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At the end of this talk, you will...

» Know what parts of a grant need informatics
consideration

» Understand how important it is to seek help
early

» Feel comfortable reaching out to CRI and
asking for help
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CRI| vs. ?7

« CBIS

» Research Computing Center (RCC)

» Computation Institute (Cl)
e |TS

» CDIS

e Biostatistics core

« Center for Health Delivery Sciences and Innovation
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The idealized process...

» Have an idea

» Get preliminary data
» Write a proposal

e Get funding

e Do work

* Repeat
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What often happens...

e Have an idea or an extension
of current work

e Get award for new work

» Figure out how to actually do (and pay for) the
work
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What often happens...

e Have an idea or an extension /

ot current work |
» Apply for grant using old preliminary data
o Get award tor new work

» Figure out how to actually do (and pay for) the
work
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Scenario #1 - The sequencer

» Researcher gets a pilot grant to study colon
cancer patients using ChlP-Seqg

» Pilot grant only for cost of sequencing

* No provisions made for analysis and
Interpretation
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Scenario #2 - The multi-center trial

« Researcher gets U grant for testing a new
survey tool at 30 cooperative sites

 Grant has no provisions for any research
informatics support &
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Scenario #3 - The Big Data™ user

» Researcher gets funding to sequence 1000
whole genomes

» Gets funding for sequencing but then needs
20TB of storage space

» No grant provisions for storage
or backup
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Scenario #4 - The simulator

« Researcher gets funding to design,
perform, and test molecular simulations on
millions of drug-target combinations

» Requires millions of hours of HPC usage
* No funding for HPC
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Scenario #5 - The analyzer

» Funding secured for pulling a large
comprehensive data set from the data
warehouse to perform disease modeling

» Data is pulled and given to research team but
there is no one to analyze the data
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There are many opportunities to
consider informatics resources
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Getting informatics help

http://cri.uchicago.edu

U2tan Accoumt “ontact Us FAQ lecrnical Help CRI Careers
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NGTHEN YOUR FALL GRANT APPLICATIONS

t1for a free sessionon including informatics resources at all stages of grant preparation.
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Getting informatics help

http://cri.uchicago.edu
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Getting informatics help

http://cri.uchicago.edu
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Common to all proposals

* |IRB writing / consideration

« Contracts, data use agreements

» Data storage, movement, backup
» Data security

o Letters of support

e Facilities and resources documentation

» Data governance and stewardship

« Data sharing / software dissemination
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IRB

* Do you need and IRB? An exemption?

 CRI has extensive experience in writing IRB protocols
and shepherding them through the process

« Many of the issues have already been encountered
for other proposals

» Engage the CRI early in the process
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Contracts and data use agreements

 Sharing data outside the BSD
requires an agreement

» Contracts may be needed for IP, data use, etc.

» The Data Use and Innovation Group meets
monthly to address these issues proactively
(CRI, OCR, IRB, legal, security, privacy)
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Data storage, movement, backup
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» CRI has extensive storage and {8
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» Every investigator gets 21B ‘ 1242
storage and backup for “free” as a “lab share

« More extensive data usage needs to have a
pudget
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A word about storage

WD - easystore® 8TB External USB 3.0 Hard Drive - Black w Addto Can T h ese aren ’t 9 OO d p | aces

Model: WDBC<ADISCHBK NESN SKU: 6792401 48217
24 Questions, 63 Answers

ONLY © BEST BUY

PRICE MATCH SUSRARTEE

$199.99

to store your data.

FREE 2-DAY SHIPPING
or odes S/ and Lp

D WEFIXIT OR REPLACEIT Wh )
Narmal Weaar & Tear - Fownor Sumes
Plan Detsils y o

() 2-Yoar Geek Squad Product v
Replncement  $49.90

Save for Later Add to Registry

. ing: FREE Two Day
o .by 'Wcd, Aug 2 for £0601 Change
'y gdor within 6h 42m

tore Pickup: JOHN HANCOCK CTR IL
“~ble Today (Ready in 1 hour) - FREE
by clores

Click cr tap to erlarge

S —
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A word about storage

WD - easystore® 8TB External USB 3.0 Hard Drive - Black W Addto Cart T h e S e a re n It 9 O O d p | a Ce S

Model: WDBC<ADISCHBK NESN SKU: 6792401 48217
24 Questions, 63 Answers

ONLY © BEST BUY

$ PRICE MATCH SURRARTEE

$199.9

to store your data.

FREE 2-DAY SHIPPING
o odes S and L

P
@ WEFIXIT OR REFLACEIT Wh )
Narmal Weaar & Tear - Bower Sumos
Plan Detrils y o

. 2-Year Geek Squad Pruduct v
Replanrement  $49.90

Save for Later Add to Registry

* Not HIPAA compliant

T o * |Insecure
.by 'Wed, Aug 2 for £0601 Change

: } ffc.' within 6h 42m

tore Pickup: JOHN HANCOCK CTR IL
“~ble Today (Ready in 1 hour) - FREE

* No redundant backup

e Little chance of recovery if loss
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| etters of support

» General letter from CRI %eﬁ*

» Specific support for project
from CRI leadership

e Contact the CRI director service line director
for any LoS issues

* Do this early. A draft is always appreciated.
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Facilities and resources pages

FACILITIES AND OTHER RESOURCES
University of Chicago

The University of Chicago, one of the nation’s leading private universities, was founded by in 1892 by John D.
Rockefeller. The University consists of four graduate divisions (Biological Sciences, Humanities, Physical
Sciences, and Social Science), six professional schools (Pritzker School of Medicine, Divinity School,
Graduate School of Business, Harris Graduate School of Public Policy Studies, Law School, School of Social
Sciences Administration), the Institute for Molecular Engineering, and the College. There are 2,274 faculty
members. Eighty-nine Nobel Laureates have been faculty members, students, or researchers at the University
of Chicago. There are currently 171 members of the American Academy of Arts and Sciences and 44
members of the National Academy of Sciences on the faculty. The University has had past and present 34
recipients of a MacArthur Fellowship and 15 recipients of the National Medal of Science, and many faculty
members who serve as advisors to governmental and policy-making bodies.

Biological Sciences Division (BSD)

The BSD is the largest of the University's four graduate divisions. The Division includes 23 academic
departments, 13 interdisciplinary committees for graduate education, 14 externally funded centers of research,
5 major institutes and numerous ancillary support units. In the Division of Biological Sciences, the
undergraduate and graduate programs in the Biological Sciences and the Pritzker School of Medicine are
combined in a single academic and administrative unit, providing a favorable environment for research and the
training of researchers through extensive support and encouragement of collaborations between translational
and basic science faculty. There are 899 (281 basic science and 579 clinical, 26 clinical scholars, and 13
undifferentiated) faculty members and 351 postdoctoral trainees, 921 residents and fellows as well as 127
additional Research Associates (similar to Research Professor track at other universities) engaged in full-time
research, teaching, and medical care within the Division. The BSD is the largest single component of the
University of Chicago.

The BSD maintains a strong tradition of multidisciplinary and interdepartmental interaction, which augments its
educational and research endeavors. The BSD not only contains the traditional academic departments found in
most medical schools but also a number of research institutes (e.g., Grossman Institute for Neuroscience,
Quantitative Biology, and Human Behavior, Institute for Biophysical Dynamics, Institute for Genomics and
Systems Biology, Institute for Integrative Physiology), centers (UC Comprehensive Cancer Center, Diabetes
Research and Training Center) and unique interdepartmental committees structured along programmatic
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Data governance and stewaraship

« Grant readers are looking for
documentation of data governance

procedures

 CRI can help document these procedures
for your proposal
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Fxamples ot data governance considerations

e Why controls access to data?

* How is security documented?

 Will people have encrypted laptops?

* |s the storage HIPAA compliant?
» Are data being backed up regularly?

« How is data being moved securely between researchers?
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Fxamples ot data governance considerations

e Why controls access to data?

* How is security documented?

it

 Will people have encrypted laptops?

* |s the storage HIPAA compliant?
» Are data being backed up regularly?

« How is data being moved securely between researchers?

Failure to address these questions can doom a proposal.
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Data sharing plan

 Data sharing

» Discussion of how data will be deposited in common
repositories and shared

o Software dissemination
e How will software be shared?
 What kind of license will be used?

 CRI will help with this

o CENTER FOR

=g THE UNIVERSITY OF 0N
@ CHICAGO MEDICINE & |EGMRESEARCH Common | Bioinformatics | CRDW | Applications | Systems
~ RSl INFORMATICS

& BIOLOGICAL SCIENCES




Security considerations

* The Intormation Security Oftice in the BSD
can help you with securing your data

» http://security.bsd.uchicago.edu/

» All proposals must aahere to policies ana
procedures (University and hospital) _
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Bioinformatics considerations
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Bioinformatics - Methods and study design

» What kind of analysis?
RNA-Seq? ChlP-seq? WGS? WES?

» What depth of coverage?

» Power calculations: How many samples?
Technical replicates? Biological replicates?
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Bioinformatics - Budget planning for data generation

» How many chips? What cost to run?

» How about sample collection and
preparation?

» CRI can help broker this
Drocess
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Bioinformatics - Grant writing

 CRI can help with all phases of grant writing
- Background

| Applications

- Preliminary data
- Methoads

- Research plan

LAd <

@ CHICAGO MEDICINE &
&# BIOLOGICAL SCIENCES

oW CENTER FOR
"/:v{)' u - - ! .

&~3 RESEARCH Common | Bioinformatics | CRDW | Applications | Systems
Rl INFORMATICS




Bioinformatics - Data storage, movement, backup

e How much storage is

needed? \ " ] ‘

e How will data be transferred between

investigators?
* Are data being redundantly backed up?

 CRI can help ensure that all phases are secure
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Bioinformatics - Analysis and interpretation
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Bioinformatics - Analysis and interpretation

» Best to involve a bioinformatician from the start
» Partnership is key for a successtful collaboration

 Project time is charged on an hourly basis or
through dedicated time on grants

» Co-authorship is expected, where appropriate
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Publications

2015 2016
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» Eckert MA Pan S Hemancez <M, Lcth RM, Andrade J, Volchenboum S, 2t al. Gancmics of Cvarlan Cancer p'Ogr9§|0n Revezle D verse Metastatic
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modulation of inflammatory pathways. Obesity. 2015 Nov:23(11):2286-93. doi: 10.1002/oby.21251. B in Slceo Aonca Crest 2012 Aug 2. doi 10.1016/1 c1est 2016 V81454, [Ecub ahead of prnt] B
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Zhong R, Bao R, Faber PW,
Aug 20. doi: 10.1158/0008-!

Kadri S, Lee ], Fitzpatrick C, Calanina N, Sukhancva M, Venkataraman G et al. Clonal avolutior under'ying leukemia progression and R chtar

transformation in patients with ibrutinito relapsed CLL. Slood Advances 2017 May 2. doi: 10.1182/bloodacvances 20160036352 B

* Publleation Highlight: The 1007 Ganomes Corsortium. 1125 Cenomes Revaal tre Globzl Zattem of Pclymorpnism In Arabidopsls thallana. Cel. 2015 Jun

Uodo 0.0l .cell2li6.05085 B
Sweis R. Spranger S. Bao R. Paner GP. Stadler WM. Steinbarg G. et al. Molscular Drivers of the Non-T Cell-Irflemad Tumor Micrzeavironment in Urcthelial

= Salao V, Fatim: swrie I i ] 3 haracterizati ») » " T-c ceptar repertoire ; i : . .
Salaura V, mFatima A Zawrde M, Kiyatani K, Brisson ]3] Park JH, et al. Characterization af the tumor T-cell receptar repertaire and immune Rladder Cancer Cancer immuno! Res 2016 May 17 doi 10 158/2225-6066 CIR-15-0774 (Fpub ahead of print] B

microenvironment N patients with locoregicrally advanced squamcus cell carcincma of the head and neck Clin Cancer Res. Z0T7 April 25 » Kuo H, Li S, Cuz M, Huang ¥, Yu H, Huang F, et al. Cenome-Wide Association Study ldentifies Novel Suszeptivil ty Genss dssoe ated with Curonary Artery
dol. 10NEBN0TE-0432.CCR-17-0103. B Aneurysm Formation [n Kawasakl Disaase. fLos Une. 2016 May 12. do 12137/ journal pona.C154943 §
» Sasaki MM, Skol AD,Bao R+ Kach3 Leng TM. Selman P, Tonsing Carter £Y, Bacalao MA, Lastra RR, et al. Selective glucocerticoid receptor modulaters (SCRMs) delay caztrate reciztant » Khalyfa A Kheirardisr-Gozal L Khalyfz A&, Fhilby MFE, Alanso-Alvarez ML M oharmmadi M, ct al. Circulating Plasma extraccliular Microvesiziz miRNA

for Familial Nasopharynge prostate cancer growth, Mol Cancer Ther 2017 Apr 20. dai: 1011581838 7162 MCT 16 0923 [Fpub ahead of print] B Cargo and Cndothel al Dysfunction 'n O5A Children. 4m J Resgir Crit Care Med. 2015 May 10. doi 10 TI64/rocm.207602-03230C [Cpub aheed of pri~t] B
e Ernst LM, Rand CM,Bao R, = WangLJ), Chan WC, Chou MC, Chou W3, Lee MJ. Lee SY. et al. Polymorphisms of STS gene and SULT2A1 gene and neurostercid levels in Han Chinese boys » Khalyfa A Khalyfa AA Akbarpzur M, Cones P, Romana M lappng-Camrr G =t al Fxtracellu'ar microvesicle microRNAS in crildren with sickle ce | anasmia
with attention-deficit/hyperactivity disorder: an exploratory investigation. Sci Rep. 2017 Apr 2. doi: 10.1038/sre045595. B

» Publication Highlight: Bac
Exome Germline and Som

) with divergent cliniczl chenotypes. 8t 7 Hasmatol 2016 May 10. doi: 101N/ /bjh 146104, [Epub aread of print] B
Cord Samples with Pathol 4 kand

« Publication Highlight: Spt ¢ Pitreda S, Gao R, Andrade J,Weichselbaum RR, Conne!| PP. Low Recombiratior Proficiency Score [RPS) predicts heightened sensitivity to DNA- 2014

. damaning chemaotherapy in breast cancer. Clin Cancer Rez. 2017 Mar 24. dol: 7011881078 0LZ2.CCR 16 2845
9:523(7559)223]'5- doi: 10.1C - aing Py ' ! - ‘ o e 1 Vigll J MacCracker k, Uasparartss A, young J, Kanc A, et 3l Low-frequency stomulat on o SIN-DBS 1ecuzes aspirazion and freezing of gait in iho

« Volchenboum SL Andradeé = Cortese R Gileles Hillel A, Knalyfa A, Almendras || Akbarpour M, Khalyla A&, et al. Acorta macrophage inflammatory and ep genetic changes in a murnne PALIErts With PI) Neemiagy 2015 18R 27 Hak) 81520 e 10 1217508 CODUODOUUCINTAS | pab 2Dl Dee 74 B
o maodel of cbstruct ve sleep conea: Potential role of CD356. Sci Rep. 2017 Feb 27 doi: 10.1033/srep43648 B *  « Regrler SM KIrs fy AG Yo B Fl-Hashanl = Zhang X Neel BA ot al Dietary Fypesure 10 "he Fadecrine Disnintar Teidfuanid Brametes Glokal Metanale ©0-
prognostic importance of 1 Cys“anctior in Male Mice Eadocrinecicgy. 2015 Mar:15613):896-910. doi: 121210/er2C <1668, Epub 2014 Dec 25 B
]OJOOZ/C] P29 B . = Malocom IW, Herrmsndez <M Likos B. Wayne T, Leikcld MA Juencer TZ. Extersive cross-a2nw ronment ftress vasiation lie: along fevs axss of genetic ome
vanation in the rradel glce, Chlamydomenas r2inharcai. Newy Phytol 2015 Jar 2U512)841-51 dol. 101 I1rph 15065 Lpuk 2014 529 22 §
o lowry DR | frapnder K Tavar SHE Meyer T 1ogan T RAarry KWW A7 &l The geneties of o werGerse and rearanictive 1Sn/ar na nervieen ecntypes ot
Panlcurr RollIl Weve Piycol 2015 JaneZ05(1k6 024, dek 1ICT IMhEh 12027 Epub 2014 Sep 23. &
- » Cher C Zhana C, Cheng L Reily IL, Bishop I3, Sweenesy JA €1 5 . Corrglation betwesr DNA methylatior ard ggne exprass onin the brains of patients _
with kipalzr d sorde- and sck zophrenia. Sipalar Oiscad. 2074 Dec ™ 68178049, cloi: 100 di12255. Epub 2074 Sep 22. B
« BaoK, llusng L, A~drade | anW, Kiba2a WA Jianc || et 8l keview of curtent methcds, 2oplicsaons, and Cata managemsant for the 20 aformatics

* LiY AndradeJ DEApR: an interactive web interface for cifferential expression analysis of nex: generation sequence data. Source Code for Eiclogy and
Madlicine. 2017 Feb 3 dol:10.1186/513022-017-0063-4 B
— ¢ Deb LK, Bao R, LI YC. Critical role ef the cAMP PXA pathway in hyperglycemia irduced epigenetic activation of fibrager ¢ pregram in the kidney FASES
J 2017 Feb 1. dei- 101096/ 20080116R. [Fpub ahead of print) B
= Khalyta A, Cortese R, Qiac Z Ye H, Bac R, Andrade J. et al. Late gestational intermittent hypoxia induces metabelic and egigenelic changes in male adult
offsprirg mice. J Physiclogy. 2017 Jan 15. cci 10 N12/)P273570 [Eput ahead of print] B

analysls af whaole mnme sequencing  Cancer infarmatics 2004 Sop ZA5Suppl 2)/7-57 de - 108137/CINSIST79 o0l aeton 2004

- * Chur B, Mocre TV Ui Z Sperling AL Zhang €, Andrade 2. ¢t al. Sates Defic cncy Cavses Ainvay Constrictor Hyporresvons veness in Mice. AmJ Resp Colf
Ml 2014 Apr S04 787-95 doi: IC.T 65/remb 2C713-02840C. B

» Fahrenback J, Anclrade J, McNally £ The CO-K2qgulation Lztaosase (CTURD): 3 tool to iclent fy coord nately expressed genzs. FLoS Ooe 20 4 Mar
S2[71e9r4nd Al 11T nurnal pare CNI0LOG eCollectinn 2014 B

C E N T E R FO R « \Yloau RC Parckh A Rarck MC, Ccldon CW Kumar K& Scod RF. ¢t al. The RIC| | ke recepror LOFZ protects tumor cells from lonizing radiatior. & Mat

R ES E A R C H Acaa Scif 200¢ Jar 2&IT 141 E434-91 doi: 107075/pnas 1222283111 Epub 2C74 Jan 15. |
INFORMATICS

e

== THE UNIVERSITY OF
CHICAGO MEDICINE &
BIOLOGICAL SCIENCES

————— -




Bioinformatics - Data integration

 Consider both phenotype and genotype data
* How will the clinical data be collectea?
« Who is integrating these data into the analysis?

« CRI can get the clinical data and integrate it
with the genomics information - this may
require engaging the CRDW
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Identification of Potentlal Prognostic Biomarkers for Ewing Sarcoma Patients

combining dats from these batches dillicelt. We removed two
autliers and the Datch of 8 samples with the largest vansbon, We
then apphed ComBat algonithm o adjust the Datch eflects among
the rest of 46 arrays. For Germany dala set, no oavious autliers
were abserved. The sarme Datch eflect correction procedure was
performed.

Fig. 2, Mustration of the octlions and basch efects in the COG gene expros-

sion duta

Differential gene expression aralysis dentified 33 genes that ex-
pressed differently between two survival statuses in the COG data
set

We spphbed moderated t-test implemented m the Limma package
to the expression dats of 10824 areprocessed genes i the COG
dats sel. The tolal ol 33 genes were dentified as differentially
expressed detween alive and desd sample group (FRR < 0.2 and
told change = 2.3) (Table S1). [11s noted that the threshold for DE
penes are less stringent compared o commonly used cutof (FDR
<= 005 and fold change = 1.5-2). The subsequent funclional en-
richment analysis reveals that GO teemns such as integrin binding
(GO:0005278), cell migrston (GO:0026477),  cell sdbeswon
(GO:0U07255), regulation of cell arolleration (GO:0042127),
blood vessel development (GOODDLSES), response 0 wourkling
(GO:000Y61 1), ele. were significantly enmched in the DE genes
[Table $2).

Carndidate gene expression sigratures from DEGy have better
prognostic performance in the COG data set than that of the ran-
dom gene sels

For random signstures ol 5, 10, and 20 DE genes, a signsture
lesting arocedure desenbed i sechon 2 was apphed. Fig, 3 shows
thal the random S-pene candidate signstures from DE genes have
average hagher AUCs compared o the random gene sels in the
COG data sel Sirmlar results have also been observed m st 10
and 20 gene sets. This suggests thal the candidsle prognostic gene
signatures could 2e derved from the DE genes setween the datYer-
ent chimeal oulcomes.

Fig. 3, Boxplot of AUCs betwaen S-pene candidie sagratioes and rasdoen
BONEC 373

We also selected S, 10 and 20 DE genes accordimg to ther VIM
runks and conducted the signature testing. The AUCS are compat:-
ble with the randorn signature sets. Candidste signatures based on
VIM ranks can be used o reduce the nemaer of random sampling
ol the signatures.

Putatrve gene sigratures identified wving random foresty classifica:
t1on in the CONF data set

By applymg the procedure deserioed in Section 2 and slusirated
m Fig.l, we trained and tested U0 candadate signatures from 33
DE genes for cach size 5, 10 amd 20 gene set. Table | shows the
selected signatures with higher AUC among 300 signatures.

Table 1 Sclocted candidate gene signatures for e pradcios of U sur-
vival status o= the COG dats st
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Validation on the Germany data set showed poor performance off
the putative gene sigratures from the COG data set

An xlea] prognostic gene signsture derived [rom the COG data
set s expected o aredsel the survival status of Germany dats sel
with high accurscy gaven the expression dats from two dala sets
show sirmilar distobuton, However, we did nol observe high pre-
diction accuracy, sensitivity or specalicaly on the validsbon data sel
using the best RF classthication models from the COG data sel
(daty not shown).

—— e e e - = e = —

Fig. 4. Densaty plots of geee expressaom date in U COG and Germany
datascls

The pussable reasons coukd e (1) the expression data of the valula-
tiom se s signifcantly different from the COG dats; or (2) the RE

CRI Project Report

madels from the training data sel might be over-fitled. Our analysis
contormed that the exaression densabes in the COG amd Germany
dats set are sigmificantly datYerent (Kolmogorov-Smirnoy test P-
value < 2.2E-16, Fig. 4).

Differential gene expression analysis wdentified 24 genes that ex
pressed differently between tws survivel statuses in the COG data
set from the combined data et

To mmamize the effect caused by the distnbution dafference, we
pre-pracessed the CEL files of 46 COG psbents and 3% German
patienls together and separate the two date sets sller batch ellect
correction. By spplyving modersted t-lest rom Limma package o
the expression date of 10,824 preprocessed genes in the COG data
set from the combmed dsta, we identibed 24 differentially ex-
pressed genes between alive and dead patient groups (FDR < 0.2
and lold change = 1.3, Table 83). The subsequent funcbhonal en-
richment analysis reveals that GO lerms such as mmtegnn birkling
(GOO005278),  cell migrsbon  (GO0DI6477), cell slhesxwon
(GOOD0TISE), response o wounding (GOO0O%S1T), e, were
signifcantly enniched m the DE genes (Tuble $4).

Candidate gene sigratures dervived from the combined prepro-
cessed COG data set sl performed posely on the validation data

Following similar procedure dascussed prevaously, we ramdomly
selected 100 DE genes for esch of the sizes 5, 10 and 20 a5 the
candidsle signstures. For esch candidste signature, we built up a
RF classifier using their express:on data to aredict the survival
stalus of the patients in the Germany data sel In generzl, the RF
classatiers performed worse on the validsbon date than on the test-
ing scls durmng model cross-valalation. Specifieslly, the sensitivity
ol the predscbon for the majonity of the candidate signatures is Jess
than 0.2, which means most of the dead psbents were predocted as
slve oy the corresponding candidsle signatures,

e e cegur o deye Sy

Fig.5. Boxp'on of sensativity and spealeity in the predichion of the survival
stitus oo the Germany data set useng S-pome candidase signstares and ran-
dom gene seis Left two are semsitivaty and specificnty of the candscate
signatures and mgt two are seosstivity anmd specsficity of the random sels

To compare the perlormance of the signatures [rom DE genes with
the ramdlom gene sets of the same swze, 100 randomly selected gene
sets for cach of sizes 5, 10 and 20 were tramed on the COG dats
set and vahidated on the Germany dats sel. As can be soen in Fig 5,
even though the sensitivities ol the signstures [rom DE genes are
low, they are sttll sigmifcantly higher than these of the random sels

(for S-gene sels, tlest povalue < 2E-16; for 10-gene sets, 1-test p-
value < ZE-16).

Convenvuy clustering failed (o reveal association Eetween the gene
cxpression of the COG and Germany data set and hewr corre
sponding survival statuy

Fig. & shows the clusters obtsined from consensus clustering
analysis for the COG amd Germany date set aller the combined
prearocessing. As can be seen mn Fig. 7 and Table 85, the survival
status and cluster membershaps are not concordant with cach other.
It tmalies that the gene expression patterns m oth data sels are not
able to clussily the sumples by the survival states,

T

Fig.6 Consemwos clusler=g using gene sxpeession dals Foe the COG date
set (leN) o=l the Gemrmany dits set (nght)

Fig.7. Stacced tarplots foe the dissebetion of surviva® stalus betwee ooe-
sersis Slusters Leh: COG data sel; right Germany dats set

No common genes among ke most differentiafly expressed pemes
between the COG and Germany data yety

We spphbed modersted t-lest in Limma packsge 1o the expression
daty of the Germany data set and ranked genes based on their FDR
values, We then compared the most dillerentially expressed genes
corresponding to the survival status m the COG and Germany data

sel amd lound no common genes for the given DE gene cutoll

(FDR<0.2 snd fold change| = 1.3; DE snalysis 2ased on the sepa-
rately areprocessed expression daty for cach data set, Table 2 and
S6).

Table 2. Number of the commoe differental’y expeessal genes belwoen
the COG and Germany dats weis
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Bioinformatics - Manuscript preparation and submission
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The Uchicago Clinical Research Data Warehouse
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The Uchicago Clinical Research Data Warehouse

850,000
patients
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The Uchicago Clinical Research Data Warehouse
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The Uchicago Clinical Research Data Warehouse

48 million

procedures
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The Uchicago Clinical Research Data Warehouse
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The Uchicago Clinical Research Data Warehouse

48 million
procedures

. ———

8.8 million 850,000 9.6 million

— . E——
patients encounters

medications
i : : 24 million

sunquest diagnoses

. ——

GRNHEBRSETNOF
CAGO MEDICINE &

=3 CENTER FOR

&) RESEARCH
RES INFORMATICS

roed |HE UNIVERSITY OF
@ CHICAGO MEDICINE &
# BIOLOGICAL SCIENCES

O8Nl CENTER FOR

—_—

\&

L\
=

@) RESEARCH
bzl INFORMATICS



The Uchicago Clinical Research Data Warehouse
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procedures
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CRDW - Preliminary data / Cohort identification

* |t can be hard to identify cohorts gf

 CRI has specialists to help

» Reviewers like to see preliminary |dent|ﬂcat|on
of cohorts - “Can they really get the data”

e Sometimes new data has to be sourced
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CRDW - Data element identitfication

» |dentitying elements to pull from the
CRDW is an iterative process & = .

-
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Client meets with CRI staff
at weekly office hours.

Data request process

CRI provides free estimate
and statement of work.

<z

Client accepts estimate and
signs Data Use Agreement.

‘e

CRI verifies protected
health information with IRB.

7

CRI provices sample data
extract for approval.

CRI provides full data extract.

Invoice is sent to client.
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CRDW - Data aggregation and normalization

Soarch 1
<tbody> <thbody> -
Data1 abc def | Datal  abc def
Data2 ghi jKkl Data? ghi ikl yev 1 2 3 4 5 nex> last>»> | 20 B 1 of 89 Pgs (1761 Rows) | Reload Options -
Labe Project Datz M!F Age Cender Sudject Hand YOB Educaten Sea
Datad stu VWX Datad stu VWX
ResultsSbj01 10CRunsPerSLbj U
<tioot> N AAT T W <troor- EmEAA EE M <o EAAA TN 1 oo v —
50782692 BWH  C:lb 20060101 (M 46 mcic 50732682 | rgnt 1564 21
50782592_DUKE Calib 2006-01C1 (M 15 el 50732382 |rgtt 1964 21
<tbody> <tbody> 50782532_DUKE2 C:lib 200e-0104 (M 45 ~le 50732582 | rght 1364 21
Datal | abc def Datal | abc def 50782532_MGH  Celb QUE-0101 | 45 ~ele 50782582 | mght 1364 21
Data2 | ghi jkl Data2 | ghi jki 50782592 MGH2 Czlib 2008-01C1 M 15 mcie 50732562 |rgnt 1264 21
Data3 | mno par Data3 | mno pqr 50782532_UCl  Czlib 200€-01-C1 | 45 ~eke 50732592  |rght 1264 21
i , . =
Datad | stu - Datad | stu o 50782532_UCI2  C:lb 2006-01C1 |V 45 ~ele 50732592 |rght 1364 21
50782592 UCSD  Calib 2006-01C1 M 15 mcie 50732562 |rgnt 1264 21
<tfoot> By DA [T <tfoot> [ HAH = <tioot> i A 5 50782832_UCSD2 C:lib 2006011 |1/ 45 ek 50752592 |rght 1964 21
53250524 BWH  Celib 2006-01-01 M 41 ~cle 58250524 | right 1363 21
53260624 DUKE C:lb 20060101 M 41 mcic 5E259524 | rgnt 1563 21
<tbody> <tbody> <tbody> 53253524_DUKE2 Celib 2006-0101 |1/ 41 ek 58259824  |rght 1263 21
 Data1 | abc def Datal | abe def 532538524 MGH  C:lib 2006011 (M 41 ~le 58299524 | rght 1363 21
Data2 | ghi 1kl Data2 | ghi jkl 53260624_MGHz  Czlb 2006 0101 | 41 mcic 5259524 | rgnt 1563 21
Data3 | mno pgr Data3 | mno par 53258524_UCI  Czlib 2006-01C1 | I/ 1 ~z 58259524 | rgnt 1963 21
Datad stu VWX Dataa stu VWX 53258524 Uciz Czlib 2000101 |V 41 e 50259524 | rght 1363 21
53259524_UCSD  Celib QUE-014T | 41 ~gle 58259524 | rgnt 1363 21

<tfoot> I HEAE (XXX

<tfoot> oy HIAH [

Taking the complex, multidimensional data from the CRDW and creating
a usable data set for subsequent analysis requires special skills and
should be included in the budget for data acquisition
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CRDW - Data analysis and interpretation

Surface Flot of Test3

Soarch 1 1000 samples of N(pg = 0,0 = 1)
100 sl
‘oev 12z 3 4 5 npexs ksi>> 20 |5 1089 Pgs (1764 Rows) | Reload Options = a0 b ]
! . I 01 -3
Labe Projet Datz MiF Age Cender Eudject Hand YOB Educaton Zea 80 . O ==
ResultsSbj01 10CRunsPerSLbj U 20 i _- I lve-vs
o |4 ADR200 U 935599¢ > - - Ee7 72
50782692 BWH  C:lb 2006 0101 |1 46 ~cic 50782682  |rgnt 1564 21 g 60T ] -:“'
50782592 DUKE Calib 2006-01C1 | M 15 ke 50732382 |rght 1864 21 E_'_ 50 F - :_“
50782532 DUKE2 C:lib 2006-01C1 |1 45 ~ke 50732582  |rght 1364 21 S ol ) e
50782532_MGH  Celb 2006011 | 45 ~gle 50732592 | rgnt 1364 21 = ]
50782592 MGH2 Czlib 2008-01C1 |1 15 ~zie 50732582 | rgnt 1264 2 30 | -
| |so7825:2_ uer  eslb 200€-01-C4 | 45 ~zke 50732582 |rght 1264 21 20 L )
‘ |s0782532_UCI2  C:lb 2006-01C1 [V 45 ~cle 50732502 | rght 1364 21 :
50782592 UCSD Calib 2006-01C1 | M 15 mcle 50732582 |rgnt 1864 21 10 F 7
50782832 _UCSD2 C:lib 2006-01C1 |1/ 45 - 50782882 |rght 1964 21 P R — | 16,000,000
53250524 BWH Celib 0060144 W 41 mele 58250524 | rght 1263 21 -4 -3 -2 -1 0 1 2 3 1 12,000,000 F
53269624 DUKE  Czlb 2006 0107 |1 41 ~ic 58259524 |rgnt 1563 21 Value
53259524 DUKE2 Czlib 2006-01-C1 |1 41 ek 58259524 |right 1963 21 11,000,000
53258524 MGH  C:lib 2006-01C1 |1 41 ke 58299524 | rght 1363 24
532506524_MGHZ  Czlib 20060101 | M 41 ~ic 58259524 | rgnt 1563 21 S C.plot
53258524 UCI  Czlb 2006011 | 11 ~zie 58259524 | rgnt 1263 21 7 000,000 |
53258524 UCI2  Galib 2006-01C1 |1 41 ~ke 5299524 | rght 1363 21 o
53259524_UCSD  Celb 20060101 |1 41 ~eie 58259524 | rgnt 1363 21 5,000,000 — 500,000
e e e | v o = == - — = : . . 450'000
. w1 400,000
R T Beplet 4 250,000
7% 200,000
D lysi b | d ti | T
ata analysis can e costly and time-consuming. Wl O\
\k .
o . 4% r ."'.,.' v A-plot
Consider adding an analyst to your budget vs. chargeback
2% r T T T T : :
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Application Development
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Multi-site data collection, transfer, and storage

't multiple sites enrolling, there are special
considerations for IRB, contracts, data use
agreements, and application development

» These must be tackled long before your
proposal is submitted ‘
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REDCap

&> Anaemia | REDCap

fEDCap

2 Logoed 0w admin | Log out

P \yDatabases
&} Database Information

Data Entry Forms

Demographics
Applications

i Calendar
" Data Export Tool
=+ Data Import Tool
') Data Comparison Tool
]“ Logging
File Repasitory
B UserRights
&% Data Access Groups
(% Record Locking Customization
%@, E-signatura and Locking Marnt
[ Graphical View & Stats
i | Report Builder

Database Setup / Design

% Online Form Editor
and Data Dictionary Upload

- Add or modiFy daabace Relds using the
online and offline methods

& Control Panel & Settings

+ 8.3, mowe to production, delete databaze,
enable schadulng, change datsbase tide

B el U av st e

7> Online Form Editor

The Online Form Edilor will allow you 10 make database modifications to fields and data entry forms very 2asily using only
your web browser. Below you have the oplions to select an existing form to edit, to delete a form, to create a new form,

and to reorderyour forms as they are displayed. NOTE: While in development status, all field changes will take effact
immediately in real ime

bBxisting data entiyforms:  Demooraphics

the fields on the form selecled above, or rename the fu.

the form selected above (and all its fields) e

anewform named Enpralment

meformnamed Demographics » toappear after w the salected form abovs

—_

&
to appear sfter « tha salected form above

& REDCap Shared Library

The REDCap Shared Library is a reposiiory of daia entry forms that can be downloaded and used in your RECCap databazes
Qick the Dowrload” button below to begin searching for forms in the library . In the library, you may view them on the web
page or dovwnload as a FOF, and then download them back into REDCap to save them in vour database. 7oy i outd

Download = @ new form from the REDCap Shared Library (search the library)

# Upload Data Dictionary

This module may be used for making changes to the datsbase, such as adding naw fields or modifving exsling fields,
by using an omine method called the Data Dictionary. The Data Dictionary IS a specmcally rormatted CSV (comma

delimited) file within which you may construct your database fields and afterward upload the file here to commit the
changes to your database

Clickthe 'Browse' hutton helow to select the file on your computer, and upload it by clicking the 'Upload File' button,
Once yourfile has beenuploaded, changes will NOT immediately b2 made but will be displayed and checked for errors

o ancorn that Al the farmmattins o wooer Batas Bilstianan le acaveant hafara efiolal shanane v mada o thn datahanns If

HIPAA-compliant data collection and storage
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REDCap

* It's easy to get a REDCap account - and it's free

e Non-BSD collaborators will need BSD accounts - and this
can take time (start early)

» Most form generation can be performed by the
Investigators

 CRI helps with complex forms and other needs

» We can help with boilerplate grant language for REDCap
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Custom application development / programming

e Do you need a website?
» How about a customized platform for data collection?
e Online tools?

« The CRI can build anything you need, but there must be
budget for programmer costs

» We can help estimate the budget anad write up the
relevant parts of the proposal
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March ot Dimes Prematurity Research Center

March of Dimes Web-based subject March of Dimes
Participating Site enrollment, tissue Coordinating Center
\ collection, and sample

¢ Ao Duke tracking system C 'ﬁ'

w CENTER FOR w ww w
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External Sites University of Chicago

Site Coordinator

Genomics Core
Secure Storage - CRI
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1200 Patients GPS

» Web application developed for UChicago
pharmacogenomics study

* Interfaces with PubMed and CRI survey
engines

» Produces a patient-specitic eligibility list on
a per clinic level

» Patient enrollment directly in application
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Comprehensive Care Program

* CRI developed applications to
support enrollment and management
of patients to this multi-arm CMMS- o
sponsored UChicago study = |

|(CP Dashboard / Alerting
Infrastructure

* Web application-enabled aggregation N | &b
of data from multiple sources }_l - _
(REDCap, Epic Clarity, Centricity .. .4 \p /@f~[ |
Billing, ADT) I

CCF Dashboa-d App Servar —
{ASP.NET/\W' ndows)

;‘ﬁ/ \.\] <3 REDCap Apc Server or
* Alerting infrastructure built to notify &7

providers of patient events
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International Neuroblastoma Risk Group Database

* Web portal for cohort discovery
* |International data governance

» Strict auditing of data revisions

Hello siv@uchicago.edu! ‘ Home | My Virtual Machines My Projects ‘ Voting | User Roles | DataSets ‘

DataSet Upload | Log off ‘ Help ‘

Cavents in INRG database. 17978
My Saved Searches Search: New @ Save Search Patients matchir g ©iters: NI
o COG
Add a filter. Bl Cermany
1749
- Please select - - ~ . Japan
" SICPEN )
= Clear Filters 4c0 -

i387 - — °

2 No Death A

| Patient Died
" Unknown
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Pediatric GAIN Project

* Multi-center (20+) pediatric cancer trial
» Collect data and samples from patients

 CRI built and runs the infrastructure
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Pediatric GAIN Project

* Multi-center (20+) pediatric cancer trial
DANA-FARBER

CANCER INSTITUTE

 Collect data and samples from patients
X P GAIN Coordinating Site

 CRI built and runs the infrastructure

&

>
O
Clinical Data
Ble(] OlLUOUSK)

Seattle Childrens  Clinical Data

HOSPITAL * RESEARCH *« FOUNDATION

Participating GAIN Site

cd THE UNIVERSITY OF

&/ CHICAGO

GAIN Coordinating Site
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Systems and infrastructure
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Systems - Oftsite access

» Do researchers outside of UChicago need
access to your data?

e Collaborator accounts take time to obtain -

and the CRI can help -

Administrator
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Systems - Growing / tlexible storage needs

» Some projects do not require much storage
in the beginning, but needs grow

» Consider the entire project, not just the first
year when crafting the budget for systems
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Systems - HPC

 There are many options for GARDNER AND TARBELL

BY THE NUMBERS

HPC. CRI has one of the biggest
and fastest clusters on campus

Large Memory Nodes

Standard Compute Nodes

4’)';; _ GPU Nodes

» CRI also has dedicated support S
for helping your prepare your m;..
grant and complete your —sY "
research = PR,

g

h

f
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Systems - Virtual machines / servers

» Setting up and maintaining
VMs Is expensive

 CRI will help you develop

your budget
¢ Thereis no cloud

It's jJust someone else's computer

* This is commonly left out o
grant applications/budgets

EONA CENTER FOR
@Y RESEARCH Common | Bioinformatics | CRDW | Applications | Systems

N

K=l INFORMATICS

ed TTHE UNIVERSITY OF
w CHICAGO MEDICINE &
&” BIOLOGICAL SCIENCES




Ways to get help

. ~

http//Crl : UCh iCagO.edU Sam Volchénboum Michael Baltasi BrianﬂFufnef

CENTER FOR Director Deputy Director Applications
RESEARCH Services Research + Education & Training About ~ Q
INFORMATICS

b
:
/
v - - - . | \
Thorbjorn Axelsson  Jorge Andrade Tim Holper
GET STARTED NOW
Systems Bioinformatics Data Warehouse
& ACQUIRE DATA [il] AnALvzEDaTA f@ SsToRepaTA
Explere clinlcal data avallanle tor research arn e ofter high-pertarmance camputing and Qur starage Is secure, starcards-compliant, ana
make a data reguest, advanced Bwintormatics anslysis for the most backed up daily
complex datasets.
Clinical Recrarch Data Warehauss CRI Dara Srorage
Cohart Dscovery Rininformatics Camm

Computing Resources

e — N

CENTER FOR Julissa Acevedo Julie Johnson

RESEARCH REDCap Data Warehouse
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Questions?
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