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What Data”?

Unstructured

Tabular

Attribuc

Streaming




Analytics

What happens to the data in
 General?
 Particular?
* |nteractive collaboration?



Analytics : In General

What happens to the data?

The same thing that happens to everything else...
Parallelize!
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Analytics : In Particular

What happens?
* Mapreduce
 SQL
 GraphFrames
« SPARQL
 Streaming
 And: Python, Scala, Java, R



Interactivity

Old School:
* CLI/Interpreter: Scala or Python
e Scripts: Run from the shell
* Nothing wrong with this

But scalable interactive collaboration is nice too



Interactivity: Notebooks

Rise of the Notebooks:

* Dynamic: Interpreted languages
Collaborate: Authenticated, authorized
Scale: Via Spark, Mesos, Blazegraph, ...
Polyglot: Multiple languages living together
Publish: Reuse notes in other contexts



Interactivity: Zeppelin

& Zeppelin 1w o -

Welcome to Zeppelin!

Zeppelin is web-based notebook that enables interactive data analytics.
You can make beautiful data-driven, interactive, collaborative document with SQL, code and even more!

Notebook & Help
&, Import note Get started with Zeppelin documentation
{] Create new note Community
Q Filter Please feel free to help us to improve Zeppelin,
O CPSTest Any contribution are welcome!
O NCATS Translator Blackboard Sad Acit N
&5 NCATSTranslator & Malling list

O VisualizationDevelopment ¥K Issues tracking

B GreenTeamChemicalMedicalQueries O Github
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Overview

This note explores methods for combining resources within the RENCI data lake. These resources pair data with the technologies best suited to manage them. Graph oriented semantic web data is housed
in scalable graph databases. Environmental exposure data is housed in a GIS oriented relational store. In front of it all, we have a Zeppelin notebook interfacing to Apache Spark.

Using these resources, we'll attemtp the following tasks:

e List medications for a disease (in our case asthma)

o List protein targets for a list of medications

o
e List biological pathways for a list of protein targets Dy n a m I c

o List initiating mechanisms (e.g., molecular initiative events) for PM2.5 and ozone
o List targets affected by asthma initiating events and whether the interaction is activation or inhibition

o List genes associated with up and down regulation of targets from 5
Data Sources

Here are the initial data sources we’ll be integrating:

Source Technology Description

Chem2Bio2RDF Blazegraph Graph Database / SPARQL

Monarch Blazegraph Graph Database / SPARQL

Environmental PostgreSQL / PostGIS Relational GIS Database / SQL P P I I

Blackboard Apache Spark/Zeppelin Data Parallel Compute / Python - o yg o t
Approach

To start with, we’ll connect to the graph databsase via a SPARQL query.
Took 0 sec. Last updated by admin at February 152017, 4:26:52 PM.



Zeppelin

This note is strictly setup

¥%pyspark

from string import Template

from collections import defaultdict

from SPARQLWrapper import SPARQLWrapper, JSON
import matplotlib.pyplot as plt

import seaborn as sns

blazegraph_uri = "http://stars-blazegraph.renci.org/bigdata/sparql”
sparql = SPARQLWrapper(blazegraph_uri)
def query_blaze (query):

sparql.setQuery (query)

sparql.setReturnFormat (JSON)

return sparql.query().convert ()



Zeppelin

Semantic Web, chem2bio2rdf, and Blazegraph:
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Zeppelin

Find asthma drugs:

¥pyspark v
query = Template (""" T11T =1
PREFIX db_resource: <http://chem2bio2rdf.org/drugbank/resource/> Deﬁnltlons
PREFIX omim: <http://chem2bio2rdf.org/omim/resource/>
SELECT DISTINCT ?disease ?generic_name
WHERE {

?drug db_resource:Generic_Name ?generic_name . _

?disease_rec omim:drug ?drug ; Query

omim:Name ?disease .

FILTER regex(?disease, "${disease}", "i")
}"Il")
results = query_blaze (query.substitute (disease="asthma™")) Pa rse
drugs = []

for r in results["results"]["bindings"]:
disease_name = r['disease']['value']

drug_name = r['generic_name']['value']
if not drug_name in drugs: OUtPUt
drugs.append (drug_name)
print ("drugs: {0}".format (drugs))

drugs: [u'Dyphylline', u'Hydrocortisone', u'Salmeterol', u'Formoterol', u'Theophylline', u'Bec
u'Fluticasone Propionate', u'Omalizumab', u'Isoetharine', u'Nedocromil', u'Zileuton', u'Momet

Took 0 sec. Last updated by admin at February 19 2017, 12:44:29 PM.



Zeppelin

Graph protein targets by drug with Seaborn:

2. List of Gene Targets for a set of drugs: FINISHED > 32

This is a count of protein targets by drug. It's generated by a Zeppelin notebook running on RENGI's Stars big data infrastructure.
The Zeppelin notebook is connected to an Apache Spark Python interpreter running on the Stars distributed Mesos compute fabric.

This text is generated by a Zeppelin markdown note. The graphic below is generated by a second Zeppelin PySpark note. The PySpark note creates a SPARQL query which it executes on a Blazegraph
graph database instance.

The Blazegraph instance contains several Semantic Web artifacts from the Chem2Bio2RDF project.
Protein targets associated with each drug are counted and rendered in the following histogram using Seaborn and Matplotib. .
Took 0 sec. Last updated by admin at February 16 2017, 10:34:03 PM.

¥%pyspark
query = Template ("""
PREFIX db_resource: <http://chem2bio2rdf.org/drugbank/resource/>
SELECT ?generic_name ?protein
WHERE {
?interaction db_resource:SwissProt_ID ?protein .
?interaction db_resource:DBID ?drug .
?drug db_resource:Generic_Name ?generic_name .
FILTER regex(?generic_name, "${drugs}", "i")
AR '
drug_list = "CreatinelBaclofen|AmlodipinelBrimonidinel|Acetaminophenl|Aspirin"
results = query_blaze ( query.substitute (drugs=drug_list)) 6
drug_protein = defaultdict(list)
protein_drug = defaultdict(list) 5
for r in results["results"]["bindings"]:
drug = r['generic_name']['value']
protein = r['protein']['value'].rsplit('/', 1)[-1]
if protein != 'Not_available':
drug_protein[drug].append (protein)

3
protein_drug[protein].append (drug) 2
x = drug_list.split ("I")
data={ 'x'" : x, 'y' : map (lambda k : len(drug_protein[k]), x) } !
sns.set_style("whitegrid")
0

sns.plt.title('Protein Targets By Drug', weight='bold').set_fontsize('18"') Greatine  Baclofen  Amlodipine _ Brimonidine Acetaminophen
ax = sns.barplot(x="x", y="y", data=data). \ Drug
set(xlabe1= ' Dr‘ug ! s ylabel= '#Protein Tar‘gets ! ) Took 1 sec. Last updated by admin at February 16 2017, 10:34:08 PM.

Protein Targets By Drug
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2. List of Gene Targets for a set of drugs:

This is a count of protein targets by drug. It's generated by a Zeppelin notebook running on RENCI's Stars big data infrastructure.
The Zeppelin notedook is connected to an Apache Spark Pytnon interpreter running on the Stars distriouted Mesos compute fabric.

This text is generated by a Zeppelin markdown note. The graphic below is generated by a second Zeppelin PySpark note. The
PySpark note creates a SPARQL query which it executes on a Blazegraph graph database instance.

The Blazegraph instance contains several Semantic Web artifacts from the Chem2Bio2RDF project.
Protein targets associated with each drug are counted and rendered in the following histogram using Seaborn and Matplotlib.

Protein Targets By Drug

The notebeox is in GitHub here




Zeppelin : Graph + Mapreduce

Find biological pathways associated with a protein:

¥pyspark
wikipathways_iri = "http://sparql.wikipathways.org/"
wikipathways = SPARQLWrapper2 (wikipathways_iri)
query = Template ("""
PREFIX wp: <http://vocabularies.wikipathways.org/wp#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX dcterms: <http://purl.org/dc/terms/>
SELECT DISTINCT ?pathway str(?label) as 7geneProduct
WHERE {

7geneProduct a wp:GeneProduct .

7geneProduct rdfs:label ?label .

7geneProduct dcterms:isPartOf ?pathway .

?pathway a wp:Pathway .

FILTER regex(str(?label), "${protein}").
}""").substitute (protein="CYP")
results = query_spargl (query = query, service = wikipathways)



Zeppelin : Graph + Mapreduce

Spark mapreduce: Top 10 pathways by gene count

path_gene = []
for binding in results.bindings:
path_gene.append ([ binding["pathway"].value, binding["geneProduct"].value])

s_path_gene = sc.parallelize (path_gene). \

map (lambda p : C p[@].split('/")[-1], 1 D). \ Top 10 gene count:

reduceByKey (lambda x,y: x+y). \ —— (u'WP43_r84102', 60)

sortBy (lambda p : p[l], ascending=False). \ —- (u'WP702_r73516', 55)

take (10) -- (u'WP1077_r80775', 52)
-- (U'WP1006_r80841', 51)
-- (u'WP3248_r85056"', 24)
-- (u'WP981_r80762', 20)
-- (U'WP3264_r80908', 16)
-- (u'WP3131_r89204', 15)
-- (u'WP299_r89331', 13)
-- (u'WP970_r80700', 12)



Zeppelin : Scale

The interpreter scales to the Mesos cluster:

Mesos Frameworks Slaves Offers

Active Frameworks Y
IDV Host User Name Active Tasks CPUs Mem Max Share
...5050-1963-4819 stars-c0.edc.renci.org evryscope  Zeppelin 1 3 1.4GB 1.563%
...5050-1963-4818 stars-c0.edc.renci.org evryscope  Zeppelin 1 3 1.4GB 1.563%
...5050-24961-0000 stars-c0.edc.renci.org root marathon 6 3 96 MB  1.563%

...5050-2051-0000 stars-c1.edc.renci.org root chronos-2.4.0 0 0 0B 0%



Zeppelin : SCM

Notebooks pushed to GitHub @ 15min
* But w/o per-user audit trail

O This repository Pull requests Issues Gist A 4+~ T~
ResearchSoftwarelnstitute / greendatatranslator @Unwatchv 14 K Star 0  YFork 0
‘a Zeppe <> Code Issues 15 Pull requests 0 Projects 0 Wiki Pulse Graphs Settings
NOtebOOk Re| Branch: master v greendatatranslator / blackboard / notebook / 2CACGUAPY / note.json Find file  Copy path

Manage your Notebook

evryscope blackboard 759cec3 4 days ago

0 contributors

GitNotebookF
265 lines (265 sloc) 35.8 KB Raw Blame History [J 4 [
Settings
{
"paragraphs": [
name
{
Notebook Path "text": "%md\n# NCATS Translator Blackboard\n\n### Overview\nThis note explores methods for combining resources within the RENCI data
"user": "admin",

"dateUpdated": "Feb 16, 2017 10:22:10 AM",
"config": {
"enabled": true,
"tableHide": false,
"editorMode": "ace/mode/markdown”,
"results": {},
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Interactive Analytics
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Data Science Notebooks

We've shown a few ways RENCI's Stars cluster can be applied to sizable data
sets. But running any of these systems involves logging in to a relatively low
level interface. We SSH into the cluster and run scripts. And there’s nothing
wrong with that.

But recently, data science has seen the rise of interactive, graphical notebooks.



