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Look at a cell and know what it is doing

0 b

whatitdid O, :,‘} what it will do...

cell organization | @& |function

Create and understand a “state space” of human stem cell signatures

Holistic approach via 3D live cell imaging

P
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Building the Allen Cell Explorer Tool Kit
@ Cell designer |- Allen Cell Collection

- Automated microscopy

4 .
< J) Cell image generator platform

- Image Collection

||| Cell image analyzer - 3D Allen Cell and
Structure Segmenter

Cell image visualizer - AGAVE

Integrated Cell Models

An emerging suite of tools and
workflows for visualizing,

interrogating, and modeling cell Ce" image SimUIator - Simulariumpeta

behaviors in 3D with use cases °
for research and education

allencell.org
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7) Allen Cell Collection - a suite of FP-tagged hiPSC lines
representing major structures of the cells

Community
engagement to
select key proteins
to tag

1 Adhesions Paxilin

2 Microtubules Alpha tubulin
3 Nucleus LaminB1

4 Mitochondria Tom20

5 Cell-cell junctions  Desmoplakin
6 Actin Beta actin

7 ER Sec61B

8 Nucleolus Fibrillarin

9 Golgi ST6Gal1

10 Centrosome Centrin2

—
-

Clonal line

iPSCs Gene editing generation s

Use an established Introduce a fluorescent K \ s -

hiPS cell line - WTC protein (FP) at the locus of Create a stable cell line \ -
the gene of interest expressing the FP \ \

(CRISPR/Cas9)

* Generate a collection of high quality clonal FP-tagged iPSC lines

» Enable live imaging of major structures in stem cells and CMs
* Develop editing strategy, workflows and QC methods
* Release cell lines to the research community

s
€ >addgene 4% CorieLL INSTITUTE
The nonprofit plasmid repository ?

3

Distribution

Scale up for the distribution
of the cell line

Differentiation

Differentiate the edited line
into cardiomyocytes

Live cell

imaging

Image both the
undifferentiated (iPSC) and
the differentitated (CM) cells
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The Allen Cell Collection- isogenic FP-tagged hiPSCs for live imaging
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Matrix adhesions

Microtubules

Nuclear envelope

Mitochondria

Desmosomes

Actin filaments

Endoplasmic reticulum (ER)
Nucleolus (Dense Fibrillar
Component)

Actomyosin bundles

Tight junctions

Cytoplasm

Centrosome

Microtubules

Golgi

Lysosome

Autophagosomes

Endosome

Peroxisomes

Plasma membrane

Gap junctions

Nucleolus (Granular Component)
Nuclear pores

Histones

Adherens junctions
Paraspeckles/stress Granules
Cohesin

ER/Nuclear envelope
Transcription factor

Nucleolus dual

CM - Sarcomeric thin filament
CM - Sarcomeric thick filament
CM - Sarcomere M-line
Sarcoplasmic
reticulum/Endoplasmic Reticulum
CM - Sarcomeric thick filament
CM - Sarcomeric z-disc
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Paxillin

Alpha-tubulin

Lamin B1

Tom20

Desmoplakin

Beta-actin

Sec61 beta

Fibrillarin

Non-muscle myosin heavy chain IIB
Tight junction protein ZO-1

Safe harbor

Centrin-2

Alpha-tubulin

Sialyltransferase 1

LAMP-1

Autophagy-related protein LC3 B
Ras-related protein Rab-5A

Peroxisomal membrane protein PMP34

Safe harbor, CAAX domain
Connexin-43
Nucleophosmin
Nucleoporin Nup153
Histone H2B type 1-J
Beta-catenin

RNA-binding protein FUS
SMC protein 1A

Sec61 beta/lamin B1
Transcription factor SOX-2
Fibrillarin/nucleophosmin
Troponin |, slow skeletal type
MLC-2a (early)

Titin

SERCA2

MLC-2v (late)
Alpha-actinin-2

EGFP

mEGFP
mEGFP
mEGFP
mEGFP
mEGFP
mEGFP

mEGFP

mEGFP
mEGFP
mEGFP
mTagRFP-T
mTagRFP-T
mEGFP
mEGFP
mEGFP
mEGFP
mEGFP
mTagRFP-T
mEGFP
mEGFP
mEGFP
mEGFP
mEGFP
mEGFP
mEGFP

mewrrinay
bEn T

mEGFP
meorrimay
pen T

mEGFP
mEGFP
mEGFP

mEGFP

mEGFP
mEGFP

Available
Available
Available
Available
Available
Available
Available

Available

Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available
Available

Available

Available
Available

» ~51 FP-tagged isogenic iPSC lines (WTC-11)
* Major structures, signaling, cardio-specific, multi-edits
* Mostly mono-allelic (1 structure tagged/line)
» Extensive QC

> Sharing cell lines, plasmids, and methods

* Cell lines — Coriell Institute

* Plasmids — Addgene

+ Distribution to stem cell cores at major institutes
Methods and tutorials - MBoC, Stem Cell Reports, JOVE
Allencell.org

Bolded- both mono and bi-allelic lines
Red — Cardiomyocyte-specific edits
Blue - dual tagged lines

@) scan ME
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Allen Cell Collection (allencell.org/cell-catalog)

Cell Catalog

The catalog below provides a listing of our completed cell lines, as well as those in progress. Click a row in the

catalog table to see images and quality control data related to each completed line.

Cell Catalog update April 21, 2021

We have one new fluorescently tagged hiPSC line available in the Allen Cell Collection. The line is a single
edited, nuclear line in which telomeres are visualized via mEGFP-tagged TRF2.
Nuclear line:

e TERF2-mEGFP-mono

@ AlenceliExplo.

The Allen Cell Collection (below) now has 48 high quality-certified fluorescently tagged hiPSC lines that target

38 key cellular structures and substructures available to help your research program. Allen Institute for Cell Science
Lab Plasmids

D
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Video Tutorials and Methods

Instructional Videos & Tutehiats

for Cell Methods

Allen Cell Methods

Instructional Videos for Success in the Lab

To ensure researchers have success working with our human induced pluripotent stem cell lines in their lab, researchers from our
teams highlight nuanced techniques and helpful tips while demonstrating various laboratory protocols.

Read our paper on Systematic gene tagging using CRISPR/Cas9 i man stem cells to illuminate cell organization in Molecular Biology of the
Call (NADAM
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Building the Allen Cell Explorer Tool Kit
@ Cell designer - Allen Cell Collection

- Automated microscopy

4 .
< J) Cell image generator| platform

- Image Collection

||| Cell image analyzer - 3D Allen Cell and
Structure Segmenter

Cell image visualizer - AGAVE

- Integrated Cell Models

An emerging suite of tools and
workflows for visualizing,

interrogating, and modeling cell Ce" image SimUIator - Simulariumpeta

behaviors in 3D with use cases °
for research and education

allencell.org
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Image data acquisition pipeline

Sample Preparation Data Acquisition Post-acquisition
processing

Automated High-throughput microscopy Segmentation &

cell culture system e feature extraction
7 —

o (/ Robot
Edited cells — ‘
— .

Y00 1 ) e | . ’ ’ —b
N | S : ——— ——— i Modeli
{’:‘» L | / 96-well plate SNk 3D time series ( Segmenter Analysis odeling
T il | - |

~ Emm
s » > Data Allen
—_— —— Management Cell Explorer

Incubator Plate

scanner

Daily colony

quantification
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Automated Cell Culture System

HAMILTE

Coston M.E., et. al., bioRxiv 11/2020

3
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Automated Cell Culture System

s —

oating edg Fig \ate asging
Selecting
A. CELL EXPANSION )

- <
< < <

B. SAMPLE PREPARATION

Plate Data
Selecting Acquisition

Seeding

Coston M.E., et. al., bioRxiv 11/2020
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An automated microscopy platform provides live, 3D
single cell data at scale

Individually segmented cells

Reproducible, scalable 3D live cell imaging

Sample Preparation

Positional referencing
& DNA/nucleus

Robotic platform

\ 4
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The Cell Feature Explorer

Ce" Feature Explorer View any of over 200,000 3D cell images and plot celis by features such as organelle volume

Load a dataset

hiPSC Single-Cell Image Dataset hiPSC Single-Cell Image Dataset
v2020.1 | (in review) v2019.1

bioRxiv

Number of Cells: 216,062 Number of Cells: 39,200

Number of FOVs: 18,186 Number of FOVs: 11,023

Number of tagged-structures: 25 Number of tagged-structures: 20

hIPS-derived cardiac dataset coming this summer!

CELL SCIENCE allencell.org | alleninstitute.org 15
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The Cell Feature Exp

@ ALLEN CELL EXPLORER About Animated Cell Cells & Biology Data & Tools Modeling & Analysis News & Publications

<
Gallery
Cell Feature Explorer

Plot

v Data grouped by tagged structures

Color by: Protein

v Showj/Hide all # of cells
v ® Alpha-actinin-1 1809
v @ Alpha-tubulin 2409
v @ Beta-actin 1039
v @ Beta-catenin 2343 | 4 e Cell 55764

click thumbnail in gallery
v o CAAX domain of K-Ras 2098 on the right to load in 3D
ve Centrin-2 1605
v e Connexin-43 1491

v & Desmoplakin 2320

Cellular Volume (fL) v

v e Fibrillarin 1536
ve LAMP-1 1476
ve Lamin B1 3664
v ® Non-muscle myosin heavy chain IIB 1392

v @ Nucleophosmin 3717

ve Paxillin 1637

ALLEN INSTITUTE for
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Building the Allen Cell Explorer Tool Kit
@ Cell designer - Allen Cell Collection

- Automated microscopy

4 .
< J) Cell image generator platform

- Image Collection

||| Cell image analyzef - 3D Allen Cell and
Structure Segmenter

Cell image visualizer- AGAVE

Integrated Cell Models

An emerging suite of tools and
workflows for visualizing,

interrogating, and modeling cell Ce" image SimUIator - Simulariumpeta

behaviors in 3D with use cases °

for research and education a I Ie nce I I .0 rg
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We Created an Integration Assay for
Gene-edited hiPSCs

cell membrane mitochondria DNA (nucleus) Brightfield
CellMask Deep Red Tom20-mEGFP Hoechst transmitted light image
' ' § . T oy 2 ‘;"‘4 on EA A oy o W o 3 WY ST ;

« Live 3D imaging of over 18,000 fields of views of hiPSCs for 29 structures and
counting

<H»,
"“ ALLEN INSTITUTE for
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How to create a scalable 3D cell integration assay for
gene-edited hiPSCs?

cell membrane mitochondria DNA (nucleus) Brightfield
CellMask Deep Red Tom20-mEGFP Hoechst transmitted Ilght |mage

« Live 3D imaging of over 18,000 fields of views of hiPSCs for 29 structures and
counting

* Need a tool that enables robust and accurate 3D segmentation of cells, nuclei and
structures

3
"“ ALLEN INSTITUTE for
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The Allen Cell & Structure Segmenter

Goal: extract the most high-quality & biologically informative segmentations
in 3D from optical microscopy possible allencell.org/segmenter

»t J
=% 4 vo B - > .
: S u

Input 3D image stack Threshold segmentation Segmenter classic
(ER via Sec61 beta) (local adaptive threshold) workflow: SEC61B
Note: All images are 3D. A middle z-slice is shown. bioRXxiv preprint (Chen J, et. al., Dec. 13., 2020)

ALLEN INSTITUTE fo
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The Allen Cell & Structure Segmenter:

: Core Segmentation analysis
[ Pre-processing ] Alorith or
cie models
Original single ° 3D binary image
hannel 3D i e .
cl annestaCklmage [upyter ﬁ pgthon stacl
[ Classic Image Segmentation Workflow ]
B
[ Training data J
Deep learning model j
Fluorescent Ground truth
images images .
[ lterative Deep Learning Workflow ] % allencell.org/segmenter
D
..‘ ALLEN INSTITUTE for
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The Allen Cell & Structure Segmenter:

[ Pre-processing ]

Intensity normalization

Min-max m

Auto-contrast AC

Smoothing

3D Gaussian
. . 2D Gaussian
Original single

channel 3D image
stack Edge-preserving

Classic Image Segmentation Workflow ]

Core Segmentation Algorithms

20 filament fiter ( F2
3D filament fiter ( F3
2D spot filter @

3D spot filter @

Masked object
thresholding @

Watershed “

[ Post-processing ]

Size filter

Hole filling E

Topology-
preserving
thinning

N
Jupyter

analysis
or
models

3D binary image
stack

@ python’

.‘-" ALLEN INSTITUTE for
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Created a Lookup Table for Intracellular Structure Classic
Segmentation Workflow

) . Lookup table of classic image segmentation worksflows for 28 intracellular structure
algorithm symbolic legend localization patterns

C] Min-max normalization Click on thumbnail to view video
C] Auto-contrast normalization
C] 2D Gaussian smoothing
C] 3D Gaussian smoothing
C] Edge-preserving smoothing

F2 ) 2D filament filter

F3 ) 3D filament filter

S2 ) 2D spot filter

S3 ) 3D spot filter

MO ) Masked object thresholding

W ) Watershed
Size filter

Fibrillarin Nucleophosmin

Hole filling

Topology-preserving thinning

“Find your Morphology Match”

allencell.org | alleninstitute.org
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Making the Segmenter User-friendly

v k | R i > -
Q. Allen Cell Structure Segl?nter th\onal [... A Ak e. Allen Cell Structure Segr@“ 0, ‘ ;
) &5 3 at = g . ¢
| ) o

ALLEN CELE 24 Mg TR
STRUCTURE . S ALLEN CELL p. ®
SEGMENTER Ng 337 A\l STRUCTURE
TUTORIAL wet 7 {2l SEGMENTER

TUTORIAL

Watch on 8 Youlube QP Watch on (3 YouTube

Jupyter Notebooks & Tutorials Napari plugin App
[=] @i napari.org
Learn more at O Questions:
allencell.org/segmenter 1) forum.allencell.org
i‘g ALLEN INSTITUTE for
“-’ CELL SCIENCE allencell.org | alleninstitute.org 25



Napari Allen Cell & Structure Segmenter
Plugin s o et

Workflow selection steps:

1. cardio_tnni

Core Segmentation Y 2. Channel 0
[ Pre-processing ]

Algorithms e 3. Click a button below that most closely resembles your
’ image channel to select & start a workflow

Image input Segmentation output

Original single ° a .

channel 3D image N ﬁ th : A
stack Jupyter pg -

A —

Classic Image Segmentation Workflow ]

.‘-" ALLEN INSTITUTE for
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Napari Allen Cell & Structure Segmenter
e o et

v1.0 supports static 3D images only
3. Filament filter 3D

4. Size filter

Workflow selection steps:

1. cardio_tnni

2. Channel 0

3. Click a button below that most closely resembles your
image channel to select & start a workflow

Image input Segmentation output

Workflow: tubala

oA

ALar.

Glossary
DESCRIPTION OF PARAMETERS IN EACH FUNCTION WIDGET

INTENSITY NORMALIZATION

Auto-contrast normalization. First, mean and standard deviation (std) of the original intensity in image are calculated. Next, the
intensity is truncated into range . and then recaled to and b are parameters
controling effect of the adjustment

: a list of two float values, corresponding to a and b in the aforementioned equation.

EDGE PRESERVING SMOOTHING

A smoothing method that reduces the noise, while retaining the sharp edges.

ALLEN INSTITUTE o

CELL SCIENCE



The Allen Cell & Structure Segmenter:

Segmenter classic workflow result
(LMNB1_interphase workflow)

Input 3D image stack
(nuclear envelope via lamin B1)

Segmenter result after iterative deep
learning workflows

analysis
or
models

A heterogeneous mix of local 3D 4 interphase nuclei All lamin B1 in living cells properly 3D binary image
patterns (interphase & mitosis) & 1 mitotic cell segmented stack

Deep learning model

Fluorescent Ground truth
images images

Iterative Deep Learning Workflow ]

"‘ ALLEN INSTITUTE
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Scalable cell integration assay for gene-edited hiPSCs

cell membrane mitochondria DNA (nucleus) Brightfield
CellMask Deep Red Tom20-mEGFP Hoechst transmitted light image

e NB e AT 082’
. :

— @
y — sorting/merging

Fluorescent Ground truth

images images
i-i ALLEN INSTITUTE for
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Scalable cell integration assay for gene-edited hiPSCs

cell membrane DNA (nucleus)
CellMask Deep Red Hoechst

.

» lterative deep learning combined with ‘training assays’ can improve segmentation accuracy, see
bioRxiv preprint (Chen J, et. al., Dec. 13., 2020)

» Created a scalable 3D cell integration assay

» Achieved the robust segmentation of >18,000 fields of view to get >215,000 single cell images for
analysis

» Napari Allen Cell & Structure Segmenter plugin available June 30t, 2021



Building the Allen Cell Explorer Tool Kit
@ Cell designer -Allen Cell Collection

- Automated microscopy

4 .
< J) Cell image generator platform

- Image Collection

||| Cell image analyzer - 3D Allen Cell and
Structure Segmenter

Cell image visualizen= £SAVE

Integrated Cell Models

An emerging suite of tools and
workflows for visualizing,

interrogating, and modeling cell Ce” image SimUIator - Simulariumpeta

behaviors in 3D with use cases °

for research and education a I Ie nce I I .0 rg
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Path-trace rendering of 3D microscope images with AGAVE
Get AGAVE: allencell.org/software-and-code.html

&
&

ALLEN INSTITUTE for
CELL SCIENCE

Oseniage Opempon  Sewijon  Sewipytonict  Rwet  PenOre

;n

Vg
Arealight Theta @) 65000 &
Aealgnpn @ 14000 &
Awlignsze @ 01000 §
Arealight Distance @ 100000 &
Arealight intensity @ 2000000 § wm

SkyUight Top ® 1w I
SoUghtMd @ 01000 § wm

Sotghteot @ - 10000 T wm

b b
S |

N/ Hoechat 33342
Window e 05000 §
Levet @  oewo 3
Nits) hesiFl Shew VEq) eme
Opacity @ 10000 8
OiffuseColor
SpecularColor

r

PUIC Ry —
Fom

Exposure @ o700 §
Eposwre Tme IS
Nose Reducton V.

Apersure

sze @  0000(§
Projecton

Advanced GPU Accelerated Volume Explorer (AGAVE)

Desktop application for Linux, Windows, and MacOS

allencell.org | alleninstitute.org 32



Cell data integration: enhancing 3D interpretability
Advanced GPU Accelerated Volume Explore (AGAVE)

AGAVE

Standard volume rendering AGAVE transparent path-tracing AGAVE cinematographic path-tracing

Cell membrane dye | DNA dye | mEGFP-tagged structure
“ ALLEN INSTITUTE for
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Why go to the computational expense of pathtracing?
Contributions beyond ambient occlusion: shadow casting can clarify topology

“ ALLEN INSTITUTE for
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AGAVE can help understand segmentation results

TTTTTTTTTTTTTTTTT

bttrediaingeR38aY

- help finding errors in 3D

- help comparing 3D effect
of parameters

- help understand
topology/morphology in 3D

allencell.org | alleninstitute.org 35



Building the Allen Cell Explorer Tool Kit
@ Cell designer -Allen Cell Collection

- Automated microscopy

4 .
< J) Cell image generator platform

- Image Collection

||| Cell image analyzer - 3D Allen Cell and
Structure Segmenter

Cell image visualizer| AGAVE

- Integrated Cell Models

An emerging suite of tools and
workflows for visualizing,

interrogating, and modeling cell Ce” image SimUIator - Simulariumpeta

behaviors in 3D with use cases °

for research and education a I Ie nce I I .0 rg
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Bu | |d | ng an £ | nteg rated Ce", How can we build a complete ‘Integrated Cell’ from images of a cells

tagged with 1 or 2 structures at a time?

Statistical learning Label-free approach

Probabilistic 3D
o Cell Model

¥ Spatial integration

—_— Predictive modeling <= Higg,. /

) brightfield

» Establish correlations
* Generate hypothesis
* Follow cell states

ALLEN INSTITUTE 7o
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Statistical Learning via Autoencoders

Learned cell & nuclear
> > - > —>
shape representation
v

Normalized

‘ model space

» — )
Labeled structure
. 2
representation
> > —>
b{ All other variations ] 2

Input images Encoder v

ALLEN INSTITUTE
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Statistical Learning via Autoencoders

Predicted structure

Cell input

\

coming soon on bioRxiv

ALLEN INSTITUTE for
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Bu | |d | ng an £ | nteg rated Ce", How can we build a complete ‘Integrated Cell’ from images of a cells

tagged with 1 or 2 structures at a time?

Statistical learning Label-free approach

Probabilistic 3D
o Cell Model

¥ Spatial integration

—_— Predictive modeling <= Higg,. /

) brightfield

» Establish correlations
* Generate hypothesis
* Follow cell states

ALLEN INSTITUTE 7o
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Label-Free Method

Single model schematic overview o
Prediction

Bright-field image ~__output

, ._Nput

Repeat for
other structures

ALLEN INSTITUTE for
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Label-free prediction of cellular structures

- ¥y
W SERER G kS
o Computer learns the
R features in the bright field
image that correspond to

the fluorescence

., Hoechstdfe

+ Code available on GitHub
* Integrating label-free approaches with real data

preiction

 bright-field

Fibrillatin

-
!..

Ounkomol, et al. Nature Methods 2019
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Nuclear Structure Prediction

Real H2B Label-free prediction

Current focus is the shape, not texture.
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Allen Cell Explorer Tool Kit (allencell.org)
@ Cell designer - Allen Cell Collection

- Automated microscopy

4 .
< J) Cell image generator platform

- Image Collection

||I Cell image analyzer -Allen Cell &
Structure Segmenter

Cell image visualizer - /¢AE

Integrated Cell Models

An emerging suite of tools and
workflows for visualizing,

interrogating, and modeling cell . . . .
behaviors in 3D with use cases ) Cell iImage simulator | - Simulariumbeta

for research and education o

D
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SimulariumBeta
Visualize, analyze, interrogate & share biological simulations

’.‘« | SIMULARIUM HOME Load model v Help v
=’

Simularium G
Visualize, analyze, interrogate & share biological simulations

Simularium makes it easy to share and analyze spatial simulations directly in a web browser. Its primary goal is to
facilitate collaborations between experimental biologists and computational biologists by removing major
challenges to accessing, running, sharing, and analyzing simulation results.

Try Simularium now
View example simulations or load your own data

simularium.allencell.org

A
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Try Simulariumbeta
View example simulations or load your own data

| SIMULARIUM HOME Actin in Clathrin-mediated Endocytosis Load model v ’ Help v
. (A |

Agents > Plots

* SHOW TYPE

All

Pit Internalization

IActin
| Budding vesicle

HIPIR complex

(=
c
c
o
©
A
©
=
&
<
-
Q.

| Mother nucleator .
ime (s)
| Arp2/3 complex . .
Mean Actin Bending Energy

Cell membrane

N
o

w
o

(=

Mean bending energy (pPN*nm)
N
o

A | l
lt "\MM [ J‘\ ‘N\

¢ 15
Time (s)
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Tools to Visualize, Analyze and Model Cell Behavior

=

...what it did what it will do...

cell organization | @& |function

Create and understand a “state space” of human stem cell signatures

Holistic approach via 3D live cell imaging

LLLLLLLLLLLLLLLLLL
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A %. Allen Cell Discussion Ferum
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Welcome to the Allen Cell Discussion Forum, the official community site for Allen Institute for Cell Science!
This forum is a place for learning, helping, and sharing experiences of using our publicly-available cell lines,
plasmids, genomic data, software, and analytic tools.

Get started: read our new user quide and know our community quidelines.

Gene-editing

hiPSC Culture

Imaging Software & Code

Human iPSC gene-editing techniques, tips, & Human iPSC culture, differentiation techniques, Label-free, cell segmentation, integrated cell
issues tips, & issues modeling, and machine learning techniques, tips,
& issues
\-‘ > " S— -<
Cell biology educational resources, use-cases, & Community Ground Rules & Privacy Statement Full website of the Allen Institute for Cell Science
»-editing Methods and

tips including pages for Gene

. ALLEN INSTITUTE




Thank you

We wish to thank the
Allen Institute for Cell
Science founder, Paul G.
Allen, for his vision,
encouragement, and
support.

ALLEN ‘ TR,

<
INSTITUTE

And a special thanks to our
supporting partners at Coriell
Institute and Addgene.

4 é CORIELL INSTITUTE

{/addgene

" ALLEN INSTITUTE for
. CELL SCIENCE allencell.org | alleninstitute.org 49




THANK YOU

We wish to thank the Allen
Institute founder, Paul G. Allen,
for his vision, encouragement,
and support.

ALLEN

INSTITUTE

open for science

PAUL G. A|".LEN*‘g
1953 - 2018

- ™ e

-"‘ ALLEN INSTITUTE rr
4 CELL SCIENCE

A".A

allencell.org | alleninstitute.org 50



