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What is the Connectomics

Connectomics: a branch of biotechnology concerned with applying the techniques of
computer-assisted image acquisition and analysis to the structural mapping of sets of neural
circuits or to the complete nervous system of selected organisms using high-speed methods,

with organizing the results in databases, and with applications of the data.

» Structure « » Function —Jeff W. Lichtman
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How to get a Neural Connection Diagram

o
WL TRER IR

RoHERERTR:

RPN TREFIE: HRP (horse radish peroxidase, 1R
TEMAMEE) |, RIE (fastblue) , EHE
(
(

fluorogold) , %% (nuclear yellow) , fHE4EY =
. EERAEBRER (biotinylated

dextran amine,BDA) %

neurobiotin)

DT EREFERICARER, QL1 F5F
WA TZ X . SRR TiE
& Z-HE N EI 5

5 RAlEE /7,
1 SR % 1 AR

Z B ARSI T IR B AN AT K7 (large-field-of-view) =70 %

& (high-resolution) XXEIGETT

BRARE (RSHS) !

A retrograde tracing B anterograde tracing
| I
| ‘ ‘ ‘
f | | |
|
F N \ S \
[
....... [ [ .
/| (B i - -
Second-order = | — ¢
P /| \ First-order
retmg:}:ebzr:::jgabon i X anterograde propagation
(polysynaptic) “ ( \ "\ {monosynaptic)
First-order N — = Second-order
retrograde propagation 4 :_ anterograde propagation
(monosynaptic) i and beyond
(polysynaptic)
* Starter Neuron TS T

Rozanne M. Sandri-Goldin, et al. Neuron. 2020



How to get a Neural Connection Diagram
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Imaging performed using
Resolution

Skill level required for
imaging

Expense
Whole-brain imaging

Live imaging

Light/fluorescence
microscopy

Light (fluorescence)
High

Low

Moderate
Difficult

Easy

Magnetic resonance
imaging

Magnetic resonance
Low

High

High
Easy

Easy

Electron
microscopy

Electron
Extremely high

High

High
Very difficult

Difficult

The three major technologies used for connectomics analysis

Shinsuke Shibata, et al. Microscopy. 2015.



Macroscale connectomics with MR
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The macroscale fiber connections of the whole brain
identified using tractography.

Images from MRI connectomics analysis
Colors indicate the fiber direction: green, antero-posterior; red, medio-lateral and blue, cranio-caudal.
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Shinsuke Shibata, et al. Microscopy. 2015.



Microscale connectomics with EM
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Mesoscale connectomics with LM

nature

Light-microscopy-based connectomic reconstruction
of mammalian brain tissue

Mojtaba R. Tavakoli, Julia Lyudchik, Michat Januszewski, Vitali Vistunou, Nathalie Agudelo Duefias, Jakob

Vorlaufer, Christoph Sommer, Caroline Kreuzinger, Barbara Oliveira, Alban Cenameri, Gaia Novaring, Virer

Jain & Johann G. Danzl

Nature (2025) | Cite this article
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Microscale connectomics with EM, comparing to the mesoscale
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Schematic pipeline for whole-brain connectomics
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Connectomics of electrophysiology

Data processing pipeline for connectome modelling in electrophysiological data
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Al Tor Connectomics
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Figure 1: We aim to build a foundation model for segmentation by introducing three interconnected components: a prompt-
able segmentation task, a segmentation model (SAM) that powers data annotation and enables zero-shot transfer to a range
of tasks via prompt engineering, and a data engine for collecting SA-1B, our dataset of over 1 billion masks.

Kirillov, A. et al. ICCV. 2023.



The Landmark studies in connectomics
1. Whole-animal connectomes of Caenorhabditis elegans

The Structure of the Nervous System of the Nematode Caenorhabditis elegans
(The Mind of a Worm)

J.G. White, E. Southgate, J.N. Thomson, and S. Brenner

F’ac’rs»

Sydney Brenner
The Nobel Prize in Physiology or Medicine 2002

Born: 13 January 1927, Germiston, South Africa
Died: 5 April 2019, Singapore

Affiliation at the time of the award: The Molecular Sciences
Institute, Berkeley, CA, USA

Prize motivation: “for their discoveries concerning genetic
regulation of organ development and programmed cell
death™

Prize share: 1/3
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The Landmark studies in connectomics
1. Whole-animal connectomes of Caenorhabditis elegans

Circuit diagrams of nervous system:




The_ Landmark studies In connectomic;s_
1. Whole-animal connectomes of Caenorhabditis elegans

nature » articles » article

Article | Published: 03 July 2019

Whole-animal connectomes of both Caenorhabditis
elegans sexes
Steven J. Cook, Travis A. Jarrell, Christopher A. Brittin, ¥i Wang, Adam E. Bloniarz, Maksim A. Yakovlev, Ken

C. Q. Nguyen, Leo T.-H. Tang, Emily A. Bayer, Janet 5. Duerr, Hannes E. Bilow, Oliver Hobert, David H. Hall
& Scott W. Emmons &

Nature 571, 63-71 (2019) | Cite this article
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The Landmark studies in connectomics

2. The FlyWire connectome: neuronal wiring diagram of a complete fly
brain(2024)

nature > articles > article weelLife = Home Magazine Community About

Article | Published: 20 April 2015
Research Advance

A multilevel multimodal circuit enhances action

selection in Drosophila Conserved neural circuit structure across
Tomoko Ohyama, Casey M. Schneider-Mizell, Richard D. Fetter, Javier Valdes Aleman, Romain DrOSOphila |a rval development revea Ied by
Franconville, Marta Rivera-Alba, Brett D. Mensh, Kristin M, Branson, Julie H, Simpson, James W, Compa rative ConnectomiCS

Truman, Albert Cardona & & Marta Zlatic &3
Stephan Gerhard, Ingrid Andrade, Richard D Fetter, Albert Cardona =, Casey M Schneider-Mizell ®
Nature 520, 633-639 (2015) | Cite this article

Howard Hughes Medical Institute, United States; University of Cambridge, United Kingdom

28k Accesses | 279 Citations | 114 Altmetric | Metrics :
3, 2017 » httpsi//doi.org/10.7554/elife. 29089 @
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The Landmark studies in connectomics
2. The FlyWire connectome: neuronal wiring diagram of a complete fly
brain(2024)

7 eLife = Home Magazine Community About Search Q nature » articles » article

Article | Open access | Published: 02 October 2024

Research Article

Computational and Systems Biology, Neuroscience Neuronal Wiring diagram Ofan ad UIt brai“
A conneCtome and anaIYSis Of the adUIt Sven Dorkenwald, Arie Matsliah, Amy R. Sterling, Philipp Schlegel, 5zi-chieh Yu, Claire E. McKellar, Albert
DI'OSOphiIa central brain Lin, Marta Costa, Katharina Eichler, Yijie Yin, Will Silversmith, Casey Schneider-Mizell, Chris S. Jordan,

Derrick Brittain, Akhilesh Halageri, Kai Kuehner, Cluwaseun Ogedengbe, Ryan Morey, Jay Gager, Krzysztof

Louls K Scheffer ™ C Shan Xu, Michal Januszewski, Zhlyuan Lu, Shin-ya Takemura, Kenneth | Hayworth,
Gary B Huang, Kazunori Shinomiya, Jeremy Maitlin-Shepard ... Stephen M Plaza ® see all « Kruk, Eric Perlman, Runzhe Yang, David Deutsch, Doug Bland, The FlyWire Consortium 4 Show authars

Janelia Research Campus, Howard Hughes Medical Institute, United States; Google Research, United States; Life Sciences . . .
Centre, Dalhousle University, Canada; Google Research, Google LLC, Switzerland; Institute for Quantitative Blosclences, Nature 634, 124-138 (2024) | Cite this article
University of Tokyo, Japan; MRC Laboratory of Molecular Biology, United States; Institute of Zoology, Biocenter Cologne,
University of Cologne, Germany; Department of Zoology, University of Cambridge, United Kingdom 162k Accesses | 1135 Altmetric | Metrics
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The Landmark studies In connectomics
3. MICrONS (Machine Intelligence from Cortical Networks)  (2025)
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The Landmark studies In connectomics
3. MICrONS (Machine Intelligence from Cortical Networks)  (2025)

MICrONS Explorer Home Data Requests Tools Gallery About

MICrONS Explorer: A virtual observatory of the cortex



The Landmark studies in connectomics
4. The Human Connectome Project (2010)

The Human Connectome Project (HCP) is a
project to construct a map of the complete
structural and functional neural connections in
vivo within and across individuals. The HCP
represents the first large-scale attempt to
collect and share data of a scope and detaill
sufficient to begin the process of addressing
deeply fundamental questions about human
connectional anatomy and variation.




The Landmark studies in connectomics
4. The Chinese Human Connectome Project (2017)
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Jia-Hong Gao, et al. Nature Neuroscience. 2022



Foundational Principles and Operational Guidelines
of the FlyWire

Data Sources and Foundational Principles of Flywire

FlyWire Platform Overview and Operational Guidelines
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Data Sources and Foundational Principles of Flywire



® Murthy Lab

Mala Murthy
Born 1975 (age 49-50)
Nationality = American

Alma mater Massachusetts Institute of
Technology
Stanford University

Scientific career

Institutions  California Institute of
Technology
Princeton University

Doctoral Thomas Schwarz
advisor Richard Scheller

Website https://mala-murthy.square
space.comZ

Mala Murthy (b. 1975) is an American neuroscientist and Professor of
Neuroscience at Princeton University and leads the Murthy lab in the
Princeton Neuroscience Institute — their work focuses on the neural
mechanisms that underlie social communication, using the fruit fly
Drosophila as a model system. In July 2022, she was named Director
of the Princeton Neuroscience Institute.

® Seung Lab

RESEARCH AREAS

* Machine Learning

« Computational Biology

Sebastian Seung

Professor of Computer Science and Princeton Neurosciences

CONTACT

153 Princeton Neuroscience Institute
sseung@cs.princeton.edu

(609) 258-7713

Ph.D., Harvard University, 1990
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Mala Murthy (b. 1975) is an American neuroscientist and Professor of
Neuroscience at Princeton University and leads the Murthy lab in the
Princeton Neuroscience Institute — their work focuses on the neural
mechanisms that underlie social communication, using the fruit fly
Drosophila as a model system. In July 2022, she was named Director
of the Princeton Neuroscience Institute.

« Arthur, BJ, Sunayama-Merita, T, Coen, P, Murthy, M* and Stern, DL*. Multi-

channel acoustic recording and automated analysis of Drosophila courtship
songs. BMC Biology. 2013, January vol. 11(1): 11. *co-corresponding authors
BMC Biology website

« Calhoun, AJ, Pillow, JW, and Murthy, M. Unsupervised identification of the

internal states that shape natural behavior. Nature Neuroscience 2019.
Nov 25. #

O News&Views: Opening the black box of social behavior

O Princeton Discovery Magazine: Neuroscientists develop models to

identify internal states of the brain

O Nature: Inside the Mind of an Animal

- Pereira, TD, Tabris, N, Matsliah, A, Turner, DM, Li, J, Ravindranath, S,

Papadoyannis, ES, Normand, E, Deutsch, DS, Wang, ZY, McKenzie-Smith, GC,
Mitelut, CC, Castro, MD, D'Uva, J, Kislin, M, Sanes, DH, Kocher, SD, Wang,
SSH, Falkner, AL, Shaevitz, JW, Murthy, M. SLEAP: A deep learning system
for multi-animal pose tracking. Nature Methods 2022. Vol 19 April 486-
495, doi.org/10.1038/541592-022-01426-1(*)

O News&Views: Tracking together: estimating social poses

- Cowley, BR, Calhoun, AJ, Rangarajan, N, Turner, M, Pillow, JW, Murthy, M

Mapping model units to visual neurons reveals population code for social

behavio(/!. Nature 2024 629, 1100—1108 httpS//d()'Org/101038/$41586-
024-07451-8(®)(®)



Our Research

Interpretation of connectomes

We are devising concepts and methods for Interpreting
neuronal wiring diagrams. The fly connectome Includes
as a corollary the first wiring diagram of a visual system
By studying this wiring diagram, we have discovered a

new circult for farm vislon In the fly brain. We have also

discovered that many inhibitory Internéuron types
function as a highty diverse set of normalization
mechanisms in fly vision, Both of these discovaerias draw
on the striking analogy between the fly visual system and

convolutional nets

Scaling up to mammalian brains

Today's connectomic technologles are sufficient for
reconstructing an entire fly brain, and are also being

applied to millimater-scale chunks of mammalian braing

A mouse brain 1s 1000 larger, and a human brain 1000 x
larger still, There is plenty of room at the top, We are
participating in a “transformative project” of the NIH
BRAIN Initiative that aims to scale up connectomics to a
whole mouse brain. The Princeton Neurosclence Institute
I8 the only site In the world with both of the EM image
acquisition technologies that are being scaled up to the
mouse connectome, beam-deflection transmisslon

glection microscopy and multi-besm scannin

OUCrOSCORY

Reconstructing neural circuits

In ongoing collaborations, we are applying and refining
connectomic technologles to reconstruct more fiy
connectomes (Mala Murthy), as well as a patch of mouse
retina (Thomas Euler). We are reconstructing mouse
neural circuits for mamory (David Tank), declislon making
(Adrian Wanner and Jeff Lichtman), and reinforcement
learning (llana Witten), These collaborations make use of
the high throughnut EM facility at the Princeton

Neurosclence Institute. In many of the projects, neural
circuit reconstruction s praceded by calclum imaging of

neural acuvity in vivo

Scaling down to molecules

The fly connectome was reconstructed from EM Images
with 4x4x40 nm” voxels, which Is sufficlent for detecting
chemical synapses and tracing the "wires” of the brain
This resolution might seem very fine, but |s actually
coarse compared to the 0.1 nm theoretical limit of EM
There is plenty of room at the bottom, Serlal section EM
tomography can improve resolution; the challenge is to
deliver this Improvement over much larger volumes than
before. One can imagine, for example, Imaging an entire
fly brain at 4x4x4 nm? or 2x2x2 nm® resolution. This
would reveal brain cell biology In fantastc detaill, within

the full context of neurons and their connactions,

® Seung Lab

Homepage

RESEARCH AREAS

« Machine Learning

« Computational Biology

Sebastian Seung
Professor of Computer Science and Princeton Neurosciences Institute

CONTACT

153 Princeton Neuroscience Institute
sseung@cs.princeton.edu
(609) 258-7713

» Ph.D., Harvard University, 1990




Data Sources

¢ Cell segments were auto-generated from
¢ Cell reconstructions were assembled from segments (proofread) by the FlyWire community (see FlyWire)

Technical Support Required to Establish Flywire

electron-microscopy images|with Al

¢ | Synaptic connections were automatically detected using the Buhmann et al,lmethod and refined with synapse segmentations from Heinrich et al.

¢ Free-form labels (cell identification tags) were provided by the FlyWire community - see the labeling leaderboard and detailed credits in each cell info page

¢ Hierarchical annotations (side, flow, super class, cell class, cell type, Hemibrain type, nerve and hemi-lineage) were provided by Schlegel et al. (Jefferis lab)

¢ | Neurotransmitter types were predicted by Eckstein, Bates et al

* Morphological similarity scores (NBLAST based) were computed for the central brain cells by Philipp Schlegel

¢ Links from FlyWire neurons and cell types to Virtual Fly Brain and FlyBase were curated by Clare Pilgrim

¢ Repository of known functions for cell types is curated by Yijie Yin and synced periodically; see source spreadsheet for credits (corrections/contributions welcome)

e Refer to the table below or contact flywire@princeton.edu for additional info / questions on data credits

When using the FlyWire resource, please co-cite the Dorkenwald et al. and Schlegel et al. manuscripts. To give credit for specific aspects of data creation (=columns) please select the appropriate citations based on this table.

Data
citation doi . annotations hemibrain connectivity | synapses & | neurotransmitter
reconstruction - - - — R . . .
community hierarchical nerves hemilineages gene cell_type matching tags connectivity information
Dorkenwald et al_, 2024 https-//doi.org/10.1038/s41586-024-07558-y X X x X x X X X
Schlegel et al., 2024 https:/idoi.ora/10.1038/s41586-024-07686-5 X X X X X
Zheng et al, 2018 https:{/doi.org/10.1016/j.cell.2018.06.015 ® X X ® X X X X

Buhmann et al_, 2021

https://doi.org/10.1038/s41592-021-01183-7

Heinrich et al., 2018

https://doi.org/10.1007/978-3-030-00934-2_36

Eckstain, Bates at al., 2024

https://doi.org/10.1016/.cell.2024 03 016

Matsliah, Yu et al., 2024

https://doi.org/10.1038/541586-024-07581-1

Lim et al., 2024

https:{/doi.org/10.1038/541586-024-07968-y

Deutsch et al., 202X

TED




A complete adult Drosophila brain was imaged with EM and has been made publicly available

3):730-743.e22. doi: 10.1016/).cell.2018.06.019. Epub 2018 Jul 19

> Cell. HZEEN 2018 Jul 26;174

A Complete Electron Microscopy Volume of the Brain
of Adult Drosophila melanogaster

Zhihao Zheng ', J Scott Lauritzen *, Eric Periman ', Camenzind G Robinson ', Matthew Nichols *

5 5 - s . -
Daniel Milkie <, Omar Torrens <, John Price Corey B Fisher ', Nadiya Shanfi !

Schuler ', Lucia Kmecova 1, Igbal J Ali ', Bill Karsh ', Eric T Trautman 7,

1, Philipp Hanslovsky !

T Stephan Saalfeld I Richard D Fetter *, Davi D Bock

Steven A Calle

John A Bogovic Gregory S X E Jefferis *, Michael Kazhdan

Khaled Khairy o

PMID: 30033368 PMCID; PMCE063995 DOI; 10.1016/j.cell.2018.06.019
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Zheng, Zhihao et al. Cell vol. 174,3 (2018): 730-743.e22.



Automatic detection of synaptic partners
In a whole-brain Drosophila electron
microscopy data set

> Nat Methods. JISEIN] 20271 Jul18{7):771-774. doi: 10.1038/s41592-021-01183-7.

Epub 2021 Jun 24

Automatic detection of synaptic partners in a whole-
brain Drosophila electron microscopy data set

Julia Buhmann ' 4, Arlo Sheridan ', Caroline Malin-Mayor ! Philipp Schlegel *

Stephan Gerhard * *, Tom Kazimiers Renate Krause ' 2, Tri M Nguyen #, Larissa Heinrich !

{ \AJ B Chilicn Caatrii-1y Sl babberic 3 Na =
Wei-Chung Allen Lee ¥, Rachel Wilson ¥, Stephan Saalfeld ', Gregory S X E Jefferis Davi D Bock
Srinivas C Turaga ', Matthew Cook ¢, Jan Funke ©

PMID: 34168373 PMCID: PMC7611460 DOI: 10.1038/s41592-021-01183-7

Identification of Structures of Interest in Large Datasets

angd

> Explainable Machine Learning Methods

3 Mechanistic Machine Learning

No. synaptic
connactions

Buhmann, Julia et al. Nature methods vol

. 18,7 (2021): 771-774




Artificial neural networks can predict transmitter types for presynapses from electron
micrographs (acetylcholine, glutamate, GABA, serotonin, dopamine, octopamine)

> Cell. HIZEER 2024 May 9;187(10):2574-2594.e23. doi: 10.1016/j.cell.2024.03.016.

Neurotransmitter classification from electron
microscopy images at synaptic sites in Drosophila
melanogaster

Nils Eckstein ', Alexander Shakeel Bates %, Andrew Champion *, Michelle Du 4, Yijie Yin 3,
Philipp Schlegel ?, Alicia Kun-Yang Lu #, Thomson Rymer 4, Samantha Finley-May 4,

Tyler Paterson 4, Ruchi Parekh 4, Sven Dorkenwald ©, Arie Matsliah ©, Szi-Chieh Yu 8,
Claire McKellar &, Amy Sterling 6 Katharina Eichler 2, Marta Costa 2, Sebastian Seung 6

Mala Murthy ©, Volker Hartenstein 7, Gregory S X E Jefferis 8, Jan Funke ?

PMID: 38729112 PMCID: PMC11106717 DOI: 10.1016/).cell.2024.03.016

Highlights

» Machine learning identifies synaptic transmitters from electron micrographs
- Six transmitters predicted across the whole fly brain connectome
- Explainable Al reveals ultrastructural differences between transmitter identities

» Fly brain hemilineages predominantly express one fast-acting transmitter

***" “neurons

signed
directed

connectome

Eckstein, Nils et al. Cell vol. 187,10 (2024): 2574-2594.e23.
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Dale's law, also known as Dale's principle, states -

that a neuron releases the same neurotransmitter o NBA e W/t
or group of neurotransmitters at all its synaptic % RE
connections. However, this principle has been S

shown to be incorrect for many neurons, as Vo
research indicates that some neurons can release . Yo '

multiple types of neurotransmitters, Current

neuroscience suggests that Dale's law has been
partially or totally disproven, reflecting a more complex understanding of
neurotransmitter release. © Oxford Reference +2

Lacin’s law: In the ventral nerve cord Lacin et al.
comprehensively showed that only one of acetylcholine,
glutamate, or GABA is expressed per hemilineage. By
analogy with Dale’s law, we call this observation Lacin’s law.

4 N
'
I, 2 2
A
L}
i
2
1]
N
y At
¥ 2o -§g-¥/
Sods
§E5%.
FEFE
\ = I 9 J
D neuron split region spit  hemilineage spit
training 140,565 138,582 140,696
lestng 40,104 38715 40,703
validation 20,084 18.858 16.182
mean synapss
accuracy B7% 86% 75%
mean neuron | .pan 95% 92%
accuracy

c. atylcholine —— glutamat [dimmer cleft, darker t-bar |
celylcholine —) gaba [@Gimmer cleft J
catyloholing — [thinner cleft, more dense core vesicles (DCVs) |
icatylcholing =3 dopamine [filled vesicles, fewer PSDs, fewer synaptic partners |
ietylcholine —3 octopamine [ thinner cleft, larger vesicles, less circular vesicles |

utamate ———p gaba [smaller vesicles J
Mate —— [thinner cleft, more DCVs |
IMALD — dOpa [ thinner cleft, larger vesicles, fewer PSDs |

Eckstein, Nils et al. Cell vol. 187,10 (2024): 2574-2594.e23
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Proofreading time calculation for a full fly brain

We based our estimate of the proofreading time for an entire fly brain on the measured mean

proofreading time of 19.1 min multiplied by an estimated 116,000 neurons in the fly brain>%,

We assumed 2,000 h of work per year per person.

THE WALLED GARDEN
?ILQS‘OPHICAL SOCIETY

‘iﬁvy?bal community of philosophers and students in
Wearch of 57111. wisdom, virtue, beauty and the divine.

JOIN TODAY EXPLORE

Dorkenwald, Sven et al. Nature methods vol. 19,1 (2022): 119-128.



A whole-brain connectome of the fruit fly, including ~130k annotated
neurons and tens of millions of typed synapses!

l FlyWire @FlyWireNews - Jul 1, 2023 (3 v

4 years. 250 people. 2.7 million edits to proofread 127,000 neurons. The fly
connectome is here!

Preprint: Neuronal wiring diagram of an adult brain

biorxiv.org/ 1tent/10.110

Explore it in Codex: codex.flywire

Neuronal wiring diagram of an adult brain

1y 124-138

The intermational jourmal of sceence /3 October 2024
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-
"
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hlagel *
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Mala Mu
PMID: 39358518 PMCID: PMC1T446842 DO 10.1038/541586-024
Nature. [ - )139-1¢
pulr 2024 Oct

Whole-brain annotation and multi-connectome cell
typing of Drosophila

PMID: 39358521 PMCID: PMI 246837

Aloxander S Bats

1 Sobastian Seung * ¥, Mala Murthy A complete map of neuronal connections
inanadult fruittly’s brain

Dorkenwald, Sven et al. Nature vol. 634,8032 (2024): 124-138.
Schlegel, Philipp et al. Nature vol. 634,8032 (2024): 139-152,



Take home message

® FlyWire is created at Princeton University

Data Sources

¢ Cell segments were auto-generated from|electron-microscopy images|with Al

¢ Cell reconstructions were assembled from segments (proofread) by the FlyWire community (see FlyWire)

¢ | Synaptic connections were automatically detected using the Buhmann et al.Jlmethod and refined with synapse segmentations from Heinrich et al,

¢ Free-form labels (cell identification tags) were provided by the FlyWire community - see the labeling leaderboard and detailed credits in each cell info page
¢ Hierarchical annotations (side, flow, super class, cell class, cell type, Hemibrain type, nerve and hemi-lineage) were provided by Schlegel et al. (Jefferis lab)
¢ | Neurotransmitter types were predicted by Eckstein, Bates et al.

* Morphological similarity scores (NBLAST based) were computed for the central brain cells by Philipp Schlegel

¢ Links from FlyWire neurons and cell types to Virtual Fly Brain and FlyBase were curated by Clare Pilgrim

¢ Repository of known functions for cell types is curated by Yijie Yin and synced periodically; see source spreadsheet for credits (corrections/contributions welcome)
¢ Refer to the table below or contact flywire@princeton.edu for additional info / questions on data credits
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FlyWire Platform Overview and Operational Guidelines
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oy Codex Search Stats Cellinfo 3D Explore Connectivity W 49

Codex

Connectome Data Explorer : & tutorials
Developed at Princeton Neuroscience Institute

FlyWire Brain Dataset (FAFB v783)

Connectome of a female adult fly brain (see FlyWire Brain homepage for
details). Exploring version v783 that includes:

139,255 138,059 (99%)

proofread cells typed or labeled cells

2'700'5,13 LS00 Datasets in Codex (May 2025)

connections [7] synapses [7] I

- FlyWire FAFB - female brain

- BANC - female brain and nerve cord (requires access token)
- MANC - male nerve cord

- Optic Lobe - male optic lobe (coming soon)

- Nouse datasets (coming later)

See About FlyWire and FAQs pages for more details.
Switch datasets from the drop-down menu in the top-right corner.

search cells and annotations
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FIyEM / Research

The strategic objective of the FiyEM projoct toam is 1o develop a fully detailed

cellular- and synapticaesoition map of the central nervous system of Drosoghiio

melonogaster, at both larvid and acult stages. Simpdy having this “wiring-diageam” Is
necessary but not sufficient 10 underatand how the fly's nesvous system funclions
Wo aro, however, confidant that Ine wanng diagram will be a foundational oo
nacessary to develop that greater understanding, m muoch the same way that
genomic sequence mformation nag proved essentia In enabiing and accelerating

studies of genetics, sevelopment and molecular and ceflular biclogy.

In addition to thew shorter-tesm applcations 1o the neurobiology of Drosophiia, in the
longer term we expect that the naging and computational techmgues developed by
this team will bocome applicable ta ever larger probloms in functional neurobialogy
such as these posed by vertebrate nervous systems. Towards this end, our project

complements and cooperates with other projects at Janedia

For mformation on FyEM's sample preparation and imaging technolagy, plense refer
to Dt GET Faor information on FlyEM's software and algorithms to

reconstruct a connectome fram a stack of EM images. please refer 10 Hod

O PRINCETON
UNIVERSITY

® MANC

Male Adult Nerve Cord

MANC dataset

The MANC dataset covers the entirety of the a male
fiy ventral nerve cord (VNC), about 25% of the fiy's
averall central nervous systom. The VNC integrates
descending signals from the brain and sensory
inputs from the bady to influence control over motor
neurons controlling the wings and legs.

The hemibrain dataset

The hemibrain dataset encompasses the part of the

fly brain highlighted here in blue, This reglon
includes neurons Involved In learning. navigation,
smell, vision, and many other functions,

Shin-ya Takemura et al. eLifel3:RP97769

Optic Lobe dataset

The Optic Lobe dataset covers the right optic lobe
of a male fruit fly. More than half the neurons In the
adult fly brain are found In the optic lobes. the
portion of the brain deveted to processing visual
information

This image shows the full male fly central nervous
system with the right optic lobe highlighted. The
medulla is in green, the lobula plate is in purple and
the lobula is in yellow-green, Scale bar is 100 pm.
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| bancussa The Brain And Nerve Cord of a female adult Drosophila melanogaster

INEW

A FlyWire sNaw Mar & 5
The BANC s the Brain And e Cord of a female adult Drosophila _-\ FIyWire D i'-,‘.‘.'"." relalds Shtard O
' The BANC just hit 100,000 proofread cells

melanogaster's entire centr Learn more at

and raqg

Screenshotof ~1.0008

> cells by citizen sclentist Nseraf (link below)

Challenge Description

100473

Our goal in this chalienge is to determine whether connectivity

nformation alone is sufficient to align connectomes from two

distinct data

s, Specifically, we examine the ventral nerve
cords (VNCs) of male and female Drosophila. each comprising

PROCFRERD NEURONS approxis

BANC.COMMUNITY connectomes can reveal important insights into the similarities

ately 19,000 neurons. Successfully aligning these

and differences between, for example, the male and female

maotaor circuits.,

We frame the alignment task as an approximate graph

O 4 1 Q7 I u 7 matching problem between two graphs that represent the
v \ 1 ! 253 =

v:i.l,nr:xjr ve connectomes




®The connectome of an insect brain

> Science. I3EEN] 2023 Mar 10;379{6636):eadd9330. doi: 10.1126/science.add9330

Epub 2023 Mar 10,

The connectome of an insect brain Morphology - Connectivity
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3,016 neurons
548,000 synaptic sites

PMID: 36893230 PMCID: PMC7614541 DOl 10.1126/science.add9330

Presynaptic neurons

Marta Zlatic

Circuit mechanisms of learning and action-selection
mzlatic@mrc-Imb.cam.ac.uk

Winding, Michael et al. Science (2023)
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Search: Find neurons using free-form or structured queries

('5‘)

oy Codex Search Stats Cellinfo 3D Explore Connectivity ¥ 49 3% L 2 (

cell type (contains) pC1 {and) cell type {not contains} LPC1|

Wmatches @ = List €8 Stats o Taxonomy I Network @ 3Dview [0 CopyiDs o8 Pathways o Connections X CSV

Name/ID NT Size Related Cells Type [?]
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SIPSMP.3 | 7205750629405 75 ACH 6,678 un 1
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f.—‘ with similar shape
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Giene Expressior
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Y

1 DT

Cell iDs

Classification [?] Community Labels [?]

Soma side nght » plib(Deutsch et al, 2020)

Flow intninsic « pCI -projection (not pcl)

S - cantral . =
super Class central amliiks .

Hemidineage DM4_dorsal

Soma side right « pCic(Deatsch et al, 2020)
Flow intrinsic
Super Class central walineew

Hemilineage DM4_dorsal

Soma sade jen o PC1a(Deutsch et al, 2020)
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Search: Find neurons using free-form or structured queries

o Codex Search Stats CellInfo 3D Explore Connectivity ¥ 49 X & 2 ®
cell type == pCla X n VA ‘ Cew e
2matches@ = List €& Stats | ¢ Taxonomy | Network @ 3Dview [0 Copy!Ds o8 Pathways |& Connections| & CSV & Cell IDs
Name/ID
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\ '},%
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i ” oo - i
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Schlegel, Philipp et al. Nature vol. 634,8032 (2024): 139-152.




Stats: See statistics and charts for various attributes of all or subset of

neurons in the dataset

o Codex Search Stats D Expl , ® 2 X L 20
clock X n 7 Wiz
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Cutput Regrors:

Cell Detalls:
Information about individual cells,
their connectivity, similar/twin cells,
3D rendering and annotations

References and external links

Neuron bridge (matching driver lines)

Bralncircuits.io (genetic lines)

Virtual Fly Brain and FlyBase (neuron and cell type information)
Automated summary and literature citations (not very useful yet)
Coming soon: known function of certain cell types
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3D Viewer: Visualize queried neurons and synapses in annotated Neuroglancer scenes

()  https://codex flywire.ai/app/view_3d?dataset=fafb&query=clock&action=
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Network Graphs: Visualize connectivity of neurons and their synaptic links
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Network visualization

- Grouping
- Layouts
- Exporting for figures




Pathways: Analyse shortest-paths between pairs of neurons

o Codex Search Stats CellInfo 3D Explore Pathways ¥ 9 X X 2 3 tiifts +
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Neuropils: Visualize and query connections in specific brain regions

o Codex t { Neuropils t ® 2 R x 2 P I o B Lt

} 132000 y (d4=m) 55390 = (d0nm) 532 0

1 Brain 2neuropil-regions-surface +

Left Mushroom Body — Pedunculus

ipses 212,158 | 206,673 (97%) attached 1o proofread cells ‘pre | 137,128 (65%) attached to proofread cells ‘post’
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Take home message

Datasets in Codex (May 2025)

u

- FlyWire FAFB - female brain

- BANC - female brain and nerve cord (requires access token)

- MANC - male nerve cord
- Optic Lobe - male optic lobe (coming soon)
- Mouse datasets (coming later)
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PART 3:

Current Advances in Drosophila Research Using FlyWire
XLM



From the Flywire to scientific researches:
What research areas are covered by FlyWire's applications?

What can we inspire from these researches using FlyWire?
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Development and application of flywire
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FlyWire: Online community for whole-brain connectomics
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MALA MURTHY PUBLICATIONS LAB MEMBERS LAB MEETINGS CONTACT TEACHING | CODE AND LINKS |

2024

Social LEAP Estimates Animal Poses
(SLEAP)

..

Mala Murthy (b. 1975) is an American neuroscientist e .
and Professor of Neuroscience at Princeton University and o gl b Ry
leads the Murthy lab in the Princeton Neuroscience Institute '

— their work focuses on the neural mechanisms that
underlie social communication, using the fruit ,
fly Drosophila as a model system. Nature 2024 634, 210-219 10,103 1077639 #

*

Nature 2024



Courtship song is an important factor for the successful mating

(A) (B)

Q D. sechellia
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3 f (IP1) 3 —
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v — |

D. melanogaster ll”“lll

F 0.1 sec
Sine song Pulse song ® N. Gompel

b

Receptive females reduce locomotor speed
in response to multiple features within
conspecific song.

Simple
bouts

e M‘ ‘WW * Complex
S sps
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gic Male

Male song patterning, timing and intensity are . . . N
Kamikouchi A, Li X. Front Neural Circuits. 2024
known to be modulated by feedback cues Roemschied, F.A. et al. Nature. 2023

stemming from the female Calhoun, A.J., et al. Nat Neurosci .2019




Reciprocal interactions between pulse-producing and sine-producing neurons in
the presence of a female
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Female sensory cues promote complex song bout generation

* e B DL .
\ 3 - Sine X

- '—‘m—— 1 ’
“.‘E "E" P(pulse) t}'E i o f c}‘E i

prem— 3 oW Tewem e ) £ O £
§ f Hzoa $ 2 >
E o =& x ERY
2 E—_ = i 3 $ S
O ] c Q. &
5 8F 203 98 | S 8
5 S i P(sine) € N % 7 2 g«

e Stim duration (s)

(Via tapping

)
¥
Q— pC2 Pla
Multimodal Brain
sensory input pIP10 ;

!

Roemschied, F.A. et al. Nature. 2023



Neural circuit model of context-dependent song patterning
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Anatomic and functional screen for auditory neurons
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ldentifying the connectome of Drosophila auditory neurons
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Additional dorsal clock neurons are identified, by using FlyWire
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The upstream and downstream neural networks centered on rhythmic neurons are

described in more detall
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Regulation of pre-dawn arousal in Drosophila by a
pair of trissinergic descending neurons of the visual
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Searching in Flywire: DNp27 receives excitatory input from circadian neurons DN3
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Nighttime circadian excitatory input and daytime photo-inhibitory input induce the

daily fluctuating calcium pattern of DNp27
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Temperature cues are integrated in a flexible circadian neuropeptidergic feedback
circuit to remodel sleep-wake patterns in flies
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Matching neurons across three datasets
female adult fly brain (FAFB-FlyWire), female adult nerve cord (FANC), MANC

DNaDY

https://tinyurl.com/NeckConnective
https://github.com/flyconnectome/2023neckconnective

b
N - \\\‘
e
V N\ ]
). / || /) 3,000
A )
Py
AN /
= “/-.m B~ §
LU FAFB £
|14 K 5 2000
-4\~ MANCFAN
- T
1
», A
\:Y‘ = 1 1,000
4 l -
Y ',J’
A\
L
_‘7"‘ ‘ : 4
(T /}
AN, MANC
B cenntiea Urieratiog

DNg72 DNg73 DNg74 DNg75

oy

Sturner, T. et al.Nature. 2025.


https://tinyurl.com/NeckConnective
https://github.com/flyconnectome/2023neckconnective

Sex-specific or sexually dimorphic neurons
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Sexually dimorphic and sex-specific ANs
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Diversity of visual inputs to Kenyon cells of the Drosophila mushroom body

D. melanogaster CNS
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Conclusions:

* FlyWire has been well applied in various research fields, such as courtship,
sleep rhythms, etc.

* The application of FlyWire has largely facilitated the search for potential
neurons and the exploration of the connections in neural circuits.

« The use of FlyWire should be rational, as it is based on neural connection
mechanisms and the brain structure of female.
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