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MetaOmGraph
a workbench for interactive exploratory data analysis of large expression datasets

B file Edit Tools Window Help MetaOmGraph - AT-Mutation-242-656-GCMS.mog (656 samples); 242 features

[&] Project Data

Feature Metadata  Sample Metadata Tree  Sample Metadata Table

4 Plot [ Statistical analysis (g RunR [3] Filter: pression filter Advance filter
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Updating and Improving
MetaOmGraph (MOG)

Main goals
Java Upgrade

Ove rVieW Limma Analysis
Filter Improvements
Logging and Playback
Quality of Life Improvements
Performance Improvements

Increasing Test Coverage




Technologies Used
Development

Java 1l

Maven Framework
Standj; Log4j
Javascript

Swing

Renjin (R in JVM)

Project Management

Notion
When2Meet
GitLab Issues
Discord
Webex

Google Sheets/Docs




Requirements tracking

#= Task = WorkSize = Client'sRank = Status = Assignments = Comments
PARTIALLY COMPLETE ~ Fahmi, Austin
PARTIALLY COMPLETE - Adam
PARTIALLY COMPLETE ~ Adam

5 Done - Adam

5 Done ~ Austin, Fahmi
5 Done ~ Austin, Kamsi
5 Done -~ Austin

5 Done -~ Austin

5 Done ~ Kamsi

5 Done h i

o)

3 Limma Analysis
11 Enhancements to HeatMap
9 Identifying and Fixing Perf bottlenecks
18 Launcher (set diff memory profiles)
1 MOG latest version of Java
Filter Genes
Complex AND and OR queries
Extend Logging.Playback
Add Violin Plot to MOG
Display MOG cpu meory usage in taskbar
Add an option to add mean/median of values (Gene filter)
Setting up CI/CD
Docker build process
Package/bundle app frontend into standard OS executable format
Add help using animations, gifs
Extend MOG as general plotting
Add unit testing
Enable hypothesis testing in boxplot charts

5Done
5 Done 5 Done

|S0one 0 UNASSIGNED
5Done
1TODO

2 I3 Next Up
3 % Just Started

Web Framework 4 % In Progress

Auto fetch standard gene metadata for organisms
Add set/unset plots to MOG

0 PAUSED

O O 0 O 0 O K W WE WEKE U u u N WD WW

5 Done

Figure 2 5 Done




Development Practices

e Agile workflow

e Assigning time estimates to tasks

e Tracking known issues from discovery to resolution
e Pairing and Mobbing Sessions

e Cross-Platform Testing




Development Challenges

Problems

1. Difficult toreach client for
the first few weeks

2. Confusing project goals
a. Web or desktop?

b. Unclear specifications

Solutions

% Scheduled weekly meetings

*

early in the semester

Meet frequently to discuss
thoughts with client,
professor, and team




Development Challenges

Other Slowdowns

1.

Large existing codebase

2. Technical debt

3.

Existing technology

How we handled them

% Stan4j/Code Coverage
Tools

% Learning how to use their
technology




Development Challenges

Bugs How we handled them
e Started appearing as we %  Working with our client
used MOG more who knew the code better
e Foundinour code,and

theirs * Debugging in IntelliJ

e Troubleshooting was
sometimes difficult




Current Status




Progress

Advanced Filter

% Searching data using a complex query comprised of AND and OR
operations in CNF form

< Dynamically display query
« Refactor code to be much more modular

Gene Expression Filter Mean Expression Filter

7

% Searching metadata for % Searching metadatafor a
minimum expression value mean value within arange




Filter Changes and Additions

Metadata Search

[ NON |
Match all of the following Match any of the following
(arginine spearman correlation contains 955 or Any Field contains 7455) and Any Field contains 1.0000
db arginine spearman correlation » | contains v 955 OR v Match case
Any Field v | contains v | 7455 AND v Match case
Any Field Vv | contains v 1.0000 Match case
r P
[ XeK ) Expression Filter | NON ] Expression Filter
(® by Minimum Expression by Mean Expression Range

Minimum Expression Value:

Figure 3

Number of Samples with Min Expression:

Min Total Expression Count (Optional):

Filter Cancel

_—— — — — —

by Minimum Expression (@) by Mean Expression Range
Minimum Expression Value:

Maximum Expression Value:

Filter Cancel




Progress

Extending MOG Logging

\/
0’0

7/
L X4

MOG logs every action a
user takes

As we added features, we
also needed to log those

Certain pre-existing
features were not being
logged at all

Extending MOG
Playback

Using MOGs logging users
canrecreate a graph using
the original data

Mostly expanding to cover
different kinds of charts




Logging and Playback

Current Session

lall open-project [ AT-Mutation-242-656-GCMS |
Ll|| new-differential-correlation

[3-amino-piperidin-2-one]
L.][ line-chart [3-amino-piperidin-2-one]

Figure 4

Parameter

Comments

Data Transform...

Selected List
Chart Title

Selected row co...

Value

NONE
Complete List

7
3-amino-piperidi
n-2-one
4-aminobutyric
acid
alpha-linolenic
acid
alpha-tocopherol
arginine
beta-alanine
citric acid




Progress

Java Upgrade

< Client wanted to move
from Java 8 to newer
versions

% Removing MacOS specific
code and updating
dependencies

Test Suite

Generated reports using
structural analysis tools
and code coverage tools

Created a testing plan
based on analysis and
coverage




Progress

Heatmap Improvements

% Implemented zoom options
for Heatmap
% Added dependencies which

improve performance

Launcher Abstraction

Seperate Java program
which wraps MOG jar

Use a facade as a normal
executable versus Java
applet

Checks Java version and
prompts user to update




Progress

Docker Build Pipeline

% Bundle MOGwithJava 11in
Docker image with R

% User does not have to worry
about requirements other than
running Docker

% Rneedstohave EdgeR installed
too, can be easily done in
Docker

@ INFO: Attempting to download library...

4 OKAY: Extracting as zip! /opt/mog/src/lib/12fprod-common-all.jar
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MetaOmGraph (on 17d32aabba72)

Tools Window Help 2 Playback nvim /home /johnny/Repositories /3032_3_sd6_mog

mkdir ./scripts
./pom.xml
mvn dependenc

Welcome to MetaOmGraph 1.8.2beta4 (on 17d32aabba72) @ INFO: Processing 12fprod-common library

--2021-11-04 23:38:23-- http://www.Jjava2s.com/Code/JarDownload/12fprod/12fprod-common-all.jar.zip

|_| Create a New Project EOpen an Existing Project Resolving www.java2s.com (www.Jjava2s.com)... 52.217.79.83

From a delimited text file No recent projects found Connecting to www.java2s.com (www.3java2s.com)|52.217.79.83|:80... connected.
[& Open another project HTTP request sent, awaiting response... 200 OK

@ Get Information B Sample MOG project- A. thaliana MetaklLength: 399287 (39@K) [application/zip]

Saving to: ‘/opt/mog/src/lib/12fprod-common-all.jar’

Quick Start Guide [& Sample MOG project- A. thaliana Microi
Overview [ Sample MOG project- Human Cancer B T e L e R T T 122 684K @s
7 e Sl SR e v s ey RsNa eN EA Se Ok GdONE S A as s e 257 1.31M @s
Bfoxcmesomeran g (I I e e 387 10.4M 0s
.................................................. 517 1.53M 0@s
.................................................. 647 10.2M Os
.................................................. 767 11.8M 0s
.................................................. 89% 11.4M Os
....................................... 1007 1.68M=0.2s

B [ERROR] The specified file '/opt/mog/src/lib/12fprod-common-all.jar' not exists
3 plugins:maven-install-plugin:2.4:install-file (default-cli) on prc
A AR Cannot connect to X11 display server
. - - g g z 2 ; i e b, re-run Maven with the -e switch.
The root user is not permitted to connect to the X11 display server. e full debug logging.
As a result, Docker is conversely not permitted to use X11 unless you authorise this hotfix.
 possible solutions, please read the following articles:

Permit root user to connect to X11? [Y/n] ~C& ce/display/MAVEN/MojoFailureException

Figure 6



‘1 WARN: Cannot connect to X11 display server!

root user is not permitted to conne to the X11 display s

a result, Docker is conversely not permitted to use X11 unless you authorise this hotfix.

Permit root user to connect to X11? [Y/n] ~C

@ INFO: Processing l2fprod-common library...
--2021-11-04 23:38:23-- http://www.Jjava2s.com/Code/JarDownload/12fprod/12fprod-common-all.jar.zip

Resolving www.java2s.com (www.Jjava2s.com)... 52.217.79.83
Connecting to www.java2s.com (www.3java2s.com)|52.217.79.83|:80... connected.
HTTP request sent, awaiting response... 200 0K

Length: 399287 (390K) [application/zip]
Saving to: ‘/opt/mog/src/lib/12fprod-common-all.jar’

684K 0s
% 1.31M @s
% 10.4M 0s
% 1.53M @s
% 10.2M @s
% 11.8M @s
.......... 897 11.4M ©Os
1007 1.68M=0.2s

2021-11-04 23:38:23 (2.08 MB/s) - ‘/opt/mog/src/lib/12fprod-common-all.jar’ saved [399287/399287]

[ERROR] The specified file '/opt/mog/src/lib/12fprod-common-all.jar' not exists

[ERROR] Failed to execute goal org.apache.maven.plugins:maven-install-plugin:2.4:install-file (default-cli) on prd
1p 1]

[ERROR]

[ERROR] To see the full stack trace of the errors, re-run Maven with the -e switch.

[ERROR] Re-run Maven using the -X switch to enable full debug logging.

[ERROR]

[ERROR] For more information about the errors and possible solutions, please read the following articles:

[ERROR] [Help 1] http://cwiki.apache.org/confluence/display/MAVEN/MojoFailureException

Figure 7



Progress
CI/CD Target Builds

< Automate building and testing after every push.

R/
°%

Bundle, build, and push to upstream ClI to generate Debian packages, MSI
installer, etc.

«  Easy future work for features like code-signing and content delivery.

e — At

[I] johnny@velocity ~/R/3/b/debian (main)> dpkg-deb --build metaomgraph4/
dpkg-deb: building package 'metaomgraph4' in 'metaomgraph4.deb'.

[I] johnny@velocity ~/R/3/b/debian (main)> 1s

metaomgraph4 metaomgraph4.deb

[I] johnny@velocity ~/R/3/b/debian (main)> sudo dpkg -i metaomgraph4.deb

[sudo] password for johnny:

Selecting previously unselected package metaomgraph4.

(Reading database ... 255080 files and directories currently installed.)
Preparing to unpack metaomgraph4.deb ...

Unpacking metaomgraph4 (1.0) .
Setting up metaomgraph4 (1.0) ... F’gure 8
[I] johnny@velocity ~/R/3/b/debian (main)> ./metaomgraph4

'[I] johnny@velocity ~/R/3/b/debian (main)> metaomgraph4

Hello World!d

M1 SoabnnvAualacity /ID/2/h/idahian (madin\S cuda dnlea 5 mat+anmaranhi rlmhﬂ



e/johnny/Repositories/3032_3 sd6_mog/build

Name
~ @ dpkg
°% DEBIAN
B control
v i@ opt
= MOG4
@ launcher.jar —_
@ metaomgraph4.jar B 31more
3 usr
-~ @ bin
B metaomgraph4
B test.cc
™ share

> B3 applications

> B icons

= python
B metaomgraph4-all.deb
@ target.sh

D)

AR

MetaOmGraph4 Language Supp...

- metaphysics - Loux 3rd ed.pdf /home/j

vector-seamless-pattern-modern-stylish-texture-repeating-geometric-background-lin... /h

MOG_Athaliana_Metabolomics /home/joh

MOG_Athaliana_Metabolomics.zip /hc

metaomgraph4-jvm-latest.zip /home/john




Progress

Website planning

% Apply UX ideation model to formulate
initial product regs.

< Utilise the double-waterfall agile-inspired
workflow to design website.

% Document UX research on Notion for high
dev availability.




Figure 10




Figure 11

launcher-*.jar.part: found 1 matching files and directories

build/*.deb: found 1 matching files and directories

' to coordinator... ) large 1d=320958 re S 1s=413 Request Entity Too Large stat 413 token=Ty6is-G




Outdated JDK Dialogue

UNSUPPORTED JAVA VERSION

You using JDK 1, but JDK 17+ is the oldest Java framework we support.

We can download and setup JDK 17 for you automatically or you can choose to do
so manually. If you choose to allow us to manually setup JDK 17, the binaries will be
stored relative to MetaOmGraph.

MANUAL

)

: )

T JDK 11 INSTALL

Y
continue :E Setting up Java JDK 17... Step: Download content
ranane® Step 2/3 (066%)

Downloading content..

download.java.net
-x64_bin.zip |
12,325,232 Kb (010%)

Figure 12



Progress

Limma Analysis

« Differential analysis but for
microarrays (< 100
elements)

% Calls R program within Java
while after processing user
inputs using Renjin

% Generates MDS plot, Voom
plot, & differentially
expressed genes table

DS

DS

DS

DS

Complete GUI to analyze
up to 10 groups

Modify R source code to
handle MDS plot issue

Future work: display
results & charts in MOG

properly
Figma workflow



https://www.figma.com/file/Re107PjUSRss40lim82j3V/Limma-Analysis-Workflow-(Copy)?node-id=6%3A125

Figure 13
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|| DE results - O X

test

File Edit Plot Filter: Advance filter

Lists Name ... Mean(l... Adj pval arginin... L-Valin... Mekom..
s 3-amino... 1.9980 1.1879 .8101 .2482 5511 .9555 .5902 .2382
Complete Lisi 4-amino... 3.3398 3.3415 -.0017 5637 7537 .6024 .7455 4381
"DE-up in eto; alpha-lin... 1.6205 1.7536 -.1331 1.0000 1.0000 .3733 5161 .5090
up in WT v et/ alpha-to... .0171 .0251 -.0080 5637 7537 .3306 .3000 .2575
arginine  1.3270 .7453 .5817 .0833 4198 1.0000 .6107 .2939
beta-ala... 1.1231 .8820 2411 .0209 .2978 .5666 .8063 4538
citric acid 1.3077 2.2416 -.9340 .0209 .2978 .1835 .5351 3715
D-Fruct... 6.3754 5.9948 .3806 .0209 .2978 .3614 .3099 4323
d-fructo... .4540 .2464 .2075 .0833 4198 .5238 7291 .5448
D-glucose .5982 .5630 .0352 5637 7537 .3568 4287 .3480
d-glucos... .7365 .8586 -.1221 .5637 7537 4846 4437 3276
d-ribose .1760 1412 .0348 .1489 5223 6111 7402 .5917
dehydro-... 2.4095 2.1726 .2368 .2482 5511 1715 .2054 .7057
dihydrou... 1.5090 .9502 .5587 .1489 5223 .3300 4462 .3158

fructose  .5067 4048 1019 .2482 Ll 3281 .3306 1720
fumaric ... 2.9997 3.5596 -.5598 .1489 5223 4037 .7108 4627
galacton... .5234 .5759 -.0525 .5637 1537 4884 .6443 .6385
glyceric ... .2046 .2692 -.0646 .1489 5223 1594 A719 2414
glycero-... 3.1986 3.0097 .1889 1.0000 1.0000 4972 .6897 5719
glycine 1.3564 1.3331 .0233 1.0000 1.0000 3041 .3563 .1678
hydroxyl... 6.6146 7.0828 -.4683 .2482 5511 4969 .6427 .2494

. inositol-... .8113 6191  .1922  1.0000 1.0000 .4525  .5430  .3503
Figure 14
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Figure 15

log2( count size + 0.5 )

|# Limma Analysis

Select feature list Complete List

Group name: Groupl n=24 Move Selected Rows

run
CS297-MeKO_02_03_04 replicate 1
CS297-MeKO_02_03_04 replicate 2
Wild type (JP-MeKO)_01_09-2 replicate 9
Wild type (JP-MeKO)_01_09-3 replicate 1
Wild type (JP-MeKO)_01_09-3 replicate 10
Wild type (JP-MeKO)_01_09-3 replicate 11
Wild type (JP-MeKO)_01_09-3 replicate 12
Wild type (JP-MeKO)_01_09-3 replicate 13
Wild type (JP-MeKO)_01_09-3 replicate 14
Wild type (JP-MeKO)_01_09-3 replicate 15
Wild type (JP-MeKO)_01_09-3 replicate 16
Wild type (JP-MeKO)_01_09-3 replicate 2
Wild type (JP-MeKO)_01_09-3 replicate 3
Wild type (JP-MeKO)_01_09-3 replicate 4
Wild type (JP-MeKO)_01_09-3 replicate 5
Wild type (JP-MeKO)_01_09-3 replicate 6
Wild type (JP-MeKO)_01_09-3 replicate 7
Wild type (JP-MeKO)_01_09-3 replicate 8
Wild type (JP-MeKO)_01_09-3 replicate 9
Wild type (JP-MeKO)_01_09-4 replicate 1
Wild type (JP-MeKO)_01_09-4 replicate 10
Wild type (JP-MeKO)_01_09-4 replicate 11
Wild type (JP-MeKO)_01_09-4 replicate 12
Wild type (JP-MeKO)_01_09-4 replicate 13
Add

Remove Search

Ok More

Group name: Group2 n=26 Move Selected Row:

run
CS297-MeKO_02_03_04 replicate 3
CS297-MeKO_02_03_04 replicate 4
CS297-MeKO_02_03_04 replicate 5
CS297-MeKO_02_03_04 replicate 6
CS297-MeKO_02_03_04 replicate 7
CS297-MeKO_02_03_04 replicate 8

Wild type (JP-MeKO)_01_09-1 replicate 1
Wild type (JP-MeKO)_01_09-1 replicate 2
Wild type (JP-MeKO)_01_09-1 replicate 3
Wild type (JP-MeKO)_01_09-1 replicate 4
Wild type (JP-MeKO)_01_09-1 replicate 5
Wild type (JP-MeKO)_01_09-1 replicate 6
Wild type (JP-MeKO)_01_09-2 replicate 1
Wild type (JP-MeKO)_01_09-2 replicate 10
Wild type (JP-MeKO)_01_09-2 replicate 11
Wild type (JP-MeKO)_01_09-2 replicate 12
Wild type (JP-MeKO)_01_09-2 replicate 13
Wild type (JP-MeKO)_01_09-2 replicate 14
Wild type (JP-MeKO)_01_09-2 replicate 15
Wild type (JP-MeKO)_01_09-2 replicate 2
Wild type (JP-MeKO)_01_09-2 replicate 3
Wild type (JP-MeKO)_01_09-2 replicate 4
Wild type (JP-MeKO)_01_09-2 replicate 5
Wild type (JP-MeKO)_01_09-2 replicate 6
Wild tvne (IP-MeKO) 01 N9-2 renlicate 7
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Figure 16

3832 _3 sdb6_mog

Autoconf
Automake
CSS
Dockerfile
NEVES
JavaScript
Python

R

Shell
Plain Text

|- JavaScript
(Total)

Markdown
|- BASH
(Total)

fahmi@rankine:~/3032_3_sd6_mog

189253
78

2081

56

797
999138

183218
19233
2082451

167141
17287
184428

Comments

10
64
999121




Progress

Java & dependencies
upgrades, bug fixes

< Removed
CustomBrowserLauncher
dependency

% Added remote repo for
|2fprod-common-all.jar

% Log4jsecurity fix

L X4

Upgraded MOG from Java

8 to later versions
> Java 9+ nolonger
supports com.apple.eawt
> Replaced with
java.awt.Desktop

Minor performance

upgrades
> Replaced unnecessary
wrapped data types

with primitives
(Integer with int, etc)




Progress

Violin Plot

% Violin plot option now

available for MOG users.

% The Graphis interactive
and is generated on the
users browser

Memory & CPU Usage

% System usage can now be
viewed on MOG

% MOG memory usage now
available on MOG




B File Edit

Tools Window Help

MetaOmGraph - AT-Mutation-242-656-GCMS.mog (656 samples); 242 features

[ Playback = O X

| %] Project Data

Feature Metadata

Sample Metadata Tree

4% Plot Statistical analysis (§ RunR |%] Filter:

[~ Lists -
et

Complete List

| arginin...
.9555
.6024

"DE-up in eto1 and eto3 v WT 3733
up in WT v eto1 eto 3 (almost 2x increas) | 3306

Figure 17 Project Data

1.0000
5666
1835
3614
5238

| 3568

|| 4846
6111
715
3300
3281
4037
4884
1594
4972
3041
4969
AR825

L-Valin...

.5902
7455
5161
.3000
6107
.8063
.5351
3099
7291
4287
4437
7402
2054
4462
.3306
7108
.6443
a719
.6897
.3563

6427
5420

Sample Metadata Table

Mekomodpred01_ID14... 4-aminobutyric... 4-aminobutyric.. D-Fructos... fructos...

2382
4381
.5090
2575
2939
4538
3715
4323
.5448
.3480
3276
5917
7057
3158
1720
4627
6385
2414
5719
1678
2494

2602

0932
4402
0174
.0677
A317
2452
0624
.0529
0408
.0832
0642
.0653
0102
.0428
0435
.0349
.0029
.0411
2334
.0433

.0067
nata

.5529
1.0000
5446
3159
6024

7554

5577

4907

6785
6010
6377
6889
1505

4394

5110

.6550

6427
3452
6967
4471
.5945
A120

2679
4907
2364
2451
3614
4119
4090
1.0000
4596
6538
4739
4723
2104
4071
7837
.3665
4282
3015
.3838
2220

.0460
A4ARNS.

.1695
.3505
.0076
0418
.1696
.1993
1474
.9450
.0323
.6206
.0946
.0963
-0197
1105
1.0000
1192
-.0103
0783
.0458
2195
-.0089
n721

|
Q

Expression filter Advance filter

Metabolite /
3-amino-piperidin-2-one
4-aminobutyric acid
alpha-linolenic acid
alpha-tocopherol
arginine
beta-alanine
citric acid
D-Fructose
d-fructose-6-phosphate
D-glucose
d-glucose-6-phosphate
d-ribose
dehydro-I-ascorbic acid dimer
dihydrouracil
fructose
fumaric acid
galactonic acid
glyceric acid
glycero-3-phosphate
glycine
hydroxylamine
inncitnl-1-nhncnhate

MEM: 153.50 MB  CPU: 22.15%




w File Edit Tools Window Help MetaOmGraph - AT-Mutatior

[£] Project Data

Feature Metadata Sample Metadata Tree Sample Metadata Table

4% Plot [ Statistical analysis (f Run R Filter:

Selected Rows > Line Chart ekomodpred!

Filtered List Line Chart with Averaged Replicates > 382
Entire List Scatter Plot
Box Plot 290
Columns > 75
Histogram

HeatMap
Violin Plot

I | 3614 3099 4323

Figure 18

value

100

60

40

20

Violin Plot

4-aminobutyric acid

Sample

(4-aminobutyric acid, max: 100.243)

(4-aminobutyric acid, upper fence: 26.70791)

(4-aminobutyric acid, q3: 13.41374)

(4-aminobutyric acid, median: 8.033799).



Progress

Testing Suite

7

% Testing Plan has been
created showing analysis
using structural analysis
from Stan4j




Final Thoughts




What Went Right What Went Wrong

% Alot of tasks were % Communication Issues
completed towards the end
% We got more comfortable % Underestimated workload

with the codebase for certain task




Design Limitations

% JavaSwingis bulky

% Test suite was unavailable

% Heatmap package didn't have all the features
needed

% TODO: Docker didn’t match our development
pipeline




Takeaways

% Improve communication

% Learnwhento placeitems in a backlog

% Match development priority with client’s priority
% Always make progress






https://docs.google.com/file/d/1ak8wiXg7xYPiKmv-wm2NY5LTTQpIZ_ak/preview
https://docs.google.com/file/d/1lm2sGTKFF1Z6z0Ac5qz4gb-z4p6JskRV/preview

Thank you!




Adam

Heatmap optimization (Major)
Heatmap improvements (Medium)

Application launcher (Medium)

Maven packaging/POM (Minor)

Java upgrade (Minor)




Java upgrade - medium

Gene expression and mean filter - major

Complex queries - major
5 Limma Ul - medium
Austin
Extending Logging and Playback - major
CPU and MEM usage in taskbar - minor

Testing releases on macOS - minor

Helping with Violin and Launcher - minor




Fahmi

Limma Analysis (Major)
Dependencies upgrade and
compatibility checks, pom

cleanup (Medium)
JDK 11 upgrade (Minor)
Misc minor bug fixes (Minor)




Violin Plot (Major)
Kamsi Viewing Memory Usage (Major)

Adding Filter (Medium)
Test Suite (Minor)




Docker build pipeline (Primary)
JOh N CI/CD scripting (Secondary)

GUI design (Maijor)
UX bug fixes (Minor)




