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Abstract

As databases become more pervasive through the biological
sciences, various data quality issues regarding data legacy, data
uniformity and data duplication arise. Due to the nature of this
data, each of these problems is non-trivial. For biological data
to be corrected and standardized, new methods and frameworks
must be developed. This paper proposes one such framework,
caled BIO-AJAX, which uses principles from data cleaning
to improve data quality in biologica information systems,
speci cally in TreeBASE.

1 Introduction

Due to advances in biological research, information in
biological data repositories has grown substantialy. As
with any database, these data repositories now must cope
with a number of data quality issues that are inherent to
very large databases. These data quality issues include
synonymy, polysemy and data redundancy, to name a
few. However, due to the complex and diverse nature
of the data, the problem of improving the data quality
is non-trivial. If the data quality is not maintained or
improved, then for data extracted from the repositories by
athird party or for data mining purposes, the applications
and knowledge based on the inconsistent data will either
fail or be skewed.

Data repositories are also expanding their functional-
ities, requiring more interactions among the data, thus
creating more data quality problems. Currently, most
data repositories are interrelating with each other, creat-
ing a number of integration problems such as reconciling
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both data and schemas. With biological research chang-
ing rapidly, creating more detailed information about bi-
ological processes, repositories must address the issue of
how to integrate complex submission data with legacy
data that follow different data models [10]. Many data
repositories endeavor to reduce redundancy within their
databases in favor of giving the user highly annotated
consensus data. For example, the Protein Information
Resource [17] strives to provide users with highly an-
notated information about the proteins stored within its
databases. To provide this, its curators must manage
the data through both manual and automated techniques.
Data cleaning can offer methods for making the process
moreautomated. Finally, thediscoveriesin biology affect
not only the scienti ¢ community, but also other com-
munities such as the business and nance communities.
Therefore, there is a need for simple interfaces that give
results in a concise, easy to understand style. All of the
challenges can be interpreted as data quality problems
and addressed through data cleaning and exploratory data
mining [3].

The aim of this paper is to propose an extensible
toolkit to address data quality issues through data clean-
ing within biological datarepositories. Thistoolkit, BIO-
AJAX, is an extensible framework with various opera-
tions that allows a repository to extend concepts within
the framework to cater to a repository’s needs. The op-
erations can be interpreted as needed by the repository to
perform various data quality and data cleaning activities.

As an example, we will show in the paper how BIO-
AJAX is applied to solving the nomenclature problemin
TreeBASE. TreeBASE is a phylogenetic and evolution-
ary information system, available at www. t r eebase.
or g [11] and accessible from GenBank. The system con-
tains citation and experimental datafor evolutionary stud-
ies. It can display the experimental data through den-
drograms on the website. The user can then navigate
these dendrograms, nding other dendrogramswith sim-
ilar taxa.

The nomenclature problem in TreeBASE is mainly
concerned with the fact that nomenclature for evolution-
ary units is not entirely standardized. While Linnagan



nomenclature (e.g. Homo sapiens or Canis famil-
iaris ) isused pervasively within scienti ¢ communities,
non-scienti ¢ communities use general vernacular terms
such as human or dog . This creates a number of
limitations for evolutionary databases. First, it limits
the community of users only to those familiar with the
nomenclature. Second, it creates challenges concerning
integration with other evolutionary biology resources. Fi-
nally, it creates inconsistencies in analyzing the data if
there are non-standard interpretations of the nomencla-
ture within the database.

In general, due to the type of data stored in Tree-
BASE, TreeBASE isunableto control the inconsistency
problems within the database concerning the nomencla-
ture. ldedly, al of the nomenclature should conform
to a speci ¢ set of nomenclature, such as the Linnaean
nomenclature, which TreeBASE strongly recommends
within its submission guidelines. However, there are
cases where the nomenclature needs to be dightly mod-
i ed so that an experiment is properly modeled. For ex-
ample, in an evolutionary study among organisms of the
same species, each organism needs to be differentiated.
Therefore, one common practice is to amend the taxon
name, putting asuf x at theend of the taxon name unique
to the organism. While thismodi cation has great mean-
ing to the study, it does create inconsistent data concern-
ing the nomenclature and makesit dif cult to have com-
plete studies about all occurrences of a species within the
database. We propose in the paper a technique, imple-
mented and incorporated in BIO-AJAX, for solving these
inconsistency and incompleteness problems concerning
the nomenclaturein TreeBASE.

The bene ts of this research can greatly improve
many components of biological databases in generad,
and TreeBASE in particular. Firgt, it can enhance
information retrieval and knowledge discovery results
within these databases. Any data mining performed on
the database will re ect the content of the database rather
than the inconsistencies within the database. Integration
with other repositories can be conducted more ef ciently.
Finally, the groups of users viewing the data can be
expanded since the scienti ¢ data can be mapped onto
an uncomplicated and easy-to-understand representation
of the data.

2 BIO-AJAX

BIO-AJAX isadata cleaning toolkit for biological infor-
mation systems that is designed to improve data quality
at both data level and schema level. It adopts and modi-

es the conceptual operations originally developed in the
declarative framework AJAX [7] so that they specially
meet biological data needs. Previoudy, most data clean-
ing methodologieswere speci ¢ to the domain or greatly
tied into the physical layers of the database. Their heuris-
tics were highly incorporated into the implementation of
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Figure 1: The BIO-AJAX framework.

the data cleaning tool. AJAX, however, offered a way
to encapsulate the primary operations of data cleaning to
speak of the data cleaning techniquesin an abstract man-
ner. Thisgives exibility to the system since the concep-
tual operations can be preserved while the instantiations
of the operations can change as needed.

Figure 1 shows the BIO-AJAX framework consisting
of six interrelated operators. These operators each have
speci ¢ individual purposes but can, and in some cases
need, to work with the results from other operations.
These operators are:

¢ MAP: trandates the data from one schemato another
schema.

e VIEW: extracts portions of data for cleaning pur-
poses.

e MATCH: detects duplicate or similar records within
the database.

¢ MERGE: combinesduplicaterecordsor similar records
into one record within the database.

e CLUSTER: identi es setsof relationswithin the data
and organizesthe data into those relations.

e CLASSIFY: analyzesagiven data point, categorizing
it according to various domain rules.

In general, there can be multiple extensions and im-
plementations of these operators. For example, there are
a number of agorithms that can perform matching in
any data set, including phylogenetic trees. The opera-
tor CLASSIFY uses various class cation algorithms to
perform many tasks such as classifying aprotein or help-
ing to standardize metadata. CLUSTER also performs
operations associated with outlier detection in the data.

Implementing BIO-AJAX upon adataset rst requires
studying and detecting errors within the data set. This
can involve using data mining algorithms catered to the
data set to detect dirty data as well as discussions with
curators and expertsin the eldsto understand observed
problems. The next step is to identify algorithms that
can effectively detect and clean the dirty data. These
algorithms are tested on a small set of the database to
gauge their effectiveness. If the algorithms are effective,



T1
Homo sapiens x

Homo sapiensy

Homo sapiens z

T2
human A

human B
human C

T3
man 1

man 2
man 3

Figure 2: Example illustrating the nomenclature prob-
lem.

they are then implemented onto the entire database and
integrated into the cleaning tool. The tool then runs
automatically, without any more curator interaction.

3 BIO-AJAX and TreeBASE

One of the data quality problems concerning phyloge-
netic datain general, and TreeBASE speci cally, isthe
nomenclature problem. In evolutionary biology research,
various nomenclature issues can arise. See the NCBI
TaxBrowser Website where there are resources entirely
dedicated to updating users on nomenclature changes[5].
While the curators at TreeBASE specify directions for
nomenclature, many submissions do not follow these di-
rections.

Figure 2 illustrates this problem. In this example we
have three trees, all of which model evolutionary rela-
tionships among the species Homo sapiens . Inthe case
of thesetrees, each tree studies evol utionary relationships
between speci ¢ organismswithin the species. T shows
the evolutionary relationships among three taxa Homo
sapiens x , Homo sapiensy , and Homo sapiens z .
T, illustrates the relationships among three taxa human
A, humanB ,and human C . T3 showsthe evolution-
ary relationships among three taxa man 1, man 2,
and man 3 . Now, consider tree T7. The letters after
the taxon name Homo sapiens indicate that a speci ¢
organism within the species or some other speci city is
involved concerning the taxa within the tree. Therefore,
this tree may not be generally about Homo sapiens but
about aspeci ¢ set of Homo sapiens organisms. In simi-
lar instancesin TreeBASE, if we query for Homo sapi-
ens , most likely we will not get these three trees since
the taxon Homo sapiens is not explicitly and exactly
speci ed in the trees. (Only querying for Homo sapi-
ensx , for example, will allow usto get 77.) Similarly,
if we query for human or man , we will not get the
three trees even though al the three trees are related to

human , man ,or Homo sapiens .

Thus, because of the inconsistency among the taxon
names, we are unable to get a complete set of trees
about the species Homo sapiens . To solvetheinconsis-
tency and incompleteness problems, BIO-AJAX cleans
the taxon names by implementing a layer between the
user and the original database while not modifying the
experimental data. Keeping the data intact is necessary
since TreeBASE isan archival datarepository wherethe
original experimental data needsto be preserved.

Speci cally, the operators of BIO-AJAX are instanti-
ated to clean the nomenclature in the following manner
(MAPand CLASSIFY arenot relevant here and are omit-
ted):

e VIEW: generates a list of pre xes for al taxa con-
tained within TreeBASE.

e MATCH: compares the list of pre xes with the
taxonomy entries in NCBI Taxonomy database. |f
an entry is found, obtain all nomenclature associated
with the entry and index the names.

o MERGE: indexesthe nomenclature so that any one of
the pre xes, origina nomenclature or nomenclature
found in NCBI Taxonomy database can be used to
guery and obtain related trees.

e CLUSTER: uses hashing methods to group homen-
clature and pre xes together that would refer to the
same data within TreeBASE.

These cleaning tasks can be speci ed by high-level
data cleaning scripts such as those used in [7]. For ex-
ample, the VIEW operator can be speci ed asfollows:

CREATE VI EWPhyloPre xes
FROMDirtyTaxonData d

WHERE d <> nul |

{SELECT prefixGen(d. TaxonNane)
AS prefix | NTOPhyloPre xes}

Here, the pre xesare created from the table Dirty Taxon-
Data that contains the extracted data from TreeBASE.
The function pr ef i xGen produces the pre xes from
DirtyTaxonData. Other operator speci cations follow
similarly.

This cleaning architecture offers some advantages
over traditional methods such as record-based methods.
Foremogt, it allows for comparison of the nomencla-
ture against a reliable resource (e.g. NCBI Taxonomy
database) that is dynamically adjusted to the recognized
state of the art within phylogenetics. Other methods
for cleaning this data, such as record based comparison
cleaning, would not be able to exploit such updates.

3.1 Implementation

BIO-AJAX isimplemented using Perl, JAVA, JSP, HTML,
and placed over TreeBASE as middleware to preserve



Figure3: The BIO-AJAX interfaceimplementedor TreeBASE.

dataintegrity. Figure3 shovstheinterfaceof thesystem.
Dueto thesensitve natureof biologicaldata,speci cally

in this casephylogenetidrees,BIO-AJAX hasbeende-

signedto never alter original submissiordata,but rather
to interactwith the original dataand provide facilities
to cleanthe interactionswith the data. This is neces-
sary especiallyin anarchial biological databaselean-
ing sincethe datais associatedvith publicationsby the

researchers.

To perform the nomenclaturecleaning, rst, all of
the taxa are extractedfrom TreeBASE. The taxa are
extractedwith the nameof the experimentalstudy le
thatcontainsthem. Oncethetaxaareextracted they are
organizedlexicographicallyaccordingto taxon names.
The extraction le then goes through a rudimentary
cleaningphase.This cleaningphaseremovescharacters
that could not possiblybe a part of the taxonnamesas
well asformatsthe extraction le for interaction. These
characterssuchasa forward slashbeforea taxonname,
were determinedo be extraneouscharactersluring the
analysisphasein the BIO-AJAX implementationfor
TreeBASE. Next, the le is formattedto becomeinput

for apre x generatiortool.

The pre x esare generatedy producingall possible
pre xes containingthe rst word of the nomenclature.
(Most nomenclatureconsistsof more than one word
andthe rst word is an identifying term of a species.)
For example, given the taxon “Homo sapiensx”, the
following pre x eswould be generated‘Homo”, “Homo
s”, “Homo sa”, “Homo sap”, “Homo sapi”, “Homo
sapie”,"Homo sapien”,"Homo sapiens”Homo sapiens
x". If the taxon nameis one word long, then the
pre x containingonly that one word is createdfor that
taxonensuringevery taxonin TreeBASE will betested.
Oncethe pre x list has beencreated,this list is then
automaticallyusedas input for the NCBI TaxBrowser
querytool [1, 5, 15].

The NCBI Taxonomydatabasdl, 5, 15] is a repos-
itory of phylogeneticand taxonomicdataaboutvarious
speciesTheNCBI Taxonomydatabas@rovidestoolsto
searchandbrowsephylogenetiaataaboutmostspecies.
Moreover, it conglomeratedatafrom multiple resources
abouttaxaandspeciesThis datais dynamicallyupdated
asthe Taxonomydatabasés updatedrepresenting.con-



