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Connectomics
Synapse dynamics/morphology
Neuroimmunology

Optogenetics
Advance in Microscopy



The HIH Human Connectome Project MGHUCLA Consortium

About Data

http://www.humanconnectomeproject.org/

The Human Connectome Project

Mavigate the brain in a way that was never before possible;
fly through major brain pathways, compare essential
circuits, zoom into a region to explore the cells that
comprise it, and the functions that depend on it.

The Human Connectome Project aims to provide an
unparalleled compilation of neural data, an interface to
graphically navigate this data and the opportunity to
achieve never before realized conclusions about the living
human brain.

Download Data

*lmage © by the Laboratory of Neuro Imaging, UCLA




onnectomics

Structural/anatomical (connection):

two regions are connected by a fibre tract
Functional (correlation):

two regions are active at the same time
Effective (causation):

region A modulates activity in region B



Anatomnical parcellation
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Nature 2009 vol 10 (review)
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“Brainbow”

Jeff Lichtman at Harvard

x'

FIGURE 2. Mosaic expression of fluerescent proteing in Brainbow mice. (A,8,0,) Thyl 2-Brainbaw=1 2 line L; (C) line
H. Combinatorial expression of FPs is observed throughout the brain. (4) Purkinje neurons of cerebellum; (8) dentate
gyrus of the hippocampus; (C) brain stem; (D) cortex (lavers 3-5); (£) hippecampus CAT. Scale bars, 125 pm (%; 150 pm
(g); 40 wm (C); 100 wm (D), 40 um (£).



by Jean Livet
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Connectome

Sebastian Seung :

Professor of Computational
Neuroscience and Physics at the
Massachusetts Institute of
Technology
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ynapse dynamics
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ynapse morphology

Curr Neurosci Rep (2010) 10:207-214
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ynapse morphology

Dendritic spine pathology in neuropsychiatric disorders
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euroimmunology
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euroimmunology
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Opto-XRs
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Membranous * Rhodopsin Jnm‘h Membranous Rhodopsin
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Advance In Microscopy

Photoactivated localization microscopy (PALM)

E. Betzig original PALM microscope

Centroids of izolated single fluorescent molecules
can be determined to £5-10 nm

o |8 |

conmentional . FALM
; microscopy
mic oscopy &

| |
SG00nm 400pm SO00nm 200nm 100 nm 0nm

Resolution

Betzig et al, Imaging Intracellular Fluorescent
Prateins at MNaonometer Resolution, Science 313

(2005) 154

time



Advance in Microscopy(2)

Schematic of a STORM imaging sequence showing the stochastic behavior

fluorescent signal
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Nature Methods 8 (2006) 793




Advance In Microscopy

STORM example

Conventional

STORM

Comparison between conventional fluorescence and STORM images of microtubules ina
mammalian cell, Microtubules were immunostained with antibodies that were labeled with
photo-switchable Cy3-Alexa 647 pair. In the STORM image, each localization iz plotted
as a green spot, and the image is formed from thousands to millions of individual
localizations.

Science 317 (£007) 1749 and http://zhuang. harvard. edu/research.htmi



Advance In Microscopy

Multicolor STORM

Conventional STORM STORM

Microtubule ; ' ¢ i EUE‘IH‘; 200 nm
STORM images of microtubules and clathrin-coated pits (CCPs) in a BS-
C-1 monkey kidney epithelial cell. Microtubules (green) and clathrin (red)
were stained with antibodies labeled with Cy2-Alexa 647 pairs for
microtubles and Cy3-Alexa 647 for CCPs.

—_—

Science 317 (2007) 1749 and http://zhuang harvard.edu/research.htmi



Advance In Microscopy

The basic explanation of structured illumination microscopy
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Advance Iin Microscopy

Structured illumination
final recaonstruction

Conventional microscopy
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Cowrtesy i, Gustafsson
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