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ABSTRACT 
The implementation of statistical methods that can make the similarity study 
process more efficient has been very common in current research, because some 
methods such as wavelets make the processing of data manipulation faster and 
with the ability to process thousands of nucleotides in a genomic sequencing, and 
consequently better estimates are obtained. Thus, this work aimed to analyze 
some genomes of the Coronaviridae family and the Paramyxoviridae family, 
looking for similarities through signal decomposition considering the non-
decimated discrete wavelet transform techniques. The entire genome sequences 
of the families were initially extracted from the NCBI website and then pattern 
analysis was performed using a signal processing method, based on the GC 
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content. For each GC sequence, decomposition was performed using the six-
level discrete non-decimated Daubechies wavelet transform. Then, the Hurst 
exponent was calculated for each level of decomposition and the sequences were 
verified with similar patterns. After the cluster analysis, it was possible to obtain 
that the pair Bet1 and MERS proved to be similar in almost all methods, the other 
pair of sequences that proved to be similar by the absolute moments methods 
and by the aggregated variance method was the pair Gamma1 and Del, the group 
composed of Influ1, Influ4, Influ3 and Hendra was similar by the absolute 
moments methods, aggregated variance, and in the R/S analysis method, there 
was a substitution of Influ4 by Influ5. At the end of the study, it was possible to 
conclude that the non-decimated discrete wavelet transform allowed us to 
decompose each one of the sequences and, consequently, a more detailed study 
of similarity can be carried out, and it was possible to obtain, by some methods, 
strains of Coronaviridae that do not resemble the strains of Paramyxoviridae. 
 
Keywords: genetic sequencing, Hurst exponent, similarity, wavelets. 
 
RESUMO 
A implementação de métodos estatísticos que podem tornar o processo de 
estudo de similaridade mais eficiente tem sido muito comum na pesquisa atual, 
porque alguns métodos, como as ondas, tornam o processamento de 
manipulação de dados mais rápido e com a capacidade de processar milhares 
de nucleotídeos em uma sequência genômica, e consequentemente, melhores 
estimativas são obtidas. Assim, este trabalho teve como objetivo analisar alguns 
genomas da família Coronaviridae e da família Paramyxoviridae, procurando 
semelhanças através da decomposição de sinal considerando as técnicas de 
transformação de ondas discretas não-decimadas. Todas as sequências 
genômicas das famílias foram inicialmente extraídas do site do NCBI e, em 
seguida, a análise de padrões foi realizada usando um método de 
processamento de sinais, com base no conteúdo GC. Para cada sequência de 
GC, a decomposição foi realizada usando a transformação de onda de 
Daubechies discreta de seis níveis e não-dizimada. Então, o expoente de Hurst 
foi calculado para cada nível de decomposição e as sequências foram verificadas 
com padrões semelhantes. Após a análise de cluster, foi possível obter que o 
par Bet1 e Mers se mostraram semelhantes em quase todos os métodos, o outro 
par de sequências que se mostraram semelhantes pelos métodos de momentos 
absolutos e pelo método de variância agregada foi o par Gamma1 e Del, o grupo 
composto de Influ1, Influ4, Influ3 e Hendra foi semelhante pelos métodos de 
momentos absolutos, variância agregada, e no método de análise R/S, houve 
uma substituição de Influ4 por Influ5. No final do estudo, foi possível concluir que 
a transformação discreta de ondas não-dizimadas permitiu decompor cada uma 
das sequências e, consequentemente, um estudo mais detalhado de 
similaridade pode ser realizado, e foi possível obter, por alguns métodos, 
linhagens de Coronaviridae que não se assemelham às linhagens de 
Paramyxoviridae. 
 
Palavras-chave: sequenciamento genético, exponente de Hurst, similaridade, 
wavelets. 
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1 INTRODUCTION 

Finding similarities in the sequencing of some evolutionarily similar 

species of viruses could be a way for scientists to find the formula for a preventive 

vaccine, or for the development of a cure for a disease. Therefore, the 

implementation of statistical methods that can make the process of studying 

similarities more efficient is welcome in the sense that the faster and with the 

capacity to process thousands of nucleotides in a genomic sequence, the better 

estimates will be obtained. Furthermore, if the researcher intends to identify 

emerging viruses and bacteria and work with a very large genomic database, it 

is essential to implement a clustering methodology that is reliable for genomic 

sequences in real time. 

Several methodologies have been used by researchers to study genetic 

sequencing; however, wavelets have become an effective and efficient 

alternative for processing genetic sequences in real time, to study similarities, but 

specifically the method of estimating the exponent of Hurst in this type of study 

involving respiratory tract virus genomes has been very little used to date. In this 

work, 5 different methods were applied to estimate the Hurst exponent to study 

similarities in the genomes of respiratory tract viruses of the families 

Coronaviridae and Paramyxoviridae. This methodology has already been applied 

in the work by Ferreira et al. (2020) finding similarities in tuberculosis strains. 

There are many approaches so far involving the Hurst exponent and 

wavelets. Das and Kumar  (2021) carried out research in the financial area with 

the objective of optimizing a portfolio and showing that by combining the Hurst 

exponent and wavelet analysis they could help in increasing portfolio returns. In 

this study the authors use the Hurst exponent and wavelets to analyze the long-

term dependencies between sovereign bonds and sector indices in India. 

Furthermore, Arouxet et al. (2022) analyzed the impact of covid19 on 

cryptocurrencies using the Hurst exponent and wavelets. Their research examines 

long-term memory of return and volatility using seven-currency high-frequency time 

series. This analysis mainly focused on two periods, namely: the pre-covid19 period 

and the subsequent pandemic period, implemented the wavelet transform as it 

allowed to have more robust estimators of the Hurst exponent. 
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Considering all above, this study in general aims to analyse some 

genomes of the Coronaviridae family and the Paramyxoviridae family looking for 

similarities through signal decomposition with the support of the non-decimated 

discrete transform techniques of the Daubechie wavelet. Furthermore, the study 

seeks to apply the R/S, Peng methods, aggregate variation, differentiated 

aggregate variation, and the method of absolute moments to analyze similarities 

between the genomes of the Coronaviridae and Paramyxoviridae family. 

 

2 MATERIAL AND METHODS 

Complete genome sequences of the Coronaviridae and Paramyxoviridae 

virus families obtained from the National Center for Biotechnology Information 

(NCBI) database were considered. Therefore, it is essential to know the virus that 

circulates in the population infected by both Sars-Cov-2 and parainfluenza so that 

researchers can track its mutations and map the circulating strains and later 

develop more efficient methods of combating diseases from these viruses. Table 

1 shows information related to each of the sequences in the NCBI, the first 

column is the identification of the access number on the platform, the second 

column is the nomenclature of each sequence, within the third column is the 

abbreviation created to facilitate the elaboration of the dendrograms, the fourth 

column shows the GC coefficient rate per sequence, and the last column shows 

the number of nucleotides for each sequence. 

 

Table 1. Genomes Description of the Paramyxoviridae and Coronaviridae families 

NCBI Access Name of the Virus Sequence 
Total GC 
Content 

Rate 

Nucleotide 
number 

NC_038294 Betacoronavirus England 1 Bet1 0.3205908 14676  

NC_019843 Middle East respiratory syn-
drome-related coronavirus 

MERS 0.4117764 14676  

NC_006213  Human coronavirus OC43 Bet2 0.36788 14676  

NC_003045 Bovine coronavirus Bet4 0.36788 14676  

NC_004718  SARS coronavirus TOR2 Bet5 0.4076166 14676  

NC_028752  Camel alpha coronavirus Alf1 0.3446086 14676  

NC_002645 Human coronarirus 229E Alf2 0.3841323 14676  

NC_048214  Coronavirus duck Gama1 0.3826189 14676  

NC_010800  Turkey coronavirus Gama2 0.4123643 14676  

NC_005831 Coronavirus humano NL63 Alfa 0.3927362 14676  

https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/nuccore/1578871709
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/nuccore/NC_004718
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/nuccore/971483139
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/nuccore/1842094220
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/nuccore/189313868
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
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NCBI Access Name of the Virus Sequence 
Total GC 
Content 

Rate 

Nucleotide 
number 

NC_006577 Human Coronarirus HKU1  Beta 0.382521 14676  

KJ481931.1 Deltacoronavirus Del 0.4317878 14676  

NC_003461.1 Human parainfluenza virus 1 Influ1 0.3724359 14701  

NC_001796.2 Human parainfluenza virus 3 Influ3 0.3452335 14676  

NC_021928.1 Human parainfluenza virus 4a 
viral cRNA 

Influ4 0.3623035 14676  

NC_006430.1 Parainfluenzavirus 5 strain W3A Influ5 0.4226682 14676  

NC_001906.3 Hendrahenipavirus  Hendra 0.394428 14676  

Source: The authors. 
 

Furthermore, the Table 1 show, the sequence classes belonging to the 

Coronaviridade family: Beta, Bet1, Bet2, Bet3, Bet4, Bet5, MERS, Alpha, Alf1, 

Alf2, Del, Gamma1, Gamma2, and those that belong to the Paramyxoviridae 

family: Influ1, Influ3, Influ4, Influ5 and Hendra. 

Therefore, the variants belonging to the Coronaviridae family that have 

been the subject of research are divided in two groups, the variants that have 

humans and vertebrate animals as hosts, and those that have only humans as 

hosts. However, the Bet1 variant, which was isolated in England (de Groot et al. 

2013), the MERS variant which originated from the HCov-EMC strain and was 

isolated in 2012 in a patient in Sudita Arabia (van Boheemen et al. 2012), the 

Bet2 variant originated  from the ATCC VR-759 strain (St-Jean et al. 2004), the 

Bet4 variant isolated from BCoV-ENT (Chouljenko et al. 2001), the Bet5 variant 

isolated from Tor2 (He et al. 2004), the Alf1 variant isolated from 

camel/Riyadh/Ry141/2015 and that originated from MERS-CoV in Sudita Arabia. 

The Alf1 variant have three camel coronavirus species, and that 

according to Sabir et al. (2016) MERS-CoV and a human strain of CoV 229E 

species circulated simultaneously with high prevalence causing respiratory 

tract co-infections in dromedary camels, and camels shared the three covid 

species with humans. 

The Alf2 variant, the Gamma1 variant dominant in birds such as duck, 

isolated from DK/GD/27/2014 (Zhuang et al. 2015), the Gamma2 variant isolated 

from an outbreak of enteritis in young turkeys (Gomaa et al. 2008), and the Del 

variant, originating in pigs in the United States from the 

https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=290028
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=63330
https://www.ncbi.nlm.nih.gov/sites/nuccore?term=485481%5bBioProject%5d
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SDCV/USA/Illinois121/2014 strain (Marthaler et al. 2014), are variants with 

human and vertebrate animal hosts. 

While the variants: Alpha, which has a complete genome sequence, 

which indicates that the virus does not come from recombination’s (van der 

Hoek et al. 2004) and the Beta variant, first diagnosed in Shenzhen, China in 

a71-year-old patient with pneumonia (Woo et al. 2005), have their occurrence 

only in human hosts. 

On the other hand, the Paramyxoviridae family is also composed of 

Influ1 which is originated from the Washington strain (Newman et al. 2002), 

Influ3, Influ5 which originated from strain W3A, and Hendra which originated 

in Australia and was diagnosed for the first time in an outbreak that caused 

the death of horses (Wang et al. 2000). Furthermore, these strains of the 

Paramyxoviridae family occur in human hosts and vertebrate animals, 

however, Influ4 is the only strain that occurs only in humans and had its origin 

in the W-25 strain (Komada et al. 2011). 

For each genome, sequences of the GC content were determined, with a 

sliding window of size n=100. Using the Daubechies wavelet with 4 null moments, 

the non-decimated wavelet transform was applied to the GC sequences, 

obtaining decomposition in six levels of resolution for each sequence. 

To evaluate the similarity between the sequences under study, the Hurst 

exponent was calculated at each level of decomposition using five different 

methods, namely: the aggregated variance method, the differentiated aggregated 

variance method, the absolute moment’s method, the Peng method, and the R/S 

analysis method. Finally, a cluster analysis was performed based on the 

Mahalanobis distance. All analyses were performed using R software (R Core 

Team 2017). 

Following is presented all the methodology used in the analysis. 

 

2.1 THE GC CONTENT 

GC content is often used to map genome composition and understand the 

evolution of its coding sequence (Saini and Dewan 2016). To obtain the signal 

referring to the genomes under study, the GC content was estimated with a 
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sliding window of size n = 100. The GC content is calculated as the ratio of the 

sum of Guanine (G) and Cytosine (C) bases to the sum of the bases Adenine (A), 

Guanine (G), Cytosine (C) and Tinine (T), given by equation 1. 

 

𝐺𝐶𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  
𝑛𝐺+𝑛𝐶

𝑛𝐴+𝑛𝐺+𝑛𝐶+𝑛𝑇
,                        (1) 

 

Where  

 

nA, nG,nC and nT represent the number of nucleotides of the bases of A, C, G, and T respectively. 
The proportions obtained according to Saini and Dewan (2016) can be interpreted, in which GC-
rich regions indicate the inclusion of many protein-coding genes, that is, by determining the GC 
proportion, gene-rich regions in the genome are identified and at the same time as the signals of 
each sequence are obtained. 

 

After obtaining the signal of each sequence, the decomposition phase 

followed according to the non-decimated wavelet transform. 

 

2.2 WAVELETS 

The wavelets, according to Denault et al. (2021), are mathematical 

functions that help to conduct transforms, such as the Fourier transform or Haar 

transform, among others. Brassarote et al. (2015) linked that one of the several 

applications of wavelets has been in areas of analysis of differential equation 

signals, this is mainly due to their ability to localize in time-frequency contrary to 

what occurs with Fourier analysis, bringing these forms a different and innovative 

perspective on the treatment of a non-stationary function database. 

According to Abreu and Speckbacher (2022) wavelets satisfy the 

indispensable condition of admissibility (equation 2): 

 

𝐶𝜓 =  ∫
|Ψ(𝜔)|2

𝜔

∞

−∞
𝑑𝜔 <  ∞.                                     (2) 

 

According to Alshammari et al. (2023), there are two types of wavelets, 

namely father wavelets and mother wavelets, which are represented in equations 

3 and 4 respectively: 
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𝜙𝑗,𝑘 =  2(
−𝑗

2
)𝜙 (𝑡 −  

2𝑗𝑘

2𝑗
),                                (3) 

 

𝜓𝑗,𝑘 =  2(
−𝑗
2

)𝜓 (𝑡 −  
2𝑗𝑘

2𝑗
), 

 

where 

 

j = 1,2,3, …, J, and J are the levels of decomposition. 

 

∫ 𝜙(𝑡)𝑑𝑡 = 1 , ∫ 𝜓 (𝑡) 𝑑𝑡 = 𝑜                                         (4) 

 

It is recommended that wavelets have compact support. Still from the 

perspective of Alshammari et al. (2023), the general mathematical model is 

represented in equation 5: 

 

𝐹𝑗,𝑘 =  ∫ 𝜓𝑗,𝑘𝑓(𝑡)𝑑𝑡                                                  (5) 

 

2.2.1 Daubechies Wavelets 

Daubechies wavelets belong to the family of orthogonal wavelets and are 

characterized by the number of null moments according to an established support, 

in addition, they define a transformation of discrete wavelets, according to Rashid 

et al. (2020), the Daubechies wavelet can make discrete wavelet analysis feasible. 

They are defined by the number of null moments (m), which corresponds to the 

filter length (2m) (Rashid et al. 2020). It is advantageous to work with wavelet 

functions and Daubechies scale functions as functional bases for the multi-

resolution approximation as they can radically change the formulation and solution 

of the equations of motion (Nastos and Saravanos 2021). 

 

2.2.2 Non-Decimated Discrete Wavelet Transform 

According to Wang et al. (2019) the non-decimated discrete wavelet 

transform not only retains the properties of the decimal wavelet transform, but 

also has the property of being invariant to displacement, that is, the non-
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decimated discrete wavelet transform does not use the down sampling operation 

during the signal decomposition process, it inserts zeros every two coefficients in 

order to make the filter expansion in the high-pass and low-pass filtering process. 

According to Yu et al. (2021), at each decomposition level of the non-

decimated discrete wavelet transform, the scale filter (𝐻0 (𝑧)) and the wavelet 

filter (𝐻1(𝑧)) are upsampled by filling zeros for each response coefficient to the 

impulse of the filters. The coefficients of filters at a certain level j are calculated 

by equations 6 and 7. 

 

𝑑𝑗
2𝑛(−𝑘) =  𝑑𝑗−1

𝑛 (𝑘) ∗ ℎ0𝑗(𝑘)                                                                  (6) 

 

𝑑𝑗
2𝑛+1(−𝑘) =  𝑑𝑗−1

𝑛 (𝑘) ∗ ℎ1𝑗(𝑘)                                                              (7) 

 

2.3 HURST EXPONENT 

According to Soterroni et al. (2008), the Hurst exponent (H) is a tool 

capable of providing information related to correlation and persistence in a 

time series. 

According to Rout et al. (2022), the Hurst exponent is defined in the range 

(0.1) and is strictly less than 0.5 in sequences that are anticorrelated and is in the 

range of 0.5 < H < 1 when the sequences are positively correlated. For cases 

where the Hurst exponent is equal to 0.5, it can be concluded that the sequence 

presents random patterns (Rout et al. 2022). 

The Hurst exponent can be estimated considering 5 different techniques: 

 

2.3.1 R/S Analysis 

According to Lara-Musule et al. (2021), the R/S analysis measures the 

amplitude of the deviations of the partial sums from the mean rescaled by the 

standard deviation of the series. The R/S analysis method is described by 

Bărbulescu et al. (2010) and by Lara-Musule et al. (2021). Therefore, according 

to Lara-Musule et al (2021), when we take a time series 𝑍𝑁 =  𝑍𝑖 with length N, 

we consider a subsequence 𝑋𝑁𝑆 =  𝑋𝑖 with length 𝑁𝑆 where 𝑁𝑆 < 𝑁. Therefore, 

the R/S analysis for 𝑋𝑁𝑆 is calculated as follows: 
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(𝑅/𝑆) =  
1

𝜎𝑆(𝑁𝑆)
{ max

1 ≤𝑖 ≤𝑀
∑ (𝑋𝑘 −  𝑋̅𝑁𝑠)𝑖

𝑘=1 −  min
1 ≤𝑖 ≤𝑀

∑ (𝑋𝑘 −  𝑋̅𝑁𝑠)𝑖
𝑘=1 }.                  (8) 

 

Where  

 

𝑋̅𝑁𝑆 is the mean of the subsequence and 𝜎𝑆(𝑁𝑆) is the standard deviation of the sample, which 
are defined as: 

 

𝑋̅𝑁𝑠 =  
1

𝑁𝑆
∑ 𝑋𝑖

𝑁𝑆
𝑖=1                                              (9) 

 

and 

 

𝜎𝑆(𝑁𝑆) =  √
1

𝑁𝑆
∑ (𝑋𝑘 −  𝑋̅𝑁𝑠)2𝑁𝑆

𝑘=1                              (10) 

 

Still from the perspective of Lara-Musule et al. (2021) the R/S analysis is 

guided by the power law, which states that: 

 

(𝑅/𝑆) = 𝑎𝑁𝑆
𝐻                                          (11) 

 

Where  

 

a is a constant and H is the Hurst exponent. A log-log plot of (R / S) versus 𝑁𝑆  ∈ (𝑁(𝑆,𝑚𝑖𝑛), 𝑁(𝑆,𝑚𝑎𝑥)), 

gives a straight line with slope H. Therefore, if the plot is a straight line with a slope H = 0.5, 
means that the time series data are independent. Furthermore, if H > 0.5 indicates that the time 
series is persistent and at the same time presents a long-term autocorrelation. And if H < 0.5, it 
means that the autocorrelations in the signal are anti-persistent. 

 

2.3.2 Aggregate Variance Method 

The aggregate variance method is based on the self-similarity property of 

the samples of a process (Aldea and Tarniceriu 2013). When considering X a 

time series with length N, it is divided into d subseries of length m, and for each 

aggregate series, composed by an average given by Aldea and Tarniceriu (2013): 

 

𝑋𝒎(𝒌) =
1

𝑚
∑ 𝑋𝑖

𝑘𝑚
𝑖=(𝑘−1)𝑚+1 , 𝑘 = 1, 2, … , 𝑑                                           (12) 



 

 

REVISTA CADERNO PEDAGÓGICO – Studies Publicações Ltda. 

ISSN: 1983-0882 

Page 4120 

REVISTA CADERNO PEDAGÓGICO – Studies Publicações e Editora Ltda., Curitiba, v.20, n.9, p. 4110-4134. 2023 

and by the sample variance given by Bărbulescu et al. (2010): 

 

𝑉𝑎𝑟𝑋𝑚 =
1

𝑑
∑ (𝑋(𝑚)(𝑘) − 𝑋̅)2.𝑑

𝑘=1                                                        (13) 

 

Bărbulescu et al. (2010) also state that for successive values of m, the 

sample variance is computed in a log-log plot against m. And the least squares 

will be fitted on a line for all points on the graph, and the Hurst coefficient will be 

calculated considering the slope of the straight line which is given by 2H-2. 

 

2.3.3 Differentiated Aggregate Variance Method 

This methodology was described by Teverovsky and Taqqu (1997), in 

which they examined the effect of certain types of non-stationarity on the 

detection of long-range dependence on Hurst's estimate of parameter H, when 

the variance estimator is applied. The purpose of applying this method is to 

distinguish the case in which H is close to 0.5 and there is a certain non-zero 

trend, from the cases in which H is far from 0.5, or otherwise, ends up being 

significantly greater than 0.5. 

According to Teverovsky and Taqqu (1997), to detect a long-range 

dependence it is necessary to analyse the sample variation of a time series 𝑋 =

 {𝑋𝑖, 𝑖 = 1, 2, … }, at several levels. of aggregation m, in the aggregate series of 

order m. By taking the following equation, 

 

𝑋𝒎(𝒌) =
1

𝑚
∑ 𝑋𝑖

𝑘𝑚
𝑖=(𝑘−1)𝑚+1 , 𝑘 = 1, 2, … , 𝑑                                 (14) 

 

Therefore, the sample variation of the aggregate series Xm will be given by: 

 

  (15) 
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The aggregate variance method can acquire the estimates through the 

logarithm of the first order difference. When considering the sequence given by 

𝑚1, 𝑚2 from the values of m, and taking the difference, we obtain the following 

(Teverovsky and Taqqu 1997): 

 

𝑑𝑣𝑎𝑟̂𝑋(𝑚)

𝑑𝑚
≈ 𝛽𝐶2𝑚𝛽−1                                                              (16) 

 

and it is assumed that 

 

∆𝑣𝑎𝑟̂𝑋(𝑚) ≈
𝑑𝑣𝑎𝑟̂𝑋(𝑚)

𝑑𝑚
∆𝑚 

 

Then 

 

log(∆𝑣𝑎𝑟̂𝑋(𝑚)) ≈ log (
𝑑𝑣𝑎𝑟̂𝑋(𝑚)

𝑑𝑚
) + log ∆𝑚 

 

Analogously ist necessary to consider that 

 

𝑑

𝑑𝑚
𝑉𝑎𝑟[𝑋̅𝑚(𝑘)]  ≈ (2𝐻 − 2)𝐶𝑚2𝐻−3. 

 

Since we will work with log-log graphs, the following approximations will 

be used: 

 

𝑙𝑜𝑔∆𝑉𝑎𝑟[𝑋̅𝑚(𝑘)] = (2𝐻 − 3) log 𝑚 + log(2𝐻 − 2)𝐶 + log 𝑚 + 𝐶1 = (2𝐻 − 2) log 𝑚 +  𝐶2          (17) 

 

When applying this method, it is expected that a line with slope equal to 

2H-2 will also be obtained. 
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2.3.4 Absolute Moments Method 

From the perspective of Garcin (2022), this method allows the researcher 

to make a good assessment of the model specification, and is a generalization of 

the aggregate variance method as it uses the same principle as 𝑋𝑚 (Aldea and 

Tarniceriu 2013). 

The absolute moments are calculated for the aggregate series 

(Bărbulescu et al., 2010), and the nth absolute moment is given by: 

 

𝐴𝑀𝑛
(𝑚)

=  
1

(𝑁/𝑚)
∑ |𝑋̅𝑚(𝑘) −  𝑋̅𝑁|𝑛(𝑁/𝑚)

𝑘=1                                         (18) 

 

where 

 

𝐴𝑀𝑛
(𝑚)

is asymptotically proportional to 𝑚𝑛(𝐻 − 1). 

 

In this method the estimates of the Hurst exponent will be calculated 

starting from the calculation of 𝐴𝑀𝑛
(𝑚)

considering different values of m and 

generating a log-log plot against m. What is expected when applying this 

methodology is that the points are spread along a straight line, with slope given 

by n(H-1). 

 

2.3.5 Peng Method 

This method is discussed in the literature by Adler et al. (1998), in which 

four fundamental steps can be applied: 

1st Step: observe each block of size m and calculate the partial sum within 

the blocks according to equation 19. 

 

𝑌(𝑘)𝑚 =  ∑ 𝑋(𝑡), 𝑘 = 1, 2, … , (𝑁/𝑚)𝑘𝑚
𝑡=(𝑘−1)𝑚+1                                   (19) 

 

2nd Step: this step comprises the adjustment phase of a regression line of 

the type 𝑔 = 𝑎 + 𝑏𝑘, which will help us to calculate the variance of the residual, 

which is given by equation 20. 
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𝑠𝑟
(𝑚)

=  
1

𝑚
∑ (𝑌(𝑘)𝑚 − 𝑎 − 𝑏𝑘)2𝑁/𝑚

𝑘=1                                                                               (20) 

 

Step 3: Sketch the graphs of 𝑙𝑜𝑔𝑠𝑟
(𝑚)

𝑣𝑒𝑟𝑠𝑢𝑠 log 𝑚 

4th Step: Finally, the slope to be obtained must be equal to 2H. 

Cluster Analysis 

Cluster analysis is the classification of objects by groups, that is, each 

group must contain objects with similar characteristics, according to some 

statistical distance function. 

From the perspective of Manly (2008), two forms of grouping can be used, 

the hierarchical and division grouping method. 

According to Frei (2006), hierarchical methods follow a specific algorithm: 

Search for the two most similar objects in the similarity matrix. 

Objects i and j are removed and form a group, in which the corresponding 

row and column i and j are eliminated. 

A row and a column are defined, which are obtained by the distances 

between the group i j and the remaining objects, according to the adopted 

algorithm procedure. 

The previous steps are repeated n-1 times, so that all n objects have a 

group until the end of the algorithm. 

Furthermore, hierarchical techniques were used, as they allow the 

construction of dendrograms, and the implementation of these hierarchical 

techniques begins with the calculation of the distances of each object to all other 

objects. The distances from each object to all objects will be calculated using the 

mahalanobis distance function. 

According to Yang and Delpha (2022), the Mahalanobis distance of a 

sample is calculated considering two sample vectors X, Y from the same 

distribution and is given by: 

 

𝑑𝑀(𝑋) =  √(𝑋 −  𝜇)𝑇Σ−1(𝑋 −  𝜇)                                                          (21) 

 

where 
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μ is a mean vector, and Σ is the covariance matrix. Therefore, the Mahalanobis distance is always 
a non-negative value, which is calculated in units of deviations, and takes variability into account 
(McLachlan 1999). 

 

3 RESULTS 

Table 1 summarizes the important aspects of the analyzed genomes. The 

decomposition of the GC content sequence is exemplified by Betacorona virus 

England and is shown in Figure 1. 

 

Figure 1: Decomposition of the human coronavirus HKU1(Beta) sequence 

 
Source: The authors. 

 

Table 2 illustrates the Hurst exponent values for the aggregated absolute 

value method for the decomposition levels of each GC sequence under study. 

 

Table 2. Hurst Exponent Values by absolute moments method 
Sequences Level1 Level2 Level3 Level4 Level5 Level6 

Beta 0.15925 0.06039 0.03276 0.03453 0.18273 0.83592 
Bet1 0.11744 0.14182 0.07244 -0.02129 0.36787 0.73179 
Bet2 0.14523 -0.11753 0.10988 -0.10595 0.28212 0.69620 
Bet3 0.14523 -0.11753 0.10988 -0.10595 0.28212 0.69620 
Bet4 0.11044 0.04285 -0.11222 0.01375 0.27903 0.69817 
Bet5 -0.15239 -0.26166 -0.06326 -0.075288 0.25063 0.79646 
Alfa -0.07652 -0.12263 -0.00088 -0.04076 0.28340 0.70964 
Alf1 0.06487 0.02972 -0.13859 0.06475 0.23351 0.72348 
Alf2 0.08155 0.14401 -0.20865 0.08037 0.18944 0.72569 

MERS 0.16466 0.16676 0.07986 -0.02699 0.36907 0.73739 
Gama1 1.05926 0.16426 0.21280 -0.12138 0.27105 0.83348 
Gama2 -0.11325 -0.04656 0.07619 0.02878 0.33219 0.83523 

Del -0.01649 0.28606 0.06015 -0.04101 0.31838 0.86559 
Influ1 -0.03829 -0.17001 0.03567 0.07965 0.26689 0.99896 
Influ3 -0.03885 0.09411 -0.02732 0.13057 0.25049 1.03683 
Influ4 0.067420 -0.17437 0.05549 0.07060 0.46435 1.09032 
Influ5 0.19312 0.20963 -0.06607 -0.14383 0.29561 1.01124 

Hendra 0.11724 0.06061 -0.10491 0.09032 0.33878 0.99014 

Source: The authors. 

 

The same calculation was made for the other techniques. The package 

Nbclust of R was used and applied in all five methodologies to verify the optimal 
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number of clusters to be applied in the formation of the groups, and from Figure 

2 it can be observed that for the method of aggregated absolute value we 

obtained a grouping with 3 groups, and some subgroups. 

 

Figure 2: Groupings of sequences by similarities by the method of absolute moments 

 
Source: The authors. 

 

Figure 3 reflects the groups formed by the aggregated variance, 

differentiated aggregated variance, Peng method and R/S analysis methods, and 

the aggregated variance and differentiated aggregated variance methods 

presented the formation of two groups, the R/S analysis presented the formation 

of three groups and the Peng method presented the formation of four groups. 

Furthermore, the R/S method and the Peng method had Hurst exponent 

estimates H>0.5 at levels 4, 5 and 6, which means that the sequences are 

positively correlated, and levels 1 and 2 presented 𝐻 < 0.5, which indicates the 

existence of long-range dependence. 
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Figure 3: Groupings by other methods 

 
Source: The authors. 

 

The differentiated aggregate variance method presented the estimate of 

𝐻 > 0.5 at levels 5 and 6, while at levels 1, 2, 3 and 4, 𝐻 < 0.5, the aggregated 

variance and aggregated absolute value methods presented the estimates of 

𝐻 > 0.5 at level 6, while at levels 1, 2, 3 and 4 (except for the Gamma1 variant) 

the 𝐻 < 0.5. Finally, the graphs of the last level of approximation of the groups 

that were similar throughout the application of the techniques were verified, as 

shown in Figure 4. 

 

Figure 4: Similar groupings that are repeated throughout the techniques used 

 
Source: The authors. 
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4 DISCUSSION 

Figure 1 shows the decomposition process that was carried out at each of 

the levels where the non-decimal discrete wavelet transform was applied. The 

Hurst exponent as a measure to verify similar genomic sequences has been 

previously addressed by Ferreira et al. (2020), in which they apply the 5 techniques 

discussed here to assess similarities in strains of the tuberculosis genome. 

Figure 2 shows the formation of 3 clusters, after the implementation of the 

method of absolute moments, and in these clusters, we must highlight some 

patterns that are also repeated in other methodologies. The Bet1 and MERS pair 

proved to be similar in almost all methods, except for the Peng method. 

Furthermore, previous studies indicate that the phylogenetic analysis of SARS-

CoV-2 belongs to the genus Betacoronavirus that includes the SARS bat types, 

SARS-Cov and MERS-SAR (Petrosillo et al. 2020). When analyzing the 

similarities in sequences of the Coronaviridae and Paramyxoviridae families, a 

high similarity was observed between the Bet1 and MERS pair, and from figure 

4 A) the graph of the Bet1 and MERS sequences almost overlap. 

The other pair of sequences that proved to be similar by the absolute 

moment methods and by the aggregated variance method was the pair Gama1 

and Del. Previous studies indicate that the Gamma variant is immune to the 

Coronavac vaccine, therefore, this strain is immune to neutralizing antibodies 

generated in order to respond to polyclonal stimulation against the variants that 

circulated before the Gamma variant (Souza et al. 2021), on the other hand , 

according to Bian et al. (2021), the Delta variant contains mutations L452R, 

T478K, D614G and P681R that may also affect resistance to specific antibodies 

and that, according to Hu et al. (2021) after two injections of Coronavac the 

neutralizing titer decreased 2.7-fold. 

The group composed of Influ1, Influ4, Influ3 and Hendra was similar by the 

methods of absolute moments, aggregated variance, and in the R/S analysis 

method, there was a substitution of Influ4 by Influ5. Furthermore, according to 

Wong et al. (2016) Hendra virus entry into the paramyxovirus cell is mediated by 

the F fusion protein, in response to the binding of a host receptor by the binding 

protein. Therefore, the structure of Hendra virus clearly shows a very high 
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similarity with the structure of the parainfluenza virus5. On the other hand, the 

parainfluenza 5 pair of fusion proteins (F) together with the parainfluenza 3 and 

Newcastle disease virus binding protein pair behave according to the fusion 

activation association model (Wong et al. 2016), on the other hand, in Figure 4D) 

the Influ1 and Influ4 sequences almost overlap. In addition, the human 

parainfluenza virus types 1, 3 and 4 cause mild, severe, or prolonged infections 

in the respiratory tract, such as bronchiolitis and pneumonia. 

However, Liu et al. (2013) developed studies to explore the 

epidemiological characteristics and clinical manifestations of parainfluenza virus 

variants in types 1, 2, 3 and 4 to establish clinical distinctions, and found that the 

only significant difference in clinical presentation between types of parainfluenza 

was sputum, and that the most frequent types in patients were Influ 3 and Influ1, 

this theory is confirmed in research by Denny and Clyde (1986), Glezen et al. 

(1984) and Murphy et al. (1980), and that the Influ 1 and Influ 3 types present 

many similar clinical features that somehow differ from parainfluenza 4 (Influ 4). 

Therefore, one of the aspects to be considered in this research is the fact that it 

was found that the genetic sequencing of the Influ1 virus is like the genetic 

sequencing of Influ4, a fact that had not been mentioned in previous research. 

 

5 CONCLUSIONS 

The non-decimated Daubechies discrete wavelet transform allowed the 

decomposition to be performed on each of the GC sequences. Furthermore, when 

the Hurst exponent estimation techniques were implemented, patterns with greater 

similarity were repeated throughout the applied methodologies, and the absolute 

moments and aggregate variance methods presented similar clusters compared to 

the other implemented techniques. On the other hand, the two virus families, despite 

having different ancestors, present some similarity in the strains because the 

methodology used was able to distinguish variants of Coronaviridae and 

Paramyxoviridae with similarities, which is the case of Influ5, which is identical to the 

Bet1 and MERS pair, and to the pair Gama1 and Del at least 30%. Not all strains 

mixed with other variants from other families, in the case of Influ1, it remained 

separate from Coronaviridae variants in all techniques, apart from the Peng method. 
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The absolute moment, aggregated variance and R/S analysis methods 

managed to separate the genomes of the families under study so that not all 

strains were mixed with other variants from other families, and the Peng 

method, in turn, did not show satisfactory results. The study shows that some 

sequences remained more isolated from the others, which is the case of Influ1 

that remained separated from the variants of Coronaviridae in all the 

techniques, except in the Peng method. Furthermore, the methods of absolute 

moment, aggregated variance and R/S analysis showed better performance 

than the other applied methodologies. 
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