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Today's topics

> Multiple Sequence Alighment
= ClustalQQ, MUSCLE, Mafft

= Phylogeny-aw

are gap placement

methods (PRANK, etc.)

= and more ...

> Alignment Trim

ming/filtering
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How to solve progressive-alignment problems

» Incorporate more information to reduce early errors

= Structural alignment (e.g., Expresso, PROMALS3D, TM-Coffee, PRALINE,
MAFFT-DASH, MUSCLE-3D)

= Profile/profile-HMM alignment (e.g., PRALINE, PSI-Coffee,
PROMALS3D, ProbCons/CONTRAIlign, ClustalQ, MUSCLE5)

» Avoid the greedy-algorithm problem
= |terative refinement to search the global maxima

= A good objective function is required (e.g., MUSCLE/MUSCLES5,
MAFFT, ProbCons/CONTRAlign)

» Global (or local) only alignment problem
= Combine both methods (e.g., T-Coffee)

» More accurate insertion/deletion placement
= Phylogeny aware gap-placement (e.g., PRANK, ProPIP, Bali-Phy, SATé)
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MUSCLE v3

Available at MUSCLE website (in v3 legacy page) and EBI Tools

Edgar (2004)

1. Draft progressive
= Approximated distance based
on frequencies of shared k-mers
(k-tuples) & UPGMA

2. Improved progressive alignment:

11 kemer 12\ 13pogessve @
counting UPGHA &
— |

1.
alignment
unaligned / .

sequences  kemerdistance  TREE -
malrix D1 21 compute ®
S6lds from MSA1

I

= Kimura protein distance (more
accurate)

= Alignment is done for subtrees
where the branching patterns are

\
Kinura distance
matix D2
23 pogressive

1 22 UPGMA
®

changed between TREE1 and TREE2
3. Iterative refinement
= The tree is partitioned

Profile is obtained from each
subtree

Profile alignment
Iteration using Sum-of-Pairs

algoment  1peg)
No,

— delete

i

== s3realgn yep = vy
/X 32compute  profes us — o
! V%:ubueemwes score beter’
3.1 delete
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edge fon TREE?
giving 2 subrees

(SP) scaro

MUSCLE v3 performance

BAIIBASE Q scores (Sum-of-pairs: percentage of correctly aligned residue pairs)

N/C-term

Equidistance Family-orphan < 25% identity  extension Internal insertion
Method Refl Ref2 Ref3 Ref4 Ref5
MUSCLE 0.887 0.935 0.823 0.876 0.968
HusCLEp 0871 0.928 0813 0.857 0974
(w/o refinement)
T-Coffee 0.866 0.934 0.787 0917 0.957
NwNs| (Mafft) 0.867 0.923 0.787 0.904 0.963
CLUSTALW 0.861 0932 0.751 0823 0.859
FFTNSL (Mafft) 0.838 0.908 0.708 0.793 0.947

BAIiBASE: Benchmark alignment database (includes many

subsets representing various alignment problems) BIOS477/877 L16-5

MA

FFT

Available at MAFFT website or EBI Tools

[N

. First progressive alignment: NS-1
= 6-tuple distance from pairwise align
= Alignment strategy:

o FFT: Fast Fourier Transform approximation
is used to detect highly similar segments

- to

Katoh e al. (2005, 2019)
ment & modified UPGMA for guide tree

Alignment FFT NW

1st progressive  FFT-NS-1 NW-NS-1
2nd progressive FFT-NS-2 NW-NS-2

o NW: full dynamic programming (global) Rterative FFT-NS-i  NW-NS-i

N

. Improved progressive alignment: NS-2
= Better distance calculation from NS-
. Iterative refinement: NS-i

w

refinement (i)

1 alignment Consistency

* The tree-dependent restricted partitioning

= Group-to-group (profile) alignment

= |teration based on the weighted SP score
. COFFEE-like consistency score from pairwise alignment information is used in

IS

Alignment

score
Global G-INS-i
Local (SW) L-INS-i

E-INS-i

G-INS-i (global), L-INS-i (local), and E-INS-i (local & more difficult alignment)
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http://www.drive5.com/muscle
https://www.ebi.ac.uk/jdispatcher/msa/muscle
https://mafft.cbrc.jp/alignment/software/index.html
https://www.ebi.ac.uk/jdispatcher/msa/mafft

MAFFT performance
[ BAIiBASE 1
Consistency based methods
MAFFT 5662 E-INS 66.13/4453  9354/83.18  9264/4432  86.08/5853  9142/5002  89.93/59.13 86.91/58.55 6,000
ProbCons 1.10 (default) 6699/4168  9412/8552  9167/4054  8460/5430  9052/5437  8928/56.50 86.46/55.99 43000
ProbCons 1.10 (iained) 6673/4147  9413/8538  9185/4200  8447/5408  8979/5194  B934/57.69 86.27/55.71 (44,000)
TCofee 246 6148/3363  9304/8236  91.71/3068  8161/4887  8922/5290  89.03/57.13 84.56/52.76 (210,000)
Muscle 3.52 (most accurate option) 5662/3087  9096/7959  88.90/3547  B107/3787  8590/4506  85.17/46.19 8167 146.79" 3,400
ClustalW 2.0 (eration=tree; Sep, 2007) 4994/2508  8891/7532  8580/2161 7278/3043 812014084  7649/35.06 766713958 (58,000)
Progressive methods
Scores: SP/TC * SP (sum-of-pairs) score: propnr!ion of (orre:llyalignet{ residue pairs BIOS477/877 116 -7
« TC (total column) score: proportion of fully correctly aligned columns

7

Mafft-homologs

Mafft-homologs (Collects homologs by PSI-BLAST and aligns homologs with input sequences; Protein only): Help
on

S ) PSI-BLAST is used to collect similar sequences

Number of homologs: 600 (5 — 600)

Threshold: E = 1e-1 (o1 —1e-a

Use SwissProt (less comprehensivgfand requires shorter search time: previous default)

rch time) 2019/Mar

© Use UniRef50 (more comprehengfle and requires longer s

£
1 Input ¢ Output
BlLAST _— Accuracy of an alignment of
il —— ———— distantly related sequences can
be improved when aligned with
\ 3. their close homologs
N sequences
with E<1 —_— => Similar approach is used in

PSI-Coffee, PRALINE, etc.

Alignment =——

BIOS477/877 L16 -9

MAFFT-DASH performance

Rozewicki et al. (2019)

‘Table 1. Benchmarks using reference MSAs

[——BAIiBASE———

Methods \ Data HMEM MBS MBTL  OXPM | BB BB BN BB BB BB Y

[SP (sum-of-pairs) score: proportion of correctly aligned residue pairs]

MAFFT 096" 0sn" 023" 08w” 097" 09" 0se  0s 0 oms”
0947°  0M6" 047" 0947 093% 093 0883 0898 0903 084"

0. 0909 0945 0916" 0837 0897 0895 077"

030" 09s4” 090" 087" 087" 086" 084" 0805"

04367 094 09430937 0880 0909 0918 083"

0530" 0975 0946 0938 0885 0889 0919 0851

PromalsiD 08 097 0897 092 081 089 089 08%
T-Coffee DASH! 039" 0970 0.756" 0.941° 093" 0.868 0899 0917 0830"

al column) score: proportion of fully correctly aligned columns]

MAFFT 0407" 083" 0ds6” 091" 0554
Promals 0.582" 0817 057" 0.663"
T-Coffee 0411 0, 087 05917

0s18" 0s14”

0
056" 082 0466" 053 0519
E] 4 4 ] El

Number ofcases 8 n 149

HMFM, HomFam; MBSF, Mattbench-Superfamily; MBTL, Mattbench-Twilight; OXFM, OxFam; BBI1-BBS0, BABASE subsets 11-50; SY, SISYPHUS. Scores that are
with (P <005)and " (P Wikcoxon signed-rank test Others are in bold.

3D information incorporated BIOS477/877 L16 - 11

MAFFT website
MAFFT @ chrejp

IAFFT version 7
Mlile sigmment progtar fo amine ace or ucleotide sequences < L ivp
Lioss Experimental service for aligning
v
gty
s Muliple sequence alignment and NJ / UPGMA phylogeny
Bauh input
Mee e Paste protein or DNA sequences in fasta format._Example.

Tos

Scroll down to find Mafft-homologs

Mafft-homologs (Collects homologs by PSI-BLAST and aligns homologs with input sequences; Protein only): Help.
on
Show homologs (f any)

Number of homologs: 600 (5- 600)

Threshold: £= 1e-1  (1a-1 - 1a-40)
Use SwissPr o shorter search time;
Ouse and requires time) 2019/Mar

BIOS477/877 L16 -8

MAFFT-DASH

Rozewicki et al. (2019)

» Integrated protein sequence and structural alignment

9 Use DASH to add homologous structures (protein only) New! 2018/Dec/23
© Ouputoriginl ph

Give stuctural alignments) extemally prepared

DASH (Database of Aligned Structural
Homologs) is used to incorporate the
structural information to improve the

g1ms/112:297 o

Hr = Similar approach is used in
aso188/112-297 EXPRESSO, PROMALS3D, etc.

REEEIRN i e
Alignment

g1ss/112-297 ve
aroems) 1-186
e

oo1m9/112-297 RREL

PL9621/_1-148 TIORD

Alignment 1340 ARSI LS VYR S FRAEA STARAT PO FERGLALSAELNDLLG
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MAFFT: 'add' and 'merge'
MAFFT @ chre.jp

MAFFT version 7
e e e smine aci o et secuence. P L ivp

To svoid overload, try 2 light-waight option, for MSA of full-length SARS-CoV-2 genomes (2020/Apr)

For a large number of short sequences, try an experimental sarvice.

Input
Paste protein or DNA sequ

or upload a plain text file: Chooss Fils 1o file selected
Use DASH to add homologous structures (protein only)
Ouput original plus DASH sequences  Output original sequances only
Give structural alignment(s) externally propared

Allow unusust U Inosine i al charactors, otc) Help

BIOS477/877 L16 - 12
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https://mafft.cbrc.jp/alignment/software/
https://mafft.cbrc.jp/alignment/software/

MAFFT: add/merge alignment

There are also --seed and --addprofile options. Read the "tips"
section on the MAFFT website. BIOSATTRTTLI6 -13
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Refining alignment with MAFFT website
= g =]

s i

BIOS477/877 L16 - 15
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PRALINE

PRALINE website Simossis, Kleinjung & Heringa (2005)
Sequence set
Exchange weights matrix:  Associated gap penalies: [ —
BLOSUM62 © Help 12 Open 1 Extension Help 5
Progressive alignment strategy: Help s

* PSLBLAST reprols pracesing (Hondogy-exenced agnmen) )
PSIBLAST teraions 3 & atan Exvaue cutoffof 001 DB NR B PSLBLAST m

Giobal pre-profle processing ~ atascore cutoffof 0 lerations | 0 © Evvalue

Standard progressive strategy

Structural features: Holp
DSSP-defined secondary structure search + YES " NO Help

Secondary structure prediction PSIPRED & Help

Transmembrane structure prediction No o Help

Output customization:

Tree representation fnal aignment  YES (¢ NO  Help

Customize alignment colours YES (+/NO Help PROGRESSIVE

File format final alignment Nofile " MSF '+ FASTA Help MULTIPLE ALIGNMENT
BIOS477/877 L16 - 17

Refining alignment with MAFFT website

MSAViewer
Increase height  Docrease height  Reload to fit o window width

{invorlSoringlFiterJSelectord Vs sements Color schemel Extiasf Exort o]

e oo g w70 i N ————
e pr— p—

S Rofine cataset Open the guide tree

X8 sowy th saquence seection below anc:

© Gl the slecad soquences Gignment ~kapt umbering-iepl)

Refine the dataset based on
q length, % identity,
phylogenetic clustering, etc.

Mol s or osiected_ sequences on Py,

1 sesctsal a0 oadkd/ 360 iput
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How to solve progressive-alignment problems

» Incorporate more information to reduce early errors

= Structural alignment (e.g., Expresso, PROMALS3D, TM-Coffee, PRALINE,
MAFFT-DASH, MUSCLE-3D)

= Profile/profile-HMM alignment (e.g., PRALINE, PSI-Coffee,
PROMALS3D, ProbCons/CONTRAIign, ClustalQ, MUSCLE5)

» Avoid the greedy-algorithm problem
= Iterative refinement to search the global maxima

= A good objective function is required (e.g., MUSCLE/MUSCLES,
MAFFT, ProbCons/CONTRAIlign)

> Global (or local) only alignment problem
= Combine both methods (e.g., T-Coffee)

» More accurate insertion/deletion placement
= Phylogeny aware gap-placement (e.g., PRANK, ProPIP, Bali-Phy, SATé)

BIOS477/877 L16 - 16
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PRALINE performance

Simossis, Kleinjung & Heringa (2005)

30 . PSI-BLAST enhanced - _‘;'1%—;;‘5‘?:2 o3
- T SE v2.03

25 X | PRALINE performs better e VUSCLE v3:51

especially for alignment of | -«- aALicaO

highly divergent sequences

Aq aceuracy (%)

0 10 20 30 40 50 60 70 80 90 100
sequence identity (%)
* From 624 HOMSTRAD pairwise alignments
* Qscore = SP (sum-of-pairs) score: % correctly aligned residue pairs
* AQ: Q score difference from PRALINE without PSI-BLAST
BIOS477/877 L16 - 18
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https://mafft.cbrc.jp/alignment/software/tips0.html
http://www.ibi.vu.nl/programs/pralinewww/

Clustal Q

Available at EBLTools. jevers er al. (2011, 2018)

> Progressive alighment following the guide tree
= Features a fast method for making the “initial guide

tree” (mBed)

= Calculates distances to only a small number (n=log,N) of seed
sequences: if N = 1000, n = 10,1000 =~ 10

- Seq are repr i as an n el vector, and

clustered using Euclidean distances (UPGMA for subtrees)
= Scalable for very large datasets

Clustal O

Sievers et al. (2011)

“Table I BAHBASE results Top-rated methods use HMM or consistency function or both

Av score BBIl BB12 BB2

BB3 BB4 BBS Tot time (s) Consistency
(218 families) (38 families) (44 families) (41 families) (30 families) (49 families) (16 families)

Aligner

MSAprobs 0.607 0441 0.865 0.464 0.607 0.622 0.608 12382 Yes

Probalign .5t .4 K K 0.566 0.603 0.549 10095.20 Yes
MAFFT (auto) 0.588 0.439 0831 0.450 0.581 0,605 59 475 4( Mostly
(203/218)
Probcons 0.558 0417 0.855 0.406 0.544 0.532 0.573 13086.30 Yes
Clustal 0.554 0.358 0.789 0450 0.575 0.579 0.533 539.91 No
T-Coffee Ej 410 548 402 2] 585 587 04150 Yes
Kalign 0.501 0.365 0.790 0.360 0.476 0.504 0.435 21.88 No
MUSCLE 0475 0318 0.804 0350 0.409 0.450 0.460 789.57 No
MAFFT (default) 0458 0.258 0.749 0316 0.425 0.480 0.49 68.24 No
0419 0270 0818 0.187 0.259 0.474 0.39%8 53648.10 No
Dialign 0415 0.265 0.696 0.292 0312 0.441 0.425 3977.44 No
PRANK 0.376 0.223 0.680 0.257 0.321 0.360 0.356 128355.00 No
Clustalw 0.374 0.227 0712 0.220 0272 0.39%6 0.308 766.47 No
‘The figures are total column scores using bali score on core col ly. Thi all families is given in The results for

BAIBASE subgroupings are in columns 3-8, The total run time for all 218 families is givenin the second last column. The last column indicates whether the method is
consistency based.

BIOS477/877 L16 - 20
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= Alignment is done using HHalign
(a profile hidden Markov model alignment)
=> Probabilistic, highly accurate alignment
= Simple iterative refinement
= Alignment is converted to profile hidden Markov model (HMM)
= realigns input sequences against the profile HMM BIOS477/877 L16 - 19
Clustal Q
Sievers et al. (2011)
0,65 BAIIBASE (Average)
= Consistency-based
0.6 MSAprobs I Progressive
o Mafft-auto #robalign = Other
Q
(‘7’)0_55 L ClustalOmega  *Probcons ¢ o 1
o Opal SATe
g 0.5} «Kalign 1
° Muscle
o Mafft
‘—gOAS s 1
o iali Fsa
Dialign
F o4 < ]
Clustalw2 Prank
0.351

e+06
ime [s
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M u S C l e 5 Available at MUSCLE website or EBI Tools
Edgar (2022)
» Improved re-implementation of
ProbCons (slow but highly accurate
MSA method based on hidden
Markov model)

* More accurate than Clustal
Q, MAFFT, or ProbCons

* Ensemble MSAs can be
generated for reference-free
estimate of MSA accuracy

P ion for rapid
= Can be used for large datasets
= For both protein and DNA alignments

Balibase (protein) Bralibase (RNA)
Method Time | Maxmem | TC Time Maxmem | TC
(mins.) (Mb) (mins.) (Mb)

Clustal-Omega 5 0.98 0.56 5 0.5 0.73
MAFFT 35 0.5 0.61 7 0.4 0.73
MUSCLE v5 27 2.1 0.63 6 0.8 0.78
MUSCLE v3 8 0.08 0.53 2 0.2 0.75
PROBCONS 182 0.54 0.62 n/a n/a n/a

BIOS477/877 L16 -22
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Multiple sequence alignment methods

Progressive

Alignment
+tree
PRANK
WebPRANK*
SATé
Bali-Phy
ProPIP
POy
AliFritz

Global

Profile
PROMALS
PROMALS3D
PRALINE

T-coffee*, R-coffee

HMMs
PnpProbs
(MAFFT*) MusCLE* FAMSA/FAMSAZ GLProbs
Clustal Q*
MSAProbs
FSA
ProbCons/CONTRAlign
MUSCLES*
ProbAlign
cmalign

learnMSA2

DIALIGN-T
DIALIGN-TX

DIALIGN 2
iterAlign

Iterative

*Available in EBL Tools website
For reviews: Katoh (2021) and more available on CANVAS SRR L0 =20
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PRANK, WebPRANK

Mind the gaps: Progress in progressive alignment

D. G. Higgins*, G. Blackshields, and 1. M. Wallace
Conway Institute, University College Dublin, Belfield, Dublin 4, Ireland (2005 PNAS commentary)

"CLUSTALW attempts to compensate by using an elaborate scoring scheme to encourage
gaps to end up on top of each other. ... results in alignments that are very "block-like"..."

"... there may be a price for this prettiness and detachment from phylogenetic reality.
CLUSTALW (and other programs) may be guilty of “overalignment”, that is where sequences
that should not go together are forced into neat-looking blocks. These overaligned regions
may be neat looking but misleading."

"There is an understandable tendency for users of multiple alignment software to want their
residues neatly aligned in blocks and columns. This is fine when such blocks are biologically
accurate as will happen in parts of protein alignments. In cases where insertions or deletions
have happened in a less organized manner, as will happen in many noncoding DNA sequences
and in less organized parts of protein sequences, such block-like alignments may be
biologically meaningless. Perhaps we need to reeducate our eyes to see beauty in what
actually happened rather than what looks nice on paper."

BIOS477/877 L16 -24
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https://www.ebi.ac.uk/jdispatcher/msa/clustalo
http://www.drive5.com/muscle/
https://www.ebi.ac.uk/jdispatcher/msa/muscle5
https://www.ebi.ac.uk/jdispatcher/msa

PRANK, WebPRANK

Available at EBLwebsite  Liytynoja & Goldman (2005, 2008, 2010)

PRANK, WebPRANK

Léytynoja & Goldman (2008)

> PRANK: Probabilistic Alignment Kit

[Insertions are more penalized than deletions in]
= A probabilistic multiple alignment program for

progressive sequence alignment.

Insertion Deletion
A JRg— Jg— DNA, codon, and amino-acid sequences.
= At Ao . .
g Ve O AGT AGT  AGT = Treats insertions correctly.
3 ar act
3 - AaT = Avoids over-estimation of the number of deletion
AT A-T AGT AGT ts
events.
Cost: -6 (= ==) Cost: -2 (=)
T1 31 g T P g ¢ = Not meant for the alignment of very diverged
AGT AGT e=e AT A-T AGT AGT oo AT A-T

AT s AGT AGT ees AGT .

R‘i?‘/};‘/@‘\‘( AGT  AGT iéij}/@‘( AGT  AGT I LEE SR I
e ( :“\\ AGT  AGT

AGT  AGT

;V\AT A-T
AT
BIOS477/877 L16 -25

Progressive
alignment

A-T

BIOS477/877 L16 - 26
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ProPIP:

Progressive MSA with Poisson Indel Process
Maiolo et al. (2018, 2021)

PRANK, WebPRANK

Loytynoja & Goldman (2008)

Different sequence alignment approaches can give contradicting pictures of
evolutionary mechanisms behind functional sequence changes.

a Region 1 Region 2 Region 3 __Region4
eroanc NEPFERRIANINN 58 A" e Y14 AEAMRISROSL R G IR 2177

e-ere PRRIARNINN .12 GO LA 0 L IR 7 1
woaer PPN OAIDNE: 5. SRR SOMA R 5L D, B VDAL SRS O

= Rigorous
mathematical indel
model is incorporated

A ClustalW

PRANK

= Gaps can be inferred
in a phylogenetically
consistent way

= Over-alignment can
\ be avoided

et nsortons a sams paston

STompandentGosiars

MSAs generated by traditional methods show excess substitutions
=» Can be erroneously thought to be under positive selection

27 28
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BAIli-Phy: Statistical coestimation method Large-scale MSA
Nute ef al. (2019), Redelings (2021), Gupta ef al. (2021) (large-scale MSA
™ (8) progressive
T T T
L MUSCLE —— i pairwise distances quidetree * MAFFT DPPartTree
[1,192 datasets] .. ol e g  Clustal
85 ool Fo ] : L - FAMSA/FAMSA2
| B st o} FAW
. & o BAPny - « Kalign3 ...
i e 4
o7 [ o 23 ool I O I e
= ° wrFTeNs! & 004 |- y (b) seecbased « PASTA
H : * et oo | 4 ey - = s« UPP/UPP2
H . w s . . - - — * MAGUS
2 ¢ o 02 04 06 08 = « MAFFT/Sparsecore
s . .
g om . o Bali-Phv website Evolutonary Distance i — - * Regressive/T-Coffee
% * MUSCLES ...
5P score (recall) b - — Ty T ——
. = How much of correct = Co MsA and [ ——— + MMseq2
alignment is recovered iteratively T « learnMSA/learnMSA2
066 Modeler score (precision) 1i-P Al ht P siime o the modeguey
= Bali-|
= How much of the » Bali-Phy v3/v4 is much faster for a, Using pHMM, deep
reconstructed alignment is large datasets o learning protein language
° correct modeling, etc.
070 075 050
Modeler score (precision) BIOS477/877 116129 Santus et al. (2023) BIOS477/877 L16 -30
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https://www.ebi.ac.uk/goldman-srv/webprank/
https://www.bali-phy.org/index.php
https://www.bali-phy.org/index.php
https://www.bali-phy.org/index.php
https://www.bali-phy.org/index.php

Large-scale MSA

10 Santus et al. (2023)

©
R e
e [Data set size (N)]
fo
H +25,000 =~ 415,519
ge . . / + Ultra-large Pfam family
i ‘ Ao b (N: 1.8M = 3.5M)

& L N 1l

) Peepomas_rex. (PFRO0O72). 1.8 M Abc._tran (PPo0003). 5.5 M
T et tem T e temt

31

)
' Sge,
75 4 Fe-g °
FAMSA2 [SQBRas =S =SS oS
IR e . L= = S
B . o 4
= - o
e o — ‘
= ° .
> Progressive alignment at Tw .NELNEEL N
a a ° .
protein-universe scale §s — N
; 50 - > oo}
Gudys et al. (2025)
45 e s T T TT T
SP | TC | Totaltime | Memory FLPLS T ¥ F g
1% | B4l | [ddhhmm) | [GB]
# sequences in a set (N)
[ Kalign 619 | 432 1hosm | 1402 =
I MAFFT DPPartTree | 62.9 | 44.3 | 8d 10h57m | 1067.7 o 43 LLlaeee
oo
80"
Clustal Omega 638 [ 469 | 7d02nh44m | 1444 o 014
o g " 2 IS SUEF SED®
o 4
B Muscles 757 | 504 [ 13d03h 39m | 2252 AR & P
> . 400 0 2 . 8 ) 9
I T-Coffee regressive | 78.1 | 61.3 | 36d22h 58m | 410.1 g B,
201 Vet 0 g
W FAMsA 781|601 | 1domsm | ae9 | = wdl el Y Y
. °
W FAMSA2 796|618 tansTm | 239 I ———t
o 5 o g o
[ FAMSA2medoid | 765 | 585 am | 177 SSFFSIPFPF TS

# sequences in a set (N)
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Alignment trimming

TABEL  Overview of filtering methods considered in this study

Filtering Type of “undesirable” Accounts  Uses a substitution  Adapts parameters
methods sites filtered out by fortree  matrix or model of for particular
the method structure? evolution? data sets? References

Gblocks Gap-rich and variable sites No No No Talavera and Castresana (2007)
TrimAl Gap-rich and variable sites No Yes Yes Capella-Gutiérrez et al. (2009)
Noisy Homoplastic sites Inpart No No
Aliscore Random-like sites No Indirectly No Kuck etal. (2010)
BMGE High entropy sites No Yes No Criscuolo and Gribaldo (2010)
Zorro Sites with low posterior Yes Yes No Wauetal. (2012)
Guidance Sites sensitive to the Yes Indirectly No Penn etal. (2010)

alignment guide tree

= Gblocks: selection of conserved blocks from multiple
alignments (included in Phylogeny.fr)

= trimAl: a tool for automated alignment trimming in large-
scale phylogenetic analysis (included in Phylemon2)

Tan et al. (2015); See also TCS paper by Chang et al. (2014)
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learnMSA2
Becker and Stanke (2024)
» Deep learning with profile HMM and language model
—> No guide tree is needed!

(a) omfam (b)
-4, h-Bog6, 5=38.2 Dl
e
« I z " I X
I o
02n |0on l0osn 013n |00 oisn |0oan
w0f e
. e — g
2 _oh e |
B R et R
et
W e 50{ @ leamMsAz
ExttomfamHuge ExtHomfamxLarge - leamMsA 13
| meeneiim S50 =57, ne 166974, &2 3.4 L rase
* ol I I 25| @+ TCoffee (regressive) O
L " ok 8" Custol Omega et
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Protocol for reconstructing MSA and phylogeny
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Alignment trimming: Gblocks

Talavera and Castresana (2007)
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http://phylogeny.lirmm.fr/phylo_cgi/one_task.cgi?task_type=gblocks
http://phylemon2.bioinfo.cipf.es/

Gblocks performance

Talavera and Castresana (2007)
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Alignment length

Effectiveness of Gblocks varies depending on
alignment lengths and divergence

Alignment trimming: ClipKIT

Gblocks, trimAl: remove phylogenetically uninformative
(gap-rich or highly variable) sites

ClipKIT: identifies and retain phylogenetically
informative (parsimony-informative) sites

Summary of ranks across empirical datasets ‘Summary of ranks across simulated datasets

Desirability score (phylogeny-based accuracy):
combines tree accuracy and average bootstrap support
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