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ABSTRACT KEYWORDS
New analytical techniques in microbiology have created the potential to MICROBASE;
investigate microbial communities, their interactions, and their rolein eco- Biological database;
system functions in novel ways. Combinations of such techniques allow Microbial and environmental
the rapid generation of large datasets describing microbial community com- datasets;
position and variation across time and space. In order to address ecologi- Scientific database design.

cally relevant questions, microbial community datasets must be linked with
related environmental datasets. This challenging task ismadefeasiblein a
rich data mining environment through a complex data model and interac-
tive querying tools against arelational database. This paper discusses the
motivation and design for one such microbial ecology database, the re-
search questions made tractable by this informatics project. The design
principlesand data-model used during database development are presented.
Architecture that supports the progressive evolution of the informatics
system is also discussed. Interactions with the user community in data
model development were essential. Thisapplication is custom designed to
the needs and objectives of linking microbial and environmental ques-
tions, highlighting contributions from informaticsto ecol ogy. The bio-data
model reflects the data mining regimes of the microbial disciplines and
supports research questions that could not have been asked without such
informatics tools. The project also serves as an illustrative case study in
the design of datamodelsand information systems, not only for microbial-
environmental datasets, but in a broader perspective, for other biological
databases that could adapt the techniques used here for data integration
and mining. © 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Thestudy of microbia populationsinnatural envi-
ronments hasbeen hindered by theinability to easily
cultivatethevast mgority of environmental microbes.
Toovercomethislimitation, microbia ecologistshave
developed avariety of cultivation-independent ap-
proachesto accessthediversity of prokaryotic popu-
lations. Such approachesvary inthequdity of informa:
tion they provide about microbial communities. Ap-
proachesinvolving sequenceanaysisof cloned DNA
result in high quality datathat can be used to define
phylogenetic rdationshipsamong community members.
Thisfine-scal e phylogenetic resol ution comesat the
expense of reducing samplethroughput and al so sacri-
ficescompl etesampling coverageof themicrobid com-
munity. At the other extreme, community “fingerprint”
(DNA fragment analysis) approaches are commonly
used to quickly assessthediversity of microbia com-
munities. Whilethesemethodsrapidly generatean over-
view of themicrobia community and reedily lend them-
selvesto comparisonsof community diversity and com-
position among many samples, taxonomicinformation
about themicrobia community iscompromised. Choos-
ing among the various cultivation-independent ap-
proaches requires a trade-off between phylogenetic
resolution and samplethroughput.

Many of thecultivation-independent methodsinuse
by microbia ecologistsareat least partidly automated,
alowingtherapid generation of very large datasets. Han-
dling thisdatavolumeaonerequiressophisticated data
management; moreover, microbia ecology sudiesseek
to placethisinformation about microbia community
composition and variability inthe context of ecosystem
function. Inorder to addressecologicaly relevant ques-
tions, thesemicrobial community datamust belinked
to datadescribing environmenta conditionsand eco-
system processes. Theinformaticstoolsdesigned to
leveragethe strengths of two cultivati on-independent
gpproachesfor microbia community andlysis, and con-
nect thesedatawith extensivelong-term environmenta
datasets maintained for Ecologica Research sites. Our
research goal isto anayze the dynamicsof specific mi-
crobid populationsinthecontext of environmenta data
inorder to hypothesize about therel ationship between
microbiad community structureand ecosystem processes
that influence, and areinfluenced by, microbes.

TOOLSUSED & CONFIGURATION

Severa standard software packagesand program-
ming languages available commercially are used to
implement the system described in this paper. Theda
tabase was implemented and maintained on a SUN
Solaris Server™ running Oracle DBM S23. The server
also runsApache Web Servers? and Jakarta Tomcat
Servers® with virtua hoststo manageand makeavail-
ableonlinevariousweb interfacesfor the scientistsand
public using various custom-made web schemas®. A
threelayer architecture using Oracle at the database or
persistencelayer, JAVA a theBusinessLogic Layer
and JSP® and Java Script at the User Interface Layer
enables porting the dataavail ablein the databaseto the
World Wide Web.

SYSTEM ARCHITECTURE

The system architectureis comprised of a3-lay-
ered architecture custom designed to be adaptiveto
therequirementsof achanging bio- informaticsregime.
The architecture aimsto be modular enough so that
each of thelayerscould be replaced with another tech-
nology while seamlesdy interacting with each other to
provide optimal levelsof servicetothe scientistsand
other usersaccessing thelargeamountsof dataavail-
ableto them through the system. Thedifferent system
layersareexplainedin detail below.

Persistence layer

Thepersistencelayer isdesigned using relationd
database principles, normalized asfar aspossiblegiven
the nature of methodsinvolved indatacollection and
implemented with extensivediscuss on between micro-
bia scientistsand information managers. A smplified
version of thedatamodel that isimplementedinthe
database/pers stencelayer. Environmenta (abiotic) data
from the different |akes are stored in the data tables
containing chemical, physica and geographica param-
eters pertaining to each lake, keyed by sample date
and lake code. The biotic data generated from each
sampleinclude speciesand abundance datafor various
planktonic populations. Visud identification and enu-
meration ispossiblefor heterotrophic nanoflagel lates
(HNF), phytoplankton and zoopl ankton popul ations.

The bacteriad community datarepresentsaspecia
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Figurel: Persistencelayer datamodel

casewherethe determining the speciescompositionin-
volvesasynthes s between two sets of datagenerated
using molecular microbial ecology tools. For ease of
discussion here, wewill distinguish between “‘commu-
nities” and “popul ations”. Communitiesare comprised
of many popul ations, and we can sampleeither thecom-
munity or the population, thelatter being morelabor
intensiveand costly. Thecommunity “fingerprint” data
represent the high-throughput but |ow phyl ogeneticreso-
|ution datagenerated fromindividua samples. Thelow-
throughput dataare derived from bacteria community
DNA from many samples pooled for the analysis of
specific bacteria populationspresent inaset of samples.

Sequence data generated from the cloned DNA
derived from multiple samplesisused to determinethe
phyl ogenetic affiliation of specificmicrobid populations
after comparisonwith public databases such asGenBank
and the Ribosomal Database Project (RDP)[%1. Even
higher qudity phylogenetic datamay beproduced manu-
aly using sequence anaysistoolssuchasARB™.,

Businesslogic layer

Thebusnesslogiclayer isimplementedin Javaand
conformsto Information M anagement system for stan-
dardizing themanagement of variousenvironmentd, lim-
nologica and microbiol ogical datasets collected over
theyears. Thismiddlelayer isresponsiblefor trans-

porting informati on and datasets between the persis-
tence layer and the user interface layer. The queries
madeat theuser interfaceare processedinto SQL state-
mentsthat theuser interfacelayer sendsto thebusiness
logic layer viacustom made Javaclasses. Thebusiness
logic layer opens JDBC connectionsto the persistence
layer and retrievesresult setsfromthislayer.

Theresult setsthus retrieved are processed and
formatted for display inthe user interfacelayer. The
customi zableweb database applicationsimplemented
at the MICROBA SE™® website a so usethislayer to
intelligently read metadatastored in thedatabase layer
and dynamically createthe parametersfor theuser in-
terface layer based on queries made by the web user
ontheuser interfacelayert®.

User interfacelayer

Theuser interfacelayer isimplementedin JSP. This
layer has extensively used the web database applica-
tion® designed for Long Term Ecological Research-
Information Management- MICROBA SE to port data
dynamicaly totheweb. Severd additiona custom func-
tions specifictomicrobial datasetsand linkingthemto
environmental datasetswere created, and theexisting
functionality was enhanced to permit maximum stan-
dardization with the existing system!® whilemaking the
web interface conform to the requirements of themi-
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RESULTS

Simplequeries

The composition of the microbial community de-
tectedinasinglesampleiseasly determined by cross-
referencing thecommunity fingerprint of asamplewith
thelibrary of population-specific DNA fingerprints.
Other smplequeriesavail ablethrough the user inter-
facearequeriesonindividual recordsof cloned DNA
fragments. Entry of acloneidentifier calsall informa-
tion relevant to aspecific bacteria population, includ-
ingthe DNA sequence, phyl ogenetic ass gnment for that
sequence, and the popul ation-specific fingerprint. Ad-
ditional queriesare automatically executed when the
clonerecordsare accessed. These comparethe popu-
lation fingerprint of aspecific cloneto al community
fingerprintsinthe bacterid community dataset, and dis-
play alist of sampleswherethis population was de-
tected as part of the clonerecord.

Complex queries

The simple queriesdescribed above are executed
onthe bacteria community dataaone. Toadd amore
ecologica perspectiveto microbid community deta, we
must consider theinteractions of bacterial populations

with other organisms, aswell asfeedbacks between
these populationsand environmenta factors. Usingthe
chemical and physica datasets associated with each
lake or sample, we may constrain aquery tolist only
the bacteria populations present in aspecific niche.

Impact of infor maticson microbial ecology

Thedeve opment of automated gpproachesto gath-
ering molecular biol ogy datahashad adramaticimpact
onthefield of microbia ecology@. Thebioinformatics
toolsthat are necessary to analyze and interpret large
datasets are having asimilarly dramaticimpact onthe
productivity of microbia ecology research. Automation
of queriesd onesavescountlesshoursof researcher time.
Theapproach described herealowsusto leveragethe
utility of acostly DNA sequence dataset over severa
microbia community studies, conserving theresources
(timeand money) that would be necessary to completea
fine-scdephyl ogeneticandysisfor eechfiddstudy. These
bi oi nformati cstool smay a so open new avenuesof re-
search asusers minethemicrobia community dataset
for patternsthat suggest theroleof specificmicrobial
popul ationsin ecosystem processes. Sharing of micro-
bia community datasetswith reseerchersexamining mi-
crobid populaionsindifferent environmentsmay enhance
inquiry related to microbia ly mediated ecosystem pro-
cesses, thus strengthening the case for developing
metadata standardsamong such datasets.
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CONCLUSION

Information management and bioinformaticstech-
nologieshavegreetly aided ecol ogical research efforts.
The growing synergy between thedisciplinesof natura
and computer sciencesischanging thelandscapeof data
collection, management and analysis. Thediscipline of
microbia ecology lagsbehind traditiona ecologicd dis-
cplinesinthisregard. Whilemicrobia ecology research-
ersare comfortable with the technol ogy necessary to
gather and analyzetheir data, thereare currently few
informati csresources avail ableto enabl e synthesi s of
these datawith environmenta conditionsor ecosystem
processes. Theintegration of molecular biology and
environmenta datadescribed herecan serveasaframe-
work to improveanalysisof existing dataand may in-
spirefutureresearch integrating environmental micro-
biology datasetswith large-scale studies.
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