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BAIiBASE is one of the most widely used benchmarks for multiple sequence alignment programs. The accuracy of align-
ment methods is measured by bali_score—an application provided together with the database. The standard accuracy
measures are the Sum of Pairs (SP) and the Total Column (TC). We have found that, for non-core block columns, results
calculated by bali_score are different from those obtained on the basis of the formal definitions of the measures. We do not
claim that one of these measures is better than the other, but they are definitely different. Such a situation can be the source
of confusion when alignments obtained using various methods are compared. Therefore, we propose a new nomenclature
for the measures of the quality of multiple sequence alignments to distinguish which one was actually calculated. Moreover,
we have found that the occurrence of a gap in some column in the first sequence of the reference alignment causes column

discarding.
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1. Introduction

Multiple sequence alignment methods are widely used in
biological research. Many algorithms for the construction
of such alignments are known and a lot of their implemen-
tations are available in commercial and non-commercial
packages. Since different criteria are used in order to
construct good alignments, it is important to know what
these criteria are and whether they correspond to the bi-
ological context of the research. A probably even more
important question is how close the alignments obtained
as the optimal ones (according to various criteria) are to
the “realalignments resulting from the comparison of 3D
structures of the tested proteins.

Looking for the answer to the latter question, we have
discovered that the way in which bali_score calculates
alignment scores for non-core blocks does not agree with
the definitions known from the literature. The bali_score
is part of the widely used BAIiBASE database system and
the way in which it calculates the alignment measures is
the main topic of this work.

2. Inaccurate definitions of measures

BAIIBASE database containing reference multiple
sequence alignments is available with an applica-
tion, called bali_score, which evaluates the quality
of a test alignment in comparison to a reference alignment
(cf.http://www-bio3d-igbmc.u-strasbg. fr/
balibase/). The measures calculated by bali_score
are SP (Sum of Pairs) and the T'C' (Total Column),
originally defined for the multiple sequence alignment
in (Thompson et al., 1999). (They were the same in
the previous versions of BAIIBASE.) Both measures are
also given for the core blocks (Thompson et al., 2005),
but their calculation requires an additional file with an
annotation of the core blocks columns. Our studies of the
quality of several multiple sequence alignments have led
us to the following conclusions:

e the SP and T'C values given by bali_score are dif-
ferent from those exactly following their definitions;

e the occurrence of a gap in some column of the first
sequence of the reference alignment leads to discard-
ing this column from calculations.
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The SP and T'C are defined as follows (Thompson
et al., 2005).

S P score. Let us consider a test alignment of N se-
quences consisting of M columns. The i-th column in the
alignment can be denoted by A4;1, A2, ..., A;n. For each
pair of residues A;; and A;j, let us define p;;;, such that
pijr = 1if the residues A;; and A,y are aligned with each
other in the reference alignment, and p;; = 0 otherwise.
The S; score for the i-th column is defined as

N N
Si=Y > Dbk )]

The SP score for the alignment is equal to
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where M, is the number of columns in the reference align-
ment and S,; is the score S; for the i-th column in the
reference alignment.

TC score. Let us define a C; score for the ¢-th col-
umn in the alignment: C; = 1 if all the residues in this
column are aligned in the reference alignment, otherwise
C; = 0. The TC for the alignment is then given by

M
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Let us denote the SP and TC for the core blocks as

S Peoreblocks and T'Ceore blocks respectively. This annota-

tion should avoid confusion about which measure is used.
Let us consider the following simple example.

Example 1.

Reference alignment Tested alignment
s01 ABCDE s01 ABCDE.
s02 A...B s02 A....B
s03 AB..C s03 AB..C.
s04 ABC.D s04 ABC.D.
s05 ABCDE s05 ABCDE.
s06 ABCDE s06 ABCDE.
s07 ABCDE s07 ABCDE.
s08 ABCDE s08 ABCDE.
s09 ABCDE s09 ABCDE.
sl0 ....A s10 ....A.

¢

According to the theoretical definitions, the correct

calculations of the SP and 7'C' measures for Example 1
are as follows.

SP. There are the following pairs in columns in the
reference alignment:

Ist column: 9-8/2 = 36,

2nd column: 8 - 7/2 = 28,

3rd column: 7-6/2 = 21,

4th column: 6-5/2 =15,

Sth column: 10-9/2 = 45,

which results in the total number of pairs in the reference
alignment, equal to 145. In the tested alignment the first
four columns are the same as in the reference alignment
and in the fifth column there are 9-8/2 = 36 correct pairs.
So, the total number of correct pairs in the tested align-
ment is equal to 136, and thus SP = 136/145 = 0.938.

TC. Since four columns are correct, 'C' = 4/5 = 0.8.

The values of the SP and T'C' calculated by the
bali_score program (v. 3.01) differ significantly from their
formal definitions and are equal to S Pyaliscore = 0.889
and T'Chaliscore = 0.5, respectively. The explanation of
this fact is as follows.

TChaliscore- The difference between T'C' and
T Chali_score 18 that in the latter only columns from the ref-
erence alignment with fewer than gaps threshold (gt) gaps
are taken into account, where gt is defined as

N x 20
B e

The remaining columns are omitted.

S Ppaliscore- Similarly, in the case of S Ppaii score
calculations, only those residue pairs of the reference
alignment which are in columns with fewer than gt gaps
are taken into account. The other pairs are omitted.

In Example 1, S Pyaliscore and T'Chaliscore are cal-
culated as follows. In the case of S Ppali_score, Only the
first and fifth columns of the reference alignment satisfy
the requirement concerning the percentage of gaps in a
column. So, the remaining columns are not taken into ac-
count. In the first column of the reference alignment there
are 9 - 8/2 = 36 pairs and in the fifth column there are
10 - 9/2 = 45 pairs, which gives the total number of pairs
equal to 81. In the tested alignment, the first column is
identical to the reference alignment (36 pairs) and in the
fifth column there are 9 - 8/2 = 36 correct pairs. The total
number of correct pairs in the tested alignment is equal to
72. Thus, S Phali_score = 72/81 = 0.889.

In Example 1, T'Chajiscore 18 equal to 0.5 because
there are two columns taken into account and only the first
one is correct.

The information about the way of calculating the
SP and T'C score by bali_score follows from the anal-
ysis of the program source code. Unfortunately, we have
not found any other information explaining the calcula-
tions. The above problem does not concern the core
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block columns, because according to the definition of such
columns they cannot contain any gaps.

The second problem concerning bali_score regards
gaps in the first row of the reference alignment. Let us
analyze the following example: If the order of sequences
in the reference and the tested alignment files is identical
to the one presented in Example 1, then S P} a1i_score and
T Chaliscore are correct. But if the order is changed by
moving the sequence s10 to the first row in the reference
alignment (in fact the order for the tested alignment is
not important), then the measures from bali_score are
S-Pbali_score = 0.889 and cha]i_score = 0.000.

Following the analysis of the source code of
bali_score, we have discovered that columns for which
in the first sequence of the reference alignment there is
a gap are not taken into account even if they have fewer
than gt gaps. So, in the example only the fifth column
is taken into account and since this column is different
from the corresponding one in the tested alignment, the
T Chaliscore Score given by bali_score is equal to 0. Such
cases are quite easy to find by comparing the reference
alignment with itself in the verbose mode (“-v” option of
bali_score). Example 2 shows the columns 132 to 144 of
the BB11002 reference alignment. The last row shows
whether a column is taken into account for SP and TC
calculation (marked as “1”’) or not (marked as “.”’). In the
case of BB11002, the columns 132—134 are not taken into
account because of a gap in the first sequence, despite the
fact that there is only one gap in these columns and the
total number of sequences is equal to 8.

The gap in the first column will not occur in the case
of core blocks because, according to the definition of such
blocks, they cannot contain gaps.

Example 2.
Result of the evaluation of the BB11002 reference align-
ment

---NLFVALYDFV
MNKGVIYALWDYE
AEGYQYRALYDYK
MIQNFRVYYRDSR
GFMFKVQAQHDYT
HPISMAVALQDYM
YAGEPYVAIKAYT
SSGEIAQVTSAYV

...1111111111

3. Conclusions

We realize that the most important feature of BAIiBASE is
the reliability of alignments constructed within core block

columns, and we would like to warn users against unaware
employment of the bali_score application for other pur-
poses than core block evaluation. We showed that mea-
sures calculated by bali_score for non-core blocks can be
incorrect even for the reference alignments included in
BAIBASE. Thus, the errors made at the stage of qual-
ity evaluation of the methods for the multiple sequence
alignment can lead to a choice of the method which is not
the most reliable one. These errors are then propagated
to further steps of biological analysis. For example, as a
result of a faulty alignment, a protein can be classified as
a member of an improper protein family. An incorrectly
created alignment can also lead to building an inappro-
priate phylogenetic tree, because phylogenetic analysis is
based on alignments. What is more, the sequence which
is not a promoter can be assigned the promoter function in
the case of improper alignment creation.

The goal of this paper was to show differences be-
tween the formal definitions of some measures used to
evaluate alignments and the way in which the values of
these measures are calculated by the bali_score program
for non-core blocks columns. It seems a good idea to use
separate symbols for denoting the values of SP and TC
scores calculated by the BAIiBASE system and for those
directly following from the formal definitions, e.g., the de-
notations proposed in this paper. It will clarify how the
values should be interpreted.

We hope that this work will help the users of BAI-
iBASE avoid potential errors. On the other hand, the
authors of BAIiBASE could easily improve their tool by
taking into account the described differences between the
measures.

Acknowledgment

We thank the authors of the BAIiBASE database for mak-
ing the source codes of the bali_score application accessi-
ble. This allowed us to discuss doubts about the measures
considered.

This research has been partially supported by the Pol-
ish Ministry of Science and Higher Education under Grant
No. N N519 314635.

References

Thompson, J. D., Koehl, P., Ripp, R. and Poch, O. (2005). Bal-
ibase 3.0: Latest developments of the multiple sequence
alignment benchmark, PROTEINS: Structure, Function,
and Bioinformatics 61(1): 127-136.

Thompson, J. D., Plewniak, F. and Poch, O. (1999). A compre-
hensive comparison of multiple sequence alignment pro-
grams, Nucleic Acids Research 27(13): 2682-2690.

Jacek Blazewicz is a professor of computer science at the Poznan Uni-
versity of Technology. His research interests include algorithm design
and complexity analysis of algorithms, especially in bioinformatics as

aamcs



amcs@

J. Blazewicz et al.

well as in scheduling theory. He has published widely in the above fields
(over 320 papers) in many outstanding journals. He is also the author
and co-author of 14 monographs. His science citation index exceeds
2300. In 1991 he was awarded the EURO Gold Medal for his scientific
achievements in the area of operations research. In 2002 he was elected
a corresponding member of the Polish Academy of Sciences. In 2006 he
was received an honorary doctorate from the University of Siegen.

Piotr Formanowicz was born in Poznan, Poland, in 1969. He received
the M.Sc. degree from the Poznani University of Technology in 1994,
the Ph.D. degree in 2000 and the habilitation qualification in 2005 from
the same university. He is an assistant professor at the Institute of Com-
puting Science, Poznaii University of Technology, and at the Institute
of Bioorganic Chemistry, Polish Academy of Sciences. His research
interests concern computational biology, scheduling theory, and compu-
tational complexity theory.

Pawel Wojciechowski was born in 1977 in Poznari. He received the
M.Sc. degree in computer science from the Poznari University of Tech-
nology in 2002. He is a Ph.D. student at the Institute of Computing Sci-
ence at the same university. His research interests include computational
biology, especially multiple sequence alignment problems.

Received: 5 January 2009
Revised: 28 May 2009



	Introduction
	Inaccurate definitions of measures
	Conclusions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [597.600 842.400]
>> setpagedevice


