Egypt. Poult. Sci. Vol (30) (11): (607-621)

IMPLEMENTATION OF SOME SIMILARITY
COEFFICIENTS IN CONJUNCTION WITH MULTIPLE
UPGMA AND NEIGHBOR-JOINING ALGORITHMS
FOR ENHANCING PHYLOGENETIC TREES

By
Tarik S.K.M. Rabie

Suez Canal University, Faculty of Agriculture, Animal Production
Department, 41522 Ismailia. Egypt. e-mail: t.rabie@scuegypt.edu.eg

-Received: 18/05/2010 Accepted: 02/06[201_0

Abstract: Random Amplified Pohmorphic DNA (RAPD) markers was used fo
analyze the genetic structure of five Indigenous Egyptian’s chicken populations
including Fayoumi, Dokki-4. Golden Montazah, Silver Montazah. and El-
Salam, based on the taxa generated by the analysis of ten RAPD markers. The
population genetic distances were estimated by using two cluster algorithms
(UPGMA & NJ neighbor-joining) accompanied with ten similarity coefficients
comprising Jaccard, Sorensen-Dice, Russel& Rao, Rogers & Tanimoio. Simple
Matching, Pearson Phi. Lance &Williams, Mountford, Michael. and
Kulcherzky-1. The results demonsirated that for almost all methodologies. the
Jaccard and Serensen-Dice followed by Simple Maiching coefficients revealed
extremely close results, because both of them exclude negative co-occurrences.
Due 10 the fact that there is no guarantee that the DNA regions with negative
co-occurrences benveen nwo strains are indeed identical, the use of coefficients
such as Jaccard and Sorensen-Dice that do not include negative co-
occurrences was imperative Jor closely related organisms along with the NJ
neighbor-joining cluster algorithm.

INTRODUCTION

Molecular markers are commonly used to characterize genetic
diversity within or among populations or groups of individuals because they
typically detect high levels of polymorphism. Furthermore, dominant -
markers such as RAPDs and AFLPs are efficient in allowing multiple locito
be analysed for each individual in a single gel run. In analyzing banding
patierns of molecular markers. the data typically are coded as 0, and 1
vectors, | indicating the presence and 0 indicating the absence of a band at a
specific position in the gel. With the codominant markers, such as RFLPs or
SSRs, the banding pattems may be translated to homozygous or
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heterozygous genotypes at each locus, and the alielic structure derived is
utilized for comparison among individuals (Peakall er al., 1995; Smouse
and Peakall 1999; Maguire ef al., 2002). More often, however. the binary
patterns obtained are used directly in comparisons of similarity of
individuals. However, using random amplified polymorphic DNA (RAPD)
to assess genetic variability may be slightly more complicated since the
nature of the data mav generate a large amount of random variation,
especially at higher taxonomic leveis (Hillis ef ¢l.,,1996). More seriously,
many papers deal with individuals and not with allele frequencies in local
populations or samptes, and try to cluster or ordinate them (Colombo ef al,
2000). Although careful inspection of the results could eliminate part of this
random noise such as choosing only the stronger, repeatable bands
(Dominguez, 1998). this is usually a subjective procedure and does not
necessarily avoid the problems of high dimensionality in the genetic
structure itself.

Considering that the results of genotype clustering can be affected by
the choice of the similarity coefficient (Jackson et af.,, 1989; Duarte et al,
1999), these coefficients employ several reasons of similarity or differences
by total comparisons. and their values vary from 0 to 1 (Skroch er al.,
1992). The choice of an appropriate coefficient of similarity is a very
important and decisive point to evaluate clustering, true genetic similarity
between individuals. analvze diversity within populations and  study
relationship between populations, because different similarity coefficients
may yield contrary cutcomes (Kosman and Leonard 2005).

Though many coefficients are available, published studies usually do
not justify their preference for any one in particular. Jackson er al. (1989)
stated that this lack of justification can cause problems. jeopardizing the
nature of the analysis. Therefore, these coefficients need to be better studied.
Therefore, the objective of the study is to understand how the selection of a
similarity coefficient affects resulting classifications, to determine the
relatedness between the similarities coefficient, and to get the better genetic
distances used for fragment parameters and biodiversity.

MATERIALS AND METHODS
Experimental design. '

In the present study. the data formed by Rabie and Abdou (2010)
were used. Five Egyptian indigenous strains including Fayoumi, Dokki-4,
Golden Montazah, Silver Montazah, and El-Salam compared by using 10

608



Cluster Analysis, UPGMA, NJ Neighbor-Joining, Similarity Coefficient.

random amptification of polymorphic DNA (RAPD) primers. The taxa were
used for further analysis.

Interpretation of RAPD data.

Arbitrary amplification of polymorphic DNA sequences, termed
random amplification of polymorphic DNA (RAPD) analysis or Arbitrarily
Primed PCR (AP-PCR) typing has been used for estimating genetic
relatedness in livestock animals and avian populations. in addition, a
RAPD-PCR has prosved to be useful for genetic differentiation of closely
related organisms and has been used to generate information on the
population structure. Therefore, RAPD profiles from the pooled sample
amplification were used for estimation of intra-population genetic similarity
as well as genetic distance based on band frequency. The results were
analyzed by comparing RAPD profiles on the basis of the presence (1) or
absence () of each DNA band on the photographed agarose gels. A data
matrix was constructed. Gel analyses were performed using GelQuest and
ClusterVis software packages (SequentiX - Digital DNA Processing, Klein
Raden, Germany). GelQuest software (Version 2.7.1) was used to analyze
DNA fingerprint profiles and fragment patterns followed by using ~
ClusterVis application (Version 1.4.2) that analyze binary mairix data as
generated by GelQuest. For the calculation of similarities or dissimilarities
(distances), the number of total matches (a), single matches (b, ¢) and no
matches (d) are calculated out of the number of total positions (n=a+b+c+d). .
Therefore, the matrices were analyzed to evaluate the differences resulting
from the use of ten of the most commonly used similarity coefficients: the
Jaccard, Sorensen-Dice. Russel& Rao. Rogers & Tanimoto. Simple
Matching, Pearson Phi. Lance &Williams, Mountford. Michael. and
Kulchenzky-1 (Tablel)y werec compared along with different cluster
algorithms (NJ-Neighbor-Joining. and UPGMA or un-weighted pair group
method analysis). as well as the same coefficient with different cluster
algorithms is shown in Table 1. Similarity coefficients were calculated and
compared using the Spearman’s correlation coefficient (Hollander. and
Wolf, 1973) by using Wessa software version 1.1.23-r6 (Wessa, 2010).
Levels of statistical significance are not given because the analyses are
derived from a single initial data matrix and therefore lack independence.
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Table 1: Normalized similarity and correlation measures.

Coefficients Similarity Formula Sources
o al(n-d)

Jaccard [=a/(@brc)] Jaccard. 1901
Russel & Rao an Russel & Rao, 1940
Rogers & Tanimoto (a+d)i{a+2%(b+chd) Rogers & Tanimoio.1960
Kulczynski-| al(b+c) Kulczynski. 1928

Sorensen=Dice 2*a/(2*a+b+c} Sarensen. 1948; Dice. 1945

Michacel 4¥(a*d-b o ((a+d) atdyH(h+c)*(bic)) Michacl. 1920

Simple Matching (a(a+d__)_i(:::);—:1:+d) Sokal and Michener, 1938

Mountford /(2 hrerathrate)) Mounttord. 1962
Pearson's Phi coetlicient| ((0*d)-(c¥bhasgriare) (crd)*(a+b)*(b+d )y | Sokul and Spemb, 1963
l.anuc_& Williams 1-D Eance and Williams. 1967
distance
RESULTS AND DISCUSSION

A presence / absence data matrix of five strains generated by ten
RAPD markers was transformed into ten similarity matrices using ten
different coefficients. Likewise, the dendrograms obtained from the use of
two cluster algorithms. The Spearman's correlation coefficients between the
ten similarity coefficients were equal or close to | (Table 2). making it
evident that they are highiy related. Levels of statistical significance are not
given because the analyses are derived from a single initial data matrix and
therefore lack independence. The Jaccard. Serensen-Dice, Russel & Rao,
and Lance & Williams coefficients presented correlation values equal to 1.,
demonstrating that there is no alteration in the ranks using any one of these
coefficients. whereas. theyv classify the similarity among strains exactly in
the same order.

Surprisingly, they were all similarity coefticients found to be equally
able to classity the taxa except Mountford, and Kulczynski-lcoeftiecients,
with equivalent dendrogram occurring for NJ-Neighbor-Joining algorithm,
but the -different dissimilarity values (Figure 1). Spearman’s rank
correlations were high between the two similarity coefficients than others
(0.994) (Table 2). However, the correlations between these two classes of
coefficients and the Simple Matching coefficient were lower. These results
are similar to those reported by Meyer et al. (2004) while AFLP and RAPD
markers were used.

Concerning UPGMA cluster algorithm, an analytical method for
testing an interior branch was first used by Nei ef al. (1995), and then by Li
(1989) for an unrooted tree for four or five taxa, correspondingly to this
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study, five taxa were used, The dendrograms showed that although the
common structure of the dendrograms is highly comparable with the NJ-
Neighbor-Joining algorithm, which is a widely used method for tree
building which combines computational speed with uniqueness of result,
whife most implementations gave a single trec (Page and Hoimes, 2003)
there are minor alterations in the levels in which strains-are clustered (Figure
I). The dendrogram constructed by Jaccard, Serensen-Dice, Russel & Rao,
and Lance &Williams (LW) coefficients showed some distinct differences
corroborating the similarity matrices outcomes (Table 2). In addition. the
rest six coetficients (Rogers & Tanimoto, Simple Matching, Pearson Phi,
Mountford, Michael, and Kulchenzky-1) were revealed some alterations in
the grouping of the strains in other way (Figure 1). This alse corroborates
the differences observed in the similarity matrices where they have related
values given greater than others except Simple Matching. and Michael
similarity coefficients when carried out with NJ-Neighbor-Joining algorithm
in contrast with the UPGMA algorithm, where the related values of Russel
& Rao coefficient were greater than all the similarity coefficients except
Mountford, and Kulchenzky-1 (Figure 2). Although the inclusion or
exclusion of negative matches. ¢ in the binary similarity measures have been
an ongoing issue (Sokat and Sneath 1963; and Sneath, and Sokal, 1973),
the Jaccard, Tanimoto, Serensen -Dice, Kulczynski-1, @nd Mountford are
included in thé negative match exclusive measures. Sokal and Sneath
(1963) argued that the negative matches don’t mean necessarily any
similarity between two objects. -

The Soerenscn- che coetiicient of similarity is frequentl} referred to as
the measure of genetic similarity of Nei and Li (1979). For a given data set. the
related values of laccard’s similarity are always greater than those of the -
Sorensen-Dice. RR, 5M. LW._ and M similarity coefficients (Figure 2). Landry
and Lapoint (1996) suggested that the Serensen-Dice or. and Jaccard
coefficients might be preferable to the Simple Matching coefficient when
RAPD analysis used to compare groups of distantly related taxa. In contrast,
Hallden er al. (1994) considered the Simple Matching coefficient to be the
more appropriate measure of similarity when closely related taxa included. but
Kosman and Leonard (2003) reported that choice should be supported with
estimates of DNA sequenced entity between the taxa. A like this study, in the
absence of supporting sequence identity estimates similarity values based on
dominant markers data shouid be regarded as tentative.

The similar appearance in Jaccard and Serensen-Dice's coefTicients-
based dendrograms can be simplified by the properties of these coefficients.
They are discriminated by the way in which the matrix of original data
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(1=presence, and O=absence) is employed in the similarity estimate. When
two genotypes are compared. the tollowing situations occur: @ =1.1:b =1.0;c
0.0. Thus. Jaccard and Serensen-Dice's coefficients are
equivalent, except that double weight is given to positive co-occurrences (a)
in the Serensen-Dice's coetficient whereas the Simple Matching coefficient

= 01, d =

includes negative co-occurrences (d) (Duart er al., 1999).
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Similarity cluster algorithms
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Figure 1 - Dendrograms constructed from matrices of genetic distances
obtained by distinction of the similarity coefficients by using
two cluster algorithms (NJ-Neighbor-Joining, and UPGMA).

Taking . into consideration the genetic basis of RAPD markers

(Williams er al., 1990). the absence of amplification of a determined band

in two genotypes does not necessarily represent genetic similarity between

them, which makes those coefficients that exclude these negative co
occurrences from their expression of similarity (Jaccard, Serensen-Dice, ...
etc.) more adequate for use with this type of marker. Sokal and Sneath

(1963) also stated that the simpler the coefficient the easier its

interpretation; therefore. stmpler coefficients should preferentially be

employed. Jaccard’s similarity coefficient is the simplest of its category

(exclusion of d), and it has been widely emploved with RAPD markers.
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Furthermore, The Jaccard coefficient proposed at 1901 is still widely used
in the various fields such as ecology and biology.

Although both of UPGMA, and NJ- neighbor-Joming techniques are
designed to produce single trees (Nei, 1987; Saitou and Nei 1987), they can
sometimes derive more than one dendrogram from the same data. This
“Chaotic™ behavior depends on the order in which data are entered (Bayer,
1985; Kovach, 1993). The results of this study agreed with that, but in
contrast with Denduanghoripant er al. (2010) who stated that an UPGMA
dendrogram revealed the same grouping found in the NJ tree. Furthermore,
the authors of the NJ method think that it is more suitable for constructing
phylogenetic trees than, for example, UPGMA (Saitou and Nei, 1987).
Furthermore, NJ method is comparatively rapid and generally gives better
results than UPGMA method. But it produces only one tree and neglects
other possible trees, which might be as good as NI trees, if not significantly
better. Moreover, since errors in distance estimates are exponentially larger
for longer distances, under some condition, this method wifl yield a biased
tree (Bruno et al, 2000)

The conclusion is that although the similarity coefficients perform
equally well, they are not interchangeable, as different proportions of false-
positive and false-negative classifications may result. Although there are no
solid arguments in favor of a particular similarity coefficient. the analyses of
their behavior and properties help to guide the choice of a coefficient. However.
the results suggest that based on the structures generated, the best index to use
is Jaccard or Sorensen-Dice, followed by Simple Matching similarity
coeflicient accompanied with NJ- neighbor-Joining cluster algorithm.
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Table 2. The Spearman’s rank correlation coefficient obtained from use of ten similarity coefficients and two cluster
methods, applied to a presence/absence data matrix of the five of Egyptian indigenous chicken strains.

J o I so [ rrR [ Rt [ sMm [ [aiw[mo [ m T x
o NJ- neighbor-Joining
Jaceard (J) i.000 |
Sorensen-Dice (SD) 0,999 1.000 ]
. Russel& Rao (RR) 0.999 | 1.000 | 1.000 | |
Rogers & Tanimoto (RT) 0.994 0.994 0.994 1.000
Simpie Matching (SM) 0.993 0.994 0.994 0.99% 1.600
Pearson Phi (PP) 0.947 0.549 0.949 0975 0.978 1.000 [
Lance &Williams {LW) 0.999 1.000 1.000 0.994 0.994 0.949 1.000 B
Mountford (MO) 0.972 0.963 0.963 0.976 0.964 09355 | 0963 | 1.000
Michael (M) 0.849 0.856 0.856 | 0.896 0906 | 0970 ! 0.856 | 0.824 | 1.000
Kulchenzky 1 (K1) 0.969 0.960 0.960 0.963 0.950 0.899 0.960 { 0,994 0.768 1.000
UPGMA
Jaccard (J) 1.0G0
__ Sorensen-Dice (SD) 1.000 1.000
Russel& Rao (RR) 0.824 0.825 | 1.000 )
Rogers & Tanimoto (RT) 0.991 0.990 0.740 1.000
Simple matching (SM) 0.991 0.991 0.742 1.000 1.000
Pearson Phi (PP) 0929 | 0929 | 0.561 i 0971 | 0970 | 1.000
Lance & Williams (L.W) 1.000 1.000 0.825 0990 | 0.99) 0929 { 1.000
Mountford (MO) 0.980 0.977 0715 1 0993 0989 | 0965 | 0977 | 1.000
Michael (M) 0.853 0.854 |, 0417 0.915 0916 | 0985 | 0.854 | 0.907 | 1.000
" Kulchenzky 1 (K1) 0992 | 098y | 0815 | 0984 | 0981 | 0921 | 0989 | 0.987 | 0.839 | 1.000
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Figure 2. Mean of the matrices values resulted from using of all compliant
similarity coefficients applied to a presence/absence data matrix
of the five of Egyptian indigenous chicken strains by using of (A) -

" NJ - Neighbor-Joining, and (B) UPGMA cluster algorithms.
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