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DNA structural information from Giardia intestinalis tpi
gene assemblages using the wavelet spectrogram analysis
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Molecular investigations of Giardia intestinalis tpi polymorphic gene have facilitated approaching of some mathematical
methods to describe the genetic information. In this study, we applied wavelet spectrogram analysis for estimating the
degree of similarity and difference between different assemblages and intra-assemblages of infectious parasite Giardia
intestinalis. Five different DNA sequences were investigated, of which two sample sequences were isolated, sequenced
and analyzed in our laboratory and subsequently deposited in GenBank. Using additional a quantitative comparison index
and Multidimensional Scaling as visualization method we revealed some characteristics of DNA information embedded in

the analyzed tpi sequences.

(Received December 5, 2013; accepted March 13, 2014)

Keywords: Wavelet spectrogram analysis, Multidimensional Scaling, DNA sequence, Giardia tpi gene; genetic assemblages

1.Introduction

Giardia intestinalis is one of the most ubiquitous
enteric parasites that may cause an infectious diarrhea
syndrome mainly in humans. With the increasing use of
genetic sequencing analysis in the pathogenesis and
epidemiology studies of this infectious protozoan a large
volume of information can be available to computational
processing for DNA (deoxyribonucleic acid) research. Tpi
gene is one of the most investigated genes of Giardia
intestinalis genome because it is a phylogenetic marker
with a high degree of polymorphism [1] which codes for
glycolytic enzyme triosephosphate isomerase involved in
the parasitic energetic metabolism [2].

In recent years, a number of mathematical methods
for DNA study have been reported and some of them are
based on wavelet transform [3,4,15,16]. Wavelets
transform (WT) has received much attention in the
literature due to its practical contributions [5,6,12]. These
theoretical methods add to optical spectroscopy as a means
of studying the properties of DNA biopolymer [12-14]. In
the study of DNA, the wavelet spectrogram allows
obtaining the relevant information from the analyzed data

and could be valuable in capturing global and local
characteristics of DNA structure [7].

DNA is a long polymer containing millions of
nucleotides (the monomer). The structure of DNA of all
species comprises two helical chains each coiled round the
same axis.

Several wavelet models have been adapted depending
on what it was intended to describe or to detect in the
DNA structure [3,4,7,8]. But from the perspective of
comparing similarities between different DNA structural
information, real Shannon wavelet was considered by far
the best wavelet function to represent the complex patterns
emerging after wavelet transformation of DNA
information [8]. This type of continuous wavelet transform
was chosen as a strategy to reveal some important
properties of the structure of DNA and to demonstrate the
effective as a mathematical tool for description of DNA
information [8]. Also, the statistical analysis have used for
DNA study which is a complex informational biopolymer
[12-14].

In the present paper we approached some wavelet
descriptions to analyze the polymorphic DNA information
embedding in the coding tpi gene from the genome of the
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parasite Giardia intestinalis. Two genetically distinct
lineages of this parasitic protozoan also designated as
assemblages A and B known to infect humans were
investigated applying methods proposed by Machado et
al.[8]. Our motivation was to assess the intra and inter-
assemblages differences of Giardia intestinalis at both
qualitative by WT and quantitative level by using a
comparative index [8] and the visualization tool
Multidimensional Scaling (MDS) [9].

2. Experimental
2.1 Giardia intestinalis tpi gene data

For processing the tpi gene DNA sequences we take
into account the constitution alphabet of DNA double
helix which is represented by four types of nucleotides that
differ in their nitrogenous bases adenine (A), cytosine (C),
guanine (G) and thymine (T). Each type of base is
interconnected with only one type of base between the two
strands of the DNA forming the base pairing (bp) A-T and
G-C.

As initial models for signal processing we accessed
two reference DNA sequences of tpi gene belonging to the
genetic assemblages A and B of Giardia intestinalis. They
are retrieved from public database GenBank under
accession  numbers: AY368161 and AY368163
respectively [1]. The inter-assemblages comparisons were
performed using two sample DNA sequences isolated
from the stool of two patients infected with Giardia
intestinalis. Approximately 500bp of tpi gene from DNA
isolates was sequenced from purified nested PCR
(Polymerase chain reaction) products [1], compared with

published sequences on GenBank database using BLAST
(http:/Avww.ncbi.nlm.nih.gov/BLAST/) and assigned to
tpi assemblages A and B based on sequence variation,
presence and position of single nucleotide polymorphisms
(SNPs) [10]. The sample sequences of Giardia intestinalis
partial tpi gene used in this study were deposited under
accession number HG792784 and HG792785 respectively.

For a better comparison by wavelet processing of
DNA information, five DNA sequences (in FASTA
format) were analyzed. Each one received an identifier
composed of three letters and a number. First letter is G
(from Giardia), the second is R for a reference sequence
or S for a sample sequence. The last letter, A or B, is
assigned to the genetic assemblage type of Giardia
intestinalis. The number represents the length of the
sequence. There are two reference DNA sequences:
GRAS532 (Fig. 1a) and GRB532 (Fig. 1b), both being
complete (n = 532 nucleotides) and two samples: GSA532
(Fig. 1d) and GSB480 (Fig. 1e). The sample sequence
GSA532 is 532 nucleotides long and differs of reference
GRAS532 by three SNPs (at nucleotide positions 27, 79 and
96 according to the GenBank accession number L02116).
The sample GSB480 is a slight variation of the reference
GRB532, but it is shorter and has five SNPs (at nucleotide
positions 111, 216, 271, 471 and 483 according to the
GenBank sequence L02116). The DNA sequence
supplementary introduced for wavelet analysis is another
reference, GRB480 (Fig. 1c), which is an excerpt of
reference GRB532, starting with position 32 and having a
length of 480 nucleotides.

Table 1. Composition of the five analyzed DNA sequences.

GRA532 GSA532 GRB532 GRB480 GSB480
Adenine 131 129 138 128 129
Cytosine 130 131 120 105 106
Guanine 167 168 156 139 139
Thymine 104 104 118 108 106
Total 532 532 532 480 480

2.2 DNA encoding and data processing

DNA information of the five sequences assigned to
wavelet processing was converted using a translation
scheme [8] which transforms the four nitrogenous bases
{A, C, G, T} into complex numbers, as it follows: A =

140i, C = —1+0i, T =0 +i and G = 0—i, where i =+/—1.
Each DNA sequence is described, after the above

mentioned conversion, by a complex “temporal” signal

X(t), the “time” t being the running number of the DNA

sequence. Applying a continuous wavelet transform [6] to
this signal, it will result:

w&ﬂ=T§%V(%;}m )

Here the parameters s (s > 0) and t represent the dyadic
dilation (scale parameter), respectively the dyadic position
(translation parameter), and y is a function called the
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mother wavelet. The symbol ~ denotes the complex
conjugate. The best results were obtained using as mother
wavelet the real Shannon wavelet [8]:

() = sin(27rx7)r;sin(;rx) "

Shannon wavelet function being real, the complex
conjugate ~ in Eq. (1) becomes useless. The “time” t takes
discrete values between 1 and n (the length of the DNA
sequence), s and t are also in the same range. Finally, the
integral turns into a sum:

W(s,7) = Zj%) ( j )

After obtaining wavelet charts for the given values of
n and set of five DNA sequences, the second step of our
analysis is to evaluate the similarities and difference
between them. The charts were normalized for coordinates
s and 7 in order to compare DNA sequences with different
lengths. So, S=s/s,,,and 7 =7/7,,,

The “distance” between two data sequences (i and j) may
be estimated using the measure r;; as comparison index [8]:

(4)

G :\/2'(ﬂi —H; )2 +(O'§i _O'§j)2 +(O-?i _O'?j)2

where | represents the average of the data sequence, o, —
standard deviation on direction S, o, - standard

deviation on direction 7 ;iand j=1...m where m =5 (all
the analyzed DNA sequences).

The third step in the analysis consists in exposure
embedded patterns in the correlation matrix data. The
symmetrical correlation matrix Rsys for comparing all five
DNA sequences was constructed on the basis of the
measure r;; values. For this propose we approach the MDS
(Multidimensional scaling) method as alternative to
represent in a lower dimensional map the set of data points
whose similarities are defined in a higher dimensional
space obtained by wavelet [11]. The graphical
representation of two dimensional MDS map for the data
points and its building based on the matrix r; elements
were created in MATLAB.

3. Results and discussions

3.1 Features of the five DNA sequences extracted
by wavelet spectrogram analysis

The charts of the DNA sequences processed by
Shannon wavelet (Fig. 1) show visually the differences
and the similarities between the DNA sequences. All
charts represent normalized absolute values of the
wavelets for each analyzed DNA sequence with the
conversion of S and 7 values into the interval [0,1].

Wavelet analysis successfully captured temporal
distinctions between the two different genetic assemblages
types A and B of Giardia intestinalis. Comparing wavelet
complex patterns of the references GRA532 and GRB532
(Fig. 1a and 1b) is clearly revealed the huge difference
between them. A local proof in DNA structure shows that
GRA532 and GRB532 sequences differ in 103 of the 532
points. A high difference is also seen between wavelet
complex patterns of the samples GSA532 and GSB480
(Fig. 1d and 1e). Although the local evidence in DNA
structure reveals a smaller difference between them (98
points in 532) than references GRA532 and GRB532. In
the Fig.1c and le, wavelet charts of the same reference
GRB but with different lengths show a high resemblance.
Apparently, they are slightly different in the range of
normalized wavelet values [0.4 — 1] 10°. As a result of
comparison between reference (GRA532 or GRB480) and
sample (GSA532 or GSB480) wavelet models appropriate
for each type of assembly, overall many similarities were
observed. Minor differences are recorded only at higher
wavelet levels [0.5-0.9] 10°° according to the values of 7,
(Fig. 1a with 1d and Fig. 1c with 1e). These observations
are in agreement with the records of the SNPs positions in
DNA structure of GRB480 and GSB480 which differs
only in 5 of the 480 points while GRA532 and GSA532
differs only in 3 of the 532 points.

Overall we observe that the wavelet charts are
different from each other and a relative similarity is
detected only by a few small items corresponding to low
values of 7. GSA532 and GRAS532 patterns are
characterized by 6 and 5 distinct items for the average
values of 7 while GRA and GRB reveals several levels
according to 7 . However, we did not find any correlation
between the positions of SNPs in the analyzed DNA
sequences and the distinct items located in the center of
the wavelet charts. From the point of view of continuous
wavelet analysis, data capture and their representation in
the form of complex patterns was a potential way for
qualitative characterization of these sequences based on
the similarities or differences between them. But, for a
guantitative characterization, a visual estimation is not
sufficient and some statistic processing of the data can be
easily done.
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Fig. 1. The wavelet spectrograms for the five selected DNA sequences.

3.2 Mathematically estimation of distances
between the five wavelet patterns using r; index

As shown in the Table 2, the symmetric matrix Rsys
was calculated on the ry; values for all possible pairs of
sequences i and j in terms of normalization WT of each
DNA sequence analyzed. The measure (rj) gives a
mathematical support to the visual estimation of Shannon
wavelet charts. Besides the slight difference (less than 0.6
% of points) between sequences GRA532 and GSA532
(r = ry = 0.47492.10%) and that between sequences

GRB480 and GSB480 (less than 1.1 % of points, Iy = rs;
= 0.28717-10™), the large difference (almost 19.5 % of
points) between sequences GRA532 and GRB532 (r; =
rs = 2.10879-10™) certifies the visual estimation given by
Shannon wavelet charts.

Larger differences occur when the sequences have
different lengths. Sequences GRB532 and GRB480 differ
only by length (GRB480 is a subset of GRB532), but this
difference (9.8 %) is substantial (rss = rs3 = 2.98293-10).
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Table 2. Distances r;;10* between DNA sequences.

Ros GRAS532 GRB480 GRB532 GSA532 GSB480
GRAS532 0 3.20600 2.10879 0.47492 3.17285
GRB480 3.20600 0 2.98089 3.34014 0.28717
GRB532 2.10879 2.98089 0 2.30410 2.98293
GSA532 0.47492 3.34014 2.30410 0 3.26724
GSB480 3.17285 0.28717 2.98293 3.26724 0

3.3 Features of the five DNA structure mapping by
MDS tool

MDS is an alternative approach in the perspective of
the Shannon wavelet transform and the r; index. Fig. 2
illustrates the same similarities or differences between the
five DNA sequences as those highlighted by the rj; index.
In this way are marked the inter-assemblages distances and
intra-assemblages groups. In terms of mathematical
calculations performed and visualized by MDS at intra-
assemblages groups, although local in the analyzed
sequences, the number of SNPs is greater between
GRB480 and GSB480, overall at DNA structure the two
sequences compared are more similar than sequences
GSA532 and GRAL32 that differ between by a smaller
number of SNPs. At the level of inter-assemblages,
greatest distance is observed between GSA532 and
GRB480. Our results support the influence of the three
important sequence parameters in this mathematical
analysis by comparing: the length of the structure, the
number of SNPs and especially the position or distance
between SNPs of analyzed structure.

x10*

GO GRBBB2 i

O GSB48(

Fig. 2. MDS chart for the five considered DNA sequences.

4. Conclusions

In summary, the use of real Shannon wavelet to
capture information from the five analyzed DNA
sequences allows obtaining patterns that can be compared
and interpreted to describe information. All the inter-

assemblage comparisons of normalized wavelet values
obtained for different references and samples used in this
study, confirm the wide differences in the structure of
DNA information between the two different genetic
assemblages types A and B of Giardia intestinalis. The
complex pattern of wavelet transformation is strongly
dependent on the choice of sequence length and
consequently there is an addiction to different maximum
values of Sand 7. The intra-assemblages comparisons
between wavelet patterns belonging to the references and
samples with the same length of each genetic assemblage
type exhibited a much higher degree of similarity than the
inter-assemblage comparisons. The length of the sequence
is a factor which influences both the wavelet pattern and
especially the quantitative index rj;. MDS as visualization
tool creates a hierarchy of differences between sequences
analyzed according to distance scales between them.

On the other hand, wavelet analysis as a way of
describing and association of captured DNA information
facilitates new research directions for obtaining
mathematical data by which we can make predictions and
assessments of results in relation to other significant
parameters of the parasite Giardia intestinalis.
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