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Abstract In recent decades, the advent of light sheet fluorescence microscopy as an innovative technique in fluorescence
microscopy has significantly enhanced the high spatiotemporal resolution imaging capabilities of tissue and cellular
structures and functions in life science research. Compared to traditional epi-fluorescence microscopy techniques, light
sheet microscopy illuminates biological samples selectively, greatly improving photon utilization efficiency, reducing
phototoxicity, and significantly increasing imaging speed. Since its introduction, light sheet microscopy has gradually
expanded its application field in life science research, ranging from embryology and neuroscience to tumor studies, among
others. It can not only be used to observe the basic structures of cells and tissues but also for real-time monitoring of
dynamic changes in biological processes. Furthermore, its multiscale characteristics make it suitable for observations
across multiple scales from macro to micro. This article reviews the applications and developments of light sheet
microscopy in high-throughput imaging, high-precision imaging, and usability, aiming to provide life science researchers
with comprehensive understanding and reference, and to promote its application and development in more fields.
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Fig. 1 Development of light sheet microscopy in high-throughput imaging. (a) Adult GFP-M mouse was transcardially perfused,

cleared with uDISCO and imaged by fluorescence stereomicroscope at cellular resolution; (b) working principle and

comparison of axial image quality achieved in a CLARITY-cleared VIP-tdTomato mouse brain for standard light sheet

illumination (left) and for the axially swept light sheet mode (right)"; (c) working principle of the proposed method, tiling a

smaller but thinner light sheet along the light sheet length direction and extending the field of view (lateral and axial maximum

intensity projections of a cleared Thyl-YFP mouse brain imaged with a Zeiss light sheet microscope, a six-tile mode, and a non-

tile mode of the presented tiling light sheet microscope)™”; (d) CACS procedure and the comparison of CACS Bessel plane

illumination microscopy and other imaging modes"

v B 2 BE T 42 O 2 R 25 BILAR AIF 5 T 14 1ok O A
52 53 AT A 18 6 3 2o AR A B — RO A AR
(14 D1 S IR EL AR G TR, S B i A DL 2 JR O SRR #M
FR IR B AR I K T 35 PG R D, B AT 3R A5 T Bk o5 I R
i) 1 D1 SE 7R 6 B AR 25 5% o A TRk K2R 1 9 G
52 P BN e 5% ) OCER S AE LA 7 A 5 I 6K L B R T
PR B K A D0 2E RO A, S B AS N BRI A9 5 min i
i = R AR LA B R 4 S B P A A G A0 Y
A

bk — 2 4R R 8 R, 2020 4F |, Zhao %5V I
JE #2245 (DNN) 506 F BB 45 &, e R SH i A=
Py e A B AG b S BB R 4 BRI 15 A5 38 T, & 2 i
K- 3 pm 4% [l M Sy BE A . 2021 4F, Fang 5506 4
i DU SE IR BB S N A IR TR 45 1% B (CACS) T
BTG A X AR N 2R HEAT 3 I 8 1 T 4 B A
Ha g A 1(d) B, o Bt Ik, 52 B0 R A4 4
JE 447 (0 2 B R AR T, BB 2EE 64 5 R T) .

3 A o O BE AR o B AR TR RG]

Lo % e

6o B R — b A2 B AT S B R BRI A B AR AR
g8, s g 52 B R G0 SE Y R X 2§ B0 1 — %E W
G B AF 5 IR Ok o TR TG A AT S R BR A BR
i, A OB I 12 S B X — A R ) s T R
T v IX — BRI 3 — 2 4R o WU R B AR Y
23 ) 73 HER G BE TN BT A T — R B 5y B 0 O &
TR o X EEFARMARA b 8 1065 o AR 1 I 25
PERE , S 1 1 5 hIOKS B A0 TR 40 A= ) 45k W T B
78 73 % 23R 0 AU R R A 2 () 2 H R U T R,
{ELALE I 8] 73 % 53 T 6 3 1k 7 10 A7 A8 — 72 B BRI 3 LA
BEAT RN () AR o UL, AR o KT A W 2 A R A
BTS20 B = A RN RE A RE ) 32 B 1™ E R <

AR AN ] A9 RS A5 T B G 2 9 2 O I Bl T LA o3
D LA JUAR ST < 1) e 45 3% 41 ) 9 4 A D't AR I ik
BE(SIM)™ 5 2) 56 FOL MO i 5053 7 A W BE , 4%

0618019-3



8 42 ik %6155 6H1/2024 £ 3 A/ BN ERBFEHE
6 Ak E S (PALM) ™ BE HLOG 2 2 B S K AT SR AT £ e =TT 0 S S 19
B (STORM) "5 3) 3 T 10 il 45 9™ HI oF %% (PSF ) i % =Y J IR SR T AT SO S, PR Lo = g
H) 57 I8 SRR W B (STED) ™ 5 4) 3 T 298 6 ik % 25 R4 BB A B S SR 0, anEl 2(a) TR o X R
JL () T F B 43 B AR, W A O 2R 0 B iR B a5k B R 558 7 B ISR e R4S A A
il B (SOFD)™ Fn # 4 ¥ R 12 m W zh W 6 6% BRI B85 (CFT Apo LWD 25XW , Nikon, H 7 ) 1 ## B

(SRRF )48 Y155 (NA 0. 65, Special Optics, 5 [ ) 21 & 196 F i
1) 41k IR B 45 4 45 70 Ol 1R B I 1 s ARG T 150 nm B PR SR . SR, BT

20144, Chen &8 4 7 — T 42 37 1Y S A% O A 9¢ M T0HE 22 B e i, TR I R A B 7 1 A9 — A4S 1)
H B (LLSFM) B AR o i 6 &l i 2 A~ R 47 S HUHA 43 R A% o

()

(a) iransity al rear pupd _intansity &l sample swapsdithared inansity _ovarall PSF

2PLS raw data

E

Flucrescance Intansity {a.u.)

EREER

TAG-scanned two photon light
shnct illumination

5wamlamw

haxaganal attice

| d "’. f r—“:
I 1
| T A — 4- ﬁu i
- . .
.
e Yk 3 -
¥ i " 3 e d - ]

K2 Ot R OB TE M A 98 AR b i R o Ca) AR 2 s 00 e (3 DL ZE 2RO e 7 T s Ot e OB s ARG e MR W R
i L - T A 58 A IR ) B R AL o S THT BT S A R AT SR T iﬂiﬂiﬁﬁﬁﬁl’é—l%Wﬁ?étﬂ@)‘tﬁé‘ﬁﬁﬁ@ﬁfgu&ﬁ
BT R PSF Y xszﬁﬂéiiﬁfﬁﬁxf FE Y5 (b) #35 H2B-PAmCherry #9 A FLAE MCF10A 41 i BRR 1A 19 14 5856 Al 15 25 3
IML-SPIM J# 43 H5 BUAR S5 5 (o) BUG T i . BT B & 2PSA-DSLMOE B B, 2 T TAG E’Jxxy‘ﬁﬁftﬁ(%i%z%iﬂ
%Umﬂé%%?%yﬁﬂiﬁﬁi‘ﬂ”‘ TAG 6 ah (o ) P 510G £ 5, UK P2T S2 PR = 4 i 4275 () DRSPIM . i 4% 5% - il

RO R A T D R R P X E SE A N 3D N-SIM RS . DR-SPIM Al SRRE DR-SPIM X U20S i 4 g 4 i3
(JH Tubulin-Atto 48845iC ) A% Y vz 1 5] 45
Fig. 2 Application of light sheet microscope in super-resolution imaging. (a) Simulation results of the intensity pattern at the rear pupil
plane of the excitation objective, the cross-sectional intensity of the pattern in the xz plane at the focus of the excitation
objective, the cross-sectional intensity of the light sheet created by dithering the focal pattern along the & axis, and the xz cross
section of the overall PSF of the microscope of the traditional Gaussian light sheet, Bessel swept sheet, the square lattice and
the hexagonal lattice”™; (b) conventional SPIM image and IML-SPIM image of human mammary MCF10A cell spheroids
expressing H2B-PAmCherry™”; (c) principle of two-photon light sheet nanoscopy and setup of 2P3A-DSLM, the principle of
TAG-based two photon light sheet excitation, generated by rapid scanning of laser focus along the optics axis (x axis) using a
TAG and vertical scanning along the y-axis by a galvanometer, fast 3D imaging is achieved with a P2T""; (d) schematic
illustrating the generation of DRSPIM and its difference from a lattice light sheet and field synthesis. The yz slices of the
microtubules (labeled with Tubulin-Atto 488) in a live U20S cell imaged via N-SIM under the wide-field mode and 3D N-SIM
mode DR-SPIM and SRRF DR - SPIM"™
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Fig. 3 Typical modality of light sheet microscope. (a) Inverted T-shaped mode™; (b) V-shaped double objective; (c) open-top double

objective; (d) single objective light sheet microscope™
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