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Abstract- Thorn development in plants serves as a natural
self-defence mechanism which creates difficulties for people
who perform harvesting and handling tasks. GeneThorn Nexus
emerged through advanced genetic engineering methods to
develop thornless plant varieties. The process of conventional
breeding requires substantial time and often leads to results
which do not maintain consistent plant characteristics
essential for disease defense and yield production. Through
the application of CRISPR-Cas9 gene-editing technology
scientists can delete genes which produce thorns without
affecting other essential plant attributes. Our implementation
of digital tracking tools allows plant growth stages to be
continuously monitored alongside the recording of genetic
modifications and general growth behavior. The digital
platform provides scientists with immediate access to
information ~ while it  simplifies  their  monitoring
responsibilities. The primary objective consists of producing
plants that are both safer to handle and easier to manage in
agricultural fields and landscaping areas and home gardens.
Our method focuses on enhancing worker safety together with
enhanced productivity and sustainable agricultural
development. GeneThorn Nexus brings together scientific
breakthroughs and technological solutions to advance
methods for developing thornless plants.
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I. INTRODUCTION

GeneThorn Nexus research investigates the use of
new genetic engineering techniques to create thornless plant
lines, with a view to transforming horticulture and agriculture.
Traditional thornless plant development is highly dependent
on selective breeding and spontaneous mutation, which are
often time-consuming, not guaranteed, and could lead to loss
of desirable plant characteristics such as disease resistance and
yield. In order to be capable of avoiding all these problems,
this project applies the state-of-the-art gene-editing technology
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like CRISPR-Cas9 to selectively target and knock out thorn-
forming genes. The aim is to increase usability and safety of
the plants without decreasing productivity or integrity of the
environment. Through genetic thorn elimination, the program
is aimed at minimizing the potential for farmer harm, lowering
maintenance requirements, and increasing the general
efficiency of harvesting. The program allows for commercial
agriculture and backyard gardening to be conducted with ease
in terms of easier-to-work-with plants. The program consists
of an internet-based system of monitoring and tracking the
gene manipulation process, the growth, and the health status of
the plant in real time. The procedure helps researchers and
developers confirm the stability and performance of the
thornless trait across generations of plants. Applying
biotechnology and information technology yields a more
sustainable, efficient, and scalable procedure. Lastly, the
GeneThorn Nexus project is an important step toward the crop
crop modernization, resolving proximal conflict with spiny
crops and pushing on towards the long-term objectives of
sustainable agriculture, reducing costs, and technology
advances in plant biotechnology.

Il. LITERATURE SURVEY

Patel et al. (2018) explored traditional methods of thorn
removal through selective breeding in rose and citrus plants.
While effective over multiple generations, their method was
time-consuming and lacked precision in trait isolation. Roy
and Banerjee (2019) studied mutagenesis in blackberry plants
to induce thornless traits, but noted a high degree of variability
and low heritability across generations. Singh et al. (2020)
employed RNA interference (RNAI) techniques to suppress
thorn-producing genes in tomato plants, achieving partial
success, though off-target effects remained a challenge. lyer
and Das (2021) introduced CRISPR-Cas9 for gene knockout
in thistle species, demonstrating precise genome edits with
minimal disruption to other phenotypic traits. However, their
study focused solely on lab-scale results and did not address
scalability.Nair and Verma (2022) proposed a real-time
monitoring system to track plant growth during genetic
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experiments, yet their implementation lacked automation and
integration with gene-editing tools. Thomas et al. (2023)
developed a centralized web platform for genome editing in
horticulture, enabling gene sequence uploads and edit
tracking, but it did not support real-time physiological
feedback or trait validation across generations. Ramesh and
Pillai (2023) combined machine learning with genetic datasets
to predict plant trait outcomes, but their model was limited to
disease resistance and did not include thorn-related gene
markers. Saha and Kulkarni (2024) emphasized sustainable
agriculture through biotech solutions, advocating for eco-
friendly gene-editing approaches, aligning with the objectives
of the current project. Their work highlighted the need for
scalable, user-friendly platforms integrating genetic editing
with monitoring systems, a gap that the present project aims to
address.

I11. PROBLEM STATEMENT

The GeneThorn Nexus — The New Frontier in
Thornless Plant Development emerged after conventional
methods based on selective breeding and natural mutations for
thornless plant development. The genetic inheritance system'’s
unpredictability causes traditional methods to be both slow
and yield inconsistent results despite their limited success. The
development of selectively bred plants faces a common
problem where desirable traits such as high yield and disease
resistance must be sacrificed in exchange for thorn reduction.
The main issue with traditional methods arises from their
inability to accurately determine which genes control thorn
formation in plants. The lack of tools to locate and edit these
genes creates persistent problems that prevent breeders from
consistently producing thornless varieties in different plant
species. The combination of extensive labor requirements and
time-consuming processes makes traditional methods
unfeasible for agricultural operations on a large scale. The
real-time monitoring of plant growth together with the
capability to assess genetic trait stability remains unavailable
to the industry. Plant health evaluation becomes complicated
because the tools for monitoring the stability of genetic traits
and the duration of thornless characteristics do not exist.The
constraints lead to a rising need for better and trustworthy
solutions. Using CRISPR technology for precise genetic
modifications allows the creation of faster and sustainable
solutions to develop thornless plant varieties which meet
current agricultural demands.

IV. PROPOSED SYSTEM ARCHITECTURE

The proposed architecture for GeneThorn Nexus is a
modular, web-based platform that integrates genetic editing
workflows, machine learning analysis, and automated
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reporting. The system is designed to support multiple user
rolesAdministrator, Resource Analyst, Material Integration
Analyst, Power Flow Optimizer, and Battery Testing
Operatoreach responsible for a specific module in the gene
modification and evaluation pipeline.The backend of the
system is built using Python and Django, enabling robust data
handling and seamless module integration. A MySQL
relational database manages structured data, including plant
genome records, experiment logs, material datasets, and
performance outputs. The frontend is developed using HTML,
CSS, and JavaScript, offering user-friendly interfaces for data
input, status tracking, and result visualization.

The architecture is organized into five core modules:

1. Administrator Module — Uploads thorn-related
plant data and manages project lifecycle.

2. Resource Analysis Module — Calculates resource
quantities and uploads datasets for gene editing.

3. Material Integration Module — Applies machine
learning (Decision Tree Regressor) to analyze
integration percentage.

4. Power Flow Optimization Module — Enhances
plant system efficiency using material conductivity
and calculates improved energy flow.

5. Battery Construction Module — Compares zinc-
lignin battery performance using Bayesian Ridge
Regression.
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Figure 1: Workflow diagram

Each module interacts via secure endpoints and data
flows through validated models. The system supports
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automated report generation (PDF and graphical output) using
Matplotlib and ReportLab. This layered architecture ensures
scalability, data security, and process automation in thornless
plant development.

V. ARCHITECTURAL DESIGN

The architectural design of GeneThorn Nexus follows
a modular and layered approach that integrates genetic editing
workflows with intelligent data analysis, all managed through
a centralized web-based platform. The system is built using
the Model-View-Controller (MVC) architecture, ensuring
separation of concerns and maintainability across the
platform.At the top layer, the User Interface (View Layer) is
built using HTML, CSS, and JavaScript, offering a responsive
and intuitive environment for users including administrators,
analysts, and operators. This interface allows data uploads,
monitoring of processes, and retrieval of reports.The
Application Logic (Controller Layer) is implemented using
Django, a Python-based web framework. This layer handles
routing, form validation, request handling, and business logic
for each module. It facilitates interaction between users and
backend services while ensuring role-based access control for
different system modules.The Data Layer (Model Layer)
uses MySQL for structured data storage. It stores plant
genome records, material datasets, ML training outputs, and
battery test results. This database is designed to support
scalability and ensure data integrity.
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Figure 2: Architectural design diagram
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VI. TECHNOLOGIES USED

e Python: Used as the primary programming language for
backend development and handling gene modification
logic, data processing, and analysis tasks.

e Django: A high-level Python web framework used to
build the web application, manage user roles, and control
the workflow of genetic modification and monitoring.

e HTML, CSS, and JavaScript: Utilized to create the
front-end interface. HTML structures the web pages, CSS
styles the wuser interface, and JavaScript enables
interactive features for a smooth user experience.

e MySQL: A relational database used to securely store
plant data, gene-edit tracking records, user information,
and system logs.

e Scikit-learn: A Python machine learning library used for
implementing models such as Decision Tree Regressor
and Bayesian Ridge for analyzing plant trait data and
efficiency metrics.

e CRISPR-Cas9: A gene-editing technology integrated
into the system to perform targeted modifications in plant
genomes, specifically disabling thorn-producing genes.

e Matplotlib: A plotting library in Python used to generate
graphs and visual representations of plant efficiency, trait
comparisons, and project reports.

e ReportLab: A Python library used to generate
professional PDF reports that summarize gene-editing
outcomes and plant performance.

e PyCharm: An Integrated Development Environment
(IDE) used for writing, testing, and managing the Python
and Django code during the development process.

VII. PROPOSED TECHNIQUES

The proposed system uses a complete connection
between genetic engineering techniques and sophisticated
computational strategies to create thorn-free plant types. This
method makes use of CRISPR-Cas9 as its central technology
for removing specific genes which control thorn production.
The method enables scientists to remove plant thorns while
maintaining essential agricultural traits including yield and
resistance to pests and growth regularity. Research teams
should employ RNA interference (RNAI) in their early studies
to temporarily turn off gene activity before implementing
CRISPR-based editing. The system utilizes machine learning
algorithms to aid in decision-making and optimize its
processes. A Decision Tree Regressor performs data analysis
that calculates material integration percentages from
experimental data thus helping with battery component and
plant growth assessment. The system uses Bayesian Ridge
Regression to evaluate the performance of zinc-lignin batteries
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and lithium-ion batteries as part of its general energy
assessment process. The complete system functions through a
web browser as it employs Python and Django with MySQL
for secure data processing and automatic report creation plus
real-time visualization capabilities. This interdisciplinary
technique fosters accuracy, repeatability, and scalability in
thornless plant development, addressing both agricultural and
environmental sustainability goals.

VIIl. CONCLUSION AND FUTURE ENHANCEMENTS:

The objective of this project was to develop an
improved way of generating thornless plants, and through
GeneThorn Nexus, that has been achieved with a technology-
based and practical solution. Through the use of CRISPR-
Cas9 gene editing, we were able to specifically target and
eliminate the genes that cause thorns. This method is far more
precise and quicker compared to conventional breeding. The
inclusion of machine learning models facilitated us in
analyzing material integration and comparing performance.
These tools together made the task efficient as well as reliable.
The system also remains user-friendly due to its web-based
architecture. Data uploading, tracking of changes, and
producing reports in clear visual format are possible with it. In
general, the project has a high potential to enhance agricultural
safety and minimize labor time in both gardening and farming.

In the future, this system can be developed further
with such features as real-time sensors for monitoring plant
growth in real farm conditions. It can also be linked to cloud
platforms so that researchers from all over the world can work
more collaboratively. With more advanced Al models being
used to forecast gene behaviour, future edits could also be
more precise.
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