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SHORT COMMUNICATION

ABSTRACT

Terminal Restriction Fragment Length Polymorphism (T-RFL P) isaculture-independent fingerprinting method
for microbial community analysis. Profiles generated by an automated el ectrophoresis system can be analysed
quantitatively using either peak height or peak areadata. Statistical testing demontrated that peak height data

showed to be more reproducible than peak area data.
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Terminal Restriction Fragment Length Polymorphism (T-
RFLP) analysis measures the size polymorphism of terminal
restriction fragmentsfrom aPCR amplified marker, generally the
16S rRNA (10). The primers used for amplification are
fluorescently tagged. Subsequent digestion with restriction
endonucleases produces different terminal fragments (also
called operational taxonomic units) appropriate for sizing on
automated electrophoresis systems that provide digital output.
T-RFLPanalysisof small subunit rRNA genesiscurrently one of
the most powerful methods in microbial ecology for rapidly
comparing microbial community structures of environmental
samples and for the study of community dynamics and changes
in community structure in response to changes in prevailing
physicochemical parameters. The data obtained can also be
compared with datafromin silico analyses of sequence databases
to infer the potential species composition of samples(5).

Besides high throughput, one of the major advantages of
this fingerprinting technique is that even complex T-RFLP
profiles data can be satisfactorily quantified by automated
electrophoresis systems, making them amenable to analyses

using various statistical methods, such as similarity indices,
hierarchical clustering algorithms, ordination methods, and self-
organizing maps (5). While qualitative analyses of T-RFLP
profiles only take into account the presence/absence of
fragments, quantitative analyses can be achieved by
considering peak height or peak area as ameasure of fragment
abundance. These are usually transformed to relative
abundance instead of using the raw data.

Each step involved in the molecular analysis of
environmental samplesisasourceof bias(15), which appliesto
T-RFLP Thus, reproducibility is crucia sincethere’slikely to
be great numbers of samplesto be analysed, which would make
the practice of replicate analysis for all samples a major
drawback. Osborn et al. (12) demonstrated that T-RFLPis a
robust and reproducible methodology. They also highlighted
parametersthat can significantly influence variability. Severa
studies also evaluated the reproducibility of T-RFLP profiles
(3,4,8,9). Some of them used peak hight datawhile others used
peak area. Thischoice can also influence variability, something
that Osborn et al. (12) didn’t assess since they only used peak

*Corresponding Author. Mailing address: Microbial Systematics and Physiology Laboratory, Food Sciences Department, Faculty of Food Engineering,
State University of Campinas, Campinas, Brazil. Tel.: (19) 3521-2173. E-mail: caffaro.filho@gmail.com

736



height in their study. In a discussion published in 2003, there
was no consensus on whether T-RFLP peak height or area
should be analyzed (6). While Using peak heightswould down
weight longer fragments because of diffusion during
electrophoresis, overlapping peaks are not deconvoluted by
the software used in the automated sequencer, resulting in an
artificial alteration of area based on proximity to other peaks.
Thisdiscussion comesall the way from thetimewhen only gel
electrophoresis was used in T-RFLP analysis. More recently,
capillary and multicapillary electrophoresis has been the choice
for higher sample throughput and highly precise determination
of fragment lengths (11,14). Even then, there's still no
consensus. Whilethe use of peak areawas recommended (14),
some prefer to use peak heights (2,7).

While trying to obtain abetter signal from a multicapillary
sequencer in the analysis of an activated sludge bacterial
community, the same sample was analyzed and further
concentrated several times. Peak height and peak areadatawere
retrieved for all the runs. Since the relative abundance of
amplicons is the same, no matter what the concentration is, it
was possible to assess the variability imposed by the choice of
peak height or peak areafor further data analysis. Hypothesis
testing (F statistic) was used to know if one or the other would
show agresater variability. If then, the one showing lessvariability
should always be chosen.

A sample (20 mL) from themixed liquor of an activated dudge
pilot plant was centrifugated and maintained at -20°C until

Table 1. Raw and relative peak height and area signals for
fragments 189 and 208. Raw signals in fluorescence units.
Concentrations; 1>2>3>4.

Concen- Fragment height area Relative Reative

tration height (%) area(%)
1 189 237 1335 68.70 63H
28 108 753 3130 36.06
2 189 20 1518 6944 7123
28 8 613 3056 2877
3 189 143 1014 70.79 76.13
28 5 318 2021 2387
4 189 133 766 7000 6821
28 5 b7 3000 3179

T-RFLPprofiles

analysis. The DNA extraction was made according to the method
described by Smallaet al. (13) using aMini-BeadBester (Biospec
Products) and DNA was quantified by electrophoresis with
ethidium bromidestaining. After purification with GFX PCR DNA
and gel band purification kit (GE Health Care), the community
16SrRNA geneswereamplified by PCR amplification, madeina
iCycler thermocycler (Bio-Rad) with atotal reaction volume of
50 L. Each reaction contained 20 pmol of each primer, 200 uM
of each deoxiribonucleotide triphosphate, 1,5 mM of MgCl,
(Invitrogen), 2 U of Tag DNA polimerase (Invitrogen), and /10
PCR buffer (10X). After 5 minutes denaturation at 95°C, there
were 30 ciclesof: denaturation (1 min, 95°C), annealing (1 min,
57°C) and extension (3 min, 72°C), with afinal extension step of
7 minutes at 72°C. The primers were 8f (5-AGAGTTTGA
TCCTGGCTCAG-3'), FAM labeled at the5' end, and 1407r (5'-
ACGGGCGGTGTGTACA-3') (Applied Biosystems). Theseare
universal for the domain Bacteria(1). Theamplification products
were digested with restriction enzime Haelll and loaded on a
MegaBace 1000 (Amersham Biosciences) multicapillary
automated sequencer with ET 550 size standard and loading
solution, on genotyping mode. Four increasing concentrations
of the sample were analysed by decreasing sample dilution in
the loading solution on the sequencer well.

Two fragments (189 and 208) were detected in all four runs
and signals were used on statistical analysis. The results are
presented on Table 1. The expected was that their relative
abundancesin relation to each other should be constant despite
different concentrations. This could be measured either with
relative peak height or relative peak area. Relative abundance
was calculated in percentage by dividing raw peak signal by
the total signal.

Results showed at first glance that rel ative abundanceswere
more variablewhen considering peak areathan when analyzing
peak height. Table 2 showsthe cal culated means, variances (S?)
and standard deviations (in %) of the relative abundances.

ANOVA was used to test variances, assuming a normal
distribution for both considered populations (relative height
andrelative area). Thesignificancelevel adopted was o = 0.01.
Statistical testing was made by dividing thevariance of relative
area by the variance of relative height (Fo = S%/ $%). Thenull
hypothesis (equal variances) was rejected.

Thus, relative peak height variance of afragment isinferior
totherelative peak areavariance of the same fragment. In other
words, peak height data showed to be more reproducible than

Table 2. Statistical values calculated for relative abundances. n=4 for both relative height and area.

Fragment Relative Variance Standard Relative Variance Standard
height mean (S deviation (%) areamean (S) deviation (%)
189 69.73 0.78 127 69.88 2632 734
208 3027 118 359 3012 3946 2085
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peak area, and shoud be prefered in quantitative T-RFLP data
analysis unless proved otherwise. This is not a definite
conclusion, but rather a call for scientists to give thought to
this potential source of variation and not use arbitrarily the
datagenerated in T-RFL Pprofilesfor quantitative anaysis. That
would be particulary valuablein Brazil wherethe use of T-RFLP
isstill crawling but islikely to blossom soon.

RESUMO

AndlisequantitativadeperfisdeT-RFLPde
comunidades microbianas: dadosde altura de picos
mostraram-se maisreprodutiveisdo que osde area

Terminal Restriction Fragment Length Polymorphism (T-
RFLP) é um método molecular, independente de cultivo, para
andlise de comunidades microbianas. Perfis gerados por um
sistema automatizado de eletroforese podem ser analisados
quantitativamente usando dados de altura ou area dos picos.
Os dados de altura mostraram-se mais reprodutiveis do que os
deérea.

Palavras-chave: Terminal Restriction Fragment Length
Polymorphism (T-RFLP); Analise molecular; Comunidades
microbianas
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