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Reproducibility: What is it?

ES cells were maintained in serum-free culture without
feeder cells. ES cells were plated onto gelatin-coated plates
in N2B medium and were passaged every 2—4 days.
Dissociated cells were harvested in N2B medium, pelleted,
resuspended in N2B and replated directly.

Reproducibility: ability to repeat (reproduce) a published experiment
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The Reproducibility Crisis is Real

Baver s AMGEN

PsychFileDrawer

67 target-validation projects 53 “landmark” articles in Replication of
in oncology, cancer research published by published articles in
women’s health and reputable labs in top journals experimental psychology

cardiovascular medicine

21% Replication Rate (14/67) 11% Replication Rate (6/53) 33% Replication Rate
60 — 90% of published science articles are not reproducible!!!
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How the Lack of Reproducibility Damages Science

Publish
é @
: Read and learn —

o Reproducibility = No Knowledge Transfer = No Productive Research
iDve @JoVEJournal JoVE.com



The Lack of Reproducibility is a Serious Problem

NIH funding: ~$40 B/year
» For society: delays in development of

new medicines and low ROI
60% to 90% not reproducible

» For institutions: poor productivity

v
Loss: $24-36 B/year > For scientists: broken careers
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How do Scientists Deal with Reproducibility in the Lab?

DOX accumulation fold free DOX alone

Sugahara et al. 2010 Science (Original Study)
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Mantis et al. 2017 eLife (Cancer Reproducibility Project)

Repeat again and again until works
Find someone at your institution who can show you the
experiment

Travel to original authors who can show you the experiment
@JoVEJournal JoVE.com



Why Seeing an Experiment Works?

Text article Real life

Position the metaphase spindle at
3 o’clock and hold it with holding
pipette. Apply piezo pulses to
penetrate the zona pellucida.
Touch the metaphase plate with
the enucleation pipette. Aspirate
the spindle and withdraw the
pipette.

Visualization improves knowledge transfer of how-to (methods)
iDve @JoVEJournal JOVE.com



Traditional Science Article Format: Adequate for 2017?

Philosophical Transactions of the Royal Society

1665: First scientific article
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2017: What's changed?

Genomewide gain-of-function genetic screen
identifies functionally active genes in mouse

embryonic stem cells

Moshe Pritsker*, Nicole R. Ford, Harry T. Jenq, and lhor R. Lemischka®

Department of Molecular Biology, Princeton University, Princeton, NJ 08544

Edited by Rudolf Jaenisch, Whitehead Institute for Biomedical Research, Cambridge, MA, and approved March 23, 2006 (received for review

November 11, 2005)

Embryonic stem (ES) cells hold great promise for the future of
medicine. To elucidate the molecular mechanisms that control ES
cell self-renewal and differentiation, a comprehensive knowledge
of the molecules involved in these processes is required. Here we
describe an effective approach for genomewide identification of
functionally active genes in ES cells. This approach combines
genetic screens based on ¢cDNA libraries with microarray detection
methods to permit high-throughput functional analyses. We im-
plement this strategy to identify genes whose overexpression can
maintain phenotypic properties of unleerennited mouse ES cells
under differentiation-inducing condi ifically in the ab-
sence of leukemia inhibitory factor. The ldenhﬁed genes encode a
vanety nf regulatory prclelns whose function in ES cells was
pr ly unk , our approach is capable of de-
tecting genes whose averexpvessmn promote differentiation or
cell death. Overall, our studies establish a methodology for highly
sensitive identification of genes that confer particular phenotypes
on ES cells.

<DNA library | differentiation | microarray | phenotype | self-renewal

@JoVEJournal

function screens identify only the “most potent” phenotype-
conferring genes. For example, the only currently described
gain-of-function screen in mouse ES cells identified a single gene
encoding the transcription factor Nanog (5). Moreover, the
clone sequencing method is incapable of negative detection,
compl ng the identification of gene products that promote
differentia or apoptosis (18). These limitations prevent the
comprehensive identification of functional genes in mammalian
systems.

In this study, we

applied the microarray technology as a
method of larg e parallel analysis to conduct comprehen-
sive gain-of-function screens in sells (Fig. 14). Our approach
was designed to simultaneously monitor the activity of all gene
products in a cDNA library as they function to mediate a given
phenotype. We zmph.mn.nlnd this approach to identify genes
whose overexpression is sufficient to maintain undifferentiated
mouse ES cells in the face of differentiation-inducing conditions,
lly in the absence of LIF. We also show that our

ach is capable of negati tion and can identify gene
products that promote differentiation or cell death.

JoVE.com



Current Proposals to Solve the Reproducibility Crisis

 More data preservation
* Better training in statistics
 Administrative measures directed at scientists

Do not improve knowledge transfer of methods

Will not solve the reproducibility crisis
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Why Statistics Will Not Help Much

BFree DOX
HFree DOX + iIRGD

DOX accumulaticn fold DOX alone

DOX accumulation fold free DOX alone

Tumor Liver Spleen Pancreas Heart Lung Kidney Brain

Sugahara et al. 2010 Science (Original Study) Mantis et al. 2017 eLife (Cancer Reproducibility Project)

The result is statistically significant, yet it is not reproducible.
It is all about methods.
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The STM Industry Can Solve the
Reproducibility Crisis by Improving the
Knowledge Transfer of How-To (Methods)
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Examples of Addressing the Reproducibility Crisis by

Improving Article Format

» Visualization (Biological and Physical Sciences)

» Interactivity (Computer Science)
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Visualized Science Ariicle by JoVE

© Imaging Local Ca?* Signals in Cultured Mammalian Cells . . .
Jeffrey T. Lock?, Kyle L. Ellefsen?, Bret Settle!, lan Parker!2, lan F. Smith! > FI I ms expe rl m e nts I n

!Neurobiology and Behavior, University of California, Irvine, 2Physiology and Biophysics, University of California, Irvine un ive rs ities aroun d t h e WO rl d

Downloads Comments Metrics Publish with JoVE
. 0:05 Title

B o » Publishes video articles

Membrane-permeant Cal-
R 520, ci-IP3 and EGTA |

3:46 Ca®* Image Acquisition

e Ry > Peer-reviewed editorial
7:26 Results: IPz-evoked Local boa r‘d

Ca?®* Signals in SH-SY5Y
Cells Loaded with Cal-520
and ci-IP3

8:49 Conclusion

> Indexed in PubMed and
Medline
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Structure of Scientific Video Article

1. Abstract

2. Introduction

3. Experimental
procedure '

iDve @JoVEJournal

Blood Vessels

4. Discussion
of results

KI67.
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Adoption of Video Publication by Scientific Community

1,200+ peer-reviewed video articles 23,000+ published authors 9,000,000+ unique users/year,
published annually 80% traffic from universities
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12,000,000
10,000,000

8,000,000

6,000,000

4,000,000

2,000,000 . I
- —mB

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Years

’Dve @JoVEJournal JoVE.com



Adoption of Video Publication by Academic Institutions

1,000+ institutions subscribed 2,500 average number of views/video

Academic Institutions Subscribed to JoVE
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Interactive Science Article:

Executable Paper by Elsevier

Hub  SclenceDirect  Scopus  Appliations Regisar | Logm & | GonSoval Sl

fou hawve Guest access 10
Scancollinnct Frd ol s

Homa | Publications | Search | My seftings | Myalerts | Shopping carl

B Eporicinion W POF 3071 K] | Mors opicns. ¥ feiieh Gareeirlire | Search | *
o Snove puToRal 7 oue Bindiographic informacon &
Highights e Computers & Graphics . O wecd et fcion &
Apravnct Hesinble ool 1 May 213 i Appications and oo g
‘R .' P, Coreciod Prool — Note b olan
et Colsge Ll
-
‘Ik , More information on this applcation
—_ = e O e Esplone xeoutable code and dats belonging o this artide
Graphical sbstract . i 4
i Data-aware 3D partitioning for generic shape retrieval Bl At i & R
Linivarualy Avalsbin
1. Introcuciion = =
ey Sipiran® - B B Reejamin Bustos® B Tobia: Schpca® B EiCoda 1 (Bash): Ratrsval dema (Code 1) L
] X * KENWHERIGIA Fesnarch Group, Depariment of Campesier ficlron, Uniseraiy of Chil, Chia
'l ‘; A ¥ ¥l Anagtcs Group. Daparimesnt of Compuser 30 Inkormaston Siance, Linkiraly of Konetarg. Gianmany
| ¥ e tn om0 16 B e 1304 D52, How 1o Gte o iLink Uning D01
) Paimidin L Repv
et 300 part Aore
31, Intovmst point detection Highfohts = AP R, e
31,4, Cortrnl of mesh meokubon = Wiwpropose 8 simple and effective pantitioning algortten for 30 meshas
+ The use of part descriptions onhances the use of gictal descriplons. Dtes 1 Q o
* Wadefine a distance as an oplimization problem, including both linear and guadnatic constmints.
+ O mprmants Show (hat tha parRioning sgoithm has o great infleece in the final effectvenass of [=)iCa%a 2: First ranked moded o
il Lises [2Data 3 Second ranked mogde! =)
2 [0ata 4; Third rarknd mode o
3.2 Chatirs of il peair
3.3 Partitioring ond descrigtion Abstract [0 5: Fourth rankes model L)
‘ l In this papee, we prsent 3 niw oppmach for gerenc 30 shaps retrioval Basod on @ mesh panilioning 1) 0sn 6 Fifh ranked model w
" A l. H achema. Our mithod combirgs 8 mesh gibal deacrption and mish i L ta3D Workspace (]
® elsevier.com/executablepaper

’Dve @JoVEJournal JoVE.com



Interactive Arficle: Reproducibility in Computer Science

» Integration of executable code and data into science article
» Article-specific computer code runs while the article is read

> Built-in tools to visualize data such as 3D models

elsevier.com/executablepaper
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No Pain, No Gain

Improving scholarly articles with new features requires:

Higher cost per article: new features cost money
Higher technical expertise in-house (video, software...)
Big changes in traditional publishing processes
Significant upfront investment

Author-pay business model is often not applicable

YV VYV

Opportunity for STM publishers!!!
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Reproducibility Crisis: Opportunity for STM Publishers

Current STM industry issues

* Lower barrier to entry

* Negative perception among some users and buyers

* Government mandates challenging the traditional (subscription) business model

Improving science article format will

* Increase barrier to entry

* Improve user perception of new products
e Strengthen the traditional business model
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What Is Your Next Move to Solve the

Reproducibility Crisis?

Genomewide gain-of-function genetic screen
identifies functionally active genes in mouse

embryonic stem cells

Moshe Pritsker*, Nicole R. Ford, Harry T. Jenq, and lhor R. Lemischka®

Department of Molecular Biology, Princeton University, Princeton, NJ 08544

Edited by Rudolf Jaenisch, Whitehead Institute for Biomedical Research, Cambridge, MA, and approved March 23, 2006 (received for review

November 11, 2005)

Embryonic stem (ES) cells hold great promise for the future of
medicine. To elucidate the molecular mm:hamsms lha! control ES

cell self: | and differenti a compi
of the molecules involved in these pi is required, Here we
describe an effective for g ide identification of

functionally active genes in ES cells. This approach combines
genetic screens based on cONA Iihraries with mlcmarray detection

to permit high: ly We im-

plemenl this strategy lo ldennfy genes wl\ose nvetexpresslon can
pic pi nf undiff iated mouse ES cells

under differ ifically in the ab-

sence of leukemia inhibitory hmr The |dent|ﬁed genes encode a
variety of regulatory proteins whose function in ES cells was
previously unknown. Moreover, our approach is capable o! de-
tecting genes whose overexp: promote diff or
cell death. Overall, our studies establish a methodology for highly
sensitive identification of genes that confer particular phenotypes
on ES cells.

CDNA library | differentiation | microarray | phenotype | self-renewal

function screens identify only the “most potent™ phenotype-
conferring genes. For example, the only currently described
gain-of-function screen in mouse ES cells identified a single gene
encoding the transcription factor Nanog (5). Moreover, the
clone sequencing method is incapable of negative detection,
complicating the identification of gene products that promote
differentiation or apoptosis (18). These limitations prevent the
comprehensive identification of functional genes in mammalian
systems.

In this study, we applied the microarray technology as a
mulhud of l.ug, ale parallel analysis to conduct comprehen-
n screens in ES cells (Fig. 14). Our approach

vas designed to simultaneously monitor the activity of all gene
products in a cDNA library as they function to medi
phenotype. We implemented this approach to iden
whose overexpression is sufficient to maintain undiffer
S cells in the face of differentiation-inducing conditions,
Ily in the absence of LIF. We also show that our
approach is capable of negative detection and can identify gene
products that promote differentiation or cell death.
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Murine Model of Hindlimb Ischemia

Hirashi Niiyama', Ngan F. Huang', Mark D. Rollins?, John P. Cooke!

"Division of Cardiovascular Medicine, Stanford University, 2Dt-:uartment of Anesthesiclogy, University of California, San Francisco
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