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Fig. 1 Technical pathways for whole-brain optical imaging
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Fig. 2 Schematic of light-sheet fluorescence microscopy
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Fig. 4 Schematic of block-face serial microscopy tomography

2021 4F 35 18 K22 S0 14 A4 I BA Chen 2848 Y T 3%
T75 B A% + W2 R (SMART) HEA . 1%
AR IFRER A S RS SRV A R R 4, 8
T I BSR4 R S Y X U TR A RO R
IEE G TR BARICAS 5 I E ST X — 4 s ok 45 /N K —
WA HE L R, S BT %O 35 B AR A B B 10 /N B PR
A AN NG o % AR S 3 1 Ak R 4R SRk 4 /N 1%
Y0 P 1717 A B2 T A5 3 5 0K AR T BE RS A
RPN, 1 AT 5 Bk I ELIE B S AR A B P BB AN
FE U1 R A IR B Sl e B e 22 ) Bl = KSR B R
o 28 JE WAL IE .

3.3 BERXFUMRHERGRIIER

2010 4F | 46 p BL B K 25 1R 3 BT fE S8 50 =
MOST 3 A ¥ 55 =80 A i % fn 4 B sk 2 D1 H
AHGE A, FFH 4 K7 0 5ot A i 0 488 ) Bk B AR 0 A7
1 pm JE S 0) B, TRl J0 71 & e s RE A1
PEAT RS, 1 WA TR R 3R /N F 1 pm’ (1)
JINER A I R G B 4 o SRR B T R 1 O
2, DAHLAR YT H 0 2 B 1) AR R BE 3kt B T B AR 1T DA AR
KI5 00 T30, A T BT 3R AR 0 i . %05 8
I FH 2 200 AR ) 22 5 A e TG Y 6 ik 15 28 Bl ) o2 4
i ) B 358 BT 40 ) 5T 5 0t A T % 7 R R
2013 4 fr & R W 9 Ot WG 2= U B W 2 &
(IMOST)"" 4 A 7E MOST £ 48 i1 ¥ A i 1l 4% i HL il
bR T A T UO6E AR BRI AY A IR 3 %
IEH L T 76 % 4 0 S R 00O WA S T
R B R AR, BRI ARBL T 1 pm ™ R 433 R A /N

0307101-5



®50% F3H/2023 F 2 A/HE#N

HEXE -HEER

B4 0 B0 4, O 1 R 7R T 4 i 3 1R PN B i T
T TR FR A 2R G Y B BRI L R4 BT HE A XY
M F 2 B HOE A= D) e )2 R (2p-IMOST) R
SR G RE A B 2% TR AT BUAR =X, R & WA 0 B
VA5 B £, 2L 1Y BRI TR B A I I P A
RO T A5 AN R 2 4 20 2 AT LR 3l i 38 B R AT
VIR F0SAR it A2 R AT BR AR SOK 43 B30 04 /0N B4 il B30
8o A AR I AE AR 5 VI HI 48, S T R T
2O DD I BT S AR, HE— DR T RGN AR E Tk

2016 4 K& Ji 1) 245 44 ot BRBA 2% % B IOk 22 U0 R
JZ AR (ST-IMOST) " AR SR FH 25 0 5 JECBH 4% 0y
2, 38 i FE v 5 1 PR 4 52 0T A AR B A W 1 A
R E BT, S5 GRS A B Y S A B R
A 7E 3 R LLO. 32 pm X 0. 32 pm X 2 pm Y 1K % R kE
58 BN B4 il L AR [ B 4 L Ao 28 50 4 56 4
JEL AR B0 5E O M5 B o 2017 AR 4R — Rl 2 A B Ak )
Jr WS AR B DR 4 i ' 2 AR R G e PR 4 i A
80 3 8 E A s DX XSO (4 D) R BEAT e e £, S
BT R E A 2 BRI 43 R B B B ORI AE R
Jr ) RAR Il O A U R 2 R (eryo-MOST)
B AT 52 BGAR IR IR BE b i) = o0 B 3O 2 R R
SR T 4 b A 5 43 A Tebm id 3R

2017 4F & J 1 SUBE =X B 30 2 U0 R 7 2 1R
(AMOST)"™ AR FIH =% 10 @5, Wb S8 T
XoF ¢ 2 S SR 2 A 5 14 [ Bt R 00, S B T X6 R R
By R ARG L LTRSS YO R Yt E
2 B A AT S R B AR, 2018 4F & JR 1 O HE
T AOG 200 R W2 R R HLTP R BT g
B 5 IRshU) R A S5 ARG R BRI S 30 A AR B 3R
TET 932 J22 38 43 1) A%, T T Xt R AR R A7 0 8 W fh Ak 2
WHARTIES h N LL 1.3 pum X 1.3 pm X 0. 92 pm [ 14
ORI B A I AR A T 4 3 R Y PR 4
Jt 3 KV LA

2018 4F 1 IR $it ) FH R B 2 2 SO 2 R T Y
BTN R L R B IMOST H AR o, 78 2020
AESE T TR EE 2 S 1 IMOST (DL-IMOST)

(@) ®) camera-1

line-scan CCD

light source / O \
=)

device

——T =T Y

—
o y . camera-2
=%

= objective
digtial micromirror Q diamond
A knife

B 78 SI-IMOST J5 47 ¥4 42 R K 1 4% isf 0] 46 46 2/3,
I Bl T 4548 6 BRI AR R M S R AN L3R T T
ESREJoigies

2021 4% & Fe 1 Ak 24 J2 B 98 % B OG22 U1 R i 2
LS (CS-IMOST ) H AR I Ak 2% J2 My B R+
A i £ 2ok AR o 0 28 O R E 5 T AR MU B AR v SE
T TS AN T T 40 1 2 O, SEEE T e 4 i S
Fl 2 fish 2 FF 7K VA A0 A% o TRIAR 4 T 2 A A o
(LiMo) 5 A , 1) JFH 2 BEHT (9 w8 307 D56k 0 A7 A S K 8%
4 R R A, AT T A B A 2 T AT IR S & R
AR S5 A AUT — Wk BT A R bR Tk
AR B S0 BE 70 T R A AL G B R B
AR, FERR T A G 45 ke 6 BRI A v A AR AR BR R O R
1) A R B, I LA 4 4 X R R AR A5 T e
BTG A i R T A 8 9 6 W O 2 2 BT AR O 1 T v
I Fsf e JOAL g 43 3% vy 3 ek R s 9 T R ) ) A, LT
AR AR TG = PO RO 2R U R 2 R
(HD-IMOST)" "™ # AR, L 0.3 pm X 0. 3 pm X 1 pm fY
TR R Ay PR AE 5 K R IO/ B4 0 3 1 R B85 4
J5LBA KR 45 75 1 (SBR) 3k 110, M 65 19 1A%
HIE B HD-IMOST £ AR 42 i o 2% iR AR M s 4
PR AR T B 755 T BT RE 0T b v, A A e B LA )
JFH B IR B I 25 ) 8 0 T 4 ) 3 7%

2022 4F & J& T EF R Bk A 4 G %) ST 20 i 3 B ORS 2
G5 A G I BT A R R R A 4 M 1 K R £ 3 T
24P A B AL AR N PB B JORCHE A 1 R g
AEAZ L 0. 65 um X 0. 65 pum X 3 pm A 1R 2 53 J F 4 ik
Mk 4 B R AT A s A = G S B AR B, IR R OR TR
A0 4 TG P = 24 200 60 A S04 B AR50 B 48 5T 1 4 ki
BHHE B o LR T —F KR 26 B MO6 U A
JZ A% (eryo-IMOST) ™ AR | 5 i #4 Gk v H0 1Y)
J7 2XAE R R A AR IR AR IR BT, BB A% LU BOKR K K oy
B 1R R B b AR VK R 0 35 25 B RS A0 A ) 45 4 O R
Fr A A5 B, T ik — A5 il 4 1) A9 B AR vk U0 R
Wi, A EH T 2505

5 TR R LR M A9 MOST $ AR i I B 1A

\ /_ -
line illumination
(Gaussian profile)

BI5  JLAMRERER MOST HEAR B HLE . (a)MOST 5 (b)SI-IMOST ; (¢)HD-IMOST
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Table 1 Performance comparison of different methods of whole-brain optical imaging
Sample
) preparation/ Typical Data collection Suitable range Whole-brain 3D dataset
Type  Typical method slicing voxel size time of application quality and consistency
method
*
Ultramicroscopy " 100-600 optical 6-8 h/mouse Soma distribution, Poor light sheet quality;
{741 Clearing . . . . .
2007 sections brain vascular network inconsistent resolution,
severe loss of deep quality
Soma distribution,
. X 2. X . .
. . 2.6 pm 2.6 pm 5 h/mouse brain  vascular network, fine * %
Tiling LSM 0 6 pm (overall) . .
Ts0] Clearing ; ) (2.6 pm X morphology of local Inconsistent resolution,
2020 0.3 pm X<0. 3 pm X .
2.6 pm X6 pm) neurons (axons, loss of deep quality
1 pm (local) .
dendrites)
LSFM . ribut
o 0.8 um X 0. 8 pm X ' Soma distri thlOIl., *k
Clearing, 95 min/mouse  vascular network, fine . .
mLSFM . . 5 pm (overall), . Inconsistent resolution;
(84] vibrating brain (0.8 pm > morphology of local .
2021 . 0.3 pm X 0. 3 pm X r poor slicing performance
sectioning 0.8 pm X5 pm) neurons (axons, .
1 pm (local) . and deformation
dendrites)
Soma distribution, *
VISoR o 1 pm X1 pmX 94 h (macaque vascular network, .
[s3] Clearing _ o Data loss between slices,
2021 2.5 pm brain slices) neuronal axonal . .
o difficult to register
projections
A %k K
garose- Soma distribution Consistent resolution and
STP embedding, 0.5 pmXx0.5 pmX 24 h/mouse ) ’ T o
[s5] L . neuronal axonal image quality;
2012 vibrating 50 pm brain . . . .
. projections discontinuous Z-interval
sectioning .
sampling
STP Soma distribution,
o vascular and capillary
MouseLight L.ledm.lg’ 0.3 pmX0. 3 pm X 8-10 days/ network, complete fine .****
rs7] vibrating . Poor slicing performance
2016 . 1 pm mouse brain morphology of neurons .
sectioning ) . and deformation
(axons, dendrites,
spines)
Agarose- Soma distribution, Kk
FAST embedding, 0.7 pmX0.7 um X 2.4-10h/ vascular network, . .
fo1] S - . Consistent resolution and
2017 vibrating 5pm mouse brain neuronal axonal . .
. . image quality
sectioning projections
FAST 3 Cstributs
. . 0.7 pmX0. 7 pm X 20 h/part of Soma d1str1but10n., . *k
Clearing, . vascular network, fine  Poor slicing performance
SMART vibratin 30 um (overall), mouse brain morphology of local and deformation; weak
93 T 1 H
2021 AME 5 3 umx0.3umx (0.3 pmX photogy . ;
sectioning neurons (axons, signals may go
1 pm (local) 0.3 pmX1pm) . . .
dendrites) unrecognized and missing
issl/Golgi . .
N:;ir{ino gl Nissl stained soma, *
- MOST Staming., 0.33 um X 242 h/mouse vascular and capillary ~ Consistent resolution and
MOST fo4] resin- . e . . .
2010 0.33 pm X1 pm brain network, Golgi stained image quality; slight data
embedded . .
L neuron loss between slice strips
sectioning
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gk
Sample
) preparation/ Typical Data collection Suitable range Whole-brain 3D dataset
Type  Typical method slicing voxel size time of application quality and consistency
method
Soma distribution, % % %k k
SLIMOST Resin- 0.32 yum X 3 davs/mouse vascular and capillary ~ Consistent resolution and
20161 embedded 0 ‘%'2 mp>< 9 um yt;rain ' network, complete fine image quality; natural self-
sectioning ks : morphology of neurons registration, fine 3D
(axons, dendrites) reconstruction
Soma distribution,
Resin vascular and capillary (‘on%is:n‘tkr‘:;(:u‘:on and
MOST HD-fMOST o 0.32 pm X< 111 h/mouse  network, complete fine .~
[108] embedded . image quality, high SBR;
2021 . 0.32 pm X1 pm brain morphology of neurons . .
sectioning (axons. dendrites natural self-registration,
‘s;oines) v fine 3D reconstruction
. Hydrogel Soma distribution, . ok .
Macaque brain . Consistent resolution and
. . embedding, 0. 65 pm X 70 days/ vascular network, . .
imaging o . image quality; natural self-
202901%] vibrating 0. 65 pm X3 pm macaque brain neuronal axonal registration . fine 3D
sectioning projections g ’ )

reconstruction
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Abstract

Significance The brain is one of the most complex systems, the culmination of evolution over billions of years of life. But until
now we have not been able to accurately describe the mechanism of memory, thought and consciousness. Due to the lack of
understanding of the structure and function of the brain, we have no effective drugs and treatments for neurological diseases such as
schizophrenia, epilepsy, Alzheimer’s disease, and Parkinson’s disease. The structure of the brain is extremely complex and can be
divided into different levels, such as brain lobes, neural circuits, neurons, synapses, and even molecules. The brain’ s powerful
function stems from its huge number of nerve cells and their complex interconnections.

The mapping of whole-brain mesoscopic neural connections in model animals such as mice requires technical tools that can
achieve large-scale acquisition of high-resolution three-dimensional data in the centimeter scale. Optical imaging methods can achieve
sub-micron resolution in lateral direction and can realize “optical sectioning” by various means, which have the natural advantage of
observing neural circuits at the mesoscopic level. In this review, we summarize the various kinds of whole-brain optical imaging

methods developed in recent years and look forward to future technological development.

Progress Due to the scattering and absorption of biological tissues, the imaging depth of traditional optical methods is limited, and
only tens of microns to hundreds of microns of the shallow layer of mouse brain can be imaged. To break through the limitation of
imaging depth in biological tissues and achieve high voxel resolution and large-scale 3D imaging, optical microscopy must be
combined with histological methods (Fig. 1).

Tissue clearing based whole-brain optical imaging methods are technologies that first clear biological tissues to improve optical
imaging depth, and then use light-sheet fluorescence microscopy (LSFM) for rapid imaging (Fig. 2). For a whole mouse brain sample,
rapid imaging of micrometer resolution can be completed in a few hours or less by LSFM. LSFM can achieve good optical sectioning
with low photobleaching and phototoxicity. However, the imaging resolution of LSFM decreases significantly with the increase in the
depth of the sample, and the resolution is lower when a large sample is fully imaged.

Mechanical sectioning based whole-brain optical imaging methods are a combination of optical sectioning and tissue cutting. After
acquiring the images of the shallow part of sample each time, the sample surface is cut off with a knife. Through the continuous cycle
of “imaging-cutting” process, the 3D fine structures of centimeter-size sample can be obtained. Representatives of this technology
include serial two-photon tomography (STP), block-face serial microscopy tomography (FAST), and micro-optical sectioning
tomography (MOST) series technologies.

STP combines high-speed two-photon imaging with vibrating sectioning, and can realize Z-interval sampling imaging of mouse
brain (Fig. 3). With the use of resonant scanning galvanometer and higher excitation light intensity, the speed of STP imaging is
further improved. By optimizing the mouse brain clearing method, the imaging depth can be improved to more than 200 pm. Finally,
the high-resolution mouse brain data of 0.3 pm 0.3 pm X1 pm can be obtained within 8-10 days.

FAST uses spinning-disk confocal technology to image shallow tissues within a thickness of about 100 pm, and can complete
monochromatic imaging of whole mouse brain within 2.4 h at a voxel size of 0.7 pum X 0.7 pum X5 pm (Fig. 4). Sparse imaging and
reconstruction tomography (SMART) uses low-resolution imaging results to determine whether there is fluorescence signal in the
current region to narrow the next scan region, enabling rapid fine imaging of transparent sparse labeled mouse brain.

MOST uses a diamond knife to perform continuous sectioning of 1 pm thickness of resin-embedded mouse brain samples, and at
the same time performs line scanning imaging of sample sections on the blade edge (Fig. 5). The mouse brain Golgi staining dataset
with a voxel size of less than 1 pm® has been acquired for the first time. Structured illumination fluorescence micro-optical sectioning
tomography (SI-IMOST) adopts structured illumination method to achieve high-throughput imaging of the sample block-face by
mosaic scan stitching (Fig. 5). Combined with real-time staining, dual-color imaging of mouse brain can be completed in 3 days with
voxel size of 0.32 pm < 0.32 pm X2 pm. High-definition fluorescence micro-optical sectioning tomography (HD-fMOST) uses the
Gaussian intensity distribution of line illumination as a natural modulation, and can effectively remove background through simple
subtraction (Fig. 5). The MOST series technologies combine embedding brain samples, micro-optical imaging and automatic
precision cutting to form a unique technical system. The collected datasets are characterized by excellent integrity, high resolution,

and good quality.

Conclusions and Prospects The whole-brain imaging technologies achieve unprecedented resolution, imaging speed and imaging

0307101-12



X E B L&A =505 F3H/2023 £ 2 B/mEMN

range, making it possible to study the whole-brain circuit network. These technologies have gradually become a powerful tool in
neuroscience and will continue to develop into more universal research tools, thus showing more application value.

To map neural circuits, it is necessary not only to develop imaging technology, but also to develop methods such as sample
labeling and preparation, massive data storage, processing, and visualization. In recent years, the development of various virus
tracing tools has promoted the labeling of neural circuits. But how to process and analyze massive whole-brain imaging data and extract
knowledge from it is likely to become a bottleneck.

As the closest species to humans, non-human primates are of great value for the study of cognitive behavior, disease mechanism
and treatment. However, the weight of macaque brain is about 200 times that of a mouse brain, which poses great challenges to
sample labeling preparation, imaging technology and big data processing.

Through interdisciplinary cooperation, whole-brain optical imaging will further flourish, demonstrate its unique application value
in neuroscience, promote our knowledge and understanding of the brain, and contribute to the development of artificial intelligence

technology.

Key words bio-optics; whole-brain optical imaging; optical tomography; micrometer resolution; brain connectome; neural circuits;

neuron

0307101-13



	2　基于组织透明的全脑显微光学成像方法
	3　基于机械切削的全脑显微光学成像方法
	3.1　双光子序列断层成像
	3.2　块表面序列成像
	3.3　显微光学切片断层成像系列技术

	4　总结与展望

