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To know about clustering

* There are two main methods:

— Classification = supervised method:

Bring together elements into categories you
defined before to launch the classification

For prediction

— Clustering = unsupervised method:

Bring together elements which are similar into the
same cluster (you don’t know the clusters, you
don’t know how many clusters you have to do)

For explovatory analysis



To know about clustering

 There are two main methods:
— Classification = supervised method:

[...]

" — Clustering = unsupervised method:

same cluster (you don’t know the clusters, you

~

Bring together elements which are similar into the

. don’t know how many clusters you have to use) )

Hierarchical clustering analysis = HCA, is an unsupervised method,
Is a exploratory method

Be coarefud :

g —m @l




To know about clustering

e Hierarchical clustering analysis of n objects is defined
by a stepwise algorithm which merges two objects at
each step, the two which are the most similar. In order
to group together the two objects, we have to choose a
distance measure (Euclidean, maximum, correlation).
Then we bring together the clusters of objects by
choosing a agglomeration method (ward, single,
complete, average).

e Either rows or columns of a matrix can be clustered, in
each case we have to choose the appropriate distance
measure and agglomeration method that we prefer,
the results depends on these choices. Remember,
Hierarchical clustering is exploratory analysis method.
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To know about clustering

 Example of clustering:

We cut here:
2 clusters

Cluster 1

Cluster 2

Mode of
Treated?2 and
Treated3

unbreatedd

untreatedd

untreated

unbreated?

treated

traatadd

Interpretation:

We expect to find
replicates of the same
condition in the same
cluster.

Here, the dendrogram
highlights there are 2
clusters, one for
“untreated” condition
and one for “treated”
condition. The
replicates are classified
as we expect.

The closest objects are
Treated2 and Treated3
(the small height node).



To know about clustering

 The Clustering Galaxy module, allows to
generate hierarchical clustering analysis on a
count data according to differents parameters.

— Input data file : contains counts for each gene (csv
ou txt with tabular as separator)

— Samples group member file: optional, allows to
color labels of samples in the graphic (tabular file
with only one column, no title for column)

— Tags group member file: optional, allows to color
labels for tags (ie reads, genes) (tabular file with
only one column, no title for column)



To know about clustering

* You can transform or not the datas:

— None: the data are not transformed

(— RId: the data are transformed into a specific log?2 A
Best « .. .
ethog | transformed. It allows to minimizes differences
for between samples for genes / contigs with small

RNAseq

— Vsd: the data are transformed by an algorithm
which calculates a variance stabilizing
transformation



To know about clustering

e Advices:

Normally when we do an hierarchical clustering, we
should have homoscedastic data which means that the
variance of an observable quantity (i.e., the expression
strength of a gene) does not depend on the mean. In
RNA-Seq data, however, variance grows with the
mean. So different methods are implemented to
stabilized the variance such as rld (regularized-
logarithm transformation) and vsd
(varianceStabilizingTransformation). Currently, the
regularized-logarithm transformation is the best
method in order to have homoscedastic data (This
method is more robust in the case when the size factors
of samples vary widely, that the
varianceStabilizingTransformation method).



To know about clustering

 The distances measures to be used (one choice
mandatory):

— The distance between elements, must be one of
"euclidean", "correlation" or "maximum". The
most distance measure used is "euclidean" and

"correlation".

— The agglomeration method to be used (one choice
mandatory): should be one of "ward", "single",
"complete" or "average". The most distance
measure used is "ward".




To know about clustering

— The agglomeration method

Simple linkage:
Shortest distance from any
element of one cluster to any
element of the other cluster

Complete linkage:

Greatest distance from any member
of one cluster to any member of the
other cluster

Average linkage:

Average distance from any
member of one cluster to any
member of the other cluster

Ward linkage:

Distance which minimize

variance in the cluster and
maximize the variance between
cluster s
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To know about clustering

* You can also choose:

— Clustering is performed on the samples: if YES clustering is
performed on the samples. if NO clustering is performed on
the genes.

— Number of top genes to use for clustering, selected by
highest row variance. If NULL all the genes are selected:
enter a number (maximum is 300).

— An overall title for the plot: enter a title for the plot

— A title for the x axis: enter a title for the x axis

— A title for the y axis: enter a title for the y axis

— The width of the graphics region in inches: enter a number
— The height of the graphics region in inches: enter a number

— The nominal resolution in ppi: enter a number (a higher
number means a high resolution which can take times to
open)



What you should have to begin

* You can have 3 files:

— File contains the count data (mandatory) and
looks like this:

A B C D E F G H
1 gene_ id untreatedl untreated2 untreated3 untreated4 treatedl treated2 treated3
2 FBgnOOoooo3 ] ] 0 0 1] 1] 1
3 FEgnOOOO0O0E 92 161 76 70 140 88 70
4 |FBgnOO00014 5 1 1] 1] 4 1] 1] ‘30 WW)
5 FBgn000001= ] 2 1 2 1 1] 1]
& FBgn0OOOOL: 4664 8714 3564 3150 6205 3072 3334 NA ore
7 |FBgn0OOO0L1E 583 761 245 310 722 299 308 M‘{’W
& FBgn00O00022 0 1 0 0 0 0 0
9 FEgn0OOO024 10 11 3 3 10 7
10 |FEgnOOOQOO02E 0 1 0 0 0 1 1
11 FEgn0O00032 1446 1713 615 672 1698 696 757
12 FBgn0O0003E 2 1 0 0 1 1] 1
13 |FEgnOO0003Y 15 25 9 5 20 14 17
14 |FBgn0O0003E ] ] 0 0 1] 1] 1]
15 |FEgn0O0003S ] 1 1] 1] 1] 1 1
16 |FBgn0000042 101664 120163 45880 533201 127363 76093 83164
17 |FBgn0000043 33402 41118 15007 18360 56048 31421 34344
18 |FEgn0000044 21 63 15 13 64 28 16
15 |FEgnOO0Q0043 9 15 1 5 14 4 6

FRonMN0AE 12 an 13 14 53 3 13

%
=



What you should have to begin

* You can have 3 files:

— File contains the tag member group file (optional)
and looks like this :

[ I ol e

— File contains the sample member group file
e (optional) and looks like this:
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Upload data

 Example of upload file:

Tools

search tools o

YOUR DATA

Upload Data
Upload File
Upload File from genotoul
EEI SRA ENA SRA

UCSC Main table browser

UCSC Test table browser

UCSC Archzes table browser

Get Microbial Data

BioMart Central server

Compress zip or tar file
Download Data

FILES MANIPULATION

Upload File (version 1.1.3)
File Format:

Auto-detect
\Adh Do help below

URL method (below) or FTP (if enabl

URL/Text:

Here you may specify a list of URLS_

Convert spaces to tabs:

Clves
Use this option if you are entering in

Text i ion (e-learning) G
Add column to an existing
dataset

Compute an expression on
avery row

Concatenate datasets
tail-to-head

Merge Columns together
Convert delimiters to TAB

Create single interval as a
new dataset

Cut columns from a table

Change Case of selected
columns

Paste two files side by side
Remove beginning of a file

Select random lines from a
file

unspedified (?)

ecute

Auto-detect
The system will attempt to detect AxE

Interval (Bed with headers) formats. |/

means that it has some format probl
the system to set your data to the fol

o imitations, uploadio

automatically be decompressed.

Ab1

@ Envoi du fichier

m

(£IO)

<« Grp CAH Heatmap 2014 » Data

MNom
[ Documents 1 Rhistory
ene_counts
Emplacements réce... L_'g it
i member
Bl Bureau
M Ordinateur
B Images

B Musique

& Modifié récemment
B Recherches

Public

Dossiers -~

Nom du fichier :  gene_counts

Date de modification Type Taille

» | Tous les fichiers

A binary sequence file in "ab1' format with a .ab1’' file extension. You must manually select this 'File Format' when

uploading the file.

Axt

blastz pairwise alignment format. Each alignment block in an axt file contains three lines: a summary line and 2

— | History P - 3
Unnamed history
515.2 KB &2 B
4: /work/smaman @ %R
[member.csv
® %
® %
® {8
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Upload data

e Example of upload file:

-_ Sigenae - Welcome slamarre  Analyze Data

»

Sios Upload File (version 1.1.3) L
search tools Q) [ File Format:
Auto-detect v
YOUR DATA Which format? See help below
Upload Data . E
= File:
Upload File
gene_counts.txt
Upload File from genotoul TIP: Due to browser limitations, uploading files larger than 2GB is guaranteed to fail. To upload large files, use the
EBI SRA ENA SRA URL method (below) or FTP (if enabled by the site administrator).

UCSC Main table browser URL/Text: i

UCSC Test table browser
UCSC Archaea table browser
Get Microbial Data

BioMart Central server S :
Here you may specify a list of URLs {one per ling) or paste the contents of a file.

Compress zip or tar file

Convert spaces to tabs:
Download Data

[Cyes
EILES MANIPULATION Use this option if you are entering intervals by hand.
Text Manipulation {e-learning) Genome:
Add column to an existing unspecified (?) v
dataset )
Compute an expression on
every row
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Upload data

e Example of upload file:

s |

\arch tools Q) M1

IR DATA
rad Data
aload File ‘

aload File from genotoul

31 SRA ENA SRA

ZSC Main table browser
ZSC Test table browser
ZSC Archaea table browser
2t Microbial Data

oMart Central server

ampress zip or tar file

Your upload has been queued. History entries that are still uploading will be blue, and turn green upon
completion.

Please do not use your browser's "stop” or "reload” buttons until the upload is complete, or it may
be interrupted.

You may safely continue to use Galaxy while the upload is in progress. Using "stop” and "reload” on
pages other than Galaxy is also safe.

History =

Unnamed history
1001.9 KB =

5: 7 _ae counts.ixt @ 75
000 lines

rormat: tabular, database: 7
uploaded tabular fila
HOUE %

- 2 3 a

gene_id untreatedl untreated2 untreat

FEgneeseees @ @ ]
FBgneeeeses 92 151 7&
FEgneeseald 5 1 e
FBgneeeeals @ 2 1

' 7 4554 8714 3554

b 1 |

1

Suecessful uplond
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Ready for clustering

SN LI I WEIMELD | LSLMLELD WAL LI e U L

-_ Sigenae - Welcome slamarre

Tools

dataset - o Your upload has been gueaued. History entries that are still uploading will be blue, and turn green upon i
completion,

Trim leading or trailin : - 2
S g g Please de not use your browser's "stop” or "reload” buttons until the upload is complete, or it may

characters 2

be interrupted.
Line/Word/Character count You may safely continue to use Galaxy while the upload is in progress. Using "stop” and "relead” en
of a dataset pages other than Galaxy Is also safe.

Secure Hash / Massage
Digest on a dataset

Filter on ambiguities in
polymorphism datasets

Arithmetic Operations on
tablas

Filter and Sort
Join, Subtract and Group E

Convert Formats
~BED Tools
Graph/Display Data

Histogram of a numeric
column

Scatterplot of two numeric
columns

Graphics dscr fhets varsion)

Hierarchical clustering on
NGS data

Cluster




Ex 1

Examples of clustering

e Example on the samples: you only have count

data file

-_ Sigenae - Welcome slamarre  Analyze patz

Tools

dataset -

Trim leading or trailing
characters

Line/Word/Character count
of a dataset

S Lmmbn Rl m—mm

We wse the rld dato
method (the most
wdled)

Join, Subtract and Group

TMWMM(«MW@

m

between growp of
elements

AL D

Hierarchical clustering (version 1.0.0)

Input count file:

5: gene_counts.txt - COW o« ‘ ¢ W
Clustering is performed on samples or tags ?:

Clustering performad on samples - ng o }O.MAM

Clustering is performead on samples or tags. Walee ory. If
clustering is performed on samples you need to give a3 member Flle with Sanu -

tags you nead to give a member file with tags. Instead your galaxy dataset | We/ MW{' M’V'e/
Do you have an input sample / tag group member file ?: Wwy W
No -

Count data transformation for graphical display (one choice mandatory):
rid -

The distance measure to be used (one choice mandatory): T‘ 5 ‘ 5 ¢ ¢ 5 | (4
eucidean ~ for calewdate distonces
The agglomeration method to be used (one choice mandator WWWV @L@VWV{'S/

ward -

Number of top genes to use for clustering, selected by highest row variance. If NULL all the genes are
selected. MAXIMUM GENES NUMBER = 300:

= We realize Hhe clustering bosed on
100 genes wihrieh have the highest
row- voriance 18



Ex 1

Examples of clustering

e Example: you only have count data file

columns

Graphics desc (beta version)

Hierarchical clustering on
NGS data

Cluster

DE Seg Run Differential
Expression analysis from SAM
To Count data

SAM/BAM To Counts Produce
count data from SAM or BAM
files

DESeqg?2 Differential gene
expression analysis based
on the negative binomial
distribution

edgeR - Estimates differential
gene expression for short
read sequence count using

ke o R

An overall title for the plot (without white space):

Yow con gve your
A title for the x axis (without white space): W " .
X axis P’Lot fa‘r (/% 2V %

A title for the y axis (without white space):

My first clustering on s

Yy axis

The width of the graphics region in inches:
! More graphics options
(optional)

The height of the graphics region in inches:
7

The nominal resolution in ppi:
300
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Ex 1 .
Examples of clustering

e Example: you only have count data file

Hierarchical classification :

My first clustering on samples 6: Hierarchical classif &5 o V'WVV" .H,w

reest ==
.
5: gene counts.txt - B OLUVS“ e‘ (V. Lf’

i 4: /work/smaman @ 8]
[member.csv

30

43: member.csv @ R

25

2: fwork/smaman @ R
/agene member.txt

1: fwork/smaman @ K8

20
|
:
g
F
X

15

We can ent the dendrogrom
wv two- clwsters, on one hand

W (Leff) yowr hore Hre

wntreatfed samples and on
the other hand (right) yow
have the treated samples.

treated2 —‘
treated3 4‘

treated1
untreated2
treated1

i3 The conditions are distinet,

‘ 20




Ex 2

Examples of clustering

 Example on tags (reads): you only have count

data file

Hierarchical clustering (version 1.0.0)
Input count file: .

3: gene_counts.txt - CO.W W’ f"w
Clustering is performed on samples or tags ?:

Clustering performed on tags - Mwm ovw fﬂ'gs/ (VW‘&)

Clustering is performed on samples or tags. Warning :
clustering is performed on samples you need to give a member file withpsassleselfaliatainauisunantasm

tags you need to give a member file with tags. Instead your galaxy dat We/ W{— W
Do you have an input sample / tag group member file ?: 0 ! 0 y F' ( 0 i

No -

Count data transformation for graphical display (one choice mandatory):
rid -

The distance measure to be used (one choice mandatory): TM W W MW@
euclidean - p [ [ L [ .

The agglomeration method to be used (one choice mandatory):
ward - WW'WV @LMV\W

Number of top genes to use for clustering, selected by highest row variance. If NULL all the genes are
selected. MAXIMUM GENES NUMBER = 300:

- We realize the clustering based on
100 genes wirieh have the highest
row- voriance
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Ex 2 .
Examples of clustering

e Example on tags (reads): you only have count
data file

An overall title for the plot (without white space):

_ Yow con gwe yowr
My first clustering on t

A title for the x axis (without white space): -‘ .
X axis P’LO‘{', fO’V oA

A title for the y axis (without white space):
¥ axis

The width of the graphics region in inches:

7 More graphics options
The height of the graphics region in inches: (0 pt|ona I)
7

The nominal resolution in ppi:
300

Execute
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Ex 2

Examples of clustering

e Example on tags (reads): you only have count

data file

- Hierarchical classification :

My first clustering on the tags

History

(== S
w
w o .
2 g
(1]
-
[=
(o]
o -
X axis

- s Clek here for
Unnamed history . V'W 'H/W
1002.6 KB < _“ [ F o

7: Hierarchical class’ @
report

361 bytes

format; html, database; 2

Group member file NO holustfun(
countfile = "/galaxydata/database
files/023/dataset23670.dat”,
group.member.file = NULL,
format.image.out = "jpeg”,
transformation.method = "rid",
sample.clustering = FALSE, select

H®O =

Hoa File

We can ent the dendrogrom
un two- cwstery (blne and
pwnk). In each cluster, yow
hoae the tags (reads) which
look alike.

But yow can also, cwt in
more number of clusters (for

example, 4 groups), here un
green

28



Ex 3

Examples of clustering

e Example on samples: you have count data file
+ samples member group file

Hierarchical clustering (version 1.0.0)

Input count file: .
5: gene_counts.txt - CO‘WW fl/‘ze/

Clustering is performed on samples or tags ?:

Clustering performed on samples ~ Mwm o .{.a'gy (VW

Clustering is performed on samples or tags. Warning
clustering is performed on samples you need to give 3 member file with samples. It clusternng 1s performead on
tags you need to give a member file with tags. Instead vour galaxy dataset will be in error (red).

Do you have an input sample / tag group member file ?:

Yes = Y%’ SWWUPL% “‘t’e’“’bbe"
Input sample/tag group member file: grO‘WP’ W

4: fwork/smaman/member.csv -

Count data transformation for graphical display (one choice mandatory): T‘M m Qj’l— U s e d MW?/
rid - .

The distance measure to be used (one choice mandatory): J
eudidean ~ between elements

The agglomeration method to be used {one choice mandatory):
ward -

Number of top genes to use for clustering, selected by highest row variance. If NULL all the genes are
selected. MAXIMUM GENES NUMBER = 300:

. We realize the clustering based on
- — 100 genes wirichh hoae the haghest
row- vorionce 24



Ex 3 .
Examples of clustering

e Example on samples: you have count data file
+ samples member group file

own tuHe for the

An overall title for the plot {without white space): Y .
e o oW Con guwe Your
plot, for axis

A title for the x axis {(without white space):

A title for the y axis (without white space):
Y axis

The width of the graphics region in inches:

; More graphics options
The height of the graphics region in inches: (0 pt|ona I)
7

The nominal resolution in ppi:

300

Execute




Ex 3

Examples of clustering

e Example on samples: you have count data file
+ samples member group file

Hierarchical classification :

30

25

20

15

10

Title

sty -0 Click here for

L - .
Unnamed history 5 V-WW' m
1003.0 KB (L1

.
8: Hierarchical clas . & ¢ .~ W‘M
I
361b

X axis

count.fil gal;
[databa sefﬁ!es
/023/dataset_23670.dat

W@vafh,&obu»droymmw
two- clusters, on one hand (Left)
your howve tHhe untreoted samples
and on the otirer hand (rigiht)
yow hone Hre treated samples.
The conditions are dustinet, that

U we expect:

Movreover, yow see the labels of
samples witiv Heir colors, so- UF s

casy for you to-see if the
condifions are dustunet or not:



Ex 4

Examples of clustering

e Example on tags: you have count data file +
tags member group file

We wse the rld

travnsformatio
n method (the
most nded)

The most used

Hierarchical clustering (version 1.0.0)
Input count file: .
5: gene_counts.txt - COW W’ f"w

Clustering is performed on samples or tags ?:

Clustering performed on tags - OWM ow 'f‘a.gy (Vw'dls/)

Clustering is performed on samples or tags. War
clustering is performed on samples you need to give 3 member file with samples. If dustering is performed on
tags you need to give a member file with tags. Instead yvour galssssdatas et will be in error (red).

m

Do you have an input sample / tag group member file ?: Y%’ '
Yes ~ Genes member growp- fule

Input sample/tag group member file:
2: /fwork/smaman/gene_member.txt -

Count data transformation for graphical display {(one choice manda TM W Wd/ ML OAASN
i for colewlate distonces
The distance measure to be used {one choice mandatory):
e - between elements

The agglomeration method to be used (one cheoice mandatory):

ward -

Number of top genes to use for clustering, selected by highest row variance. If NULL all the genes are

Sf[IJEEtEd. MAXIMUM GEMNES NUMBER = 301 W@ r [ - @ H\,@ [ F Lp\'g ! [ o-W
100 genes wirieh hane Hre highest
rowW- vourLonce 27



Ex 4 .
Examples of clustering

e Example on tags: you have count data file +
tags member group file

Number of top genes to use for clustering, selected by highest row variance. If NULL all the genes are
selected. MAXIMUM GENES NUMBER = 200:

100

An overall title for the plot {(without white space): o B
e o Yow can give your
A title for the x axis (without white space): I I J I

X axis P'Lot fo'l’ W

A title for the y axis (without white space):

m

Y axis

The width of the graphics region in inches:

7 More graphics options n

The height of the graphics region in inches: (Opt|0na I)
7

The nominal resolution in ppi:
300




Ex 4 .
Examples of clustering

e Example on tags: you have count data file +

tags member group file
Hierarchical classification : History =2 Click here for
L viewthe
Litle 9: Hierarchical clas=” @ & ° Wiﬂ\'g

We can see here, that the colors aren’t e, D

cquivalont to e clusters

(maybe here Ut b o statustician whach donw't i \Mo, camn et Hhe

know-the characteristics of these genes © fgitaf’:::;zf dendiogrom in two-

ond he gwes randomdy a growp member for “ clusters (blue and

eacih gene) e punk). ln each clusters,
i e YOU have the tagy

(reads) which look

- alike.

frma h ml, «
group memb
count.file

::d ufzmem Buwt yow comnv w‘/j.O' et v
e more nmbper of custers
- R [ == DI (for example, 4 groups),

20

bytes 29
html Adatahasze- 7



Ex 5

Examples of clustering

 Example with other distances (in order to see
the difference, if the results are more suitable
for our data): you have count data file +

samples member group file

Hierarchical clustering (version 1.0.0)

Input count file:
5: gene_counts.txt -

Clustering is performed on samples or tags ?:

Clustering performed on samples -

Clustering is performed on samples or tags. Warning : Give a sample or tag member file is not mandatory. If
clustering is performed on samples you need to give a member file with samples. If clustering is performead on
tags you need to give a member file with tags. Instead your galaxy dataset will be in error (red).

Do you have an input sample / tag group member file 2:

Yas =

Input sample/tag group member file:
4. fwork/smaman/member.csv -

Count data transformation for graphical display (one choice mandatory):
rid -

the distance weasure t 0 i' y W
correlation - W

The agglomers ion met
average «

Number of top genes to use for clustering, selected by highest row variance. If NULL all the genes are
selected. MAXIMUM GENES NUMBER = 300:

100

Number of top genes to use for clustering, selected by hi
selected. MAXIMUM GENES NUMBER = 300:

100

An overall title for the plot (without white space):

Title

A title for the x axis (without white space):

® axis

A title for the vy axis (without white space):

¥ axis

The width of the graphics region in inches:

7

The height of the graphics region in inches:
7

The nominal resolution in ppi:

300
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Ex 5 .
Examples of clustering

 Example with other distances (in order to see
the difference, if the results are more suitable
for our data): you have count data file +
samples member group file

We see conditiony are distinet:
% But i details, the aggregation
of samples (noticeable
especially for untreated

liton) is ol (s
shhape). It v due to- anverage
distonce (to- convince, yow can
(—‘ do- o clwsteruing withv enclidean

distonce and anverage distonce).
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Ex 6

Examples of clustering

 Example with other transformation: you have
count data file + samples member group file

Hierarchical clustering (version 1.0.0)

Input count file:
5. gene_counts.txt -

Clustering is performed on samples or tags ?:

Clustering performed on samples -

Clustering is performed on samples or tags. Warning : Give a sample or tag member file is not mandatory. If
clustering is performed on samples you need to give a member file with samples. If clustering is performed on
tags you need to give a member file with tags. Instead your galaxy dataset will be in error (red).

Do you have an input sample / tag groun. member fila 2-

e W@ MVV,{" wontf

Input sample/tag group member file:

4: jwork/smaman/member.csv - to- WfO‘V"W 0./
tromsformotion

Count dav. ‘ransformation for graphical

nong -

The distance measure to be used (one choice mandatory):
euclidean -

The agglomeration method to be used {one choice mandatory):
ward -

Number of top genes to use for clustering, selected
selected. MAXIMUM GENES NUMBER = 200:

100

An overall title for the plot (without white space):

Title

A title for the x axis (without white space):

® AXIS

A title for the y axis (without white space):

Y axis

The width of the graphics region in inches:
7

The height of the graphics region in inches:
7

The nominal resolution in ppi:
300
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Ex 6

Examples of clustering

 Example with other transformation: you have
count data file + samples member group file

y axis

100000 150000 200000

50000

Title

unireated4

ntreated2

untreatedi

Untreated3

treated?

reated2 —‘
treated3 4‘

X axis

We see conditions are
Y

The samples of
wnitreated condiflon
arenwt cdunster as the
some that wiren we
make o rlo

33



To conclude

* The clustering is a exploratory analysis:

— The results depends on the parameters you
choose

— There is not a bad clustering, is the biologist which
know if the clustering is suitable for its datas

— It is important to do others exploratories analysis
like Principal Component Analysis in order to
confirm the results of clustering



