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连接组学概述
1. Connectome & Connectomics

2. 连接组学中的常用技术

3. 连接组学中的突破性进展

WJ



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.

——Jeff W. Lichtman

Liqun Luo. Science. 2021.

• 对大脑进行大范围的观察，明确特定功能与

特定区域之间的联系。

• 描述单个神经细胞的特性以及它们如何使用

电和化学信号进行通信。



How to get a Neural Connection Diagram

连接组映射依赖于获取和分析大视场（large-field-of-view）高分辨率（high-resolution）大脑图像的方
法。
神经环路示踪技术：

传统神经示踪工具：

常用的示踪剂有：HRP（horse radish peroxidase，辣根

过氧化物酶），快蓝（fast blue），荧光金

（fluorogold），核黄（nuclear yellow），神经生物素

（neurobiotin），生物素化葡聚糖胺（biotinylated 

dextran amine,BDA）等

①无法特异性标记细胞类型；②几乎没有跨突触能力;

难以用于多个脑区、多种类型神经元通过突触连接形成

的复杂神经网络研究。

跨突触示踪（病毒转导）：

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



How to get a Neural Connection Diagram

The three major technologies used for connectomics analysis

神经影像技术：

Shinsuke Shibata, et al. Microscopy. 2015.



Macroscale connectomics with MRI

Images from MRI connectomics analysis
The macroscale fiber connections of the whole brain 

identified using tractography.

整个大脑的宏观纤维连接

Shinsuke Shibata, et al. Microscopy. 2015.

Colors indicate the fiber direction: green, antero-posterior; red, medio-lateral and blue, cranio-caudal.



Microscale connectomics with EM

(a)TEM或TEMCA.(b)ATUM-SEM.(c)SBEM.(d)FIB-SEM(a)ssTEM. (b)ATUM-SEM. (c)SBEM. (d)FIB-SEM.

Kevin L Briggman, et al. Current Opinion in Neurobiology. 2012



Mesoscale connectomics with LM

LICONN——利用传统光学显微镜实现类似电子显微镜

分辨率的连接组重建，并且还能获得有价值的分子信息。



Microscale connectomics with EM, comparing to the mesoscale

EM 的分辨率比 LM 高，是实现转录组研究的主要方法

Moritz Helmstaedter. Nature methods.2013



Schematic pipeline for whole-brain connectomics

使用重金属染色,

以提供对比度;

对样本进行物理
切片

将成像过程中生成的二维
图像对齐形成一个连贯的
三维体积的过程。

https://wellcome.org/reports/scaling-connectomics



Connectomics of electrophysiology

Sepideh Sadaghiani. et al .NeuroImage. 2022.



AI for Connectomics

限制连接组重建的主要计算问题是图像分割，其目标是识别图像中属于各个对象的特定像素集。

“segment anything model”（SAM）

Kirillov, A. et al. ICCV. 2023. 



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

1986年，Brenner等人首次构建了线虫的大脑连接组。

线虫脑内包含大约300个神经元（共302个），他们的工作使人类

第一次在神经元水平上看到了脑连接的全貌。

在这项工作中，共计302个神经元，被划分为118个类别，建立了

5,000个化学突触、2,000个神经肌肉接头和600个电隙连接。



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

Circuit diagrams of nervous system:



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

adult hermaphrodite

adult male

• 利用EM绘制了线虫的两性（雌雄同体和雄性）的完整神经

系统

• 对神经系统进行分层排列

• 性别差异



The Landmark studies in connectomics
2. The FlyWire connectome: neuronal wiring diagram of a complete fly 

brain(2024)

使用基于网络的协作工具逐步重建了第一龄幼虫
大脑中2,500个神经元的形态和连接性。

对果蝇幼虫中枢神经系统完整的电子显微镜体积成像和
组装。



The Landmark studies in connectomics
2. The FlyWire connectome: neuronal wiring diagram of a complete fly 

brain(2024)

首个雌性果蝇大脑的完整神经元连接组果蝇半脑连接组图



The Landmark studies in connectomics
3. MICrONS（Machine Intelligence from Cortical Networks）（2025）

功能连接组学数据集，包含 200,000 个细胞、75,000 个
具有生理学特征的神经元和 5.23 亿个突触。

ChunkedGraph 校
对系统

卷积神经网络



The Landmark studies in connectomics
3. MICrONS（Machine Intelligence from Cortical Networks）（2025）



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 detail 
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）

CHCP 与 HCP 在功能网络上表现
出的差异，可能受到人类认知、
情感和动机中与文化相关的影响。

Differences in the seven-network atlases between the CHCP and HCP.

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 

LC
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1
Data Sources and Foundational Principles of Flywire



⚫Murthy Lab

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



⚫Murthy Lab

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



Technical Support Required to Establish Flywire



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

Zheng, Zhihao et al. Cell vol. 174,3 (2018): 730-743.e22. 

Fast Stage

elongated vacuum 

chamber

2 × 2 camera array



Automatic detection of synaptic partners 

in a whole-brain Drosophila electron 

microscopy data set

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)

Eckstein, Nils et al. Cell vol. 187,10 (2024): 2574-2594.e23. 



Eckstein, Nils et al. Cell vol. 187,10 (2024): 2574-2594.e23. 

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.



FlyWire: online community for whole-brain 

connectomics

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!

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



2
FlyWire Platform Overview and Operational Guidelines 



https://flywire.ai





⚫MANC
Male Adult Nerve Cord

Shin-ya Takemura et al. eLife13:RP97769



⚫BANC
The Brain And Nerve Cord of a female adult Drosophila melanogaster



⚫The connectome of an insect brain

Winding, Michael et al. Science (2023)



By GC



Search: Find neurons using free-form or structured queries



Search: Find neurons using free-form or structured queries

Taxonomy

Connections

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





Cell Details:

Information about individual cells, 

their connectivity, similar/twin cells, 

3D rendering and annotations



3D Viewer: Visualize queried neurons and synapses in annotated Neuroglancer scenes



Network Graphs: Visualize connectivity of neurons and their synaptic links



Pathways: Analyse shortest-paths between pairs of neurons



Neuropils: Visualize and query connections in specific brain regions



Take home message

By GC



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?



2022

2024
2025-

Development and application of flywire

Establishment of FlyWire

The auditory pathway relating to 

courtship

Whole-brain connectome

The connectome of sensory system

Circadian rhythm

Clock neurons



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.



Courtship song is an important factor for the successful mating

Receptive females reduce locomotor speed 

in response to multiple features within 

conspecific song.

Male song patterning, timing and intensity are 

known to be modulated by feedback cues 

stemming from the female

Kamikouchi A, Li X. Front Neural Circuits. 2024

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

Calhoun, A.J., et al. Nat Neurosci .2019



Reciprocal interactions between pulse-producing and sine-producing neurons in 

the presence of a female

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

Context alters sequencing of male song

Pulse-neurons are activated initially



Female sensory cues promote complex song bout generation

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



Neural circuit model of context-dependent song patterning

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



Anatomic and functional screen for auditory neurons

Baker CA. et al. Curr Biol. 2022 



To identify the preferred responses of different 

neurons to sine song and pulse song
The first circuit-level map of the auditory pathway

Identifying the connectome of Drosophila auditory neurons

Baker CA. et al. Curr Biol. 2022 





Reinhard N. et al. Nat Commun. 2024 

根据形态学、先前确定的连通性及其胞体位置
的组合鉴定了 242 个时钟神经元

Additional dorsal clock neurons are identified, by using FlyWire

~150 ~240



Reinhard N. et al. Nat Commun. 2024 

The upstream and downstream neural networks centered on rhythmic neurons are 

described in more detail







Searching in Flywire: DNp27 receives excitatory input from circadian neurons DN3

Trissin

Jiang R. et al. Curr Biol. 2025 



Nighttime circadian excitatory input and daytime photo-inhibitory input induce the 

daily fluctuating calcium pattern of DNp27

Jiang R. et al. Curr Biol. 2025 



Temperature cues are integrated in a flexible circadian neuropeptidergic feedback 

circuit to remodel sleep-wake patterns in flies

Yuan X, et al. PLoS Biol. 2024 



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

Matching neurons across three datasets

female adult fly brain (FAFB-FlyWire), female adult nerve cord (FANC), MANC

Stürner, T. et al.Nature. 2025.

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


Sex-specific or sexually dimorphic neurons

Stürner, T. et al.Nature. 2025.



Sexually dimorphic and sex-specific DNs.

Stürner, T. et al.Nature. 2025.



Sexually dimorphic and sex-specific ANs

Stürner, T. et al.Nature. 2025.





1. Identify inputs to visual Kenyon cells using the flywire 

adult whole-brain connectome.

2. Visual coding in the mushroom body, like olfactory coding, 

is sparse, distributed, and combinatorial.

3. The specific input repertoire to the smaller population of 

visual Kenyon cells

Diversity of visual inputs to Kenyon cells of the Drosophila mushroom body

Ganguly I. et al.Nat Commun.2024



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.



Thanks
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