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Learning Objectives

1. To apply knowledge of functional enrichment analysis through

Perseus data analysis
A. To be familiar with the basic functionality of Perseus

B. To be able to perform functional enrichment analysis
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Outline  Background

o Software - Perseus

* Demo
» | oading the data
* Filtering
» Exploratory analysis
» | oading annotations
» Differential expression analysis
= Clustering & Profile plots
» Functional analysis
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https://maxquant.net/perseus/

A
LOAD EXPORT ANALYSIS MULTI-PROC.

Flve = Expression data = Data matrix = Quality control = Visualization = Match by row
interfaces = Gene list = Result matrix » Normalization = Clustering = Match by column
= NGS data = Statistics = PCA
= Annotation data s Enrichment
= Random data = PThis
B Experimental design is specified as
Treatment
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https://doi.org/10.1007/978-1-4939-7493-1_7

Data Analysis using Perseus

1. Annotation
2. Filter / Extract
3. Expression profile / heatmap / cluster analysis

4. Functional enrichment analysis

This tutorial is based on Tyanova S., Cox J. (2018) Perseus: A Bioinformatics Platform for
Integrative Analysis of Proteomics Data in Cancer Research. In: von Stechow L. (eds) Cancer
Systems Biology. Methods in Molecular Biology, vol 1711. Humana Press, New York, NY
https://doi.org/10.1007/978-1-4939-7493-1 7
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https://doi.org/10.1007/978-1-4939-7493-1_7

Perseus Demo

* Loading the data

= Filtering

» Exploratory analysis

» | oading annotations

= Differential expression analysis
» Clustering & Profile plots

* Functional analysis
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Loading the data

:ﬁ session] = Perseus - O X
Fle Tooks Window Help
Matrix  Network ;
mi'ia. Basc = Fiterrows = Annot. columns = Imputation = Time sees = WGCNA - ™ v <O @ P; Visualization ~ _| G5 4 ol Basc = | =
A N Rearange = Fitercolumns = Annot.rows ~ Clustering = Modfications ~ Extemal = &3 20 P- A Custeing/PCA ~ i $* & @ | Awot.rows = |
f:::ré;t?:::;\u;{'::iEpEF-HtE'd file, The first row should contain the column names, ; ‘ z . ID 'f P = *1 }:5:': o £ : “_'l' | |
Analysiz Multi-proc Export

also separated by tab characters. All following rows contain the tab-separated values,

Such a file can for instance be generated from an excel sheet by using the export
as a tab-separated bt file. x " f .f-‘"'..

Perseus software interface

| Otems 0% v 1

Version 1.6.5.0 .
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3.1 Loading the Data {8 Generic matrix upload 0
e Description II

1. Go to the “Load” section in Perseus and click the "Generic matrix upload” button. = C:\Users"\Administrator'Goh'\Prof \Society \MAP $\Workshop'2019\Materials \proteinGroups bt | Seleat | °
2. In the pop-up window, navigate to the file to be loaded (see Note 2 ). ?inmm ]
3. Select all the expression columns and transfer them to the Main columns window z ﬂgﬂ 1]
(see Note 3 ). Select all additional numerical data that may be needed in the analysis Alon [ ]
and transfer them to the Numerical columns window. Make sure that the columns %E
containing identifiers (e.g., protein IDs) are selected as Text columns. Click ok. " ml’: ¥
umerica

Q-value
H peptides

~ M

EEEE

InitialData | E «B %) ‘ ‘.' ?‘ﬁ . =) matrixd

Dt M atrix - Initial Data
— - Creator: Administrator

AT11H A14H A15H A16H - — Dﬁfﬁafzﬂﬁ 1?:23:2§ _ Categorical
- Ongin: C:\Users\AdministratortGe
) ; ; ) - File: proteinGroups txt 5]
T il Ll Main - Quality: {small values are good.) I=
0 0 0 0 - Rows (10,146) T
0 380360... 8777700 | 2682 Workfl 1 8- Main columns (23} -

or Oow pane - Categonical columns (0)

6284300 | 5667100 | 332590... | 1494

Type
1
2
3 - String columns (3)
4 240450... | 2260200 | 719530... | 2969¢ [ Numerical columns (2) Test o
. . G
z 102760...| 344480...| 375810...| 9209¢ - Mult-numerical columns (0) B i ramos Lt
- Categorical rows (0) | < | Protein IDs Lt
] 0 i) 0 0 - String rows () n
7 52412 | 0 2222100 |0 Matrix i | b Numerical rows (0) L]
B T atrix i ormaq1|on - Multi-numerical rows (0}
Eﬂi-ﬁurnerical -
Ed Lt
Get familiar with the Software and its five main sections: Load, Processing, Analysis, Multi- [<] [1]
processing, and Export (see Fig. 2). L |
1. Inthe workflow panel, change the name of the data matrix from matrix 1 to
InitialData by right-clicking the node and changing the Alternative name box. Close [ Shorten main column names v
. : . . Descripti
the pop-up window. Explore the right-most panel of Perseus, which contains useful Cancel eerpten @l o

information such as number of main columns and number of rows.




Data transformation :

} ) . - . ) Basic «| Fitterrows = Annot. columns -
Transform the data to a logarithmic seale by going to “Processing = Basic = : ~
{¥)  Transfom
Transform™ and specifying the transformation function (e.g., log2(x)). : B Combine main columns
In the “Processing” section, select the “Basic” menu and click on the “Summary : [ Coumn comelation
statistics (columns)” button. Select all expression columns by transferring them to " Row comelation
the right-hand side. Click ok and explore the new matrix. Summary statistics {columns)
;ﬁ Transform _ 0 w " SIJI'I'IITIEF}" statistics {I"GIWE}
Cancel Output @ ok B Quanties
Transformation ||092N ' ) ) )
Columns i ~= T Density estimation
EEE EEE a Performance curves
pE e N Combine rows by identifiers
et i N £ Clone
U_ Add noise

Summary statistics

InttialData matrik2 matrix3 U I & W =) matrie3
Dat I - InitialData
a
= - Creator: Administrator
sum Mean Median  Tuke Standa.. Coeffic.. Median  Full Minimu... : ) -- 06/03/2019 17:29:01
bIWEI}E]ht deviati.. of absolute  width Generic matrixu... Origin: C-\Lsers" Admiri
variation dewviati..  half - Ongin: L\ Users\Administrato
. . . . . . . . . - File: proteinGroups b
Type Main Main Main Main Main Main Main Main Main - Rows (33)
967576 | 235592 235737 |23.5626 |2.6912 01142, [ 1.84678 6.68063 | 145273 [+-- Main columns (17)
114150 230513 22987 229965 265355 01151. 178852 6.15427  14.4081 -~ Categorical columns (0)

(]
)

H- String columns (1)

- Numerical columns (0)

- Multinumerical columns (0)
- Categorical rows (0)

- String rows (0)

- Numerical rows ()

- Multi-numerical rows (0)

128974 | 237171 | 237599 237315 | 2.88448 012162 |2.04989 | 71232 13.011
T16775 | 245481 245877 245492 283811 01156.. | 1.94825 | 6.38805 | 149733
103881 | 244828 | 245774 245512 287305 (011735 | 1891152 |G.2185 151522 —
168764 | 239687 24.0155 240064 | 3.14415 | 01311. | 2.23054 | 825982 127439
134523 | 232086 | 232607 232178 | 3.11658 |01343.. | 227908 | 819807 |13.7836
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File  Toolzs  Window  Help

Matrix  MNetwork
t i . Basic - | Fiterrows +| Annot. columns = Imputation ~ Time serdes ~ WGCNA - o

| | [ |
I I Ite rI n g A Oy Reamang ~|~  Filter rows based on categorical column rcmiuns + Extemal = @ 2D P ‘

g D | Nommaliza Filter rows based on numerical /main column ming = 1) | : z . ].D f Pu
Load Filter rows based on text column
InitialData |. Filter rows based on valid values |I “[] % ; f T—.-.
Data Filter rows based on random sampling
A11H Filter rows based on duplicate values
= Generic matrixu...
Tvpe Main Main Main Main Main M: |InitiaIData I
1 NaN NaN NaN NaN NaN Nz @
i ) i Generic matrix u...
3.3 Filtering InitialData
1. Use the workflow window to select the InitialData matrix data by clicking on it (see
Transfom
Note 5).
2. Inthe "Processing” section, go to the “Filter rows™ menu and select “Filter rows —
matri

based on valid values.” Change the Min. valids parameter to Percentage and keep

the default value of 70% for the Min. percentage of values parameter. Click ok.
Check how many protein groups were retained after the filtering (see Note 6 ). 4.“'53 tems

summary statisti...

matrix3
o

To remove all protein groups with missing values, repeat -
Filtering, setting the percentage parameter to 100 1,499 items
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Exploratory analysis

Data  Histogram

P A0E T . . : . £ : . Points  Categor
I;_G? cok =4 CI B TS §_g ™8 T EAR T8 T E FAR] % egones Generic matrix u...
(=1 é ATTH 2 B22H = A16T = ABT 2 B19T ¢ BSM ¢ B19M “ “ Sel . -
& to s o ES © S o ° . election from tab
h| 1= 2‘0 © 2'0 “ 2‘0 “ 2‘0 “ 2'0 & 2'0 3 2‘0
£ | 2 Jgo Mg WM e AT o AT g, BT e BMoe M Fillcolor Border | Gene Protein Protein Al1H @
3 5 S B G ) [ % S 2 [ B 8 B 3 E color names names INs =
S 1 I} B MMM g B e AT £ AT e BRT e B e EUM [ | | AARS Alanine-.. | P49588;. |28.417
5 T 3 T 3 T 3 T 3 T 8 T 3 T N
1 s e g mon p o g her p _ But g Bm g G [ ] O ABCDZ | ATP-bind.. P28288.. |24.560:
o |8 } & ) [ ‘ [ } S ) 8 ) 3 ‘
5 A s e mw oz Mo Bor p mmr p mam o Gim [ O ABCE1 ATP-bind... | PE1221.... | 25513
o ATTH s Bams Gw s Gwry Gy B Bw S [ ] O ABCF1  ATP-bind.. QSNE71.. 25053t ——
2 % 8 TR 8 N ENAE R L8 NN ) [ ] O ABCF2 ATP-bind_. | QOUGHEZ._. | 23.190¢ |Summary‘5tati5ti...| |Fi|terrow_5ba_=,ed...|
B g - A3TH é - BSH é - A33T ¢ - B12T E - B2T g - B26M g - B13M
2 | g [E g T T T T T8 T || O ABHD14B | Alpha/be.. QOEIU4;. |25280: I o
s g g ABH g BBH g AMT g BIST g BST 5 BEOM g BiM : |n'|atrix3 | |matrix4 |
8 1 S PR T R T TS s S, [ | O ACAA1 | 3-ketoac.. |P09110.. |24.919¢ ~ ®
] § . A35H é . BIH é - A35T = . B14T § . BT ¢ . B24M )é - B11M . D ACMQ 3-ketoac P42?65 24 ?32r
S 20 & % < B < 20 < EY 8 By 3 By . "" . .
== g MM g ANT g MET g BIST 2 BT & BZM BioM [ | | ACADS | Acyl-CoA.. | QOHB45.. | 26.165¢
20 30 I B 8 % 8 % K] - 3 5 3 5 - - . )
AT4H g AW g AT g AT = BIET p  BOT 5 B2M | O ACADM: .. | Medium-..  P11310... |24.016: matrix5
— = T 3 T 3z T 3z T 2 T 3 T
g g1, LEwme R e e o . ew oy [ | O ACADSB | Shortbra... | P45954;... | 27.320: N h
2 | 2 O TR TS TR T TR T TR e T T T ] O ACADVL | Verylon.. |P4974s.. |27.127:
é i 5 [ | | ACAT1 Acetyl-C.. | P24752;. |27.003:
i || ] ACAT2 Acetyl-C.. |QEBWD.. |22.402:
© : - © [ | O ACBD32 Golgires.. | QOH3PT.. | 25.097¢ [
20 30 30 30 -
AT5H B24H A19T 16 | O ACLYAC... | ATP-cifra... P53396;.. |27.957:
27 2 27 17 [ | (] ACOTJR... | Cytoplas... |P21399;.. |26.322¢
il 1 18 ACO2 Aconitate.. | Q99798; . | 26.560:
a 2 2
[ B [= [= .
é | 5 E 19 [ | | ACOTT Cytosolic.. | 000154;... | 25.018(
| 20 || ] ACOTY Acyl-coe.. | QOY305.. | 23993
=5 = T T T = T T -
0 an n an n an 1,459 tems 100% ~| 1

To visually inspect the data, go to “Analysis = Visualization = Histograms.” Select
all the samples of interest by transferring them to the right-hand side. Click ok.
Explore the visualization options in the Histogram panel by testing the functionality
of each of the buttons (e.g., Properties, Fit width, Fit height).

Click on the pdf button to export the plot (see Note 1 ).
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Exploratory analysis

InttialData  matrix2 matrikd matried  matrix5
Data  Histogram Multi scatter plot

1 @ O - __ m
Ll ¥, =i |Pearson correlation — L
= 0BT T Y
- y

0558 .
RN A

Multi-scatter plot

Switch the view to the “Data”™ tab.

Go to “Analysis = Visualization = Multi seatter plot.” Select the desired samples by i
transferring them to the right-hand side. Click ok (see Fig. 3). D_'E;""
Adjust the plot using the Fit width and Fit height options and resizing the plot g
window. e , ;;}:

T4

In the drop-down menu “Display in plots™ in the plot window, select Pearson
correlation.

Select a scatter plot by clicking on it. The selected plot will be shown in an enlarged
view.

Select a number of proteins from the “Point™ table on the right of the multi scatter
plot and examine their position in all pairwise sample comparisons.

Switch back to the "Data” tab to continue with the analysis.

Poirts  Categores Plots  Lines
o L3
E{mbul Symbo\ Shtg\r Sﬂeg]ep_q Eg]tlepi_g Jil'nr_t‘i:ﬂein Q-vah
585 . 2 HMRPK;. Heteroge... | QGIBN1;. 0
586 2 HF1BF3 Heteroch... Q555J5.. 0
W e e
R T
589 2 HSD17B... | 3-hydrox.. | Q99714 |0
2 HSD17B... | Estradio... |Q53GQ0.. |0
2

i&]

:I:---ﬂ

nera a

a

AeukAE

Rt

1499ftems 3 selected 1W00% ~| 1

vEIS B Upte -
22 R[0 > OlT

Gene names

30

20

T
20 22 24 26 28 30 32 34

| Common: 1499 X: 1499 V: 1490 Total: 1499
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Exploratory analysis

Basic = Fitterrows = Annot. columns = Imputation = Time seres

Experimental Design

Go to “Processing = Annot. rows =2 Categorical annotation rows.” Use the Create
action option to manually specify the experimental condition to which a sample
belongs (i.e., indicate control versus stimulus, or different stages of a disease). All
the samples belonging to one condition should have the same annotation. A new row

will be added under the column names in the newly generated data matrix (see

Categorical annotation

Reamange ~ Filter columns -

Momalization = Qualty ~ Te

2 matrix3  matrid matrixd '|l
m  Multi scatter plat

Annot. rows = | Clustering ~  Modifice

Extract to matrix
Categorical annotation rows
Comelate

Mumerical annaotation rows

Abbreviation of clinical samples is as follows:

A- Lymph node negative case

B- Lymph node positive case

The prefix is followed by the serial number of the sample

H- Healthy duct

T- Primary tumor

M- Lymph node metastasis

A11H A1d4H A15H ATEH Af19H AI0H A31H A34H A35H AIEH A3H B21H B19H B22H
Tvpe Main Main Main Main Main Main Main Main Main Main Main Main Main Main
Group1 mMegati... Megati.. Megati.. Megati.. MNegati... Megati... MNegati.. ®Megati... ®Megati.. MNegati.. Megati.. Fositive | Positive Fositive
Category | Healthy  Healthy  Healthy | Healthy | Healthy | Healthy  Healthy Healthy Healthy  Healthy | Healthy Healthy  Healthy  Healthy
1 284171 277603 28339 278714 | 290861 |2B3.8266 274800 | 270786 |27.3449 |2T73THT 265142 | 2B4694 300924 | 290399
2 24 5604 | 239485 (271361 | 275577 |26.8517 | 27.1885 |24.4723 |240965 |253176 |[258664 (231134 (257556 |26.3849 | 266711
3 255133 255058 |26.5467 | 271576 | 265711 (277348 | 2971806 |26.3452 |29.309 272445 | 254215 |27.0525 |[28.2941 | 307804

p—
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Exploratory analysis

Load |
o= Colors
InitialData  matrix2  matrix3

Hierarchical

. Intensity [1e-1]
Data  Clustering 5 7

*RAADS

clustering

!

I
AR R T R A T R T

PN e
02 03 04 05 06 07 08

Correlation coefficient

| meshsz | Mubpoe | Expen {4 Properties X
BEEE X =] _
Row clustering
Row clusters Header width 100
Tree line width 7 Iil
o —0 Draw to width
|Summary‘5tat|5t|... | |F|Iterrow‘5 based...|
I | I I ! Color bar width
0items 100% v |matrix3 _

| |matrix4 : |
Column clustering

= Filter rows based..

= o
&l

iii {4 Column names e
Sample correlation Coumnnames  [[ERE 7] [Uptafret o]
—L  Addt. column names |<Ncr‘|e> v| |Cnrnplete v|

E!?E. Column color bar |Categor'_.' w |

Tyanova & Cox (2018) Cancel

Distance from center - ]
" Header height
.W —!Eﬂ Names height
x . . -
Tree line width 2 lEl
Draw to height
_ B Colo bar wicth
Categorical anno...
all <Mones - -
Enrichment  Members Heatmap
ClusterID | Typ Cell border width 0 EI
; matrix15
o =

Dtem=Go to Processing - Bésic - Column correlation.” Make sure that the Type is set to
Pearson correlation. The output table contains all pairwise correlations between the
selected columns.

To visualize the sample correlations, go to “Analysis = Clustering /PCA -

Hierarchical clustering.” Use the Change color gradient to set a continuous gradient

i —

—
INBIESIS 3



Exploratory analysis

P ri n ci pa I Co m po n e nt a n a IySiS ( PCA) Go to “Analysis = Clustering/PCA - Principal component analysis” and elick ok.

Explore the sample separation (dot plot in the upper panel) and the corresponding

intialData | matrix? | matx3 | matrixd | matrix5 | matrix6 | matixd | motrix15 ) loadings (dot plot in the lower panel).
B FCh : In the table on the right of the PCA plot, select a set of samples (e.g., all samples that
Component 1 ~ Component 2 - BE T YT Poirts =~ Categoaries Initi . . . L
i . belong to one experimental condition) and change their color by clicking on the
D 20 3D @C s 3 » G = :
Mames . E| 8 B Uptey - Type Name J Symbol color button and selecting the desired color.
L-2QA 0 2 E:H.“S. [ [ Groupl | Negative mat .Check the contribution of other components by substituting Component 1 and 2
2 Group1 Paositive . .
5 Category | Healthy Sun with other components from the drop-down menu. Find the components that show
Category 2althy
z] - o 4 Category | Metastasis — sample separation according to the experimental conditions (see Fig. 3c).
1 & Category | Primary tumours . .. . 5 5
s ] g = Explore the proteins driving this separation. In the loadings plot beneath the PCA,
@ o] o b
1 0 * .
=) D‘Z‘?u: = L @ - change the selection Mode to rectangular selection. Hold the left mouse key down
£ ]o o O ooy . .
2] 5 DDDE ED - - and draw a rectangle around the dots in the upper right corner and then release the
2 m)
o R O
A3H 5 5 ) 5 ) 5
§ ] oo O B Fhai J mouse. The selected proteins are highlighted in the table to the right and their labels
=1 FasH 5 TEeen 1H I I | . .
"] D%%DA% H Sitems 1 selected O o are displayed in the plot.
1 21H
-.......,..Dﬁﬂ?ﬁH....,....,....,....,. Forts |Caems
~100 50 0 50 100 180 200 S [Componentz_ Jcomponens 10 @8 %
. sponens — fcomvonen % %
Component1 (68.3%) ‘ G > G | e e
Common: 88 X: 88 ¥: 88 Total: 88 H Protein . . :a}ma - :Es- B Vo 3
r . Lzaao ol
Genenames  ~ EIS B Uptey -
| g
5 -~ m‘_ =)
L-RRK i $R " ;
R Q‘ e E:]. | Select all < s
146 _ £o 9 &
Clear selection 2 . 2 s
147 . & .
7 u] Invert selection ) g
148 : Sitems 1 selected i 3
— I Bring selection to top
3 149 ; T & b s e & 2o Ports [y ;
= 150 Paste selection... Campanent 1 (58.3%) @CO S g P componani2Us) “’
o Common: 88 X: 88 V: 88 Total: 88 Common: 88 X 38 Y: 88 Totak 88
5 = Lu 151 i Genenames -[%]8 B Uptor - Gt = Toale
g qﬁAVé 141 152 Monospace font B 2R S E:].“Fh reaao ot
§ ATXNZL g Default font —
] 154 Plain matrix export... _ ) é
" i ~ H
_'4 _'3 _'2 _'1 155 Copy selected rows .r = . §
Component 1 [1e-2] | | Copy cell = E < ©
Common: 1499 X: 1499 V: 1499 Totak: 1499 i 1439items 5 selected Copy column full) - 3
o
Copy column (selected rows) — -
B26M // Positive, 30:120 T T T T Thioredo
L =T e m e — S - B * N CDmDDnenHz[l&Z] ! -

—
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Exploratory analysis

0.751 iy 10692

5
.

Healthy L/H

0751 - 0942

Primary LIH
0
o ."‘.
Ilal_ i__.;r.
¥

Metastasis HIL
0

o 5 o 5 0 5

- - Healthy LIH Primary LIH Metastasis HIL
Correlation coefficient
IEIierarchicaI clustering Multi-scatter plot

8 °
_ ® Hea
% =24 . 2 [ ] :rimha':: tumars
E P ' .J. 5 ‘ @ Metastasis
= ® ® ° a®
g. - e® '- =] Py ’ '.
S ° ¢ Y ge H

o) ﬁ ® * .- o [

' °

20 R A0 5 0 5 10 15 20

Component 1 (21.2%)
Principal component analysis (PCA)
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Differential expression analysis

-
L Z-score

Cancel Output
Matrix access
Columns
|Ize median
Report mean and std. dewv. ]
Caneel Output

N .14 p-value, and ANOVA g-value (see Note 13)

g * Annot.rows * Clusterng -

Tests | Outliers * Homology

J- One-sample tests
| P> Two-sample tests

Hry  Muktiplesample tests

{4l Multiple-sample tests
Cancel Output
Grouping Category

= ANOVA

Normalization Basic ~ Fiter rows ~
Go to “Processing = Normalization = Z-score.” Change Reamange ~ Fitter col.
the Matrix access parameter to Columns and select the Use || Nomalization ~| Qualiy
median option. ¥l Zacom

Rank

Differential Expression Analysis

Go to “Processing = Tests.” From the menu select the Multiple-
sample tests as there are more than two conditions that are
compared. The default parameters do not have to be changed.

Specify the categorical row that contains information about the experimental
conditions of the samples that will be used in the differential analysis in the
Grouping parameter.

Keep the default value of o for the So parameter, to use the standard t-test statistic.

Use for truncation

Permutation-based FDOR

FOR 0.05
Report q-value
MNumber of randomizations |25D

Preserve grouping in randomizations <None>

Log10
Suffix |

Change the parameter to use the modified test statistic approach described by
Tusher et al. [15].

Select the multiple hypothesis testing correction method to be used by specifying the
Use for truncation parameter (see Note 12 , Fig. 4a).

Specify if a suffix should be added to the output columns produced by Perseus. This
option is relevant when multiple tests are conducted, e.g., with different parameter
settings, as it helps to distinguish between them in the output table.

Inspect the output table. It contains three new columns: ANOVA significant, —Log

o -
N BIES1S



Go to “Processing = Filter rows = Filter rows based on categorical column.” Set the

Column parameter to ANOVA Significant and the Mode parameter to Keep

matching rows to retain all differentially expressed proteins.

Go to “Processing = Tests = Post-hoc tests.” Set the Grouping parameter to the

Ly . .
| d Filter rows based on categerical column

same grouping that was used for the ANOVA test (see Subheading 3.6, step 1) and el |

Column

the FDR to the desired threshold. Tukey's honestly significant difference (THSD) is

computed for all proteins and all pairwise comparisons and the significant hits

within the corresponding pairs are marked (see Note 14 , Fig. 4b).

Made

Fitter mode

Differential expression analysis (Il

Tests | Outliers ~ Homalo

Healthy Primary Metast.. C: I: M # M -Lo I: T.Gene T: T: T: Significant pairs
tumours AMOVA | Q-value  peplides AMNO AMOVA  names Frotein Frotein
Signific... pvalue g-value names IDs

Main Main Main Catego... Mumeric Mumeric  Mumeric  Mumeric  Text Text Text Text

276183 |-276183 [-257708 |+ a 12 307782 | 0.0200.. |AARS Alanine.. | P4853 . | Healthy_Metastasis;Hea...
3.94078 |-3.60059 (-3.94078 |+ a 435561 | 0.0035.. |ABCE1 | ATP-b.. |PB122.. Healthy_Metastasis;Hea..
3.40231 | 165417 [-3.40231 |+ a 3.21502 | 0.0172.. |ABCF1 | ATP-b.. |Q8MET.. Healthy_Metastasis;Hea...
7.40451 | -T.40451 [-3.24112 + ] T7.06613 | 3.1746.. |ABCF2 | ATP-b.. |Q9UG.. | Healthy_Primary tumour...
-4 61701 | 461701 |4.24983 |+ a 22 512048 | 00011.. |ABHD1.. | Alphal.. |Q86IU... | Primary tumours_Health...
343283 |-2.48767 [-343283 |+ a 14 34876 | 0.0123.. |ACSF2 | Acyl-C.. |Q9BCM... Healthy_Metastasis;Hea...

B Onesample tests
- Two-sample tests
By Multiplesample tests
Two-way ANOWA
Three-way ANOWVA
Post hoc tests
- o
ANOVA Significant
Values |[s +
Keep matching rows
Reduce matrix
Rt
i i Post hoc tests
Cancel Description
(Grouping Category
FDR 0.05
Coance Description
= k|
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Load

IntialData  matrix2  matrix]

Datz  Clustering
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5

EE ;ﬁ Define row clusters X

Distance threshald |5.E?3?DDE1E?439

Mumber of clusters |B Iil

i= il s e T

Clustering |

| Export row clusters i

Go to “Analysis = Clustering/PCA = Hierarchical clustering.” Keep the default
parameters and click ok.

Inspect the resulting heatmap and the relationship between the groups and the
proteins.

Click on the Change color gradient button in the button ribbon above the heatmap
to examine the color scale usage (red means high and green low expression) and to
modify them.

Click on several node junctions in the protein tree that represent potentially
interesting clusters of proteins (i.e., upregulation in a certain experimental
condition). The selected clusters are highlighted and appear in the "Row clusters™
table displaved to the right of the heatmap (see Note 15 ).

Inspect the different profile plots as vou navigate through the different clusters in
the table. Change the color by modifying the Color scale and export the profile plots
by clicking on the Export image button (see Fig. 5).

From the ribbon menu in the heat map view, click on the Export row clustering

button to add the cluster information to a new data matrix.
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Profile plots
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Basic ~ E
Annot. rows

-
-

Multi-proc. Export .

Functional analysis

Go to “Multi-proc. = Matching rows by name.” Both Base and Other matrices point to the

last matrix.

Matching rows by name
The base matrix is copied. Rows of the second matrix are associated with rows of

columns of the second matrix are attached to the first matrix, If exactly one row

of the second matrix corresponds to a row of the base matrix, values are just copied.
If more than one row of the second matrix matches to a row of the first matrix, the
corresponding values are averaged (actually the median is taken) for numerical and
expression celumns and concatenated for textual and categorical columns,

(e.g., Protein IDs).

—
|E—5cure |

ix1?I
s

I'-.-'Iultiple;-:amplet...
|

|matrix1 EI |
|Fi|ter rows ba_ﬂ.ed|

I Matchin%ruws b..
|matrix19 | ,-'I",I

|F’Dsthocte515 |

I f | matr 24iL
matrix20 s, matr ’

|matrix21'." |

@ Copy categorical columns ANMOVA Siimﬁcam Cluster
4

Click on Base matrix and then in the workflow window select the data matrix that was
the base matrix via matching expressions in a textual colurnn from each matrix. Selected generated before fllterlng fOr ANOVA Slgnlflcant.

In the pop-up window set Matching column in matrix 1 and 2 to a common identifier

In the categorical columns section, transfer the category Cluster to the right hand-side.

CIICk Ok :i Matching rows by name

Cancdl Description

Matching column in table 1 Gene names

Matching column in table 2 Gene names

Use additional column pair O

Join style Left

Ignore case 1

Add indicator |

Add original row numbers O

Copy main columns Metastasis
Primary tumours
Healthy

Combine copied main values Median

T A— n

e
INBIBSIS B3



;"—‘ Workshop - Perseus

File | Toolz | Window  Help
Matrix Annotation download |
t "J Perseus plugin store E

Fitter rows ~ | Annot. columns ~| Imputation

e v Filter colij#+  Add annotation

tion = Cualit To base identifiers

i ‘-J Add annotation
Cance Description

Source

Loading annotations

Go to the drop-down menu indicated with a white arrow at the top left corner of Perseus and select
“Annotation download.”

Click on the link in the pop-up window. Select the appropriate annotation file (e.g., “PerseusAnnotation
- FrequentlyUsed = mainAnnot.homo_sapiens.txt.gz,” if the organism of interest is homo sapiens).

Download the file to the Perseus/conf/fannotations folder.

Go to “Processing = Annot. columns = Add annotation.” Select the file from the previous step as
a source.

Set the UniProt column parameter to the column that contains UniProt identifiers. These identifiers
will be used for overlaying the annotation data with the expression matrix (e.g., Protein IDs).

Select several categories of interest to be overlaid with the main matrix and move them to the right-
hand side. Click ok.

C:xUsers* AdministratortDesktop’ Perseus*binconf\annaotations \mainAnnot homo_sapiens txd gz
LniPrat column Brotein (s

Annotations to be added GOBP name ﬁ I 5 | Z2BP name

GOMF name GOMF name
GOCC name < || GOCC name
GOBP slim name

GOCC slim name

KEGG name

Pfam

GSEA

Keywards

Caorum

E0BP

GOMF W

o E
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Functional analysis

Fisher’s exact test

Go to “Processing = Annot. columns = Fisher exact test.” Change the Column parameter to Cluster and
click ok. The resulting table contains information about all annotation categories that were found to be
significantly enriched or depleted using a and multiple hypotheses correction

:i Fisher exact test

Cancel Output
R e Categorical column
Column R
Uge for truncation Benjamini-Hochberg FOR
Threshold value |{|._1].5|
Relative enrichment <MNone>
Data
C: C: Selection Z: Category value M Total  N: I [4; [4: M P [: Benj.
Selec... value Catego... size Selecti... Catego... Interse.. Enrich... wvalue Haoch.
column column size size size factor FDR
Type Categ... Category Catego... Category Mumeric | Mumeric | Mumeric  Mumeric  Mumeric | Mumeric | Mumeric
1 Cluster | Cluster-590 |GOCC.. | Golgi lumen 1489 B 2 2 24983 |1.336E.. | 0.0020..
2 Cluster | Cluster-590 | GOBF... |glycosaminoglycan biosynthet.. | 1499 i 3 2 166.56 39973, |0.01383
3 Cluster | Cluster-590 | GOCC... |fibrillar collagen 14949 G 3 2 166.56 3.9973.. | 0.0047...
4 Cluster | Cluster-590 | GOBF... | aminoglycan biosynthetic proc... | 1498 i 3 2 166.56 39973, |0.01383
5 Cluster | Cluster-590 | GOMF... | extracellular matrix structural c... | 1499 G 3 2 166.56 39973 | 00122
G Cluster | Cluster-286 < GOCC.. | proteinaceous extracellularma... | 1499 3 a 2 124 92 T4516.. 00076
T Cluster | Cluster-590 | GOBF... |glycosaminoglycan catabolicp... | 1499 i 5 2 99933 0.0001... | 0.0384..
8 Cluster | Cluster-296 | GOMF... | heparin binding 1489 3 10 2 99.933 | 0.0001.. 0.0315.
g Cluster | Cluster-590 | GOBF... |aminoglycan catabolic process | 1498 i 5 2 99933 0.0001... | 0.0384..
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Happy Trying!
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