lzebrarineh/1-351
Chicken/1-351 AR(
AfricanClavedfrog/1-351
Bul1/1-351 W
TokayGecko/1-351
JapaneseNewt/1-351

uality/1-351
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Amino acid substitutions

Zebrafish/1-351
Goldfish/1-351
1-351

edakaFish/1-351
AtlanticHalibut/1-351
RainbowTrout/1-351
(GreenAnole/1-351
lsquirrelrmonkey/1-351

{Human/1-351
Bovine/1-351
Rat/1-351
Tammarwallaby/1-351
Pigeon/1-351
ZebraFinch/1-351
Chicken/1-351
AfricanClavedFrog/1-351
Bul1/1-351
TokayGecko/1-351
JapaneseNewt/1-351

uality/1-351

e opsin proteins

BIOS477/877 L8 -33
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Amino acid substitutions

YVVIC)
— 1AyyvICc]e 150 160

Zebratish/1- avE TIETACAT
Goldtish/1os Aliphati C YLVIC NTIGIGCAT
ZebraMbuna/1 tp [ YLVIC AAVAFIWFMGIGCAC
MedakaFish/1 A J.AVLS] JGAFKEGSNHALAAVT! j-C'
AtlanticHalil c G Saves: [YLVICjer SCAT
RainbowTrout] - il \VEAS T I v GCAT
Greenanole/1. Csn FL IClen (—)L(—) ‘GVET
Haman/ 1351 |\ T e Y TVICK YoF over
Bovine/1-351 farzally TV T Clen L d GVST
Rat/1-351 7 LAFLAH vy g amiGVST
Tanmarial labs L / artafl ¥ IVIC VIGIGVST
P. on/1-351 TGLGVAL
ZobraFinch/1 K /farrafff ILIC L TIGVGVAT
Chicken/1-35 M EGAY VaRiade LVVVATNLIGVGVGL
AfricanClawes F Y H JGNFNESSSHALAVVICENIIGIVVEV
Bull/1-351 TV IC)CTFTETSKHALAVVLTIRMIGVGVSY
TokayGecko/ 1 w AFLA R IVAMBRFIGIGVST
JapaneseNewt. farsa Y TVIChourreasxuaiurvitmwvicrsvst

1 IVIC

Quality/1-35 Aro 1c
on-polar IVIQ]
IVI

Blue-sensitive opsin prof¥IvIc|

BIOS477/877 L8 -34

Amino acid substitution matrices

» Matrices based on various amino acid properties
(hydrophobicity, charge, electronegativity, size, etc.)
= Biologically meaningful matrix can be obtained by

combining all of these matrices (including even genetic
code matrix). But this is not easy!

» Matrices based on empirical data

= Alignments show the results of experiments done by the
Nature

= Capture the relative substitutability of amino acid pairs in
the context of evolution

= The model of protein evolution

BIOS477/877 L8 -35
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Amino acid substitution matrices

Identity matrix
Genetic code matrix
Matrices based on AA properties

Matrices based on empirical data

= Dayhoff matrices (PAM120 etc.)

= BLOSUM matrices (BLOSUMG62 etc.)
= Gonnet matrices (Gonnet 250 etc.)
= JTT matrices

= and more ...

AAindex (566 indices + ~150 matrices)

V VYV
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How to count amino acid substitutions

RainbowTrout

100 210 2 AtianticHalibut
Zebrafish/1-351 ARGEYFIGY TLCAMBANIGS TAGH
Goldfish/1-351 LRGYYFFGYTLCAMBAAMGS TAGL MedakaFish
ZebraMbuna/1-351 ZebraMbuna
FEGOTLC!

MedakaFish/1-351 VRGYY: ALEAAVGAVAGE
AtlanticHalibut/1-351 MRG¥FFLGPTLCALESAMGSIAGL Goldfish

R 1-351 AGL

Greenhnole/1-351 SQGYEFFGRHVCAMBAFLGSVAGL e zanta
SquirrelMonkey/1-351

Human/1-351 CNGYFVFGRHVCALEGFLGTVAGL y

Bovine/1-351 CYGYFVFGRHVCALEAFLGCTAGL TokayGecko

Rat/1-351 CHGYFLFGRHVCALBAFLGSVAGL Bul
frammarallaby/1-351 SQGYFIFGRHV(

Pigeon/1-351 SQGYFIFGKDMCALEAFVGATGGE AfricanClawedFr
zebraFinch/1-351 SQGYFVFGKHMCAFBGFAGATCEL Chicken

Chicken/1-351 AR( RVCELEAFVGTHGGL
AfricanClawedFrog/1-351 SQG¥FFFGRIACSIBAFVGTLTGL

ZebraFinch
Bull/1-351 WQGYFFFGKAFCATBAFVGTLAGL Pigeon
TokayGecko/1-351 SQGYFIFGKHICALEAFLGSLAGL e
JapaneseNewt/1-351 SQGYFIFGKFUCEMBAFLGSVSGL TammarWallaby

Rat

Blue-sensitive ¢

Bovine
Human
SquirrelMonkey

GreenAnole

BIOS477/877 L8 -37
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https://www.genome.jp/dbget/aaindex.html

How to count amino acid substitutions

[Rainbow Trout

| AdanticHalibut

L \ erLcrTLC
M e fyrrcyTLC TAGH Zebrafish
£ [ v 1)/ "Negative [FFFGRAVC: y
P fFvEGRAVC? AGL _@hp.nm\m
JAromatic A~ sitive [EVEGRAVC VAGEH
evEGRavC
Non-polar Charged koo e VAGE it
ERRATRAITAEY/I=I5T TOLE TEGRHVC
Pigeon/1-351 SQGYFIFGKDMC? TG fricanClawedFr
ZebraFinch/1-351 SQGYFVEGKHMC: TGGL
Chicken/1-351 ARGYFVEGKRVC! HGGL

ri Clavedrrog/l-3°1 SQGYFFFGRIACE 'LTGE
BOTI/1-351 0! FLagy -
TokayGecko/1-351 SQGYFIFGKHIC? LAGE
JapaneseNewt/1-351 SQGYFIFGKFMC] VSGL |TammarWallaby

Quality/1-351

quirreiMonkey
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How to count amino acid substitutions

|RainbowTrout

AtlanticHalibut

IAGL
AIm’
VAGE
VAGL
A\ TAGL
TAGE
Cvagt |E (majori
majority rule;
A WAGL (maj whwmmm
JAromatic A ~ sitive [EVEGRavVC VAGEH
JEVFGRHVC 'TAGE
Non-polar  Charged | 00 0t vau E Bull

SRRATWATTADy T=IoT TELF LEGRAVC: Fvass

Pigeon/1-351 SQGYFIFGKDMC? TGEL fricanClawedFr
ZebraFinch/1-351 SQGYFVFGKHMC TGEL

Chicken/1-351

ARGYFVFG!
fricanclavedFrog/l-351 SQGYFFFGRIACS
BalT/1-351 WOGYFFFGKAFC)

TokayGecko/1-351 SQGYFIFGKHICE
JapaneseNewt/1-351 SQGYFIFGKFMC

luality/1-351

quirrelMonkey

|Greenanole

BIOS477/877 L8 -39
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How to count amino acid substitutions

Small

[Rainbow Trout

Praline
00 AtlanticHalibut
Polar fysrgyrics
O feeseyric MedakaFish
riGaTLCE ZebraMbuna
°|  [YFFGOTLC
errcrric Galdfish
X, [eezevrics [Zebrafish
gdtive|
A _@hp-nm\em
JAromatic 4~ sitive [EVEGRAVC A TokayGecko
Charged  JFvEGRAVC {AJTokarG:
Non-polar  Charge: FLFGREVCE A
ERmATWAITaDy T=T5T QL IFGRAVC: .
Pigeon/1-351 SQGYETEGKDMCZ {AAtricanClawedFr
ZebraFinch/1-351 SQGYEVEGKHMC; hicken
Chicken/1-351 ARGYEVEGKRVC
AfricanClawedFrog/1-351 SQGYFFFGRIACE Zebrakineh
Bull/1-351 WQGYFFFGKAFC:
TokayGecko/1-351 SQGYFTFGKHICI
JapaneseNewt/1-351 SQGYFTFGKFHC] TammarWallaby
Bovine

Human

SaquirrelMonkey

BIOS477/877 L8 - 40
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How to count amino acid substitutions

IRainbow Trout

A |AtlanticHalibut
[MedakaFish

A _.5_@mnmm.m.

Goldfish

N .
v |
EPe= o)
K v

* v/ "Negative [

Zebrafish

: A (majority rule) —

HAromatic A sitive TokayGecko
Charged | FTAGL 3
Non-polar arge: VAGE Bull
ARRATWAITABy T=I5T 9 Fvagy

Pigeon/1-351
ZebraFinch/1-351
Chicken/1-351 ARGYEVEG!
AfricanClawedFrog/1-351 SQGY¥FFFGRL
Bull/1-351
TokayGecko/1-351
JapaneseNewt/1-351

Quality/1-351

ISquirrelMonkey

|GreenAnole
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How to count amino acid substitutions

Small

|RainbowTrout

Proline
: AtlanicHalibut
. Polar i TAEE
e IS4 1AGn MedakaFish
g A VAGL =
o : VAGL =)
\ SAIAGL |Goldtish
1AGH —| @ rat
"Negative| ACvagn (Azeorasisn
rG¥C: 3 VAGE

A

JAromatic A~ sitive

Non-polar Charged
TRRATWATTAby/T=75T Fvagy
Pigeon/1-351
ZebraFinch/1-351
CChicken/1-351 ARGYEVEG!
AfricanClawedFrog/1-351 SOGYFFFGRL
Bull/1-351 WOGYFFFGKAFCH Fracy
TTokayGecko/1-351 SQGYFIFGKHICH LAGH
JapaneseNewt/1-351 SQGYFIFGKIgien

Quality/1-351

Glsovirrevionkey

|GreenAnole
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Amino acid substitution matrices
based on empirical data

> PAM matrices
Dayhoff, Schwartz, and Orcutt (1978)

» BLOSUM matrices
Henikoff and Henikoff (1992)

= Also see Eddy (2004)

BIOS477/877 L8 -43
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Margaret O. Dayhoff
1925-1983

ATLAS of
PROTEIN SEQUENG

Collection of all known protein sequences
1st Atlas contained 65 proteins

the field of Bioinformatics Developed into PIR (Protein Information
The first woman in the field Resource), a brain-child of Dayhoff

Dayhoff developed a single letter code for the amino acids

BIOS477/877 L8 - 44

Founder of

Read the §mithsonian website; also in Strasser (2010)

PAM matrices (Dayhoff et al. 1978)

> Accepted point mutations (point accepted
mutations, percent accepted mutations)

= accepted by selection: no (or very weak) deleterious
effect, maintaining the function
» Based on 1,572 changes in 71 groups of closely

related proteins (34 protein families)

= at least 85% identical

= no ambiguity in alignments, no gap

= most likely observed substitutions do not affect protein
functions (accepted by selection, close to neutral)

= successive (multiple) substitutions at one site are minimal
(no hidden substitution)
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Graduate Only Assignment

> Report 1: March 8

= Short proposal (2-3 pages)
> Report 2: May 3

= Final report (5-7 pages)

= Comparative analysis of bioinformatics methods
o e.g., Multiple alignment methods:
Clustal W vs. MUSCLE vs. MAFFT
=> Compare three methods
=> Choose appropriate input datasets (3 or more)
=> Read the Guidelines!

= Undergraduate students can do these assignments for
bonus points (both reports need to be submittedg
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https://www.smithsonianmag.com/science-nature/how-margaret-dayhoff-helped-bring-computing-scientific-research-180971904/

