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Clustering analysis

1.Hierarchical
2.K-means
3.Co-expression network
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Prepare data for clustering

Step 1. LOG transformation of CPM value to

improve the distribution
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Step 2. Remove genes with no variation across
samples



Clustering analysis on multiple conditions of RNA-seq data
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Hierarchical clustering


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=7fYEgXjN-jZqjM&tbnid=fshFHuxZBkXQyM:&ved=0CAUQjRw&url=http://compbio.pbworks.com/w/page/16252903/Microarray%20Clustering%20Methods%20and%20Gene%20Ontology&ei=Ch8dU7SaK-WSyAH8rICoDw&bvm=bv.62578216,d.aWc&psig=AFQjCNFOiA3MU12-DWk0PKdk5_hVaO_Ylw&ust=1394503817870479

K-means clustering

$TRINITY_ HOME/Analysis/DifferentialExpression/
define clusters by cutting tree.pl -R
diffExpr.P0.001_C2.matrix.RData -K 18
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K-means clustering

K value need to be pre-specified
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http://upload.wikimedia.org/wikipedia/commons/e/e5/KMeans-Gaussian-data.svg

Co-expression network modules

WGCNA (weighted correlation network analysis)
e transform the initial distance matrix into
Topological Overlap Matrix

—

Chuster Dendragsam

.:\
"

T

http://rgm3.lab.nig.ac.jp/RGM/R_image_list?package=WGCNA&init=true



Connect RNA-seq results to biological pathways

RNA-seq results

-

169 genes up-

340 genes down-
regulated

~

Starch Starch
Trehalose synthesis degradation

(TPSL genes) . o

Mapman pathway viewer

https://doi.org/10.1111/j.1365-3040.2009.01978.x



https://doi.org/10.1111/j.1365-3040.2009.01978.x

From a biological question to a statistical problem

In the whole genome RNA-seq results
Number of genes: 29960 Number of DE genes: 297
Genes in P53 pathway: 40 DE genes in P53: 3

If the P53 genes over-represented in the DE genes?



How to tag a gene with function/pathway categories?

* Free text description

Gene ID Gene description

GRMZM2G002950 Putative leucine-rich repeat receptor-like protein kinase family
GRMZM2G006470 Uncharacterized protein

GRMZM2G014376 Shikimate dehydrogenase; Uncharacterized protein
GRMZM2G015238 Prolyl endopeptidase

GRMZM2G022283 Uncharacterized protein

* Controlled vocabulary (Gene Ontology)



Gene Ontology (GO)

A controlled-vocabulary system for gene
function/pathways

Gene ID GO

GRMZM5G888620 G0:0003674
GRMZM5G888620 G0O:0008150
GRMZM5G888620 G0O:0008152
GRMZM5G888620 G0:0016757
GRMZM5G888620 G0O:0016758
GRMZM2G133073 G0O:0003674

GRMZM2G133073 GO:0016746



Three Groups of GO Terms

Molecular Function

id: G0O:0004396
name: hexokinase activity

Cellular Component

Biological Process

~

id: G0O:0000018
name: regulation of DNA
recombination

<
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id: G0:0032590
name: dendrite membrane

<

~
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Hierarchical structure of gene ontology?
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Shallow vs deep nodes in GO

Small number of genes

plntalat-daﬁ?a-d' and low statistical power
growth factor binding
insulin-like growth '
factor binding
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How to get Gene Ontology ?

GRMZM2G035341

GRMZM2G035341

GRMZM2G035341

GRMZM2G035341

GRMZM2G035341

GRMZM2G047813

GRMZM2G047813

GRMZM2G047813

GRMZM2G047813

GRMZM2G047813

molecular_function
molecular_function
cellular_component
cellular_component

biological_process

molecular_function
cellular_component
cellular_component
biological_process

biological_process

G0:0008270

G0:0046872

G0:0005622

G0:0019005

G0:0009733

G0:0003677

G0:0005634

G0:0005694

G0:0006259

G0:0034641

zinc ion binding

metal ion binding
intracellular

SCF ubiquitin ligase complex

response to auxin

DNA binding

nucleus

chromosome

DNA metabolic process

cellular nitrogen compound
metabolic process



Model organisms: Ensembl BioMart:

Animal genomes: http://www.ensembl.org
Plant genomes: http://plants.ensembl.org

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors €}~ Search all species

BLAST/BLAT | BioMart | Tools | Downloads | Help & D

5 Now | @ Count | M Rosuits
El 'J Dataset Ensembl

Gorilla genes (gorGor3.1) ¥ Gene ID Associated Gene Name

_ Transcript ID Associated Gene Source
Dataset | - CHOOSE DATABASE - » Filters Protein ID Associated Transcript Name
{ [None selected] Exon ID Associated Transcript Source
[None selected] - CHOOSE DATABASE - Attributes Description Transcript count
Ensembl Genes 87 Gene ID Chromosome/scaffold name % GC content
Mouse strains 87 GO Term Accession gz:: Eaad“(g:s) ?rzf:ct?’ii;ftype
Ensembl Varlatmlj a7 Strand Source (gene)
Ensembl Regulation &7 DAt Band Source (transcript)
Wega 67 [None Selected] Transor?pt Start (bp) Status (gene) ]
! Transcript End (bp) Status (transcript)
Transcription Start Site (TSS) Version (gene)
Transcript length (including UTRs and CDS) Version (transcript)
2 EXTERNAL:
GO
¥ GO Term Accession GO Term Evidence Code
GO Term Name GO domain

GO Term Definition



http://www.ensembl.org/
http://plants.ensembl.org/

Annotate GO by yourself

Public tool: InterProScan

Commercial software: BLAST2GO



Function enrichment analysis

Methods ORA GSEA
(Over Representation Analysis) (Gene Set Enrichment Analysis)
Statistics  Fisher Exact K-S (Kolmogorov-Smirnov)

Input  DE gene list DE gene list + p-values (or score)



Software

* Free:
— DAVID (online tool http://david.abce.ncifcrf.gov/)  Fisher
— topGO (R package) Fisher & KS (Kolmogorov-Smirnov)
— GSEA (Win/Mac/Linux software) KS

e Commercial:
— |PA (Ingenuity Pathway Analysis)

(Cornell license information https://library.weill.cornell.edu/node/1050 )



http://david.abcc.ncifcrf.gov/
https://library.weill.cornell.edu/node/1050

Fisher vs KS

Fisher’s exact test:

For each GO category, compares the expected number of significant
genes at random to the observed number of significant genes, and get a
p-value.

Significant genes: hard cut-off based on p-value or score

The KS test

Compares the distribution of gene p-values expected at random to the
observed distribution of the gene p-values to arrive at a probability.
No cutoff is needed. Input file include all genes with p-value and score




Fisher test

In the genome  Diff. expressed

Total genes 20,000 2,000

P53 pathway 200 Expected: 20
genes Observed: 35



Online tools
DAVID (http://david.abcc.ncifcrf.gov/

Maximum EASE
Score/P-Value

Gene list and population Minimum number of genes for
background being analyzed  the corresponding term

Maxi ber of
Functional Annotatien Chart aximum number o

Current Gene List: demolistl Fecar BESRSES
Current Background: Homo sapiens
171 DAVID IDs
B Options v.
|'Cnunt Thresheld (2 . 1 EASE Threshold 0.1 -.L# of Records Displayed 1000
[ Rerun Using Options | [ Create Sublist | SRR — Bl pownload File
Sublist Category = i Loyt < Ny = P-Value -
[l SP_PIR_KEYWORDS signal e s a7 27.5% D3.06-10
| SP_PIR_KEYWORDS alycoprotein Bl e 51 29.8%  4.9E-8
| GOTERM_CC_ALL racaliylar n ATl — 3z 18.7%  1.1E-7
1 SP_PIR_KEYWORDS ahternative splicing Bl e 49 28.7%  6.4E-5
| SP_PIR_KEYWORDS chromopretesn BT = 7 4.1% 1.1E=5
| SP_PIR_KEYWORDS direct protein seguencing BT 33 19.3%  1.2E-5
O SF_PIR_KEYWORDS o rylation AT == n 18.1%  1.6E-5
| UP_SEQ_FEATURE signal paptide Bl = 47 27.5%  3.7E-5
| SP_PIR_KEYWORDS metallaprgtein RI = 8 £.7%  4.7E-S
1 GOTERM_BP_ALL regoonge to chemical stimulug BT mm 14 a.2% 6.1E-5
Original database/resource T LR Related Term Search ~ Genes involved Modified Fisher Exact
where the terms orient assodiated with your in the term P-Value, EASE Score.
gene list The smaller, the more

Percentage, e.g. 14/171=8.2%  enriched.
(involved genes/total genes)


http://david.abcc.ncifcrf.gov/

When using a web-based tool or a commercial software,
available species are very limited.

e Option 1: “Humanized” your gene list

Convert your gene list to human orthologs using Ensembl
BioMart.

 Option 2: Use custom GO annotation file with topGO

genel G0O:0005488, GO:0003774, GO:0001539, GO:0006935, GO:0009288
gene2  G0O:0005634, GO:0030528, GO:0006355,

gene3  (G0:0016787, GO:0017057, GO:0005975, GO:0005783, GO:0005792
gene4  (G0O:0043565, GO:0000122, GO:0003700, GO:0005634

gene5  (G0:0004803, GO:0005634, GO:0008270, GO:0003677

gene6 ,G0:0015031, GO:00057°4, GO:0016020, GO:0017119, GO:0000139

gene tab List of GO ids



topGo — A Bioconductor Package

Statistics test and algorithm in topGO

fisher

globaltest

SUITl

classic

elim

weight
weightO1
lea
parentchild
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RS
RS
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Default in topGO
(topgoFisher)

Statistics test: KS vs Fisher

platelet-derived
growth factor binding
insulin-like growth
factor binding calcium
binding
collagen
binding
growth factor
binding
inding protein
ydrolase binding
activity

binding
( catalvtic activih;‘

ine receptor
inding

oupled

c:

Classic:
e Each node is tested
independently.

Elim:

* Testing from bottom up (starting
from most specific node);

e If tested significant in a child
node, these genes would not
contribute to parental node.

Weight01 (topgoFisher):
A mixture between classis and
elim.



platelet-derived
growth factor binding
insulin-like growth

factor binding calcium
binding

collagen
binding -

growth factor
binding indi
inding

protein
wdrolase binding
activi
E
( catalvtic aclivitv-\

Elim Weight

e Starting from most specific terms . A weighting scheme for genes

to most general terms; contribution towards
neighboring term.

Elim vs Weight algorithm

ine receptor
’inding

Default in topGO: Weight01, a mixture
between the elim and the weight
algorithms

oupled

* |teratively removes the genes
mapped to significant GO terms
from more general term.



Use topGo for Fisher test

Rscript topGO.r go.annot refset testset 0.05 BP myBP

go.annot: Go annotation file

Input .
files Refset: Reference gene sets (all expressed gene list)
|
Testset: Test gene set (e.g. DE gene list)
Parameters:

* 0.05: P-value cutoff
* BP: testBiology Process domain (BP CC MF)

* myBP: output file



GO annotation file format

GO annotation from GO annotation required

Ensembl by topGO

YBR0O24W GO:0005743

YBRO24W GO:0005507 YBR0O24W GO:0005507, GO:0005740, GO:0005743, GO:0006825, ...
YBRO24W GO:0006878 YDL245C GO:0005351, GO:0005353, GO:0005355, GO:0005886, ...

YBR024W G0O:0008379
YBR024W GO:0045454
YBR024W G0O:0008535
YBR024W G0O:0006825
YBR024W G0O:0006825
YBR024W G0O:0005740
YBR024W GO:0016021
YDL245C G0O:0022857
YDL245C G0O:0016020
YDL245C GO:0005353
YDL245C GO:0005351
YDL245C GO:0005886
YDL245C GO:0015795
YDL245C GO:0015578
YDL245C GO:0015797

(one gene per line)



Output file: BP.txt

------------------------- topGOdata object ---------

O 00 N O U1l B WN B

[
o

GO.ID
1G0:0006189
2G0:0055114
3G0:0006730
4G0:0019878
5G0:0006799
6 GO:0000105
7G0:0033214
8G0:0005978
9G0:1990961

10G0:0031505

Term

'de novo' IMP biosynthetic process
oxidation-reduction process

one-carbon metabolic process

lysine biosynthetic process via aminoadi...
polyphosphate biosynthetic process
histidine biosynthetic process

siderophore-dependent iron import into c...

glycogen biosynthetic process

xenobiotic detoxification by transmembra...

fungal-type cell wall organization

Annotated

9
363
18
11
5
10
4
22
4
152

0.35385
4.40E-13
6.40E-06

0.26923
2.40E-05
7.10E-05

0.00824

0.06686

0.03297

P-values
Significant Expected topgoFisher classicFisher elimFisher parentchildFisher
7 0.41 1.30E-08 1.30E-08 1.30E-08
48 16.71 5.90E-08 5.90E-12 4.70E-09
7 0.83 3.30E-06 8.20E-06 8.20E-06
6 0.51 3.40E-06 3.40E-06 3.40E-06
4 0.23 2.10E-05 2.10E-05 2.10E-05
5 0.46 4.10E-05 4.10E-05 4.10E-05
4 0.18 9.50E-05 4.40E-06 4.40E-06
6 1.01 0.00036 0.00036 0.00036
3 0.18 0.00037 0.00037 0.00037
15 7 0.00079 0.00396 0.00396

0.62837

Gene List
[1] "Term GO:0006189 genes: YAR0O15W,YGL234W,YGR061C,YLR359W,YMR120C,YMR300C,YOR128C“
[1] "Term GO:0055114 genes:
YALO44C,YALO61W,YBRO85W,YBR145W,YBR196C,YBR244W,YCLO30C,YDLO22W,YDL124W,YDR019C,YDR0O44W,YE
RO73W,YFLO53W,YFR0O15C,YGR177C,YGR192C,YGR234W,YHL021C,YHR163W,YHR183W,YHR216W,YIL094C,YILO99
W,YJLO52W,YJL200C,YJRO48W,YJR104C,YKLO29C,YKL109W,YKL182W,YKRO58W,YKRO80W,YLRO56W,YLR258W,YLR
355C,YMR015C,YMR081C,YMR105C,YMR189W,YMR272C,YNL134C,YNRO50C,YOL152W,YOR120W,YOR178C,YPLO
61W,YPR160W,YPR184W*
[1] "Term GO:0006730 genes: YALO44C,YDR019C,YDR502C,YKRO80W,YLR0O58C,YLR180W,YMR189W*
[1] "Term G0:0019878 genes: YBR115C,YDL182W,YIL094C,YIR034C,YJL200C,YNRO50C"
[1] "Term GO:0006799 genes: YDRO89W,YERO72W,YJLO12C,YPLO19C"
[1] "Term GO:0000105 genes: YBR248C,YCLO30C,YERO55C,YIL0O20C,YOR202W*
[1] "Term G0:0033214 genes: YELO65W,YHL040C,YHL0O47C,YOL158C“
[1] "Term GO:0005978 genes: YFRO15C,YKRO58W,YLR258W,YMR105C,YOR178C,YPR184W*“
[1] "Term G0:1990961 genes: YDRO11W,YDR406W,YOR153W*“
[1] "Term GO:0031505 genes:
YBRO67C,YDRO55W,YDRO77W,YELO40W,YER150W,YGR032W,YJL158C,YJR104C,YKLO96W,YKL163W,YLR194C,YLR3
00W,YOL109W,YOL155C,YPR149W"

Output file: BP.pdf




Limitation of Fisher

* Arbitrary cutoff for DE gene list;

* Quantitative gene expression information was not used;

* Assume independence among genes;



K-S or Gene Set Enrichment Analysis

1. Sort all genes based on fold change

2. For each GO term, the null hypothesis is that genes of that GO term should be evenly and
randomly distributed across the whole smectrum. ‘ ‘ ‘ ‘ ‘ ‘ ‘ H‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ H‘ ‘ ‘

3. Identify GO categories with genes enriched in either one ends of the range.

51: chrX inactive 52: vitch pathway 53: nkt pathway

ot

o Btps idoi.ora/40°1073/pnas. 0506580102 7 T T

Running Enrichmant Score



https://doi.org/10.1073/pnas.0506580102

GSEA - Gene Set Enrichment Analysis

* Rank genes based on shrunken Log,(Fold_Change) *

 ES score of each gene Set (e.g. diabetes related genes)

Leading edge subset

— W Gene set S
(T

Carrelation with Phenotype

EEEE—

_ Random Walk
ES(S)I F o .

- - -

Maximum deviation Gene List Rank
from zero provides the
enrichment score ES(S)



Two alternative ways to analyze RNA-seq data

with GSEA
th GSEA Run GSEA:

File Downloads Help E Input: DEseqz :l

Steps in GSEA analysis Home : [ 1Load data x E |
Load data Gene sets database I 1 d d t =
Nnormailizead read counts
Number of permutations
|..-' Run GSEA Ranked List
= Collapse/Remap to gene symbaols IND_CD”EFISE _'l
Lo Leading edge analysis i | I |
LA Enrichment Map Visualization Basic fields | Hide
Analysis name |m}r_anal}r5i5 |
— Enrichment statistic |weighted '|
d Run G SEAPreranked
4 Max size: exclude larger sets |SDD |'|
j Min size: exclude smaller sets |'| 5 | '|
= Coll Dataset —
L SfEa RS Save results in this folder C:"LUSEI'SI\qﬂJd"ﬂ‘Pﬂ homelioutnotidec11 I |

Chip2Chip mapping

Advanced fields

(;;:ipsingmodeforprohesets=}1 |@ Run GSEA Pre_

E%] Analysis history

Mormalization mode |meandi\.r
. ranked:
[ :
Create SVG plot images |fa|se
GSEA reports i . A . 2 h k
Processes: click 'status' field for results Omit features with no symbol match |trl.|e— I n p u t . D E S e q S r u n e n
MNarme Status Make detailed gene set report |true
1 GseaPreranked " Success I FC
2 GseaPreranked " Success LA TR e A e 40 O g
phenotype
Show results folder @ <7 Reset W Last :=IN

12:10:28 PM + 411783 [INFO ] - Timestamp used as the random seed: 1576081224341 280M c-i’ 525M [



GSEA
Input files

.rnk file

.gmt file
- gene sets

90S_preribosome
AP_type_membrane_coat_adaptor
ATPase_complex

COPIl_coated_ER to_Golgi
COPIl_coated_vesicle_budding

COPI_coated_vesicle

DASH_complex

RNA_polymerase_ll_specific

http://amigo.geneontology.org/cg
bin/amigo/term u ol term=G0:0030686

http://amigo.geneontology.org/cgi
bin/amigo/term_details?term=G0:0030119

http://amig tology.org/cgi-
bin/amig / erm_ d ails?term=60:1904949

http://amigo.geneontology.org/cgi
bin/amigo/term_ Cetalserm=GO:0030134

http://amigo.geneontology.org/cg
bin/amigo/term_ CetailsermeGO:0090114

http://amigo.geneontology.org/cg
bin/amigo/term_ CetailsermeG0:0030137

http://amigo.geneontology.org/cgi-
bin/amigo/term_ CetailsermeG0:0042729

http://amigo.geneontology.org/cgi-
bin/amigo/term_ CetailsoermeGO:0001228

ranked gene list

YBLOO4AW YBR247C
YBLO37W YBR288C
YALO11W YAROO7C
YALOO7C  YALO42W
YCRO67C YDL195W

YARO33W YCLOO1W
YBR233W-
A YDRO16C

YALO51W YBLOO5W

Gene log2(ratio)
YDL248W 0.446508
YDL243C 0.285379
YDL241W 2.006822
YDL240W -0.87753
YDL239C -0.00886
YDL238C 0.837298
YDL237W -0.14496
YDL236W 0.417735
YDL235C -0.31365
YDL234C 0.832606
YCLO31C YCRO57C YDL148C YDL213C
YDR358W YGR261C YHL019C YHR108W
YBLOO6C YBLO35C YBRO87W
YAROO2C-A YARO33W YBR210W YCLOO1W
YFLO38C YGRO58W YHR098C YIL109C
YDL145C YDR238C
YDR201W YDR320C-AYGLO61C YGR113W
YBRO33W YBRO83W YBR297W YCRO018C



Metrics for Ranking Genes

Use shrunken logFC from DESeq2

To shrink the log(Fold-Change) of genes with high noise

MA Plots
g g
0 | colmmw e l:'w-IEl'w'r = | - o | v.l-w .
1 100 1000 1 100 10000
mearn ol normalized colnts mean of normallzed sounis
Before shrinkage After shrinkage

DESeq2 command for shrink logFC

resLFC <- 1fcShrink(dds,
coef="condition_ treated vs untreated", type="apeglm")




Enrichment statistics

Basic fields

Analysis name

Enrichment statistic

Max size: exclude larger sets
Min size: exclude smaller sets

Save results in this folder

Top hit in ORA

Enrichment plot: OXIDATION_REDUCTION_PROCESS(3)

o
Y

o
w

Enrichment score (ES)
_G (=]
L M

o
o

MR IETRMRILLALE

na_pos' (positively comelated)
Zero cross at 2627

'na_neg' (negatively comelated)

Ranked list metric (PreRanked)
O O R T - Y

0 500 1,000 1,500 2,000 2500 3,000 3,500 4,000 4,500 5,000 5,500
Rank in Ordered Dataset

- Enrichment profile — Hits Ranking mefric scores

| Weighted P-value:

|r'r1],r_ana|],r5i5

| Default: 1

weighted

classic

weighted_p2
weighted_p1.5

Higher value would

enhance the weight of

fold change in ES

T T I T ST L S T T T T e S I L T e T T

T calculation.

Top hit in GSEA (p=1)

Enrichment plot: CYTOPLASMIC_TRANSLATION(7)

I

Zero cross at 2027

na_pos' (positively comelated)

‘na_neg’ (negatively comelated)

Ranked list metric (PreRanked)
R N

Q 500 1,000 1,500 2,000 2,500 3,000 3,500 4000 4500 5000 5,500
Rank in Ordered Dataset

- Enrichment profile — Hits Ranking metric scores

Top hit in GSEA (p=2)

Enrichment plot: DOUBLE_STRAND_BREAK_REPAIR(7)

~ 0.9
w 0.8
=h
g 0.7
0.6
@
= 0.5
2 0.4
=
503
£ 0.2
Woga
0.0

Ranked list metric (PreRanked)
bbb onmeran

L

na_pos’ (positively comelated)

Zero cross at 2049

'na_neg' (negatively comelated)

1,000 2,000 3,000 4,000 5,000 6,000
Rank in Ordered Dataset

— Enrichment profile — Hits Ranking metric scores




Snap shots of top 12 gene sets with p=1 and p=2

Weighted

Table: Snapshot of enrichment results

Weighted p=2

Table: Snapshot of enrichment results

Minrichmant plot- CYTOPLASMIC_TRANSLATION(T)

1 TR

» 1 um aow ame am wm
P o i

e — g C

Enrichment plot: TRANSLATION(G)

Enricheant plot: RENA_METHYLATION(S)

Enrichment plot:

MATURATION_OF_SSU_RANA_FROM_TRICISTRONIC_R
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Enrichment plot:
FURINE_NUCLEOTIDE_BICSYMTHETIC_PROCESS(T)
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Bnrichment plot: CHROMATIN_REMODELING(S)
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Bnrichaent plot:
ATP_DEPENDENT CHROMATIN_ REMODELING(E)
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Enrichment plot:
ENDONUCLEGLYTIC_CLEAVAGE_IN_ITS1_TO_SEFARAT
E_SSU_RRMA_FROM_S_I5_RRNA_AND_LSU_RRNA_FR
OM_TRICISTRONIC_RRNA_TRANSCRIPT_SSU RRNA S_
BS_RRNA_LSU_RRNA_(B)

Enrichment plot:
RIBOSOMAL_SWMALL_SUBUNIT_ASSEMBLY{E}

Enrichment plot:
RIBOSOMAL_LARGE_SUBUNIT_BIOO ENESIS(S)

Enrichment plot:
FUNGAL_TYPE_CELL WALL_ORGANIZATION(S)
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Enrichment plot:
FURINE_NUCLEOTIDE_BIOSYNTHETIC_PROCESS(T)
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GSEA
Output

Enrichment in phenotype: na

1959 / 466 gene sets are upregulated in phenotype na_pos

41 gene sets are significant at FOR < 25%

33 gene sets are significantly enriched at nominal pvalue < 1%
41 gene sets are significantly enriched at nominal pvalue < 5%

snapshot of enrichment results
Detailed enrichment results in himl format
Cietailed enrichment results in excel format (tab delimited text)

Guide to interpret results

Enrichment in phenotype: na

267 [ 466 gene sets are upregulated in phenotype na_neg

70 gene sets are significantly enriched at FDR < 25%

55 gene sets are significantly enriched at nominal pvalue < 1%
7o gene sets are significantly enriched at nominal pvalue < 5%
snapshot of enrichment results

Detailed enrichment results in html format
Dietailed enrichment resulis in excel format (tab delimited text)

Guide to interpret results



Enriched gene sets from GSEA

1 CYTOPLASMIC_TRANSLATION(T) Details .. | 151 |[0.70(2.48|0.000|{0.000 |(0.000
2 TRANSLATION(G) Details .. || 185 |[0.62(/2.22{0.000|{0.000 ((0.000
3 ||RRNA_METHYLATION(E) Details 57 ||0.70||2.14 ||0.000{0.000 |[0.000
4 ||MATURATION_OF_SSU_RRNA_FROM_TRICISTRONIC_RRNA_TRANSCRIPT_SSU_RRNA_5_85_RRNA_LSU_RRNA_(7) Details .. |70 |[0.68(/2.13|0.000|{0.000 |(0.000
5 |[PURINE_NUCLEOTIDE_BIOSYNTHETIC_PROCESS(T) Details .. (|16 |[0.87(2.09{0.000|{0.000 ((0.000
6 ||RIBOSOME_BIOGENESIS(5) Details 64 ||0.64|/2.00|0.000{0.002(0.017
7 ||[ENDONUCLEOLYTIC_CLEAVAGE_IN_ITS1_TO_SEPARATE_SSU_RRNA_FROM_5_8S5_RRNA_AND_LSU_RRMNA_FROM_TRICISTRONIC_RRNA_TRANSCRIPT_SSU_RRWA 5_85_RRNA_LSU_RRNA_(8) | Details ... (|43 [|0.67|/1.94 ||0.000)0.005)0.043
8 ||RIBOSOMAL _[ARGE_SUBUNIT_ASSEMBLY(G) Details .. |40 |[0.67(1.94|0.000|/0.005(0.044
9 ||RIBOSOMAL_SMALL_SUBUNIT_ASSEMBLY(B) Details 26 ||0.74|/1.94|0.000|0.004|[0.045
10 ||GLYCOLYTIC_PROCESS(5) Details .. |24 |[0.75]/1.93|/0.002{0.005|/0.057
11 ||[NUCLEOSIDE_METABOLIC_PROCESS(5) Details .. (|16 |[0.81]/1.92{0.002|{0.006(0.073
12 ||ONE_CARBON_METABOLIC_PROCESS(4) Details 15 ||0.82|[1.91 ||0.000( 0006|0079
13 ||PHOSPHATASE ACTIVITY(7) Details ... ||31 0.70(/1.91/0.000|0.006((0.086
14 [IRIRNSAMAI | ARRE SUIRIIMIT RINGEMERIGIRY Nataile 2 lnrall1anlinnnnlinnaslin nes




Get network representation of enriched gene sets

A Proliferation control Chemokines/growth factors Immune modulation
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https://journals.plos.org/plosone/article/figure?id=10.1371/journal.pone.0046792.6007



https://journals.plos.org/plosone/article/figure?id=10.1371/journal.pone.0046792.g007

clusterProfiler:
enrichment analysis for
gene clusters

https://bioconductor.org/packages/release/bic

html/clusterProfiler.html

cold acclimation (2) =

response to cold (2) =

response to temperature stimulus (2) =

regulation of imaginal disc-derived wing size (1) -
transmembrane transport (7) =

transport (12) =

single~organism transport (11) =

establishment of localization (12) =

localization (12) =

single-organism metabolic process (78) =
oxidation-reduction process (45) =

carboxylic acid metabolic process (27) -

organic acid metabolic process (11) =

oxoacid metabolic process (11) =

immune system process (31) =

defense response (31) =

response to other organism (11) =

response to biotic stimulus (11) =

regulation of transcription from RNA polymerase | promoter (1) =
N-terminal protein myristoylation (1) =

protein myristoylation (1) =

endodermal digestive tract morphogenesis (1) =
positive regulation of phagocytosis (1) =

cellular component organization or biogenesis (79) -
cellular developmental process (76) =

cell differentiation (74) -

sexual reproduction (36) =

oogenesis (33) =

proteolysis (25) =

mitochondrial ATP synthesis coupled electron transport (7) =
ATP synthesis coupled electron transport (7) -
oxidative phosphorylation (7) =

respiratory electron transport chain (7) =

response to abiotic stimulus (2) -

negative phototaxis (1) =

negative energy taxis (1) =

temperature homeostasis (1) =

circadian temperature homeostasis (1) =
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Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
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https://bioconductor.org/packages/release/bioc/html/clusterProfiler.html
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