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FROM X-RAYS
TO DNA

® Laser confocal scanning microscopy + fluorescent protein

® Protein crystallography

/ Cryo-electron microscopy
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Environment, Microscopy
Solar cell & Atomic Image

Application field

Biology, 7/?\
Medicinel T v
Drug P =3l
discovery
Fuel Cell, ’
-\

CatalySt . g’ Evapo ;‘l‘.
% = partl cle:

Focusing Mirror ¥

|

T " Ultrafast photography
X-ray la ser ol chemlcl rgact/on

e |
Creation Focused

of extreme conditions Beam

- grotein

" Scattering
X-ray image

. ."
_, al point

-

o




v
(()
H-
@
Gl
H-
O
=
Q.
\V
(L
(72
|—1.
=
C
\

,

SO

— A

~

T — P
¥/

-

Interaction Pm

(10 um? focus) §
Be lenses

CSPAD detector Undulator
(z =93 mm) (420 m upstream)




AR v
s ¢ O,

In/iollqborqﬁo‘n with Prof. Yoshinori Nishino of Hokkaido 'Univeréify and SACLA






85 90 95 100 105 110 115
Size (nm




Doxorubiciniloadediiposome




o

-

%)

N
intensity (photons / 5x5 pxs)

charge density (e / nm?)

0

Two 10 nm AuNP

® exp

10000¢ i = - ellipsoidalcore shell mode! : ﬁ
1OV 1

Core SL0w0. 156311







N
Vp)

o’

ngc 1

e




r

X-ray Imaging el angiogenic

v

microvasculaturerorglioplastoma







of







XM Images of a microvesse







1 , : : : .y 4 : . i h )
lhere dremorepronlemsin drains with

‘_W_

interaction?

j°0n dead specimens, of course.






The message of protests in Iran
The Blue-state Republicans: no right left

E C 0 n 0 m i S t Education lessons from Pakistan

The world’s worst airports

MMNUARY 6Th-12TH 2018

The next frontier

When thoughts control machines




Mapping the Brain:
an Historical'Missionifor. Science
and Technology

* A fundamental research objective

* An effective way to understand and cure
brain diseases

* Potential for a broad social impact

* Important technological byproducts:
- Advanced imaging technologies
- New computational strategies
- Artificial intelligence
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Mapping the Brain:
an Historical Mission for Science
and Technology

* An effective way to understand and cure
brain diseases

°*Important technological byproducts:

- New computational strategies



IT TAKES DECADES FOR
MAPPING ONE HUMAN BRAIN
WITH THE PRESENT X-RAY
TOI\/IOGRAPHY PERFORI\/IANCES'

We must accelerate!

* Parallel |mage taklng at multlple faC|I|t|es\
* Automated speumen sect|on|ng L : :
* Automated speumen mountlng and allgnment
* High-speed data. transfer and shanng for aII partners

* New, efficient strategles for reconstructlon

mbﬂi@
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In addition to x-rayjmicrotomography facilities&thel
core partners bringjwithjthem a very powerful
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Synchrotron for Neurosclence:
an Asla-Pacific SQr_atoqic Enterprise.
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_CONCENTRATE ON 3D IMAGING:

New radiology technlques combined W|th other
advanced mlcrosx:oples |

For overall connection mapping: phase-contrast mlcrotomography (0.3 um

resolution in all 3D directigns)

To explore in detail synapses and neuron connections: nanotomography with <10
nm resolution : | :

To obtain detailed3D maps of special regions: electron microscopy/gontinuous
sectioning, optical super-resolution microscopy, with nm resolution

To analyze the whole drosophila brain and large parts of the mouse brain

L, abtaining functional information: Confocal (or Light Sheet) + FocusClear imaging

For singlesmolecule mapping of: drosophlla and mouse brains: Super-resolution *
mlcroscopy with.FocusClear ‘ 5 ’

hlgh resolution functional imaging: Raman, IR spectromicroscopy

“Fusing-in lowresojution-finctional imaging, i.e. fMRI

...plus other tasks using other frontline techniques

.
A
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SYNAPSE:

core partners
with top-level
synchrotron
facilities

In addition to x-ray microtomography facilities, the
core partners bring with them a very powerful
extended coalition



Concentrate on 3D imaging: new
radiology techniques combined
with other advanced mlcroscoples

For overall connection mapping: phase-contrast -
microtomography (0.3 pm resolution in*all 3D directions)

To explore.in detail synapses and neuron connections:
nanotomography with <10 nm resolution

To obtain detailed 3D maps of special reglons Cryo- electron
microscopy with nm resolution

To analyze the whole drosophila brain and large parts of the
mouse brain obtaining functional’information: ‘Confocal
‘FocusClear imaging

For single-molecule mapping of dresophila and mouse brains:
+ Super-resolution microscopy with FocusClear

- ...plus other tasks.using other frontline techniques
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Rapid single-wavelength lightsheet localization
microscopy for clarified tissue

Li-An Chu® 1'2'10, Chieh-Han Lu® 2'3'9'10, Shun-Min Yangz, Yen-Ting Liu® 3, Kuan-Lin Fe ng4, Yun-Chi Tsai(@® 3,
Wei-Kun Chang1, Wen-Cheng Wang3, Shu-Wei Chang @ 3, Peilin Chen(® 3, Ting-Kuo Leez, Yeu-Kuang kuz,
Ann-Shyn Chiang® 1245678+ & Bi-Chang Chenp 13*

Optical super-resolution microscopy allows nanoscale imaging of protein molecules in intact
biological tissues. However, it is still challenging to perform large volume super-resolution
imaging for entire animal organs. Here we develop a single-wavelength Bessel lightsheet
method, optimized for refractive-index matching with clarified specimens to overcome the
aberrations encountered in imaging thick tissues. Using spontaneous blinking fluorophores to
label proteins of interest, we resolve the morphology of most, if not all, dopaminergic neurons
in the whole adult brain (3.64 x 107 ym3) of Drosophila melanogaster at the nanometer scale
with high imaging speed (436 um?3 per second) for localization. Quantitative single-molecule
localization reveals the subcellular distribution of a monoamine transporter protein in the
axons of a single, identified serotonergic Dorsal Paired Medial (DPM) neuron. Large datasets
are obtained from imaging one brain per day to provide a robust statistical analysis of these
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BMC Biology

Q&A: Why use synchrotron x-ray tomography
for multi-scale connectome mapping?

Yeuumg Mwu', Gongio Magamondo”™ and Ann-Shyn Chiang' ™

Abstract
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drosophila 2x102
mouse 450
marmoset

human 1.2x10°

2.5x10°
(1.3x10°)

7.1x107

6.4x108

8.6x101'0

1.25x107
1:40 1011 1.57x10°
1:50 1014-15 7.2x104

Source of information: Wikipedia



Big Brain, Big Data

BEY ESTHER LANDHUIS

BIG BRAIN, BIG DATA

Neuroscientists are starting to share andintegrate data — )
but shifting to a team approach isn’t easy. - FIELN AT

donlyac
et to home in on indivi

¥

].::nthd that it's taken ten

yE4rs o map halt the fly brain. Working with

physicists at Taiwan's Academia Sinica, Chi-

angs team has started to use a technigue called

synchrotron X-ray tomography to boost data-
acquisition speed dramat ;

— || .ih that rnuy.d .1|.3h -aftern
ember at the annual meeting of the Soci-
ety fior Meuroscience in San Diego, California.

toimage a fly
i-stained

||'|1.1._|_._T3t

Natpre on a single pla

Wttp:/ /www.nature.com /nature /journal /v541 /n7 638 /full /541 55%9a.html#references Can | d data. "With 5fr'ﬂ':hf"-"“f'“ X-ray
imaging, mapping the human connectome at
Nature b IOg S http://blogs.nature.com/naturejobs/2017/01 /26 /new-neuroscience-tools- anElr- neuron resolution is now more n:a]mu

fdr-tedm-science-in-big-data-era/

Scientific-American https://www.scientificamerican.com/article /neuroscience-big-
brain-bigfdata/



http://www.nature.com/nature/journal/v541/n7638/full/541559a.html#references
http://blogs.nature.com/naturejobs/2017/01/26/new-neuroscience-tools-for-team-science-in-big-data-era/
https://www.scientificamerican.com/article/neuroscience-big-brain-big-data/

Decoding the

) })/

!

Ehe New York Times ==

Human Brain, With Help From a Fly

By NICHOLAS WADE

Taiwanese researchers have man-
aged to bar code some 16,000 of the
100,000 neurons in a fruit fly’s brain and

to reconstruct the brain’s wiring map.

/4

Decoding the B

3D X-ray data

Fluorescence confocal microscopy

on connectome mapping A

20 year /116

neurons

fly brain: ~100GB
Single mouse brain: ~360TB

Complete the map with 100 brains: ~36
PetaByte (PB)!

Human/mouse brain volume: 2500 !
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3D whole tumor
vasculature profiling

Resolution (mm)
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X-ray Tomographic Reconstruction
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X-ray imaging of a whole
mouse with 0.5 Um resolution.
Tomography image shows
blood vessels (golden) and
neurons (green)




% 7

LA Y :
PRI
1

Y ;
N A3
&

AN










) B

-
¥
o s

o
|

|
]
-

oy
2
/
_)‘.\( l
)
w 1\

IR
W
&

%
%
£

Py e
e’ ]
..“.u.._ o
u“..r..u - 3 1 ; (
i -~
=
[
. | SO,
Y —
- .
B
—_—

D

o @ m—
3 =

e

—\.l‘..{ N —_—

-l

AT
¥
' -

w ,,3
alt

A,

g -

4 .n.a,, ,

o= : . QJ
“ f-‘“ x N \J

i =)

D

2Oy

.

bl e L e 2w o -
2 g PN M P VATR S s
s e P ANA T R 'k .4 e P =
-wﬁ.@.ﬁ.a Ay Py ,H.or.ue ..i,-w..nw' u\.hﬂu‘nw.q,.. =

& A b L P AN ST TANAATE

L
»

£
&






0.95, resolution ~0.3 pm

=y

A
= :.maﬁr
n? 1 e VT V

40x, NA

-
o

o
0.75, resolution ~0.5 pm

NA =




20X
40X
40X Fly Brain

10°

- - - -
o o o o
N N » S

(7))
e
-
-
O
O
e
-
)
&
O
)
(/p

—
o
o

Segment Length












® Big an eJyle

®* Neuromorphic computing & Al
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Next steps:
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ISLS-II (Singapore)
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‘Objectives —to map in 3 years:
» One whole human:brain
* 200 whole mouse brains

* Develop the microtérﬁography technique for >100x
_-improvement in speed to enahle complete human
connectome mapping '
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2023. groundbreaking progress in human
knowledge brought by the Asia-Pacific countries
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The SYNAPSE strategy:
data acquisition
and management



Data size:

» Our experience from the tomography of a 0.5 mm3
volume containing one drosophila brain:

Size of each raw projection image: 32 MB
Tomography set (1000 projection images): 32 GB
Reconstructed images for volume rendering: =128 GB
» Scaling to.one mouse brain: [450/(0.5)°] x 128
GigaByte =460 TB
 Limited staining rate (~5%) =» 100 mouse brains
required for complete map: ~46 PB

« Scaling to one human brain (2,700 times the mouse
volume): 460 TB x 2,700 = 1,240 PB



Total image-taking times at
current speed:

* ~5 min for a (0.5)° mm? volume:

For one mouse brain: (450/0.53%) x 5 min
~ 1.8 X 10* minutes = 12.5 days

For 100 mouse brains: 1250 days = 3.4
years

« ~15 min for a 1 mm?3 volume (with a 4K x 4K
detector):

For one human brain; 1.2 x 106 x 15 min
~ 1.8 x 107 minutes = 34 years

For 100 human brains: 3,400 years



We must increase the throughput.
Without new technologies, by:

* Increasing the number of synchrotron beamlines
used in parallel, coordinated within SYNAPSE

e Reducing the number of projection images for each
tomography, from 1000 to 100.

With new algorithms
With artificial intelligence

t becomes thus realistic to map one

numan brain .in 4 years — the first
SYNAPSE objective




Further throughput increases
possible with new technologies:

e Staining rate increase from 5% to 30% (demonstrated
but not optimized). The number of brains for a
complete map could decrease to <20.

* Faster imaging: Higher x-ray flux (10x), higher detector
sensitivity (5x) and better algorithms (to further
reduce the number of projections) — overall, the image

acquisition speed could be increased by two orders of
maghitude.

The image taking time for full human

orain mapping could be reduced to a
few years




Image taking is not all: data
managing is a big challenge!

 Tomography reconstruction for drosophila: currently, 10
times slower than image acquisition

» To perform one automatic segmentation and tracing
within a comparable time, it takes now the largest
computing facility in Taiwan, NCHC

 Commercial graphic workstations cannot handle the
rendering and visualization of the reconstructed data set

e Another big challenge: creating and managing the
database

* Further complication: adding functional information to
the map



Crucial data handling tasks:

* Image morphing, warping and fusion

* Correlation identification

* Tracing, segmentation

» Database architecture and optimization
* Database access

* VVisualization



Adding functional information:

* Using the connectome as the skeleton/grid.

* Adding local high-resolution 3D information on synapse
connections with:

X-ray tomography with 10 nm resolution.

Super-resolution 3D fluorescence microscopy (with tissue
clearing)

Super-resolution vibrational spectromicroscopy (Nano-IR
and Nano-Raman)

Continuous sectioning with electron and optical microscopy

* Chemical information in large region:

Functional MRI, PET & SPECT imaging (with 100 um
resolution)

3D IR (with <3 pm resolution)

« Simulations based on the structural and functional
Information



Other technological developments
targeted by SYNAPSE:

 Algorithms and related software

* Computer hardware: machine-learning graphic
station

e Automation in specimen handling
* Automation in image acquisition

e Artificial Intelligence for automation of image
processing

* Image taking hardware: specimen manipulation,
detectors and high-brightness X-ray sources



)
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Why us?
We areiwuniquely quallfled'

. We pioneered the-specialechniques required for
4 the SYNAPSE initiative, ificluding:
0 X-ray phase- contra?tomography
L World-record x-ray#microscopy

-

A F Deep tlssue super-resolution microscopy

% We have a solld record of relevant previou
accompllshments and all the required kne how
for tl;e core and support technlques »

. The new partnership is built on long-standing
and very succes'sful collaborations . Ve



neurons
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* Microscopy

* Spectroscopy

* X-rays

* Protein crystallography

« NMR, SPECT, PET, CT. ultrasound g

* Mass spectrometry
 Nuclear Medicine
* Digital Camera

FROM X-RAYS
TO DNA



Embryo f@ssSila

540 millionyeRigollcdgeimbryo Fossil
-- Science, SiPSEICAq8(2006)




540 million year old embryo fossil

e ¥










LOLE

Concentrate enimeageing

® Cryo-EM: small re /n to nm resolution.

Super-Res + FocusClear?: Full drosophila brain and small region of

O mouse brain but concentrate on single molecule detection
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Chian Ming Low, Eng Soon Tok, Alvin Teo, Tin-wee
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(f Tan (National University of Singapore)
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# Divisions

# Cell Thick

Boundary
between PCL

SR

Boundary
between
CAl-

Subiculum

Less clear
(e.g.
Layers V-
VI)

Entorhinal
Cortex —
laminar
organization

2 divisions

hippocampal fissure (a ‘line’ that DG is

seépaya from CA1)
Arrowhead — neuron soma

7

10-15

Less clear

Less clear
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V-VI)
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Besides Lmﬁgﬁ T§k|ng |

» Full biologicalCcharactefization
=
« Specimen preparation: novel Iabellng procedures

» Coordinated use of different imaging faC|I|tves at
partner countries, to reach the requui@d
throughput

. Stand rdization and mutudalidétia

-i

.

all

pa%g facilities , y,
° d image processmg W|th nqw computer
techlques ‘ o’
» Full data access for all partders and eventually to
public / b

} J / !



The core partners bring with them
a very powerful extended coalition:

« Through NUS/SSLS: research teams from university (NUS, NTU, NYP),
public institutions (NCSS)

* Through SARI/SSRF: research teams from universities (Shanghai Jiao
Tong U., Shanghaitech U.), public institutions (SINAP, IoN)

« Through POSTECH/PAL: research teams from universities (POSTECH,
KAIST), medical institutions (ASAN, Samsung, SNU, Yonsei)

« Through RIKEN/Spring8: public institutions (RIKEN QBIC-BDR, BSI)

» Through ANSTO: research teams from universities (U. Sydney, U.
Wollongong), public institutions (Australian Synchrotron, Brain & Mind
Center)

« Through AS: research teams from universities (NTU, NTHU, NCTU,
NCKU), public institutions (ITRI, NHRI, NHPC), medical institutions
(NTUH, Chang Gun H, Mackay H, TSGH, VGH, Chinese Medical UH,
Talpel, Medical UH, Kaohsung MU, Cheng Kung UH) and from the
private sector (TTY Pharma, Delta Electronics)



