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Problem

Many Biomedical Researchers today struggle to find critical
patterns in genomic data indicative of life-threatening
conditions like cancer. Genomic data are both plenteous
and intricate; the calculations modern researchers perform
are best handled by tailor-made programs with simple,
intuitive, and clear interfaces.

We are developing a sophisticated web framework that can
perform calculations on genomes automatically, thus
automating the complicated tasks that are usually done by
hand and allowing researchers to find breakthroughs faster.
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Current System

GenomePro 3.0 offers a new, streamlined interface for
submitting jobs. Users are now able to intuitively queue
multiple jobs at the same time. These jobs are picked up in
batches every minute and processed using Linux/Unix
CRON (easily converted into distributed systems in later
versions). Preparations have also begun for the
development of a social-media-like community by tracking
users' usage statistics and redesigning users' profile pages
(which now include a description section as well as a job
history table).

System Design (MVC)

Object Design

Requirements

* Prepare profiles for eventual social-media integration
* C Program: File Validator

* Tool: Genome Signatures

* Tool: Unigue Sequences

* Tool: Genome Probes

* Tool: Extract Sequences

* Tool: Sort Sequences

* Tool: Create Maps

* Tool: Generate Charts

* Tool: Upload Files

* FTP results with encryption

* Save results securely
 Parallel multiple job submission

MVC System Design for GenomePro

«Model»
user.php

+db

+__construct(): db
+uploadAvatarToDatabase($avatar): boolean
+getFTPByUsername($username): string
+getProfile(): string
+registerConfirm($serial): string
+registerCreate($data): boolean
+login($username, $password): int
+checkEmailExists($email): boolean

+setUserData($row)
+logout()
«Controller» «Controller» «Controller»
register.php profile.php log_out.php
+serial: string +name: string
+username: string +result: image tuser():
+credentials: string +profile: string +redirect(string) _
+data: array pro— +redirect(string, string, string)
+field_array: array .
+user():
+createFTP($username, $credentials)
+redirect(string, string, string)
+user():
+validator():

«Controller» «Controller»
system_helper.php mailer.php

+uploadAvatarToServer($form_Name)
+uploadFileToServer($form_Name)
+redirect($page, $message, $messageType) [@—]
+displayMessage()

+isLoggedIn()

+sendEmail(string, sring, string, string, string)
+crypt_aprl_md5($plainpasswd)
+createFTP($username, $credentials)

+PHPMailerAutoload($classname)

Implementation

All programs that perform calculations on genomes to
produce results are implemented in ANSI C. Using our web
system, the user can submit multiple jobs on multiple files.
Every minute, new jobs are selected from the database and
are processed by their respective ANSI C programs through
the use of PHP scripts. Adding new jobs to the database
after a user has submitted them are also procedures done
in PHP.
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«Model» «Model» «Model»
user.php database.php job.php

+db -$host +db

+__construct(): db
+uploadAvatarToDatabase($avatar): boolean
+getFTPByUsername($username): string

GenomePro

Home About Contact Profile Tools Charts FTP Logout

Logged in as: dgonz293

Submit a Job

[Repeatea sequences DNA files:

Genome Probes 201602011319_fasta.txt

Unique Sequences SORTED:

E,’_(E?ﬁt. E_sxt_é_/f?stq 201602011319 _fasta.txt.sorted © Extract

Extract & Sort
Extract, Sort & Map

Upload Files To Your Account

Choose File No file chosen

Clear Upload

GenomePro

Home About Contact Profile Tools Charts FTP Logout
Logged in as: dgonz293

Welcome

Daniel Gonzalez

Update Your Profile

Choose File | No file chosen

Update

Member Since: 01-31-2016

Jobs Submitted: 15

Pending Jobs

You have no pending jobs. You can view your most recently completed jobs below.

Job History

Tip: click on any JOB ID to View Results | click on any header for sorting

JOBID DESCRIPTION DATE TIME

369 Repeated Sequences 04-19-2016 5:54 PM

368 Repeated Sequences 04-19-2016 5:54 PM
367 Unique Sequences 04-19-2016 5:21 PM
337 Repeated Sequences 03-07-2016 3:55 PM
336 Sort Sequences 02-28-2016 11:25 PM
335 Sort Sequences 02-28-2016 10:51 PM
334 Unique Sequences 02-28-2016 3:28 AM
330 Repeated Sequences 02-14-2016 10:14 PM
329 Sort Sequences 02-12-2016 1:36 AM
328 Sort Sequences 02-12-2016 1:36 AM
327 Repeated Sequences 02-12-2016 1:35 AM
326 Repeated Sequences 02-12-2016 1:34 AM
321 Generate Maps 02-01-2016 1:29 PM
318 Sort Sequences 02-01-2016 1:27 PM

Clear Job History

+getProfile(): string

-Suser
-pass
-dbName
-dbh
-error

+__construct(): db
+submitJobMultiple($files, $tool_id): int
+submitJobSingle($file_id, $tool_id): int
+getAllJobsPending(): string

+reg?sterConfirm($serial): string <> -stmt @ t9etAllJobs(): str_ing
+registerCreate($data): boolean +getJobCount(): int
+login($username, $password): int +__construct()

+checkEmailExists($email): boolean +query($query)

+setUserData($row) +bind($param, $value, $type = null)

+logout() +resultset(): stmt

+execute(): stmt
+single(): stmt
+rowCount(): stmt

+lastinsertld(): stmt
«Model»

«Model» flle.php

tools.php +db

+db +__construct(): db

+getAllFiles(): string
+getNameByID($file_id): string
+OperatiouploadFileToDatabase($name): boolean

+__construct(): db
+checkType(string): string
+getAllTools(): string
+getNameByID(string): string

Client Tier

Web Browser

][]

Chrome Firefox

+HTTPS

Web Tier

Models

?
=
%

Controllers

+PORT 8080

+QUERIES

System Tier

Verification

Unit, integration, and validation testing was done to
make sure all the elements of GenomePro 2.0 worked as
intended. Extensive manual unit testing was done to make
sure all aspects of the system, including the ANSI C
programs behind the tools, worked by themselves.
Integration testing was then done manually by ensuring
that no functionality was lost or corrupted as a result of
adding a new feature, such as multiple file submission.

Both malicious and ordinary users were tested, making
sure the system was (and is) resilient against SQL injection,
Cross-Site Scripting, uploading malicious files, etc.

Once we validated the functionality of the new Tools page,
we looked at the system as a whole and performed
validation testing to make sure all previous performance
and functionality was still in tact. We benchmarked the
performance of all of the tools on the Tools page, the
charts on the Charts page, and the general loading times of
the pages on the site. Comparing the times to previous
benchmarks from GenomePro 2.0, we confirmed
GenomePro 3.0 was still reliable and efficient. GenomePro
understands that its audience is Biomedical Researchers,
performing critical calculations, who want their results
quickly and efficiently; the emphasis placed on validation is
well-deserved.
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Summary

GenomePro 3.0 is a sophisticated web service that hopes to
be as useful to a Biomedical Researcher as a scientific
calculator is to a mathematician. It provides the efficiency
and accessibility that is so critical to biomedical research
applications today. With features including visualization,
chart generation, and a responsive job history, Biomedical
Researchers can see exactly where repeats in their genomic
data happen, comparing different sequences of DNA, RNA,
and proteid data side-by-side. An FTP interface allows for
and facilitates the storage and retrieval of all resultant files.

With GenomePro 3.0, our team hopes that Biomedical
Researchers make more exciting breakthroughs to help find
cures for many diseases affecting the world today, using
our very secure and intuitive software as an assistant to get
there. We hope that GenomePro 4.0 implements and
extends social-interaction functionality so that researchers
can more easily review and share results with their peers,
thus pushing the boundaries of scientific and medical
knowledge.
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