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“There is nothing so useless 
as doing efficiently that which 
should not be done at all.”

Peter F. Druker



Goal of Sequence Alignment
identify homologous residues, 

(i.e. residues that share common ancestry)



Recent reviews



In this review, I will show that....

despite recent progress, current 
approaches to alignment 

benchmarking all have 
considerable shortcomings

... thus impeding progress in alignment methods.



Outline

• Survey of benchmark approaches
(and their limitations)
• Simulation
• Consistency
• Expert review (human appraisal)
• Empirical indicators

• Reconciling the various approaches



1. Simulation

• Start with a random sequence

• Evolve along a tree introducing random 
insertions, deletions, and mutations

• Doing so, keep track of homology 
relations (“true MSA”)

• Align resulting sequences and compare 
them to the true MSA





Measures of accuracy
Result Reference

LM-‐GP
LDRAV
LF-‐RR

“True column” (TC) score:
(% of result columns that are present in reference alignment)

2/6 = 33%

“Sum of Pairs” (SP) score:
(average % of correct residue pairs, over all sequence pairs)

1/3 * (2/6 + 2/6 + 4/6) = 44%

LMGP-‐-‐
LDRA-‐V
LF-‐-‐RR



Blackshields et al. 2006

IRMbase I/II (Subramanian 2004, 2008) 
based on ROSE (Stoye 2004)

Blackbox comparisons



Mechanistic insights



“We found a systematic bias towards underestimation of the 
number of gaps, which leads to the reconstructed MSA being 
on average shorter than the true one.”
“The quality of the guide-tree was found to affect MSA error 
levels only marginally.”

“[A]t even moderate evolutionary distances, reconstructed 
alignments are correct for only about half of their length.”

(Note of caution: all results based on one  
multiple sequence alignment method only - 

Clustal W. Generalisability?)



Boundless possibilities...



How about this 
reference alignment?
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Sequence artefacts due 
to technological issues

• Sequences have artefacts due to 
technological limitations, such as 
sequencing errors, assembly errors, gene 
models, etc. (Thompson et al. 2011)

•  These are not modelled in current 
simulation framework 
(→ research opportunity!)



Simulation: summary 

conclusion strongly depend on model used 
to create data
a meaningful simulation requires realistic 
and relevant setup/parameters
(e.g. including modelling of seq. artefacts)

all parameters are known exactly
ability to test under a wide range of 
evolutionary conditions



2.“Consistency”
• Warning: not meant here is consistency with 

pairwise alignment (a common alignment 
optimisation criterion)

• Nor is meant consistency in the statistical sense 
(quality of converging to true value as # of 
datapoint increases)

• But rather: consistency among alignments 
produced by different aligners or procedures

• Conceptually somewhat analogous to 
“bootstrapping”



e.g.

set of columns of alignment a generalisation to >2 
underlying aligners:

Methods based on similar ideas include
M-Coffee (Notredame et al. 2000), TrimAl (Capella-Gutiérrez 2009), 

AQUA (Muller et al. 2010)



Consistency of a 
method with itself

“Thus, [ideally] reversing residue order prior to alignment 
should yield an exact reversed alignment of that obtained 
by using the unreversed sequences”



Quis custodiet ipsos custodes?

Consistency
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Hall BG, “How well does the HoT score reflect 
sequence alignment accuracy?”, MBE 2008



Consistency: summary 

“insufficient” condition: methods can be 
consistently wrong
more generally, difficult to deal with 
correlation among methods

conceptually simple
“necessary” condition: good methods are 
consistent



3.“Expert review”
 (a.k.a. eyeballing)

78%
76%
51%
55%
27%
59%



Kelchner,  Annals of the Missouri 
Botanical Garden 87:482-498 (2000)

Example

(cited by 338)

...



Expert review: summary 

lacks reproducibility
experts suffer from biases (status quo 
bias, aesthetic considerations, etc.)

based on expert judgement, which builds 
upon broad array of clues and past 
experiences

also see Anisimova et al. (Trends Evol Biol, 2011) for 
forceful arguments against this type of benchmark



4. Empirical approaches



4.1 Structure
Reviewed in detail in

Kemena & Notredame 2010
Edgar 2010

Aniba et al. 2011





Other structural 
benchmarks

• Homestrad (Stebbings and Mizugishi 2004) 

• OXBench (Raghava et al 2003)

• Prefab (Edgar 2004)

• SABmark (Van Walle et al. 2005)

• Bralibase for ncRNAs (Gardner & al. 2005)



Quis custodiet ipsos custodes?

“The present results show that protein alignment assessment is more challenging 
than generally realized, and skepticism is appropriate for claims that method 
rankings or advances can be reliably measured by current benchmarks.”



Pros/Cons Structure

only for structurally conserved regions!
small/biased protein sample with known 
structure
map between structural alignment and 
sequence alignment non-trivial (distance 
threshold?)

ability to test real data
if interest for structure:
closely match the biological objective



4.2 Phylogenetic tests



Dessimoz & Gil 2010



E.g. GDP-fucose transporter

Mafft FFT-NS-2
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E.g. GDP-fucose transporter

Mafft L-INS-i
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Dessimoz & Gil 2010



Pros/Cons 
Phylogenetic tests

cannot provide a quality statement about a 
single alignment
provide limited insights for MSA applications 
other than tree building (e.g. detecting sites 
under positive selection, build profile, predict 
structurally conserved sites, etc..)

are able to test broad sample of real data
if interest for tree building:
closely match the biological objective



One step back: what are 
ideal empirical indicators?
• Surrogate is (highly) correlated with 

objective

• Surrogate is not “used” by any of the 
aligner
→ meta-methods (e.g. Notredame et al. 2000, Lassmann 

& Sonnhammer 2005, etc.) cannot be reliably assessed 
with consistency

→ HoT can be easily “gamed”
→ 3-D coffee (Poirot et al. 2005) cannot be reliably 

assessed with structural benchmarks



Reconciling the various 
approaches



Structure vs Simulation?

Kemena & Notredame 2010



Dessimoz & Gil 2010

Phylogeny vs Structure?



What do?
• Be very careful with generalisation:

• Important parameters might include: gappy regions (near neutral) vs 
conserved core (strong purifying selection); size of alignment; 
divergence; etc. 

• e.g. Landan & Graur 2009: “In this study we use ClustalW as the 
standard in MSA reconstruction.”

• Be aware of the assumptions and biases of 
each method

• Simulation strategy
• Data underlying empirical tests

• Exploit differences to gain understanding!


