TUTORIAL &

1. Programas de alinhamento geram topologias com custos distintos? (Tab. 8.1)

2. Ha algum critério que possa ser utilizado de alinhamentos?

3. Parametros de alinhamento influenciam o resultado de sua analise?

4. Ha algum critério que possa ser utilizado para a escolha de parametros?
5. Arvores-guias influenciam o resultado do alinhamento — topologia?

6. Como mater a consisténcia logica interna de sua analise?

/. Ha evidéncias de que alinhamento, escolha de parametros e
inferéncia filogenética sao interdependentes?



Alinhamentos — homologia estatica:

Procedimento analitico: 2 etapas distintas e interdependentes.

Alinhamentos multiplos:
Fungao objetiva: maximiza similaridade
Dependente de:
Funcao de custo
Arvore-guia

Inferéncia filogenética:
1. Via de regra viola consisténcia interna pela ado¢ao de fun¢des objetivas distintas
2. Dependente do alinhamento

alinhamento

funcao de custo «—————» topologia



Arvores e alinhamento:

TAP: tree algnment problem

|dentificar o alinhamento, dado uma topologia, com o menor custo.

ACGTT
AC-T-
GC-T-
TTGT-

TTGT

ACGT

TCGT

ACGTT

ACGTT
ACT

AC--T

GC--T

GCT TTG-T

GCT

Figure 8.8: Example tree alignment. Either set of medians (ACGT, TCGT;
ACT, GCT) yields a cost of 6 transformations (indels and substitutions). The
two alignments also result in a tree cost of 6.

Fonte: Wheeler (2012)



Tree alignment problem:

Solucoes exatas: virtualmente ndo-realista

m 2 3 4 5)
n= 1 3 13 75 541
2 13 409 23917 2244361
3 63 16081 10681263 14638756721
4 321 699121 5552351121 | 117629959485121
5 1683 32193253 | 3147728203035 1.05 x 1018
10 | 8097453 | 9850349744182729 3.32 x 10%° 1.35 x 1038

Table 8.1: Number of multiple sequence alignments for very small data sets
(m sequences of length n).

Fonte: Wheeler (2012)



Alinhamento Multiplo Heuristico:

Implementacao: operadores comuns

Needleman-Wunsch

match =1 mismatch = -1

G c A
0 - 2 -3

~ ‘\\ 1
G T 1 %0 -
A 2 0 0 1
+
T 3 -1 1 0
T 4 2 2 -1
A 5 -3 3 -1
c 6 -4 2 2
A 7 -5 3 -1

Fonte: Wheeler (2012)

gap =-1
G
-5

-3

CAA AAT AMATA GGGTT AGGGT CCGGTT

MSRRTW

-GGGTT
AGGGT- o
MSRRTW
- -AATA
-GGGTT
AGGGT-
CCGGTT

Figure 8.10: Progressive alignment of Feng and Doolittle (1987) where pairwise
alignments are performed via post-order tree traversal at non-leal vertices to
create partial MSAs following “once a gap, always a gap” (left of vertices) or
profile sequences (right of vertices) of [IUPAC symbols for each column with a
“bar” if a gap is also present in that aligned column.



Alinhamento Multiplo Heuristico:

Implementacao:

Pairwise Initial Guide Tree Progressive Alignment

. — —_—
Distances y/ y/

Collection of

Sequences

Progressive Alignment New Guide Tree

- <« | Pairwise Initial MSA
y y Distances
p
/" Tree Refinement
, /
.~ Improve Tree Score
R4 / CLUSTAL
_.e%--—=-» MALIGN
New MSA L -~ r

Alignment Refinement
Improve SP Score

SAGA ‘MSAONMSA1' I
v. 4

Edge Refinement v

Improve SP Score Pairing Mutation |} {Cross over
>_< — > < —» [New MSA '

A

'
k i
'
'

MAFFT
Selection

MUSCLE
Figure 8.11: Procedural relationships among heuristic MSA implementations.

Fonte: Wheeler (2012)



Homologia estatica:

T1
T2
T3
T4

Implementacao:

CTGGCTACGT
TGGTAAGT
CCTAAGT
CCTGATGC

clustalw

T1
T2
T3
T4

CTGGCTACGT Tr‘?_e%
_TGG-TAAGT SN I--’I T4
———CCTAAGT T
CCTGATGC—- 5

Implicit enumeration, 1 trees found, score 12.



Otimizacdo direta — homologia dinamica

alinhamento

funcdo de custo «—» topologia

Procedimento analitico unico: busca e alinhamento

Inferéncia filogenética:
1. Manutencao da consisténcia interna da analise
2. Incorpora todas as evidéncias simultaneamente
3. Alinhamento (implicito) € subproduto da analise



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

0O 1 1
)] DK |

AJDKIECBFG
I I N O O

0 0
L H

T\ ETAPA 1: Descendente (ingl. down pass)

ultimo n6 de grau 3

Regras:
1. se 1 & 10ou0 &0 ou0/1&0/1— atribui-se ao né 1 ou 0 ou 0/1, respectivamente.
2.se 0 & 1 — atribui-se ao n6 0/1.
3.5 0/1&10u0/1&0 — atribui-se ao né 1 ou 0, respectivamente.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

ETAPA 1: Descendente (ingl. down pass)

Regras:
1. se 1 & 1 0u 0 & 0 — atribui-se ao n6 1 ou 0, respectivamente.
2.se 0 & 1 — atribui-se ao n6 0/1.
3.5 0/1&10u0/1&0 — atribui-se ao n6 1 ou 0, respectivamente.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

ETAPA 1: Descendente (ingl. down pass)

Regras:
1. se 1 & 10ou0 &0 ou0/1&0/1— atribui-se ao né 1 ou 0 ou 0/1, respectivamente.
2.se 0 & 1 — atribui-se ao n6 0/1.
3.5 0/1&10u0/1&0 — atribui-se ao né 1 ou 0, respectivamente.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

ETAPA 1: Descendente (ingl. down pass)

Regras:
1. se 1 & 10ou0 &0 ou0/1&0/1— atribui-se ao né 1 ou 0 ou 0/1, respectivamente.
2.se 0 & 1 — atribui-se ao n6 0/1.
3.5 0/1&10u0/1&0 — atribui-se ao né 1 ou 0, respectivamente.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

ETAPA 1: Descendente (ingl. down pass)

Regras:
1. se 1 & 10ou0 &0 ou0/1&0/1— atribui-se ao né 1 ou 0 ou 0/1, respectivamente.
2.se 0 & 1 — atribui-se ao n6 0/1.
3.5 0/1&10u0/1&0 — atribui-se ao né 1 ou 0, respectivamente.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

fffffffffffffff e
10/1
S e %
lo/1
o S ’
IO ETAPA 1: Descendente (ingl. down pass)

Regras:
1. se 1 & 10ou0 &0 ou0/1&0/1— atribui-se ao né 1 ou 0 ou 0/1, respectivamente.
2.se 0 & 1 — atribui-se ao n6 0/1.
3.5 0/1&10u0/1&0 — atribui-se ao né 1 ou 0, respectivamente.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

-0 0 1 01 0 1 1 00 1 0

LHA JDK |1 ECBF G
L) LT LT L]

Ii 0 ETAPA 2: Ascendente (ingl. up pass)

Regras:
1. se 1 & 1 0ou 0 & 0 — atribui-se ao n6 1 ou 0, respectivamente.
2.se 0 & 1 — atribui-se ao n6 o estado presente no né superior.
3.se1&0/10u0&0/1 — atribui-se ao n6 o estado presente no né inferior.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

AJDK 1 EC
L) L)L

0/1 0/1

0 o 0 1 o0
L H B F G
| L]

0/1

0/1 0

0/1

0/1

ﬁ —— 4 ETAPA 2: A '
0 : Ascendente (ingl. up pass)

Regras:
1. se 1 & 1 0ou 0 & 0 — atribui-se ao n6 1 ou 0, respectivamente.
2.se 0 & 1 — atribui-se ao n6 o estado presente no né superior.
3.5 1&0/10u0&01 — atribui-se ao n6 o estado presente no né inferior.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

0 O 1 0 1 O 1 1 0 O 1 O
LHA JDK I ECBFG
B I I
071 0
07T,
0/1/0\¥/4
%% ETAPA 2: Ascendente (ingl. up pass)

Regras:
1. se 1 & 1 0ou 0 & 0 — atribui-se ao n6 1 ou 0, respectivamente.
2.se 0 & 1 — atribui-se ao n6 o estado presente no né superior.
3.5 1&0/10u0&01 — atribui-se ao n6 o estado presente no né inferior.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

AJDK 1 EC
L) L)L

0/1 0/1

0 o 0 1 o0
L H B F G
| L]

0/1

0/1 0
0

071
\ -

0/1
0]

%% ETAPA 2: Ascendente (ingl. up pass)

Regras:
1. se 1 & 1 0ou 0 & 0 — atribui-se ao n6 1 ou 0, respectivamente.
2.se 0 & 1 — atribui-se ao n6 o estado presente no né superior.
3.5 1&0/10u0&01 — atribui-se ao n6 o estado presente no né inferior.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

0 O 1 0 1 0 1 1 0 0 1 O
LHA JDK I ECBFG
NERRRRREN]
O/lo O0
0/10
0/10
%% ETAPA 2: Ascendente (ingl. up pass)

Regras:
1. se 1 & 1 0ou 0 & 0 — atribui-se ao n6 1 ou 0, respectivamente.
2.se 0 & 1 — atribui-se ao n6 o estado presente no né superior.
3.5 1&0/10u0&01 — atribui-se ao n6 o estado presente no né inferior.



Otimizacdo de diagramas enraizados:
Considere a seguinte topologia e distribuicao de estados:

0 o 1 01 0 1 1 o0 O 1 o
LHA JDK 1 ECBFG
o o ||| [ e ]
0/1 0 0/10 11 0 0 0/10
0/1, ommm)1 0,
0/T
0/1
%% ETAPA 2: Ascendente (ingl. up pass)

Regras:
1. se 1 & 1 0ou 0 & 0 — atribui-se ao n6 1 ou 0, respectivamente.
2.se 0 & 1 — atribui-se ao n6 o estado presente no né superior.
3.5 1&0/10u0&01 — atribui-se ao n6 o estado presente no né inferior.
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Algoritmo de Needleman & WunSCh (1 970) A General Method Applicable to the Search for Similarities

in the Amino Acid Sequence of Two Proteins

Savr B. NEEDLEMAN AND CHRISTIAN D. WunscH

Department of Biochemistry, Northwestern University, and
Nuclear Medicine Service, V. A. Research Hospital
Chicago, Ill. 60611, U.8.A.

(Received 21 July 1969)

A computer adaptable method for finding similarities in the amino acid sequences
of two proteins has been developed. From these findings it is possible to determine
whether significant homology exists between the proteins. This information is
used to trace their possible evolutionary development.

N QEdleman'wunsch The maximurm rgatch is a numbe? dependsnt upon the similarity of the
sequences. One of its definitions is the largest number of amino acids of one protein
. that can be matched with those of a second protein allowing for all possible
match =1 mismatch = -1 gap = -1 interruptions in either of the sequences. While the interruptions give rise to a
very large number of comparisons, the method efficiently excludes from consi-

deration those comparisons that cannot contribute to the maximum match.
G C A T G (] 1] Comparisons are made from the smallest unit of significance, a pair of amino
acids, one from each protein. All possible pairs are represented by a two-dimen-
sional array, and all possible comparisons are represented by pathways through

D 1 ; 2 _3 -4 _5 _5 ) ? the array. For thig m?,ximum mateh vfmly gertain of the possible pathways m.usb be
N evaluated. A numerical value, ono in this case, is assigned to every cell in the
- ‘\ . array representing like amino acids. The maximum match is the largest number
| that would result from summing the cell values of every pathway.
G - 1 4«0 1«2« 3« 45 .
~ R~ 1. Introduction
A 2 0 0 1 0 -1 2 3 The amino acid sequences of a number of proteins have been compared to determine
| whether the relationships existing between them could have occurred by chance.
+ “\\ Generally, these sequences are from proteins having closely related functions and are
T -3 -1 - 0 2 i 0 -1 so similar that simple visual comparisons can reveal sequence coincidence. Because
X the method of visual comparison is tedious and because the determination of the
T"\ AR significance of a given result usually is left to intuitive rationalization, computer-
T -4 -2 -2 -1 1 1 0 -1 based statistical approaches have been proposed (Fitch, 1966; Needleman & Blair,
w4 1969).
1 Direct comparison of two sequences, based on the presence in both of corresponding
A -5 -3 -3 -1 0 0 1 0 -1 amino acids in an identical array, is insufficient to establish the full genetic relation-
“\ . ships between the two proteins. Allowance for gaps (Braunitzer, 1965) greatly
c 6 4 D) 2 A A4 0 multiplies the number of comparisons that can be made but introduces unnecessary
1 and partial comparisons.
A -7 -5 -3 -1 -2 -2 0 ‘\ 0 2. A General Method for Sequence Comparison

The smallest unit of comparison is a pair of amino acids, one from each protein. The
maximum match can be defined as the largest number of amino acids of one protein that
can be matched with those of another protein while allowing for all possible deletions.
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Considere as sequéncias:

TGCAA
TGGCTA

Considere os seguintes custos:

Gap =10
Match =0
Mismatch = 1
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Down wave:
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Down wave:

= = 0O Q Q -
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Up wave:

Gap =10
Match =0
Mismatch = 1

= = 0O Q Q -

T G C A A

30

21

11

11

21

31




Up wave:
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Up wave:
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= = 0O Q Q -
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Up wave:
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Homologia dinamica:

IACG| |ACGT]|

\/
4661 —  ACG(T/) [ACTA
%
ACGTY) _,  ACKW
AckW ., ACT(WF)

ACT(W/-
ACTWH _,  ACW

Fig. 2. Schematic of the optimization method presented here. The topology of the sequences requires
three nucleotide changes and two indels. Symbolsasin Fig. 1 with parentheses denoting indels.

|ACG| [ACT]

ACK [ACA|[ACTA|[ACGT]

&
ACD ACKW

ACK(W/-)

Fig. 3. Diagnosis of alternate topology. The topology of the sequences requires four nucleotide
changesand a singleindel. Symbols asin Fig. 2.

Cladistics (1996) 12:149 @

OPTIMIZATION ALIGNMENT: THE END OF MULTIPLE SEQUENCE
ALIGNMENT IN PHYLOGENETICS?

Ward Wheeler

Department of Invertebrates, American M useum of Natural History,
Central Park West at 79th St., New York, NY 102445192, U.S.A.

Receved for publication 10 Decanber 1994; accepted 20 june 1995

Abstract - A method is described to assess directly the number of DNA sequence
transformations, ewolutionary events, required by a phylogenetic topology without the use of
multiple sequence alignment. This is accomplished through a generalization of existing
character optimization procedures to include insertion and deletion ewents (indels) in
addition to base substitutions. The crux of the model is the treatment of indels as processes
as opposed to the patterns implied by multiple sequence alignment. The results of this
procedure are directly compatible with parsimony-based tree lengths. In addition to the
simplicity of the method, it appears to generate more efficient (simpler) explanations of
sequence variation than does multiple alignment.

© 1996 The Willi Hennig Society

Introduction

Phylogenetic analysis of nucleotide sequences presents problems not frequently
found in other forms of character data. Although each base position presents one
of four identical states (A, C, G or T), the number of these positions is likely to
vary, that is homologous nucleotide sequences may differ in length. These differ-
ences may be small to non-existent in protein coding regions or extensive in non-
translated sequences such as ribosomal DNAs and introns. This sequence length
variation has lead to the development of procedures (multiple sequence
alignment) to line-up these bases via the insertion of gaps. These alignment gaps
allow the nucleotide base correspondences to be interpreted as putative homolog-
iesand phylogenetic analysis to proceed.

Many methods have been proposed to accomplish multiple sequence alignment
either simultaneously or sequentially, but the process is computationally intensive
and there is not yet consensus on what defines a ™yood[ or ™estf multiple
alignment. Methods based on the dynamic programming algorithm of Needleman
and Wunsch (1970) have generated alignments based on similarity (Feng and
Doolittle, 1987, 1990; Higgins and Sharp, 1988, 1989), inferred phylogenetic order
(Hein, 1989, 1990), external knowledge of phylogeny (Mindell, 1991), and parsi-
mony (Sankoff and Cedergren, 1983; Wheeler and Gladstein, 1992, 1994). In each
case, alignments are created with the expressed purpose of constructing historical
schemes of evolutionary relationship.

Methods which use multiple alignment follow a general pattern of observation
(sequence data) to alignment (insertion of gaps) to phylogeny reconstruction
(parsimony or other method). During this process, sequence "§aps/ are created
and treated as fifth nucleotide base although they are not observations but rather

0748-3007/ 96/ 010001+09/ $18.00/ 0 © 1996 The Willi Hennig Society



Otimizacado direta:

Down-Pass

GGGG GGG GAAG GAA

GGG(G)
1 Indel
Cost=2

GAA(G)
1 Indel
Cost=2

Total Cost =6

Up-Pass

GGGG GGG GAAG GAA

Insertion

Insertion

2 Substitutions

Figure 10.14: Direct Optimization (Wheeler, 1996) down-pass (left) and up-pass (right). In this

example, all substitutions cost 1 and indels 2.



Homologia dinamica:

T1
T2
T3
T4

Otimizacao direta:

CTGGCTACGT

TGGTAAGT
CCTAAGT
CCTGATGC

POY

Tree O:
11

| -T2
- ,--T4

9

10

10

resultado

Alinhamento implicito:

T1
T2
T3
T4

CTGGCT-ACGT
-T-GGT-AAGT
-——-CC-TAAGT
-—-CCTGATGC



Estrutura analitica em POY :

Simple script:

read(“data fil e.fas)
transform(tcm (1, 2))
bui | d( 10)

swap()

sel ect ()
report(asciitrees)
exit()




Estrutura analitica em POY :

entrada de dados

i

transformacao

i

busca

i

refinamento

i

selecao

i

resultados

:

fim

Script mais complexo:

read("12s.fas","16s.fas", "28s.fas")
read(prealigned: ("coi.fas", tcm
("n0111%)))

t ransfor n( ( nanes:

("12s.fas", "16s.fas", "28s.fas"),
(tcm ("nD111"), gap_openi ng: 0)))
set(root:"opilio 0969")
search(max_ti nme: 0: 04: 00)

sel ect ()
report("trees _do _search.tre",trees:
(nomargi n), "score_do_n0D111. sts",tree
stats, "search _statiscs.txt", searchs
tats)

exit()



Estrutura analitica em POY :

‘ entrada de dados ‘

i

transformacao

i

busca

i

refinamento

i

selecao

i

resultados

:

fim

Script mais complexo

read("12s.fas","16s.fas", "28s.fas")
read(prealigned: ("coi.fas", tcm
("n0111%)))

t ransfor n{ ( nanes:
("12s.fas", " 16s.fas", "28s.fas"),
(tcm ("nD111"), gap_openi ng: 0)))
set(root:"opilio 0969")
search(max_ti nme: 0: 04: 00)

sel ect ()
report("trees _do search.tre",trees:
(nomargi n), "score_do _n0111. sts",tree
stats, "search _statiscs.txt", searchs
tats)

exit()



Estrutura analitica em POY :

entrada de dados

i

‘ transformacao ‘

i

busca

i

refinamento

i

selecao

i

resultados

:

fim

Script mais complexo

read("12s.fas","16s.fas", "28s.fas")
read(prealigned: ("coi.fas", tcm
("nD111")))

t ransfor m( ( nanes:
("12s.fas","16s.fas", "28s.fas"),
(tcm ("nD111"), gap_openi ng: 0)))
set(root:"opilio 0969")
search(max_ti nme: 0: 04: 00)

sel ect ()
report("trees _do search.tre",trees:
(nomargi n), "score_do _n0111. sts",tree
stats, "search _statiscs.txt", searchs
tats)

exit()



Estrutura analitica em POY :

entrada de dados

i

transformacao

i

‘ busca ‘

i

‘ refinamento ‘

i

selecao

i

resultados

:

fim

Script mais complexo

read("12s.fas","16s.fas", "28s.fas")
read(prealigned: ("coi.fas", tcm
("nm0111%)))

t ransfor n( ( nanes:

("12s.fas", "16s.fas", "28s.fas"),
(tcm ("nD111"), gap_openi ng: 0)))
set(root:"opilio 0969")
search(max_tine: 0: 04: 00)

sel ect ()
report("trees _do search.tre",trees:
(nomargi n), "score_do _n0l11l. sts",tree
stats, "search _statiscs.txt", searchs
tats)

exit()



Estrutura analitica em POY :

entrada de dados

i

transformacao

i

busca

i

refinamento

i

‘ selecao

i

resultados

:

fim

Script mais complexo

read("12s.fas","16s.fas", "28s.fas")
read(prealigned: ("coi.fas", tcm
("n0111%)))

t ransfor n( ( nanes:

("12s.fas", "16s.fas", "28s.fas"),
(tcm ("nD111"), gap_openi ng: 0)))
set(root:"opilio 0969")
search(max_ti nme: 0: 04: 00)

sel ect ()
report("trees _do search.tre",trees:
(nomargi n), "score_do _n0l11l. sts",tree
stats, "search _statiscs.txt", searchs
tats)

exit()



Estrutura analitica em POY :
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stats, "search _statiscs.txt", searchs
tats)

exit()



Estrutura analitica em POY :

entrada de dados

i

transformacao

i

busca

i

refinamento

i

selecao

i

resultados

i

‘ fim

Script mais complexo

read("12s.fas","16s.fas", "28s.fas")
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search(max_ti nme: 0: 04: 00)

sel ect ()
report("trees _do _search.tre",trees:
(nomargi n), "score_do_n0D111. sts",tree
stats, "search _statiscs.txt", searchs
tats)

exit()



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50

