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Graphical abstract 

 

Abstract 

Trees in the forest are an unprecedented cluster of 
organisms in ecological, monetary and social importance. 
With a wide distribution, mostly random spread over and 
a large population in terms of size, the majority of tree 
species show considerable variation in genetics both 
within and between populations. The genus 
Phytophthora, is a most destructive plant pathogen and 
attacks a wide range of tree hosts, including inexpensively 
its significant species. Many species of Phytophthora are 
known to be persistent and brought in through nurseries 
and commercial agriculture. Diseases from various 
eucalyptus tree species were first reported in India and 
the symptoms, incidence and leaf damage have been 
described. As an observation of a larger project to use 
genomic data for tree disease diagnosis, pathogen 
detection and surveillance, in this study the significant 
analysis of various DNA sequences of P.meadii 2 on 
eucalyptus tree species in Indian Forests. The identified 
outcomes observed that the high frequency of nucleotides 
and their combinations found in the organisms in trees 
threatening their lives may be observed and has to be 
condensed.  

Keywords: Genus, species, nucleotide, DNA, sequence, 
pathogen 

1. Introduction 

A growing number of Phytophthora species are posing a 
major threat to forest trees. There are most species of 
these funguses, which act like microorganisms, and can 
attack a variety of host species. This kind of infected 
woody tissue keeps posing a threat to plantations and 
native forest ecosystems around the world (Allwright 
et al., 2016). From boreal to tropical latitudes, forests can 
comprise over 30% of the earth's surface and many tree 
species serve a basic or crucial function in their particular 
ecosystems while also being a major generator of cost-
effective activity in many locations. Forests also have 
three-quarters of the terrestrial biomass of the earth, 
which is closely related to the atmospheric carbon 
balance. Figure 1 shows the states of the largest forest 
covers in India up to 2022. 

 

Figure 1. The largest forest covers areas in India 

The epidemic of fungal pathogenic diseases has been 
reported to result in significant economic losses on 
eucalyptus forest plantations of Phytophthora meadii 2 (P. 
meadii) observed as abnormal leaf fall, abnormal leaf 
litter, black stripe, pod rot and stripe canker. Among the 
above diseases, abnormal leaf litter (ALF) Phytophthora is 
a catastrophic disease that can reduce crop production by 
up to 40%. Thousands every year Prophylactic sprays on 
plantations use large amounts of fungicides to prevent the 
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outbreak of large-scale illnesses. The impact of P.meadii 2 
on a eucalyptus leaf and its microscopic reproduced image 
has given in Figure 2. Early detection, monitoring, and 
prevention of such occurrences is hampered by the lack of 
genomics financial resources. Genome sequencing and 
comparison should help with further development to 
predict the pathogenic consequences of monitoring tools 
and their host interactions with these microorganisms 
(Aguayo et al., 2012; Cobb et al., 2012). 

 

Figure 2. Phytophthora meadii 2 affected the Eucalyptus leaf 

The identification of prototypes of genome sequences is 
essential ultimately for their recognized behaviors for 
analysis.  In this work, identification of genome sequences 
and the k-mer has identified using a superior graphical 
method coined as Chaos Game Representation (CGR) and 
Frequency Chaos Game Representation (FCGR) 
(Grattapagila et al., 2011; Changchuan yin et.al., 2019; 
Jonas et al., 2001). Also, the k-mers are properly 
evacuated from the order as it has been represented in 
CGR, encountered tri-mer counts, and fed into deep 
learning algorithms. It is necessary to recognize the k-
mers they exhibit and to be able to deduce them in a 
biologically significant way and utilized the extracted k-
mer patterns by calculating the mono, dinucleotide and 
trinucleotide frequencies. These kinds of nucleotide 
frequencies help to use genomic data for detecting tree 
disease diagnosis; pathogen detection and surveillance, in 
this study the significant analysis of various DNA 
sequences of microorganisms affect tree species in Indian 
Forests. The identified outcomes observed that the high 
frequency of nucleotides and their combinations found in 
the organisms in trees threatening their lives may be 
observed and has to be condensed (Wei Deng et al., 
2013). The key message is that although most of the 
benefits of genomic selection have come from this 
proposed modeling of genetic covariance between 
variable relatives, it is generally believed that the 
contribution of analysis gives better results. 

The organization of this article followed by the survey of 
various articles in Section 2 and Section 3 provides 
Material and methods. The techniques applied are under 
sections CGR and FCGR gave in Section 4. It contains the 
observation of the evaluation. The results given in Section 
5 followed by the section conclusion have finished this 
analysis. 

2. Survey 

The expansion of population genome research was 
generated by a variety of species, population dynamics, 

and ecological situations. We have addressed two key 
questions about how local adaptation occurs in widely 
distributed long-lived species like trees. The trees are 
currently underestimated in black among the available 
plant genomic sequences (Tuskan et al., 2006) and 
Eucalyptus grandis as primary models. The species with 
reference sequences, and new tree genome sequencing 
projects implemented from the observation. Given this, 
genomic clusters are sequenced in a similar phylogenetic 
branch, which makes this possible. Here the comparative 
study is showing strong colinearity even between distantly 
related species for the sake of observation. A tree's local 
adaptation reflects changes in its environment. 
Parameters like photoperiod, temperature, and pathogen 
pressure are considered. Among them, changes in 
photoperiod and temperature showed the finest signal in 
diverse selection among many species.  

The species of the Phytophthora genus is known as a plant 
pathogen in general, some of which have a host range in 
narrow and others are capable of infecting many plant 
species (Echt et al., 2011). Phytophthora species are 
fungi-like but mycelial oomycetes and belong to the 
stramenophyll (with the same name as Heterokonta, 
Kingdom Chromista, SAR upper group) together with 
diatoms and brown algae. From the above findings, the 
disease also severely affected young C. tabularis seedlings 
less than 20 cm tall, while seedlings over 40 cm tall 
showed only marginal fallen leaves (210% versus 20-100% 
for young seedlings less than 20 cm). The disease 
progressed in a mild form in H. integrifolia, and the 
seedlings fell by 10-60%. 

An iterative CGR representation mapping technique 
processes the biological sequences to find the coordinates 
of the position of nucleotides or amino acids in a 
continuous space. This technique is used to evaluate 
nucleotide, dinucleotide, and trinucleotide frequencies of 
the genomic sequence. The distribution of nucleotide 
sequence on the plane is based on the position of the 
nucleotides from the original sequence in the coordinates 
of the plane. These positions are generated using the 
Markov–Chain probability process where the location of 
the sequence is determined by the position of the 
previous nucleotide. The frequency of the oligonucleotide 
combinations can be determined by dividing the CGR 
plane on the counting occurrence of nucleotides in each 
quadrant. The frequency of sequences extracted from the 
CGR space is mapped into a matrix called Frequency 
Matrix based FCGR (Wei Deng et al., 2013; Tung Hoang et 
al., 2016). 

While biotechnology has created the well-organized tools 
needed to amend genes, genomics has a platform for the 
most resourceful genetic analysis of forest trees. The two 
important techniques of genomics are DNA Sequencing 
and Gene Mapping. Genetic maps were created using, a 
gene that allows positional associations to function 
previously. Although isozyme loci were utilized as 
markers, there was a limit to the number of loci that could 
be chosen. The human genome project (HGP) has had a 
significant impact on forest biotechnology. This (HGP) 
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revolutionary technology aided the study of many species, 
particularly forest trees, which had previously been 
considered hard to study due to their huge size and long 
production times. Forest tree genome sequencing (Tuskan 
et al., 2006) has led to the emergence of many new 
techniques ("omics") that allow the study of gene 
expression for individual genes or huge gene families. 

While featuring the new "omics" technology Under-
standing the relationships between them in the activity of 
biological systems is more difficult and needs predictive 
capabilities with the help of mathematical modeling 
(Wanger et al., 2012; Wang et al., 2014). The increased 
collaboration between engineering and molecular biology 
is reflected in the systems and synthetic biology of forest 
trees. A deep understanding of metabolic and logical 
pathways may ultimately be important for the survival of 
natural and reforestation forests and enables innovation 

in system design but may ultimately be important for the 
survival of natural and reforestation forests. Forests all 
across the world are under threat from an invasion of the 
most vulnerable pests and illnesses driven in by global 
trade and travel.  

From the observations of the above studies, the proposed 
algorithm is implemented to analyze the environmental 
DNA sequence analysis to sustain biodiversity in the forest 
ecosystem.  

3. Materials and methods 

The microorganism found in the eucalyptus tree was 
collected from NCBI (The National Center for 
Biotechnology) and the description of the organism is 
illustrated in Table 1. The main objectives of this work are 
given based on the impacts of the analysis. 

Table 1. Phytophthora cf. meadii 2 origin reference 

Current scientific name: Phytophthora cf. meadii 2 

Taxonomic rank: Species 

NCBI Taxonomy ID: 2691827 

Gen Bank: MN866098.1 

Reference: Phytophthora cf. meadii 2 isolate 

VN810 cytochrome oxidase subunit I (cox1) gene 

Partial cds 

Mitochondrial 

• Analysis of the occurrences and diversity of 
pathogens throughout most of the Indian forests 
covers by environmental DNA sequence 
manipulation for eucalyptus species 

• To develop a bio-monitoring capable proposed 
algorithm to predict the outcome of pathogenic 
interactions between microorganisms and their 
hosts with genome sequencing, analysis and 
comparisons 

• To implement the algorithm, which provides the 
frequency or rarity in genomes of micro-
organisms to reduce the impacts 

• Prevent the affection of P. meadii 2 on 
eucalyptus trees at an early stage which helps 
pathogen-free tree seedlings and propagates 
awareness about pathogens in domestic mass 
tree plantations through the outcomes 

• Increase the treatments against P. meadii 2 that 
can amplify the crop production which helps the 
nurseries and incorporated with eucalyptus bases       

In this analysis, as the genomic tools are used to improve 
tree health and productivity, genomics results based on 
tree breeding and conservation of forest by providing 
more knowledge about ecosystem adaptations and 
demographic processes, the development of strategies 
that consider both sustainable use and genetic 
conservation is typically subjective. As global climate 
change disrupts the better adaptable paradigm for 
reforestation, calls for changes to forest management 
plans (long-term), and demands ever-changing public 
needs for acquiring the interminable and preferable forest 

products and services, methods and goals (Fady et al,. 
2016). 

The draught genome sequence of P. meadii 2 species 
threatening trees is presented here. These species were 
chosen for their potential to cause major economic losses 
and large-scale damage to forest ecosystems. Sequences 
of P. meadii 2 gathered from NCBI produced significant 
alignments based on the query given. (Plomion et al., 
2001; Cunniffe et al., 2016; Holliday et al., 2017) 

3.1. Markov chain model 

An analytical method for modeling the data sets of whole-
genome markers with genetic control of phenotypic 
differences was proposed and the potential application of 
this approach to forest tree breeding is significant 
(Grattapaglia et al., 2011). 

 

Figure 3. Sequence plotted using distance measure Markov-

chain mode 

A Markov chain is a model describing the sequence of 
possible events whose occurrence in continuous time 
depends on the preceding states of the event. The first 
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coordinate of the nucleotide sequence is plotted as half 
the distance between the center of the quadrant and the 
corner relative to the first nucleotide of the sequence. 
Similarly, the following points are arranged half the 
distance between the preceding point and the corner 
relating to the successive sequence. Hence the location of 
the sequence in the CGR has been obtained. 

 The distance measures between the nucleotide 
sequence is calculated based on the below equations 

( )( )−= + .  i i 1 aa 0 5 a g i
 (1) 

( )( )−= +.  i i 1 bb 0 5 b g i
 (2) 

where ai and bi are the points to be obtained, ai-1 and bi-1 
are the immediate previous points, ga(i) is the coordinate 
of the vertex to the nucleotide at position i,  gb(i) is the b 
coordinate of that vertex. 

Considering the nucleotide sequence AGCTTATTACG and 
applying the Markov Chain Model for the sequence. The 
CGR of the basic genome is represented as given below 
(Fillatti et al., 1987; Hansen et al., 2008; Tung Hoang et al., 
2016). 

 

Figure 4. Position of the above nucleotide the sequence in the 

CGR plane 

Figure 3 depicts the CGR that displays the Markov chain 
model for the desired sequence using the distance 
measures. The results obtained for the sequence in Figure 
4 are precisely defined. 

The center of the quadrant contains any sequence. 
Therefore, it represents the NULL DNA sequence. The 
adjacent points in the CGR graph do not mean the points 
are adjacent to each other in the sequence. The path of 
the points corresponding to each DNA sequence is unique 
for every sequence (Huang et al., 1993; Jules et al., 2002). 

3.2. K-Mer Classification 

The k-mers are k-length subsequences found inside the 
biological sequences. Utilized primarily in the sense of 
sequence analysis where k-mers comprise nucleotides (A, 
T, C and G), k-mers were gained to assemble sequences of 
DNA. For the most part, the k-mer refers to a particular n-
tuple of nucleic acid or amino acid sequences that can be 
utilized to categorize certain regions inside biomolecules, 
for example, DNA (for predicting genes) or proteins. The 
sequences are collected from the database. The Genbank 
is a clarified assortment of all DNA sequences of any 
species and those records are written in FASTA format. In 
k-mer classification, the DNA sequences are represented 

in quadrants in terms of reverse order. Before processing 
the sequence, the count of the k-mers is to be resolved. 

= +   –    α L k 1  (3) 

where α is the k-mer count, L is the length of the 
sequence, k is the number of mer in which the sequence is 
divided, and is an integer ranges from 1 to n. 

In Chaos Game Representation, the position for the DNA 
sequences is computed based on the k-mer count. The 
quadrants for the position of the DNA sequence are 
constructed as a large dimensional array using the below 
equation. 

=   k k
cn 2 x 2  (4) 

where nc is the no. of quadrants in the coordinates. 

 

Figure 5. 1-mer count on k-mer of CGR 

 

Figure 6. 2-mer count on k-mer of CGR 

The sequences can be analyzed by identifying the number 
of k-mers present in the sequence. The number of k-mers 
is the number of occurrences of the nucleotides in the 
sequences (Figures 5 and 6). The DNA sequence is 
positioned in the quadrants using k-mer based on either 
by count or by their probabilities. The probability of 
occurrence in the DNA sequence is calculated using 
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= − +( )  /      sequence αP L L k 1  (5) 

where Lα is the total k-mer count, (L – k + 1) is the k-mer 
count. 

The arranged DNA sequence in the CGR representation 
can be visualized as a grayscale image. The color of the 
image may vary depending on the frequency of the k-mer 
count. The color white in the image represents the higher 
frequency and the black represents the lower frequency 
of DNA Sequences. 

3.3. Algorithm 

Listing -1 

 Grouping into destination directory as S 

 Set n as the file name 

 For n in S  

 Apply CGR code  

 Find k-mers (N-k+1) 

 N – length of the sequence 

 k – occurrence   

 Apply FCGR 

 Separate trimer, dimer counts among total k-
mers  

 Separate trimer, dimer probabilities among total 
k-mers 

 Extract the results 

Listing 1 is provided as the proposed algorithm which can 
produce the similarity results for various genomes of 
microorganisms found in forest trees. We have utilized 
the above algorithm to analyze and implementing the 
matrix frequency matching between various species of P. 
meadii 2 (Zobel et al., 1995; Metz et al., 2013; Strauss et 
al., 2015). 

 

Figure 7. 2-mer count in MN866098.1 

 

4. Results and discussion 

The key message is that although most of the benefits of 
genomic selection have come from this proposed 
modeling of genetic covariance between variable 
relatives, it is generally believed that the contribution of 
analysis gives better results. The comparative analysis of 
the frequent occurrences and remarkable diversity of 
specific pathogens throughout focused most of the Indian 
forest covered by environmental DNA sequence 
manipulation. This implementation has generated a 
matrix frequency for genetic code analysis of P.meadii 2. 
Here, report the pattern on triplets codon for genetic 
code analysis of specific pathogen. Also, we developed a 
bio-monitoring implementation to predict the outcome of 
the pathogenic interaction between the microorganisms 
and their tree hosts with genome sequencing, analysis 
and comparisons. Designed and implemented the genetic 
analysis algorithm, which provides the frequency or rarity 
in genomes of microorganisms to reduce the impacts.  

The mathematical characterization of genomic sequences 
helped to understand the structural relations between 
different whole genomes of P. meadii 2. The degenerate 
translation of the trinucleotide codon encodes: In the 
illustration of 20 amino acids, the rest three codons signal 
indicates the end of the amino acid. (Uddin, M et al, 2022; 
Hannah FL. Et. al, 2021) 

 

Figure 8. 2-mer probability in MN866098.1 

This study generated the first-order Markov chain matrix 
frequency for 16 (4 x 4) nucleotide 2-mer codon for P. 
meadii 2 and its complete genome. The matrix frequency 
of 2-mer in Figure 7 has shown, the CG codon's least 
frequency range is <5 probability is 0.0066. Also 
generated was the second-order Markov chain matrix 
frequency of 64 (8 x 8) nucleotide (3-mer codon) for P. 
meadii 2 and its complete genome.  

The matrix frequency of 3-mer in Figures 710 has shown, 
the combinations of AAC, AAG, ACC, ACG, TCG, GAA, CAC, 
CTC, GAC, GAG, GTC, CCA, CGA, CGT, CCC, CCG, 
CGC, CGG, GCC, GCG, GGC and GGG have minimum 
frequency range is <10. 
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Figure 9. 3-mer frequency in MN866098.1 

 

Figure 10. 3-mer frequency probability in MN866098.1 

 

Figure 11. Matrix frequency probability of 3-mer (P.meadii 2) 

Also, the matrix frequency probabilities of 3-mer in Figure 
11 have shown, the combinations of AAC, AAG, ACC, ACG, 
TCG, GAA, CAC, CTC, GAC, GAG, GTC, CCA, CGA, CGT, CCC, 
CCG, CGC, CGG, GCC, GCG, GGC and GGG have minimum 
probability frequency range is <0.009. The consequences 
observed from the rarity and high frequency of 
nucleotides trigger the treatment against P. meadii 2. 

 

5. Conclusions 

The subtle preservation of biodiversity in forest 
ecosystems these genomic data were ultimately helped 
and used to proceed bio-surveillance for potential threats. 
We developed and implemented a bio-monitoring capable 
proposed algorithm against the threats, and predicted the 
outcome of the pathogenic interaction between 
microorganisms and their tree hosts with genome 
sequencing, analysis and comparisons. The 
implementation provided the frequency or rarity in the 
genomes of microorganisms to reduce the impacts. To 
prevent the affection of P. meadii 2 on eucalyptus trees at 
an early stage. The identified outcomes observed that the 
high frequency of nucleotides and their combinations 
found in the organisms in trees threatening their lives may 
be observed and has to be condensed.  
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