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ABSTRACT

This paper presents an application of a method aiming to compare a performance of the restriction enzymes with the results
obtained by the analysis from cluster stability within a Brazilian collection of 119 Bradyrhizobium strains. The stability has
been studied as a combination of six restriction enzymes used in the RFLP-PCR analysis and three ribosomal regions using
three restriction enzymes per region, each combination forms a pair, thus there are nine pairs: pair 1 (Cfo I 16S), pair 2 (Dde
1 16S), pair 3 (Dde I IGS), pair 4 (Hae III IGS), pair 5 (Hae IIT 23S), pair 6 (Hha I 23S), pair 7 (Hinf I 23S), pair 8 (Msp I
16S), pair 9 (Msp I IGS). The analysis of cluster stability is a way to validate the partitioning of data encountered through
any conventional clustering algorithms. The aim is to compare a reference cluster obtained from all of samples with several
clusters from subsamples of original dataset. For this study, the sampling ratio was 0.8 and 25 datasets were made from
subsamples. The similarity was calculated between pairs of samples of the data and the stability was computed using the
whole collection of similarities. For the system analyzed, were generated 511 experiments (all combinations from 1 up to 9
pairs = 9!-1 pairs) and the number of possible clusters varied from 2 to 10. The results indicated that groupings up to 7
clusters were sufficient to achieve the stable result with a reduction of time expense in simulations. The pairs 1 and 2
increased the similarities of the clustering process. The pair 3 increased the similarities of experiments when associated
with pairs 7 and 8, and decreased the similarities of the experiments with pair 4. Pair 4 decreased the similarities of the
experiments.
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RESUMO

Este artigo apresenta a aplicacdo de um método objetivando comparar o desempenho de enzimas de restricdo com os
resultados obtidos pela analise de estabilidade de cluster em uma colegdo brasileira de 119 estirpes de Bradyrhizobium. A
estabilidade foi estudada como uma combinagdo de seis enzimas de restrigdo usadas na analise RFLP-PCR e trés regides
ribossomais utilizando trés enzimas de restri¢do por regido, cada combinagdo forma um par, entdo existem nove pares: par |
(Cfo I 16S), par 2 (Dde I 16S), par 3 (Dde I IGS), par 4 (Hae III IGS), par 5 (Hae III 23S), par 6 (Hha I 23S), par 7 (Hinf I
23S), par 8 (Msp I 168S), par 9 (Msp I IGS). A analise de estabilidade de cluster é uma forma de validar o particionamento
dos dados encontrados por meio de qualquer algoritmo de agrupamento convencional. O objetivo é comparar um cluster de
referéncia obtido a partir de todas as amostras com diferentes clusters de subamostras do conjunto original de dados. Para
este estudo, a taxa de amostragem foi 0,8 e 25 subamostras. A similaridade foi calculada entre pares de amostras dos dados
¢ a estabilidade foi calculada usando a colegcdo completa de similaridades. Par o sistema analisado, foram gerados 511
experimentos (todas as combinagdes de 1 até 9 pares=9!-1 par) e o nimero de possiveis clusters variou de 2 a 10. Os
resultados indicaram que agrupamentos até 7 clusters foram suficientes para alcangar o resultado estiavel com reducéo de
tempo gasto nas simula¢des. Os pares 1 e 2 aumentaram as similaridades dos processos de agrupamento. O par 3 aumentou
as similaridades dos experimentos quando associados com os pares 7 ¢ 8, e diminuiu as similaridades dos experimentos
com o par 4. O par 4 diminuiu as similaridades dos experimentos.

Palavras-chave: enzimas de restri¢ao, estabilidade de cluster, Bradyrhizobium.

1 - INTRODUCTION since the 1970s had a great impact upon phylogenies. The
advent of various molecular techniques, in particular the
The rapid accumulation of data regarding DNA chains  polymeric chain reaction (PCR), resulted in both,
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accumulation of data in DNA sequences and in an
unprecedented level of activities in molecular phylogenies.
DNA and protein sequences are strictly hereditary entities
and, for various reasons, molecular data are frequently
more adaptable than morphological data to quantitative
treatments [10].

An analysis by DNA sequences can be expensive and
complex, but there are other methods cheaper to analyze
ribosomal genes that can be used as an initial method for
assessment of diversity and taxonomic position. It has been
shown that amplification of DNA regions coding for
ribosomal genes by PCR (polymerase chain reaction)
technique, followed by digestion with restriction enzymes
[RFLP (restriction fragment length polymorphism)-PCR
technique] correlates quite well with an analysis of the
sequences of these genes [3, 12, 14, 21, 23]. Restriction
enzymes are proteins, isolated from bacteria that cut the
DNA into smaller fragments. The number of fragments
produced is established through the number of restrictions
recognized by the enzymes used.

The fragments obtained can be separated into
respective size groups using a technique of gel
electrophoresis. The biggest ones are heavier and take
longer to be displaced through the gel, a step that a chain
with smaller pieces are lighter and are moved more
rapidly through the gel. The analysis of electrophoretic
patterns, produced by the RFLP-PCR method is critical for
the correct identification of clusters and species. Therefore,
an analysis of this technique needs to be reliable,

reproducible and not susceptible to individual
interpretation.
Exploratory procedures are, often, useful in

understanding of the complex nature of relationships in
multivariate dataset. Groupings can supply an informal
way to access the dimensionality, indicating trends and
suggesting hypotheses relative to relationships. This
process is based upon the similarities or dissimilarities
among data and the goal is the partitioning of the elements
into subsets, which are called clusters. In clustering no
information about classes is assumed except the number of
clusters [22]. A different clustering process may result in
different partitions of data sets, depending on a specific
criterion used in clustering. One of the most important
issues in cluster analysis is the evaluation of clustering
results to find the partitioning that best fits the underlying
data [4, 24].

An analysis of cluster stability is a way to validate the
partitioning of data encountered through clustering
algorithms [11, 26, 29]. There is no still no consensus
about the definition of what be a “natural grouping”. The
method of cluster stability defined by [1, 2] is a process
used to detect the presence of clusters in data and is the
basis for such definition as well. The results of clustering
are easily corrupted through addition of perturbations in
the system, such as a small subsample. The method of
cluster stability is based on these subsamples. The stability
of the group is then assured with a defined pattern of
partitions (clusters) that are more important [1, 2].

The method described here uses a hierarchical
clustering algorithm with distances (differences) calculated

by average linkage clustering [4, 10, 16, 24]. A matrix of
similarity is calculated using the coefficient of correlation
of Pearson [5]. The Pearson correlation coefficient is a
measure of association between two bacteria, and is

defined by:
5 _ ;(Ck,i_CiXCk,j _Cj) (1)

RN

k=1 k=1

Where S;; is the similarity between bacterium i and j,
Cy,i is the value that object i takes on for character k (in
this work represented by the lanes from image gels), and

Ci is the mean of all the character values of bacterium i. A

value of the correlation coefficient equal to 1 indicates that
there is a perfect association, while the value 0 (zero)
indicates that there is no association.

The analysis of cluster stability was done introducing
perturbations into the system using a technique of sub-
sampling [1, 2, 11, 18].

The dataset was clusterized using the similarity matrix
obtained by Equation (1). Thus each bacterium was signed
to a cluster and compared itself and with the other 118
obtaining the representation matrix of reference D', giving
by the Equation (2).

Dy -] 1,if di, d; belong to the same cluster, and i#  (2)

0, otherwise

The matrix D' is square (119 x 119) where the
principal diagonal is zero. The same steps are done for all
subsamples generating for each one a representation matrix
of reference D”. The inner product, given by Equations (3),
(4) and (5), counts the number of pairs of elements
clustered together in both clustering. This inner product
can be normalized [1] into a stability measure by Equation

(©).

(p',D*)=3.D;D; 3)
<D1,D‘>=iDi} D; @)
<D2,D2>=§:Di?Di? (5)
s(p',D?)= | (D'.0%) (©)
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The objective of this work is to analyze the
performance of the restriction enzymes on the three
ribosomal regions in relation to the results obtained in
cluster identification of the genus Bradyrhizobium,
considering one collection of Brazilian strains [17] and
using the cluster stability method. The paper is organized
as follows. In section 2, we present the collection of
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bacteria and describe the complete method used. Section 3
presents the results and discussions while section 4
contains the conclusions.

2 — MATERIALS AND METHODS

A Brazilian culture collection of 119 strains for
Bradyrhizobium, isolated from thirty-three legume species,
representing nine tribes and all three subfamilies of the
family Leguminosae were analyzed by RFLP-PCR. The
DNAs of the strains were analyzed by the three ribosomal
regions followed by the digestion with three restriction
enzymes per region, as follows: 16S rRNA (Cfo I, Msp 1
and Dde I) , 23S rRNA (Hha I, Hae III and Hinf I) and
IGS (Msp I, Dde I and Hae III). Details about the
methodology are given in [14]. The electrophoresis gels
(17 x 11 cm) obtained were stained with ethydium bromide
and photographed under UV radiation using a digital
Kodak DC120 (Eastman Kodak). With the objective of
simplifying the method, the combinations between
restriction enzymes and ribosomal regions were
enumerated (Table 1).

Table 1 — Relation of restriction enzymes used in this work and
respective ribosomal regions.

Number restriction enzyme ritr)g;?(:;lal
1 Cfol 16S
2 Ddel 16S
3 Ddel IGS
4 Hae III IGS
5 Hae III 23S
6 Hhal 23S
7 Hinf I 238
8 Msp I 16S
9 Msp I IGS

was made for each partition. Within each section a count
was made of the pairs of grouped patterns together in both
clusters and can also be interpreted how a number of
structures in common to the diagrams of the reference
cluster and of the subsample, generating a measure of
similarity within pairs (Equation 6). This process was
repeated for 25 subsamples, exemplified in Table 2.

A cluster has been considered stable when all
similarities of 25 subsamples were over 0.65. Therefore,
the similarity (coefficients of correlation) is calculated
between pairs (cluster of reference and resample cluster)
and the stability is a result of the analysis of the calculated
similarities of the whole combination.

Table 2 — Relation of similarities (experiment 293). For each

section (k = 2, 3, ..., 10 clusters) the similarities were calculated
among 25 subsamples relative to the reference.
Subsample K=2 K=3 ... K=9 K=10
1 0.793  0.687 ...... 0.380 0.461
2 0.802 0.720 ...... 0.428  0.443
3 0.777  0.740 ... 0.399 0.403
24 0.785 0.670 ...... 0.473  0.538
25 0.793  0.757 ..... 0.425 0436

The method has begun with a processing of
photographs of the DNA gels resulting from a method of
electrophoresis. The images were processed to remove the
background noise and lane segmentation. All the
combinations within the ribosomal regions and restriction
enzymes were processed, generating 511 experiments.
Each experiment was applied to bacteria dataset. For
example, 001 to 009 represents the class of experiments
with only one restriction enzyme and ribosomal region,
experiments 010 to 045 are all combinations of restriction

enzymes and ribosomal regions ( Cé ).

Following, for each experiment, a cluster stability
analysis was done as proposed by [1, 2] and adapted to this
situation. We define a reference cluster containing the 119
bacteria analyzed and a fraction of sampled patterns
(f=0.8) equal to 95 bacteria being the subsamples to be
analyzed. The number of possible stable clusters present in
conjunction with data utilized was: k = 2,..., 10. Thus, a
comparison of the reference cluster with the sample cluster

The average similarity was calculated by average
among all similarities of the stable clusters.

3 —RESULTS

In Figure 1, the X-axis represents the number of the
experiment and the y-axis represents the number of stable
clusters with similarities above 0.65. It can be seen that the
number of stable clusters increase with the number of the
experiment, indicating that the addition of new information
from the genome brings an increase of the number of
stable clusters (solid line). A large number of experiments
was concentrated in 4, 5 and 6 clusters. The dotted line is a
polynomial function of interpolation of the third degree
(Equation 7) used to analyze the trend of growth of number
of stable clusters and shows that the system still has not
reached stability. This equation was obtained using Polyfit
function of MATLAB® [25]. The Polyfit function finds
the coefficients of a polynomial P(X) using the number of
experiments (X axis - value 1 to 511), the number of stable
cluster in each experiment (Y) and degree of the function
(N). The X axis is determinate by the experiment number;
the Y axis is determinate by the Polyval function of
MATLAB® [25].

P=P(1)*X> +P(2)*X* +P(3)* X +P(4) (7)
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Figure 1: The number of stable clusters with coefficients of
correlation over 0.65. The X-axis is the number of experiment (1-
511) and the Y-axis is the number of clusters with similarity over
0.65. The Y-axis represents the maximum number of stable
clusters (k = 1, 2, ..., 10) for each experiment obtained with
similarities over 0.65 for all subsamples, as show in Table 2. The
dash line is the interpolation function of degree three and the
continuous line is the linear function to analyze the trend of the
growth of the number of stable clusters. Arrows 1 e 2 indicate
regions with a small number of stable clusters.
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In Figure 2, the x-axis represents the number of the
experiment and the y-axis represents the average similarity
for each experiment. The values for the y-axis were
obtained by calculating for each experiment the average
similarity within all the stable groups. The dotted lines
show that the first experiments have the most variance and
the variance decreases with the addition of more enzymes.
It can be interpreted that when information are added to the
system the variance of the system decreases and the
similarities trend to reach stable value.
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Figure 2: Mean similarities by number of experiment. The X-axis
is the number of experiment (1-511) and the Y-axis is the
similarity. The regions 1, 2, 4 and 5 show a set of experiments
with high similarities. The region 3 shows a set of experiments
with low similarities. The dash lines show the trend of the
similarities to a reach stable value.

Table 3 shows the enzyme/ribosomal region
predominant in the regions indicated by the arrows of

Figure 2. Arrows 1, 2, 4 e 5 show groupings that maintain
high similarities. In arrow 1 the predominance is of the
enzyme/ribosomal region Cfo I 16S. In arrow 2 the
predominance is of the enzyme/ribosomal region Cfo I 16S
and Dde I 16S. In arrow 4 the predominance is the
enzyme/ribosomal region Dde 1 16S and Dde I IGS. In
arrow 5 the predominance is of the enzyme/ribosomal
region Cfo I 16S, Dde I 16S and Dde I IGS. The arrow 3
shows groupings of experiments that maintain low
similarities, what the predominance was the pair of
enzyme/ribosomal region Dde I IGS and Hae III IGS. Both
cases the IGS region have the highest variance in the same
population.

Table 3 — Relation of enzyme/ribosomal region predominant
Enzyme/ribosomal region

Arrows predominant
1 Cfol16S
2 Cfo116S and Dde I 16S
3 Dde I IGS and Hae I IGS
4 Dde I 16S and Dde I IGS
5 Cfo116S Dde 1 16S and Dde I IGS

4 — CONCLUSION

The addition of enzymes/ribosomal region increased the
number of stable clusters, as shown in Figure 1. Initial
variance of the system decreased when enzymes were
added and the similarities trended to be concentrated in a
stable value (near 0.76). Groupings until seven clusters (k
=2, .., 7), for the system analyzed, were sufficient to
achieve a reduction of time expense in simulations, that
were 360 hours, using 7 Pentium IV computers, with
Linux.

The utilization of 9 combinations of enzyme/ribosomal
regions increases the cost of biological analysis and the
time of processing, at the same time that makes the
analyses of results much more complex.

The Figures 1 and 2 show the trend to diminish the
variations and to concentrate in 5 stable clusters (Figure 1)
with 0.76 of similarity (coefficient of correlation) (Figure
2). Regions of high similarities (i.e, Regions 1 and 2) of
Figure 2 are the regions with a few stable clusters (Regions
1 and 2 in Figure 1), indicating that a bigger similarity
comes with the few stable clusters.

Enzymes number 1 (Cfo I 16S) and number 2 (Dde I
16S) increased the similarities of the experiment. The
enzyme number 3 (Dde I IGS) increased the similarities of
experiments when associated with several enzymes, seven
and eight, and decreased the similarities of the experiments
with four enzymes. Enzyme number 4 (Hae III IGS)
decreased the similarities of the experiments. As a main
result it should be considered only the regions 16S
and 23S for this kind of study keeping the same restriction
enzymes as shown in Table 1. In this case the time expense
should be reduced to 240 hours.
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