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by Alyssa A. Goodman, May 18, 2020

This essay accompanies the release of an online tool for visualization of IHME COVID-19
forecasts' evolution over time and a community discussion of visualizations created with the tool.

Uncertainty about the future has motivated predictions for millennia. Sometimes, we're just
curious—but other times, we really need to know. As the present pandemic evolves, our urgent
societal need to plan has motivated many scientists to predict the spread and effects of the novel

coronavirus.

Compariscn of Reported COVID19 Deaths Versus IHME Prodictions
2000

BACKGROUND: TWO BROAD CLASSES -
OF MODELS .

Amongst the many predictions being used by governments to f‘m
guide policy are two broad classes: infectious disease models
based on an understanding of how contagion spreads; and
more mechanism-agnostic statistical models informed
primarily by data about prior outcomes. To the uninitiated,
these approaches, both of which rely on statistical modeling,
may sound the same—but they are not.
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Click here open the interactive site and
explore the visualizations on your own.

Models of infectious disease take into account, with varying
levels of complexity: how many, and importantly why, people are susceptible, infected, immune, or
have succumbed to a virus at any given point in time and space. The mathematics of these models
moves people between groups called "Susceptible," "Exposed," "Infected," and "Removed," and so are
often called "SEIR" models. At the philosophical other end of the modeling spectrum, what we call
"mechanism-agnostic" approaches use information about cases, testing, hospital admissions, and
deaths, to create algorithms that forecast what will happen under various combinations of conditions,
given what's happened under similar conditions in the past. Purely mechanism-agnostic

approaches do not factor in medically-informed information about how an infectious disease spreads.

Daily deaths ©®
- At the moment, there are scores of unrefereed articles in
= scholarly journals, and hundreds of media articles about
= predictions from infectious disease models,
mechanism-agnostic approaches, and various hybrids,
§ & o5 available to policy makers. What isn't clear, though, is how
§is much faith to put in any of these analyses or forecasts.

C For most of the SEIR-style predictions, one sees a range of
e scenarios offered in journal articles, from a miraculous end
e = = -~ tothe pandemic due to summer, to a devastating “second
wave" to come in the fall of 2020, and waves beyond.
Human factors, including both government regulation
and compliance with it, are often the most unpredictable
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8 oo The Institute for Health Metrics and Evaluation (IHME) creates, maintains, updates, and publishes an

i 3.000 open-source statistical model of the impact of the COVID-19 pandemic, based on open-data resources.
2000 - | As a public service, glue solutions, inc. here offers an online tool for visualizing the evolution of the IHME
1,000 : models over time.
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The general public has seen many versions of the IHME "Daily Deaths" plots, including in several White

House briefings. Our goal here is to offer a look at how the models change—appropriately, in response to
IHME Models over time, for the United States, for

4 representative dates, made with the interactive

new data and information—over time, and how that affects model updates. Inacompanion essay online at

the Prediction Project site, we offer more context on why this evolution is so interesting.

tools offered below.
(Banner above shows sample IHME "Daily Deaths" graphic, from 14 May 2020.)

What's this tool for? Using the interactive graphics below, you can re-create the display of deaths/day akin to what would have been visible at IHME's COVID-19

web site on a range of modeling dates, for any region you select. In addition, you can show more than one model (date) at a time, to make comparisons.

How should linterpret what | see? In each of the panels below: red dots show reported actual deaths per day; solid blue lines show forecasts, and light blue
shaded regions show uncertainty bands. Those uncertainty bands indicate ranges of possible outcomes, as forecast on the date when the model was made. The

ranges should account for 95% of possible outcomes. As one can see by moving the time slider below earh eranh tha madal and itc acengi fl‘un
change over time. As more and more models are added, regions where shading appears darkest are regi  COVID-19: Reported Deaths (Red) and IHME e r

Click to selec

1,000
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There are four versions of the IHME evolution visualization offered below. They are as follows (with sou 00 .. taly soan

1. For the United States, showing only 4 representative model dates. [source, GitHub] [mobile site] » : ' . xm

2. For the United States, offering a wide range of model dates [source, GitHub] 3 :: . L f:::

3. For the World, showing only 4 representative model dates [source, GitHub] [mobile site] : :: - e o
(® 4. Forthe World, offering a wide range of model dates [source, GitHub] w \\&\

Location: Italy

Time: o



https://www.predictionx.org/uncertainty-covid19
https://www.gluesolutions.io/social-impact
https://www.gluesolutions.io/social-impact
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It’s not an acronym.




It Is open-source software that
glues data,

glues graphs &
glues tools.




data

/
NUMDErS (tables, arrays, spreadsheets)

@ Images & maps (F171s, JPEG, GIS and more)

/
data cubes :0, 4D, and more)




datafiles’ common attributes are glued

7z &
=




avoiding the need to merge data files




LG 25
graphs
‘ ll ‘ : common statistical graphics ‘ / ‘
(scatterplots, histograms, tables, curves, overlays) e J.°° ®

Q( maps & images NASS

(greyscale, color, contours, layer control...)

3D displays EI
(scatter plots, volumetric rendering, sliders...)

&

: specialized & custom charts %
. (dendrograms, polar plots, + domain-specific options)







selections propagate across all graphs

o, R B9 &




for real-time data exploration & insight




tools

x’ plug-ins (user-defined formats, plots, layouts...)

web services (across domains)

command-line (vuilt-in terminal, scriptable )







for easy customization




glues data,

>»glue glues graphs &

glues tools.

glueviz.org




BONUS: save, share, or publish

save “sessions” to continue where you left off
export graphics

use/export to Jupyter environments

export to plot.ly

export to augmented reality



http://plot.ly
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O O Glue (/Users/aagoodman/Library/CloudStorage/GoogleDrive-agoodman@cfa.harvard.edu/My Drive/Milky Way Takeover 2020/MilkyWay3D.ORG/Sessions/cfaspf23demowithco.glu)

Open Session Export Session Import Data Export Data/Subsets @ Link Data x’ Arithmetic attributes Active Subset: None/Create New (the next selection will create a subset) Terminal -Q- Preferences Error Console

Data Collection X 3D overview X WWT 3D X 3D dust stars X WWT overlay X CO

Pelgrims2020_A+A_636_A17_Imax10_MW3D[HDU1] Earth/Planet/Sky Viewer (WWT)
Zucker2021_ApJ_919_35_spines_MW3D[HDU1]

‘ Alves2020_Nat_578_237_MW3D[HDU1]
Bialy2021_ApJL_919_L5_MW3D[HDU1]
Foley2022_arXiv_2212.01405_OrionShell_MW3D[HDU1]

() Reid2019_ApJ_885_131_LocalArmFit_MW3D[HDU1]

@ Reid2019_ApJ_885_131_SGNArmFit_MW3D[HDU1]
Reid2019_ApJ_885_131_MW3D[HDU1]
Hunt2023_arXiv_2303.13424_MW3D[HDU1]
Lallement2019_A+A_625_A135_Split_MW3D[HDU1]

. Edenhofer _2023_3D _Dust_XYZ_Revised-2

Plot Layers - Earth/Planet/Sky Viewer (WWT)

. distance picker (Bialy2021_ApJL_919_L5_MW3D[HDU1])
Bialy2021_ApJL_919_L5_MW3D[HDU1]
. distance picker (Hunt2023_arXiv_2303.13424_MW3D[HDU1])
ONeill2023 _LocalBubbleB_VectorPointCloud_MW3D[HDU1]
Hunt2023_arXiv_2303.13424_MW3D[HDU1]
B Reid2019_ApJ_885_131_SGNArmFit_MW3D[HDU1]
" Reid2019_ApJ_885_131_LocalArmFit_MW3D[HDU1] . :
Lallement2019_A+A_625_A135_Split_MW3D[HDUT] - > N ~EBRN . . -
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. multidimensional data exploration
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Center view on layer . v _ - 'y . B » e " »
» : .
» b »
. »
» . .
. »
.
»
»
< . y » . »
Plot Options - Earth/Planet/Sky Viewer (WWT) * o < - : . : .
. ; . . » -

Mode: Milky Way
Frame: Galactic
Longitude GLON
Latitude GLAT

Distance Distance
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Gordon Research Conference

qL Visualization in Science and Education
)

Revealing Nature, Generating Insight
July 26 - 31, 2009

Chairs Vice Chairs
Arthur J. Olson and Shaaron Elizabeth M. Dorland and Ghislain Deslongchamps
Ainsworth

2:00 am - 92:40 am Alyssa Goodman (Harvard University, USA)
"From Baby Pictures to Baby Stars: What Scientists /Can/ See"

The Modular, Personalizable, Approach we

IS ST L e odd |
D m*%j Can’, o~ (& Should!?) Take to Interactions

N, 4 <

00


https://www.grc.org/visualization-in-science-and-education-conference/2009/
https://scholar.harvard.edu/agoodman/talks-2009
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“LEVELS” of interaction/users

| guided experience for
) learners, no coding, only

CosmicDS 'Nteractive webpages

Jdaviz dashboard-style @ i
00e S

i Saglunvter fully flexible,
I giupy scriptable, extensible.



http://gluesolutions.io/the-software/glupyter
http://gluesolutions.io/the-software/glupyter
http://gluesolutions.io/the-software/glupyter
http://tinyurl.com/dimensionsofdiscovery

&6

usGowmizable Complexitby

gUide experience for

learners, no coding, only
Interactive webpages

dashboard-style

Iue fully flexible,
L scriptable,
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simple
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omplicated

soe Glue harvard.edu/My Drive/Milky Way Takeover )
B OpenSession [ Export Session [ mport Data [ Export Data/Subsets @ UinkData  x" Arithmetic atributes  ©  Active Subset:  NonelCreste New (6 (the next selection wil create a subset) Terminal ¥ Preferences
tata Collection x 30 overview  |ERUNEERIN * 30 duststars X WWToverlay X CO

Pelgrims2020_A+A_636_AT7_Imaxio_MW3DIHOUT] eoe
Zucker2021_Ap1_910_35_spines_MW3DIHOU1)

@ Aves2020_Nat_578_237_MW3D[HDUT]
Bialy2021_ApIL_919_L5_MW3DIHOUT]
Foley2022_rXiv_221201405_OrionShell_MW3DIHOU1]

@ Reid2019_ApJ_885_131_Localkemeit_MW3DIHUT)

@ Reic2019_Ap)_885_131_SGNAMFIMWAD[HOUT]
Reid2019_ApJ_885_131_MW3DIHOUT)
Hun2023_arxiv_2303.13424_MWSD[HOUT]
Lalement2019_A+A_625_A135_Spit_MW3D(HOUT]

@ Edenhofer_2023_3D_Dust_XYZ_Revised-2

Erth/Planet/Sky Viewer (WWT)

ot Layers - Earth/Planet/Sky Viewer (WWT)
I cistance picker (Bily2021_ApJL_919_L5_MW3D[HOUTI)
Bily2021_ApJL_919_L5_MWSD[HOUT]

I cistanc picker (Hunt2023_arXiv_2303.13424_MW3DIHDUT)
ONei2023_LocalBubbled_VectorPintCloud_MW3DHOUT]
Hunt2023_arXiv_2303.13428_MW3DIHDUT]

I Reid2019_ApJ_885_131_SGNAMFI_MW3DIHDUT]

I Reid2019_ApJ_885_131_LocalArmFit_MW3DIHOUT]
Lallement2019_A+A_625_A135_Split_MWSD[HDU1]

(LR N<N<N<B<]

Fixed

enter view on ayer

ot Options - Earth/Planet/Sky Viewer (WWT)

Mode:  Milky Way

Frame:  Galactic

Longitude  GLON
Latitude  GLAT

Oistnce @ Distance
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O O Glue (/Users/aagoodman/Library/CloudStorage/GoogleDrive-agoodman@cfa.harvard.edu/My Drive/Milky Way Takeover 2020/MilkyWay3D.ORG/Sessions/cfaspf23demowithco.glu)

Open Session Export Session Import Data Export Data/Subsets @ Link Data x* Arithmetic attributes Active Subset: = None/Create New (the next selection will create a subset) Terminal -Q- Preferences Error Console
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: is driven by expansion of the Local Bubble

THE RADCLIFFE WAVE p

o The discovery that the 1000-light-year-wide "Local Bubble"
surrounding the Sun and Earth is responsible for the
formation of all nearby, young stars was first presented in a
paper published in Nature on January 12, 2022. Please use this
page to find news, publications and talks, visuals (images, *
interactives, and videos), team info, and data. And, if we forgot
something, just let us know—and we'll try to include it in future

The Radcliffe Wave is a gigantic structure that defines the shape of the Sun's local neighborhood
in the Milky Way Galaxy. Its existence was first presented officially in a paper published in Nature on
January 7, 2020. This website offers scientists, educators, and the interested public much more
information about the "RadWave," as we like to call it. Please use this page to find publications and

talks, visuals (images, interactives, and videos), history, team info, software, and data. And, if we updates!

forgot something, just let us know—and we'll try to include it in future updates!

Want to see for yourself? Explore the Wave in 3D in WorldWide Telescope! ’
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Magnetized L.

Thanks to the work of many who came before, and
publicly-shared vast data troves, we can draft a 3D map
of the magnetic field on the surface of the Local Bubble.
We are constantly improving our guess as to what the A :

map looks like, so please use this page to find news, B ‘
publications and talks, visuals (images, interactives, and
videos), and data. Stay tuned for updates!

The first public showing of this work will be at the 241st
AAS meeting, in Seattle in 2023, and a preprint by O'Neill
et al. is available on Authorea.

Where Our Bubble Ends, Our Understanding Begins

= H s
)

= * *
ot ==

Publications Visuals History Software
Software

& Talks

Want to see for yourself? Click HERE for interactive figure!
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http://tinyurl.com/radwave
http://tinyurl.com/local-bubble-stars
http://tinyurl.com/local-bubble-b

Green et al. 2019

Can infer matter’s distance from dust’s effects on stars.

WARNING: schematic diagram, to scale (credit A. Goodman, 2019)
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brought towou in 2021 by an international team of scienti‘sts‘ from.
Center for Astrophysics | Harvard & Smithsonian, Haryar@ RadcliffeInstitute, University of Vienna, University of °
, Wisconsin,Max-Planck Institute, Ludwig Maximillian University, and technology'from ESA, NASA*NSF and Delightex.

animation by Jasen Lux Chambers



THE ASTROPHYSICAL JOURNAL LETTERS, 919:L5 (12pp), 2021 September 20 Bialy et al.

“side-on” view of Per-Tau Shell, Sun at left

Taurus =5
Sun

White: n=5 cm-3 1so-surface
Color: n=25 cm-3 1so-surface

“side-on,” highlighting Taurus ring ' Orthogonal Slices th
xZ plane at y=635 pc |
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specialized formats
(e.g. AR)
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(remote) data
repository

X (pc)

Scan codes_for AR views

Figure 2. 3D views of the Per-Tau shell (for an interactive version® of this figure click here *; see Figure 5 for more static visualizations). Plotted are density iso-
surfaces at levels n = 5 cm™> (gray) and n = 25 cm ™2 (color), overlaid with our spherical-shell model, radius R, = 78 pc, distance from the Sun d = 218 pc. The
n =25 cm " surfaces are colored by distance from the Sun (blue-to-red). Top-left panel: view from the Sun (compare with Figure 1). Top-right panel: a side view of
the region. Perseus and Taurus and their diffuse envelopes are arranged on two opposing sides of the Per-Tau shell. Bottom-left panel: another side view emphasizing
the Tau Ring. The ellipse is the Tau Ring model (Appendix B). Bottom-right panel: 2D density slices along the xy, xz, yz planes. All planes intersect at shell’s center.
In all panels xyz are the Heliocentric Cartesian Galactic Coordinates.

Opacity

2. Tau Ring: in a sky projection the Tau Ring is seen almost 3. The Fictitious Connection: A filament seems to connect
edge-on. The near side of the Tau Ring connects with the Taurus to Perseus. This connection is only a coincidental
maih body of Taurus at d ~ 150 pc, whereas the farthest projection effect, where in actuality the filament is located

part extends to d =~ 220 pc. at the distance of Taurus, and does not physically connect B I a I y et a l 2 O 2’]

The

Project


https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://miro.com/app/board/uXjVMd2ZnGM=/?moveToWidget=3458764559097551815&cot=14
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THE “MAKING OF” THE PER-TAU EXPLAINER—WHY WE NEED TO DO BETTER..

OVERVIEW CARTOON STARSIN3D ,% 302D (Sky)wewshlftlng.
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Perseus & Taurus
look like they touch
on our night Sky...




The New Milky Way made possible

great 1D, 2D and 3D data manipulation, by (& 3D dust mappmg)

flexible architecture facilitating plug-ins, data
transfer, and interactive data exploration;
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“glupyter” flavor runs in web pages
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Star Formation near the'Sun
is driven by expansion of the Local Bubble

The discovery that the 1000-light-year-wide "Local Bubble"
surrounding the Sun and Earth is responsible for the
formation of all nearby, young stars was first presented in a
paper published in Nature on January 12, 2022, Please use this
page to find news, publications and talks, visuals {images,
interactives, and videos), team info, and data. And, if we forgot
something, just let us know—and we'll try to include itin future
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Want to see for yourself? Click HERE for interactive figure!
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Thanks to the work of many who came before and
publicly-shared vasl dala lroves, we can drall a 3D map
of the magnetic field on the surface of the Local Bubble.
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\0/05 MilkyWay3D.org Home Data Software Science Gallery Events Collaborators Q&

P Carter Emmart Americon Museum of Natural History
EO P I. E Director of Astro Visualization. Directs AMNH space show and Creative Director for OpenSpace
Brian Abbott Sackia Bahaity
American Museum of Natural History American Museum of Natural History, Department of Astrophysics & Department of Education
Assistant director of the Hayden Planetarium and co-founder of the Digital Universe atlas. | work on collating astrophysical data into a consistent atlas that we explore in OpenSpace. Trained as an Senior scientist and senior education manager. Scientific interests include the young solar neighborhood (from stars to brown dwarfs and planets). Education interests include immersive visual
astrophysicist, | work more on visualizing science and communicating astrophysics to the public. presentations of cutting edge scientific discoveries.
Alyssa Goodman
Micah Acinapura N . . .
Harvard University, Center for Astrophysics | Harvard & Smithsonian
American Museum of Natural History, OpenSpace Astronomy Professor with longstanding interest in data visualization. Pl of the glue project, President of glue solutions, inc. WorldWide Telescope “pet scientist.” Pl of NASA’s Cosmic Storytelling STEM
OpenSpace developer, support engineer for OpenSpace users. outreach project.
Joio Alves Anna Nolin

. . , Harvard University, Center for Astrophysics | Harvard & Smithsonian
University of Vienna

Graphic designer
Professor of Astronomy with longstanding interests in star formation and data visualizaiton.
Theo O'Neill
Bob Benjamin Harvard University, Center for Astrophysics | Harvard & Smithsonian

. . . . . Research Assistant & Data Scientist
Professor, University of Wisconsin, Whitewater

Sebastian Ratzenbdck

Alex Bock Linkoping University University of Vienna

. . . Post-Doc & Data Scientist
Lead developer of OpenSpace; Tailored visualizations.

Thomas Robitaille
Jonathan Carifio Aperio Software, glue solutions, inc.

Harvard University, Center for Astrophysics | Harvard & Smithsonian Lead software architect of glue, co-developer of pyWWT

Software developer, glue and WorldWide Telescope
Patricia Udomprasert

Harvard University, Center for Astrophysics | Harvard & Smithsonian

Gordian Edenhofer

° ject Directgr mbassadors Program; Science Pl of Cosmic Storytelling with NASA Data SciAct project
Max Planck Institute for Astrophysics, Garching, Germany I I l I a
PhD Student terifE Zucker

Space Telescope Science Institute

Hubble Fellow with interests in star formation, the interstellar medium, and the structure and dynamics of our Milky Way Galaxy. Loves data visualization, augmented reality, and open data sharing!



Photo of Dr. Cahterine Zucker & Mlicah Acinapura at the Hayden Planetarium, NYC, Fall 2022
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Video recorded at the Hayden Planetarium, NYC, Fall 2022




Video recorded at the Hayden Planetarium, NYC, Fall 2022
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guided experience for

earners, no coding, only “mini” DS
INnteractive webpages

CosmicDS

C @ localhost:8866

© Guest Student0

Hubble's Law Cosmic Data Stories VTG s0pcis

Marker: tre_lin2
Introduction

MY GALAXIES

Spectra & Velocities

Galaxy Name Distance (Mpc) Velocity (km/s)

Galaxy Distances Intro spec-1755-53386-0401 75 3884

spec-2022-53827-0286 83 5072

Galaxy Distances spec-1748-53112-0136 144 6351

spec-1386-53116-0262
4 Explore Data

spec-1769-53502-0234

MY DATA

Even when data are messy, it is possible My Data OUR DATA (7]
. Class results & Uncertainty to explore relationships between the
quantities being graphed. Scientists do Class Data ]
this by fitting a model to the data.

. Professional Data

Since we saw a trend in the larger class %‘ 19,000

data set, let's start with a trend line. A > 8,000

trend line follows the observed trend in % 6,000
>

the graphed data.

Click & in the Toolbar to activate the
drawing tool and try drawing a trend line
through your data points.

BACK X

60 8o 100 120 140 160 180
Distance (Mpc)

Click | and draw a
trend line.

HUBBLE'S DISCOVERY

AL AMERICAN ASTRO Y

+_ WORLDWIDE
&) TELESCOPE <@> OpenSpace

Narrator + Science Pl of “Cosmic Data Stories” SciAct Project: Dr. Pat Udomprasert
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,"2* Fredrik Salmén,?* Sanja Vickovic,?t Anna Lundmark,?3+
Nandez Navarro,“? Jens Magnusson,' Stefania Giacomello,> Michaela Asp,>
5 O. Westholm,* Mikael Huss,* Annelie Mollbrink,? Sten Linnarsson,”

mone Codeluppi,®® Ake Borg,” Fredrik Pontén,® Paul Igor Costea,> Pelin Sahlén,?
an Mulder,® Olaf Bergmann,' Joakim Lundeberg,?t Jonas Frisén'

Analysis of the pattern of proteins or messenger RNAs (mRNAs) in histological tissue sections
is a cornerstone in biomedical research and diagnostics. This typically involves the visualization
of a few proteins or expressed genes at a time. We have devised a strategy, which we call “spatial
transcriptomics,” that allows visualization and quantitative analysis of the transcriptome with
spatial resolution in individual tissue sections. By positioning histological sections on arrayed
reverse transcription primers with unique positional barcodes, we demonstrate high-quality
RNA-sequencing data with maintained two-dimensional positional information from the mouse
brain and human breast cancer. Spatial transcriptomics provides quantitative gene expression data
and visualization of the distribution of mMRNAs within tissue sections and enables novel types of
bioinformatics analyses, valuable in research and diagnostics.
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Fig. 2. Spatially resolved gene expression. (A) Each array feature contains
uniqgue DNA-barcoded probes containing a cleavage site, a T7 amplification and
sequencing handle, a spatial barcode, a unique molecular identifier (UMI), and
an oligo(dT) VN-capture region, where V is anything but T and where N is any
nucleotide. cDNA (red) is generated from captured mRNA by reverse tran-
scription. (B) Visualization of the expression of three genes by spatial tran-

scriptomics (top) and in situ hybridization (bottom). Penk and Kctd12 in situ
images are from the Allen Institute. Cutoff normalized counts, Penk, 8; Doc2g,

13; and Kctd12, 19. (C) Distribution of unique genes per feature under the
tissue. (D) Number of genes detected for different layers and entire tissue over
sequencing depth. (E) Lateral diffusion of transcripts from genes enriched in
MCL. The genes are expressed in MCL features but are not separable from the
background in features adjacent to the MCL. (F) Spatial expression and in situ
hybridization of four genes in (E). The leftmost feature overlaps the MCL, and
the three rightmost features are situated in the GCL. The colored bar depicts
the distances from feature center in (E).

Spatial
Transcriptomics

. R

® Cluster 1: Granular cell layer ® Cluster 5: Olfactory nerve layer

@ Cluster 2: Mitral cell layer
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Features

Fig. 4 Comparative analyses of tissue domains. (A) t-SNE analysis and hierarchical clustering of 551 fea-
tures from two replicates creates five distinct clusters. (B) The features placed back onto the two tissue im
ages. (C and D) Histological section of a breast cancer biopsy (C) containing invasive ductal cancer (INV)
and six separate areas of ductal cancer in situ (1 to 6), with analyzed spatial transcriptomics features in
(D). INV areas without, or with minimal, stromal infiltration were selected. (E) Gene expression heat map
over the different areas in four adjacent sections (D) and (fig. S11).

Stahl PL, Salmén F, Vickovic S, Lundmark A, Navarro JF, Magnusson J, Giacomello S, Asp M, Westholm JO, Huss M, Mollbrink A, Linnarsson S, Codeluppi S, Borg A, Pontén F, Costea PI, Sahlén P, Mulder J,
Bergmann O, Lundeberg J, Frisén J (2016) Visualization and analysis of gene expression in tissue sections by spatial transcriptomics. Science, 353(6294):78—82. https://doi.org/10.1126/science.aat2403
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Numpy Savefile
HDF5
Images

|

Standard and Custom Viewers

1D histogram
2D scatterplot

2D Images
3D scatter

3D volume

2D
QT

neatmap

_viewer

Small multiples viewer
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Get differentially expressed genes from
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Measure/display expression of gene
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Get KEGG pathways for gene sulbsets
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Customized for Genomics
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Collage and decoupage are both paper crafts involving
cutting and gluing. They both take images, photos and
materials from one source and turn them into
something completely different. However, they are
not one and the same. Collage is considered a formal
art, while decoupage is considered a craft.

Collage has been around for hundreds, if not thousands,
of years, with some believing its earliest forms were
found in 200 B.C. China. The art form was not always
referred to as collage, in fact coinage of the term is
attributed to Pablo Picasso in the early 20th century. The
word collage comes from the French word coller,
which means to glue. The fine art community agrees
that collage as an art form began in the early 20th
century as part of modernism. A mixed-media or photo
collage is a work of art, meant to be framed and
admired.

Decoupage, on the other hand, comes from the French
word decouper, which means to cut out. In this craft, a
surface s covered with glued paper cut-outs.

Due to its decorative nature, the decoupage crafter
must take extra steps to protect the surface once the
decorations have been applied and glued.

doa beadfx comiuerpeas, ’fgex php/2016/02/03/paper-jewellerys from: factorydirectcraft.com/factorydirectcraft_blog/decoupage-collage-art-crafts/#
s . g SR e Sk g u“:g‘ 4 . »


https://factorydirectcraft.com/factorydirectcraft_blog/decoupage-collage-art-crafts/#
https://www.beadfx.com/wordpress/index.php/2016/02/03/paper-jewellery-collage-or-decoupage/
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From ChatGPT: A
gene is a specific
sequence of DNA that
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creating proteins or
functional RNA
molecules, while a
marker is a specific
DNA sequence used
as a reference point
to identify the
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of a gene or genetic
variation without
directly contributing to
the production of
proteins or RNA
molecules



Display cell properties over experimental factors
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Get differentially expressed genes from subsets

2D Scatter " NOK | QTL Viewer

*° Differential Gene Expression
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