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PRECISESADS gathers a wide range of data from thousands of patients
suffering from auto-immune disorders that share common pathophysiological
mechanisms in order to molecularly reclassify the diseases and eventually

develop targeted therapies.
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PRECISESADS

Molecular Reclassification to Find
Clinically Useful Biomarkers for
Systemic Autoimmune Diseases




CymeR

Advanced cytometric analysis using KNIME
leveraged with Docker and R

The prelude

CymeR

Advanced cytometric CymeR Docker image

analysis using KNIME _ _ _ _
) CymeR is open-source software that ties several separate components into a single program. The
leveraged with Docker

dR heart of the program is a Docker image that can be found at https://hub.docker.com/r/bmuchmore
an

fcymer/

J Download zIP

CymeR workspace
J Download TAR

To make use of this Docker image, however, we provide an eclipse workspace along with a number of

$ View On GitHub scripts for automated installation, start-up, updating and removal on GitHub at https-//github.com

/bmuchmore/CymeR
This project is

maintained by
T CymeR on different platforms




The Goal of CymeR

‘To Implement graphical user interfaces (GUIs) for
state of the art cytometry algorithms (e.qg.
clustering, dimension reduction, feature selection
etc) in an open source environment.

'To use these algorithms in ways that let you see
your data in ways previously impossible.



Brief Introduction to Flow Cytometry
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Brief Introduction to Mass Cytometry
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Using KNIME as a simple GUI front-end for complex functions

What the biologist sees:

X 0 A Dialog - 5:393 - 2D BHT-SNE continued (multicore)
File
2D BHT-SNE 1/ QuickForms |/Jab Manager Selection |
2D BHT-SNE continued

Include the columns you would like to run BHT-SNE on:

D’E; ﬂ - Exclude Select Include

Column(s): | || Search | Column(s): | || Search
[] Select all search hits [] Select all search hits
FSC-A FITC-A
2D BHT-SNE 2D BHT-SNE continued FSC-W PE-A
(multicore) (multicore) FSC-H PC5-5-A
ssca PC7-A
ﬂ ﬂ S55C-w APC-A
55C-H PB-A
APC-AF750-A KO-A
Time

Would you like to check for duplicates?
(2 TRUE

® FALSE

Choose the theta value. Theta is a speed/accuracy trade-off (increase for less accuracy): |0.5 |

Choose the perplexity setting. Typical values are between 5-50 with higher values typically being used for denser datasets: 30

Would you like to perform PCA on your dataset to reduce the number of dimensions before you run bht-sne?
(2 TRUE

® FALSE

If you are performing PCA, choose the number of dimensions you would like PCA to downsample to. Fifty or fewer is common practice: 50

Choose the multiplier of the minimum median distance within which other observations are counted towards the density: 5

Choose the number of observations used to estimate the minimum median distance: [2000 |

Choose the multiplier of the minimum median distance within which observations are approximated to have the same density: [1.5

oK || Apply

l Cancel ‘(’:’)




Using KNIME as a simple GUI front-end for complex functions
Underlying KNIME workflow:

A\ KNIME Analytics Platform (24bsfioessb1)

a
Fle Edit View MNode Help |
i B & < % |wm v| o8 e o2 e oqE =R q SEe0o 0 #@E Quick Access
& A 0 PhenoGraph /% 0:405 - PhenoGraph continued &2 = g8
& ’ =]
&
Table Column Table Column Table Column
Table Row To Table Column R %nipp.el to Variable R %nipr.u.el to Variable R gnippel to Variable
Variable Loop Start to Variable B / : / 3
> RPN » (e g L 1 — » R v (e
> [F o | ! B /
’ > @ L & Dv - { | & | - Ty
(] write matrix | /' wite pajek | / | write edgelist -
| \ | / \ / /
Reference 5 | \ II / \ R Snippet R Snippet
Cuh:mn Filter R Snippet Line Reader - String Manipulati String Manipulati String Manipulati String Manipulation ', String Manipulati $tring Manipulati String Manipulation CSV Writer Bash ——a 8
& .—r—=9 8- —8 8 N\ = ] / e} Y 8 f (. ] 8 — o
>, -\ \ ) | | \ J e 1L > g >
y ¥ > g = > s > » s B > e > A > \ > e ] B A > > i > LR
a [ ] / . A a / L} a —— [ ]
write C8V | .'._. o write labels write FCS
Column Filter \ ~
A \ \ / \ """ Table Column
QuickForm (lega \ \ £ \ . | A
fagech \ J Table Column / Table Column— l_l_gnlpp.el- to Variable
4t ‘R Snippe to Variable 'R Snippet/ o Variable Loop End
> . g i -. o N :
e > P> »pe— > g» » [} o . »Car
L] a write GML ]
write communities write Q
=1
K1 |
8= outline & Console 52 4§ Node Description % i =~ B - = 08

KNIME Console

ke Welcome to the KNIME Analytics Platform v3.1.1.v201601231159 b
ks Copyright by KNIME GmbH, Konstanz, Germany ok

Log file 1is located at: shome/developer/knime-workspace/.metadata/knime/knime.log




Using KNIME as a simple GUI front-end for complex functions

Underlying R code:

X 0 Dialog - 5:393:361 - R Snippet
File

R Snippet | Templates | Advanced | Flow Variables | Memory Policy |

Column List i| R Script . Workspace
{1 1ibrary (flowCore) Name | Type ‘
2 library (Biobase)
3 library (Rtsne)
4 1ibrary (spade)
S library (foreach)
6 library (doParallel)
7 library (parallel)
PR 2 numCores <- detectCores()
i . 9 ¢l < makeCluster(numCores)
Flow Variable List 10 registerDoParallelicl)
§ knime.workspace 11 processInput <- function(i) {
i PCA-cimensions E ;013 P kglﬁllg t(fil NULL, path = knime f1 [["di 11, patt fes")
: : s < read, flowSet(files = , path = knime. flow.1n[["dirname"]], pattern = "fcs")
i perplexity 14 df < as.data.frame(exprs(fs[[i]]])) =
d theta 15 df2 < as.matrix(df[, -which(names(df) %in% c(as.character(t(cols))))])
i check-duplicates (Index) :| 15 unique_nydata < unique(df2)
$ check-duplicates 17 rtsne_out <- Rtsne(unique_mydata, dims = 2, initial_dims = knime,flow.in[['PCA-dimensions"]], perplexity = knime.flow.in[["perplexity"]], theta = knime.flow.in[["theta"]], check_duplicate
i PCA (Index) 18 new.cols <- rtsne_outfY
5 PCA 19 channel_number <- ncol(fs[[i]]) + 1;
- 20 channel_id <- paste("$P", channel_number, sep="");
'_ kernel mult i 21 channel_name  <- "BHT.SNE.2D.Diml";
i med_samples | 22 channel_range <- max(new.cols[,1]) + 1;
d apprx_mult i 23 plist =- matrix(c(channel_name, channel_name, channel_range, @, channel_range - 1));
§ Location 24 rownames (plist) <- c("name", “desc", "range", "minRange", "maxRange");
: 25 colnames(plist) <- clchannel_id);
: gg:::aeme 25 channel_number2 <- ncol(fs[[1i]]) + 2;
27 channel_id2 <- paste("$P", channel_number2, sep=""); i
$ RowlD 23 channel_name2  <- "BHT.SNE.2D.Dim2";
& new variable 29 channel_range2 <- max(new.cols[,2]) + 1;
30 plist2 =- matrix(c(channel_name2, channel_name2, channel_range2, O, channel_range2 - 1));
31 rownames (plist2) <- c("name", "desc", "range", "minRange", "maxRange");
32 colnames(plist2) <- cichannel_id2);
33 Sys.setenv("OMP_MUM_THREADS" = detectCores(])
34 density =- SPADE.density(as.data.frame(new.cols), kernel_mult = knime.flow.in[["kernel_mult"]], apprx_mult = knime.flow.in[["apprx_mult"|], med_samples = knime.flow.in[["med_samples"|])
35 dens =- as.matrix(density)
36 channel_number3 <- ncol(fs[[i]]) + 3;
[ 37 channel_id3 <- paste("$P", channel_number3, sep="");
3 33 channel_name3  =- "BHT.SNE.2D Density”;
i} 39 channel_range3 <- max(dens[,1]) + 1;
40 plist3 =- matrix(c(channel_name3, channel_name3, channel_range3, O, channel_range3 - 1));
41 rownames (plist3) <- c("pame", "desc", "range", "minRange", "maxRange"); -
[ 1 [¥]
Eval Script H Eval Selection Reset Workspace H Show Plot
Console
R is busy waiting...

0K H Apply H Cancel I@




R can make KNIME (more) interactive

Sometimes, R needs interactive inputs that can not be pre-configured in
KNIME. For these scenarios, | code in an interactive table editor that
goes back into R as a data frame. All the biologist has to do is fill out the
table when it pops up:

knime.in - dfedit version 0.6.1

columnl  column2 column3 columnd columnS columng

Row0 I am data

Row1 manipualte me . . . .
Row2 and then feed me to j
Row3 for example I

Row4 Samplel Sample2 Sample3 Sampled Sample5 Sample6

Rows case case case control control  control




Essential workflow

1) Read in a FCS file
2) Apply function to FCS file

3) Write out new FCS file (and other files as needed)

Choose the directory containing the files you want to copy

Directory:  fhomefbrian/Desktop _||

£ 1_viSNE_test

(27 Bicinformatics

&1 Birt X O Create the directo i

_ ry you want to copy the files to

1 Conchi

3 Controls Directory:  ftmpfknime_flowSOM42765 —|| |

(27 Controlsl

7 Controls Downsampled B R-inDataTempFile-1512190196822506966.r

7 CytometryScripts E] R-inDataTempFile-1512190196822506966.r.Rout

£7 DataMining El R-workspace8369063960015707210.RData

] Files

1 05s

£7 viSNE_test

K 4] ]

Selection: |,"hc-me,"brian,"De5ktc-p File name: || Save
Files of type — Cancel




KNIME makes (scientific) data fun

PhenoGraph: A cellular social network that returns clustering designation based on Louvain communities




KNIME makes (scientific) data fun

BHt-SNE: Non-linear dimension reduction using Barnes-Hut t-Distributed Stochastic Neighbor Embedding
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KNIME makes (scientific) data fun

Destiny: Non-linear dimension reduction using diffusion maps:

x ks Do tirry. D [* wwals D tiry.ims [#| 2 vals |Dastinyims [+

cobor vaki [PO.chuters | sz vaki PO.chsters | labki A Dislog- |

i



The abbreviated list of programs needed to make everything work:

KNIME
KNIME extensions
JAVA 8
R
Python 2.7
Python 3.4
X11 Server
Firefox
60+ R or R/Bioconductor packages
Many other specific packages and...
All the dependencies required to make the above run



A brief introduction to...

gocker

The following Docker slides have been adapted from:
http://www.slideshare.net/dotCloud/docker-intro-november?from_action=save



Docker metaphor: Intermodal Shipping Container
A standard container

that is loaded with

virtually any goods, and
...in between, can be

stays sealed until it

reaches final delivery.

0 00000000 000COCEOCOGEOSSEOSEOSOSOOIOE
loaded and unloaded,
stacked, transported
efficiently over long
distances, and transferred
from one mode of
transport to another

docker



Docker is a shipping container system for code

anstatic website ¥ User DB “.Web frontend ::Queue l'. Analytics DB

An engine that enables
any payload to be
encapsulated as a
lightweight, portable,
self-sufficient
container...

...that can be manipulated
using standard operations
and run consistently on
virtually any hardware
platform

.&t Developm QA server Customer Data Public Cloud Production Contributor’s
docker ent VM Center Cluster laptop



Containers vs. VMs

Containers are isolated,
but share OS and, where
appropriate, bins/libraries

Container —

Hypervisor (Type 2)

Host OS

Server

Host OS

Server

&

docker



Example Dockerfile

FROM ubuntu:14.04
MAINTAINER Brian Muchmore "brian.muchmore@genyo.es"

##Install Java8
RUN add-apt-repository ppa:webupd8team/java && \
apt-get update -y && \
echo oracle-java8-installer shared/accepted-oracle-license-v1-1 select true | /usr/bin/debconf-set-
selections && \
xvfb-run -a apt-get install oracle-java8-installer libxext-dev libxrender-dev libxtst-dev -y && \
xvfb-run -a apt-get install liblzma-dev -y && \
xvfb-run -a apt-get install libglul-mesa-dev -y

##Download KNIME
RUN echo 'Installing knime' && \

wget http://download.knime.org/analytics-platform/linux/knime_3.1.0.linux.gtk.x86_64.tar.gz -O
/tmp/knime.tar.gz -q

tar -xf /tmp/knime.tar.gz -C /home/developer && \

rm /tmp/knime.tar.gz && \

apt-get install libwebkitgtk-1.0-0 -y

USER developer

ENV HOME /home/developer

WORKDIR /home/developer

CMD /home/developer/knime_3.1.1/knime -data /home/developer/knime-workspace



What are the basics of the Docker system?

Docker
Container
Image
Registry

R
o
-
—+
=
=
®
S
>

Pull

Dockerfile
For
A

Source
Code

Repository Docker Engine
Host 1 OS
l ) Host 2 OS (Linux)

docker
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Changes and Updates

Docker
Container
Image
Registry

Base Container Image

Container Mod A’

Container Mod A”

Docker Engine Docker Engine

l ; Host is now running A’ Host running A wants to upgrade to A”’.

Requests update. Gets only differences.
docker



CymeR in Linux

WIgIPN Workspace | Data

docker run -ti —=rm
-e DISPLAY=$DISPLAY
CymeR-Data:/home/developer/Data:rw

CymeR-Workspace:/home/developer/knime-workspace:rw
/tmp/.X11-unix:/tmp/.X11-unix:rw

bmuchmore/cymer



CymeR in Windows Using Less than 3 GB of RAM

Windows 7, 8, 10 Workspaceh 1 Data
DOCKER TOOLBOX:

VirtualBox (headless)

Tiny Core Linux

X11 Server
2 Docker

OpenBox

Babun (Cygwin)



CymeR in Mac

COMING SOON
(It should be much simpler to implement than CymeR in Windows)



CymeR

Advanced cytometric analysis using KNIME
leveraged with Docker and R

The prelude

CymeR

Advanced cytometric CymeR Docker image

analysis using KNIME _ _ _ _
) CymeR is open-source software that ties several separate components into a single program. The
leveraged with Docker

dR heart of the program is a Docker image that can be found at https://hub.docker.com/r/bmuchmore
an

fcymer/

J Download zIP

CymeR workspace
J Download TAR

To make use of this Docker image, however, we provide an eclipse workspace along with a number of

$ View On GitHub scripts for automated installation, start-up, updating and removal on GitHub at https-//github.com

/bmuchmore/CymeR
This project is

maintained by
T CymeR on different platforms
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Thanks to...

Dr. Marta Alarcon-Riguelme
IMI and PRECISESADS
KNIME
DOCKER

All of you.

N
SnE PRECISESADS

Clinically Useful Biomarkers for
Sys temicA toimmune Diseases



For much more info, go to:
http://bomuchmore.github.io/Dock-0-KNIME/
Or

http://bmuchmore.github.io/CymeR/

Questions?

Ask now or contact me at bmuchmore@gmail.com
(I will do my best to respond in a timely manner)




