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Multiple Structure Alignment
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Align the structure of 5 structures of Cytochromes
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--GDVEKGKKIFVQKCaQCHTVEkgg—-—---——--- khKTG--PNLHG--1.fgRKTggqapgftyt----dank
--LDIQRGATI .FNRACaACHDTGg------—-—-—-- nIIQpgATLFTkdl.--ERN----—-——————-—-—-————
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Functional sites
Conserved sites




Important Information

The comparison among multiple structures highlight the most conserved
and the most variable sites.

Conserved sites could be functionally or structurally important.
For each site the residue distribution is estimated

The information is not general, but family specific




Multiple Alignment

A representation of a set of sequences, where equivalent residues (e.g. functional,
structural) are aligned in columns.

Part of an alignment of SH2 domains from 14 sequences
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IHK_FGT ——————————— YPWFHGPISRVRAAOLYOLOGPDAHGVFLVROSESRR-GEYVLTFNLO-—--~ GRAKHLRLYLTERGQCRVQH--LHFPSVVDML
crkl_jnouse ——————————— SAWYMGPYVTROEAQTRLOGOR---HGMFLVRDS S TCP-GDYVLSVSEN——--- SRVSHYIINSLPNRRFKIGD--QEFDHLPALL
nck_}uunqn ————————————— WYYGKVTRHOAEMALNERGH--EGDFLIRDSESSP-NDFSVSLKAQ-——-~ GENKHFEVQLE-ETVYCIGQ--REFSTMEELY
thé_JTYdGT ------------- WYHGK ITREVAVOVLLRKGGR-DGFFLIRDCGNAP-EDYVLSMMFR--——- SQILHFQINCLGDNEFSIDNG-PIFQGLDMLI
Fﬂp5_}uunan ——————————— KPWYYDSLSRGEAEDMLMRIPR--DGAFLIRKREGS--DSYAITFRAR ————~ GEVEHCRINRDG-RHFVLGTS-AYFESLVELY
fer human ~~ T WYHGAIPRIEAQELLKK ----- QGDFLYRESHGKP-GEYVLEVYSD—-—--~ GORRHFIIQYYV-DNMYRFEG--TGFSNIPQLI
1055' ——————————— EEWFHGYLPREEVVRLLNN----- DGDFLYRETIRNEESQIVLEVCW-———-- NGHEHF IVOTTGEGNFRFEG--PPFASIQELI
T HSWYHGPVSRNAAEYLLSSGI---NGSFLYRESESSP-GORS ISLRYE-—--~ GRVYHYRINTASDGKLYVSSE-SRFNTLAELY
i T EPWFHGKLSRREAEALLOQL----- NGDFLYRESTTTP-GQYVLTGLOS ———-~ GOPKHLLLYDP-EGVVRTKD--HRFESVSHLI
ISHL GRVAPVETLEVEKWFFRT ISREDAEROLLAPMNE -AGSFLIRESESNE -GAFSLEVEDITTO-GEVVEHYK IRSLDNGGY YIS PR-ITFPTLQALY
——————— S IQAEEWYFGK ITRRESERLLLNAENP-RGTFLVRESEA-—----YCLSVSDFDNAKGLNVEHYK IRKLDSGGFY ITSR-TQFNSLOOLY

llkkA LEPEPWFFENLSREDAERQLLAPGNT-HGSFLIRESESTA-GSFSLEVRDFDONOGEVVEHYK IRNLDNGGFY IS PR-ITFPGLHELY
lesy . SHEKMPWFHGK ISREESEQIVLIGSKT-NGKFLIRARDNN--GSYALCLLHE----~ GEKVLHYRIDKDETGKLS IPEG-KKFDTLWOLY
bfi HHDEK TWNVGSSNRNKAENLLRGKR---DGTFLVRESSKQ--GCYACSVVVD-———~ GEVEHCVINKTATG-YGFAEPYNLYSSLEELY
lgr' ——————— EMKPHPWFFGE IPRAKAEEMLSKQRH--DGAFLIRESESAP-GDFSLSVKFG——--- NDVOHFKVLRDGAGK YFLWV--VEKFNSLNELY

* conserved identical residues
- conserved similar residues



Why is important?

Multiple sequence alignment is important to find conserved residues

Conserved residues

Y{ ClustalX {1.83)
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Sequence Logo

Plot drawn using a score derived from the information entropy ()

calculating the information content (/) in each position

height aa;

hi
k

hi=p;x1

# aatypes

n = # sequences
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Alighment Scoring

How to score an alignment of many sequences?

Given M sequences Ai, we can define a score for the multiple sequence alignment
as the sum of the scores of all the induced pair alignments

S = 2i5 S(AA)

1>ASPTLPLSLA

2>SS-TLPA--A

1>ASPTLPLSLA S ASPTLPLSLA

S 12>SS-TLPA--A[' = 45 {3>SSPTLPA al
3>SSPTLPA--A .

+S 2>SS-TLPA--A
3>SSPTLPA--A



Entropy Score

The multiple sequence alignment can be obtained minimizing the entropy

Ncolums 20

S = E E_pjilogzpji

i=1

j=1
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Profile-Based Alignment

Given the position i along a sequence profile, it is represented by a
20-element vector Pi = Pi(A) Pi(C) ...... Pi(Y)

Given the residue in position j along the sequence to align: S;
The score for aligning S; to the vector Pi is:

20

Score(i, j) = Z E(Vk)'M(”kasj)
=1
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where M is a matrix score (BLOSUM or PAM)
The score can be used in dynamic programming procedures
(Needleman-Wunsch, Smith-Waterman)




0.85*"M(C,C) + 0.05*M(C,F) + 0.02*M(C,L) + 0.08"M(C,N) =

0.85*(9) + 0.05*(-2) + 0.02*(-1) + 0.08*(-3) = 7.29

Alignment score between Piand S; is
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Alignment Strategies

Multiple sequence alignment (MSA)
The algorithmic problem is to find the alignment with the maximum
score

Exact algorithms

Algorithms based of multi-dimensional dynamic programming have
been implemented. However they are too slow when many sequences
have to be compared.

Progressive alignments

lterative algorithms

Consistency-based algorithms



Optimal Alighment

Optimal Multiple Alignment: MSA (Lipman et al. 1989, Gupta et al. 1995)

Extension of dynamic programming for 2 sequences => N dimensions

VSN _ S
- S N A _

Problem: calculation time and memory requirements

—

e
e

V

current
visit

Time proportional to Nk for k sequences of length N => limited to less than 10 sequences



Progressive MSA

|dea: Progressively align pairs of sequences (or groups of sequences)

Problem:
Start with which sequences? How to decide order of alignment?
First align the most closely related sequences

How to measure the similarity of the sequences?
align all the sequences pairwise
calculate the similarity between each pair from the alignment



Progressive MSA - Start

ocQw »

Step 1: Pairwise sequence alignment: exact, all-against-all

A A B
B D D
S=70, id=50% S=60, id=40% S=95, id=80%
A B C
C C D
S=100, id=90% S=70, id=50% S=80, id=70%

Step 2: Build a similarity tree

— A
— C
B
D




Progressive MSA - End

Step 3: Exact alignment of the most similar sequences, following the tree

A B —
C — D

Step 4: Build the profile from the sub alignments

Step 5: Perform profile-to-profile alignment following the similarity tree,
until comprising all the sequences




Profile-Profile Alignment

The position i along the first sequence profile, it is represented by a 20-element vector
Pli=P%(A) P (C) ...... P (Y)

The position | along the second sequence profile, it is represented by a 20-element vector
P2 = P1(A) P, (C) ...... P1; (YY)
The score for aligning the two positions is:

20 20

Score(i, j) = 2 ZPli(rm )sz(rk)-M(rm,rk)

where M is a matrix score (BLOSUM or PAM)

The score can be used in dynamic programming procedures
(Needleman-Wunsch, Smith-Waterman)



Matrix representation

Pi'xMXxPT;?
P M
X =
NxN
P;?
X = score




Adding Gaps

* Where gaps are added is a critical question

® Gaps are often added to the first two (closest) sequences

® To change the initial gap choices later on corresponds to give more weight
to distantly related sequences

¢ To maintain the initial gap choices means that the initial gaps are the most
believable



Limitations

¢ Dependence of the final MSA on the initial pairwise sequence alignment with
the highest score

e Errors in initial alignments are propagated
e Gaps can proliferate, if not carefully evaluated

¢ Gaps can be amino-acid specific, so that you penalize introduction of gaps
iInto segments that are less likely to have gaps (e.g. hydrophobic core)



Alignment Evaluation

How many conserved sites?

CLUSTAL 2.1 multiple sequence alignment

sp|P99999 |CYC_HUMAN

sp|P00004 |CYC_HORSE
sp | POCOX8 | CYC2_ RHOSH
sp|P00091 |CYC22 RHOPA
sp|Q93VA3|CYC6_ ARATH _

sp|P99999 |CYC_HUMAN
sp|P00004 |CYC_HORSE
sp | POCOX8 | CYC2_ RHOSH
sp|P00091 |CYC22 RHOPA
sp|Q93VA3|CYC6_ ARATH _

sp|P99999 |CYC_HUMAN
sp|P00004 |CYC_HORSE
sp | POCOX8 | CYC2_ RHOSH
sp|P00091 |CYC22 RHOPA
sp|Q93VA3|CYC6_ ARATH _

sp|P99999 |CYC_HUMAN
sp|P00004 |CYC_HORSE
sp | POCOX8 | CYC2_ RHOSH
sp|P00091 |CYC22 RHOPA
sp|Q93VA3|CYC6_ ARATH _

MRLVLSGASSFTSNLFCSSQQVNGRGKELKNPISLNHNKDLDFLLKKLAP
*

VEKGGKHKTGPNLHG--LFGRKTGQAPGYS-YTAANKN---KGIIWGEDT
VEKGGKHKTGPNLHG--LFGRKTGQAPGFT-YTDANKN---KGITWKEET
TIAGRNAKTGPNLYG--VVGRTAGTQADFKGYGEGMKEAGAKGLAWDEEH
CHRADKNMVGPALGG--VVGRKAGTAAGFT-YSPLNHNSGEAGLVWTADN
PLTAVLLAVSPICFPPESLGQTLDIQRGATLFNRACIGCHDTGGNIIQPG

L x LK, *
LMEYLENP-————————————————— KKYIPG--———————- TKMIFVGI
LMEYLENP-————————————————— KKYIPG--———————- TKMIFAGI
FVQYVQODPTK--———————————— FLKEYTGD------ AKAKGKMTFK-L
IINYLNDPNA-————————————— FLKKFLTDKGKADQAVGVTKMTFK-L
ATLFTKDLERNGVDTEEEIYRVTYFGKGRMPGFG--EKCTPRGQCTFGPR

e e % . %
KKKEERADLIAYLKKATNE--—————— 105
KKKTEREDLIAYLKKATNE--—————— 105
KKEADAHNIWAYLQQVAVRP-—————— 124
ANEQQRKDVVAYLATLK-————————- 139

LODEEIKLLAEFVKFQADQGWPTVSTD 175

20
20
27
40
50

64
64
75
87
100

86
86
104
122
148



Alternative Alignment

How many conserved sites?

CLUSTAL 2.1 multiple sequence alignment

sp|P99999|CYC_HUMAN Cytochrome
sp|P00004 |CYC_HORSE Cytochrome
sp|POC0OX8|CYC2_ RHOSH Cytochrom
sp|P00091 |CYC22 RHOPA Cytochro
sp|Q93VA3|CYC6 ARATH Cytochrom

sp|P99999|CYC_HUMAN Cytochrome
sp|P00004 |CYC_HORSE Cytochrome
sp|POC0OX8|CYC2_ RHOSH Cytochrom
sp|P00091 |CYC22 RHOPA Cytochro
sp|Q93VA3|CYC6 ARATH Cytochrom

sp|P99999|CYC_HUMAN Cytochrome
sp|P00004 |CYC_HORSE Cytochrome
sp|POC0OX8|CYC2_ RHOSH Cytochrom
sp|P00091 |CYC22 RHOPA Cytochro
sp|Q93VA3|CYC6 ARATH Cytochrom

-MGDVEKGKKIFIMKCSQCHTVE--—-—-—--- KGGKHKTGPNLHGLFGRKTG
-MGDVEKGKKIFVQKCAQCHTVE--—-—-—-—-- KGGKHKTGPNLHGLFGRKTG
QEGDPEAGAKAFN-QCQTCHVIVDDSGTTIAGRNAKTGPNLYGVVGRTAG
--QDAKAGEAVFK-QCMTCHR---—-—-—-—-—-— ADKN-MVGPALGGVVGRKAG
QTLDIQRGATLFNRACIGCHDTG----—-—-—-- GNIIQPGATLFTKDLERNG

* - ok * *  kk . LI .

QAPGYS-YTAANKN---KGIIWGEDTLMEYLENPKKYIP-----—-—-—-——-—
QAPGFT-YTDANKN---KGITWKEETLMEYLENPKKYIP-----—-—-—-——-—
TQADFKGYGEGMKEAGAKGLAWDEEHFVQYVODPTKFLKEYTGD----AK
TAAGFT-YSPLNHNSGEAGLVWTADNIINYLNDPNAFLKKFLTDKGKADQ

VDTEEEIYRVTYFGKG-RMPGFGEKCTPRGQCTFGPRLQ-—-—--—-—-———-—-—
* . .

--GTKMIFVGIKKKEERADLIAYLKKATNE- 105
--GTKMIFAGIKKKTEREDLIAYLKKATNE- 105
AKG--KMTFKLKKEADAHNIWAYLQQVAVRP 124
AVGVTKMTFKLANEQQRKDVVAYLATLK--- 114
————— DEEIKLLAEFVKFQADQGWPTVSTD- 105

42
42
49
37
42

77
77
95
86



Improve the Alignment

The alignment is based on a guide tree computed on the basis of
the pairwise distances (guide tree).

sp|P99999|CYC_HUMAN
sp|P00004|CYC_HORSE

U sp|POCOX8|CYC2_RHOSH
sp|P00091|CYC22_RHOPA
sp|Q93VA3|CYC6_ARATH_
—
0.12

The sequence distances computed starting from the MSA can
be different (“phylogenetic” tree)

1e+03——sp|P99999|CYC_HUMAN
239 L—sp|P00004|CYC_HORSE
1 sp|POCOX8|CYC2_RHOSH
i sp|P00091|CYC22_RHOPA
sp|Q93VA3|CYC6_ARATH_

ETEToolkit: http.//etetoolkit.org/treeview



http://etetoolkit.org/treeview
http://etetoolkit.org/treeview

Phylogenetic Tree

If the trees are very different, the final MSA is somehow incoherent with
respect of the procedure used to derive it.

It is then possible to iterate the progressive alignment procedure, using
the “phylogenetic” tree as guide.



Iterative Alignment Method

lterative Methods: MUSCLE
MUSCLE (MUltiple Sequence Comparison by Log Expectation), 3 steps:

draft progressive:
consists of a progressive sequence alignment
e | (accuracy) it uses log-expectation score instead of PPS score in profile-profile
alignment;
e | (efficiency) uses k-mer distance instead of alignment score for sequence similarity (a k-
mer is a substring of length k)
e | instead of neighbour joining, it uses UPGMA (Unweighted Pair Group Method with
Arithmetic Mean)

improved progressive:
¢ use alignment to compute more accurate pairwise distance between sequences, Kimura
distance: — In(1 — D — D2/5), where D is the fraction of identical bases between the pair of

sequences.
¢ from new distance matrix, build the guide tree and a new alignment.

refinement: tries to improve alignment
refines multiple alignment using the tree-dependent restricted partition technique - a process
of deleting edges of guide tree, and re-combine the alignment of the disjoint trees, if better.

from Lucia Moura



Muscle

The first guide tree is not based on pairwise alignment, but on the comparison
between the vectors containing the k-mer compositions of each sequence (faster)

1.1 k-mer 1.2 1.3 progressive
_________ counting UPGMA alignment
S ——— B . N
> > P MSAf
unaligned .. et
sequences k-mer distance TREE1
matrix D1 ﬂ 2.1 compute
> %lds from MSA1
— ] N Kimura distance
— —— J \: matrix D2
e 2.3 progressive 2 2 UPGMA
MSA2 alignment TREE? N
___________________ ,)\7 :\L— :_ NO’
—— e / i—FA———_. delete
—) === C ==t |
................... - 3.3re-align A “ j—— — Yes
/?,; 3.2 compute  profiles 3.4 SP T save
subtree profiles score better? o na
///
3.1 delete = r
' N TR I L g
edge from TREE2 —,  peal .

giving 2 subtrees

Edgar (2004) PMID: 15034147.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC390337/pdf/gkh340.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC390337/pdf/gkh340.pdf

Alignment with Muscle

sp|Q93VA3|CYC6_ ARATH
sp|P99999 |CYC_ HUMAN
sp|P00004 |CYC_HORSE
sp | POCOX8 | CYC2_ RHOSH
sp|P00091 |CYC22 RHOPA

sp|Q93VA3|CYC6 ARATH
sp|P99999 |CYC_ HUMAN
sp|P00004 |CYC_HORSE
sp | POCOX8 | CYC2_ RHOSH
sp|P00091 |CYC22 RHOPA

sp|Q93VA3|CYC6_ ARATH
sp|P99999 |CYC_ HUMAN
sp|P00004 |CYC_HORSE
sp | POCOX8 | CYC2_ RHOSH
sp|P00091 |CYC22 RHOPA

sp|Q93VA3|CYC6_ ARATH
sp|P99999 |CYC_ HUMAN
sp|P00004 |CYC_HORSE
sp | POCOX8 |CYC2_ RHOSH
sp|P00091 |CYC22 RHOPA

Calculate the alignment of five sequences of the Cytochromes used before with Muscle

MRLVLSGASSFTSNLFCSSQQVNGRGKELKNPISLNHNKDLDFLLKKLAPPLTAVLLAVS

* . * * *  kk Lk

IQPGATLFTKDLER---NGVDTEEEIYRVTYFGKGRM—-—-—-—-—-—-—— PGFGEKCTPRGQCTF
QAPGYS-YTAANKN---KGIIWGEDTL-MEYLENPKKYI-—-—-—-—-- PG-—————-—- TKMIF
QAPGFT-YTDANKN---KGITWKEETL-MEYLENPKKYI--—-—-—-- PG-————-—--—- TKMIF
TQADFKGYGEGMKEAGAKGLAWDEEHF-VQYVODPTKFL—-—-———— KEYTGDAKAKGKMTF

TAAGFT-YSPLNHNSGEAGLVWTADNI-INYLNDPNAFLKKFLTDKGKADQAVGVTKMTF
. * - . . % . *

-GPRLODEEIKLLAEFVKFQADQGWPTVSTD
VGIKKKEERADLIAYLKKATNE-—--—-—-———--—
AGIKKKTEREDLIAYLKKATNE-—--—-—-—-——--—
-KLKKEADAHNIWAYLQQVAVRP--—-—-—-—-—-—

~-KLANEQQRKDVVAYLATLK--——-—--——--
. . e H .



Consistency

For any multiple alignment, the induced pairwise alignments are necessarily
consistent;

given a multiple alignment containing three sequences x, y, and z, if position
xi aligns with position zk in the projected x-z alignment and position zx aligns
with y; in the projected z-y alignments, then x; must align with y; in the
projected x-y alignment.

Consistency-based techniques apply this principle in reverse, using evidence
from intermediate sequences to guide the pairwise alignment of x and y, such
as needed during the steps of a progressive alignment.



Transitive Relation

In mathematics, a binary relation R over a set X is transitive if whenever an
element a is related to an element b, and b is in turn related to an element c,
then a is also related to c.

Va,b,cE X : (aRb A bRc) = aRc

from wikipedia



Transitivity In Alignments

Ya,b,cE X : (aRb A bRc) = aRc

Vx,y,zE€alned: (xAlnz A ZAIn y) = xAlny

Multiple Sequence Alignment Pairwise Alignment
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How it can be applied?

Consistency between MSA & pairwise alignment : 0/1
How can we increase the resolution of confidence?
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Consistent Alignments

The information are in the pairwise alignments
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How to Improve?

e MSA from progressive alignments can be largely inconsistent with respect
to the set of pairwise alignments used to build the guide tree

e Consistency-based methods try to build the tree in a more consistent way



T-Coffee

Tree-based Consistency Objective Function for alignment Evaluation

e SegB GARFIELD THE ——-- FAST CAT Prim Weight =
Sodh GAREIELD THE Fast Car CAT  Prim. Weight = 88 SeaC OARFIELD THE VERY FAST cap !rim Weight=100
SeqA GARFIELD THE LAST FA-T CAT poi ot _

SeqC GARFIELD THE VERY FAST CAT Prim. Weight=77 g:gg R LD T S oAt Prim. Weight = 100
SeqA GARFIELD THE LAST FAT CAT  prim Weisht — SeqC GARFIELD THE VERY FAST CAT ppi S
SeqD ——-—---- THE ——-- FAT Cap Prim. Weight =100 SegD ————--—- THE ———- FA-T carp Frim. Weight=100

SegA GARFIELD THE LAST FAT CAT

SegA GARFIELD THE LAST FA-T CAT
SegB GARFIELD THE FAST CAT SegB GARFIELD THE FAST CA-T ——-—

> SeqC GARFIELD THE VERY FAST CAT
SegD -—————— THE ——-— FA-T CAT

SeqC GARFIELD THE VERY FAST CAT

SegD THE FAT CAT

This would be the ClustalW alignment of the four sequences.
CAT is evidently misaligned

Notredame et al. (2000) PMID: 10964570



https://pubmed.ncbi.nlm.nih.gov/10964570/
https://pubmed.ncbi.nlm.nih.gov/10964570/

T-Coffee - Start

The T-Coffee strategy starts from pairwise alignments as well.

Each pair of aligned residues is associated with a weight equal to the average
identity among matched residues (gapped positions are neglected).

|dentity values are used instead of alignment scores.

. : SeqB GARFIELD THE ---- FAST CAT Prim Weight= 100
SeqA GARFIELD THE LAST FAT CAT  Prim. Weight = 88 g

SeaB GARFIELD THE FAST CAT —-- o Weg SegC GARFIELD THE VERY FAST CAT

SeqA GARFIELD THE LAST FA-T CAT p ight = SeqB GARFIELD THE FAST CAT : _—
SeqC GARFIELD THE VERY FAST CaT Prim. Weight=77 Segn _______ THE FA-T CAT Prim. Weight = 100
SeqgA GARFIELD THE LAST FAT CAT pyq I SeqC GARFIELD THE VERY FAST CAT prim. Weight = 100
SegD —o— o= THE ——-- FAT cap Prim. Weight =100 SegD ———---- THE ---- FA-T CAT g



Extended Library

In order to align sequence A and B, the three possible alignments are considered
(A and B, A and B through C, A and B through D).

The weight associated to each alignment is the minimum of the weight
associated to the pairwise alignments

Extended Library

SeqA GARFIELD THE LAST FAT CAT SeqgA GARFIELD THE LAST FAT CAT
LLELLTEL TEETELE ] Weight = 88 NN BN IS
SeqgB GARFIELD THE FAST CAT

SegB GARFIELD THE/ FATST CAT

ST FAT CAT Weight=88 Weight=177

SeqgqA GARFIELD THE LAST
LIVELRED §00 DRI TEN N _

e G T nn e

SeqgqB GARFIELD THE FAST CAT \in (A-C=77, B-C=100) . Programming

SegA GARFIELD THE LAST FAT CAT
SeqD "}‘I!I’L, %;!;Ig IC;IJT Weight = 100 SegA GARFIELD THE LAST FA-T CAT
111 | 1\ \\\ SeqB GARFIELD THE ---- FAST CAT

SeqB GARFIELD THE FAST CAT p\pio (A-D=100, B-D=100)



T-Coffee Flowchart

The extended pairwise alignments are
used to build a guide tree and

progressive alignment procedure is
then applied.

T-Coffee considers both global and
local pairwise alignments.

It can also add supplementary
information (domain, motifs....)

Cw

ClustalW Primary Library
(Global Pairwise Alignment)

A
B

A
B
A
C

BW B"
CM- S C s

Lalign Primary Library (Local
Pairwise Alignment)

Weighting
Signal Addition

(PRIMARY LIBRARY)

\/

EXTENSION

( EXTENDED LIBRARY)

PROGRESSIVE ALIGNMENT




Alighment with T-Coffee

Calculate the alignment of five sequences of the Cytochromes used before with T-Coffee

CLUSTAL W (1.83) multiple sequence alignment

sp|P00004 |CYC_HORSE
sp|P00091 |CYC22 RHOPA
sp|POCOX8|CYC2_ RHOSH
sp|P99999 | CYC_HUMAN
sp|Q93VA3|CYC6 ARATH

sp|P00004 |CYC_HORSE
sp|P00091 |CYC22 RHOPA
sp|POCOX8|CYC2_ RHOSH
sp|P99999 | CYC_HUMAN
sp|Q93VA3|CYC6 ARATH

sp|P00004 |CYC_HORSE
sp|P00091 |CYC22 RHOPA
sp | POCOX8|CYC2_ RHOSH
sp|P99999 | CYC_HUMAN
sp|Q93VA3|CYC6 ARATH

sp|P00004 |CYC_HORSE
sp|P00091 |CYC22 RHOPA
sp | POCOX8|CYC2_ RHOSH
sp|P99999 | CYC_HUMAN
sp|Q93VA3|CYC6 ARATH

MVK — = = = = = = = = = = o KLLTILSIAATAGS

————————————— MGDVEKGKKIFVQKCAQCHTVE-------KGGKHKTGPNLHGLFGRK
—————— LSIGTASAQDAKAGEAVFK-QCMTCHRA-—---------DKNMVGPALGGVVGRK
————————————— EGDPEAGAKAFN-QCQTCHVIVDDSGTTIAGRNAKTGPNLYGVVGRT
————————————— MGDVEKGKKIFIMKCSQCHTVE-------KGGKHKTGPNLHGLFGRK
PICFPPESLG--QTLDIQRGATLFNRACIGCHDTG---—-—-————-- GNIIQPG---———--—--
* -+ % * * * % *
TGQAPGFT-YTDANKN---KGITWKEETL-MEYLENPKKYI--————-—-—-—-—-———— PGTKM
AGTAAGFT-YSPLNHNSGEAGLVWTADNI-INYLNDPNAFLKKFLTDKGKADQAVGVTKM
AGTQADFKGYGEGMKEAGAKGLAWDEEHF-VQYVODPTKFLKEYTG--—-—-—— DAKAKGKM
TGQAPGYS-YTAANKN---KGIIWGEDTL-MEYLENPKKYI--—-———-—-—-—-—-———— PGTKM
—————— ATLFT---KDLERNGVDTEEEIYRVTYFGK--GRMPGFGE—------KCTPRGQC
. .. * - . . . .

IFAGIKKKTEREDLIAYLKK--—-—-————-- ATNE

TFK-LANEQQRKDVVAYL---—-———-—-—-—- ATLK

TFK-LKKEADAHNIWAYLQQ-——-—----—- VAVRP

IFVGIKKKEERADLIAYLKK---—-—-———-- ATNE

TFG-PRLODEEIKLLAEFVKFQADQGWPTVSTD
* . . . x .



Alignment Benchmark

BAIIBASE was the first large scale benchmark specifically designed for MSA, providing
high quality manually refined reference alignments based on 3D structure
superpositions.

BAIIBASE is divided into several reference datasets:

1.

cases with small numbers of equidistant sequences, and was further subdivided by
percent identity;

families with one or more “orphan” sequences;
a pair of divergent subfamilies, with less than 25% identity between the two groups;
sequences with large terminal extensions (N/C-terminal);

sequences with large internal insertions and deletions.



Benchmark Evaluation

SP score determines the extent to which the programs succeed in aligning input
sequences in an MSA. It is calculated as the ratio of the sum of scores p for all
pairs of residues in every column of the alignment by the sum of scores in the
reference alignment; p = 1 if the pair of compared residues is aligned identically
in the reference alignment, otherwise p = 0.

The TC score is calculated considering the ratio of the sum of scores c by the
number of columns in the alignment, being ¢ = 1 if all residues in the column are
aligned identically in the reference alignment, otherwise ¢ =0

Time of execution

Peak memory

Pais et al. (2014) PMID: 24602402.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4015676/pdf/1748-7188-9-4.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4015676/pdf/1748-7188-9-4.pdf

Performance ()

Z-scores %id < 20 B) Z-scores 20 < %id < 40

BB_SP BB_SP
- 25
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BB_memory .-::' BB_memory

BBS time —~ BBS time

BB time BB time

CLUSTALW == CLUSTAL O DIALIGN-TX POA = MUSCLE
Probcons T-Coffee MAFFT Probalign
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Results and Conclusions

Results: Our results indicate that mostly the consistency-based programs
Probcons, T-Coffee, Probalign and MAFFT outperformed the other programs in
accuracy. Whenever sequences with large N/C terminal extensions were
present in the BAIIBASE suite, Probalign, MAFFT and also CLUSTAL OMEGA
outperformed Probcons and T-Coffee. The drawback of these programs is that
they are more memory-greedy and slower than POA, CLUSTALW, DIALIGN-TX,
and MUSCLE. CLUSTALW and MUSCLE were the fastest programs, being
CLUSTALW the least RAM memory demanding program.

Conclusions: Based on the results presented herein, all four programs
Probcons, T-Coffee, Probalign and MAFFT are well recommended for better
accuracy of multiple sequence alignments. T-Coffee and recent versions of
MAFFT can deliver faster and reliable alignments, which are specially suited for
larger datasets than those encountered in the BAIIBASE suite, if multi-core
computers are available. In fact, parallelization of alignments for multi-core
computers should probably be addressed by more programs in a near future,
which will certainly improve performance significantly.

Pais et al. (2014) PMID: 24602402.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4015676/pdf/1748-7188-9-4.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4015676/pdf/1748-7188-9-4.pdf

Exercise

Download from UniProtKB the sequences of the following proteins (in FASTA
format)

P99999 (human)

P0O0004 (horse)

POCO0X8 (Rhodobacter)
P00091 (Rhodopseudomonas)
Q93VAS (Arabidopsis)

Align with ClustalW @
http://clustalw.ddbj.nig.ac.jp/
http://www.ch.embnet.org/software/ClustalW.html

Write a script to calculate the information entropy of the MSA and for each
column the most conserved residue and its frequency.


http://www.ch.embnet.org/software/ClustalW.html
http://www.ch.embnet.org/software/ClustalW.html

Exercise

Using the BLAST tool at Uniprot, retrieve all the SwissProt sequences that are
similar with an E-value <0.001 to the Rhodopseudomonas cytochrome C

(PO0091).

Download the sequences in Fasta format and align with ClustalW, Muscle or T-
Coffee

- Analyze the conserved positions in the alignments

- Repeat with the Arabidopsis (Q93VA3) and the human (P99999) sequences

- Compare the results and in particular the pattern of conserved residues



