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Exponentially cheaper devices
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Moore’s law 1n genetics

Cost per Genome

MM e——————
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s10x e

genome.gov/sequencingcosts

Human genome sequencing
1990-2003: 13Yyrs /2.7 Bn USD
2016: ~days/1000 USD

CCD!

- 2006 X Prize 10M, 100 genoms
30 days, $10k - cancelled

- Microarray

- Mass spectroscopy

- Digital microscopy

Oxford Nanopore
100Mb, $900



National Cancer Institute
National Human Genome Research Institute

Navigating the Data Portal
and the Cancer Genomics Hub

The Cancer Genome A‘trlas 3.2Bn nucleotides / human genome

The Cancer Genome Atlas (TCGA) is a large-scalgaetemBratve oo Dy the National Institutes of Health
to map the genomic changes that occur in ov 30 types of human cancer, Jcluding nine rare tumors. Its
goal is to support new discoveries and accelerate T eniag T ed at improving the diagnosis,
treatment, and prevention of cancer.

TCGA is a community resource project. The information generated by TCGA is centrally managed and
entered into databases as it becomes available, making the data rapidly accessible I eora
community. By January 2014, TCGA had generated one petabyte of data for abQut 10,000 cases of tumor
and matching normal tissue samples

TCGA data are available in two data repositories: the TCGA Data Portal and the Cancer Genomics Hub. Al
data can be accessed directly from the TCGA Data Portal regardless of which repository houses the data file.

S.Spisak, K.Lawrenson,Y.Fu,l.Csabai, ... M. Freedmann. Nature Medicine doi:10.1038/nm.3975 (2015)




Data exploration: Traditional approach

Data archive

NGS reads,
Genomes, * Search archive
* Download data (FTP) to
local server

* Install tools
* Analyze
* Visualize

COMPARE is funded by the European Commission under Grant Agreement No 643476



Challenges

* Big Data — downloading data is not
optimal/possible

e Data sharing is not enough — share data +
complete processing pipeline + result figures,
tables, ...

COMPARE is funded by the European Commission under Grant Agreement No 643476



Cloud+notebook approach

Data archive

NGS reads,
Genomes,

Virtualization: OpenStack + Docker
“Workflow”: Jupyter/Ipython notebook

| Virtual machine / Docker

) User
*Search archive

* Download-data{FFP)}-te Web
* local-server browser
sinstal-Preinstalled tools
] * Analyze User
* Visualize

Web

* Share / publish browser

results/data/code

COMPARE is funded by the European Commission under Grant Agreement No 643476
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Kooplex

Infrastructure for flexible collaboration

1 — Jupyter d®.

d

Worksheets Jupyter notebooks Gitlab Owncloud
Run pre-compiled worksheets to Run existing or create Jupyter Manage your project. add members Manage easily your data files
hide program code and focus on the notebooks from existing projects to to it, file issues through the owncloud... (just as easy
problem process your data or author your as in Dropbox! :) )
ts, notebooks and sh = to Gitlab
Worksheets hide the complexity of \Olt;\ E{:frz SNAEOANGIRe e

notebooks from end users interested

in scientific output =» Browse notebooks
= to worksheets

© 2017 - Kooplex Hub
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COMPONENTS

Ng'inx/C—HTTP—P [networking/routing, user&resources ]
Docker [compartmentalization of services and notebooks]
LDAP [authentication and user database]

NFS [persistent user workspace]

HUB [front page + service spawner, django powered website]
Gitlab [project management, versioning, collaborative forum]
Jupyter [dev. env., sandbox, DASHBOARDS]

Own Cloud f[small data drag & drop, sharing ]

w. T [workflow/pipeline services]



UPYTER

* Integrate:
- Executable code
(Python, R, Matlab,
SQL, bash, ..)
- Notes, descriptions,
math equations, ..
- Results, figures,
interactions

* Accessible from
anywhere through
browser

* Runs 1in the cloud

Z Jupyter Lorenz Differential Equations osea
File Edit View Insert Cell Kernel Help

+ & @& B 4 ¥ > B C Code *  Cell Toolbar: = None

Exploring the Lorenz System

In this Notebook we explore the Lorenz system of differential equations:

i=oly-2)
y=px—-y-—xz
i=—fz4xy

This is one of the classic systems in non-linear differential equations. It exhibits a range of
complex behaviors as the parameters (¢, 3, p) are varied, including what are known as chaotic
solutions. The system was originally developed as a simplified mathematical model for
atmospheric convection in 1963.

A

| Python3 O

In [7]): interact(Lorenz, N=fixed(10), angle=(0.,360.),
g=(0.0,50.0),B=(0.,5), p=(0.0,50.0));

angle 308.2
max_time D 12
[} 10
B 26
P 28

|+




BOLA

€ C | www.compare-europe.hu/ena_eurcpe_loco.ntml

In [12): width, height = 650, 500
flu_map - folium.Map(location-[47, -17], zoom_start=3,
tiles='OpenStreetMap’, width=width, height=height)

Add point to the map object

« Let's make point area proportional to number of cases.
= This is miseleading, beacuse somewhere all the cases around have the sample position (Europe), and
the are more

In [13]: for i in xrange(len(uniq_locs_w_acc)):
loc=(uniq_locs_w_acc.iloc[i]['lat’],uniq_locs_w_acc.iloc[i]["'lon'] )
name='Number of cases: "+str(uniq_locs_w_acc.iloc[i]['count’])
name+='  Accesions: ‘+uniq_locs_w_acc.iloc[i]['acc_list’']
size=uniq_locs_w_acc.iloc[i]['count’] ** 0.5

flu_map.circle_marker(location=loc, radius-1e3*size,
line_color="none",fill_color="#3186cc’,
fill_opacity=0.7, popup=name)

And finally draw the map

In [15): inline_map(flu_map)

Lestief| Mop data (¢) OpenSyeetap contrbutors

et + g e g - pes

tmatplotlib inline

#some settings

matplotlib.rc('font', size=20)
matplotlib.rcParams( *lines. linewidth'] = 3
matplotlib.rcParans| 'figure. figsize'] =(15,16)

fig,ax=plt.subplots()

#custom Legend

gui_proxy = plt.Rectangle((®, @), 1, 1, fc="green")

sle_proxy = plt.Rectangle((8, @), 1, 1, fc="blue"

i ((0, ), 1, 1, fc="nay

@), 1, 1, fca"yel.
dpri_proxy = plt.Rectangle((e, @), 1, 1, fca"red”)

ax.. lW(KMJN’()’;Sw 1ib_proxy, dpr2_proxy,dpri_proxy:

["6u! eone’,"Liberia’, "Hali?®, ‘Mali?'])

3

dtf qy_llnl(:hu::
urn Hone
Phylo.draw(tree,my_label,axessax,x1im=(-8.2005,8.01))
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GLOBAL SEWAGE METAGENOME
A

| Python3 ©

~Ju pyte I' sewage-metadata Last Checkpoint: 16 minutes ago (autosaved)

File Edit View Insert Cell Kernel Help

+ < BB 4+ ¥ M B C| Markdown CellToolbar

Ve
Number of samplings

title="Number of samplings by countries"™)

sewage metadata['country'].value counts().plot.bar(figsize=(15,3),

In [4]:
plt.xticks (rotation=75)
prlt.show ()

Number of samplings by countries
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In [5]: | # For label purposes
sewage metadata['date fact']= sewage metadata['collection date']
sewage metadata['type fact']= sewage metadata['sewage type']
= sewage metadata.apply(lambda x: (pd.factorize(x)[0]) if x.name in ['date fact', 'type fact'] else x)

sewage metadata



COSMOLOGY WITHOUT DARK ENERGY

: J U pyter darkEnergy Last Checkpoint: 3 minutes ago (unsaved changes)
File Edit View Insert Cell Kernel Help

+ = A0 ¥+ M HE Clcoe v CellToolbar

Calculate ISW for non-LCDM model without Dark Energy

Growth function

The definition if growth function:

) B oo " -1
D= HO [T 1+ U (1+adz.]
0

HQO) J. H) H3(2)
Eds:
f A+, 27 7 U4 0 27 =2 ] S L 00042690375
on H3(2) 8 Jop (14272 8 [5(1 +x)2 9.0 8 2504/10

d7 =135

/m (1+2)
00 H(2)

In [36]: plotModel ﬂx\"
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GITHUB/GITLAB

® 00 /C)iornpiosagov-Githb x| | Gregory
& = C |@ GitHub, Inc. [US]|https:ﬁgithub.camﬁ8Ff18f.gsa.gov g7 » =
GitHub This repository  Search Explore Features Enterprise Blog — 1. Signin
* project management,
versioning, 18F / 18f.gsa.gov ©Wach 72 kSar % YFork 4
e collaborative forum 18F's main website. https://18f.gsa.gov
{> Code
1,314 commits 50 branches 3 releases 59 contributors
] (@ lIssues 4

P branch: staging ~  18f.gsa.gov/ + R

i Pull Requests 9

Merge pull request #573 from 18F/production_update -

S xategarkiaus auinored 18 hours ago latest comnit e7f67e5178 4~ Pulse

Il _data Import _data/pif_projects.json from public Hub 18 hours ago {u Graphs
B _includes update DAP snippet a month ago

B _layouts Fixes markdownless excerpts on tag archives 2months ago ~ HTTPS clone UAL

_ . . https://github. cor @-
B _plugins Uses {% author %} for cos post and updates plugin 18 hours ago

You can clone with HTTPS or
B _posts Uses {% author %} for cos post and updates plugin 18 hours ago Subversion. @




DROPBOX/OWNCLOUD
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WORKSHEETS/DASHBOARD — ACTIVE SERVICES

Got Scotch?

If you like Aberfeldy you might want to try these five brands.

Scotch Aberfeldy -
Similarity
Benromach 0.972973
BlairAthol 0.972973
Benrinnes 0.962908
Royallochnagar 0.959202
Scapa 0.959043

Click one to see how its taste profile compares.

Body
Sweetness cluster —— Aberfeldy
Smalky Fruity
I
3
2
Medicinal Maity
Tbacco Nutty
Honey Winey
Spicy

Powered by data from https://www.mathstat.strath.ac.uk/outreach/nessie/nessie_whisky.html and inspired by analysis from

http://blog.revolutionanalytics.com/2013/12/k-means-clustering-86-single-malt-scotch-whiskies.html. This dashboard originated as a Jupyter

Notebook.



CRISPR DNA EDITING — GUIDE RNA DESIGNER

: J U pyter gRNAdesign (unsaved changes)
File Edit View Insert Cell Kernel Help

+ x @B ¥+ M B C  Markdown v CellToolbar

Motif
Motif: = GNNNNNNNNNNNNNNNNNNNNGG From: 1 Length: = 2
Chr: | chrX ChrStart: 67523514

Sequence

TGAGAGAAGAGTTTCATATTTGCAAGGTCTCAGACATGCCTTTAAAATTTCATAATACTTCTTCTTGTGTTTCCCATGCTTGATGG
GGCTCAGAATTGACAGTGTACATTTTCAGTAATACAGAGATGAGAAGGGTCAGAGAGGAAGTAAAGTGGCTAGGACTGGCTATG
TAAATTGCCAAGGGGTGCAGTTCAAATGAAAATGTGAGACCTCTAATATAAAATTTCATGATGGGGATAATGGATCATGAAACTA
ATCGTGGGGCTTTGTGCGACACCACGGGACACTTGCCTACAAAGCCATCCCTACTCCCTGCTTAAACGGAGACAAGAACACATT
GGTGATTCTCAAATGCAAACTGTCCCTTTACTGAAAACCTAATGAGTTTAATGCTTACTATACTGTAGTCCCTTATGTGCTGATTA
CATTGTGGAATGCTGCAGGGAGAAAAACAAATTCACCTAATGATGCTAAAGAACCATTAGGAGACTTTACTAGTTTAGGTCACAA
GTGCCTAGAAATACAGAAATGATCTTTGACCTTTCCTCCATTTTTCAAAAGGACGCTATTTCTGTGAACCTCATTGACCTCTCCAG
ACAAAGTCCCAGATTGCCTTTGCCAAAGTTAACAACCCATCTTGGCTTCTTGCCATTTCTCATGTATTCACTAGATCAGTGCATGA
CTGCTGCTCTCAACCCACATCATGGGGCCAGAGCCTTCACTGGTTAATATTTATAAAAAAATACTTTGAAGATTAAATCCTTGGTC
AGTAGAGAAAACACTAGACATGGATAGAACAAGAAATTGTGGGGTCTGGGCCTCCTCCCAGAACTGCCACCACCAGACAATGTT
ATCTTTGACAGATTTGTGGTATCTGGGTGGCTGTACTTTTCTTTTGGTGAAATAGCAAAAGCCAAAAAAAGAGACTGTAACATCT

AATOAOAOATTTTOANNOANCTANANTANTOAATTANTANATTANAATTANANOAAANOATATTAAATATTTOATATATTTOAANONTAAD



NEURAL RECORDINGS - CRCNS
ARTICLE

doi:10.1038/nature14178

A motor cortex circuit for motor planning
and movement

Nuo Li', Tsai-Wen Chen', Zengcai V. Guo', Charles R. Gerfen” & Karel Svoboda'

Activity in motor cortex predicts specific movements seconds before they occur, but how this preparatory activity relales
toup b Wedi d the conversion of preparatory activity to within astr
motor cortex circuit. An anterlor Iateral region ofthe mouse cortex apossible homologue of premotor cortex in primates)
contains equal proportions of inter P -oreonmlateralmovemems yetunilateral inactivation of
thiseortimlreﬁonuunng slanning di alater . Using cell-type-specific electrophysiology,
g and tic permrbation, we show that layer 5 neurons projecting within the cortex have unbiased
laterality. Activity with a contralateral population bias arises specifically in layer 5 neurons projecting to the brainstem,
and only late during movement planning. These results reveal the transformation of distributed preparatory activity into
movement commands within hierarchically organized cortical circuits.

c Contra-preferring neurons
Sample Delay

Silicon
probe

50

Neuron number

427

: J U pyter crcns_data1 Last Checkpoint: 17 hours ago (autosaved)

File

Q B

Response

Edit View Insert Cell Kemel Widgets Help

+ = H 0B 4+ 4 M B C Code v e | CellToolbar | Dashboard View: | <> | 22

# plot the rasters

rasterplot(’'RealCueTimes’,trials,
spike_times,nid=neuron_n,
hue="response”’,
window=window,
binsize=28)

neuron 9

- - response
Lick left
— Lick right

spikes per second [spks/s]

T

—3000 —2000 —1000
time [ms]

1000 2000

trials

Wo -
150 -

-3000.0 20000

trials

20000




