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Statement of Conduct

The BDC Consortium is dedicated to providing a harassment-free experience
for everyone, regardless of gender, gender identity and expression, age, sexual
orientation, disability, physical appearance, body size, race, or religion (or lack
thereof). We do not tolerate harassment of community members in any form.
Sexual language and imagery is generally not appropriate for any venue,
including meetings, presentations, or discussions.

Web Resource: Statement of Conduct
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Recap of Day 1

Topic
Welcome, Introductions, Housekeeping, and Icebreaker

BDC'’s Role in Data Science + Discussion
— Present Day Data Science Challenges
— BDC’s Approach

— Future of Data Science and discussion

Using BDC in a Research Project
— Data Discovery and Exploration
— Analysis on BDC

Closing & Recap + Working Session

BioData

Time
30 min

1 hour

> 2 hours

40 min




Agenda: Day 2

Topic Time
Reproducible Research 1.5 hour
30 MINUTE LUNCH BREAK @ 12:40 ET

Workflows and Cost Estimation

1h
— Sign up for $500 in Pilot Credits - = hour

Using BDC as a teaching platform
— Use Cases and Guest Speaker with Q&A > 1.5 hour
— Benefits and Challenges of Cloud Teaching with discussion

Closing & Recap 40 min

BioData




Meet Your Instructors

Emily Hughes
BDC Powered by PIC-SURE
Harvard Medical School

David Roberson
BDC Powered by Seven Bridges
Seven Bridges/Velsera
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Workshop Forum: https://bit.ly/BDC-NDSA-Forum

Kat Thayer
BDC Powered by Terra
Broad Institute


https://bit.ly/BDC-NDSA-Forum

Workshop Forum: https:/bit.ly/BDC-NDSA-Forum

TAs and Live Support

Cera Fisher

BDC Powered by Seven Bridges
Seven Bridges/Velsera

Amber Voght

User Engagement Specialist,
BDC Coordinating Center

Aarthi Krishnan
BDC Powered by Seven Bridges
Seven Bridges/Velsera

Kaleena Narwani

User Engagement Specialist,
BDC Coordinating Center

Michael Corace
BDC Powered by PIC-SURE
Harvard Medical School
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Icebreaker

e Did you practice what we covered yesterday?
o How did it go?
o  What are you interested in or excited about?
o  What are you still unsure about?

e Questions?

BioData




Reproducible Research
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Curricula of:
Reproducible Research

In this section, you will:

e Gain understanding about the FAIR Principles are and how they can be
applied to research

e Discuss the importance of reproducible research
e |earn about some real use-cases of reproducible research on BDC

BioData




What are the FAIR
principles?



What are the FAIR Principles?

Guiding principles for data management and stewardship - that can be applied to
data analysis as well

Findable
Accessible
Interoperable
Reusable

For more information about the FAIR Principles, you can visit the “Go FAIR”
website

BioData
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https://www.go-fair.org/fair-principles/
https://www.go-fair.org/fair-principles/

Findable

Data Analyses and workflows
e Data and metadata should be easily e Analyses and workflows should be
discoverable by both humans and discoverable and searchable by humans
computers e Documentation should accurately
e Metadata should accurately describe the describe the analyses and workflows
data

e Data and metadata should be searchable

BioData




Accessible

Data
e Once researchers find data, they should
have a clear understanding of how to
proceed with accessing the data
e Could include authorization to access the
data

BioData

Analyses and workflows
e Once researchers have found a workflow
of interest, they should have a clear
understanding of how to proceed with
accessing the code
e Could include citing open source
workflows



Interoperable

Data Analyses and workflows
e Data should be easily integratable with e Analyses and workflows should have the
other data capability to be used on a variety of
e Data should be available to apply to a systems and platforms, where applicable
variety of workflows e Analyses and workflows should be

generalized and configurable

BioData




Reusable (or Reproducible)

Data

e Other researchers should be able to reuse
data

e Metadata should describe the data clearly
to allow for reuse

e Other researchers should be able to
understand where the data came from,
how it was processed, and who has
transformed the data (data provenance)

BioData

Analyses and workflows

Analyses and workflows should be
described in enough detail for other
researchers to reproduce the analysis
When possible, analyses and workflows
should be cited and/or shared



Breakout rooms

In your breakout rooms, discuss the following:

1. What are some methods you apply in your research process to embody FAIR
principles?

2. Have you ever had issues trying to recreate an analysis or find/access data?

3. What aspects of BDC embody FAIR principles? How could you apply this in
your research on BDC to ensure FAIR principles?

BioData
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Examples of
reproducible
science in BDC



BDC & Sickle Cell Disease
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Acknowledgements

Sickle Cell Disease reproduction analysis and slides
completed by Andrew St. Martin

Center for International Blood & Marrow Transplant
Research (CIBMTR)




Cure Sickle Cell Initiative

NiH)j

National Heart, Lung,
and Blood Institute

Sickle cell disease (SCD) is a debilitating hematologic disorder

Hematopoietic cell transplantation (HCT) is potentially curative for SCD

CIBMTR collects patient outcome data for SCD transplant recipients

Several SCD studies available on BDC per the Cure Sickle Cell Initiative

BioData
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Project Objectives

1. Reproduce the results from a recent NHLBI publication

Effect of donor type and conditioning regimen intensity on
allogeneic transplantation outcomes in patients with sickle
cell disease: a retrospective multicentre, cohort study N &

Mary Eapen Prof, Ruta Brazauskas PhD, Mark C Walters Prof, Frangoise Bernaudin Prof, Khalid Bo-Subait MPH,
Courtney D Fitzhugh MD, Jane S Hankins MD, Julie Kanter MD, Joerg J Meerpohl Prof, Javier Bolafios-Meade MD, Julie
A Panepinto Prof, Damiano Rondelli Prof, Shalini Shenoy Prof, Joi Williamson, Teonna L Woolford, Eliane Gluckman Prof,

John E Wagner Prof and John F Tisdale Prof
Lancet Haematology, The, 2019-11-01, Volume 6, Issue 11, Pages €585-e596, Copyright © 2019 Elsevier Ltd

2. Perform novel study on long-term survival for SCD transplant patients

3. Do 1l & 2 using BDC-PIC-SURE

BioData




Eapen et al. Lancet Haematol. 2019

e N=910 SCD patients in the US who received HCT between 2008 and 2017

e Donor types: Matched sibling (61%), haplo relative (15%), matched
unrelated donor (12%), and mismatched unrelated donor (12%)

e Median follow-up by donor group: 36, 25, 37, 47 months respectively

e Recipient age, donor type, and conditioning intensity were found to be
significantly associated with event-free survival following HCT

BioData
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National Heart, Lung,
and Blood Institute




Publication data vs BDC

) Publication Results T Reproducible Results
Event-free survival Events/Patients Hazard Ratio p-value Events/Patients Hazard Ratio p-value
(95% confidence interval) (95% confidence interval)
£12 years 72/491 1.00 90/491 1.00
13— 49 years 102/418 1.74 (1.24 - 2.45) 0.0014 138/418 1.66 (1.24 —2.23) 0.0007
Non-myeloablative 36/181 1.00 60/181 1.00
sloablative 75/478 1.57 (0.95-2.61) 0.079 95/478 0.91 (0.61—1.36) 0.65
Reduced intensity 63/250 1.97 (1.15-3.36) 0.013 73/250 1.01 (0.66 — 1.57) 0.95
/pe

HLA-matched siblin; 52/557 1.00 79/557

aploidentical relative 45/137 5.30(3.17-8.86) <0.0001 56/137 2.91(1.96—-4.34) <0.0001
HLA-matched unrelated 38/111 3.71(2.39-5.75) <0.0001 45/111 3.11(2.12-4.57) <0.0001
HLA-mismatched 39/104 4.34(2.58-7.32) <0.0001 48/104 4.38 (3.02-6.35) <0.0001

unrelated

e Results aren’t identical due to updated follow-up annually, but consistent

BioData
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Novel research: long-term survival

e Life expectancy of adults with SCD in the US is shortened by =2 decades
compared to the general population

e HCT is associated with life threatening complications, most of which occur
within 2 years after transplantation

e |[f patients survive the early mortality risks, how do they fare long-term?

e Expanded population to all SCD patients in BDC who survived at least 2
years after HCT

BioData

OIS

National Heart, Lung,
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Study population: first HCT for SCD in US,
2000-2017

CHARACTERISTIC
Number 950
Age, years, median (range) 11 (<1-57)
18 — 29 years 15%
2 30 years 8%
Race — African American 92%
Donor type
HLA-identical sibling 66%
HLA-mismatched relative 13%
HLA-matched unrelated donor 10%
HLA-mismatched unrelated donor 11%
Graft type — bone marrow 71%
Conditioning intensity - myeloablative 53%
Follow-up, years, median (range) 5(2 -20)

BioData




Overall Survival: 10-year Probability of

Survival

100 A

80

60 1

40

Probability, %

20

O_

—==—|_
2-year survivors: 96% 7 7-year survivors: 97%

5-year survivors: 98%

Survival 2-year 5-year 7-year
N subjects 950 526 299
N censored 923 515 293
N deaths 27 11 6

BioData
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Risk Factors — Death beyond 2 years after HCT

RISK FACTOR HAZARD RATIO P-VALUE
Age (10-year increment) 175 0.0004
Donor type

HLA-matched sibling 1.00
Alternative donors 3.49 0.0030

® Every 10-year increment in patient age at HCT was associated with a 75% increased risk for

death

e Risk for death is 3.5 times higher after alternative donor compared to HLA-matched sibling
HCT

O  Among the alternative donors (mismatched relative, matched unrelated, and mismatched unrelated),
mortality risks were not different (p=0.48)

BioData




Standardized Mortality Ratio to that of U.S.
Population

e Risk for death those who survived at least 2 years after HCT was 7-fold higher
compared to an age, sex, and race matched general US population

e For who survived 5 and 7 years after HCT, the risk of death was 4- and 3- fold higher
compared to an age, sex, and race matched general US population

BioData

National Heart, Lung,
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Project Summary

e Data upload to BDC is seamless and the PIC-SURE application programming
interface (API) easily enables analyses reproduction of published data

e Long-term survival is excellent for SCD patients who survive =2 years after
HCT despite lower life expectancy than that of an age, sex, race matched
U.S. population

o The risk recedes over time but remains higher as late as 7-years after HCT

Long-term Survival after Hematopoietic Cell Transplant for Sickle Cell Disease
Compared to the United States Population
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https://www.sciencedirect.com/science/article/pii/S2666636722011605
https://www.sciencedirect.com/science/article/pii/S2666636722011605

ORCHID Clinical Trial:
Results reproduction and
extension using BDC
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ORCHID reproduction and slides created by
Arnaud Serret-Larmande

As part of Paul Avillach’s lab with the
Department of Biomedical Informatics at
Harvard Medical School
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Using BDC and PIC-SURE to reproduce and expand on
published results

On November 9th, 2020, publication of the results of the ORCHID clinical trial:

JAMA | Original Investigation
Effect of Hydroxychloroquine on Clinical Status at 14 Days

in Hospitalized Patients With COVID-19
A Randomized Clinical Trial

Wesley H. Self, MD, MPH; Matthew W. Semler, MD; Lindsay M. Leither, DO; Jonathan D. Casey, MD, MSc; Derek C. Angus, MD, MPH;

Roy G. Brower, MD; Steven Y. Chang, MD, PhD; Sean P. Collins, MD; John C. Eppensteiner, MD; Michael R. Filbin, MD; D. Clark Files, MD;

Kevin W. Gibbs, MD; Adit A. Ginde, MD, MPH; Michelle N. Gong, MD, MS; Frank E. Harrell Jr, PhD; Douglas L. Hayden, PhD;

Catherine L. Hough, MD, MSc; Nicholas J. Johnson, MD; Akram Khan, MD; Christopher J. Lindsell, PhD; Michael A. Matthay, MD;

Marc Moss, MD; Pauline K. Park, MD; Todd W. Rice, MD; Bryce R. H. Robinson, MD, MS; David A. Schoenfeld, PhD; Nathan |. Shapiro, MD, MPH;
Jay S. Steingrub, MD; Christine A. Ulysse, MS; Alexandra Weissman, MD, MPH; Donald M. Yealy, MD; B. Taylor Thompson, MD;

Samuel M. Brown, MD, MS; for the National Heart, Lung, and Blood Institute PETAL Clinical Trials Network

Finds no statistically significant benefit of hydroxychloroquine over
placebo in the treatment of patients hospitalized for COVID-19

BioData
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How to infuse confidence in these results?

e Results noticeable, in the context of the polemics surrounding usage of
hydroxychloroquine as a COVID-19 treatment

e Around the same time, numerous publications about COVID-19 had been
retracted (69 referenced by retractionwatch.com as of February 7th 2021)

= Trust in these results can be reinforced through transparency and
reproducibility of the analysis

BioData
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A framework to streamline reproducibility

BDC:
e FEase process for investigators to upload their data and to manage access
requests
e FEase process for investigators willing to find and be granted access to the data

PIC-SURE Application Programming Interface (API):
e Provide data access under a simple and accessible format (following FAIR
principles)
e Allows the production of analyses in a self-contained format (using Jupyter
Notebook)

o Can beruninone-click
o Provide a quick-start for investigators willing to work on the data

BioData

OIS

National Heart, Lung,
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Results of the reproduction process
published in JAMIA Open

Orre=N
Streamlining statistical reproducibility: NHLBI ORCHID clinical trial
results reproduction 3

Arnaud Serret-Larmande, Jonathan R Kaltman, Paul Avillach ==

JAMIA Open, Volume 5, Issue 1, April 2022, 00ac001, https://doi.org/10.1093/jamiaopen/ooac001
Published: 14 January 2022 Article history v

Streamlining statistical reproducibility: NHLBI ORCHID clinical trial results reproduction
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https://academic.oup.com/jamiaopen/article/5/1/ooac001/6507447

JAMA | Original Investigation

Effect of Hydroxychloroquine on Clinical Status at 14 Days
in Hospitalized Patients With COVID-19
A Randomized Clinical Trial

Wesley H. Self, MD, MPH; Matthew W. Semler, MD; Lindsay M. Leither, DO; Jonathan D. Casey, MD, MSc; Derek C. Angus, MD, MPH;

Roy G. Brower, MD; Steven Y. Chang, MD, PhD; Sean P. Collins, MD; John C. Eppensteiner, MD; Michael R. Filbin, MD; D. Clark Files, MD;

Kevin W. Gibbs, MD; Adit A. Ginde, MD, MPH; Michelle N. Gong, MD, MS; Frank E. Harrell Jr, PhD; Douglas L. Hayden, PhD;
Catherine L. Hough, MD, MSc; Nicholas J. Johnson, MD; Akram Khan, MD; Christopher J. Lindsell, PhD; Michael A. Matthay, MD;

Marc Moss, MD: Pauline K. Park, MD; Todd W. Rice, MD; Bryce R. H. Robinson, MD, MS; David A. Schoenfeld, PhD; Nathan I. Shapiro, MD, MPH;

Jay S. Steingrub, MD; Christine A. Ulysse, MS; Alexandra Weissman, MD, MPH; Donald M. Yealy, MD; B. Taylor Thompson, MD;
Samuel M. Brown, MD, MS; for the National Heart, Lung, and Blood Institute PETAL Clinical Trials Network
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Main results reproduced identically

Figure 2. Clinical Status on the Coronavirus Di (COVID) Out Scale 14 Days and 28 Days After
Randomization

14 d After randomization 28 d After randomization The Journal of the
- (primary outcome) (secondary outcome) friegds ol e
1 RS oidams At SR

Clinical status (COVID Outcomes Scale category)
[ ] 7: Discharged, no limitation in activity
[ 6: Discharged, limitation in activity
8 | | | [ 5: Hospitalized without oxygen . .
1 B« oo inomen Published online on November 9th, 2020
% [ 3: Noninvasive ventilation or high-flow nasal cannula
% L) [ 2: Invasive mechanical ventilation or ECMO
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And expansion of the results published in
the original article

Labs trajectory from Day 1 to 5, depending on premedication

Stu d y Of th e l,a bS Premedication by azythromycin
. . Highest ALP - A(Ilbaltr;e Phosphatase ghest ALT (-UAHII?:;;:[ ﬁ(rgirr)\otransrera amir:-g(g{gzz(';:;re-(ﬁrs‘ﬁsr;(:“er) Highest bicarbonate (mEq/L) Highest BUN »(::;/gﬁ)urea Nitrogen
trajectory according to 110 % 7 28 2
100 65 24.4
d : t 90 50 60 24.0 %
p re m e I Ca I 0 n S ighest INR - International Normalize & 5 dighest PTT - Partial Thromboplastit
—_ Highest chloride (mEq/L) Highest creatinine (mg/dL) — o Highest potassium (MEg/L) it (6ocontit)
102.6 25 2.00 32 44
18%3 20 e 408 pt Observation count
. : 1.50 2 36
€ 102.0 1.5 4.00
1.25 e % 1 &
M O re e Xtre m e Va l'u es If “% Highest sodium (mEq/L) Highest total bilirubin (mg/dL) Highest troponin (mg/dL) fighest white blood cell count (/mm3 Lowest albumin (g/dL) : 200
. £ 1385 0.75 // 8500 | 250
premedicated by 8 1380 g 10 Mgooo - o 300
c R 3.2
§ 1375 0.60 A/A/‘ 5 RN o
. . . . . 0 - . .
a Z |th rO m yCl n , h | g h l.l g htl n g § Lowest bicarbonate (mEq/L) B Lowest hemoglobin (g/d) Lovisst ""’j,‘fo'ﬁ‘s;g;;‘; (i in Lowest potassium (mEq/L) Lowest sodium (mEq/L) Azithromycin
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Take-home messages from this effort

e Delivers a simple and easy-to-follow workflow, leveraging open-source
tools to publish fully reproducible and transparent results

e Lay out the path for other research efforts willing to use BDC to improve
transparency of their results, strengthening their findings

Link to publication:
Streamlining statistical reproducibility: NHLBI ORCHID clinical trial results reproduction
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https://academic.oup.com/jamiaopen/article/5/1/ooac001/6507447

Workflows & Cost
Estimation
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Curricula of;
Workflows & Cost Estimation

Learning goals
e Compare and estimate costs of using the cloud
e Request pilot credits from BDC

e |ncorporate costs into a grant proposal




What is Cloud Computing?

Web
Application

Analysis Al

CORE PLATFORM INFRASTRUCTURE

BioData
e oAl CaTaLYST
National Heart, Lung, C ATA LYS T

Workflow Strategies

Tools

i | Ow
Amazon

AV\';CS2 US-east 1 Google US-west-1

BioData

National Heart, Lung,
and Blood Institute




Cloud or High Performance Computing?

National Heart, Lung, ‘
and Blood Institute

Analysis Al

BioData
e CATALYST

dEI d{

Workflow Strategies

Tools

Faster and scalable
Easier collaboration

Access
Use what you need

BioData

CATALYST

Up-front costs
Maintenance costs
Institutional fee
Queue




Where do cloud costs come from?

Computation Data storage
e CPU hours e Hosted data
e Instance type e Derived data
e Egress
BioData




Value of cloud computing

C%D =, "g

No need to No computer Pay only for what
download +

manage (multiple)
large datasets

system to manage you use

BioData




Using the Cloud to store and
analyze growing health data

NIH)

National Heart, Lung,
and Blood Institute

° Immediate scaling -- no need to wait to

purchase and install hardware.

° Levels the playing field -- even researchers at

institutions without large compute
infrastructure investments can access powerful
data and compute resources.

[ Many researchers can access data without

needing to physically copy it.

° Data and methods in a single place

streamlines reproducibility.

BioData
CATALYST J

&

Old model: send
data to compute

New model: send
compute to data




Request Pilot Credits

BioData



What are Cloud Credits?

Users are not charged for the storage of hosted datasets; however, if hosted data

Is used in analyses, users incur costs for computation and storage of derived
results.

BioData Catalyst users who upload/import their own data to the system incur
storage costs for these uploaded files as well.

Web resource: Cloud Costs and Credits

BioData



https://biodatacatalyst.nhlbi.nih.gov/resources/cloud-credits/

Try out BDC with Pilot Credits

e New users of BDC may apply for an initial $500 in cloud credits, known as pilot

credits; many analyses can be completed for that amount or less.
e For larger tasks, you can use the credits to test and evaluate the ecosystem for things
such as piloting pipelines on smaller samples and estimating how much a full analysis

will cost.

BioData Catalyst users may request one of the following: *

‘ $500 in initial pilot cloud credits to begin a project or explore the ecosystem

Select your preferred analysis platform * (or choose to explore both)

v Select One Vl

$500 on Seven Bridges

$500 on Terra

$250 each on both Seven Bridges and Terra
P

NIH ‘ BioData

CATALYST J

Natinal Heart Lung




Cloud Credits Workflow

National Heart, Lung,
and Blood Institute

@_

Sign up for the
community

Sign up at
biodatacatalyst.nhlbi.nih.gov

[contact/ecosystem

BioData
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O -0 =0

Sign up for
Seven Bridges

Seven Bridges and/or
Terra

Apply for Pilot
Credits

Fill out the Cloud Credits

Request form.

Use all credits on a single
platform, or split.

Apply for additional
credits or pay yourself

Cover costs after pilot funding
has been exceeded.

Potential Exception: Research in the
heart, lung, blood, and sleep fields


http://biodatacatalyst.nhlbi.nih.gov/contact/ecosystem
http://biodatacatalyst.nhlbi.nih.gov/contact/ecosystem
https://biodatacatalyst.nhlbi.nih.gov/resources/cloud-credits/
https://biodatacatalyst.nhlbi.nih.gov/resources/cloud-credits/

Web Form

After signing up for a
workspace, fill out the
Cloud Credits request form
for free cloud credits:

https://biodatacatalyst.nhlbi
.nih.gov/resources/cloud-cre
dits/

BioData

National Heart, Lung,
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https://biodatacatalyst.nhlbi.nih.gov/resources/cloud-credits/
https://biodatacatalyst.nhlbi.nih.gov/resources/cloud-credits/
https://biodatacatalyst.nhlbi.nih.gov/resources/cloud-credits/
https://docs.google.com/file/d/1iG8mDxhOCqNZE_0OYuQ8BinhemEa-sd-/preview

Breakout: Request Pilot Credits

e Follow the Cloud Credits workflow to request $500 in pilot funding

o Join the Community
o Sign up for Seven Bridges
o  Apply for Pilot Credits on the BDC website

BioData
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and Blood Institute




Benchmarking Pilot Analyses:
Best Practices

BioData
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A billing group is auto created

e A Pilot Funds billing group is Create a project x
automatically created for every new e
user Test project

Project URL:
https://platform.sb.biodatacatalyst.nhlbi.nih... test-project-1 ¢

e This can be populated with up to $500 Billing Group
in Credits by a request to NHLB' Pilot Funds (alisonleaf) v
Location @ l
oppe AWS (us-east-1) =
([ J
Billing groups are easy to select st st
during project creation or later in the Spot Instances @ on @©
Memoization (WorkReuse) @ off O

project settings
(] This project will contain files hosted on the platform. @

BioData
mmmmmmmmmmmmmm CATALYST [




Using Seven Bridges benchmarking information

Broad Best Practice Germline snps and indels variant calling 4.1.0.0

Public apps for your data analysis

Performance Benchmarking

We offer publicly available Common Workflow Language workflows and tools to enable reproducible bioinformatics.

BAM Input size Experiment type Coverage Duration Cost Instance SEIERE S
55.8GiB WGS (scatter count = 20) ~50x 17h 35min $9.42 c4.2xlarge
55.8GiB WGS (scatter count = 80) ~50x 10h 32min $5.64 c4.2xlarge B
. . B — @.o
24.6GiB WGS (scatter count = 80) ~10x 4h 12min $2.25 c4.2xlarge \ k /
‘ ) Calling intervals GATK IntervalListTools
3.5GiB WES (scatter count = 1) ~70x 17min $0.16 c4.2xlarge
1.9GiB WES (scatter count = 1) ~40x 11min $0.11 c4.2xlarge o e .".‘., — ¢ >
.a 4 7 . ) . i . -
1.1GiB WES (scatter count = 1) ~20x 9min $0.08 c4.2xlarge e o GATK MergeVcfs VCF file
. ) Reference GATK HaplotypeCaller
434MiB WES (scatter count = 1) ~10x 6min $0.06 c4.2xlarge
N o
BiOData Input alignments

N
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and Blood Institute
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Tasks have detailed credit usage information

coveLered. GENESIS Single Variant Test w/ GDS Conversion and Null Model Fitting ... #  &Getsupport 1 Viewstats &logs @ Publish

Executed on Aug. 25, 2021 10:16 by dave Instances: $0.21

Spot Instances: On®  Memoization (WorkReuse): Off & Price: $0.24 ¢ Attached disks: $0.03 1: 11 minutes

; : ; - Data transfer: $0.00
~ App: GENESIS Single Variant Test w/ GDS Conversion and Null Model Fittin

Inputs = App Settings Show non-default v Outputs =

~ Phenotype file ©® &= ~ GENESIS Null Model (#null_model) ~ Association test plots © &
sample_phenotype_pcs.RData v Covariates © Ll demo_height_manh.png

v Relatedness matrix file © &= sex Ll demo_height_qq.png
kinship.RData age v Association test results © &=

~ Variants Files © %= PC1 demo_height_chr1.RData
1KG_phase3_subset_chr1.vcf.gz PC2 demo_height_chr2.RData
1KG_phase3_subset_chr10.vcf.gz PC3 demo_height_chr3.RData
1KG_phase3_subset_chr11.vcf.gz PC4 demo_height_chr4.RData
1KG_phase3_subset_chr12.vcf.gz Family @ gaussian demo_height_chr5.RData
1KG_phase3_subset_chr13.vcf.gz Outcome @ height and 17 more ite

more items Output prefix (Output prefix) @ demo_height ~ Null Model HTML Report © 2
Two stage model @ FALSE Ll demo_height_report.html

BioData
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Platform prevents you from running further
analyses when you reach billing group cap

=== Iggﬁf‘,mga Projects v  Data v  Public Gallery v P

If you try to execute ® e e oo
an analysis after you
. . orart - gds filter run - sdk workshop + & Getsupport  woiscard [
run out of funding in
~ App: gds filter - Revision: 1
billing group, the

Interactive Analysis ~ Settings  Notes

Task Inputs Execution Settings
p l‘atfo rm Wl u‘ n Ot Inputs App Settings Outputs
allow the analysis to Baningo  of O pro— ered 50 o vave

v gds* @ & Change selection

start and you will see TheSER R
an error message
“insufficient funds in
billing group.”

& -~ joshbis <

Important for researchers to determine how to pay for additional cloud costs

OE) | Bicpata prior to reaching billing group cap ($500) so that research is not delayed.




Track costs on platform payments page

e [B@"’,?dgcs Projects ¥  Data v  PublicGallery v  Publicprojects v  Developer v  Staff ~ A v alisonleaf ~

Alison Leaf

See cumulative o

costs for Analysis

(Tasks and Data Gropembers B info SNt
Cruncher) and Organization S

Billing Group settings: BDC Fellow - Einat Granot-Hershkov

Account settings

Creator alisonleaf

Sto ra g e Primary contact Seven Bridges
Address One Broadway, 14th Fl., Massachusetts, United States
Payment Method CC - Last 4 Digits: **** *&¥& dkk* Expiration Date:  Change Payment Method
Current usage $309.42
Analysis usage Storage usage
Analysis charges $303.64 Storage charges $5.78
Tasks $285.24 Active $5.45
Data Cruncher analyses $18.41 Downloaded $0.33
Storage deduction $0.00
Additional charges $0.00 Credits $0.00

Instance limits

m BioData Total number of instances that can be run in parallel Current usage: 0 of 60 &

National Heart, Lung, C A I

and Blood Institute ®




Budgeting for Scale

BioData



Budgeting for Scale: Computation

Performance Benchmarking

Below is a table describing the runtimes and task costs for a couple of samples with different file sizes, with the following workflow options in mind - indexing is not
performed, unmapped reads are sorted by read id, output BAM is sorted by coordinate and basic two pass mode is turned on:

Experiment type Input size Paired-end# of readsRead lengthDuration Cost Instance (AWS)

RNA-Seq 2 x 230 MB Yes ™ 101 18min $0.40 c4.8xlarge
RNA-Seq 2x4.5GB Yes 20M 101 30min $0.60 c4.8xlarge
RNA-Seq 2x174GB  Yes 76M 101 64min $1.20 c4.8xlarge

Cost can be significantly reduced by using spot instances. Visit the Knowledge Center for more details.

User brings 100 RNA-seq samples

~ 4 GB each; S0.60 per STAR run.

S0.60 per run * 100 samples = $S60

BioData

N CATALYST

National Heart, Lung,
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Budgeting for Scale: Storage

Region: ‘ US East (N. Virginia) ‘

Storage pricing

S3 Standard - General purpose storage for any type of data, typically used for frequently accessed data

First 50 TB / Month $0.023 per GB
Next 450 TB / Month $0.022 per GB
Over 500 TB / Month $0.021 per GB

User brings 100 RNA-seq samples to the platform

~ 4 GB each x2; User stores files on platform for 12 months. Total size ~800 GB.
S0.023 per GB * 800 GB = $18.40 per month.

$220.80 to store files on platform for 12 months

BioData




Writing Cost
into a Grant Proposal

BioData



Estimating Cloud Costs

Researchers incur fees for:

Data Storage
Computing / Analysis
Egress charges

o
o
o
e Help Desk / Platform Support *

BioData

N CATALYST

National Heart, Lung,
and Blood Institute




Estimating Cloud Costs

Data Storage
Charges are billed on all files in your workspace that belong to your project.

e Includes: All files you upload to BioData Catalyst and any results files

generated by your workflows and analysis.
e Does NOT include: Controlled dataset files hosted by BioData Catalyst for

general use.

Costs vary based on the amount of data you store, what type of disk or service
you use for storing the data, and the service you select (AWS or GCP).

Up-to-date information on storage rates: Amazon S3 and Google Cloud

BioData

O3

National Heart, Lung,
and Blood Institute




Estimating Cloud Costs

Computing / Analysis
Compute costs vary and depend on a range of factors:

e Platform and cloud infrastructure provider where an analysis is performed
e Your workspace & cloud instance settings
e Length of time to workflow completion

Resources: BioData Catalyst Powered by Terra and BioData Catalyst Powered by
Seven Bridges

BioData

OIS

National Heart, Lung,
iood Institute:




Estimating Cloud Costs

Egress Charges

Data uploaded or generated in your workspace is stored on a single cloud
provider instance. If you move files you will be charged Egress fees. These fees

will occur if you:

e T[ransfer files to another cloud provider, OR
e Download files to a local machine

Fees for data egress vary based on your service provider and what actions you
take.

BioData

OIS

National Heart, Lung,
nd Biood Institute:




Estimating Cloud Costs

Help Desk / Platform Support

General supportis included on all ecosystem platforms free of charge, but some
projects may require more support than others.

If you anticipate needing a large amount of support for activities, reach out to
the platform liaisons to research what charges you may accrue.

BioData

N CATALYST

National Heart, Lung,
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Writing a Budget Justification

BioData Catalyst Data Storage
BioData Catalyst Analysis Costs
BioData Catalyst Egress Fees
Liaison support

Resource: We are working on sample language for writing a budget justification
for including BioData Catalyst in a proposal. Contact us, or keep watch on our
documentation & forum for its publication.

BioData

OIS

National Heart, Lung,
iood Institute:




Resou rces for e BioData Catalyst Powered by Terra:

Understanding and controlling

estimating your Cloud costs
cloud costs

e BioData Catalyst Powered by
Seven Bridges: Estimate and
Manage Your Cloud Costs

e NHLBI BioData Catalyst help desk

BioData



https://support.terra.bio/hc/en-us/articles/360029748111-Understanding-and-controlling-Cloud-costs-
https://support.terra.bio/hc/en-us/articles/360029748111-Understanding-and-controlling-Cloud-costs-
https://sb-biodatacatalyst.readme.io/docs/estimate-and-manage-your-cloud-costs
https://sb-biodatacatalyst.readme.io/docs/estimate-and-manage-your-cloud-costs
https://biodatacatalyst.nhlbi.nih.gov/contact/

While You Are
Waiting for Funding

BioData



BioData Catalyst Powered by Seven Bridges

1. Launc_h: ) ) 2. Login with eRA M) == | BioData [IXXNED
httDS://blOdataCE Commons |D Powered by Seven Bridges

Analyze Data in Cloud-based Shared Workspaces
BioData Catalyst Powered by Seven BioData Catalyst Powered by Terra
Bridges Login
Share and compute across large genomic and
Utilize collaborative workspaces for analyzing genomic-related datasets. Terra offers a stand-alone =
genomics data at scale. Access hosted datasets computational workspace model that provides a > Log in with eRA Commons
along with Common Workflow Language (CWL) and secure collaborative place to organize data, run and
GENESIS R package pipelines for analysis. This monitor Workflow Description Language (WDL) Not yet a member? Create an account
platform also enables users to bring their own data analysis pipelines, and perform interactive analysis
fi L d k in RStudi d I lab
for analysis and work in RStudio and Jupyterlal using applications such as RStudio, Jupyter Are you a NHLBI BioData Catalyst consortia developer?
Notebooks for interactive analysis. Notebooks, and the Hail GWAS tool. Login
Launch | Documentation@ | Learn Launch | Documentation@ | Learn

RS CATALYST

Powered by Seven Bridges

3. Confirm 4. Provide your
connection to GEN information

Gen3 Data
Commons

Data Commons

We just need a couple more pieces of information
from you, then you're all set.

Authorize Seven Bridges to: 2 nam Last nam
A

« Know your Google and NIH Login and Ras basic account information and what you are authorized to access.

+ Retrieve controlled-access datasets to which you have access on your behalf. =
m_sevillagonzalez

Organization or company |

:

Massachusetts General Hospital
Magdalena Sevilla-Gonzalez

Manage addresses...

Proceed to the platform

NIH BioData

National Heart, Lung,
and Blood Institute



https://biodatacatalyst.nhlbi.nih.gov/resources/services

BioData Catalyst Powered by Seven Bridges

5. Complete Controlled Data Questionnaire and gain access to

project and analysis dashboards

6. Browse public projects; view interactive analysis in Preview and

see details from analysis pipelines in Tasks

. Projecs +  Data v PublicGallry »  Publcprojecs +  Developer =

Tass

Allanayses onthe Platform take place nside projects.

orlearn mre about projct,

A msedta

Data Cruncher

Yourexecutions wil ppesr here.
Before you star, earm more about ter.

Controlled Data Questionnaire

to complete this questonnaire once. Learn more.

but
some of ry

the
toidentify participants and ask them follow-up questions?

Ves, absolutely. The partcipants may

decide i they want to gnore this

§ reque
= SEhm No, absolutely not. All data acc s specfically prohibit
attempts to re-dentifyor re.contact research participants.

National Heart, Lung,
and Blood Institute

BioData

Maybe. It depends on the follow-up ques

Ny

2 Acontrolled project:

I derived data

code that s used in GENESIS public apps, prepare data forInput (o those apps, and

that are equivalent with the code i the Interactive analyss

_2021

Analyses covered in interactive GENESIS Tutorial

‘GENESStutorial Rmd notebook covers:

exercises fo in

B, Pojas - Dia - PuicGallry v Publcprojects = | Developer 8 msewn
Dashbonrd Fles Apps Tasks Intractve Anaiyss
oescaprion s earc 0
Tasks  Data Cruncher
notebook;song
CTimages.
ona publcy aaible COVD-19 mage se. Your executions wil appear here
Before you start, eam more about ther
Anatys s incue:
« Awp s notebook
e COVID-19 Image Segmentation with Deep Learning ——
imagenetweights. et
gass opaciies ana s COVID-19 Lung Segmentation using Deep Learning - -
« images and lung maj * i b : opy.
rom he oder i e ppaiah 50 T R —
+ Apltof o histon]
ifanewmodelis uaf
+ Uiliyanddepended s sexings
Touse the oo, sed y
can be run using CPY cnins In (34]: ] test_array = sitk.GetArrayPromImage(test)
environment Toud [ unet lng o peiebookim
endandfeedyourd [y requirements.xt I (351 st
=
Thsprojecwasprof D prevained gt unecns aFrar), up.amex(tent_scray))
of RENCI atthe U 3 notebook utils.py (03, 620, 620
Cmasierpy | g N e [ s o e o L
D los historyc
Coimogesnpy | Dsshbosrd Fes Apps Tasks GENESIS Tutorial Interative Analysis
mcn
™ _pyaacne_
oescapTion anatvses searcn B
outputs
Tasks  Data Cruncher
GENESIS Tutorial CompieTio. 8. GENESIS Aggregate Association Testing run
. Submited by blodstaatat -l 19,2021 1543
related R Compieteo. 7. GENESI Sngle Variant Associaton Testng run
Tools, Submited by blodatacatast - 19,2021 1541
Sssachtion
compieTio. 6. GENESIS Null Model run
econsists of understan

Submited by biodstacatayst- uly 19, 2021 1535

compLein 5. PC-Relate run
Submted by iodaacatast-uly 19, 2021 75:

compLsin 4. PCAR run
Submited by lodatacatayt- Uy 19, 2021 152




Using BDC as a
Teaching Platform

BioData
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Agenda

e The BDC approach to teaching
e Recent examples of using BDC in a course
or workshop
e Guest lecturer and Q+A
o  Use Case: University of Washington

Summer Institute in Statistical Genetics
o Matt Conomos, UW

e Breakouts with Jamboard

BioData




Systematic Approach to Teaching

Choose Estimate total Use one billing Create

question, data, cloud credits group per participant
and analysis needed class user accounts

Private JupyterLab, RStudio and SAS Studio environments available
Simple visual representation of the steps in the workflow

Easy for participants to grasp basic concepts, before using command line
Easy to run pipelines, mostly point and click

Easy for instructor to monitor in class work and homework

One billing group allows for easy monitoring of resources

Collaborative environment with BDC providing support to the class
Participants are encouraged to attend BDC/Seven Bridges Office Hours
and Community Hours

Flexible: Ul and coding/API
options available. Different
options for different student
requirements

BioData




Useful Guide

Using BDC for Workshops and Courses

Case studies
e UW Summer Institutes in Statistical Genetics
e Genomics course for American Thoracic Society Annual Meeting

https://sb-biodatacatalyst.readme.io/docs/using-nhlbi-biodata-catalyst-for-workshops-and-courses

BioData

N CATALYST

National Heart, Lung,
iood Institute:



https://sb-biodatacatalyst.readme.io/docs/using-nhlbi-biodata-catalyst-for-workshops-and-courses

Dashboard provides an overview

National Heart, Lung,
and Blood Institute

Projects ¥

T
Bridges

Dashboard ~ Files

Files PREMIUM Apps

Description

[ coure e
ATS 2021 PG7:

Data ¥

Tasks

Public Resources ¥

Data Studio

Developer ¥

Staff v

® Tags

A Practical, Hands-on Introduction to Genomic Analysis in Pulmonary

Medicine

Our ability to study the human genome - including epigenomics, transcriptomics, and other "omics” - has fueled the study of
disease. The field has continuously evolved at a fast pace, which can be intimidating. This hands-on course will help clinicians
and investigators take their first steps into the field of genomics in respiratory medicine. We will consider the principles of

study design and quality control, learn about the NHLBI's new cloud-based BioData Catalyst platform, and go through hands-

on examples of GWAS, RNA-seq, single-cell RNA-seq, and pathway analysis.
Course Materials can be found in “files” with a folder for each section. On-demand recordings of each section can be found on
the ATS2021 Conference website at https://ats2021.info and will be available May 14 through July 2, 2021.

1. Introduction to the course
2. Study design and quality control
3. NHLBI TOPMed
4. BioData Catalyst (BDC)
5. BDC applications
6. GWAS
7. RNA-sequencing (part 1)
8. RNA-sequencing (part 2)
9. Pathway analysis
10. Single-cell RNA-sequencing
11. Conclusions and future directions

Edit description

ATS2021-PG7 Course Materials @
Members

@ alisonleaf (CIDEY
Copy, Write, Execute, Admin

eforno
Copy, Write, E

mengyuankan
Copy, Write, Execute

& Manage members @ Leave project

Analysis
Tasks  Data Studio
COMPLETED GWAS_demo run - 04-13-21 18:54:57

Submitted by: dara.torgerson - Apr 13, 2021 14:54

&~ dae~

Interactive Browsers ~ Settings  Notes

& Email notifications

e dave (CEIID
Copy, Write, Execute, Admin

dara.torgerson
Copy, Write, Execute

blancahimes
Copy, Write, Execute

Q Search

BioData




Organize course materials in folders

e CATALYST J Projects v Data ~ Public Resources v Developer ~ Staff « A~ dave v

Powered by Seven Bridges

Dashboard Files Files PREMIUM  Apps Tasks Data Studio ATS2021-PG7 Course Materials © Interactive Browsers ~ Settings  Notes

D Files M New folder Add files v I

o Search Extension: All v Sample ID: All v+ TaskID:All v Tags:Allv 4 Clear filters
O ~ Name Task ID “ Created on Extension Size Sample ID m~
O 11_Conclusions - Apr. 13,2021 10:03 - = -
O 10_Single_cell_RNAseq - Apr. 13,2021 10:03 - = 2
J m 4_BioData_Catalyst - Apr. 13, 2021 10:03 - = =
O m 9_pathway_analysis - Apr. 13,2021 10:03 - - -
0 s 5_BDR_applications - Apr. 13,2021 10:03 = R -
O = 2_Study_Design - Apr. 13,2021 10:03 . . .
O me_Gwas - Apr. 13,2021 10:03 = E =
O  m 1_introduction & Apr. 13, 2021 10:03 - 3 =
O m 7_RNAseq_part1 - Apr. 13, 2021 10:03 = 2 -
O 8 8_RNAseq_part2 - Apr. 13,2021 10:03 E . .
O ® 3_NHLBI_TOPMed - Apr. 13,2021 10:03 = i -
< Refresh Showing 1-110f 11 € >

BioData
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and Blood Institute




Stage apps for students for quick wins

Powered by Seven Bridges

i CATALYS T Projects ¥ Data ¥ Public Resources ¥

Dashboard  Files  Files PREMIUM Apps Tasks Data Studio

Q Search names and description Category: All ¥

Name

5_Picard_CollectRnaSeqMetrics

Produces RNA alignment metrics for a SAM or BAM file

3_QC_Bamtools_Statistics

Output general alignment statistics from the BAM files.

1_FastQC_Analysis

The FastQc tool, developed by the Babraham Institute, anal

GWAS_demo

7_HTSeq_Count

Count reads in genes

4_Junction_Reads_Count

Obtain junction reads count with bamtools

6_Picard_CollectinsertSizeMetrics

Obtain insert size distribution of reads in paired-end libraries.

> 5B PLINK + Update

Toolkit: All ¥

Developer v  Staff »

CWL Version: All ¥

ATS2021-PG7 Course Materials @

Status: Available ¥

Type

Workflow

Workflow

Workflow

es sequence data from FASTQ, BAM, or SAM files. It produces a set of metr...

Workflow

Workflow

Workflow

Workflow

Tool

**PLINK** is a widely used open-source tool for genome-wide association studies and research in population genetics. **PLINK** is an o...

2_RNASeq_Alignment_STAR

This workflow performs the first step of RNA-seq an

Workflow

alignment of the reads to a reference genome. **STAR™* (Spliced Transcripts ...

Source

RNASeq_Data_Analysis

RNASeq_Data_Analysis

RNASeq_Data_Analysis

ATS2021-PG7 (this is not final)

RNASeq_Data_Analysis

RNASeq_Data_Analysis

RNASeq_Data_Analysis

Public apps

RNASeq_Data_Analysis

Workflow Langua...

CWL

CWL

CwWL

CWL

CWL

CWL

CWL

CWL

CwL

&~ dave~

Interactive Browsers ~ Settings  Notes

& Update all apps Create app Add apps ¥

Modified by

mengyuankan

mengyuankan

mengyuankan

dara.torgerson

mengyuankan

mengyuankan

mengyuankan

dara.torgerson

mengyuankan

Modified on u]

Apr 14, 2021 09:48

Apr 14, 2021 09:48
Apr 14, 2021 09:48
Apr 13,2021 13:38
Apr 14, 2021 09:48

Apr 14, 2021 09:48

Apr 14, 2021 09:47

Apr 13, 2021 13:37
Apr 14, 2021 09:48

Showing 1 -9 of 9

BioData
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re-run example tasks

= | BioData [INTINESA e - 2 v < -
Poasied ven Bridges | Projects Data Public Resources Developer Staff

Dashboard Files Files premum  Apps Tasks Data Studio ATS2021-PG7 Course Materials &
Q Search task names Status ¥
Task Name Status Submitted by Submitted on App
GWAS_demo run - 04-13-21 18:54:57 COMPLETED dara torgerson Apr. 13,2021 14:56 GWAS_demo

&~ dave~

Interactive Browsers ~ Settings  Notes

o
Duration Price Actions

2 minutes $0.01 (c}

Showing 1 of 1

BioData

National Heart, Lung,
and Blood Institute




Multiple pre-setup scripting

environments per class

National Heart, Lung,
and Blood Institute

BioData

[ SRR CaTALYST

Projects ¥ Data v  Public Resources ¥  Developer v  Staff v

Powered by Seven Bridges

Dashboard  Files Files premium  Apps Tasks  Data Studio

Q search

Analysis Name Status Created by
Differential Expression with DESeq2 blancahimes
deprecated SAVED blancahimes
SingleCell SAVED chpgenetics
WGCNA SAVED ivanayang
GWAS_demo SAVED dara.torgerson

ATS2021-PG7 Course Materials &

Environment

RStudio (SB Bioinformatics - R 4.0)
RStudio (SB Bioinformatics - R 4.0)
RStudio (SB Bioinformatics - R 4.0)
RStudio (SB Bioinformatics - R 4.0)

RStudio (SB Bioinformatics - R 4.0)

Created on

May. 03, 2021 20:48

Apr. 15,2021 21:32

Apr. 15,2021 15:14

Apr. 15,2021 10:38

Apr. 13,2021 15:24

A~

dave ¥

Interactive Browsers ~ Settings  Notes

Create new analysis

Action
start [
» start [
-
-
-

Showing 1-5of 5
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Success stories

e Georgetown University
o Using a Seven Bridges platform for the past 3 years to train the next generation of data
scientists in their Masters in Health Informatics and Data Science Program

e Purdue University

o Partnered with Min Zhang at Purdue University to deliver a four-part series on
RNAseq as part of their STAT-581 course.

e Summer Institute in Statistical Genetics

o University of Washington has used BDC as a GWAS module teaching platform for
several years
o /b students (each year) use RStudio simultaneously in their private projects

BioData




Howard Data Science Workshop

e Two day workshop covering the BioData e Organized by Dr. John Kwagyan

Catalyst ecosystem and cloud computing
o  Finding data of interest

o  Linking data from other sources 1
' ) Research Centersin  RESEARCH s, vTTTv
o  Scaling up data analysis HOWARD | Minority Institutions FORWARDI* *111*
o Running a Genome Wide Association
Study

\Vlrtual Applled Data Saence Trammg

, Instltute (VADSTI)

Dara Science Approaches to Better Understand Hea/m Dlspar/ry & Equity Researcn' =

BioData




Howard Bioinformatics Courses

Two lab sessions catered to advanced
undergraduate and early graduate

students
o  Genome Wide Association testing
o RNA Whole Transcriptomic Analysis

Credits provided by NHLBI
More courses planned for Fall semester

Dr. Teng

National Heart, Lung,
and Blood Institute

BioData

Organized by Dr. Teng and Dr. Fayuan Wen

Q RNA x| Howard University

Project Name

Bl i i i S BRI
Foward University | sisinformatic

Alexia M Johnson - Hovard Universty - 2023 Spring Boiformatcs Lab 6
pward University | | Bioinformatics (30

Alexis Lynn Davis - Howard University - 2023 Spring Bioinformatics Lab 6

Howard Universiy | Bioinformatics Lab

Andre’ Waller - Howard University - 2023 Spring Bioinformatics Lab 6

Foward University | | Sioinformatie L35

iah N Matthews - Howard University - 2023 Spring Bioinformatics Lab 6

Foward Universiy | | Bioinformatics 30

Ashley L Clarke - Howard University - 2023 Spring Bioinformatics Lab 6

Howard Universiy | | BisinformaticsLab

Atashanay ) Eskridge - Howard University - 2023 Spring Bioinformatics Lab 6
Foward University | | Bioiformties (35
Audrey M Sims - Howard University - 2023 Spring Bioinformatics Lab 6

Foward Universiy | Blomformatcs Lab

Ayanna Nadira Woodberry- Howard University - 2023 Spring Bioinformatics Lab 6
foward Universiy | | Bisinformatics L3

Briauna D Meclendon - Howard University - 2023 Spring Bioinformatics Lab 6
foward Universiy | | Bioiformabies (35

Chance D Mcgee - Howard Universty - 2023 Spring Biantor Lab6

Howard Universty | siontom

Chandler € Clar- Howard Univeriy - 2023 Spring Bioinformatis Lab &
Foward Universiy | Bioinformatic Lo

Christian James Ihenyen - Howard University - 2023 Spring Bioinformatics Lab 6
Fioward Universiy | | siomformaties (35

Copy of Wema M Ndwiga - Howard University - 2023 Spring Bioinformatics Lab 6
Howard University | | Bionformatics Lab

Cora-Ann ryman Gregory - Howard University - 2023 Spring Bioinformatics Lab 6
Howard Universiy | | Bioinformatic Lab

Dave Roberson - Howard University - 2023 Spring Bioinformatics Lab 6

Foward Universiy | | Biomformatics L35

Dizhan Abigail Brown - Howard University - 2023 Spring Bioinformatics Lab 6
Howard Universiy | | Bioinformatic Lab

Dominique S Pittman-Kidd - Howard University - 2023 Spring Bioinformatics Lab 6
<o

Foward Universiy | | Sioinformatic

Faith Onyinyechulw Okari - Howard Univeriy - 20

ity | Bloiformatc 135

3 Spring Bicinformatics Lab 6

Fayuan - Howard University - 2023 Spring Bioinformatics Lab 6

Location

AWS (us-east-T)

AWS (us-east-1)

AWS (us-east-T)

AWS (us-east-T)

AWS (us-east-1)

AWS (us-east-T)

AWS (us-east-T)

AWS (us-east-1)

AWS (us-east-T)

AWS (us-east-1)

AWS (us-east-T)

AWS (us-east-T)

AWS (us-east-1)

AWS (us-east-1)

AWS (us-east-T)

AWS (us-east-1)

AWS (us-east-T)

AWS (us-east-T)

AWS (us-east-1)

AWS fc-eact-1)

Created By
aarthikrishnan
aarthikrishnan

aarthikrishn:

aarthikrishnan

aarthikrishnan

aarthiksishnan

aarthikrishnan

aarthikrishnan

aarthikrishnan

aarthikrishnan

aarthikrishnan

aarthikrishnan

aarthikrishnan

aarthikrishnan

aarthikrishnan

dave

aarthikishi

aarthikrishnan

aarthikrishnan

Aarthikrichnan

Created On

Mar.1,2023 2235

Mar. 1, 2023 2236

Mar. 1,2023 1820

Mar. 1,2023 1808
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Enable students to do
complex analysis workflows with a GUI

National Heart, Lung,
and Blood Institute

BioData
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Dashboard  Files Files premum  Apps Tasks  Data Studio

Projects *  Data > Public Resources ¥  Developer ¥  Staff v

Description

oward Uniersty § Biotormatics Lab

Howard University - 2023 Spring Bioinformatics Lab 6

Instructor: Dr. Wen

TA: Sel

TA: Temesgen

Attend Office Hours (optional):

10:00 am ET Tuesday

200 pm ET Thursday

hitps://mest google.com/kbs-ojnj-dcg

RNA-seq Analysis of Heart Failure

Introduction

® Tags

Welcome to a RNA-seq - Differential expression & pathway analysis project on BDCatalyst Powered By Seven Bridges. This

project wialks through differential expression analysis of samples from the left and right ventricle of subjects with and without

Bi-Ventricular Heart Failure (BVHF) using common workilow language apps. The goal of this project is to demonstrate a

complete RNA-seq analysis flow, beginning from raw fastq files and ending with differential expression and pathway

enrichment analysis.

Analysis Steps

1.SRA Download and Set Metadata
Automatically download and set metadata from SRA via accession number
. Trim Galore!

Read trimming and quality control
3. RNA Alignment, Quantification, Differential Expression and Pathway Analysis
Alignment and gene abundance

Identify up or downregulated genes and pathways

Seven Bridges Hosted Public Reference files

Homo_sapiens.GRCh38.84.gtf
greh38_tran-tar.gz

Heart Tissue Expression Data

« Data was obtained from GEO Accession GSE120852, SRA Accession SRP1634:
30 single-end RNA sequencing libraries

10 Normal

20 Disease (10 Bi-Ventricular Heart Failure, 10 Left Ventrice Failure),

References

Alexia Jenae Green - Howard University - 2023 Spring Bioinformatics Lab 6 ©

Members

aarthikrishnan (I

Copy. wite xec
e dave EDID
Copy, wite, Execute, Admin

& Manage members @ Leave project

Analysis

Tasks  Data Studio

CoMPLETED  DESeq2 run - 03-02-23 15:11:33
Submitted by: alexagreen - Mar 2, 2023 10:11

compiereo HISAT2-StringTie Workflow run - 03-01-23 22:10:43
Submitted by: aarthkeishnan - Mar 1,2023 2235

&~ cave~

Interactive Browsers  Settings  Notes

& Email notifications

alexia.green (D

Copy, Write, Execute, Admin

Q search




Dashboard Fles Files sRewuM  Apps Tasks DataStudio

cowsiereo HISAT2-St)

Executed on Mar. 1, 2023 22:35 by aarthikrishnan

Spotinstances:On©  Memoization (WorkReuse): OFf @ Price: Not charged

pp: HISATE:StringTie Workflow - Revision: 0

Inputs =

~ Reads © =
SRR7965766 rimmed fq
SRR7965767 wimmedfq
SRR7965768 rimmedfq
SRR7965769 rimmed fq
SRR7965700 rimmed fq

~ Reference annotation file © &
Homo,sapiens GRCh38.84 211

~ Reference or Index fles © &

grch8 tran.targz

Alexia Jenae Green - Howard University - 2023 Spring Bioinformatics Lab & ©

ringTie Workflow run - 03-01-23 22:10:43 ~

Duration: Less than a minute O

Show non-default =

App Settings

~ SBG File Selector (455 fle selector)

Estmate novel soform abundance? (Pr

gate first input) © False

~ $BG File Selector (455 fle selector 1)
Estimate novel soform abundance? (Propagate frst input) @ False
~ $BG File Selector (45 fle selector 2)

Estimate novel isoform abundance?

opagate first inpuy) © False

Interactive Browsers

& Getsupport L2 View stats & logs

Output Settings =

« Archived ballgown input tables © &
SRR7965785.StringTie.2:13 balgown Input tables.tar
SRR7965787.StringTie.2:13 balgown input tables.tar
SRR7965788 StringTie.2.1.3 ballgown input tables.tar
SRR7965789.StringTie.2.1.3 ballgown input tables tar
SRR7965790.StringTie.2.1.3 balgown input tables.ta

- DESeq2 gene count matrix © %
il SRR7965786 StringTie.2.1.3 gene_count matri.csv
Lil SRR7965787.StringTie.2.1.3 gene_count matrix.csv
Lil SRR7965788.StringTie.2.1.3 gene_count matrix.csv
Lal SRR7965789.StringTie.2.1.3 gene count matrncsv
Lil SRR7965790.StringTie.2.1.3 gene_count matrix.csv
- DESeq2 transcript count matrix © &
il SRR7965786.StringTie.2.1.3transcript.count matrix.csv
SRR7965787 StringTie 213 transcript_count_matrixcsv

SRR7965788.5tringTie. 21 3 transcript_count matr

SRR7965789.StringTle. 2.1 3 ranscript_count matrixcsy

SRR7965790.StringTie 2.1 ranseript_count_matrcsv

~ Gene abundance estimation & &
SRR7965786.StringTie.2:1.3 gene.abundance.ab,
SRR7965787 StringTie.2:1.3 gene.abundance.ab,
SRR7965788 StringTie.2:1.3 gene._abundance.ab,
SRR7965780 StringTie.2:1.3 gene abundance.ab,
SRR7965790.StringTie.2:1.2 gene_abundance.ab,

GifCompare stats fles ©

Notes

Novalue

BioData

National Heart, Lung,
and Blood Institute
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Dashboard Files Flles pReMiuM  Apps Tasks Data Studio

Alexia Jenae Green - Howard University - 2023 Spring Bioinformatics Lab 6

Interactive Browsers  Settings

Files
BVHF.out.csv ~ # EditMetadata @1 Copy >  (hMove @ Tags & Download
49 MiB (5,095,214 Produced on March 2, 2023 10:27 (Eastern Standard Time), by DESeq2 run - 03.02-23 15:11:33  Hosted on AWS (us-east-1)
Metadata  RawView  Preview
Search o
baseMean log2FoldChange Ifese stat pualue pad)
ENSG00000000003 602964007711434 o 2, 2 5
704 2. 14 3 0705718243860
. o 1 1 o
a2 021 41161 o o 0511482985098647
ENSG00000000450 264024113528432 0344647118254693 1 o
ENSG00000000935 46.821266406888 0. s 0.000418217155682071 0.00401246024726856
1 K o 14, 90756
0. 4 2 05 i
162, 1 0101 1 0745030740911
ENSG00000001167 40.9734178106589 2 5 0. 4.48434871001794 o 7 o
o o 1
ENSG00000001451 221.217682502048 0313873405373821 0.160017316249028 o 3
ENSG00000001497 81.0717542743196 01 7996 7 0233905174042985
ENSG00000001561 171.02642295976 o 7 s 00208209771552305 0.0814136966823732
0.102215005123026 o o o 0.845213801795806
1 o 0 3 0553467117407578 o 7 6
163, 0017 o o 0.690051176660187 0.857859156585538
s, 1 0.568965701137539 001
o " 1 4 124 0.116622788450414 027959904374531
2 o 0.17794788611718 8
ENSG00000002079 0 NA NA NA NA NA
ENSG00000002330 93.8811244038648 o 01 E 0.151356517147314 0334970378107887
ENSG00000002549 371.261046611982 0.105883692754115 18 173051718569¢.05

Showing 1-100 0760675

Notes




Planning for Support

e BDC has a focused group on user engagement

o Meets weekly

o Can bring in additional support and planning

m  When you are ready please reach out

e Questions for discussion
o Timeline

o Background level of students
o Data used in courses (what needs to be hosted ahead of time?)
o Any student or faculty research projects BDC can help to support?
m ‘ BioData
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Use Case:

University of Washington
Summer Institute

in Statistical Genetics

Matt Conomos, PhD
University of Washington

BioData
CATALYST

NIH)

National Heart, Lung,
and Blood Institute




Summer Institute in Statistical Genetics (SISG)

e Three week institute held each summer at the University of Washington in
Seattle: https://si.biostat.washington.edu/institutes/sisg

o 28th SISG is happening now (July 10th - 28th, 2023)

e ~20 short course modules (2.5 days each) on specialized stat-gen topics
o Focus: modern methods of statistical analysis and challenges posed by modern genetic data

e Instructors and attendees from across the world

e (Goal: strengthen the statistical and genetic proficiency and career
preparation of scholars from all backgrounds, especially those from groups
historically underrepresented in STEM

BioData
BIOSTATISTICS
@) ‘ CATALYST J w SCHOOL OF PUBLIC HEALTH



https://si.biostat.washington.edu/institutes/sisg

SISG: Computational Pipeline for WGS Data

e Hands-on introduction to pipelines for whole genome sequence

(WGS) data analysis

(@)

e G6th year offering this course, and 4th year using BioData Catalyst
Powered by Seven Bridges platform for tutorials & exercises

National Heart, Lung, ‘
and Blood Institute

BioData

CATALYST J

Genome Wide Association Studies
(GWAS) and aggregate rare-variant
association testing

Analysis tools written in R, with
pipelines implemented in the cloud
Informed by instructors’ experience
in NIH-funded consortia

(e.g. TOPMed project)

—logio(p)

Image: Taub, M. A, Conomos, M. P,, Keener, R,, lyer, K. R., Weinstock, J. S., Yanek, L. R,, ... & Mathias, R. A. (2022). Genetic
determinants of telomere length from 109,122 ancestrally diverse whole-genome sequences in TOPMed. Cell Genomics, 2(1).

Example Manhattan Plot from GWAS
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Univ. of Washington


https://topmed.nhlbi.nih.gov/

Course Structure and Materials

m:

| BioData [IXTYRET I i ;
Powered by Seven Bridges  Projects ¥ Data v Public Resources ¥

e |ectures paired with hands-on tutorials & exercises Deshincerd Fles Apps Tesks Data Studio
e Course materials available as a “Public Project” on —
BioData Catalyst Powered by Seven Bridges
o Students make a copy of the project GENESIS Tutorial 2023
e Run interactive tutorials in Data Studio
o Hands-on codingin R

Description

This project is designed to introduce the user to the GENESIS R package
(SeqgArray, SegVarTools, and SNPRelate) used to perform mixed model asj

— sequencing data. It consists of interactive analyses with examples that wi
271~ ### Exercise 2.2 (Data Studio) Dashboard ~ Files Apps Tasks Data Studio code that is used in GENESIS public apps, prepare data for input to those
272 I results. Also, there are several example tasks using the GENESIS and rela
. . . the analysis that utilize the code in the interactive analyses. The code in t
273 GENESIS also supports testing binary (e. RUNNING p
in the ‘FitNullSlgdel‘ £ nctign Useytge GENESIS TUtorlaI 2023 s series of exercises for the Summer Institute in Statistical Genetics, and is
X i u . . oo, Session started on July 13, 2023 18:36 by mconomos03 https://uw-gac.github.io/SISG_2023.
covariates. Run single-variant associati Environment: RStudio (SB Bioinformatics - R 4.1 - BioC 3.14) | =
274
275~ ~ " {r}
;;S z your solution here orarr 07. 1KG Single Variant
278 # Last update by mconomos03 on July 13, 2023 1
Task N - Stat ~ App: GENESIS Single Variant Association Tes|
ask Name atus
. . Task Inputs Execution Settings
e Run workflow application tasks 06. 1KG Null Model
. Inputs
@) Learn to run ana lyses at scale in the cloud 07. 1KG Single Variant Association Test COMPLETED .
m BioData 08. 1KG Association Single Plotting COMPLETED - GDS files* @ & Change selection
C ATA LYS T 1KG_phase3_subset_chr1.gds
®

National Heart, Lung,
and Blood Institute




Benefits of Using BioData Catalyst for SISG

e FEasy to share analysis code, data, and tutorials with entire class
o No need to worry about transferring large files
e Students only need a basic laptop with internet access
o No concerns about laptop performance
e Students do not need to install specialized software on their laptops
o Everyone has access to the same version; no compatibility issues
e Public project with course materials remains available on the platform

o Students can revisit and re-do exercises after the course ends
o  Students can adapt tutorials for their own research

e Students get exposure to cloud computing
o  Opportunity to run realistic analyses at scale

e Supports virtual or in-person class
o 2020-2022 the course was virtual; 2023 will be in-person

BioData




Workshop Forum: https:/bit.ly/BDC-NDSA-Forum

Breakout room

Discuss:

1. What topics do you normally teach?

2. How are student projects organized?
3. Are your courses remote?

4. Where do students struggle the most?

Feel free to ask TAs any questions.

2> Answer now on Jamboard

BioData

CATALYST J
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https://bit.ly/BDC-NDSA-Forum
https://jamboard.google.com/d/1nQ3Er0zOnDsKUt-mB1yhRUpd2k6kjXoL3sk8mXIW9QM/edit?usp=sharing
https://jamboard.google.com/d/1FVXzJWC5KJJd3UrYsRCRTrMElRMtiqIjml5VgZ10Zhg/edit?usp=sharing

Breakout rooms - converge

Report back

1. What topics do you normally teach?

2. How are student projects organized?
3. Are your courses remote?

4. Where do students struggle the most?

BioData

N CATALYST

National Heart, Lung,
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Final Closing
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Community Hours

Monthly sessions on a variety of topics
Materials made available for registrants

Budgeting for Scale

Rep: Tony Patelunas, Seven Bridges

These are two examples of budgeting for scale, as you think about writing costs into a grant

NHBLI BioData Catg rrorosal You need to do some calculations ahead of time; how many samples, what size are

these samples, how much is that actually going to cost. The following are two examples - one

.
Community HOUT for computation, one for storage - using the RNA-seq analysis for these examples.

Benchmarkin Pilot Ang Stide 33: ing for Scale: C
Best Practi

with Seven Bridge Platform prevents you from running further

analyses when you reach billing group cap
m BioData
=

an

. stimate cost. So if a user

Watch on (£ Youlube I s owwpm OF RNA-seq, they want

marking which is 4.5 GB
e i = . 2 about 4GB, it will cost

) cents per run times a

E—

Important for researchers to determine how to pay for additional cloud costs

B " to reaching billing group cap ($500) so that research is not delayed.
Al CATALYST

BioData

N CATALYST

National Heart, Lung,
and Blood Institute

Topics of interest:

Exploring and Accessing Data
Tour of the Analysis Workspaces
Cloud Costs

Community Showcases
Interactive Analysis
Reproducible Research Methods

Reproducible Science

...and morel

Join us next week, July 19 at 1 pm ET

Linking Phenotypic Data
to Genomic Data Files

Register: https://bit.ly/BDC-July



https://bit.ly/BDC-July

Learning Resources

Many of the questions new users have may already be answered on either the BDC Gitbook
or one of the Platform websites.

Our Gitbook documentation includes:

e Instructions on approvals and accounts needed to access BDC and how to check data access
e User Guides for PIC-SURE, Gen3, Seven Bridges, Terra, and Dockstore

Website resource: Learn

Documentation Resource: BioData Catalyst Documentation

° You can also find videos on our YouTube channel

BioData



https://biodatacatalyst.nhlbi.nih.gov/resources/learn
https://bdcatalyst.gitbook.io/biodata-catalyst-documentation/
https://www.youtube.com/channel/UCGkmY5oNK8uFZzT8vV_9KgQ
https://www.youtube.com/channel/UCGkmY5oNK8uFZzT8vV_9KgQ

Reminder: Try out BDC with Pilot Credits

BioData Catalyst users may request one of the following: *

‘ $500 in initial pilot cloud credits to begin a project or explore the ecosystem v

Select your preferred analysis platform * (or choose to explore both)

Y

$500 on Seven Bridges
$500 on Terra

$250 each on both Seven Bridges and Terra
P

BioData
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Day 2 Close
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Follow up with us at Office Hours

Drop in next Friday, July 21 between 11 am-noon ET for exclusive office hours for
registrants of this workshop

https://bit.ly/BDC-NDSA-Office-Hours

BioData



https://bit.ly/BDC-NDSA-Office-Hours

Post-event Survey

https://www.surveymonkey.com/r/NDSAPostWorkshop

BioData

National Heart, Lung,
and Blood Institute



https://www.surveymonkey.com/r/NDSAPostWorkshop



