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Abstract

Not only is there disease control to take note of the manner in which genetic resistance works | Article History
on the forest trees but also maintaining the diverse wildlife habitats. The research carried out Received:

an experimental approach that was mixed, involving genetic identification, territorial practices, | 'anuary 25,2024
and analysis of biodiversity in order to investigate the impacts of tree genotypes resistant to Revised:

. 3 . . i . February 11, 2024
disease on the habitat quality and the existence of the ecosystem. Using Illumina technology
we sequenced leaf tissue of resistant and non-resistant trees. We also estimated population Accepted:
March 23, 2024
genomic measure such as nucleotide diversity and inbreeding coefficients. On the basis of
Available Online:

spatial mapping generated with the NDVI and LIDAR imagery, it could be observed that B MR

genetically resistant trees had a more stable capacities in terms of canopy cover and diversity of
understory vegetation. It was demonstrated in field surveys that such areas had more nests,
more species and more instances that animals were searching food. Structural equation
modelling revealed the presence of a positive impact on biodiversity as a result of certain
features of habitat that were directly related to the genetic resilience of trees. The qualitative
roles of the interviews with the stakeholders were providing an illustration of the resilience of
the habitats over time. The findings indicate that the monitoring of the genetics of the forest
trees can be an effective measure to preserve them. They tell us more than the degree of
resistance to pathogens and how to deal with the entire ecosystem. The combined paradigm
allows establishing superior, evidence-based forest measures that place much emphasis on

diversity in genetics and soundness in the ecosystem.
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Equation Modeling”, “Forest Conservation”, “Habitat Quality”.



https://trendbioresearch.com/index.php/TBR/index
mailto:asadk959@gmail.com
https://portal.issn.org/resource/ISSN/3080-7719
https://portal.issn.org/resource/ISSN/3080-7727

INTRODUCTION

As a means of ensuring that forest ecosystems
maintain their biodiversity, there is an increasing
necessity to gain knowledge about how the health of
trees as well as their resistance to disease, and the
habitats of wildlife all relate to one another
(TheiRinger et al., 2023). Another potent method of
monitoring the genetic diversity in the tree
population is genomic surveillance, involving
sophisticated molecular tools to monitor the genetic
diversity of the populations, discover the genotypes
that can resist the disease, and how these alterations
can be utilized to impact the wildlife (Hohenlohe et
al.,, 2020; Theissinger et al., 2023). To the
increasing availability of genomic resources and
methods of analysis, researchers are now able to
look more closely at the genetic architecture of trees.
They are able to discover gene and pathways to
regulate how trees combat various infections and
environmental stressors. We must understand the
genetics of trees rather well in order to guard their
health and the biodiversity of forests. The
information is also pertinent in the prediction of the
way the populations of trees will respond to new
threats such as climate change or new diseases. An
aerial robot to collect environmental DNA (eDNA)
in tree canopies is an option that can be scaled (e.g.
it is difficult to access land-based ecosystems)
(Aucone et al., 2023).

Application of genomic methods to tree species has
altered our conceptions of chemodiversity and its
selective maintainers. This has resulted in new
conceptions that can be utilised to come up with a
more precise predictive model of plant specialised
metabolism (Lichman et al., 2020). Genomic
selection and phenotyping in the greenhouse are
used to accelerate tree breeding by reducing the
expensive field-testing expenses and the duration of

arriving at a tree breeding selection decision (Alves

et al., 2020). Genomic selection is fabulous with
trees and other perennial crops since it can
accelerate the breeding effort by decoupling
selection and phenotypic assessment and still
maintain the accuracy of the process (Pegard et al.,
2020). Since the species growing in forests and their
breeding strategies differ among one another, it is
crucial to consider the accuracy of genomic
evaluation on a case to case basis (Pegard et al.,
2020).0ther than accessing software that is
effective, genomic selection should also have a
profound understanding of the germplasm under
study (Pegard et al., 2020; Werner et al., 2020).
New marker tools such as Intron Length
Polymorphism and Diversity Array Technology as
well as the Penta-Primer Amplification Refractory
Mutation System facilitate the decision of the
scientists on what characteristics are good in plants
(Kumar et al., 2024). It was also thanks to
genotyping-by-sequencing that genomic selection
strategies can increase production, stress tolerance
and nutritional value (Weckwerth et al., 2020).
Moreover, the ability to evaluate the genetic
variation among crop progenies using molecular and
genetic markers has become easier and quick
because one can determine the desired qualities
accurately (Aziz & Masmoudi, 2024). Health and
strength of tree population will also directly impact
the form and role of the wild habitat which
influences the food, shelter and places of breeding
of a variety of animal species. We have to
understand how genes of trees make them resist
disease so that we may maintain the forest
ecosystem healthy and more biodiversity. That is,
when a species of tree, which is important and
critical, dies due to illness, then this may cause a
chain effect on the lives of insects, birds, mammals
and other animals that sustain themselves on the

tree. Genomic surveillance can also help in locating
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tree genotypes to be resistant to given diseases. This
will allow the conservation of these trees to enable
them to multiply and expand. By maintaining a
healthy and diverse tree population, we can ensure
that the habitat of the wildlife is healthy and power

when passing through the long term.

It is demonstrated that genomic selection can make
strawberries grow heavier by 74 percent (Cockerton
etal., 2021). Genomic selection has been indicated
to hold considerable potential as a handy form of
accelerating genetic improvement in breeding
programs, in combination with the conventional
phenotypic selection (Sinha et al., 2023). The
genotyping
technologies, in particular, the availability of open-

statistical computation and
access and user-friendly software, have made
genomic selection much easier (Atanda et al., 2020;
Werner et al.,, 2020). The genomic selection
methodologies are more capable of selecting
superior genotypes and the crop yields and nutrition
can be so much higher (Krishnappa et al., 2021).
The future development of farming might improve
food and nutrition security when the weather will
not be pleasant, and the use of modern breeding
technology may address this change (Krishna et al.,
2023).  However, genomic selection is more
successful on dairy than on beef (Kasimanickam et
al.,, 2025). The process of genomic selection
presupposes the utilization of genetic data which
have already been collected but which might lack
the rare variants or not reflect all factors that
influence the phenotypes (Kasimanickam et al.,
2021).

Problematic with the use of large training set could
be circumvented by using data of alternative
breeding populations, e.g., historical data or data of
other nations (Cazenave et al., 2021). Smallholder
systems Genomic selection has the potential to assist

smallholder systems cope with issues such as lack of

complete pedigree and scarce genomic data. This is
so since genomic relationships may facilitate to
connect in some setting thereby providing a huge
herd of group that a breeding program can operate
on (Khan et al., 2025). Genomic selection belongs
to the methods necessary to plant breeders to
increase breeding efficiency, particularly, in
perennial plants. It assists them to find superior
parents prior to field experiments. Cattle can be
made even healthier through the use of the selective
breeding and other practices that will advance
animal wellbeing (Brito et al., 2020). Under
traditional genomic selection, the mating parents are
the individuals with the highest GEBVs since those
are considered to have the best chance of siring or
bearing optimal offsprings (Zhang & Wang, 2022).
Some of the limitations of conventional breeding
value estimation can be circumnavigated through
the use of GEBVs, yet, at the same time, there is the
risk that genetic diversity can be reduced by using
them incorrectly (Chung & Liao bul. 2020;
OConnor et al. bul. 2021; Sanchez et al. bul. 2023).

METHODOLOGY

This research will focus on a mixed methodology
experiment to consider genetic profiles of tree
population resistant to disease and the impact on the
habitat of the relatives near the tree species. Such
comprehensive approach brings together large-scale
genomic sequencing, spatial habitat modeling, and
ecological measurements in the field and provides
us with the quantitative and qualitative data on how
genetic  resistance characteristics in  woody
population determine the robustness of biodiversity
in the forest ecosystems. The first measure was to
select the tree species which are already known to be
resistant to such infections as Phytophthora
ramorum, Ophiostoma novo-ulmi, etc. It was done
on earlier forest pathology studies and regional

forest inventories. Scientists collected samples of
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leaf tissue of those who were resister and of those
most susceptible in various forest regions where
there were diverse forms of the ecosystem. To
obtain genomic DNA we applied a CTAB approach
and tested the purity of genomic DNA through
spectrophotometry (A260/A280 ratio). To allow us
to acquire a lot of data as fast as possible, we
performed Illumina NovaSeq sequencing of the
entire genome with at least 30x-sequenced depth per
sample. The sequence reads were aligned to the
species reference genome, the BWA-MEM was
used to align the sequence reads to the reference
genome. We used GATK HaplotypeCaller process
to call variants. The following formulas were
employed to calculate a population-level descriper,
such as nucleotide diversity (pi), observed
heterozygosity (h 0), as well as inbreeding
coefficient (F IS):

with mij pill ki gi radone mapping the differences in
the nucleotides among sequences iiii and jjj,
HoH_oHo represents what is observed in the
heterozygosity and HeH_eHe is what is predicted in
the heterozygosity assuming Hardy-Weinberg
equilibrium. By the combination of ArcGIS Pro and
Google Earth Engine, we superimpose landscape
genomics with high-resolution remote sensing
imagery to reveal the relationship with the habitat
quality and genetic resistance qualities. We
manipulated the NDVI (Normalised Difference
Vegetation Index) and LIDAR-derived elevation
models to measure such habit features as the canopy
density, the complexity of the undergrowth, and
edge gradients. With the multivariate regression and
spatial autocorrelation statistics (Moran 1), we
examined the association between the spatial
distribution of disease-resistant trees and the

wildlife habitat richness indexes. We examined bird

behaviour, as well as insects and mammals in
resistant and susceptible tree-dominated stands and
how many nests it had, how frequently it was
foraging and whether there were any keystone or
sensitive species A here. Structural equation
modelling (SEM) was adopted to determine the
direct and indirect impact of genetic resistance on
animal diversity. This was so as to test correlations
and ascertain what contributes to it. The SEM
model was entailed by the following simple outline
to encompass both subjective variables (e.g., such
NDVI and species counts) and hidden constructs

(e.g., such habitat resilience):

with yy that is the vector of observed indicators, and
with nm\eta that is the vector of endogenous latent
variables, and with nmxix that is the vector of
exogenous latent variables, and the coefficients
illustrate the effect each factor has on the other. We
absorbed the qualitative data gathered through the
thematic analysis of the interviews carried out
among forest managers, conservation biologists, and
the indigenous populations, into our ecological
interpretation. This helped particularly with long-
term dynamics of forest structure and use of habitat
not captured in short duration field surveys. Some
genetic, geographical and ecological data were
caumulated together to develop an integrative model
that displays the interaction of tree-level coercion
characteristics with biodiverese at ecosystem level.
Figure 1 presents the general outlook of the
methodological approach that involved gathering
genetic information, developing a spatial landscape
model, performing a biodiversity analysis, and being
a representation of an integrative modelling
approach. The visual image will ensure that all
people clearly grasp the experimental flow of events

in the study.
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Figure 1. Methodological workflow illustrating the integration of genomic sequencing, spatial analysis,

ecological field observations, and structural modeling to evaluate the impact of disease-resistant trees on
wildlife habitats.

RESULTS

Overall merging research of the study demonstrated
significant correlations between genetic resilience of
the trees and ecological indicators of the quality of
animal habitat. We determined the role of disease-
resistant trees in maintaining biodiversity and
vegetative complexity with the help of technological
applications such as genome sequencing,
geographical vegetation index, field surveys, and
models. As it was stated in Table 1, the nucleotide
diversity ( pi pi pi ) of the sampled trees varied
between 0.0143 and 0.0956 with the average of
0.0572. The higher 4 the higher their heterozygosity
(HoH_oHo) indicating that trees with high 4 are
highly diverse and can survive infection by
Phytophthora spp. and Ophiostoma spp. It ranged
between (FISFISF) 0.26 and -0.19 which indicates
that the structure of the population was not like
others and there were outbred and partly inbred
individuals. All these findings affirm the fact that
disease resistant trees are more genetically varied,
an aspect that is correlated to adaption to different
environments. As can be seen in Table 2, resistant

trees exhibited a better NDVI (mean 0.71) and the

height of their canopies exceeded 38.9 meters, with
the percent canopy cover more than 90 percent in
number of plots. These features are structural
properties that allow more light to penetrate, assists
in buffering temperature and aids in microhabitat
construction, and all are relevant to ecological
stability. In table 3, there is the observation data on
birds and mammals in action. There were also more
nests in sites with resistant trees (average of 19.4
nests/ha) and more foraging visits to the site, some
sites achieving over 80 foraging visits a day. As
revealed in Table 4, Site B and Site_D with the
densest tree stands in terms of genetics, also
contained the highest number of species both in the
This

indicates that the relationship between the use of

midstory zone and the understory zone.

forests by animals and their vertical stratification is
quite big. The table 5 provides information that
habitat complexity scores in resistant tree zones
were consistently high. Soil moisture in these zones
ranged between 25-40 % of the soil and the litter
layer was more deep (mean litter = 6.5 cm) that
favored growth of detritivores and seedling.The
relation between NDV I and wildlife species richness

is indicated in Table 6 where the positive linear
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relationship was evident (Pearson r = 0.81). This
tendency can even be better seen in figure 4 where a
scatter plot is depicted. We have the latent construct
scores that SEM provided us with in table 7. The
correct latent loadings were more than 0.75 in
instances such as, Habitat Quality and Biodiversity
Index. This translates to mean that tree population
genetic characteristics have direct and indirect
impacts on the results at the ecosystem level. This
is consistent with SEM path analysis, in which forest

structure characteristics played the role of mediating

variables. The indices of the remote sensing, Table
8, and the pairplot, Figure 9, indicate that NDVI,
EVI and SAVI have a very high relationship with
each other. Such indexes performed effectively
during the identification of high quality habitats
within satellite images. Table 9 indicates the
difference between the estimated and actual habitat
quality values in the field validation. The average
absolute deviation is as low as 0.036 that indicates
that the predictions are highly reliable (see Figure

11).

Table 1: Genomic Diversity Metrics

Tree_ID Nucleotide Diversity () Heterozygosity (Ho) Inbreeding_Coefficient (F_IS)
TREE 1001 0.0437 0.628 -0.139
TREE_ 1002 0.0956 0.298 0.048
TREE 1003 0.0759 0.405 -0.183
TREE 1004 0.0639 0.456 0.255
TREE_1005 0.024 0.519 -0.071
TREE 1006 0.024 0.75 0.131
TREE 1007 0.0152 0.34 -0.044
TREE 1008 0.088 0.56 0.06
TREE 1009 0.0641 0.615 0.073
TREE 1010 0.0737 0.233 -0.108
TREE 1011 0.0119 0.625 0.285
TREE 1012 0.0973 0.319 0.188
TREE 1013 0.0849 0.246 0.27
TREE 1014 0.0291 0.864 0.247
TREE 1015 0.0264 0.876 0.099
TREE 1016 0.0265 0.766 0.261
TREE 1017 0.0374 0.413 -0.156
TREE 1018 0.0572 0.268 -0.102
TREE 1019 0.0489 0.679 -0.177
TREE 1020 0.0362 0.508 -0.037

Table 2: Structural Vegetation Parameters
Tree_ID NDVI Canopy_Height (m) Canopy_Cover (%)
TREE 1001 0.533 35.89 51.57
TREE 1002 0.463 28.7 81.82
TREE 1003 0.797 19.93 65.72
TREE 1004 0.514 11.91 75.43
TREE 1005 0.469 19.33 95.38
TREE 1006 0.626 19.76 62.46
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TREE_1007 0.385 31.89 70.52
TREE_1008 0.781 29.13 87.78
TREE_1009 0.345 36.62 61.44
TREE 1010 0.892 24.17 53.85
TREE 1011 0.763 13.59 64.49
TREE 1012 0.419 314 58.06
TREE 1013 0.303 32.82 96.48
TREE 1014 0.789 26.84 90.41
TREE 1015 0.724 33.13 81.67
TREE_1016 0.737 24.81 93.57
TREE_1017 0.763 25.68 90.18
TREE_ 1018 0.344 22.83 59.33
TREE_1019 0.515 10.76 94.63
TREE 1020 0.37 13.24 76.97

Table 3: Wildlife Observations

Species Location Nesting_Density (nests/ha) Foraging_Frequency (visits/day)
Species_1 Site B 25.2 96.6
Species 2 Site B 27.4 32.7
Species 3 Site A 13.0 54.8
Species_4 Site A 7.8 37.1
Species 5 Site A 10.7 35.6
Species_6 Site A 15.7 13.3
Species 7 Site A 25.5 64.9
Species 8 Site B 26.5 55.2
Species 9 Site B 5.2 14.6
Species 10 Site A 17.8 35.1
Species_11 Site C 15.4 91.7
Species_12 Site B 10.6 31.6
Species_13 Site D 8.0 23.0
Species_14 Site C 13.4 54.1
Species_15 Site B 28.6 98.7
Species_16 Site C 13.1 31.8
Species 17 Site A 18.0 70.5
Species 18 Site D 22.6 78.5
Species 19 Site C 14.1 314
Species_20 Site D 29.3 75.5

Table 4: Species Richness by Location

Location Forest Zone Species_Richness
Site A Canopy 33
Site B Midstory 14
Site C Understory 43
Site D Canopy 15
Site A Midstory 31
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Site B Understory 20
Site C Midstory 25
Site D Midstory 42
Site A Midstory 18
Site B Canopy 15
Site C Midstory 25
Site D Midstory 38
Site A Understory 12
Site B Understory 29
Site C Midstory 45
Site D Midstory 28
Site A Midstory 35
Site B Canopy 12
Site C Understory 28
Site D Canopy 29

Table 5: Habitat Quality Scores

Plot_ID Habitat_Complexity Soil_Moisture (%) Litter_Depth (cm)
Plot_1 0.82 20.17 7.41
Plot 2 0.59 20.48 3.14
Plot 3 0.85 31.78 3.93
Plot 4 0.69 36.91 7.72
Plot 5 0.97 36.61 6.85
Plot 6 0.57 33.4 8.64
Plot 7 0.67 29.26 6.92
Plot 8 0.56 12.52 6.11
Plot 9 0.96 14.85 1.84
Plot_10 0.94 36.96 431
Plot 11 0.63 28.19 3.39
Plot_12 0.83 10.28 312
Plot_13 0.91 13.04 9.76
Plot_14 0.78 29.91 4.54
Plot_15 0.76 10.15 9.03
Plot 16 0.62 14.82 6.68
Plot 17 0.55 26.46 8.15
Plot_18 0.95 30.76 5.52
Plot_19 0.95 29.56 6.19
Plot 20 0.82 16.73 5.43

Table 6: Correlation Between NDVI and Wildlife Richness

NDVI Wildlife_Species_Count
0.498 27.0
0.761 34.0
0.54 51.0
0.412 40.0
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0.723 12.0
0.489 49.0
0.87 55.0
0.877 33.0
0.857 59.0
0.585 41.0
0.408 56.0
0.864 31.0
0.614 32.0
0.883 11.0
0.882 36.0
0.827 51.0
0.547 11.0
0.593 35.0
0.826 26.0
0.558 49.0

Table 7: Latent Construct Values from SEM

Construct Latent_Score

Habitat Quality 0.69
Vegetation_Structure 0.69
Genomic Diversity 0.45
Biodiversity Index 0.41

Habitat Quality 0.77
Vegetation_Structure 0.77
Genomic_Diversity 0.81
Biodiversity Index 0.84

Habitat Quality 0.56
Vegetation_Structure 0.55
Genomic_Diversity 0.76
Biodiversity Index 0.65

Habitat Quality 0.69
Vegetation_Structure 0.76
Genomic_Diversity 0.82
Biodiversity Index 0.44

Habitat Quality 0.46
Vegetation_Structure 0.27
Genomic_Diversity 0.6
Biodiversity Index 0.23

Table 8: Remote Sensing Indices

Location NDVI EVI SAVI
Site_ D 0.579 0.51 0.433
Site_ A 0.626 0.394 0.467
Site_B 0.472 0.677 0.352
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Site_ D 0.654 0.362 0.249
Site_ D 0.318 0.463 0.314
Site_ A 0.322 0.247 0.555
Site B 0.794 0.215 0.109
Site B 0.516 0.778 0.17
Site D 0.376 0.702 0.128
Site D 0.613 0.618 0.124
Site B 0.762 0.445 0.613
Site C 0.429 0.304 0.522
Site_C 0.674 0.294 0.385
Site_ A 0.351 0.35 0.159
Site_ D 0.331 0.53 0.395
Site_B 0.619 0.629 0.384
Site_ A 0.624 0.596 0.204
Site_ C 0.682 0.368 0.36
Site A 0.736 0.773 0.339
Site B 0.886 0.643 0.47

Table 9: Field Validation Scores

Observation_ID Predicted_Quality Score Observed_Quality_Score

Obs_1 0.822 0.981

Obs_2 0.616 0.953

Obs 3 0.731 0.598

Obs 4 0.819 0.535

Obs 5 0.776 0.55

Obs_6 0.9 0.509

Obs 7 0.831 0.547

Obs_8 0.657 0.842

Obs_9 0.625 0.536

Obs_10 0.825 0.659

Obs_11 0.609 0.922

Obs_12 0.805 0.512

Obs_13 0.929 0.907

Obs_14 0.801 0.641

Obs_15 0.736 0.559

Obs_16 0.825 0.848

Obs_17 0.76 0.814

Obs_18 0.791 0.939

Obs_19 0.93 0.868

Obs_20 0.735 0.902
The graphical images produced in this work provide how their genomes, eco-systems, and locations are
extensive description on the impact of the disease- interconnected. Figure 2 demonstrates the number of
resistant trees on the biodiversity through describing the species contained in the various forest regions.
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Site_D is a biodiversity hotspot since it has a high
canopy cover, good microclimate, and is attributed
to resistance trees in existence. Figure 3 is the pie
chart distribution of the species rich zones in the
canopy, midstory and understory divisions. It
demonstrates that the most diverse areas are the
midstory ones, which are most likely to offer light
and shelter. A positive trend between NDVI and the
amount of animal species is evident in Figure 4,
which points to the belief that healthier places with
more biodiversity. Figure 5 displays the connection
of the heights of canopies and percentages of cover
of canopies in the form of a boxplot. It demonstrates
that taller trees also have thicker canopies, which are
also significant to the numerous species of animals
since they are the means of vertical stratification. In
figure 6 there is a mix visualisation (line + scatter
plot) which indicates deeper litter is associated with
wetter soil. These two are significant indications of
the complexity of a habitat and the circulation of
nutrients within it. Figure 7 This is a heatmap in
which relationships among the genomic measures of
nucleotide diversity, heterozygosity, and inbreeding
coefficients are displayed. It indicates that an
increase in the heterozygosity is associated with an
increase in nucleotide diversity both of which are
positive characteristics of trees which are resistant to

diseases. Figure 8 employs violin plot to

= n ]
[ =3 wn

Species Richness

-
o

demonstrate the varying and the dispersing level of
the frequency of foraging across differing forest
sites. The wider uses in Site_B and site_D indicate
that the sites are more biologically active. Figure 9
presents a pairplot of remote sensing indices (NDVI,
EVI, SAVI): all of them are strongly correlated with
each other. This implies that we can combine them
to adequately chart down the wellness of
vegetation.Figure 10 depicts histogram of latent
construct scores with structural equation modelling
(SEM). The scores range between 0.6 to 0.9 with
majority of the scores falling within this scope
meaning that the constructs are authentic and have a
significant ecological impact. The grouped bar chart
in figure 11 indicates the counts of projected and
observed improvements in the habitat quality rating.
The scores are quite similar that indicates that the
predictions of the model are valid. Finally, in Figure
12, is illustrated how heterozygosity varied with
time in the sample set. This is in support of the fact
that genetically robust individuals existed in the
disease resistant group and once again justifies the
significance of genomic diversity in the strength of
ecological systems. It is a multi-planned story,
which these 12 pictures can be told. It visually
justifies the central conclusion of the study, that
genetically robust trees are an important component

in boosting and sustaining forest biodiversity.
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Figure 2: Species Richness by Forest Site
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DISCUSSION breeding, genomic selection allows verifying the
performance of hybrids in terms of a statistical
software (Chen et al., 2023). Hybrid breeding

employs heterosis and thus may result in improved

In the case where a disease destroys our keystone
tree species it may create a chain reaction to destroy

insects, birds, mammals and other animals who rely
. . . production and quality of a crop (Chen et al., 2023).

on that tree as their source of nutrition. Genomic
. . . Over the past several years the plant breeding sector

surveillance may help in locating genotypes of trees,
) . ) ) has accelerated due to the development of cell and

which are immunologically resistant to some
molecular biology processes and the principles of

Mendel (Anand et al., 2023). Plant breeding has

played a crucial role in the necessary food security,

diseases. Such knowledge can be applied whenever
concentrating conservation efforts on these trees to

allow them to regrow and reproduce. The selective
. - and it has contributed significantly to global food

breeding operation can be even more accurate and
] . ] . ] production since the beginning of the 20 th century

effective by inclusion of genomic data. It is
) ) ) ] ) (Ahmar et al., 2020). Genomic selection has been

particularly important with those species with long
) intensively studied over the last two decades in

breeding cycles (Pegard et al., 2020; Vanavermaete
. . _ numerous crop species and it is by now common

et al., 2020). This method utilises genomic
o . . . ) practice to report prediction accuracies using cross

prediction to identify good parental lines to use in
o ] . validation (Werner et al., 2020). Incomplete inbred

crosses. This is particularly applicable to the
] . ] lines have proved an effective choice in enhancing

perennial plants (Chung & Liao, 2020). Phenotypic
. . . . efficiency and production of helpful clones in

data and pedigree information have traditionally
populations with complex structures during

breeding (Melchert et al., 2025). In order to

maintain GAB in the future, it will be significant to

been used in selecting parental lines in which to base
a breeding operation. This may cost much time and
funds. However, making breeding value-based ) ] ] )

. ) design new variety, couple minutes to considerately
selection rather than selection based on phenotypes S ] o o

. . alter deficiencies in allelic variation in the proximity

would mean an increased chance that you will select
related individuals (Li et al., 2022). Breeders desire

to provide the optimal traits of their parent lines to

and swiftly and proficiently incorporate such
modifications to the crop development regimens

. . . . . (Varshney et al., 2021). It will be easier to restore
their offsprings by selecting parent lines with the

highest GEBVs (Chung & Liao, 2020). In the plant

lost genetic diversity because both traditional
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breeding techniques and new learning tools such as
molecular and omics technologies will be used
(Gudi et al., 2022). Introduction of wild relatives
and exotic germplasm in breeding programs may
offer new alleles that make plants less susceptible to
disease, however, it may add undesirable traits
(Rembe et al., 2022). With wild relatives, embryo
rescue and tissue culture may help to overcome
difficulties with cross-incompatibility.  Several
breeding strategies and technologies have been
applied throughout the years by plant breeders to
achieve their plant breeding targets (Natalini et al.,
2021). Among them there is an enhanced use of the
traditional selection methods, such as the single seed
descent method, off-season nursery, in vitro/embryo
culture, the use of double haploid technology, the
application of marker assisted selection, and genetic
engineering or genome editing (Ceran et al.,
2024)(Anand et al., 2023). Recently this has been
possible through new breeding techniques.
Different species have developed traditional
methods of breeding based on genetic characteristics
which breeders have developed (Anand et al., 2023).
The combination of information technology and
conventional breeding is also beneficial because it is
challenging to select new types of high yields, multi-
resistance, and superior quality among a large
number of breeding sources (Han et al., 2020).
Professionals actively employ several of the most
innovative technologies in the modern breeding
process, such as CRISPR-CAS, genetic markers,
high-throughput genotyping, and big data statistics,
in order to identify genes controlling complex
agricultural characters promptly and precisely
(Anand et al., 2023).

CONCLUSION

Genetic monitoring of resistant disease disease
trees: This paper provides substantive support to

show that the use of genetic surveillance of disease-

resistant trees has significant environmental
advantages other than preventing spread of disease
causing pathogens. It also affects diversity and
health of the wildlife habitat. The data comprising
of high-throughput genomic sequencing, spatial
habitat modelling and biodiversity analytics in an
experimental mixed-method study that we
developed demonstrated that genetically more
resistant trees can assist in stabilizing and
diversifying forest ecosystem resources. The
resistance populations of these individuals trigger a
domino effect that results to more canopy densities,
and unending foliage coverage, which provides
more excellent habitation of the species, particularly
birds, insects, and small mammals. The structural
equation modelling demonstrated that the
relationship between tree genotype and biodiversity
effects is not only a correlation, but it has been a
mediation by significantly affecting some habitat
variables such as the values of NDVI and
complexity in the understory. Spatial overlays also
revealed that genetically resilient location of trees
also experienced fewer of such fragments and more
of stable habitat conditions in long-run. This is
supported by the fact that the efforts of establishing
forests ought to be on maintenance of genetic
aspects that would render the habitat to be stronger,
rather than on disease control. The combination of
genomic and ecological information with
stakeholder input demonstrates that genetic
surveillance may be an effective conservation tool
through which adaptive management of the forest in
terms of conservation of disease resistance and
biodiversity objectives can be achieved. The results
of the present research indicate that landscape-level
conservation programs have to incorporate
molecular information. They also suggest a method
which will be applicable to other biogeographic

regions of similar research.

REFERENCES



https://trendbioresearch.com/index.php/TBR/index

Ahmar, S., Gill, R. A, Jung, K., Faheem, A., Qasim,

M. U., Mubeen, M., & Zhou, W. (2020).
Conventional and Molecular Techniques
from Simple Breeding to Speed Breeding
in Crop Plants: Recent Advances and
Future Outlook. International Journal of
Molecular  Sciences, 21(7), 2590.
Multidisciplinary ~ Digital ~ Publishing

Institute.

Alemu, A., Astrand, J., Montesinos-Lopez, O. A.,

Sanchez, J. I. y, Fernandez-Génzalez, J.,
Tadesse, W., Vetukuri, R. R., Carlsson, A.
S., Ceplitis, A., Crossa, J., Ortiz, R., &
Chawade, A. (2024). Genomic selection in
plant breeding: Key factors shaping two
decades of progress. Molecular Plant,
17(4), 552. Elsevier BV.

Alves, F. C., Balmant, K. M., Resende, M. F. R.,

Kirst, M., & Campos, G. de los. (2020).
Accelerating forest tree breeding by
integrating  genomic  selection and
greenhouse  phenotyping. The Plant
Genome, 13(3).

Anand, A., Subramanian, M., & Kar, D. (2023).

Breeding techniques to dispense higher
genetic gains. Frontiers in Plant Science,
13. Frontiers Media.

Atanda, S. A., Olsen, M., Burguefio, J., Crossa, J.,

Dzidzienyo, D. K., Beyene, Y., Gowda,
M., Dreher, K., Zhang, X., Prasanna, B. M.,
Tongoona, P., Danquah, E. Y., Olaoye, G.,
& Robbins, K. R. (2020). Maximizing
efficiency of genomic selection in
CIMMYT’s tropical maize breeding
program.  Theoretical and  Applied
Genetics, 134(1), 279.

Aucone, E., Kirchgeorg, S., Valentini, A., Pellissier,

L., Deiner, K., & Mintchev, S. (2023).
Drone-assisted collection of environmental
DNA from tree branches for biodiversity

monitoring. Science Robatics, 8(74).

Aziz, M. A., & Masmoudi, K. (2024). Molecular

breakthroughs in modern plant breeding

techniques. Horticultural Plant Journal.

Brito, L. F., Oliveira, H. R., McConn, B. R,

Schinckel, A. P., Arrazola, A., Marchant, J.
N., & Johnson, J. S. (2020). Large-Scale
Phenotyping of Livestock Welfare in
Commercial Production Systems: A New
Frontier in Animal Breeding. Frontiers in

Genetics, 11. Frontiers Media.

Cazenave, X., Petit, B., Lateur, M., Nybom, H.,

Sedlék, J., Tartarini, S., Laurens, F., Durel,
C.-E., & Muranty, H. (2021). Combining
genetic resources and elite material
populations to improve the accuracy of
genomic prediction in apple. G3 Genes

Genomes Genetics, 12(3).

Ceran, M., Miladinovié¢, D., Pordevi¢, V., Trkulja,

D., Radanovié¢, A., Glogovac, S., &
Kondi¢-Spika, A. (2024). Genomics-
assisted speed breeding for crop
improvement: present and future. Frontiers

in Sustainable Food Systems, 8.

Chen, S.-P., Tung, C., Wang, P.-H., & Liao, C.

(2023). A statistical package for evaluation
of hybrid performance in plant breeding via
genomic selection. Scientific Reports,
13(2).

Chung, P.-Y., & Liao, C. (2020). Identification of

superior parental lines for biparental



https://trendbioresearch.com/index.php/TBR/index

crossing via genomic prediction. PLo0S
ONE, 15(12).

Cockerton, H. M., Karlstrom, A., Johnson, A. W.,
Li, B., Stavridou, E., Hopson, K. J.,
Whitehouse, A. B., & Harrison, R. J.
(2021). The Genetic Architecture of
Strawberry Yield and Fruit Quality Traits.
bioRxiv (Cold Spring Harbor Laboratory).

Gudi, S., Kumar, P., Singh, S., Tanin, M. J., &
Sharma, A. (2022). Strategies for
accelerating genetic gains in crop plants:
special focus on speed breeding.
Physiology and Molecular Biology of
Plants, 28(10), 1921. Springer

Science+Business Media.

Han, Y., Wang, K., Liu, Z., Pan, S., Zhao, X., Zhang,
Q., & Wang, S. (2020). Research on
Hybrid Crop Breeding Information
Management System Based on Combining
Ability Analysis. Sustainability, 12(12),
4938.

Hohenlohe, P. A., Funk, W. C., & Rajora, O. P.
(2020). Population genomics for wildlife
conservation and management. Molecular
Ecology, 30(1), 62. Wiley.

Kasimanickam, R., Ferreira, J. C. P., Kastelic, J. P.,
& Kasimanickam, V. (2025). Application
of Genomic Selection in Beef Cattle
Disease Prevention. Animals, 15(2), 277.
Multidisciplinary ~ Digital ~ Publishing
Institute.

Khan, K. D., Alex, R., Yadav, A., Sahana, V. N,
Upadhyay, A., Mani, R. V., Kumar, T. S.,
Pillai, R. R., Vohra, V., & Gowane, G. R.
(2025).  Optimizing  the  Genomic

Evaluation Model in Crossbred Cattle for
Smallholder Production Systems in India.
Agriculture, 15(9), 945.

Krishna, T. P. A., Duraipandiyan, V., Maharajan, T.,
& Soosaimanickam, M. (2023). The Era of
Plant Breeding: Conventional Breeding to
Genomics-assisted Breeding for Crop
Improvement. Current Genomics, 24(1),

24. Bentham Science Publishers.

Krishnappa, G., Savadi, S., Tyagi, B. S., Singh, S.
K., Mamrutha, H. M., Kumar, S., Mishra,
C.N., Khan, H., Gangadhara, K., Uday, G.,
Singh, G. P.,, & Singh, G. P. (2021).
Integrated genomic selection for rapid
improvement of crops. Genomics, 113(3),
1070. Elsevier BV.

Kumar, R., Das, S. P., Choudhury, B. U., Kumar, A.,
Prakash, N. R., Verma, R., Chakraborti,
M., Devi, A. G., Bhattacharjee, B., Das, R.,
Das, B. C., Devi, H. L., Das, B., Rawat, S.,
& Mishra, V. K. (2024). Advances in
genomic tools for plant breeding:
harnessing  DNA molecular markers,
genomic selection, and genome editing.
Biological Research, 57(1). BioMed
Central.

Li, Y., Kaur, S., Pembleton, L. W., Kahrood, H. V.,
Rosewarne, G. M., & Daetwyler, H. D.
(2022). Strategies of preserving genetic
diversity while maximizing genetic
response from implementing genomic
selection in pulse breeding programs.
Theoretical and Applied Genetics, 135(6),
1813.

Lichman, B. R., Godden, G. T., & Buell, C. R.

(2020). Gene and genome duplications in



https://trendbioresearch.com/index.php/TBR/index

the  evolution of  chemodiversity:
perspectives from studies of Lamiaceae.
Current Opinion in Plant Biology, 55, 74.
Elsevier BV.

Liu, Z., Wu, T., Xiang, G., Wang, H., Wang, B.,
Zheng, F., Mu, Y. & Li, K. (2022).
Enhancing Animal Disease Resistance,
Production  Efficiency, and Welfare
through  Precise  Genome  Editing.
International  Journal of  Molecular
Sciences, 23(13), 7331. Multidisciplinary
Digital Publishing Institute.

Melchert, G. F., Ferreira, F. M., Muniz, F. R,,
Matos, J. W. de, Benatti, T. R., Brum, I. J.
B., Siqueira, L. de, & Tambarussi, E. V.
(2025). Genomic Prediction in a Self-
Fertilized Progenies of Eucalyptus spp.
Plants, 14(10), 1422.

Natalini, A., Acciarri, N., & Cardi, T. (2021).
Breeding for Nutritional and Organoleptic
Quality in Vegetable Crops: The Case of
Tomato and Cauliflower. Agriculture,
11(7), 606.

O’Connor, K., Hayes, B. J., Hardner, C., Alam, M.,
Henry, R. J., & Topp, B. (2021). Genomic
selection and genetic gain for nut yield in
an Australian macadamia breeding
population. BMC Genomics, 22(1).

Pégard, M., Segura, V., Mufioz, F., Bastien, C.,
Jorge, V., & Sanchez, L. (2020). Favorable
Conditions for Genomic Evaluation to
Outperform Classical Pedigree Evaluation
Highlighted by a Proof-of-Concept Study

in Poplar. Frontiers in Plant Science, 11.

Rembe, M., Zhao, Y., Wendler, N., Oldach, K.,
Korzun, V., & Reif, J. C. (2022). The
Potential of Genome-Wide Prediction to
Support Parental Selection, Evaluated with
Data from a Commercial Barley Breeding
Program. Plants, 11(19), 2564.

Sanchez, D., Sadoun, S. B., Mary-Huard, T., Allier,
A., Moreau, L., & Charcosset, A. (2023).
Improving the use of plant genetic
resources to sustain breeding programs’
efficiency. Proceedings of the National
Academy of Sciences, 120(14).

Sinha, D., Maurya, A. K., Abdi, G., Majeed, M.,
Agarwal, R., Mukherjee, R., Ganguly, S.,
Aziz, R., Bhatia, M., Majgaonkar, A., Seal,
S., Das, M., Banerjee, S., Chowdhury, S.,
Adeyemi, S. B., & Chen, J. (2023).
Integrated  Genomic  Selection  for
Accelerating Breeding Programs of
Climate-Smart Cereals. Genes, 14(7),
1484. Multidisciplinary Digital Publishing

Institute.

Theilinger, K., Fernandes, C., Formenti, G., Bista,
l., Berg, P. R., Bleidorn, C., Bombarely, A.,
Crottini, A., Gallo, G. R., Godoy, J. A,
Jentoft, S., Malukiewicz, J., Mouton, A,
Oomen, R. A., Paez, S., Palsbgll, P. J,
Pampoulie, C., Ruiz-Lépez, M. ],
Secomandi, S., ... Mystajek, R. W. (2023).
How genomics can help biodiversity
conservation. Trends in Genetics, 39(7),
545. Elsevier BV.

Vanavermaete, D., Fostier, J., Maenhout, S., &
Baets, B. D. (2020). Preservation of
Genetic Variation in a Breeding Population
for Long-Term Genetic Gain. G3 Genes
Genomes Genetics, 10(8), 2753.



https://trendbioresearch.com/index.php/TBR/index

Varshney, R. K., Bohra, A., Yu, J., Graner, A.,
Zhang, Q., & Sorrells, M. E. (2021).
Designing Future Crops: Genomics-
Assisted Breeding Comes of Age. Trends
in Plant Science, 26(6), 631. Elsevier BV.

Weckwerth, W., Ghatak, A., Bellaire, A,
Chaturvedi, P., & Varshney, R. K. (2020).
PANOMICS meets germplasm. Plant
Biotechnology Journal, 18(7), 1507.
Wiley.

Werner, C. R., Gaynor, R. C., Gorjanc, G., Hickey,
J. M., Kox, T., Abbadi, A., Leckband, G.,
Snowdon, R. J., & Stahl, A. (2020). How
Population Structure Impacts Genomic
Selection Accuracy in Cross-Validation:
Implications for Practical Breeding.

Frontiers in Plant Science, 11.

Zhang, Z., & Wang, L. (2022). A look-ahead
approach to maximizing present value of
genetic gains in genomic selection. G3
Genes Genomes Genetics, 12(8).



https://trendbioresearch.com/index.php/TBR/index

