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https://j.mp/ome-ngff-biorxiv (10.1101/2021.03.31.437929)

Open Microscopy Environment Universit )
hool of Life Sciences, University of Dundee d Y O openmiCrosco py
of Dundee o
Dundee, Scotland, UK



o, OME’s mission is to facilitate the storage,

exchange and re-use of bioimaging data.
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Bioimaging Domain

Imaging
Modalities

5D Image Data Model No Standard Format

»
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. i
OLYMPUS Q] MOLECULAR 2’;
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3D, multi-color, movies, or 150+ Proprietary File
any combination thereof Formats (PFFs)
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Search for a format

Maturity Dimensionality Scalability

Ubiquitous 2D tiles Linear slowdown
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Search for a format

Maturity Dimensionality Scalability
Ubiquitous 2D tiles Linear slowdown
Well-supported 3D+ chunks Serial writes *
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Zarr/N5
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Search for a format

Maturity Dimensionality Scalability

Ubiquitous 2D tiles Linear slowdown
Well-supported 3D+ chunks Serial writes *

generation orchunks T e
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Monolithic format Next-generation file format (NGFF)

351 GB

Remote copy

a )

Remote access

Single TIFF file
437 GB

Local copy

Open Microscopy Environment Universit
JOSh Moore School of Life Sciences, University of Dundee Of Dunde\e/
European HUG, 2021.07.07 Dundee, Scotland, UK

88 GB 22 GB

1024 x
(1 MB)

21 chunks in
the browser

Chunk size:

21 MB

1024

Another
21 chunks
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Next-generation file format (NGFF)

88 GB 22 GB 21 MB

Chunk size:
1024 x 1024
(1 MB)

Remote access

Cloud-native features of Zarr:

* simple (“hacker-friendly”)

e transparent URLs the browser
 function locally & remotely Another

* inserverless architecture k‘
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Serverless access from S3

&4 vizarr

© hsios- ) .o o . | Lamers et al. (idr0083)
= O 4 & & . | Science (2020)
- y 4 3 _',i_ s . b v L = % CC BY 4.0
Viv
Gehlenborg
Lab (HMS)
30 GB from EBI’s S3 to your browser
https://bit.ly/ngff-covid-zarr Highest resolution image
(http://bit.ly/ngff-covid-source) of SARS-CoV-2 in May 2020
Josh Moore S gyl < I @© openmicroscopy
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https://bit.ly/ngff-covid-zarr
http://bit.ly/ngff-covid-source
http://idr.openmicroscopy.org/search/?query=Name:idr0083-lamers-sarscov2/experimentA

More advanced vis.gl layers

000 https://hms-dbmi.github.iojviz X 4+

& - C & hms-dbmi.github.iojvizarr/v0.1?source=https://s3.embassy.ebi.ac.uk/idr/zarr/v0.1/plates/422.zarr

@ plate1_1.013 Hériché et al. (idr0002)

opacity: ——————y

MBoC (2016)
T:0/328 ose
' S CC-BY 4.0

channels:
Cy3

eGFP
® —

Gehlenborg
Lab (HMS)
http://bit.ly/idr0002-vizarr
Open Microscopy Environment niversit .
Josh Moore School of Life Sciences, University of Dundee <L)Jf Duencsie\e/ O openmicroscopy
European HUG, 2021.07.07 Dundee, Scotland, UK
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http://idr.openmicroscopy.org/search/?query=Name:idr0002-heriche-condensation/screenA
http://bit.ly/idr0002-vizarr

Josh Moore

H wnnamec

translucent

nearest

A onamec
wanslucent

nearest

B | (urmamec
f—

nearest

ome-zarr-py plugin
Will Moore, U. Dundee et al.

napari

Cross-platform

Open Microscopy Environment

School of Life Sciences,

European HUG, 2021.07.07

University of Dundee
Dundee, Scotland, UK

File Settings Tools Help

University
of Dundee

t=0
(28813.0,94390.0,  0.0)

BigDataViewer

o5 - -
L XoN ] BigDataViewer
File Settings Tools Help
= e

W

MoBIE Plugin 11
Christian Tischer, EMBL Heidelberg
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Multiscale image
representation

Segmented mask
representation

http://j.mp/ome-ngff-biorxiv (Fig 4.)

Josh Moore
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/— Equivalent metadata
TIFF HDF5 Zarr
XML

L \
Separate @

files (PNG, TIFF) - ﬁ

[] |

T - - - -

|
100 00 1—+
Vil

Binary TIFF files contain a Binary HDF5 files contain NGFFs folders store the
metadata block and a a hierarchy of ND arrays same information as
linear sequence of 2D with associated metadata. HDF5s spread across
tiles of varying size. many, smaller files,
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http://j.mp/ome-ngff-biorxiv

By Conversion

Imaris H5 Format

$ bioformats2raw retina_large.ims [etina_large.ome.zarr

$ find retina_large.ome.zarr -name ".z*" -0 -name 0.0.0.0.0

retina_large.ome.zarr/.zattrs

retina_large.ome.zarr/.zgroup Zarr Group: group_name
retina_large.ome.zarr/0/.zarray 5 5
retina_large.ome.zarr/0/0.0.0.0.0 Levels of a pyramid : 5

retina_large.ome.zarr/1l/.zarray
retina_large.ome.zarr/1/0.0.0.0.0

retina_large.ome.zarr/2/.zarray
retina_large.ome.zarr/2/0.0.0.0.0

retina_large.ome.zarr/3/.zarray
retina_large.ome.zarr/3/0.0.0.0.0

Open Microscopy Environment Universit .
Josh Moore School of Life Sciences, University of Dundee @ Y O openmicroscopy 13
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By Reference

intake/fsspec-reference-maker

Q intake/fsspec-reference-make: X +

& (& @ github.com
README.md

Version 1

Metadata structure in JSON. We note, for future possible binary storage, that "version",
"gen" and "templates" should be considered attributes, and "refs" as the data that
ought to dominate the storage size. The previous definition, Version 0, is compatible
with the "refs" entry, but here we add features. It will also be possible to expand this

new enhanced spec into Version 0 format. With -Fsspec . Open ( INPUT, ) as i .
with fsspec.open(OUTPUT, mode="w") as o:
TR e CER D ) 6 h5 = SingleHdf5ToZarr(i, INPUT)

"templates™: (optional, zero or more arbitary keys) {

"template_name": jinja-str : :
e g o.write(json.dumps(h5.translate()))
"gen": (optional, zero or more items) [

"key": (required) jinja-str,

"url": (required) jinja-str,

"offset": (optional, required with "length") jinja-str,

"length": (optional, required with "offset") jinja-str,

"dimensions": (required, one or more arbitrary keys) {

"variable_name": (required)
{"start": (optional) int, "stop": (required) int, "step": (optional) int
OR
[int, ...]

{

}
]J
"refs": (optional, zero or more arbiritary keys) {
"key_name": (required) str OR [url(jinja-str)] OR [url(jinja-str), offset(in
}
}

Open Microscopy Environment Universit .
Josh Moore School of Life Sciences, University of Dundee of Dunde\e/ o openmicroscopy
European HUG, 2021.07.07 Dundee, Scotland, UK Permission to share @@



By Reference

intake/fsspec-reference-maker

LN Q intake/fsspec-reference-make: X +
“version": 1,
“templates": {

u": "retina_large.ims"

& > C @& github.com/intake/fsspec-reference-maker
README.md

Version 1 _ : (e e Optionally inline metadata

: “y\n \"a\",\n INEENEEN
Metadata structure in JSON. We note, for future possible binary storage, that "version", \"t\"\n 1,\n \“DataSetInfomrectoryName\" [\n \"Di" ,\n \“u{" \n \"t<“ ,\n

"gen" and "templates" should be considered attributes, and "refs" as the data that NEENE NN INEINE NN \"n\",\n INEENTEND \"o\"\n 1,\n \"ImarisDataSet\":
ought to dominate the storage size. The previous definition, Version 0, is compatible ‘a\",\n \"r\",\n A"\, \n \"s\",\n \"D\",\n \"a\",\n A", \n

. e n . . . \"t\"\n 1,\n \"ImarisVersion\": [\n NESNENN NESNTINND NESNEINN Y
with the "refs" entry, but here we add features. It will also be possible to expand this \": 1,\n \"ThumbnailDirectoryName\": [\n \"I\",\n \"mM\",\n \"u\",\n N

new enhanced spec into Version O format. 'a\" . \n \"{\".\n \"1\"\n T\n}".
"DataSet/.zgroup": "{\n \"zarr_format\": 2\n}",
"DataSet/ResolutionLevel @/.zgroup": "{\n \"zarr_format\": 2\n}",
“DataSet/ResolutionLevel @/TimePoint @/.zgroup”: "{\n \"zarr_format\": 2\n}",
“DataSet/ResolutionLevel @/TimePoint @/Channel @/.zgroup": "{\n \"zarr_format\": 2\n}",
"DataSet/ResolutionLevel @/TimePoint @/Channel @/.zattrs": "{\n \"HistogramMax\": [\n NE2NET\n

IXECINENTY \"O\",\n \"O\",\n \"@\"\n 1,\n \"HistogramMin\": [\n \"O\",\n
\"O\"\n J1,\n \"ImageSizeX\": [\n \"2\",\n \"O\",\n \"4\",\n \"8\"\n

INEINSENTY \"5\",\n \"6\",\n \"7\"\n 1,\n \"ImageSizeZ\": [\n \"6\",\n
“DataSet/ResolutionLevel @/TimePoint @/Channel @/Data/.zarray": "{\n \"chunks\": [\n 16,\n

r\": {\n NETANE-ENEZTTBNE NN \"level\": 2\n },\n \"dtype\": \"lul\",\n \"fill_value\"

INE NN \"shape\": [\n 64,\n 1792,\n 2048\n 1,\n \"zarr_format\": 2\n}",
"DataSet/ResolutionLevel @/TimePoint @/Channel @/Data/.zattrs": "{\n \"_ARRAY_DIMENSIONS\": [1\n}",
“DataSet/ResolutionLevel @/TimePoint @/Channel @/Data/0.0.0": [.],
{"start™: (optional) int, "stop”: (required) int, “step™: (optional) int “DataSet/ResolutionLevel @/TimePoint @/Channel @/Data/0.0.1": [.],
OR “DataSet/ResolutionLevel @/TimePoint @/Channel @/Data/0.0.2": [.],
[int o "ﬂn{-n(“ Dacn]u&ﬂnnlW LChannal a Nt o “ LA e |

} ’ “DataSet/ResolutionLevel @/TimePoint @/Channel @/Data/0.0.4": [
"{{u}}",
” 339421, Offset & length

39879

"version": (required, must be equal to) 1,

"templates”: (optional, zero or more arbitary keys) {
"template_name": jinja-str

}J

"gen": (optional, zero or more items) [
"key": (required) jinja-str,
"url": (required) jinja-str,
"offset": (optional, required with "length") jinja-str,
"length": (optional, required with "offset") jinja-str,
"dimensions": (required, one or more arbitrary keys) {

"variable_name": (required)

"refs": (optional, zero or more arbiritary keys) {
"key_name": (required) str OR [url(jinja-str)] OR [url(jinja-str), offset(in -

} h - - -
} "DataSet/ResolutionLevel @/TimePoint @/Channel @/Data/@.0.
"DataSet/ResolutionLevel @/TimePoint @/Channel @/Data/0.0.
"DataSet/ResolutionLevel @/TimePoint @/Channel @/Data/@.0.

of Dundee
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Remote NGFF Storage '00 OMERO

- On—the—fly
translation
Zarr

?

(¢ Metadata
.

References JSON

The “cloud”

Upload/download

\4

- a zarr

Local NGFF Storage

x “ image.tiff On-the-fly ’ |
image.czi translation I
etc.

~

Consistent access
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Development Teams

Other teams are also working on developing or integrating OME tools.
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e Metadata
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“Object-per-chunk”

Open Microscopy Environment
School of Life Sciences, University of Dundee
Dundee, Scotland, UK

Specifications:

* Multiscales

e Labels

e HCS Plates

Process:

A
Vi lid

Discussions: https://image.sc/tag/ome-ngff

Publication: https://neff.openmicroscopy.org

Samples: https://s3.embassy.ebi.ac.uk/idr/zarr

University
of Dundee
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