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Phenomicsthe systematic study of phenotypes
on a genomewide scale

A Genotyping is becoming ever higher in throughput and
lower in cost

A Characterizing all possible phenotypes making up a
phenomaes far more of a rateand costlimiting step
I Which phenotypes?
A Morphological, Behavioral, Physiological
I How detailed? How measured? Automatic vs. Manual?
A Gross, tissue, cellulaubcellulawltrastructures
I Effect of environment?
I Static or dynamic?

A How does a phenotype manifest itself over time? Is the "progression"
or "trajectory" a phenotype in and of itself?
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The ZebrafisiPhenomeProject

Physiology

Behavior
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For a small organism like larval zebrafish, histological
phenotypingcan be conducted in "higtihroughput”
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Each (ontologypased) histological phenotype is assignhed a semi
guantitative score indicating theegree of severitgompared to wild
type (O = normal, 4 = severe)

e
“\ N . S ¢ &
: AN ol
" 3 ' X 3%
. v = e s

Gut¢ ShapeHypertrophyc 4dpf¢ Score0 Retinag ShapeHypertrophyc 4dpf¢ Score0

Gut¢ ShapeVariability of Shape 4dpf¢ Score2 Retina¢ ShapeVariability of Shape 4dpf¢ Score2
Gut¢ ShapeHypotrophyc 4dpf¢ Scorel Retinag Structure: Disorganizegd4dpf¢ Score2
Gut¢ Structure: Disorganizegl4dpf¢ Scorel Retinag Structure: Dysplasti¢ 4dpf¢ Score’l

Gut¢ Structure: Dysplasti¢ 4dpf¢ Score2 Retinag SizeHypotrophicg 4dpf¢ Score:l

Gutc Viability: Necrotia; 4dpf¢ Score’l

¢ Phenotype descriptions follow a standard entity
S&ﬂ%&i%@ quality (EQ) format, using ZFA and PATO ontolog




The result: 75 histological phenotypes (across ten organ
measured over 4 dayg,97 mutants = 29,100 observations

iy

PATO phenotypes, grouped in quadruples (as scoring progressions from 2dpf to 5dpf)
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The manually scored phenotypes form a
groundtruth data set for training an
automaticsystem for scoring images of
zebrafish histology, with real potential for
high throughputphenotypind
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SHIRAZ

System of Histological Image Retrieval and Annotation for Zoomorphology

dptendtmage Choose File | no file selected
2 i

NOTE: Uploading new images has been disabled for the current public beta demo.
Mease select one of the options below.

Use Random lr'\.:’:':r Use Array mage

Please note that processing may take several seconds. Once you've chosen either of
the above actions, please do not reload the browser or hit the back button,

Demo available online at:
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http://goldbach.cse.psu.edu/shiraz/
http://goldbach.cse.psu.edu/shiraz/

Example annotations for selected input images

1. phenotype - absent (Correct)-. 1. necrosis - moderate to severe (Correct) 1. hypotrophy - present (Correct)
2. hypotrophy - present (Iincorrect) 2. retinal disorganization - moderate to severe (Correct) 2. necrosis - moderate to severe (Acceptable)
3. artifact - shrinkage (Correct) %\ 5 3. necresis - minimal to mild (Acceptable) 3. lens abnormal - present (Correct)

Correct = predicted annotation matches recorded ground truth for that mutant (for both the
phenotypeand its relativeseverity if applicable)

Acceptable = predicted annotation matches the ground truth phenotype, but does not match the
ground truth severity

= predicted annotation does not match ground truth recorded for that mutant
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As a proof of concept, SHIRAZ Is at
leastreasonablyaccurate

A Of the top three annotations that are returned to the uses out of 76
test images (96%generated at least oneorrectannotation

A This figure improves t69% (75 out of 76 imageif)you count at least one
acceptableannotation

A However, if you only consider thiep-rankingpredicted annotation, the
figure drops to 34 out of 76 images (45%) that yielded@ectresult

A Some improvement (62%, or 47 out of 76 images) if therémyking
annotation is at leashcceptable

A Compared to other automated image tagging systems (e.g.,
for general photographic images), this isn't all that bad for
a "tech demo"

I But like the cast o6NL.the system is "not ready for prime time"
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http://www.alipr.com

Comments on annotation accuracy

A Even if SHIRAZ had a "perfect algorithm" for
classification, the reliability of thgystemisonly as
goodas that of theground truth annotationghat
were used in training

A Recognized difficulties with present dataset:

I Phenotypes were scored by only one person

A Although later selivalidated, stilk who's to say that person
wasalwaysright?
I Scores were recordeaggregatelyacrossall specimens
for a given mutant, rather than being applied to
iIndividual specimen sections

A Individual specimens for the sanmesertionalmutant may vary
ozya)\ RSN} ofé Ay OGKSANI I LILISH I

AX | Yy R Y | ddvergemt itSrpretationdy multiple observers
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Evidence supporting the need for
annotation at thespecimerievel

These aralifferent 5dpf specimens of the same mutadmte.
Wouldyou score all three of these the same way?
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We need "better" ground truth annotations

A Eachindividualspecimershould be scorethdependently

A Scores should be assigned to individual tissue regions, rather
than the organ as a whole

I e.g., "Retina: Variability of Shape" is nonspecific; could mean a numbe
of different phenotypes scored at a deeper level of granularity
A The above will help identify a narrower range of image feature
(shape, color, texture, position, etc.) that are statistically
enriched within a particular annotation concept (i.e., "class")

A Of course, such detailed phenotypes can take a long time to
score consistently

A Even controlling for intraiater variability, one expert can't do it
alone
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Perhaps we couldrowdsourcehe
Image annotations?

A Quintessential example: the "ESP Game"
I A crowdsourcing game used for annotating general photographic imag

m g O
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http://www.gwap.com/gwap/gamesPreview/espgame/

Can we design something like an "ESP gan
for annotatingzebrafishmistology images?

.Y disorganized
N dysplaSia

K. .-:,:‘f»;;ﬁg" »\\ »
Matched on:
dysplasia
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A good programmer never recreates anythir
from scratch if he/she doesn't have to, right’

Dear Prof. vorAhn

I'd like to build a specialized variant of the
ESP game for biological images. Not
looking to steal your thunder just need

an easy, fun way to have multiple people
tag my images. Do you happen to have a

API or anything open source that | could
use as a starting point?

Sincerely yours,

Brian Canada

No, we don't have an API,
but you're welcome to do
your own game

Prof. Luis voAhn
(Carnegie Mellon)
Inventor ofre CAPTCHAhe

I'm not sure, but | think | ESP Game, and other
: : "Games with a Purpose”
might have just gotten
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Correction:
A good programmer never recreates anything frgoratch
by himselif he doesn't have to, right?

Hey there [undergraduate
NBE&aSI NOK | aaAia
to help out with my research
project? It's like writing your

own video game but better!

OMG OMG OMG OMG PENM STATE

: OMG OMG OMBGMG
Me (in grad school) OMG OMG OMG OMG
§

Totally just got
"crowdsourcetl
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The end result: CABERNET

( : ABERNET Crowdsourcing the Annotation of Bio-images
for Education, Retrieval, and Network-Enabled Tele-phenotyping

Selection Menu # o 1, \ S AR |(1532B: Block 2, Silde 3 (H&E) (3 of 3)
Specimen 1 ' 3 ] o fhemnfn .Pn:pa & fnfn fﬁdes >'nn 5328, Block #2
Specimen 2
Specimen 3
Specimen 4
Specimen §
Specimen 6
Specimen 7
Specimen 8
Specimen 9
Specimen 10
Specimen 11

Detailed Instructions
(opens in a new window)

10 20

Scale: 50um @ 40x|

Organ or Tissue Layer Phenotypic Quality [
(Click link for definition) (Click link for deﬁmtnm) =1 | e

Eye (overall)

H

3
7

In|t|aIIy concelved as game in which

@ 'points" are scored according to how
closely your phenotype annotations matcﬁ
those of other contributors (matching is

CSci@USCB done asynchronously)
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CABERNET:

Crowdsourcinghe Annotation ofBio-images folEducation,Retrieval,
andNetwork-EnabledTelephenotyping
A Companion project to SHIRAZ

A Images presently supplied from Penn
StateZebrafishAtlas

A Obijectives:

I Obtain adistributionof scores for the
same phenotype as scored independently
by multiple experts

I Phenotypes are scored using a controlled
Interface (radiebutton)

A Recorded annotations amreadyontology-
compliant, ready for import into ZFIN

T The "consensus" score can be used for
future training of an automated system
like SHIRAZ

A Which, in time, can generate reliable
annotations for import into ZFIN
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http://zfatlas.psu.edu

CABERNET online demo
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http://shiraz.ist.psu.edu/cabernet/

"That sounds great and all, but how to
we actually get people tparticipate?*

A Some mechanisms and incentives that have worked for
existing crowdsourcing projects
i Points / "High Scoret
| "Money"”
I Unwitting participation
i Donating spare computing power
I Completely unselfish contribution to a worthwhile cause

A Would the above work for th&ZebrafisiPhenome
Project?
I The above projects are accessible to the general public (i.e.,
expert knowledge is generally unnecessary)
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Microattribution: one possible solution?

A Defined asdsmall scholarly contribution ascribed to a
particular author" [Wikipedia]

A A possible incentive for contributing data that has not been
previously published or reported

A Case Study: The Hum¥ariomeProject

I A global effort to describe and annotate genetic variation among
humans

I Many novel genetic variants associated with a phenotypic change (or
no change) have gone unreported

A Individual contributions too small to merit a paper or conventionally published
dataset

A Some journals do not yet require datasets to be published

I Giardineet al (Nat Genet2011) showed that thenicroattribution

approach can incentivize the reporting of such variants, which in turn
contribute to a valuable online data repository
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Microattribution

A The chart shown herejjardine
et al, Supplementary Fig. 1)
Indicates the spike in reported
variants in the globin gene
network aftermicroattribution
was implemented in 2010

A 232 variants have been
submitted without having
previously been publlshed In a B B bhamber of HEVar el varterts
peer-reviewed journal

A Each contribution is recorded
with a unique ID for the
contributing researcher

A Contributed data are still
subject to a process of
evaluationcurationfacceptanc
e
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Microattribution

A Unique IDs for "data contributing entities" (from individual researchers to
International research consortia) might come fromi

I Allows instant views of an author's citation metrics

ResearcherlD

A Global Community Where Researchers Connect Search

. . Name
Researchers: 236 result(s)
Its per

Institution(s) Country / Territol Keywords Other Names
Anthropol al Survey of india India F-6450 1 lgenomics-human dna polymorphisms; human population genetic

University of lowa, UIOWA United States B-7906 evolution, ecology and wildlife biology, genomics, genome evolution
Leuven University :1gi B bicinformatics, data mini nomics

St Petersurg Research Institute of Physical Culture

Ankara University Turkey

Broad Institute of Harvard and MIT ; Massachusetts General Hospital ~ United States al infarcti riation, dna
/Harvard M al School .

International Association of Engineers Hong Kong SAR 1 1 i i ineeri nomics

Araujo Antonio Portuguese Institute of Oncol - Porto Centre Portugal ncer, translational medicine, drug development, pharmac: nomics, genomics
nil National Bureau of Plant G tic Resources India 1 molecula etic: 2NOmics

U.C. Berkeley United States
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http://www.researcherid.com
http://www.gen2phen.org/researcher-identification-primer/incentivesrewards-scientific-contributions
http://www.gen2phen.org/researcher-identification-primer/incentivesrewards-scientific-contributions
http://www.gen2phen.org/researcher-identification-primer/incentivesrewards-scientific-contributions
http://www.gen2phen.org/researcher-identification-primer/incentivesrewards-scientific-contributions
http://www.gen2phen.org/researcher-identification-primer/incentivesrewards-scientific-contributions
http://www.gen2phen.org/researcher-identification-primer/incentivesrewards-scientific-contributions
http://www.gen2phen.org/researcher-identification-primer/incentivesrewards-scientific-contributions
http://www.gen2phen.org/researcher-identification-primer/incentivesrewards-scientific-contributions
http://www.gen2phen.org/researcher-identification-primer/incentivesrewards-scientific-contributions

Example database for storing contributions:
HbVar( )

ala]
e @ HbVar ID 2737

A P u b I iS h e d an d &« C  ® globin.bx.psu.edu/cgi-bin/hbvar/query_vars3?mode=output&display_format=page&i=2737
. About HbVar | Summaries of mutation categories | Query form | Querv history | Help | FAQ | Contact us
unpublished
] HbVar: A database of Human Hemoglobin Variants and Thalassemias
variants can be et poge ity
I I Hb Codon 14 (TGG>TTG) alpha2 14(A12) Trp>Leu
viewed in the PSU

genome browser [t

Type of Thalassemia
Human Feb. 2009 (GRCh37/hg19) chr11:5,248,301-5,248,400 (100 bp)

5,248,390 5,248,380 5,248, 5,248,360 5,248,350 5,248,340 5,248,330 5,248,320 5,248,310
| | | | | | I | | |

EKLF BDRF TFIIB 8P
CACC BDRE BRE TATA

GTGGAGCCACACCCTIAGGGT TGACCAATIC T ACT CCCAGGAGCAGGEAGGGCAGAAGCCAGGGCTGGHCAT AAAAGI CAGGGCAGAGCCATCTATTGCT TH-->

HbVar unpublished vananis
B HBB.c-138C>G B HBBc.121C5T B H88:c-106G-C B +H5B:c-76A-C
W +H8B:c.-80T>G

B H8B:c.-143C>G
W HBBc.-81ASC

Lydis CHWTeU. Jury Uiy
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http://globin.bx.psu.edu

Couldmicroattribution work for the
ZebrafislPhenomeProject?

A Possible scenarios

I Experts register to use CABERNET to annotate previously uploaded
Images (not necessarily generated by their own labs); each annotation
gets curated and approved by ZFIN

I Experts could register with ZFIN and help with theationprocess by
suggesting more specific (or accurate) entjyality pairs

I Researchers could geticroattribution credit for eachhmagethey
upload (even if they don't contributannotationsfor that image)

I "Referral bonuses" for recruiting qualified experts to contribute
annotations (almost like a eauthorship credit)

A Potential question to consider

I Which should "count" more heavilyproviding the original images of a
mutant produced in your lab, or offering suggested annotations for
someone else's mutant?
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Thank you | welcome your comments
and suggestions!

A For more on SHIRAZ, see our paper:
s
A For more on CABERNET:

I see our software demo paper I@BO
2011 (pp. 288
peie)

T see John Schleicher's honors
thesis

A Email me a:

A Thanks to Keith Cheng (Penn State), John Schleicher
(Microsoft), James Z. Wang (Penn State/NSF), Georgia Thorr
(now at SUNY Upstate), Tim Cooper (Penn State)
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http://bit.ly/shirazpaper
http://icbo.buffalo.edu/ICBO-2011_Proceedings.pdf
http://icbo.buffalo.edu/ICBO-2011_Proceedings.pdf
http://icbo.buffalo.edu/ICBO-2011_Proceedings.pdf
http://icbo.buffalo.edu/ICBO-2011_Proceedings.pdf
http://honors.libraries.psu.edu/theses/approved/WorldWideIndex/EHT-625/index.html
http://honors.libraries.psu.edu/theses/approved/WorldWideIndex/EHT-625/index.html
http://honors.libraries.psu.edu/theses/approved/WorldWideIndex/EHT-625/index.html
http://honors.libraries.psu.edu/theses/approved/WorldWideIndex/EHT-625/index.html
http://honors.libraries.psu.edu/theses/approved/WorldWideIndex/EHT-625/index.html
http://honors.libraries.psu.edu/theses/approved/WorldWideIndex/EHT-625/index.html
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