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Alighments

- Refers to:
. the Process (algorithm) and,
. the Representation of its result

- Match, mismatch, gap [open, extension,
penalties], scoring

- Conservation, consensus, occupancy
- Similarity, Identity
- Families, domains

- Function



Alighments

- Utility:

- Relations between sequences: functionality,
philogeny, evolutionary history

- Variation: polimorphism, pathogenicity.

- MSA is based on Pairwise alighment (PA)

. but...“PAs whispers... M(S)As shouts out loud”
(Hubbard et al., 1996)

- Manual MSA is tedious

- Sequences must be of similar length (except if
looking for domain sharing) and composition.

- There Is no unique MSA result. Scoring algorithms
provide methods to compare alighments.



Scoring matrices for DNA sequences
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A hypothetical substitution matrix:
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DNA MSA for evolutionary history,
Protein MSA for functional relationship

Second base
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Simililarity (: / .) in aminocids based on
physicochemical properties...

Hydroxylic

Tiny

Sulphur
Containing

Aromatic /
4 Positive
Hydrophobic G T < (Basic)



..but, in fact, the used substitution matrices
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Which matrix to choose?

It depends on how distant are your sequences each other...

BLOSUMS0 BLOSUMS2 BLOSUM45
Less divergent i —- |1 divergent

Human versus Human versus
chimpanzee beta globin = bactenal globins



Global and Local Alignment

Global Alignment

- Attemps to match as much of the sequence (heat-to-tail) as possible
- Recommended for suspected similar sequences in composition and length
- Main algorithm: Needleman-Wunsch (https://www.ebi.ac.uk/Tools/psa/emboss_needle/)

Local Alignment
- Try to find the regions with highest density of matches (best matching subsequences)
- Suitable for aligning more divergent or distant related sequences (often different lengths)

- Main algorithm: Smith-Waterman (https://www.ebi.ac.uk/Tools/psa/emboss_water/)

Both of them, Needleman-Wunsch (NW) and Smith-Waterman (SW) use a technique
named Dynamic Programming, that assures to get highest-ranked alignments

Glokbal FTFTALILLAVAV
F-——TAL-LLA-AV

Local FTEFTALILL-AVAV
——FTAL-LLAAV——


https://www.ebi.ac.uk/Tools/psa/emboss_needle/
https://www.ebi.ac.uk/Tools/psa/emboss_water/

Computational Complexity (~time of processing)

Pairwise alignment: reaching an optimal solution:

ATGGCCCTGTGGATGCGCCT L=20
CTGGTGCTGAGGTTGCGCTT

Exhaustive (brute-force) search: 37L"2 = 372072 =7-10"190
Dynamic programming (DP): 3-L"2 = 3-20"2 = 1200

MSA scales one dimension (3D scoring matrix) and even
the DP is not enough to reach an optimal alignment in a
reasonable time

MSA uses heuristics (sometimes combined with DP) to
reach an approximate-to-optimal (good) solution.




Heuristics (Progressive method)

51: ACCGTGAAGCCAATALC
s2: ACGTGCAACCATTAC
53: AGCGTGCAGCCAATAL

s4: AGGGTGCCGCAATAC @

c5: AGGGTGCCACAATAC
- best scored

53 pairwise
alignments
- 51
— - 52
54



Heuristics (Progressive method)
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Heuristics (Progressive method)

: ACCGTGAAGCCAATAC
gl
53:
: AGGGTGCCGCAATAC
sh:

ACGTGCAACCATTALC
AGCGTECAGCCAATAL

AGGGTGCCACAATAL

83

-5

- 52

s4

59
Alignment 1

sd: AGGGTGCCGC-AATAC
s5: AGGGTGCCAC-AATAC




3
: ACGTGCAACCATTAC
53
o
: AGGGTGCCACAATAC

Heuristics (Progressive method)

ACCGTGAAGCCAATALC

AGCGTGCAGCCAATALC
AGGGTGCCGCAATAL

Alignment 2

51: ACCGTGAAGCCAATAC
53: AGCGTGCAGCCAATAC

/

- 51

53

— -SE

— 54

55

\ Alignment 1

sd: AGGGTGCCGC-AATAC
55: AGGGTGCCAC-AATAC




o
: ACGTGCAACCATTAC
53:
5
: AGGGTGCCACAATAC

Heuristics (Progressive method)

ACCGTGAAGCCAATAC

AGCGTGCAGCCAATAC
AGGGTGCCGCAATAC

Alignment 3

51: ACCGTGAAGCCAATAC
53: AGLGTGCAGCCAATAC

52: A-CGTGCAACCATTAC

Alignment 2

51: ACCGTGAAGLCAATAC

83

53: AGCGTGCAGCCAATAC
51

/

— 54

55
Alignment 1

s4: AGGGTGCCGC-AATAC
55: AGGGTGCCAC-AATAC




o
: ACGTGCAACCATTAC
53:
5
: AGGGTGCCACAATAC

Heuristics (Progressive method)

ACCGTGAAGCCAATAC

AGCGTGCAGCCAATAC
AGGGTGCCGCAATAL

Alig

nment 3

sl:
s3:

52

ACCGTGAAGCCAATAC
AGCGTGCAGCCAATAC

A-CGTGCAACCATTAC

Alignment 2

s1: ACCGTGAAGCCAATAC
53: AGCGTGCAGCCAATAC

Align

/

83

51
52

54

ment 4

gl:
s3:

g2

sd:
£h5:

ACCGTGAAGCCAATAC
AGCGTGCAGCCAATAC

A-CGTGCAACCATTAC

AGGGTGCCGC - AATAC
AGGGTGCCAC-AATAC

59
Alignment 1

sd4: AGGGTGCCGC-AATAC
55: AGGGTGCCAC-AATAC




Guide tree Is crucial...

a)Regular Progressive Alignment Strategy

SagA CGARFIELD THE LAST FAT CAT

SegBP GAFFIELD THE FAST CAT

—

SeqC CGARFIELD THE VERY FAST CAT

SegDh THE FAT CAT

<<;\v/;?7

S8egAh GARFIELD THE LAST FA-T
SegB GARFIELD THE MAST CA-T
SegC CGARFIELD THE VERY FAST
SegDh -----=-= THE =---- FA-T

Notredame, C et al (2000)

More algorithms/methods have been developed: Iterative,
HMM, Consistency, etc... to make improvements

CAT

CAT
CAT



https://www.ebi.ac.uk/Tools/msa/

MSA tools we use

Tool

Comment

Suitable for

Max # sequences

Max file size

Clustal Omega Uses seeded trees | Medium-large 4000 4 Mb
https://en.wikipedi |(popular MSAs (proteins,
a.org/wiki/Clustal |progressive DNA or RNA)
http://www.clustal. |alignment) and
org/omega/ HMM profile-
profile. Fast
MAFFT Fast Fourier Medium to large | 500 1 Mb
https://mafft.cbrc.j | Transforms. Fast. |MSAs
p/alignment/softwa (protein, DNA)
re/algorithms/algor
ithms.html
MUSCLE Log-Expectation |Medium M5As 500 1 Mb
method. Acaurate
and especially
good with proteins
T-Coffee Consistency-based |5Small MSAs 500 1 Mb

MSA (combines
several aligners).
Perhaps a bit slow



https://www.ebi.ac.uk/Tools/msa/

Which Is faster?

Well, it is not an easy question. It depends on the tool,
tool algorithm® and version, the parameters, how
many/how long are the sequences...

FFT-MN5-i (Speed oriented)

L-IM5-1 (Accuracy-onented
(1) e.g. In MAFFT there Aecuracy-onented)

are very different
algorithms available:

E-IN5-1 (Accuracy-oniented)

G-IMN5-i (Accuracy-oriented)
MW-MN5-PartTree-1 (Speed cnented)
FFT-MN5-1 (5peed onented)

“One can see that for 100 sequences, default MAFFT is faster than default
Clustal Omega and default MUSCLE. MUSCLE has a higher-speed option, which
employs a smaller number of refinements than the default (two as opposed to 16).
For 100 sequences this option is faster than Clustal Omega, but still not as fast as
default MAFFT. However, as the number of sequences is increased to around
2000, Clustal Omega overtakes the high speed MUSCLE version, and for around

10,000-20,000 sequences, overtakes default MAFFT. _'

https://onlinelibrary.wiley.com/doi/full/10.1002/pro.3290


https://onlinelibrary.wiley.com/doi/full/10.1002/pro.3290

EL PAIS

ccu cgg cgg gca

[Las doce letras que
cambiaron el mundo
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Letras del genoma
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Let’s Find (Ctrl+F) in JalView this motif in
the alignments of coronaviruses
genomes (exercise 4) and (PRRA) in the
S Proteins (exercise 5):

- Which genomes or S proteins carry the
motif (DNA: CCTCGGCGGGCA, S
proteins: PRRA)?

- Based on the MAFFT alignments:
which look to have some “similar’” motif
(which ones show a gap in this zone)?

18.000 20.000 22.000 24.000 26.000 28.000 29903
I ] I I

SARS-CoV-2 '
RaTG13
Pangolin-Cov

SARS-Cov-1

...........................................................

capacidad de contagio y de su virulencia

—— Aquiestan las doce letras que hacen

/ que el nuevo coronavirus sea unico
'
E = (-] H =
= . = =] . ==
E = 1= H EE
H =H EE | =



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194065/ (Hoffmann et al, 2020)
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RsSHC014
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WIV16
RsdBT74
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RE/JL2012
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YNZ2013
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SARS-S
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51 subunit with RBD
52 subunit

SARS-2-5

51152
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Re/GX2013
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Longquan-140
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HCoV-229E

2a HCoV-0C43
2a HCoV-HEU1
2b SARS-CoV
2k SARS-CoV-2
2c MERS-CoV

51152 82
655 - GICASYHTVSLL----RSTS - 670 790 - DPLEPTKRSFIED - 802
655 - 670 790 - DPLKPTERSFIED - 802
655 - 870 790 - DPLEPTHRSFIED - 802
655 - 870 790 - DPLEPTERSFIED B2
655 - GICASYHTVSLL----RSTS - 670 790 - DPLEPTERSFIED - 802
655 - GICASYHTVSSL----RSTS - 670 790 - DPLEPTERSFIED - 802
655 - GICASYHTVSSL----RSTS - 670 790 - DPLEPTERSFIED - 802
655 - GICASYHTVSSL----RSTS - 670 790 - DPLKPTKRSFIED - 802
669 - GICASYQTQTNSPREARSVA - 688 808 - DPSKPSKRSFIED - 820
nfa - GICASYQTQTNS----RSVS - n/a n/a - DPSKPSKRSFIED - n/a
669 - GICASYQTQTNS----RSVA - 684 804 - DPSKPSKRSFIED - 816
659 - GICASYHTASLL----RNTD - 674 794 - DPSKPTKRSFIED - 806
659 - GICASYHTASLL----RNTG - 674 794 - DPSKPTERSFIED BO&
656 - GICASYHTVSSL----RSTS - 671 791 - DPLEPTERSFIED - 803
656 - GICASYHTVSSL - 871 791 - DPLEPTERSFIED - 803
656 - GICASYHTVSSL----RSTS - 671 791 - DPLEPTERSFIED - 803
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655 - GICASYHTVSSL----RSTS - 670 790 - DPLEPTKRSFIED - 802
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646 - GICASYHTASIL----RSTS - 661 781 - DPSKPSKRSFIED 793
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634 - GICASYHTASTL--- - 649 769 - DPSKPTERSFIED - 781
636 - 651 771 - DPLKPTERSFIED - 783
636 - 651 771 - DPLKPTKRSFIED - 783
636 - 851 771 - DPLEPTERSFIED 783
636 - 651 771 - DPLEPTERSFIED - 783
633 - 648 768 - DPSEFTERSFIED - T80
633 - 648 768 - DPSKPTKRSFIED - 780
640 - 655 775 - DPSKPTKRSFIED - 787
641 - 656 776 - DPSKPTKRSFIED - 788
641 - 656 776 - DPLEPTKRSFIED - 788
641 - 656 776 - DPLEPTERSFIED - 788
641 - 656 776 - DPLEPTERSFIED - 788
641 - 656 776 - DPLKPTKRSFIED - 788
639 - 854 774 - DPLKPFTKRSFIED - 786
641 - 656 776 - DPLEPTERSFIED - 788
641 - 656 776 - DPSKPTKRSFIED - 788
641 - 656 776 - DPSKPTKRSFIED - 788
641 - 656 776 - DPSKPTERSFIED 788
641 - 656 776 - DPSKPTKRSFIED - 788
641 - 656 776 - DPSKPTKRSFIED - 788
641 - 656 776 - DPSKPTERSFIED - 788
642 - 657 777 - DPSKPTKRSFIED - 789
641 - 656 776 - DPSKPTKRSFIED - 788
642 - 857 777 - DPSKPTERSFIED - 789
642 - 657 777 - DPSKPTERSFIED - 789
641 - 656 776 - DPSKPTKRSFIED - 788
642 - GICASYHTASTL--- - 657 777 - DPSKPTKRSFIED - 789
641 - 656 776 - DPSKPTKRSFIED - 788
641 - GICASYHTASTL - 656 777 - DPSKPFTKRSFIED - 789
660 - GICAKFGS--- - 673 793 - DPRELSYRSFIED - 805
658 - GICAKYTNVSST---LVRSG - 674 794 - DPREPSSRSFIED - 806
LR L hk & o kkkkRE

735 GICADGSLI-=-=-=PVRPRNSS - 751 860 - ENIRSSRIAGRSALED -

554 - GVCADGSII----AVQPRNVS - 570 679 - LPTSGSRVAGRSAIED -

753 - GYCVDYSK-----NRRSRGAI - 768 901 - LGSECSKASSRSAIED -

742 - GFCVDYNSPSSSSSHREERSI - 762 895 - LGPHCGS-SSRSFFED —

655 - GICASYHTVS-L----LRSTS - 670 790 - DP---LKPTKRSFIED —

669 - GICASYQTQT-NSPREARSVA - 688 808 - DP---SKPSKRSFIED -

734 754 877 - VSISTGSRSARSAIED —

SLCALPDTPSTLTPREVESVE —
- W -

ww

B75
694
916
909
BO2
B20
B92

Betacovs not infecting
human
(plus SARS Cov_2)

Betacovs infecting Human


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194065/
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