Alineamiento de secuencias
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Homologia y analogia

Homalogia: rasgos heredados a partir de un ancestro comun.
Analogia: similitud debida a evolucidn convergente.

Not homologous

E octopus

sea star

==

grasshopper

Homologous
bird

cnidarians flatworms echinoderms vertebrates nematocdes  arthropods molluscs

octopus Ilmh

aflgin of the
wvertebrate
limk

Independent evolution of
tetrapod and octopus limbs
means that they are not homelogous.
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Secuencias homologas

Dos secuencias son homologas cuando comparten un ancestro comun.

Similitud vs. homologia
e La similitud es el parecido entre dos secuencias. Suele expresarse como el porcentaje
de posiciones idénticas entre dos secuencias. Por ejemplo, dos secuencias pueden
mostrar un 30% de identidad.
* Enla homologia no hay grados, las secuencias pueden ser homaélogas o no.
e Similitud NO IMPLICA homologia.

Tipos de secuencias homologas
e Ortdlogas: Las dos secuencias derivan de un ancestro comun a partir de especiacion.
Ejemplo: citocromo c de humanos y de raton.
* Paralogas: Las dos secuencias derivan de una secuencia ancestral a partir de
duplicacion génica. Ejemplo: alfa- y beta globinas humanas
* Xenologas: Una de las dos secuencias homologas se ha adquirido por transferencia
horizontal de genes.

Prof. Dr. José L. Oliver http://bioinfo2.ugr.es/oliver/



early globin gene

duplication
-chain gene B-chain gene
frog-a human-a mouse- mouse-B8 human-B frog-B
orthologs V
paralogs
homologs

Prof. Dr. José L. Oliver http://bioinfo2.ugr.es/oliver/



speciation

Figure 5.1 Phylogenomics: A Primer (© Garland Science 2013)
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Modelo de evolucion de secuencias

Supongamos dos secuencias actuales (Ay B), con un ancestro
comun (X), es decir, homologas:

Mutaciones:
e Sustituciones

* |Inserciones/deleciones: indels
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Supongamos ahora estas dos
secuencilas:

TCAGA
TCGT

Podriamos alinearlas de varias formas:

1) TCAGA
| | |* = 3 emparejamientos + 1 indel + 1 desemparejamiento
TC-GT

2) TCAG-A
| | | = 3 emparejamientos + 0 desemparejamientos
TC-GT-

3) ...
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Matriz de puntos: alineamiento de secuencias
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Alineamiento 1:

Alineamiento 2:
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rTce-coTl

b)

d)

Las dos secuencias son idénticas
en la parte alineada.

Las dos secuencias muestran un
desemparejamiento debido a una
sustitucion; la posicion (3,3) se
gueda en blanco.

Las dos secuencias difieren por
una insercién/delecion (indel),
dando lugar a un hueco o gap;
nétese el quiebro o zig-zag de la
diagonal principal.

Dos posibles alineamientos
mostrando desemparejamientos y
huecos. El alineamiento 1
supondria en total cinco huecos (o
un hueco de dos nucledtidos y otro
hueco terminal de tres nucle6tidos)
y ningun desemparejamiento,
mientras que el alineamiento 2
supondria un hueco y dos
desemparejamientos.

Prof. Dr. José L. Oliver

http://bioinfo2.ugr.es/oliver/



Filtro: Tamano de ventana = 3
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Ficure 3.8 (a) Dot matrix for twe nucleotide

© Sequence 1 " sequences. The alignment is obscured by themany
STEECLM spurious dots in the matrix. (b} Dot matrix for the two.
517 - nucleotide sequences in (a), obtained by using a slid-
ing window three pucleotides long and setting up a.
w T hd stringency threshold of two out of three matches for
g G putting a dot in the relévant element, This filtering
% F . method clears many of the spurious dots, and the
5; C . alignment now stands out on a less cluttered back-
L ground, (c) Dot matrix for the {wo amirno acid
= sequences oblained by translating the nucleotide
o *| sequences in (a). The alignment is now unambiguous.
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Homologias remotas: Human p-crystallin vs. Salmonella
glutamyl-tRNA reductase
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FIGURE 3.9 Dot matrix comparison of amino acid sequences between human y-
crystallin and glutamyl-tRNA reductase from Salmonella typhimurium. Only the -
C-terminal ends of the proteins were used. The window size was 60 amino acids
and the stringency was 24 matches. Diagonals show regions of similarity. The ver-
tical gap indicates that a coding region corresponding to approximately 75 amino. -
acids has either been deleted from the human gene or inserted into the bacterial -
gene. The two diagonally oriented parallel lines in the upper right-hand comer of
the plot most probably indicate that a small intemal duplication has occurred’in -
the bacterial gene. Modified from Segovia et al, (1997). - ‘ Co

=» Origen evolutivo comun
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Gen vs. ARNmM maduro de la rodopsina de Xenopus

DNA 1 on horizontal exis = 4734 bases
DNA 2 on vertical axis = 1684 bases

Click on plot to get positional data

=» Estructura de exones e intrones
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Deteccion de mutaciones
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X-Axis: Human beta-actin related pseudogene h-beta-ac-psi-2 5 end

Y-Axis: Human beta—actin related pseudoge.e h-beta~ac-psi-2 5’ end

Hindow 10, Matches 5, Ktup 5, Speed 1

Deteccidon de ADN repetido
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<,y >Human beta-actin related pseudogene h-beta-ac-psi-2 5'end
** CTACAGTGAGCCGAGGTCATGCCATTGCACTCCAATCTGGGCGACAAGAGTGAAACTCCG

TCAAAAGAAAGAAAGAAAGAGACAAAGAGAGTTAGAAAGAAAGAAAGAGAGAGAGAGAGA

j AAGGAAGGAAGGAAGAAAAAGAAAGAAAAAGAAAGAAAGAGAAAGAAAGAAAGAGAAAGA
.+ AAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAAAGAAAGAAAGAAAGAAA

GAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGAAAGGAAGGAAAGAAAGAGCAAG
TTACTATAGCGGTAGGGGAGATGTTGTAGAAATATATATAAACCTCCTTACACCGCGGAG
ACCGCGTCAGCCCAGCGAGCACAGAACCTTGTCCTTGCCGCTGCGCCTTGCGTCCGCACC
CGCCGCCAGCTCACCATGGATGATGCTATCACCGCGCTCGTCGTCGTCGACAACTGCTCC
AGCATGCGCAAGGCTCCCCAGGCCGTCTTCCCCTCCATTGTGGGGCACCCTAGGCACCAG
GGAGTGATGGTGGGCATGGGTCAGAAGGACTCCTATGTGGGCAAGGAGGCCCAGAGCAAG
AGAGGCATCCTGACTCTGAAGTACCCCATCAAGCATGGCAACGTCACGAACTGGGACAAC
ATGGAGAAGATCTGGCACCACACCTACAACGAGGTGCGTGTGACTGCTGAGGAGCACCCC
GTGCTGCTGACTGAGGCCCCCCTGAACCCCAAGCTCAACCATGAGAAGACGACCCAGTTC
ATCATGTTTGAGACCTTCAACACCCCAGCCATGGATGTGGCCATCCAGGCCGTGCTGTCC
CTGTATGCCTCTGGAGGTACCACTGGCATCGTGATGCACCCCGGTGACAGGGTCACCCAC
ACTCTGTCCATCTAGGAGGGGTACGCCCTCCCCACGCCATCCTGCGTCTGGACCTGGCTG
GCGGGGACCTGACTAACTACCTCAAGAAGACCCTCACCCAGCACAGCTACAGCTTCACCA
CCACGCTGAGCAGGAAATCATGTGTGACATCAAGGAGAAGCTGTGCTACGTCGCCCTGGA
ATTCGAGCAGGAGATGGCCTCGGCGGCCTCCAGCTCCTCCCTGGAGAAGAGCTATGAGCT
GCCAGATGACCAGGTCATCACCATCGACAATGAGCGGTTCCGCTGCCCCGAGGCACTCTT
CCAGCCTTCCTTTCTGGGCATGGAATCCTGTGGCATCCATGACACTACCTTCAACTCCAT
TATGAAGTGTGACGTGGACAACCACAAAGACCTGTACGCCAACACAGTGCTGTCTGGCGG
CACCAACATGTACCCTGGCATCACAGACAGGATGCAGAAGGAGATCACCACCCTGGCGCC
CAGCACGATGAAGATCAAGATCATTGCTCCTCCCCAGTGCAAGCGCTCCGTGTGGATTGG
CTACTCCATCCTGGCCTCCACGTCCACCTTCCAGCAGATGTGGATCAGCAAGCAGGAGTA
GGACGAGTCCGGCCCCTCCATCGTCCACCACAAATGCTTCTAGGCTGACTGTGACTTAGT
TGCATTACACCCTTTCTTGACAAAACCTAACTTGCACAGAAAACACGATGAGATTGGCAT
GGCTTTATTTGTTTTTGTTTTTGTTTGTTTGTTTGTTTTGGCTTG
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Deteccion de elementos
repetidos directos (A) e
invertidos (B)

PHEYOEHPHARDGE

NIHZTAR
LN LSOO LIS LIV LOOIOM LIVOEND

55 60 65 70 75 80 &5 90 45

CRGCACTACCRGGT AGACTCTC

NIHZTAR

Figure 3. Dot matrix analysis illustrating direct (A) and inverted (B) repeats. The main diagonal in A
is the identity diagonal; the shorter, parallel lines are manifestations of the direct repeats, of which
the shortest are simple repeats of the letter E. This illustration was hand-executed with word size of
1. (B) When the HIV-2 TAR sequence is compared by a computer to itself, scoring complementary
bases as matches (color), inverted repeats, manifested by lines normal to the main diagonal,
become apparent over the 3'stretch of the sequence . In the latter analysis, the word size was 1, the
window size was 15, and the cutoff value was 65%.
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Figure 1 shows an example of a dot plot. There, the alpha chain of human hemoglobin is compared to the beta chain of
human hemoglobin. For this computation, the window length was set to 31, matches and mismatches were assigned
similarity values of +5 and -4 respectively. The grey values of the dots scale with the similarity of two windows. One can
clearly discern a diagonal trace along the entire length of the two sequences. Note the jumps where this trace jumps to
another diagonal of the array. These jumps correspond to position where one or the other sequence has more (or less)
letters than the other one.
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Evaluacion de alineamientos: Método de la distancia (Waterman)

Consideremos dos secuencias:

A: TCAGACGATTG (m=11)
B: TCGGAGCTG (n=9)

Se podrian realizar al menos tres alineamientos diferentes, segun el parametro que se desee
minimizar:

(I) Reducir el numero de desemparejamientos a cero:

| Emparejamientos (matches) (x)
* Desemparejamientos (missmatches) (y)
- Huecos (gaps) (z)

N I O O B x=7 y=0 =6
TC-GGA-GC-T-G

(II) Reducir el numero de huecos al minimo |m-n| = 2:
TCAGACGATTG
| | %] | **** x=4 y=5 z=2 (6 z2 = 1)
TCGGAGCTG-

(III) Por ultimo, podriamos considerar un alineamiento con un equilibrio entre
desemparejamientos y huecos:

TCAG-ACGATTG

IR x=6 y=2 z=4
TC-GGA-GCTG

iCuadl de estos alineamientos es mas probable?
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iCual de estos alineamientos es mas probable?

Desemparejamientos < Huecos

Comparemos los alineamientos I, II y III mediante dos sistemas de penalizacidn para los huecos:

1)
D=y+wz
Con w = 2 tendriamos:
I TCAG-ACG-ATTG
I: D=0+ (2x6) = 12 () (1111 || x=7 y=e z=6
II: D=5+ (2x2) = 9 = E1 mds probable seria el II TC-GGA-GC-T-G
III: D = 2 + (2x4) = 10
(I1) TCAGACGATTG
[[%[[##2%  xa4 y=5 za2
TCGGAGCTG- (o bien z2 =
2)
D=y+> wz (III) TCAG-ACGATTG
Con wl = 2, w2 = 6 tendriamos: [T ] [*]* x=6 y=2 z=4
TC-GGA-GCTG
I: D=0+ (2x6) = 12
II: D =5 + (6x1) = 11
III: D =2 + (2x4) = 10 = E1 mds probable seria el III

Notese que con penalizaciones diferentes, los resultados podrian ser otros!
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Penalizacion por hueco

CHAPTER 3
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FIGURE 3.10 Three gap penalty systems. The gap-opening pe alty in all three sys-
tems is wo. In the linear gap penalty system, the gap-extension cost is the product
of the gap length minus 1 and the gap-extension penalty for increasing the gap by
1. In the logarithmic gap penalty system, the gap-extension penalty increases with
the logarithm of the gap length. In the fixed gap penalty system, there are no gap-

extension costs.
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Alineamiento global: Algoritmo de Needlemann y Wunsch

1 MV-LSPADKTHVEAAWGEVGAHACGEYGAEALERMFLSFETTETIYFEHEF-I
|BoE
1 MVHLTPEEESAVIALWGEV--HVDEVGGEALGRLLVVYEWTQRFFESFGD

49 L5TPDAVMGHNPEVEAHGKEVLGAFSDGLAHLDNLEGT FATLSELHCDELH

84 VDPVHFELLSHCLLVILAAHLPAEFTPAVHASLDEFLASVSTVLISEYR

&
$
# RAligned sequences: 2
# 1: HERA HUMAN
# 2: HBB HUMAN
# Matrix: EBLOSUMGZ
¥ Gap penalty: 10.0
# Extend penalty: 0.5
&
# Length: 149
# Identity: 65/149 (43.86%)
% Similarity: 50/149 (60.4%)
¥ Gaps: 8/149 (| &£.0%)
# Score: 2892.5
"
&
&
HEA HUMAN
I
HEE HUMAN
HEA HUMAN 49 LS————-
[
HEE HUMAN
HEA HUMAN
HEE HUMAN

Program: needle, EMBOSS package

HGEAOVEGHGEEVADALTNAVAHVDDMPNALSALSDLHAHELR
T N N e B -

lzelenll-
99 VDPENFRLLGNVLVCVLAHHFGHKEFTEEVQAAYQEVVASVANALAHEYH

142

147
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Length: The length of the alignment, including any gaps that have been introduced to construct the
alignment.

Identity: This is a count of the number of positions over the length of the alignment where all of
the residues or bases at that position are identical.

Similarity: This is a count of the number of positions over the length of the alignment where >=
51% of the residues or bases at that position are similar.

Gaps: This is a count of the number of positions over the length of the alignment where there are
one or more sequences with a gap.

Score: This is the score used by the program that calculated the alignment to determine which is
the best possible alignment to report.

Markup Line: Is the line commonly placed between a pairwise alignment or at the bottom of
alignments of 3 or more sequences that shows where sequences are mismatched, gapped,
identical or similar.

In general the markup line uses a space for a mismatch or a gap, '.' for any small positive score, "'
for a similarity which scores more than 1.0, and '|' for an identity where both sequences have the

same residue regardless of its score

http://emboss.sourceforge.net/docs/themes/AlignFormats.html
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