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1.​ Introduction 

1.1 Purpose of the System 

CASSIE is a cloud-based genome assembly and annotation platform that aims to automate 

complex genome analysis processes and make large-scale genome assembly procedures more 

accessible to researchers. Modern genome assembly workflows require multiple complex tools to 

be integrated, highly compute-intensive steps to be managed, and proficiency in using the 

required tools.  

CASSIE eliminates this complexity by presenting a streamlined environment where users can 

upload their data, select appropriate tools/steps, and run complete assembly workflows from a 

simple web interface with ease. CASSIE addresses a wide range of use cases by supporting both 

human and nonhuman genomic data and appropriate tools, and embedded privacy policies. 

1.3 Overview 

CASSIE automates the fundamental steps of a standard assembly process: Quality control, 

estimations for genomic properties, assembly, assembly quality assessment, and, optionally, 

fundamental repeat annotations and gene annotations. All required tools have been containerized 

using Docker, and the workflow is managed by Nextflow. This architecture allows 

reproducibility, modularity, flexible scalability, and adaptability. 

CASSIE’s infrastructure is designed to go with a scalable cloud architecture. During the first part 

of the development phase, a custom-built emulator is used to simulate an AWS environment. 

This emulator uses Docker for Virtual Machines (VMs), database, and genomics tools, MinIO 

for S3-compatible storage, and Minikube for the Kubernetes-compatible workflow orchestration 

and pod/namespace management. During the second part of the project, AWS and its tools will 

be used. EC2 instances of different compute and storage levels will be used as easily scalable 

VMs. Docker will be used for Dockerized genomics tools, S3 will be cloud-based storage, and 

Kubernetes will be used for workflow orchestration and pod/namespace management. CASSIE 

helps researchers focus directly on scientific results instead of dealing with calculation 

infrastructure by abstracting these operational complexities completely from the end user. 
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2.​ Current Software Architecture 

The rapid expansion of genomics and the increase in the need for biological analyses have 

necessitated the development of accessible computational platforms that are capable of 

processing large-scale biological datasets without requiring proficiency in the tools. To meet this 

demand, web-based workflow management systems like Galaxy[1] have become the industry 

standard. These general-purpose platforms have successfully opened the world of bioinformatics 

to everybody by providing a graphical interface for tools across various domains.  

However, the one-platform-for-everything approach of these systems introduces significant 

complexities for specialized tasks like genome assembly. Since they are designed to support 

every pipeline, they place the burden of orchestration entirely on the user. Researchers often need 

to manage a tool salad, a confusing set of software options that must be manually selected, 

configured, and wired together. The lack of specialization requires users to have deep domain 

expertise to avoid compatibility errors. Furthermore, these platforms often operate as black boxes 

and can’t provide transparency about the computational cost and duration of a job before 

execution, which leads to inefficient time management and budget uncertainty for the users. 

CASSIE addresses these critical gaps by moving the paradigm from a general-purpose 

workbench to a specialized, automated workflow manager for genome assembly. Unlike the 

traditional systems that require manual pipeline construction, CASSIE changes this by utilizing a 

goal-oriented interface where users can define their biological objectives. As CASSIE is based 

on a cloud-native architecture built on Docker and Nextflow, it automates pipelines including 

quality control, assembly, assembly analysis, and annotation while ensuring full reproducibility. 

Uniquely, it introduces a new time and price estimation step before the workflow execution, 

which makes the genome assembly pipeline more accessible and predictable. 

CASSIE’s infrastructure is designed to operate on a scalable cloud architecture. The system is 

intended to be deployed on a real cloud platform, utilizing scalable compute, storage, and 

orchestration services. By abstracting infrastructure and resource management from the end user, 

CASSIE allows researchers to focus directly on scientific analysis rather than computational 

complexity. 
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3.​ Proposed Software Architecture 

3.1 Overview 

Cassie is a cloud-native bioinformatics platform designed to automate, standardize, and simplify 

genome assembly and annotation execution workflows for researchers. It is proposed to solve the 

needs of the growing complexity of modern genomic analysis pipelines, which require users to 

manually install, configure, and orchestrate multiple command-line tools, manage computational 

resources, and ensure reproducibility across their experiments. These manual tasks are 

time-consuming, error-prone, and make it much harder for researchers who want to focus on 

biological inference rather than software tools infrastructure management. 

The primary objective of CASSIE is to provide an integrated environment to its users, where 

sequencing data can be uploaded, and complex bioinformatic workflows can be executed 

through a unified interface. CASSIE supports common genomic data formats, and the system is 

designed to handle large datasets generated by next-gen sequencing technologies. Abstracting 

away low-level operational details allows CASSIE to help initiate analyses without requiring 

extensive knowledge of cluster management, containerization, or workflow engines for the users. 

The proposed system is an automated workflow orchestration mechanism that coordinates 

genome assembly, quality control, and annotation tasks. Workflows are executed using 

industry-standard bioinformatics tools that are packaged and managed in a reproducible manner. 

CASSIE does not provide any novel assembly or annotation algorithms. It is basically a system 

for building and executing bioinformatics pipelines. With this approach, it tries to keep the 

scientific validity intact while trying to reduce setup complexity and execution errors for the 

users. 

3.2 Subsystem decomposition 

The system utilizes Docker to encapsulate the bioinformatics tools and their dependencies. 

Workflows are handled by a workflow engine, Nextflow, enabling consistent execution across 

different environments. CASSIE is designed to execute workflows at scale in a cloud 

environment using Kubernetes. By separating workflow definitions and execution environments, 

CASSIE aims to enhance portability and reproducibility.  
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CASSIE is a web-based platform. Users can interact with the system through a browser interface 

to upload data, configure workflows, monitor execution progress, and retrieve their results. The 

backend services, implemented primarily using Python, coordinate communication between the 

user interface, workflow manager, container orchestrator, authentication manager, and cloud 

manager. This architecture is suitable for concurrent use of multiple users while maintaining 

isolation between individual workflow executions. 

3.2.1 Dynamic User Interface 

CASSIE is a web-based platform. Users can interact with the system through a browser interface 

to upload data, configure workflows, monitor execution progress, and retrieve their results.  It 

provides a workflow-building interface that allows users to create complex workflows with ease. 

It also allows users to access readable workflow results, workflow logs, and error messages 

through the interface without downloading them. 

3.2.2 Container Orchestrator 

CASSIE uses Kubernetes as its container orchestrator. It orchestrates the workflow execution, 

manages computational resources, and provides isolation through namespaces and pods. It 

automatically creates and destroys Docker containers of genomic tools, which are created from 

their Docker images, as needed. The Kubernetes cluster provides horizontal scalability by adding 

new nodes when system load increases. One of the most important functionalities Kubernetes 

provides is namespace isolation, which prevents both over-usage of resources by a user and 

possible data leaks. 

3.2.3 Workflow Manager 

CASSIE handles workflows using a workflow engine, Nextflow, enabling consistent execution 

across different environments. It automates pipelines, including quality control, assembly, 

assembly analysis, and annotation, while ensuring full reproducibility. It decides the execution 

order and whether to execute multiple tools at once, and if it will, which ones to execute 

automatically by checking the data and resource requirements of each tool in the pipeline. 
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3.2.4 Cloud Manager 

CASSIE is a cloud-based website. AWS will be used as the cloud architecture service of the 

project, which will provide scalable compute (EC2) and storage (S3) resources. All other 

systems will work in the cloud subsystem. It manages the interaction between the other 

subsystems of CASSIE and the cloud infrastructure. It distributes compute resources for 

workflow executions, manages data storage operations, and ensures that workflows are executed 

appropriately. It also coordinates resource allocation, instance selection, and communication with 

the Kubernetes cluster running on the cloud infrastructure. 

3.2.5 Authentication Manager 

Considering the privacy-sensitive nature of genomic data, security and data protection are very 

crucial for CASSIE. Therefore, it includes access control mechanisms to ensure that users can 

only view and manage their own data. The Authentication Manager handles user authentication, 

session validation, and authorization to ensure secure access to the CASSIE components. 

3.3 Persistent Data Management  

CASSIE is designed to process large genomic datasets that must be stored reliably and accessed 

by different subsystems during workflow execution. Persistent data management is therefore a 

critical component of the system architecture. CASSIE uses a database (PostgreSQL for 

permanent/long-term data, while it utilizes object storage (S3 buckets) during workflow 

executions.  

3.3.1 Database (PostgreSQL) 

CASSIE uses a PostgreSQL database for user accounts and authentication information, workflow 

configurations, workflow execution metadata, references to stored datasets, job status, logs, and 

community workflow metadata. It allows efficient querying and management of system 

information. 

3.3.2 Object Storage (S3 Bucket) 

CASSIE uses S3 buckets as object storage. Genomic data, workflow outputs, and intermediate 

results are stored using S3 object storage. S3 provides scalable and durable storage that can 
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handle the large file sizes typical for genomic data. Each user is assigned an isolated storage 

space to ensure data privacy and prevent access to other users’ private datasets. Uploaded 

datasets are accessed during workflow executions, and the results of these workflows are stored 

there as well. 

3.4 Access Control and Security  

Considering the privacy-sensitive nature of genomic data, CASSIE incorporates access control 

systems and security mechanisms to protect user data, computational resources, and workflow 

executions.  

3.4.1 User Authentication 

CASSIE requires all users to authenticate before accessing the system. User authentication is 

handled in the backend services using JSON Web Tokens (JWT). When a user successfully logs 

into the platform, the authentication service generates a JWT with the user’s identity data and 

authorization information. This token then gets used when the user makes an API call. The 

backend validates the token for each request, ensuring that only authenticated users can access 

system services. CASSIE also encodes the user passwords to prevent liabilities in the case of a 

database breach and provides two-factor authentication to achieve higher security. 

3.4.2 Data Isolation 

Workflow executions are isolated using Kubernetes namespaces. Each workflow execution is 

assigned to its own namespace, ensuring that compute resources, intermediate files, and 

workflow results remain private. 

3.4.3 File Control 

Uploaded data is checked before workflow executions according to the pipeline’s file 

requirements, and only if all required files are satisfied, the workflow is executed. Temporary 

execution data and intermediate files are removed after workflow completion to minimize 

unnecessary data exposure. 
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4.​ Subsystem Services 

 

Fig. 1: Class Diagram of the CASSIE System 
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Fig 2: Subsystem Diagram of the CASSIE System 
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4.1 Dynamic User Interface  

The Dynamic User Interface subsystem provides the interaction layer between users and the 

CASSIE platform. It enables users to configure workflows, upload datasets, monitor execution 

progress, and access analysis results. The subsystem is implemented through interface 

components and controller classes responsible for handling user requests (communicating with 

the backend). 

4.1.1 User Interaction Service 

This subsystem allows users to interact with the platform through a web interface. These services 

allow users to configure workflows, manage datasets, start various tasks, and interact with other 

users.  

4.1.2 Workflow Configuration Service 

Users can create and modify workflows through the interface. The subsystem collects workflow 

parameters and configuration details and forwards them to the Workflow Manager subsystem. It 

also shows the error messages (if any exist) that were received from the Workflow Manager in 

case of a parameter mismatch. 

4.1.3 Execution Monitoring Service 

This subsystem retrieves workflow execution status, logs, and results from the Workflow 

Manager and presents them to users in a readable format. It also shows which tools are currently 

executing in their workflow session. 

4.1.4 Dataset Management Services 

The interface supports dataset upload and download operations. Data transfers are coordinated 

with the Cloud Manager subsystem. The Dynamic User Interface subsystem utilizes the 

Authentication Manager to verify user access permissions before allowing any workflow or data 

operations. 

10 



4.2 Container Orchestrator 

The Container Orchestrator subsystem manages the execution of genomic tools inside 

containerized environments. In CASSIE, this functionality is implemented using Kubernetes to 

deploy and control containerized applications. 

4.2.1 Container Deployment Service 

This subsystem launches containers of the required bioinformatics tools. Containers get their 

image instances from the already existing Docker images of genomic tools in the system, which 

are built during server initialization. Genomic tool images are built using publicly available 

links. Each workflow step is executed inside an isolated container environment. 

4.2.2 Resource Allocation Services 

Maximum computational resources, such as the number of available CPU cores and the amount 

of available memory, are allocated for each job. This service also allocates an appropriate 

number of CPU cores and amount of memory for each workflow step according to the maximum 

computational resources. This ensures efficient use of system resources and prevents resource 

use conflicts between workflows. 

4.2.3 Execution Monitoring Service 

This subsystem monitors the lifecycle of running containers and reports execution status to the 

Workflow Manager subsystem. So that the Workflow Manager Subsystem can redirect the 

current workflow status to the Execution Monitoring Services in the Dynamic User Interface 

Subsystem. 

4.2.4 Execution Isolation Service 

Different users' workflows are executed in separate, isolated containers, ensuring security and 

preventing interference between workflows. 

11 



4.3 Workflow Manager 

This subsystem is responsible for handling workflows using Nextflow, which provides consistent 

executions across different environments. While ensuring full reproducibility, it automates 

complex pipelines, from quality control to assembly, analysis, and annotation. 

4.3.1 Pipeline Definition Service 

This service defines workflows and manages the dependencies required for biological analyses. 

To establish a compatible pipeline between Workflow Configuration Services of the Dynamic 

User Interface Subsystem and the Workflow Manager Subsystem, it supports a workflow 

creation system that utilizes text-based inputs. It also evaluates the inputs and connections that 

are defined in workflows and reports any conflicts to the Dynamic User Interface Subsystem. 

4.3.2 Execution Service 

This subsystem triggers the workflow execution. To ensure a responsive user interface, tasks are 

executed asynchronously in the background. It receives workflow configuration details from the 

Pipeline Definition Services. It securely uploads required input files from the user into the 

execution environment. 

4.3.3 Tracking Services 

This subsystem tracks the status of workflows. After a successful completion of a workflow, it 

locates the result directory, gathers the generated outputs, and pushes them to the object storage. 

It provides access links to download workflow results to the Execution Monitoring Service of the 

Dynamic User Interface Subsystem. 

4.4 Cloud Manager 

This subsystem manages the interactions between the other CASSIE subsystems and the cloud 

infrastructure on which it runs. The Cloud Manager Subsystem is designed to be compatible with 

AWS and related cloud solutions. 
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4.4.1 Object Storage Service 

This subsystem is responsible for managing secure object storage. Each workflow will be 

assigned to an isolated storage subunit, which will be used to temporarily store 

input/output/intermediate files.  

4.4.2 Data Transfer Service 

This subsystem is responsible for handling the data transfers between the other CASSIE 

subsystems and the cloud storage services.  

4.4.3 Resource Provisioning Service 

This subsystem manages the cloud resources. When a workflow step is ready to execute, the 

service ensures that appropriate compute resources are available and that the task can be 

scheduled within the cluster.  

4.4.4 Cost Tracking and Estimation Service 

This subsystem will track and estimate compute costs. Workflows will be evaluated before 

execution to give predictions on time and execution costs. It will monitor available resources to 

determine the final cost. It will also recommend a machine instance according to its estimations. 

4.5 Authentication Manager 

This subsystem is responsible for handling authentication-related issues in the system. It 

manages user-access protocols, password/MFA actions, and user roles. It grants secure access to 

and control of privacy-sensitive genomic data. 

4.5.1 Authentication Service 

This subsystem verifies and registers user credentials in compliance with the existing user data. 

It encrypts sensitive personal data using novel methods and implements Multifactor 

Authentication to ensure personal access security via email services.  

4.5.2 Authorization Service 

This subsystem organizes in-system user-roles and their access limits. Each user is given a 

unique access token in each session by the Session Management Service, which is then used to 

determine user permissions whenever a request is sent from the Dynamic User Interface 
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Subsystem. The Authorization Service manages the access token-related interactions between the 

Dynamic User Interface and the Session Management Service. 

4.5.3 Session Management Service 

This subsystem generates unique access tokens whenever a user logs in, which are valid for a 

predetermined amount of time. These tokens are used to provide a continuous experience 

between different pages of the website until they expire. They are also used by the Authorization 

Service to decide user roles. 
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5.​ Test Cases 
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6.​ Consideration of Various Factors in Engineering Design 

6.1 Constraints 

During the development of CASSIE, various subjects affecting the public are considered, and 

each one is given a priority level between 1 (lowest) and 10 (highest), indicating the effects of 

CASSIE on that particular consideration. 

Public Health Considerations - Priority 3 

CASSIE does not directly affect public health outcomes as it is proposed solely as a tool to 

support researchers in analyzing their data effectively and efficiently. Any scientific 

decision-making is left up to the researchers. 

Public Safety Considerations - Priority 6 

CASSIE’s public safety considerations are addressed through design choices covering the secure 

execution of computational workflows and prevention of malicious or unintended system 

behaviour. Since CASSIE is a system that enables users to execute complex pipelines, safety 

measures regarding resources, unauthorized access, or execution of unsafe code must be 

implemented. The platform provides isolation between workflow executions, controlled access to 

computational resources, and strict permission boundaries to reduce the risk of system misuse. 

Public Welfare Considerations - Priority 5 

Public welfare is addressed through equitable and responsible access to computational resources. 

CASSIE is designed to support scientific research by simplifying individual software 

infrastructure work performed by researchers. The system imposes constraints on resource usage 

and execution scheduling to prevent a small number of users from establishing monopolies over 

the platform and disrupting the shared infrastructure. Thereby, CASSIE ensures fair access and 

maintains service availability for all users. 

Global Considerations - Priority 7 

Global considerations are limited, as CASSIE is designed to be used for educational or research 

purposes and does not impose the use of unfamiliar or poorly established tools in the analysis 

process.  
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Cultural Considerations - Priority 2 

Cultural considerations are minimal for CASSIE, as the platform provides technical 

functionality. There exists no visible risk of any kind of cultural violations, as the system does 

not include any culturally sensitive content. 

Social Considerations - Priority 4 

Social interactions are only possible via the community page, and constraints and monitoring are 

required to prevent any plagiarism, misleading workflow information, manipulation in the 

popularity metrics, and the language used in the workflow details. CASSIE has a dedicated 

reporting system and communication channels to prevent any kind of misconduct. 

Environmental Considerations - Priority 5 

Environmental considerations are addressed through efficient use of computational resources. 

Introducing time and cost estimation helps prevent unnecessary use of computation units and 

helps reduce the energy consumption during executions. 

Economic Considerations - Priority 7 

Economic constraints are addressed by time and cost estimations. The proposed estimation 

functionalities help users to estimate the cost of execution beforehand. Also, different pricing 

based on different instance classes encourages users to select more cost-efficient options, which 

reduces redundant computation of the system. Therefore, lower operational costs for both the 

user and the system can be achieved. 
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6.2 Standards  

During CASSIE’s development, both software engineering standards and bioinformatics-specific 
data format standards are considered to achieve a robust and transparent system. These standards 
ensure sustainability, reproducibility, and compatibility with different platforms.  
Software and Engineering Standards: 

●​ IEEE 830 – Software Requirements Specification Standard:​

Principles of this standard are taken into account within the requirements section of the 

project documentation [2]. 

●​ UML 2.5.1 – Modeling Standards:​

UML guidelines are adopted for any diagrams utilized as needed (class diagrams, 

component diagrams, etc.) [3]. 

●​ OCI (Open Container Initiative) Standards:​

Creation, portability, and execution of Docker containers are performed in compliance 

with OCI standards [4], [5]. 

●​ Kubernetes API ve Configuration Standards:​

Component definitions such as Pod, Deployment, Namespace, and Resource quota are 

configured in compliance with official Kubernetes API conventions [6]. 

●​ Nextflow DSL2 Standard:​

Nextflow’s DSL2 syntax is used to make sure the workflow is defined in a modular, 

reusable, and transparent structure [7], [8]. 

Bioinformatic Data Format Standards: 

Widely accepted data formats are integrated into CASSIE. By providing compatibility with the 

following data formats, it is ensured that data flow within different tools without any problems. 

●​ FASTQ: Stores raw character data produced by the sequencer along with confidence 

values for each character [9]. 

●​ FASTA: Stores raw character data produced by the sequencer [10]. 

●​ GFA (Graphical Fragment Assembly): A graph format where nodes represent sequence 

fragments and edges represent connections between them [11]. 
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●​ GFF3 / GTF: Standard format used to store annotation data. Standard format used to 

store annotation data [12], [13]. 

●​ BAM / CRAM / SAM: Log-like formats showing where each read maps onto a reference 

sequence; BAM/CRAM are compressed versions of SAM [14], [15]. 

●​ BED: A simple tabular interval format specifying start–end positions of regions on a long 

sequence [16]. 

Compliance with these standards allows CASSIE to work in full compatibility with both modern 

cloud-based infrastructures and the existing tools and data structures within the bioinformatics 

ecosystem. 

7.​ Teamwork Details 

To ensure an inclusive, creative, and collaborative development environment, our team has 

established rules for task management, healthy communication, and shared leadership. 

Collaboration and Management Tools 

Use of top-notch tools to track individual contributions and ensure easy collaboration: 

●​ GitHub: Used for source code management. Every feature’s test is performed on separate 

branches and merged with pull requests. This ensures code changes, additions, and 

deletions are visible, traceable, and can be reviewed by other team members before 

merging. 

●​ Jira: We use a board to break down work into tasks that are more manageable. This helps 

us to visualize the project status and helps to see if a team member is overloaded or left 

without a task. 

7.1 Contributing and Functioning Effectively on the Team   

Ege Şirvan contributed mainly to backend development and system integration tasks. He focused 

on the communication between different subsystems and designed the overall system 

architecture. He also selected and configured the genomic tools. 

Eren Aslan contributed to the implementation of the cloud-side of the project and container 

orchestration. He worked on integrating Docker-based tools and Kubernetes orchestration into 
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the platform. He worked on the workflow orchestration logic and integration between the 

workflow manager and the cloud infrastructure. 

Arda Kırcı contributed to the backend development and system architecture design of the project. 

He participated in system design decisions and helped improve workflow execution 

management. He also contributed to documentation and design discussions. 

Emre Can Yoloğlu mainly worked on the user interface of the project. He focused on building an 

interface that simplifies complex bioinformatics operations for the average user. In addition to UI 

implementation, he also contributed to debugging, testing, and integration tasks to ensure 

communication between the frontend and backend services. 

Osman Baktır contributed to documentation tasks. He also contributed to writing the reports and 

ensuring that the project documentation accurately reflects the implemented system. 

7.2 Helping to Create a Collaborative and Inclusive Environment 

To maintain a collaborative and inclusive environment, Ege Şirvan is actively involved in 

communication channels, including the team’s messaging group and regular meetings. He 

ensured everyone was informed about the project's progress and scheduled meetings as needed. 

Eren Aslan maintained active communication with the team through meetings and online 

messaging platforms. He regularly shared updates about the development progress and regularly 

discussed the workflow and cluster structure so that every team member could contribute to 

them. 

Arda Kırcı supported the collaborative environment by actively participating in both online and 

in-person meetings. He also provided his ideas on various technical problems. 

Emre Can Yoloğlu contributed to maintaining a positive and inclusive team atmosphere by 

openly sharing ideas and participating in brainstorming sessions. He also helped other team 

members when technical challenges arose during tool integration or workflow configuration. 

Osman Baktır contributed to team collaboration by supporting task coordination. He participated 

in discussions regarding task assignments and helped maintain a cooperative and respectful 

working environment. 
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7.3 Taking Lead Role and Sharing Leadership on the Team  

Throughout the project, leadership responsibilities were shared among the team members 

depending on the tasks. Different members took the lead in areas where they had more 

experience and were responsible for resulting in a balanced workload for each member. 

Ege Şirvan took the lead role in designing the overall software architecture and 

selection/implementation of genomic tools. 

Eren Aslan assumed the leading role in the cloud-side infrastructure of the project. He led the 

implementation of container orchestration mechanisms and coordinated the integration of 

Docker-based genomic tools with Kubernetes-based workflow execution. 

Arda Kırcı took a leading role in backend development and workflow execution management. 

He also contributed to improving workflow execution logic. 

Emre Can Yoloğlu took the leading role in the development of the user interface. He coordinated 

the design and implementation of frontend components and ensured that the interface allowed 

users to easily configure workflows, upload data, and monitor execution results. 

Osman Baktır assumed a leading role in the documentation of the project. He coordinated 

documentation tasks and ensured that the content of the project reports reflected the real system 

architecture, design decisions, and development progress. 
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