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Abstract: This initiative focuses on developing innovative genetic modification techniques to create thornless plants, enhancing
agricultural efficiency and sustainability. Using advanced biotechnology, including CRISPR-Cas9, it ensures precise gene edits
while preserving beneficial traits like yield and disease resistance. The goal is to improve safety and productivity in farming and
gardening by eliminating thorns. A key aspect is establishing a platform to oversee genetic modifications, monitor edits, and
assess plant growth. This system streamlines the process for researchers, promoting ecological sustainability by reducing
mechanical pruning and increasing crop yields, ultimately improving agricultural efficiency and safety.
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I. Introduction

Understanding morphological variation is complex. Rose prickles, modified trichomes often mistaken for thorns, protect against
herbivores, environmental stress, and aid in water retention. Many plant families, including Rosaceae, have prickles, making them
useful for studing cell growth. With over 36,000 cultivars, roses are valued for beauty and fragrance but have complex genetics
due to hybridization and polypolidy. While genome sequencing has provided insights, a complete diploid assembly is needed for
comparative genomics. The prickle-free ‘Basye’s Thornless’ (BT), derived from Rosa wichuraiana, has smooth stems and
disease resistance. Unlike Rose chinensis’Old Blush’ (OB), BT flowers annually and grows prostrate. Adapted to warm, humid
climates, its thornlessness may be linked to environmental adaptaion. Chromosame-level sequening of BT has helped analyze
prickle-related genes and regulatory networks. It has 5 type of Modules in this project: Administrator: The Administrator module
acts as the backbone for controlling the “Genetic Modification Techniques for Thornless Plant Development” project. Upon saft
loin, the admins get into a dashboard that controls user role management, allocation of resources, and project development. The
key features are job assignment, process tracking, dynamic reporting, and safe data administration. It offers seamless operations
from spinocity to genomics, and propagation processes while ensuring it is highly secured. With role-based access and monitoring
of performance, the module ensures collaboration, eliminates errors, and enhances project productivity. Spinocity: The Spinocity
module is the first phase of the “Genetic Modification Technique for Thornless Plant Development” project, managing plant
selection and cultivation. Specialists access detailed trait data, track thorn presence, growth rate, and environmental resisteance.
The system optimizes growth conditions, automates documentation, and generates reports to ensure plants are ready for gnomic
modifications. This module lays the foundation for effective genetic interventions, streamlining the selection and preparation
process. Genomics: The Genomics module in the “Genetic Modification Techniques for Thornless Plant Development” project is
a web application that enables specialists to apply advanced genetic modification techniques like CRISPR-Cas9 and transgenic
modifications. After loggin in, users access Spinocity phase reports with plant and environmental data. The platform supports
gene editing, real-time monitoring, automated validation, and genetic variation tracking to ensure precise modifications. Detailed
reports provide insights for optimizing thronlessness, make the module essential for accurate genetic interventions and successful
plant development. Propogation: The Propagation module in the “Genetic Modification Techniques for Thornless Plant
Development” project is a web application for cloning and reproducing genetically modified thornless plants. It supports
propagation methods like cutting, grafting, and tissue culture while automating growth tracking, environmental monitoring, and
genetic validation. Real-time monitoring and reports ensure optimal conditions, consistency, and scalability, enabling a
sustainable supply of thornless plants for research and commercial use. Inspection: The Inspection module in the “Genetic
Modification Techniques for Thornless Plant Development “ project is a web application for assessing the quality and success of
genetically modified plants. Specialists record plant data, perform visual and lab inspections, and verify thornlessness through
genetic markers. The system tracks trait stability across generations, generates detailed reports, and identifies deviations. This
module ensures only high-quality plants proceed to propagation or commercial use, supporting the project’s success.

Il. Literature Survey

Doudna and Charpentier (2014) pioneered CRISPR-Cas9 as a revolutionary genome engineering toole that enables precise and
efficient genetic modifications. Their study laid the foundation for using this technique in plant biotechnology, particularly for
trait-specific modification such as thornlessness[1].Caplan, Cohen, and Zhang (2016) further explored the applications and future
prospects of CRISPR-based genome editing, exphasizing its potential in modifying plant genomes to enhance yield, disease
resistance, and physical traits[2]. Osakabe and Osakabe (2016) detailed the applications of CRISPR/Cas technology in plants.
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Demonstrating its effecacy in targeted genome modifications and improved trait selection[3].The sequencing of Rosa wichuraiana
by Zhang, Zhange, and Goa (2021) provided crucial insights into the genetic basis of thornless trait development. Their study
indentified key genetic loci responsible for prickle formation, which serves as a reference for targeted gene editing in thornless
plant development[4]. Similarly, Wang, La and Smith examined the role of CRISPR-mediated genome editing in plant
tranformation techniques, emphasizing its applications in modifying horticultural crops to enhance desirable traits, including
thornlessness[5]. Varshney et al. (2021) dicussed the role of next-generation sequencing (NGS) in plant genetic research,
highlighing how advanced sequencing techniques can identify and analyze genetic variations responsible for thorn formation[6].
Additionally, GOa et al. Conducted a genome-wide association study (GWAS) to identify novel genetic loci controlling thorn
development in citrus. This study provides valuable insights that can be applied to other plant species undergoing genetic
modification[7]. Nekrasov, Staskawicz, and Kamous reviewed various trageted genome editing methods and genetic
tranformation techniques used in plant biotechnology. Their research out lines different transformation approaches, including
Agrobacterium-mediated tranfromation and direct gene editing strategies, that facilitate thornless plant development[8]. Gasser
and Fraley analyzed genetic engineering techniques aimed at agricultural improvement. Their findings gemonstrate how gene
editing can enhance plant trits, including resistance to environmental stress, improved yield, and the removal of undersirable
physicall attributes such as thorns[9]. Despite the promising advancements in genetic modification, Schreiber, Maier, and Slater
identified significant significant barriers to adopting gene editing for horticultural improvements. Their study highlights
regulatory challenges, ethical considerations, and public concerns associated with generically modified crops. Addressing there
barriers is crucial for the successful implementation of thorn-less plant genetic gengirneering[10]

I11. Scope of the Project

The scope of this project involves the development and implementation of genetic modification techniques to produce thornless
plants. The project aims to achieve the following objectives:

Gene Editing and Modification: Applying genetic engineering tools, particularly CRISPR-Cas9, to precisely modify the DNA
of selected plants to remove or deactivate genes responsible for thorn production.

Resource Management: Identifying and sourcing the right plant varieties and genetic sequence for modification, ensuring that
the plants retain their desired characteristics after gene editing.

Plant Growth Monitoring: Developing a system for tracking the growth and development of modified plants to assess the
success of genetic modifications and their impact on plant health, yield and other traits.

Testing and Validation: Rigorous testing to confirm the efficacy of the genetic modifications, ensuring that the thornless plants
are robust and have desirable qualities like resistance to pests and diseases.

This project is designed to improve the safety and practicality of working with thorn plants in agriculture and gardening. The
project scope includes conducting in-depth research, applying genetic modification techniques, and validating results to ensure
the creation of tornless plants that are economically viable and ecologically sustainable.

Data Flow Diagram

The thornless plant genetic modification web application is a multi-user, role-based platform that aims to facilitate and manage
the genetic modification process. It supports efficient data management, automated workflow, and role-based access by
administrators, genomics researchers, spinocity specialists, propagation teams, and inspectors. Users have the ability to import
datasets, run genetic transformations, create reports, and monitor progress. Administrators control workflows, researchers
interpret genomics data, and inspectors verify validity. The system ensures data integrity, security, and real-time monitoring,
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enabling effective decision-making. By ensuring transparency, efficiency, and accuracy, the application improves research and
agricultural innovation in thornless plant cultivation.
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Thornless Plant Genetic Modification System is a web application that enables genetic modifications for thornless plant growth.
It offers role-based access to various stakeholders such as administrators, spinocity, genomics, propagation, and inspection teams.

All users (Spinocity, Propagation, Inspection) need to register and get admin approval prior to login.
Er Diagram

Users need to register and get administrator approval prior to accessing the system. Permissions for roles in the genetic
modification process exist, such as user approvals, uploading data, viewing reports, and monitoring systems. Data uploading,
viewing reports, processing datasets, and logout actions are taken care of by all modules. Spinocity users evaluate plant growth,
Genomics users perform DNA sequencing and mutations, Propagation users monitor the success of plant propagation, and
inspection users view and approve final modifications. Reports and datasets are stored safely for collaboration by teams. Real-

time monitoring provides accurate tracking, which improves efficiency, accuracy, and collaboration in generating thornless plants
through biotechnology and genetic engineering.

Usecase
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The image is a Use Case Diagram of a web application used to monitor genetic modification projects, probably for thornless plant
creation. The diagram outlines various user roles and system functionalities.

Major User Roles:

Administrator-Oversees approvals, user registration, and system function.

Spinocity - Probably a researcher or contributor managing data and requirements.
Genomics - Involves dataset uploading and analysis.

Propagation - Takes care of plant uploading and changes.

Inspection - Manages verification and reporting.

Primary System Functions:

Registration & Approval - Users need to register and obtain approval prior to access.
Login - Grants access to authorized users.

Upload Requirements & Datasets - users can upload data pertaining to geneticc alterations.
Calculation Process - System processes datasets to analyze alterations in genetics.
View Reports & Status - Users can view the status of modifications and outcomes.
Logout - Provides secure exit from the system.

The above web application eases data accumulation, processing, and tracking of genetic modification experiments to provide
organized workflow for both researchers and stakeholders.

1V. Conclusion

The Thornless Plant Genetic Modification System is a pioneering web-based platform that streamlines genetic modification to
produce thornless plants. Utilizing advanced biotechnology like CRISPR-Ca9, it enables precise gene editing while preserving
essential traits like disease resistance and high yields. The system enhances collaboration among administrators, researchers,
genomics specialists, propagation teams, and inspectors through role- based access. Modules cover plant selection, genetic
alteration, propagation, and final inspection. Automated workflows, real-time monitoring, and secure data storage ensure
efficiency and accuracy. By reducing human errors and accelerating research, this platform supports sustainable, high-yielding
thornless plants, advancing biotechnology-based agriculture.
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