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Goals for sampling and sequencing

* Genomic surveillance and molecular epidemiology:
frecuency of lineages, variants or mutations.

e Origin and evolution: introductions, diversification pattern.

 Qutbreaks and transmission chains: common sources of infection.

* Evolutionary dynamics: ancestral ages, rates of evolution, viral demography,
dispersion rates and patterns, ancestral locations, predictors.



Alignments

v" An arrangement of DNA, RNA or amino acid sequences in which homologous sites are in the same
position (they are “aligned”).

* Local: Align one or more stretches of similarity * Pairwise: Align two sequences
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* Global: Align sequences end-to-end * Multiple: Align more than two sequences
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Multiple sequence alignments (MSA)

v’ Positional homology

1Q048541_1_1
NC_001477_11V
DQB72556_1_II
AY732476_1 11T
F1850081_1_V
AF119661_J_AA1
NC_001474_2
F1833450_7_AA2
GQB68592_2_AM
GQ398260_2_C1
AY858042 3 1
F1639712_3 11
F1182009_3_TII
EF629370_3_V

* The nts or AAs found at a position (column) in the
seguences are considered descendants from a
common ancestral site (homologous).

AY613993_4 11

NC_002540_3 11
AYE13988_3_IIT
EF457906_4 Syl

* All methods attempt to maximize matches/similarities
and minimize mismatches/differences between
seguences.

 Different programs search for the “best” alignment
through different methods.

JQO48541_1 1
NC_D01477_1 1V
DQB72556_1_11
AY732475 111
FJ850081_1_V
AF119661_3_AAL
NC_001473_2
F1898450_3_AAZ
GQBE8592_2_AM
GQ398260_2_C1
AY858042 31
FI639712 3 11
F1182009_3_I11
EF629370_3_V
NC_001475_3
AF239029_3 1
AY618993_4 11
NC_002640_3_IT
AY518988_4 [T
EF457906_4 Syl

Aligned sequences



Multiple sequence alignments (MSA)

v’ Positional homology

1Q048541_1_1

* The goal of alignment methods is to maximise a
score based on:

GQ398260_2

AYB858042_3_1
F1639712_
F1182009_.

- rewarding matches (+ score).

- penalising mismatches/rare substitutions (- score).

AY618993_4_II

NC_002640_4 I

AY6189858_4_III
EF457906_4_Syl

- penalising gaps or indels (- score), which requires
a gap opening and extension penalty scheme
(these values are chosen arbitrarily).

Gaps are introduced in the sequences or at the
ends of the alighment.
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* In coding regions, gaps are usually introduced in
triplets.
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Programs to build alighnments

* Clustal W/X: Progressive alignment.
* Muscle: Iterative method.
MAFFT: multiple methods.

» T-Coffee: consistency-based alignment (capable of combining a collection of multiple/pairwise, global/local
alignments into one).

* ProbCons: combination of probabilistic modeling and consistency-based alignment techniques (protein sequences).

* Probalign: combines amino acid posterior probability estimation using partition function methods and computation
of maximal expected accuracy alignment.



Methods to build alignments

* The progressive algorithm consists of three main stages:

a: CAGGATTAG a b ¢ & ¢
i i : b: CAGGTTTAG a O 1 3 4 4
(i) All pairs of sequences are aligned separately JSD——— : i g {2. 2 i
(pairwise alignments) in order to calculate a “distance” d e d 4 4 5 0 1
. . . . . . & R K, 5
matrix (this is done using dynamic programming); e 4 4 5 10
(a) input (b} pairwise distances
(ii) A guide tree is built from the distance matrix (using a a: CAGGATTAG g: CAGGATTAG a:CAGGATTAG
clustering algorithm, such as Neighbor Joining); P a: CAGGATTAG e

o CA=TTTTAG

see . . . [ ™ "TTTAG [ 18- IF‘?I.'._.-P_."-PTU.-':'
(i) The guide tree is used to cluster and align the - o CAGEATES
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sequences progressively according to the branching V. ci CA-TIITAG I
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order (starting with the two closest sequences and _ .
ending with the most distant). cEEE o

£ : ATGTTAA

i) Guide tree id) Progressive alignment

https://doi.org/10.1017/CB0O9780511974076.004

v' Gaps are inserted at identical positions in all

sequences of a cluster and are preserved.
* Programs: Clustal W/X


https://doi.org/10.1017/CBO9780511974076.004

Methods to build alignments

* The iterative methods work similarly to progressive methods, but they repeatedly realign the initial sequences and add
new sequences to the MSA.

1.1 k-mer 1.2 1.3 progressive
counting UPGMA alignment
* MUSCLE: there are three main stages: — — — D =/—/= wsat
unaligned _ L
. . ] sequences k-mer distance TREE1
(i) Draft progressive to build a MSA (from a matrix D1 J_L 2.1 compute
. . . . > %ids from MSA1
distance matrix with approximate values);
— e Kimura distance
.o . . .. p— N \r——J matrix D2
(ii) Improved progressive: a new distance matrix is i 53 . ,
created from the first MSA and sequences MSA2 alignment TREE2
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Py s . delete
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Methods to build alignments

* MAFFT offers a range of multiple alignment strategies:

(@) FFT-NS-1, FFT-N5-2 — Progressive methods

Distance matrix based on the number of sharad &-tuples

.

Consfructing guide free

(b) FFT-NS-1, NW-NS-iI — Iterative refinement method

Distance mafrix based on the number of shared 6-tuples

.

Constructing guide tree

B =
Progressive alignment — ;EHSS-: Progressive alignment
- . E =
Re-constructing guide tree Re-constructing guide tree
- e
Re-alignment - EJE'LTSS-EE Re-alignment
lterative refinement (WSF) . FFT-NSi
MW-MNS-i
(C) L-IN5-1, E-INS-1, G-INS-1 — lterative refinement methods using W5P and consistency scores
Distance matrix based on all-pairwise aignmeants
Constructing guide tree In general, there is a tradeoff between speed and accuracy.
B Ry T 2, NS The order of speed is a > b > ¢, whereas the order of
s NS accuracyisa<b<c.
[terative refinement (WSPF + COFFEE) — LINS.

https://mafft.cbrc.jp/alignment/software/algorithms/algorithms.html



https://mafft.cbrc.jp/alignment/software/algorithms/algorithms.html

Editing alighments

* It is a good practice to always visually inspect the alignment to check the position of gaps, outlier sequences and
poorly-aligned regions.

1Q048541_1_1
NC_001477_1 IV
DQ672556_1_IT
AY732476_1_II
F1850081_1_V
AF119661_2_AA1 |- - -
NC_001474_2
F1898450_2_AA2
GQ868592_2_AM
GQ398260_2_C1
AY858042_3_1
F1639712_3_II
F1182009_3_II
EF629370_3_V
NC_001475_3
AF280029_4_1
AY618993_4_II
NC_002640_4_II
AY618988_4_IIT
EF457906_4_Syl

* Manual edition may be necessary:

- Trim the ends or specific positions that cannot be aligned unambiguously (Gblocks may be useful).

- Realign blocks.

- Use biological knowledge to improve the alignment.

* Program: Aliview, BioEdit, Seaview, MEGA, UGENE, others.



Editing alighments

* It is a good practice to always visually inspect the alignment to check the position of gaps, outlier sequences and
poorly-aligned regions.

S430 S500 SE10 SL5z0 25320 2540

1Q048541_1 1
NC_001477_1 TV
DQEe72556_1_10
AY732476_1_IIT
F1850081_1_V
AF119661_2_ AAl
NC_001474_2
F1898450_2_AA2
GQ868592_2 AM
GQ398260_2_ C1
AY358042 3 1
Fle39712 3 1T
F1182009_3_TI
EFG20370_3_V
NC_001475_3
AF289029_4 1
AY¥B18993_4 1T
NC_002640_4_1I
AY¥618988_4_TIIT
EF457906_4_Syl

Sensitivity analysis

* The final decision on what to include or exclude is yours. ‘ (check the impact of your decisions)
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