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Alignment input parameters
Scoring alignments

A number of different
schemes have been
developed to compile
residue exchange matrices

Amino Acid Exchange Matrix However. there are no

formal concepts to calculate
corresponding gap penalties

- . Emperically determined

. values are recommended
SR pepaties (open, for PAM250, BLOSUM62,
etc.



M = BLOSUM®62, P.= 0, P.= 0




M = BLOSUM62, P.= 12, P.= 1




M = BLOSUM®62, P.= 60, P.= 5




There are three kinds of
alignments

n Global alignment (preceding slides)
n Semi-global alignment
n Local alignment



Variation on global alignment

n Global alignment: previous algorithm Is
called global alignment because it uses

all letters from both sequences.
CAGCACTTGGATTCTCGG

n Semi-global alignment: uses all letters
but does not penalize for end gaps

CAGCA- CTTGGATTCTCGG



Semi-global alignment

n Global alignment: all gaps are penalised

n Semi-global alignment: N- and C-terminal (5’
and 3’) gaps (end-gaps) are not penalised

MSTGAVLI Y--TS-----
- - - 3 LLFHRTSGISNS

N

End-gaps



Semi-global alignment

Applications of semi-global:
— Finding a gene in genome —
— Placing marker onto a chromosome

— One sequence much longer than the
other

Risk: if gap penalties high -- really bad
alignments for divergent sequences

Protein sequences have N- and
C-terminal amino acids that are
often small and hydrophilic




Semi-global alignment

n Ignore 5’ or N-
terminal end gaps

— First row/column
setto O

n Ignore C-terminal
or 3’ end gaps
— Read the result
from last
row/column (select

the highest scoring
cell)
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Semi-global dynamic programming
- two examples with different gap penalties -

(=l D W V T B L X These values are copied from
T 8 3 §811 % 9% 8§ the PAM250 matrix (see earlier
D1z 1 € & B 4 #8 dlide), after being made non-
w 128 2 3 2 €& 5 negative by adding 8 to each
Vv 6 212 8 810 & PAM250 matrix cell (-8 isthe
L 4 610 3 614 3 lowest number in the PAM250
K 8 5 6 8 7 513 matrix)
Gap Pernoalites: (O, E) = (0, O) (O, E)= (10, 2)
(b
D W vV T A L K
T 8 3 811 5 5 &8
Il % 14 15 19 15 15
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L 18 Lt
K 17 57
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There are three kinds of
alignments

n Global alignment
n Semi-global alignment
n Local alighment



VOO —n>0Om

Local dynamic programming
(Smith & Waterman, 1981)

LCFVMLAGSTVI VGTR

N

Search matrix

.

AGSTVI VG
A- STI LCG

Ne gative
numbers

Amino Acid
Exchange Matrix

B B
Gap pena]ties

(open, extension)



Local dynamic programming (Smith
and Waterman, 1981)

basic algorithm

[ H(i-1,j-1) + S(i,j)  diagonal
H(i-1,7) - tical

H (i,j) — Max ~ (i-1,j) - ¢ vertica

H(,j-1) - ¢ horizontal

0

\



Exampl e:
local alignment of two sequences

n Align two DNA sequences:
— GAGTGA
— GAGGCGA (note the length

difference)

n Parameters of the algorithm:
— Match: score(a,A) = 1
— Mismatch: score(A,T)=-1
— Gap: g=-2 MIi, j] = maxy

[ M[i-1,j-1] £ 1
MI[i, j-1] -2
M[i-1, ] -2
0

\



Thealgorithm. Step 1: init

n Create the
matrix

n Initiation
— No beginning
row/column

— Just apply the
equation...

~N O ok W N R

M[i, j] = max

jJ- | 1 2
G A

G

A

G

G

C

G

A

[ M[i-1,j-1] + 1
M[i, j-1] =2
M[i-1,] -2




The algorithm. Step 2: fill In

[ M[i-1,j-1] + 1
M[i, j] = max M, J-1] =2
n Perform the MIi-1,j] -2
forward step... L0
i1 2 3 4 5 6
il G A G T G A
1610 1,01 0
2 A O 2—10 0 0| 2
i IR
3 G|1 0/3™1 1 0
N
4 G 1 0 1 2
5  C
6 G
4 A



The algorithm. Step 2: fill In

n Perform the
forward step...

~N o OOl WIN P o

MI[i, j] = max

> O 000> 0

[ M[i-1,j-1] + 1
MI[i, j-1] =2
M[i-1, ] -2
0
\
1 2 3 4|5 6
G A G T G A
1, 0/ 1 0 1 0
\
0 20 0 0 2
i IR
1, 0,371, 1 0
R S
1 1 ﬂ 2> 0
0 0 0 01 "1
NN
1,0 1,0 1 0
\
O 2770 0 0 2



The algorithm. Step 2: fill In

[ M[i-1,j-1] + 1
M[i, j] = max Ml J-1] =2
n We're done MIi-1,j] -2
0)
\

n Find the highest j- 1 2 3 4 5 6
cell anywhere in ! G A G T G A
the matrix 1|61 j0)1j0]1]0

2 A O 2—0 0 0O 2

) R

3 G 1 0 1/ 1.0
i B S—

4 | G 1 | 0) 1 l 21\ 2:»0

5 C O O\ 0 0 L 1 \ 1

6 G |1 0O 1 0) 1 0
N N X

’{ A 0 2—’0 0 0 2



The algorithm. Step 3: trace back

[ M[i-1,j-1] £ 1
n Reconstruct path i mae | MIb11=2
leading to highest M1, ] — 2
scoring cell 0
n Trace back until
j- 1 2 3 4,5 6
zero or start of .
_ il G A G T G A
sequence: 1 6 1. 0 1 0 1 0
alignmentpathcan ., . o> o o o 2
begin and 3 G 1 o\C:)D 1 1 0
terminate anywhere 4 6 1 o T 2 2 o0
In matrlx 5 C 0 0 0 0 1 1
: 6 G 1 0| 1 O 1 O
n Alignment: GAG - Talol 210l ol ol 2

GAG



Local dynamic programming
(Smith & Waterman, 1981, Gotoh, 1984)

j-1
Thisisthe generd
DP algorithm,
which is suitable
for linear, affine ca
and concave p_
penalties, opening
athough for the penalty
example here
affine penalties r “
are used Si,j + MGX{SO<X<1-_1,J-_1 - Pi - (I-X-l)PX}
S.+S. ..
S i, i-1,j-1
51.]. = Max < " ] o
SI.’]. + Max {SI._LO<]<]._1 - Pi - (j-y-1)Px}
0

Gap extension penalty



Measuring Similarity

n Sequence identity (number of identical
exchanges per unit length)

n Raw alignment score

n Sequence similarity (alignment score
normalised to a maximum possible)

n Alignment score normalised to a
randomly expected situation
(database/homology searching)



Pairwise alignment

n Now we know how to do It:

n How do we get a multiple alignment
(three or more sequences)?

n Multiple alignment: much greater
combinatorial explosion than with
pairwise alignment.....



Multiple alignment idea

o Takethree or more related sequences and align
them such that the greatest number of similar
characters are aligned in the same column of
the alignment.

1 al fz fia
e —— o
10 20 an
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|deally, the sequences are orthologous, but
often include paral ogues.



Scoring a multiple alignment
 You can score a multiple alignment by

taking all the pairs of aligned sequences
and adding up the pairwise scores:
Sp= 2us@b) - > Negp(k)

A. 1nnl;aus |, S sss s en s e =M LT TE
Lim ! emmsmssrsss s eesw s
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Information content of a multiple

alignment
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What to ask yourself

e What program to use to get a multiple
alignment?
(three or more sequences)

e What is our aim?
— Do we go for max accuracy?
- Least computational time?
— Or the best compromise?

e \What do we want to achieve each time?



Multiple alignment methods

g Multi-dimensional dynamic programming
> extension of pairwise sequence alignment.

q Progressive alignment

> incorporates phylogenetic information to guide the
alignment process

q Iterative alignment
> correct for problems with progressive alignment by

repeatedly realigning subgroups of sequence



Exhaustive & Heuristic
algorithms

e Exhaustive approaches
« Examine all possible aligned positions simultaneously
* Look for the optimal solution by (multi-dimensional) DP
e Very (very) slow

e Heuristic approaches

« Strategy to find a near-optimal solution
(by using rules of thumb)

« Shortcuts are taken by reducing the search space
according to certain criteria

 Much faster



Simultaneous multiple alignment

Multi-dimensional dynamic programming

Combinatorial explosion

q DP using two sequences of length n
nZ comparisons

g Number of comparisons increases
exponentially
i.e. NN where n is the length of the
sequences, and N is the number of
segquences

q Impractical even for small numbers of short
sequences



Sequence-sequence alignment
by Dynamic Programming

seguence

seguence




Multi-dimensional dynamic
programming (Murata et al., 1985)

Sequence 1

Sequence P




The MSA approach

Lipman et al. 1989

n Key idea: restrict the computational
costs by determining a minimal region
within the n-dimensional matrix that
contains the optimal path |




The MSA method in detall

Let’s consider 3 sequences !
2. Calculate all pair-wise alignment

Wk N

scores by Dynamic programming
Use the scores to predict a tree

1
Produce a heuristic multiple align. ES
based on the tree (quick & dirty)

5. Calculate maximum cost for each
sequence pair from multiple
alignment (upper bound) &
determine paths with < costs.

6. Determine spatial positions that
must be calculated to obtain the
optimal alignment (intersecting
areas or ‘hypersausage’ around
matrix diagonal)

7 Perform multi-dimensional DP

NW -

Note Redundancy caused by highly
correlated sequences is avoided



The DCA (Divide-and-Conguer) approach
Stoyeet al. 1997

n Each sequence is cut in two behind a
suitable cut position somewhere close
to its midpoint.

n  This way, the problem of aligning one
family of (long) sequences is divided
into the two problems of aligning two
families of (shorter) sequences.

n  This procedure is re-iterated until the
seqguences are sufficiently short.

n  Optimal alignment by MSA.

n  Finally, the resulting short alignments
are concatenated.




So In effect ...

Sequence 1

P}
@
Q\@Q
%Q;

cel2

equ




Multiple alignment methods

q Progressive alignment
> incorporates phylogenetic information to guide the
alignment process

q Iterative alignment
> correct for problems with progressive alignment by

repeatedly realigning subgroups of sequence



The progressive alignment method

g Underlying idea: we are interested in aligning
families of sequences that are evolutionary
related

q Principle: construct an approximate
phylogenetic tree for the sequences to be
aligned (‘quide tree’) and then build up the
alignment by progressively adding sequences
in the order specified by the tree.




Making aguide tree

olb Wk, NBE

Score 1-2 Pairwise

aliecnments

Score 1-3

(all-against-

Score 4-5 aH)

1 Similarit)/ criterion

Scores

5%5 Similarity

matrix

i | Guide tree




Progressive multiple alignment

1 -
5 Score 1-2
1 ;
3 - Score 1-3
451 Score 4-5
- scores — Similarity
X .
matrix
Scores to distances _~ [\] lteration possibilities

L— —

Guide tree Multiple alignment




Progressive alignment strategy

1. Perform pair-wise alignments of all of
the sequences (all against all; e.q.
make N(N-1)/2 alignments)

- Most methods use semi-global alignment

2. Use the alignment scores to make a
similarity (or distance) matrix

3. Use that matrix to produce a guide
tree

4. Align the sequences successively,
guided by the order and relationships
indicated by the tree (N-1 alignment
steps)



General progressive multiple

alignment technique (follow generated tree)

—d
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1
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Align these
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PRALINE progressive strategy
- dJ-

At each step, Praline checks which of the pair-wise alignments (sequence-sequence, sequence-profile,
profile-profile) has the highest score — this one gets selected



But how can we align blocks of
seguences ?

Mg O ® >
W > UO

n The dynamic programming algorithm performs well for
pairwise alignment (two axes).

n So we should try to treat the blocks as a “single”
sequence ...



How to represent a block of
seguences

n Historically: consensus sequence
single sequence that best represents the
amino acids observed at each alignment
position.

n Modern methods: alignment profile
representation that retains the information
about frequencies of amino acids
observed at each alignment position.



Consensus seguence

Sequence 1 FATNMGTSDPPTHTRLRKLYVSAQ
Sequence 2 FVTNMNNSDGPTHTKLRKLVST
Consensus F* TNM**SD* PTHT*LRKLVS?®?*
N ‘ loss of information

n For larger blocks of sequences it
“punishes” more distant members




Alignment profiles

n Advantage: full representation of the
sequence alignment (more information
retained)

n Not only used in alignment methods, but
also Iin sequence-database searching (to
detect distant homologues)

n Also called PSSM in BLAST (Position-
specific scoring matrix)



Multiple alignment profiles

<s* 00>

Core region Gapped region Core region
i frequencies

fA.. fA.. fA..
fC.. fC.. fC..
fD.. fD.. fD..
fW.. fW.. fW..
fY.. fY.. fY..

Gapo, gapx |Gapo, gapx| Gapo, gapx

Position-dependent gap penalties



Profile building

qg Example: each aa is represented as a frequency and gap
penalties as weights.

=

i
A[05 0.3 0
C|O 0.1 0.5
D|O 0 0.2
W/ 0 0.3 0.1
Y |05 0.3 0.2
Ga
pe,EaltieS 1.0 0.5 1.0

Position dependent gap penalties



Profile-sequence alignment

seguence




Sequence to profile alignment

r<<>r>r

: ]

0.4 A
0.2 L
0.4V

Score of amino acid L in a sequence that is aligned against
this profile position:

Score = 0.4 *s(L, A) + 0.2 *s(L, L) + 0.4 *s(L, V)



Profile-profile alignment
profile

A
C
D
Y

profile




General function for profile-profile
scoring

| Profile 1 | Profile 2

A A
C C
D D

Y Y

g At each position (column) we have different residue
frequencies for each amino acid (rows)

q Instead of saying S=s(aa,, aa,) for pairwise alignment
For comparing two profile positions we take:

20 20

S=> » faa xfaa,xs(aa,aa;)
3



Profile to profile alignment

a ————— ..
0.2 L 0.25 S
0.4V /

Match score of these two alignment columns using the a.a frequencies at the
corresponding profile positions:

Score = 0.4*0.75%s(A,G) + 0.2*%0.75%s(L,G) + 0.4%0.75*s(V,G) +
+ 0.4*%0.25%s(A,S) + 0.2*0.25%s(L,S) + 0.4*%0.25%s(V,S)

s(x,y) is value in amino acid exchange matrix (e.g. PAM250, Blosum62) for
amino acid pair (X,y)



Progressive alignment strategy

Methods:

Biopat (Hogeweg and Hesper 1984 -- first integrated
method ever)

MULTAL (Taylor 1987)

DIALIGN (1&2, Morgenstern 1996) — local MSA
PRRP (Gotoh 1996)

ClustalW (Thompson et al 1994)

PRALINE (Heringa 1999)

T-Coffee (Notredame 2000)

POA (Lee 2002)

MUSCLE (Edgar 2004)

PROBSCONS (Do, 2005)

MAFFT



Percent of cbrrectly matched residues

100
90
80
70
60
50
40

30

20
10

Pair-wise alignment quality versus

sequence identity
(Vogt et al., IMB 249, 816-831,1995)

Percent of identical residues



Clustal, ClustalW, Clustal X

CLUSTAL W/X (Thompson et al., 1994) uses Neighbour Joining
(NJ) algorithm (Saitou and Nei, 1984), widely used in phylogenetic
analysis, to construct a guide tree (see lecture on phylogenetic
methods).

Sequence blocks are represented by profile, in which the individual
seguences are additionally weighted according to the branch
lengthsin the NJ tree.

Further carefully crafted heuristicsinclude:
— (i) local gap penalties
— (i) automatic selection of the amino acid substitution matrix, (iii) automatic
gap penalty adjustment

— (iv) mechanism to delay alignment of sequences that appear to be distant at
the time they are considered.

CLUSTAL (W/X) does not allow iteration (Hogeweg and Hesper,
1984, Corpet, 1988, Gotoh, 1996; Heringa, 1999, 2002)



Aligning 13 Flavodoxins + cheY

Favodoxin

fold: doubly
wound 3a3
structure

S5(Ba)



Flavodoxin family - TOPS diagrams

5nul 1rcf
The basic topology of
the flavodoxin fold is
given below, the other
m . four TOPS diagrams
o o show flavodoxin folds

with local insertions of
secondary structure

32 1ofv
elements (David
Gilbert)

Basic Topology

O a-helix

/\ B-strand

o2



Flavodoxin-cheY NJtree

tr 16515 _1w.Fra

Cluster algorithn

FPHYLOGENETIC TREE

with bockztrap wvaluzs

Phylogran

100

Lini =

100

74

100

]

9

T3
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— FLAY_DESYH

FLAY_DESGI
FLAY_DESSH
FLAV_DESDE
4f =n

FLAY_HEGEL
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FLAY_ANASP
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FLAV_RAZ0VT
FLAY_ENTAG
FLAY_CLOAB

3chy

0.1
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Clusta \V web-Interface

Help Index
General Help
Formats
Gaps

Il atriz
References
Clustaly Help
Clustaly FAG
Jalview Help
Scores Tahle
Alignment
Guide Tree

Colours

Similar Applications

*» hluzcle
» T-Coffee

(@il Submission Form

Clustal¥¥ is a general purpose multiple sequence alignment prograrn for DMNA or proteins. |t
produces biologically meaningful multiple sequence alignments of divergent sequences. It
calculates the best match for the selected sequences, and lines them up so that the identities,
similarities and differences can be seen, Evolutionary relationships can be seen via viewing
Cladograms or F'hylogra(ns. New users, please read the FAQ.

$ir i
>> Download Softuare ) 8] Q.
ALIGNMEMT TITLE

YOUR EMAIL RESULTS ALIGNMENT CRLUMODE
| |Sequence |interactivej Iful\ j |sing|ej
KTUP WD O SCORE TYPE TOPDIAG PAIRGAP
NORD SIZE) LENGTH
|def 'I !def 'I |percent _ﬂ |defj |def _'J
MATRE GAP OPEN ERD AP GAP
| GAPS EXTEMSION DISTARCES
[asf =] [def =] | def =] [def =] | def =]
QUTPUT PHYLOGEMETIC TREE
QUTPUT QUTPUT TREE TYPE CORRECT DIST. IGNORE GAPS
FORMAT ORDER

aln winumbers j |a|ignedj |n0ne j |0ﬁj off =

Enter or Paste a set of Sequences in any supported farmat:

E
Browse... | M Resetl

Upload a file:

If you plan to use these services during a course please contact us using the email below.
Please read the FAQ before seeking help from our support staff.



CLUSTAL X (1.64b) multiple sequence alignment Flavodoxin-

1f x1

FLAV_DESVH
FLAV_DESG
FLAV_DESSA
FLAV_DESDE
FLAV_CLOAB
FLAV_MEGEL
4f xn

FLAV_ANASP
FLAV_AZOVI
2fcr

FLAV_ENTAG
FLAV_ECOLI
3chy

1f x1

FLAV_DESVH
FLAV_DESG
FLAV_DESSA
FLAV_DESDE
FLAV_CLOAB
FLAV_MEGEL
4f xn

FLAV_ANASP
FLAV_AZOVI
2fcr

FLAV_ENTAG
FLAV_ECOLI
3chy

cheY
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VAYFGTGDQ GYADNFQDAI G LEEKI SQRGGKTVGYWSTDGYDFNDSKAL R- NGKFVGLAL DEDNQSDL TDDRI KSWWAQLKSEFGL- - - - - -
VALFGLGDQVGYPENYLDAL GEL YSFFKDRGAKI VGSWSTDGYEFESSEAVV- DGKFVGLAL DL DNQSGKTDERVAAW. AQN APEFGLSL- - - -
VAl FGLGDAEGYPDNFCDAI EEI HDCFAKQGAKPVGFSNPDDYDYEESKSVR- DGKFL GLPLDWNDQ PVEKRVAGWEAVVSETGV- - - - - -
VALFGLGDQLNYSKNFVSAMRI LYDLVI ARGACVVGNWPREGYKFSFSAAL L ENNEFVGLPLDQENQYDL TEERI DSW.EKLKPAVL- - - - - - -
VALFGCGDQEDYAEYFCDALGTI RDI | EPRGATI VGHWPTAGYHFEASKGL ADDDHFVG. Al DEDRQPEL TAERVEKVWKQ SEELHLDEI LNA
AD- - GAMSALPVL- - - - - MTAEAKKENI | AAAQAGAS- - -------------- GYV- VKPFTAATLEEKLNKI FEKLGW - - - - - - - - - - - - -

The secondary structures of 4 sequences are known and can be
used to asses the alignment (red is -strand, blue is a-helix)




There are problems ...

Accuracy is very important !l

q

Progressive multiple alignment is a greedy strategy:

Alignment errors during the construction of the MSA

cannot be repaired anymore and these errors are
propagated into later progressive steps.

Comparisons of sequences at early steps during
progressive alignment cannot make use of information
from other sequences.

It is only later during the alignment progression that
more information from other sequences (e.g. through
profile representation) becomes employed in the
alignment steps.



Progressive multiple alignment

“Once a gap, a]ways agap”

Feng & Doolittle, 1987



Additional strategies for multiple
seqguence alignment

 Matrix extension (T-coffee)
* Profile pre-processing (Praline)

e Secondary structure-induced
alignment

Objective: try to avoid (early) errors



Integrating alignment methods
and alignment information with
T-Coffee

Integrating different pair-wise alignment
techniques (NW, SW, ..)

Combining different multiple alignment
methods (consensus multiple alignment)

Combining sequence alignment methods
with structural alignment techniques

Plug in user knowledge



Matrix extension

T-Coffee

Tree-based Consistency Objective Function
For alignmEnt Evaluation

Des Higgins
Jaap Heringa J. Moal. Biol., 302, 205-217;2000



Using different sources of alignment information

Clustal Clustal Structure ali gnments

Dia]ign La]ign Manual

| -

T—Cgﬁée



T-Coffeelibrary system

Seql AAl
3 V31
3 V31
5 L33
5 133

Squ AA2
5 L33
6 134
6 R35
6 136

Wei ght

10
14

21
35




Matrix extension

22.
. -



Search matrix extension — alignment transitivity

a)Sigmal Additios: Compatation of Like primary weights.

Ad)
Al5)

Primary Likrary
Res.1 Res. 2

B{3)

B{1L4)

Weight

L
23

MExtension: Alignment of A amd B through sequesoe .

AfG)
AfG)
AfG)
A(G)

PRes. 1 Res. 2

B{2)
B (G
B{L4)
B{1%)

Weight

T=mim{ 111 5}
=il 11k, 24
35 =il 35)
2=l R, 2y

A e sl AT

) Combimation: Position Specific Scorimg Scivesnve For A and B using imFformation
fromn Eequence A, B amd C.

Res. 1

AlG)
AlG)
AlG)
AlG)
Ay

Extemded Lilrary
Res.2 Weight

B{2)
B{3)
B{G)

B{14)
B

L L1
L
L L1
oi=23+35
20




T-Coffee




Search matrix extension

alBrgular Frogoeesiwe Alignment Stcateg w
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Cy namic Programming
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T-COFFEE web-Interface

Computes a multiple sequence alignment and the assceiated pindogenetic tree.

Limitations: Meximum number of sequerces iz 50
Mzximum length of sequencas is 2000

Sequence Input

Faste or upload your et of sequences in fagta fomat.

Uplcad Fie Browse... |

of paste data

Alignment Computation

the Teoffee library. You ¢an cheose pairwise and nultiple sequznce aignment methods.

¥ Mlatigr_id pair [ Melustaw_pair
Paitwize Methcds [ Ifast_pair

W Nslow pair

Output
Uze this zection to controlthe Output Format
v clastale_aln r pir_aln r pit_seq 1 score_pdf
Aligmen: Forrat [ aeg ¥ fasta_atn [ fasta_sey [ score_asci
[ msf_aln ¥ phylip W score_tuml

Case Iupper 'l

Residue Mumber on

Order Iinput ‘l

-

[

Teoffes 1] i= ali by bining a collzetion »f smaler alignments named a Library. In this section wou can select the methods wou want to combine it

Wou may paste your e-rail address: |

Subimt | Seset |




n Computes structural
alignments

n Structures associlated
with the sequences are
retrieved and the
Information i1s used to
optimise the MSA

n More accurate ... but for
many proteins we do
not have a structure

This server computes Structure based Mult ple Sequence Al gnments. You only nzed to provide the sequences. The semver wil
autcrratically f2ichthe -e ated struclures snd use therr to cuide the a ignment.

Siructure basad I ially mor than si

Limtaticns: Maximum number of sequences iz 50
WAHITILIN [ENGEH OF SeCiUentes 1 2000

Sequence Input

1HIepare your s 0f Sequzrces In atasta e

YourJequerce File Brovis=2

ot paste dte

Structure Input

2.Upload your PDE structure f nosded (Do HOT upload Confidential Dataly

PDE Fils [ Browioz..
FDE File [ Browis2
PDE Fils [ Browis=..

Likrary Computation

3Select the rrefhods vou wantto use to compulz the i
Teofee uses vaious s2cuence anc struciure alignrrent nathods to compile a collection of alignments known 25 a Library, Jse
Lhiss suiun 0 select e neth s

[ Mlahgn 10 par [ Mfast oar
Puirwise Sequence &lignneatMethods [ Wchistahy_pai
[ Mslow_pair

= = — N I oo wsis




but.....

T-COFFEE (V1.23) multiple sequence alignment
Flavodoxin-cheY

1fx1 - - - - PKALI VYGSTTGNTEYTAETI ARQLANAG- YEVDSRDAASVE- AGGLFEGFDLVLLGCSTWEDDSI E- - - - - - LQDDFI PL- FDSLEETGAQGRK- - - - -
FLAV_DESVH - - - MPKALI VYGSTTGNTEYTAETI ARELADAG- YEVDSRDAASVE- AGGLFEG-DLVLLGCSTWEDDSI E- - - - - - LQDDFI PL- FDSLEETGAQCGRK- - - - -
FLAV_DESG - - - MPKAL| VYGSTTGNTEGVAEAI AKTLNSEG- METTVVNVADVT- APGLAEGYDVVLLGCSTWCEDDE! E- - - - - - LQEDFVPL- YEDL DRAGLKDKK- - - - -
FLAV_DESSA - - - MBKSLI VYGSTTGNTETAAEYVAEAFENKE- | DVELKNVTDVS- VADLGNGYDI VLFGCSTWGEEE! E- - - - - - LQDDFI PL- YDSLENADLKGKK- - - - -
FLAV_DESDE - - - MBKVLI VFGSSTGNTESI AQKLEELI AAGG- HEVTLLNAADAS- AENLADGYDAVLFGCSAWGMVEDLE- - - - - - MQDDFLSL - FEEFNRFGLAGRK- - - - -
4fxn - MKI VYWSGTGNTEKVAELT AKG | ESG- KDVNTI NVSDVN- | DELL- NEDI LI LGCSAMEDEVLE- - - - - - - ESEFEPF- | EEI S- TKI SGKK- - - - -
FLAV_MEGEL ~ ----- MVEI VYWSGT GNTEAVANEI EAAVKAAG- ADVESVRFEDTN- VDDVA- SKDVI LLGCPAMGSEELE- - - - - - - DSVVEPF- FTDLA- PKLKCGKK- - - - -
FLAV_CLOAB - - - - MKl SI LYSSKTCGKTERVAKLI EEGVKRSGNI EVKTMNLDAVD- KKFLQ- ESEQ | FGTPTYYAN- - - - - - - - - | SWEMKKW | DESSEFNLECKL - - - - -
2fer  ----- Kl G FFSTSTGNTTEVADFI GKTLGAKA- - - DAPI DVDDVTDPQAL- KDYDLLFLGAPTWNTGA- - - - DTERSGT SWDEFL YDKL PEVDMKDLP- - - - -
FLAV_ENTAG - - - MATI G FFGSDTGQTRKVAKLI HOKLDG A- - - DAPLDVRRAT- REQF- LSYPVLLLGTPTLGDGEL PGVEAGSQYDSWEF- TNTLSEADLTCKT- - - - -
FLAV_ANASP - - - SKKI GLFYGTQTGKTESVAEI | RDEFGNDV- - - VTLHDVSQAE- VTDL- NDYQYLI | GCPTWNI GEL- - -- - - - - QSDVEGL - YSEL DDVDFNGKL- - - - -
FLAV_AZOVI - - - - AKI GLFFGSNTCGKTRKVAKSI KKRFDDET- M SDALNVNRVS- AEDF- AQYQFLI LGTPTLGECGEL PGLSSDCENESWVEEF- LPKI EGLDFSCKT- - - - -
FLAV_ECOLI ----Al TG FFGSDTGNTENI AKM QKQLGKDV- - - ADVHDI AKSS- KEDL- EAYDI LLLG PTWYYGEA- - --- - - - QCDWDDF- FPTLEEI DFNGKL- - - - -
3chy ADKELKFLVWVD- - DFSTVRRI VRNLLKELGFN- NVE- EAEDGVDALNKLQ- AGGYG-VI SDWNVPNMDGLE- - - - - - - - - - - - - - LLKTI RADGAMSALPVLW
fx1 e VACFGCGDSS- - YEYFCCGA- VDAl EEKLKNLGAEI VQDG- - - - - ---------------- LRI DGDPRAA- - RDDI VOMHDVRGAI - - - - - - - -
FLAV_DESVH  --------- VACFGCGDSS- - YEYFCGA- VDAl EEKLKNLGAEI VQDG- - - - - - - - ------------- LRI DGDPRAA- - RDDI VGMHDVRGA - - - - - - - -
FLAV_DESG@ ~ --------- VGVFGCGDSS- - YTYFCGA- VDVI EKKAEELGATLVASS- - - - - ---------------- LKI DGEPDSA- - - - EVLDWAREVLARV- - - - - - - -
FLAV_DESSA  --------- VSVFGCGDSD- - YTYFCGA- VDAl EEKLEKMGAWI GDS- - - ------------------ LKI DEDPE- - - - RDEI VSWESAE ADKI - - - - - - - -
FLAV_DESDE  --------- VAAFASGDQE- - YEHFCGA- VPAI EERAKELCGATI | AEG - ------------------- LKMEGDASND- - PEAVASFAEDVLKQL- - - - - - - -
4fxn e VALFGS- - - - - - YONGDGKVWRDFEERMNGYGCVWVETP- - - - - - - - - o m oo oo - LI VONEPD- - EAEQDCI EFGKKI AN - - - - - - - - -
FLAV_MEGEL  --------- VCLFGS------ YONCSGEWWDAVKQRTEDTGATVI GTA- - - - - - - - - - - - - - - - | V- - NEMP- - DNAPECKEL CEAAAKA: - - - - - - - -
FLAV_CLOAB  --------- GAAFSTANSI - - AGGSDI A- LLTI LNHLMVKGWLVY- - - - SGGVAFGKPKTHLGYVHI NEI QENEDENARI FGERI ANKVKQ F- - - - - - - - - - -
2fcr e VAl FGLGDAEGYPDNFCDA- | EEI HDCFAKQGAKPVGFSNPDDYDYEESKSVRDG- KFLGLPLDWNDQ PVEKRVAGWEAVVSETGV- - - - - -
FLAV_ENTAG  --------- VALFGLGDQLNYSKNFVSA- MRl LYDLVI ARGACVWGNWPREGYKFSFSAAL L ENNEFVGL PLDQENQYDL TEERI DSW.EKLKPAVL- - - - - - -
FLAV_ANASP --------- VAYFGTGDQ GYADNFQDA- | G LEEKI SQRGEKTVGYWSTDGYDFNDSKAL RNG- KFVGLAL DEDNQSDL TDDRI KSWAQLKSEFGL- - - - - -
FLAV_AZOVI --------- VALFGLGDQVGYPENYLDA- LGEL YSFFKDRGAKI VGSWSTDGYEFESSEAVVDG- KFVGLAL DLDNQSGKTDERVAAW. AQ APEFGLSL - - - -
FLAV_ECOLI --------- VALFGCGDQEDYAEYFCDA- LGTI RDI | EPRGATI VGHWPTAGYHFEASKG. ADDDHFVGEL Al DEDRQPEL TAERVEKWKQ SEELHLDEI LNA

3chy TAEAKKEN! | AAAQAGASGYVVKPFT- - - AATLEEKLNKI FEKLGVE = - - = = = = = = = = = = = = = & = m m o m e e o m e e oo e oo



