sMAP:
Standard Microarray Analysis Pipeline

An R Shiny Educational App for Transcriptomic Analysis

GitHub: https://github.com/BI-STEM-Away/sMAP

Documentation: https://bi-stem-away.github.io/sMAP_doc/

sMAP Website: https://bi-stem-away.github.io/sMAP/
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sMAP: Standard Microarray Analysis Pipeline

An application for processing quality control, statistical and functional analysis of a GEQ dataset in order to find potential biomarkers,

This app s created by STEM-Away RShiny Project Team - Session 1, 2021
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Click on
Fullscreen mode
for better
visualization

Click on Begin to
get started with
sMAP.
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Data Importation

sMAP: Standard Microarray Analysis Pipeline b

= Introduction m Upload Data Files in SMAP to begin m

W ” <
=/ QC&Frepracissing Input Type What microarray platform did you use? Expression Data File (CSV/TXT) (osd Dats
B sample Grouping Expression Data File (CSV/TXT| - Browse. o f Affymetrin Human Gene L0 ST Array Browse.
E swotistical Analysis. ¢ Expression Data File (CSV/TXT)
Raw Affymetrix Data (CEL Files)
" Functional Analysis ¢ GEO Accession Number
Load Demo Data (Raw)
Help
© o

Comact Select one of the
3 data input
methods sMAP
provides or get
started with an
installed demo
dataset.

Data Loading
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= Introduction m Upload Data Files in SMAP to begin
W geuprepocessing ¢ | ingurrype Dema data selected, Download from here. Click on load data
B Somple Grouping Load Demo Data (Ravd . after selecting
x Statistical Analysis < lanUt ?ethOd and
&* FunctionatAnalysis. ¢ uploacing
datasets.
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QC: Visualization of raw data before normalization

= ey P s x
= Introduction m Visualization Before Processing m

L. Uspload Data

Select Qe visualization method before Select f th
Nommalized Unscaled Standard Errors of Samples. elect one o e

normalization.

» Visualization
Before Preprocessing NUSE — —F——T ; : _ 4 visualization
»» Normalizatio 1 i i : [ i i A methods.
Visualize 2 o i H H 4 -
1 be B
Jsciiielal Backivve N allGwEyGl thelevelol E ..
ples that may be due to 3 ®
it OuE There jire four options here far visualizing the data: g -
H sample Grouping « flormatized unscaled standard errors (NUSE) effectively -
Statisti \nalysi < i
E Sutistical Analysis o felative log expression (RLE) plots show the relative intensity
R R e S alues between samples.
« frinciple Component Analysis (PCA) plats show how well
{xperimental groups can be separated from each other. Ideally,
Help {ach group of interest should form a separate cluster.
@ o faxplots allow expression values to be eas| lized and s
E; cimarlly uselul for seeing how preprocessing steps changé the
a8 Contact b . . i
Click on visualize
to load the plot.

QC: Normalization of raw data

sMAP: Standard Microarray Analysis Pipeline 3

=¥ Introduction m Normalization m

2 uploadata

X8 qc.upreprocessing Which normalization methed do you want te for fex that ire not due to bislogical o

touse? genetic diferences,
#
i * Normalization of the data will make feature extraction easéer and the organization
i af the data much more structured,
* The MASS function will non chip in the data le RMA
ard GCRMA use a multi<hip model.
+ Each normal W <orrection, normalzation, and

summarization
« NOTE:  the Atymetrix Human Gene 1.0 ST Array was used, only RMA can be used.

have been performed.

Select one of the
3 methods for
normalization of

B3 Sample Grouping

X sutistical Analysis ¢

&* Functional Analysis ¢

raw data.
itp
@ o Click on begin
a2 Contact normalization to

normalize and
wait for the
message to
appear below
indicating
completion..
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QC: Batch Correction + Visualization of normalized data

SMAP: Standard Microarray Analysis Pipeline "

- Introduction m Batch Correction & Visualization After Processing m

& uUpload Data

Wssmples come from iffeent aches, R A B A Here we will not

specify which metadata feature indicates equipment and experimentation, use batch
the batch each sample belongs to, ! .
ssing ® Theeffects these differences have on the data are called batch effects. correction since
Cancer State - * Il be the input and the .
» Narmaliza matrix that is corrected for batch effects. demo dataset is
3 BSREh Corecton & Perform Batch Correction from single batch.
Visualization
» Potential O
H Sample Grouping N .
Choose a QC visualization method after Visualizing the data ater the normalization is complete will llow you 1o see how your data has hanged
¥ utisticalanslyss ¢ Pormalization. due to normalization. Both the borplot and the PCA will show you the quality control that was done on the

data. The baxplot will help to visualize the outliers while the PCA plot will help visualize patterns and
axplot
" Functional Analysis ¢ s variety in the data, Select

- ST visualization
method to check

© s Illlllllllll|lllllll data after

Help

a2 Cantact normalization and
click next to
generate plot.
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= sMAP: Standard Microarray Analysis Pipeline H
= introduction m Find Potential Outliers m
& Upload Data
Outlier Detection Method Inorderfor reliable, the d nd removed so that that results can
= b il B function and exp: You can choose from three different
L methods, and all three wil find and remove the outliers.
Show Updated Listof Samples. Find potential
outliers and if
Select outlier candidates you would like to need remove
remove.
» Potential Outiers them from
H Sample Grouping dataset.
Fotenial Outliers.
X sutisticalanalysis ¢
" Functional Analysis € 3
i
Help 3
]
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Sample Grouping for DEG Analysis

> Introduction m

2. uplosd Data

38 qcspreprocessing

X sutistical Analysis ¢

" Functional Analysis €

SMAP: Standard Microarray Analysis Pipeline

Group Samples to Analyze DEGs

Select the feature you wish to analyze for

differential gene expression.
Cancer.State] -

Cancer State

3

Gene Filtering and Differentially Expressed Gene Analysis

SMAP sMaP: Standard Microarray Analysis Pipeline 3
+ Introduction m Differentially Expressed Genes m
2. Upload Data
B8 gcapreprocessing ¢
- P s What percent of genes should be filtered Cutoff LogFC Value:

out?
H sample Grouping a
i i '
]
X sutistical Analysis.
 Top DEGS Filter Out Genes
The percent of genes you choose will be the percent of genes that will be filtered because of the low levels
bl Plat additionalty NA A
<
DEGS
Genes with a lower adjusted p-vaiue than the cutoff and with a higher magnitude log fold change will be
considered significantly differentially expressed.
Show 10 v entries Search:
logFC AveExpr t PYalue adj.pYal * B
SLC19A3 Y s32 s, 14 513133 2 6.57115813523244e-8 1onTBaTIISIIZ
LWEL -3.12354085217871 £.23360047695039 -1 61 354312 6.57115813523244e 8 16.9168566892787
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RTKN2 -3.70165819099124 533811371 2.3085945925006e-7
BNPER 2.24340052571804 5.14157268175724 12.1061673308641 939803422038486e-11 2.E73TB460STITLeT 14.5084061524504
MED12L 4550319113184 379584258 A1 19 3 s £.5656913279846 1. 13.3953269752683
ro 2 £2usspsIge a1 . 000001 1145202850011 13 s < &4

Select column
name in metadata
file which
contains sample
grouping
information.

Adjust required
parameters for
DEG analysis.

Click on find
DEGs to start
analysis.

*We didn't use
gene filtering
option for this
demo but can be
used as per
requirement of
user.
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Volcano plot

= Introduction

2. uplosd Data

QC&Preprocessing ¢

H sample Grouping

»

» Voleano Plot
" Functional Analysis ¢
Help
@ rhos

& contact

Volcano plots are a visualization used for differential

analysis. The:

fold change and the y-axis represents p-value.

CutoffLogFC Value:
o o s

Cutoff adjusted p-value:

G Gene Names

SMAP: Standard Microarray Analysis Pipeline

Interactive Volcano Plot for Calculated DEGs

Volcano Plot of DEGs
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X statistical Analysis «
% KEGG Pathway Enrichment

» Gene Ontology

Help
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Enrichment Analysis: KEGG Pathway Enrichment Analysis

Cutoff Adjusted p-Value for Enriched KEGG
Pathways

005

Number of pathways shown

Perform KEGG Enrichment Analysis

SMAP: Standard Microarray Analysis Pipeline

KEGG Pathway Enrichment Analysis

3

KEGG is @ database that lets you comp
allowing you g your set of enrick You
will be able to visualize a dotplot and barplot for which larger dots and longer bars indicate enriched

datausing the g biologieal systems,

pathways,

Axon guisance |
CGMP.PKG signaiing painuay |
TN signaiing patrway |
Osteoctast omerentaany

AGE-RAGE signaling patnuay |
n diabelic compicatons

hF 2appa 8 signaing paimway |
ECh-roceptor imeractant
Malarat

Fancons anema painway |

Fructose ang manose | .
melaboksm

TNF signaing patway
Malaria s

AGE-RAGE signaiing pthway |
n diabelic compiicatons

Ao guisance |

GeneRatio

padust

Adjust
parameters for
volcano plot
visualization and
use check box to
show/hide gene
symbols.

Adjust P-value
and other
parameters for
KEGG pathway
enrichment
analysis.
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Enrichment Analysis: Gene Ontology Enrichment Analysis

+ inwoduction m Gene Ontology Enrichment Analysis
L. Upload Data
¥ gee ¢ | category I lysi Gene Ontology defines g the ret elfular Components, Molecular
— . Funetions, and Biological Pracesses with your set of genes. The dot plot and bar plot are two ways of
HE Sample Grouping ellular Components visualizing which gene antology terms are most enriched, these terms being indicated by larger dots and
fonger bars,
X statistical Anatysi <o p-Value for
Terms
" Functional Analysis
005
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=¥ Introduction

L. Upload Data
X gcapreprocessing €

B Sample Grouping

E statistical Analysis <
" Functional Analysis
»K Pathway Enrichment
» Gen

» Gene Set Enrichment

Help
© raos

& Contact

Gene-Set Enrichment Analysis

GSEA Is the evaluation of microarray data in gene sets. The goal of GSEA s to figure out how the genes are distributed within the data set. GSEA will first rank all genes in a data set, then it will calculate an enrichment
score for the genes which show the underand over expressed genes.

GSEA Resutts K_ESTR ¥ 00055 00148

¢
:
i
-4

Rarik in Grdored Dataset
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Select one of the
three GO
categories.

Adjust P-value
and other
parameters for
GO enrichment
analysis.

Perform GSEA
analysis.
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Help Sections: Frequently Asked Questions

SMAP: Standard Microarray Analysis Pipeline 3

What are the differences between all the file options in
data importation?

The server function reads these CSV files into a list. For
uploading raw CEL files, the code includes a file input for tar

is then unzipped in i tian. The

" Functional Analysis v

M KEGG Pathway Enrichment

»Gene Ontology En

u pecify they have a microarray that requires

Wht does NUSE and RLE doinqualiycontrol?  —

The twa chaices the user gets is NUSE and RLE. If the user
chooses the NUSE method for quality cantrol then at the
server end, depending on the file that was imported, the

q Y i ) Ifthe
user chooses the RLE method, then in the server end the
RLE() function is used for quality control using different

their input, the code will use the correct package 1o read in
the CEL files, Far the Illumina data, the code works similarly
and takes in 2 tar zipped file containing the raw IDAT files 25
well as 2 bgy file. The sarver function reads in these files

thod: the file type. Once that is complete,
the user can see the visyalization of the data before the
normalization and batch correction.

How do | analyze quality control boxplot and PCA plot?.

On the server side, if the user chose Boxplot then the baxplat

o identifying iersis real

rtant bec it n
als0 et the user see how the data changed after the outliers
are removed. The user can be sure that extreme samples are
not causing the results they see, and that results can truly be
attributed to differences in gene function and expressian.

Can | get more info on enrichment KEGG analysis and its
pracess getting to the output?

To get the KEGG pathways, the function used was the

optimized. Additionally the barplot() was used to create a

{)is used to generate the plot with th

barplot far the KEGG analysis. The number of
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Use this section

The file
» Gene Set Enrichment ing functicns from v i
The user can input an accession number and can specify
e whether 2 CEL fles, or dataset
file. Based on the user input, the code uses different.
‘GEOQuery functions to read in these files. Lastly, the code
inputs metadata files in 3 similar manner to the CSV files of
2 Contact normalized and pre-processed expression data.

How does batch corraction worl

To automatically assign samples from multiple CSV files to
batches, Group A used 2 combination of functions. They used
the seq_along) function to generate a sequence of integers
based on the number of CSV files, then used the rep()
function to repeat this sequence based on the number of
samples per CSV file. This ultimately results in a vector
containing the batch number of each sample. They then used
the factor function to get an object of the factor class. Factor
abjects are partieularly useful for statistical analysis, which
the group will be implementing later,

o ™
expression values. However if the user chose to visualize the

determined by the user. Then the setReadable() was used so

dat PCA plot the pros

that network g HEGG

peavalues. will choose

plotting the pca and the feature the pea plot will represent.

The user will receive input from the server side if the user

enters more of less than 2 components and if the user did not
fyafe Thenon 3

1o plot the PCA plot.

How dol analyze volcano plotsi

The Volcano Plot is utilized in the Statistical Analysis for
visualizing the top DEGs. The User specifies the LogFC and
adjusted P-Values for the Vialcano plat, The function used for

well, The significance of the
different plots that were plotted have an immense
importance as they represent the top DEGs rom the data and
with the ENTREZIDs there is additional Information to more
biclogical concets.

What s the most important step in Functional Analysis?

Acrutial funetion in the functional analysis was the select()
50that the data could be converted to the Entrenzids. The
select function allowed the users data to identify genes from

generating the Volcano Plot
inthe user input and the final result for the top table. The

=¥ Introduction

& upload Data

X gcapreprocessing €

B Sample Grouping

X statistical Analysis <

2" Functional Analysis v
 KEGG Pathway Enrichment
9 Gene Ontology Enrichment

» Gene Set Enrichment

Help
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Help section: Contact us and check out stemaway.com

Project Technical Lead:

o Samuel Bhart)

Team Members:

& Nikita Krishnan
Disha Chauhan

Arian Veyssi

Maryam Momeni

« Roman Ramirez

Hou Wang (Ivan) Lam
Aditi Verma

Hullaun Kelly) Ui
Sneha Raj

Acknowledgement:

All team members thank the

sMAP: Standard Microarray Analysis Pipeline

for praviding an excellent internship opportunity haical

possible.

We would alsa liket

« Austin (Assisted in Task Management)
« Mare (Logistic Help)
« Ananya [Participation in Ui discussion]

How to cite us:

Updated soon.

Contact Us

fyou have g ts abiout the SMAP, pl il

bring us here.

Qur Git Page: BI-STEM-Away

SMAP: 2021

for FAQs/help

Visit STEM-Away to
check out more
interesting projects
and see how STEM-
Away is changing the
shape of hiring
industry and career
advancements

Visit out GitHub
Page to clone
repo and get
docker image



