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Synapse specificity ?

Synapse variability ?
Connectopathies

Synaptopathies



The problem



The problem

➢ Human brain: 1 dm3 = 1 l

Number of neurons: 1011

=

➢ Rodent brain: 1 cm3 = 1 ml

Number of neurons: 108

=                     +



The problem

➢ 1 mm3 (= 1 µl) of mammalian cortex

Number of neurons: 105

➢ Number of synapses/neuron: 103 - 104

➢ Number of synapses
in the human brain: 1015



An example: connectomics



An example: connectomics

1500 m3

1700 synapses

1.13 synapses/m3



2015 Jul 30;162(3):648-61. 

doi: 10.1016/j.cell.2015.06.054 





What can we learn from this example?

1) The study of the brain poses special challenges

2) The development of new ‘cutting-edge’ techniques 

allows us to address long-standing questions



One major objective of the course

Being able  to understand a 2026 neuroscience paper

1. Understanding = doing

2. Which questions can I address?

Question → Technique I need

Technique I have → Question I can address



Lorenzo Cingolani 6 CFU (48 hrs)

lcingolani@units.it Building Q - rooms 216

Structure of the course

When :   Wednesday  14:00 - 16:00 (room L)

   Friday   14:00 - 18:00 (room L)

mailto:lcingolani@units.it


• Face-to-face course

• In exceptional cases, you can follow in remote via Microsoft Teams (MT)

• Lessons will be recorded and available on MT (team code: dsu34v6)

• Materials (presentations, papers, articles, book chapters) loaded on Moodle 

before lessons

• Laboratory 

Structure of the course



How to study the brain:

1. How to ‘watch’ brain activity:

A. Functional imaging

B. Electrophysiology

C. Behavior

2. How to ‘tell’ the brain what to do:

A. Optogenetics

B. X-genetics

3. How to repair the brain:

A. Genome editing

B. X-genetics



Structure of the course

For each technique:

1. Theory (book chapters + reviews)

2. Practice (exercises to understand theory)

3. Applications (milestone papers and key questions)

4. Laboratory (for selected techniques)



Structure of the exam

1. Paper presentation in small groups (5 students 2 hours)

 Presentation + questioning: 20 points (+1 bonus)

a) Presentation (10 min per student, total 50 min)

• What was known?

• What is the gap?

• What are the main findings?

• Are the techniques appropriate?

• What are the broader implications?

b) Questioning on individual figures and techniques used (14 min per

student, total 70 min)

2. Questionnaire on the Moodle platform.
 10 multiple choice questions. 1 point each. Each question has only one 

correct answer

 Moodle questionnaire: 10 points.



Calendar

• W 30 Sept: Course introduction (14-16)

• F 2 Oct:  Review neurophysiology + Functional imaging (14-18)

• F 23 Oct:  Functional imaging + introduction to paper presentation (14-18)

• W 28 Oct: Functional imaging (14-18)

• F 30 Oct:  Introduction to paper presentations (14-18)

• W 4 Nov:  Modeling + paper assignment (14-16)

• F 6 Nov:  Molecular tools + optogenetics (14-18)

• F 13 Nov: X-genetics + paper discussion (14-18)

• F 20 Nov: Laboratory (14-18)

• F 27 Nov: Paper presentation (14-18)

• F 4 Dec:  Paper presentation (14-18)

• F 11 Dec:  Paper presentation (14-18)

• Tue 15 Dec: Test (14-16)

• Fri 18 Dec: Seminar Prof. Agenor Limon (University of Texas; 14-18)
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