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Agenda

Sequence alignment at scale: sequence clustering

Utilizing sequence databases: making MSAs



Sequence clustering



MMseqs2 overview

We can align 2 or 3 sequences at a time

For >3 sequences we need to be more efficient for each
pairwise sequence comparison

MMseqgs2 achieves “sensitivities better than PSI-BLAST at
more than 400 times its speed”

Steinegger, M., Séding, J. MMsegs2 enables sensitive protein sequence searching for the analysis of massive data sets. Nat Biotechnol 35, 1026—1028 (2017). https://doi.org/10.1038/nbt.3988



How is MMseqgs2 so fast?
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How is MMseqgs2 so fast?

“The critical insight ...

was to combine the
double-match
criterion with making
k-mers as long as
possible ... This
effectively bases our
decision on up to 2 x
7 = 14 residues

instead of just 2 x 3 in

BLAST"
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How is MMseqgs2 so fast?

Steps 2 and 3 are things we've done!
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Step 1 (preprocessing/prefiltering) is the big improvement
In efficiency

Steinegger, M., Séding, J. MMsegs2 enables sensitive protein sequence searching for the analysis of massive data sets. Nat Biotechnol 35, 1026—1028 (2017). https://doi.org/10.1038/nbt.3988



Previously clustered sequence databases exist

UniProt Reference Clusters (UniRef) made using CD-HIT

e UniRef100 Combines identical UniProtKB sequences
with 100% sequence identity into common entries

e UniRef90 clusters UniRef100 sequences that have
>90% identity and 80% length overlap

e UniRef50 clusters together UniRef90 sequences with
at least 50% sequence identity and 80% length overlap



Making MMseqsZ2-clustered databases

(1) Select m (e.g. 20) k-mers per ce and find groups
of sequences sharing a k-mer.

Putting it all together:

e k-mers make rough, overlapping groups

e Pick the longest sequence to represent
overlapping k-mer groups (red dot)

e Cluster boundaries form where pairwise
sequence identity to the representative
falls below some threshold (e.g., 90%)

https://www.nature.com/articles/s41467-018-04964-5/figures/1




Making MMseqsZ2-clustered databases

Due to higher sensitivity, MMseqs2 can cluster down to
30% identity, resulting in Uniclust30

Due to better use of functional annotations, Uniclust90 and
Uniclust50 clusters show higher functional consistency
scores than their UniRef counterparts

Result: Uniclust databases are collections of functionally
similar sequences of thresholded sequence similarity



Making MSAs



What are MSAs?

Multiple Sequence Alignments (MSASs) are alig

sequences
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RLAO_HALVO
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“ruler

Sequences tend to be
evolutionarily related

Annotations can help
find alignable sequences;
alignments can help
make further annotations

https://upload.wikimedia.org/wikipedia/commons/thumb/7/79/RPLPO_90_ClustalW_aln.gif/1200px-RPLP0_90_ClustalW_aln.gif
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Why are MSAs useful?

Huge sources of evolutionary information

e \Which amino acids are used v00®0000000®0OO0OC
in which residue positions : :

e Interpositional dependencies : :

e Sequence/domain " g
conservation analyses t f

coevolution

https://www.blopig.com/blog/2021/07/alphafold-2-is-here-whats-behind-the-structure-prediction-miracle/



Making MSAs

The situation:

e \We have a protein sequence but don't know what it is
or what it's similar to

A solution:

e Find homologous sequences in Uniclust30 to which our
sequence aligns well



Making MSAs

Table 1.

First, HHDlits creates an HMM s otuncusosases

Database Clusters Singletons Average cluster size

profile given our protein seq i WEN D1 %A

Uniclust50 13.5M 9.6 M 4.6 (13.4)

It then compares this to the ridusao sTM ToM  sa0as
HMM profiles of the representative sequences for each
database cluster to find clusters of potential homology

If pairwise alignment of any sequence in the cluster to the
qguery exceeds a threshold, add it to the MSA

https://academic.oup.com/view-large/51200326



ML models use MSAs as evolutionary information

EVE uses MSAs to predict the effect of mutations

Bayesian variational autoencoder

Inferring constraints at each position by learning

One-hot encodlng of
MSA sequences

. T X : b
the distribution of sequences in evolutionary data &
WL : Fd: ol
= | B | l . 2 | ] =
oL EE ' 2 'H:‘ |
B ol | B 2 ] ::“I
O & | | an ] [ ]
ﬁ ''''' A B T H . 5 fmn  wmn gm +
o H-FI | S T |
o . = s " L] .
ol 23 Y 1
= B0 _.I_.q;_. %ﬁ. _- ' = ,_‘|=:| i ' !
.5 ‘*;jnm ' :l i s o .!=vu iql' li
II —ﬂt "ﬁ : 3'°- | 5 "= == = = L]
' 3 = Position in sequence
-'f-y! :

VAE reconstruction
We sample from the

approx. posterior

https://media.springernature.com/m685/springer-static/image/art%3A10.1038%2Fs41586-021-04043-8/MediaObjects/41586_2021_4043_Fig1_HTML.png

Y119 W o o S o A

G117
c121



ML models use MSAs as evolutionary information

AlphaFold generates MSAs to predict structure
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Office hours

Reminder:

Homework 5 is due Sunday, February 16th at 11:59pm!



