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JE DNA P9 B8R, BRI T 9O AL 28
(fluorescence in situ hybridization, FISH) A fN;
. FISH XFH 1] H AR DNA 5 RNA HAT 5543 i |
e R AP A R e SRR A, AT BN T g
AR A0 A% 1 B bR AR 7 BRI LS,
FISH i n] LA7E S 4A LK 7 B AR S ] AR i e 52 5
SO ANE YL A 19984, Femino 55 ) 44
B A% s T FISH, JFHA M T4 5
YR B AL HRRIRET , Mo T MR A i
FI6, (AR B RNA 43+ 1 A 7 fE. smFISH
— i i 22 AR IC A PG AT 20 bp HE AL R
oAt GEE BN RE AR IC A —D2O6HR)
XS EIRET TR 2R AL 5 R 2 1 mRNA #4745
FPEss (Kl la), DLt w2 i i % sfeAs 42 B2
[ I A7 25 Ja) s o 1
112 HEhmd

H1 T smFISH B % [w] i £ 1] (9 28 56 A1 R 26 A
B, — RS SRR R D, w3841,
PRl i smFISH 348 N B 552 30 5k PR 41 51 161 179 R 3 o 43
Br . 20024F, LevskyZE U &30 0] LI FHZH & 45
TCARIE I AT U e AR, I HoT A/ FLE
R BAPEE SR B, Searp, D RERET A R 5%
JEA5% (barcode) FRiCKIATIIA, 4305 412
SRS G, RS TIPSO RIEE. 25
T ARG IS A T G A 3, AR BT TR AR AN (]
T AR SR, S BT i R P 1
4ia . VA RN R) ARG SfeAs o 20l T 56 AR
WY RRE A n i, PS5 0 5 SRS Bt o 27-1
Ao Jakt 5 12OMG A A BRIE T IR I BRI
NG T AR, SRR -SR] B R
NI A A, IR WT LB ER A S fh it R rh 4
ML 784k . AR G FRIC Iy B3 1 s A
iRl G N (BB 0 R TS L AR i U B4 P S urs U
g, 1 H R TZBHE A LIOCRsEm, HEhmc
(7R T i A — i TR

20124, Lubeck 55 ") i it 45 58 73 B i SR
(super-resolution microscopy, SRM) FIZH & Hric,
PUN A mRNA ARSI BRI 1Y =5[]
HERF, RS 1R i % s A%t . SRM Y43
PRI 10~20 nm, 20 IR RRIRE K EL N
7 nm, FEFEARKEZH 100 nm, 7ESRM N[ LE
R [RI DT RRARET 0923 (IR, PRI AT fg by
RN EOGHER 1) mRNA 73T 751 . 72 SRM
BT, wTRIARYEAS 6] B 0 5 6 A i HES 2H 5K X 05

s, BIANKELr . ¥ BT SR AR 5
B LT A SRAS AR A e AR ( 1b)
BCAE AT R 2O AR A PR BT, Al Lt
AR G A S 08 A S A
113 P28

BARAL A FRICHOIN T a0 A AR R, A
SIS O R R 4 L R AL YRR SR AR . 2014 4
Lubeck 5§ " FF & TIUTF 24 AC A . T 18 1 248
Wb SEA AL BN S R AU, BVETE i 2 e 2
28, MR ZOE S 0] AR B AR AL, It LRE
1 W 4 A8 AT SR M J5 A7 1) RNA 0T o iR
FER—Re 2, [ —4lbric T8 —28 M5 A
REE, AR R AT R . Z 5 H DNA i
RhFR, TEBRZUACHE A5G RRE, PSSR D)
—ZURF DGR . H AR A ERE 428
(El1e). #ug b, XA 7] IR £ A~ AS R )
st AR (P=9OtRE0R, =288 m4G) . Ik,
SR, 4R YRR 8 A4 A8 |1 45 AT LA I —
A M 0 BT AT SR AR o SR T A Ak e T R
A 2R yekt, ] LATE o 22 R 2 2 i A5 AG:
AR K, (H2, AN DR R 5 i 4 iy
JEEP KRBV A, MR E 5T, BRICLIAN,
B IRNTUY 23 A2 AT ARSI P S AR B8t P 2% 2 01 5 Py 1
hm AR RO, H RIS R 25t SRR AU .
1.1.4 MERFISH

JT v RKEIIRZE, 20154F, ChenZ§ ' JF &
T — M2k 2 E R A SO TR L 4R R
(multiplexed error-robust FISH, MERFISH) ) 7
%o ZITRAIH R S0, FERIN B 226 A~
K EE R IEAT S IE,, HAT SRS 1R N 24
iF, AP T — DA . BRILLISE, 205k
WA TAEME . WP A gk, ik
TN 2R 240 Jf KT Fb RN () 9% D1 B50RN 23 8] 58 7 o
Moffitt % 7 38 i3 X MERFISH 3 17— & 81| it iF
A 45 1 Ak 22 2 AU O 11 ok L BRIE S 48
smFISH A8 Z [ 2615 5, 38 hn G B il
Mg, mad X sesett, 75— 18 hryil &
RN T 2235 40 000N 4HIffL ' BRIKELSS, Wang
25 0V g1 ke T —Fh 45 4 MERFISH F19 & 1. 4 B2
(expansion microscopy) M7k, ¥ RHEL T L
R KANEB T2 RIS, & 7 n]
() RNA (1) L% B, (AR A80cR 3 il 1A%, o
H ol B T4, nl i s pl s st i
PIRTEY 106520 b, IF H AT 59 9 b H RS G .
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Fig. 1 The principle of spatial transcriptome technologies based on in situ hybridization
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(a) smFISH: i 2RIt %G 720 bp i SEAZ T IR G PR ZUR AN 5 R8P mRNAMF TR 2438 . (b) SRMES B ALARIL: MY
PEAF BT I HEIN A R X G A, BINELT . 8% PR AR S 5. 2007 5 AR FE AR, (o) P28 :
g Zessid A, I — A bRie AT B — SR T RS 45 B R NG SRS AT UG, 225 HIDNAGAL 3 X B 24 52 [ A 22 A (10 45 A 7

B, PR SRAS SRR PO RO IC AR RIHRE 2452

XS HE R R R T MERFISH A i ok 1 4 4 2% 1)
AT

BT 2, smFISH R HAT A vkl i A T4
2P 7 MRS RS TR A L PR ekl i . 2SR
L AR R FH T 240 R S BT PR AR A 5T 20 R i
YL LT AN M SE R ek BT 2, 3 N FH - — g
BN | 55 T BT LR ORI £ A5 A A ST
FE 2 RO AR A E A Y R RO AN A7
FrFR e AR FHACRAY , 3O iR T8t
Z RN H KHSOEHEm . i H S 2 PR
BTN, A1Z0T5 S AR BE s, [R) A S i
Bl 75 2 2052 R B B i 4 . Moffitt % = JF
KT — M REAR A S9 5 /Y smFISH )77, smFISH
SIS ERAE R P S A EEOR A 5 IERNA
AR (BN ERERESs & 10Tk
1) S SR TE T3 K5 RNA 4314l 12 76 A 1T I ik 6 58
(R N i N 7 N A (O | A A
(R FRIIR RS ) o BRI DAE AR/ N BT B i
VK F FAd ] MERFISH J7 75 %) 130 Ff RNA #EFT
R, AR RS FAER , T KRR T
BURRF AT S TGS, ARSI M HULEE 21

A RNA TR
12 ET S RBENF
sequencing) BJZ BEIFERAF A
1.2.1 LCM-RNA-seqfi K

1996 4, Emmert 55 JF % T HOGAH 3R .43
) E| £ R (laser capture microdissection, LCM) ,
BRI DIAER B 25 Al BAS S A ATHE T, nldilf
H M) rbebRe s R A AR H AR i >, e
B T AR . 2R R IR ZH 2]
R TR RIS T B A A |, IR &
MY ESS, FEREE T AT T T A )
. BOCIRIA S0k, WO 2 PR E 09 4 R
Wio R VEARAS A2 A AT LA AT R DR Ak 1Y o
B, Z5E RS B P R (Bl2a), Xk
%) 35 PR 2 TR T R AT AR AT 20 o B AR 433 1) 4t
ARIE TG QUM SR . R R VR SRR JR Ak
[ A A B L R 245

HATEE T RO R MR R 2 R R HER, &
T ARR DR A, HRRgRn k. 2016
4, Peng %5 7 i i A S04k LCM I PR 40 ity s
SEAMF (single cell RNA-seq) FEA, T —

(high—throughput
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FRREfEHT /D AL sk A5 S, RO B 40 i A
LB B . T LCM 43 IX gk, Al LAAS-3)
/NERMEIG E7.0 B A SR AAA5 B, DL R A A XA
(bR s TR, sk B AR AR S R AR Sy S I 4 A
(zipcode) 7, HHFHEWIZS B AR, MR AR HIK
TR RIR AR Bt SR NG B R B

I, Moor 5§ 8 I I THOE WA &I 0 25
(1) 27t 57 20 2 AR ARAT 2 21 25 1] DX SR S 1k g s s
BRI, 3 e A s B R A TR B0 2 SR 2 AR e o
BN ZS B, FRAT S o3 HE R A0 2 [a) i S LA
Bo AT IO B A BB AR NN SRR
HREN TR 2 1] 5 A4~ 45 (] BE iy DRt T o0, 2 il
AR DI b e AT T S BT o At fi ]38
1 25 R TR B XS g Lz At b e
FE, AT AR ZS R R A A, IR FH X S A AR
FEELZRME B BNBEE RN X, 1207
A A S B 1723 (8] B2 A sk 2 Ao AR 31 2
DRSS IR (1) AN 2R A

H A5 T-HO6 B ) H1 09 25 A s H EOR B 7
A . KRB W DL RS IR A YA 5
TR IR IEH o 38RO 03R4 40
YRR ZS (B, ARIEATFSE B R 23k i) 240 B A 2
ARSI Y S, 38— e e SR Y,

(a) LCM-RNA-seq

(b) HDST Al Slide-seq

HAPD)

REIRT R O RER AR R B RIAE R, HEEL
RBN AT ARG Y) R SE R S o Bl DU T AR A T
%, %5 T i 5 1) 2 s A B A AR v i Pk
#rit.
1.2.2 HDST#ISlide-Seq

2019 4F Vickovic &5 0 it 11 73 B 2 6] e 5%
21 (high-definition spatial transcriptomics, HDST)
WP 7k, fE 2 i R 2] 2.05 pm (YK
INFL, B EAR N 2 um O RE R REER 3 B 21X SE L,
3 o 7 B 2R 2 T T A FEAE barcode JE A DA K %
A — 4> F PR IR 4T (unique molecular identifiers,
UMIs) Flpoly-dT (YZERZ AT RREE, A HRNT A
YA AT mRNA $E47 S 5%, ISR T SCRER g A
FUAFF . [Al—m, Rodriques 45 ! A H] 1 240
(¥ Slide-Seq 773 , %77 % 14l E Ml barcode & 1fii (1
BERHR10 um BEBRAE 35 B R (REEKR IR A AN R
] UMIs DA & poly-dT) , 4 3K 47 poly (A) & 1
mRNA, PEAT cDNA & R @& EM Ry (K 2b), X
PR 1053 o 285 0 e e A G A 3, R AT LR
SR R IR O AT Ak b b X 31 IR R g ZH 200
REEER R ZE R, Ea KPR, (HHA
TE— 7 OB A 3R 2 (TR B X 1] 9 o 40 it 21 70 g 155
O, BREERAIRRACRAA A e -

Fig. 2 The principles of space transcriptome technologies based on high—throughput sequencing
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(a) LCM-RNA-seq: KRS WG 745 SR 2 O BERS B h b, e (s AR K B 7 AU T T At AT O L U & Ry
e, WAL LR I AN RE S AT R, X3 PR A0 M P R LA SR 1 AT AT . (b) HDSTAHISlide-seq: AL M 76 i Bk A8 585 11 3
R b, REERATR 2 UMIs fpoly-d TR A RO A & A0 M mRNASEA TG 55k, 2 S WOHEREER T A 7 SO R A ) 2L I )Y

10x Genomics Visium?%s [B]%% s 2H I 55 A
2019 4, 10x Genomics 23 FI#EH T Visium %5
[IEESRALEOAR , 458 W HOBIR BRI RNA I 47
AR, Bt 5 A Y] R 5 AR TR A3 6] A7 20 M
mRNA R E AL A o FIH Visium £ AR, AT LA

1.2.3

ML L] 7 A5 oot i i s AL e, P
BT DA B AR LE B RIS 2H 2 B 4 2 A
LHEFENFIRRZR, AT T R A=Y
REW . FET IR, WA GUETT R T RS AT
WFENF IR HIE AR AR, AT LAE—A AR
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H 2Z 8 58 ORI b U0 7 0 - e S

Visium £ A 19 B FIFH 206 poly (A) #1245 [H]
barcode Fr iC 1Y 2 3% R, S5 7 Al 2R %F 1 40 Y
mRNA H- HEA7 [ i 5%, i ik v i 2 ) 25 6 IR
(1) barcode {5 5., il 52 222 ZURE i i) 25 o] SE R 3=
ISENE . IZEAR I — 5k 3% AT 40 4 2
YR, Bl 7 W7EBA 5 000 423 [Al4f 4 X 5
OE=%7 3l W s e CTE NP AR D X IR ey
A poly-dT WAL T IR EE, X SESEA% 1 W v] LS
R mRNA, A% IR B 1% B2 A ME— R 40 AR R4
UMI (314{mRNA /¥ ) Fibarcode (%> barcode
X R S AR AR X ) o g A ) X AR R
55 um, ATRUGIE] 1~10 /N4 >, Visium £ A&
MR E R B SR A T UK T e, WG E 2k
AR DX S ) AR TR ) [ 22 G R AR X )
R Tt ARG XU R i TiEAL, B mRNA,
L5 78 (] X3 A poly-dT J7 41 5 | sk A 145
G, RIEA M CDNA, ZJ5, WhA-as i) X
JE B cDNA G I [, AT e 2 SCRE R DL K
Wy, i E e o AT A RO AT R4S 40 i A 4L 2
()23 [l B i e A R R PR SR O

2019 4, Maniatis & % fii il 10x Genomics
Visium 75 [ 7% sk HE AR, B 5% L ZE 40 0 & A Ak
(amyotrophic lateral sclerosis, ALS) #if/NER LK
ALS B H LG EREH L ALK Rik . ALS Y
FESLE Tz s 2 eiR A B i B LR 28 3 e 2k
P, AHUEXT SE B A BB A b oy A AR SRR S
NG 475 88 1 22 EE D o 3% A1 B 3E 3 10x Genomics
Visium 75 [H] % SR 20 HOR FRAE T HIAR {5 5 £ 2 Fh 4l
MUZEAY | FREX BRI BN B )12, AR
PI I Saa R R L T 1

235 [ S LB BE T L T/ N RO &2
ZRMEEI SUIRE R R . RNy 2s a4y 5 1)
AE B ARG, BF9E K 1 23 [R) 45 44 A Bl 1 S 4
MR T . PSR P S R 2R PR
R o 2020 4F , Maynard % P B Ok i H 10x
Genomics Visium $ ARG 1 AT FMIU A 45 - Bz
JZ (dorsolateral prefrontal cortex, DLPFC) %5 [H]
SR FRIBEE . R A L= A Z54, DLPFC
A LAs A 6)2 (L1~L6), Maynard 5531 Visium 4%
ARAGE T DLPFC % [H] H 5 Rk K3, L TRZ
IR S 7R . H AT e B 3 s AR EL s
Z3 ) oy SRR A AR IC FE I, £ 4% HPCALL (L2) |
KRT17(L6)F1 TRABD2A(LS), iX&FE AT A

FR I B RNA I 1453 23 1 R o

10x Genomics Visium 7% [H] % 5% 2 I /5 ] DL X}
PR AT T A AT, SALW) R TE Sk 45
G, AR AMAER E S AL E LAY 1)
HEo T — LW DO GHRIC AT 10 Genomics
Visium £ RS54k, T LA AR 1 5 A ) Fn g A~
SRy MTARSE &, FEAS VB R IR R Sk 4 iR
SPHEE
1.3 ETFRAMANFHZEERARAR
1.3.1 R (ISS)

2013 4F, Ke % 7 R T IRALI T (in situ
sequencing, I1SS) 7k, %7 iAE F & RYZH 4 k40
Ji rP Je ¥ mRNA 7 J5U0 3% 5 5% i cDNA, JR )5
RNA Jifj H fifi cDNA |- i) RNA BEF#A , PR 1 Al
%t (padlock probe) 5 cDNA 7428, M T4 AR
2 A BT, AT LAGE i3 DNA 54 R DNA #4248
WA L — e33R, FROM “DNABR”, 18
HIRFFY 1S (rolling-circle amplification, RCA) J&
BRI =) (rolling-circle product, RCP) (/& 3a).
ZJa, TEREE T WSO G AR 1 SEA% PR A%
5L, AR TEHAT T MER AT,
ZHTHIRE ppUE T, HEEEEE . IR . MR
WBERIAT T —DEZF RN, H2ILMER
SERG (E13b) o 3 ik GRS BT AR A5 e B 5 of 52
PRI (K 3¢) . d8Uhnl B SR A 5
G R A DL Y JRUECR OC, FASSEG R
n AW JE BT S PSR TR P 40 2505, 44
DGR 4 AP R (A5 2] 4 IR K 7
1), AT LGS 4* = 256 AR RS PN A0S . BR
UELASE, ISS E IR SZHL T %/ RNA B i 21457
M .

FIFZEEAR, Keds 7 X NEFLIEAH S0
W ZARA AT T RO, e T IR R
BERAE . 2014 4F, Pacureanu & B Jf & T —Fh At
TG, B SUERZOEIERIC, &g
LR B RCP A= SRR E I B (6 1, T DG JE A ik
5, I YR FIUE G R i 9t i U SR
AN [R)AE VT 9 RIS, T % 4 B A2l 2 ) R
RNA 5 BT . AATTx 34> HER2 PR3 fif v
IR Y] 64T T 5 RNA IR FE AL
B, I R X o g 5l e 2 Rl A SRR

ISSifi H TR A5 M L 2 s dn ffd, & nl LAXS
FASRNA G F#AT I, i, MR e 2
M A=A ORI, AR A S T A
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(b)
mRNA () ® ® ®
@ |- 0| 0 |- ()
© e (C T (CING) (A TG
cDNA

................... TE¥E 1 1E¥E 2 TEIR 3 TEH 4
SR Barcode (©

) W QOE® —
cDNA R 2 m - JE[H 2
1 s NG — %W
BIRH) 4 m - JE[A 4

WY
BIRFE) n m — M n

Fig.3 The principle of in situ sequencing

B3 FRE R AL R

(a) mRNATEF ;5K cDNA, SR 5T RNAB M RNARE A, it 80 e 5 cDNAZSS, REM ARG Z I B, Ml DNAR S
DNAZ % A LU B AR E B i — A58 R, 2 Rl i 7RI 1 (RCA) BRI =4 (RCP). (b) 7ERHMEE N MBS G B A 5 4%

I
HRAE,

HEARTR A AME sk B SR, 1SS Y R HSET
— RIS T RE UM B A RNA B /b, HAR Y
BAERE AT RE S A KB R R w2, RIHSS
A TEGR I, BT U SR RNA B, (H
TS PR BUG R, HLAEm o HER 0
AR A BEMS WERARASFIEXT 5 B, A R EIR
A E/ T INE S N O O NEIEE B T S VAN SO £ 915 48
1.3.2 5O (FISSEQ)

ISSHARH, Pi=EREFT g2 A K R
FesE i 22, T LTSS H AT A R T A Wl 1 e ik
ORI . BT XX SB[ RT, 2015 4F, Lee 55 ™ JF
KT 9SEIEAY (fluorescence in situ sequencing,
FISSEQ) A, FIHFEHLS ARG W AE [ 4 i
H g S RNA, SR 538 53 cDNA By PRE LR AL [i)
T ARG F SCRE o % ke — 2 T Ry
FORBREINE 5, e DR 2 Y T ) B P G A
FiE, fufGRN ik, RNA BT REAEE S 1814,
[FIEHOREE T e A E R E .

FISSEQ F A B Je 4 24 i [ e fE 48 v |, 4R
Ja R AT S . W SRR, R B B I RNA
i LA By 1k HG 5 4 1 40 o) U E DNA BF Ak 3 42 il
(CircLigase) ., cDNA F B¢ 7F 60°C ¥4k, CircLigase
PG 1Y cDNA 4k, Z Rl TR Y 1Y

TEFAT T —MEIRZAT, ZZATIRET oh e T, MBI . & . e SRR T — DS R, B 2L
TEERSEML . () ST EMRIIAT I ARAF A ALY , LA IS T o

(rolling-circle amplification, RCA), #%:1~ cDNA
Y38 N & 24 )5 i cDNA J7 51 IR 35774
(RCP) (F4), izt 7E58 k- MEFGIAZSG
PR, R T cDNA BE RS kA 0RIE, SR 5 R
TR . 25 st hn s, BT T —1 18
R FISSEQ 7 A & 2N Mu i B/ E 2 50 i iF 5%

55 mRNA
s |

cDNA
cDNA

CircLigase

@)Circugase —_ @
cDNA NP
" RN Y
1 2

Fig. 4 The principle of rolling—circle amplification in

FISSEQ
B4 BRGNP BRIy SRR
12 JRALHEAT IO S, Z R B RNARESAT , cDNAF BETE60°CHL,
CircLigasef L5 HIcDNAZEIERR K . 2. #ATRIAT 1 (RCA),
K 5> cDNAFRER ALY £ 75 24> Il cDNA FF 91 Y R 357 1)
(RCP), TESELNIEIRTIATOCHRAE, X BL T 1% cDNAE 1 55 k1>
Bl
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NG, SCEEA RN AT LATE 14 d NS, IR
X AL FRAE ) Y SR ALAR, R T R 29 H
247,

FISSEQ Hit RBYILIAAE T, XF T L REH B A %
FAS, HOR SRR AN RNA-seq 19 105 L |
FISSEQ J5 ¥ 4 Jay BR M7 T 2k 45 1) 4k A e /b
RNA-seq, %1~ Hi {31527 200 1~ mRNA J Bz,
M A 41 Jitd RNA-seq W] £ 47 40 000 i~ mRNA H B
OT B PR AR, RO Fe#) £ Bk T rRNA, B
rRNA 332 5047 7 652 21 40%~80%. B itk LA,
RCP R/ 32 BR i 451> 40 B BT RE A 31 A9 12 %,
MR 720715 B RAGE . FISSEQ JLik4R it
AN RNA SRR B, S BRI FERH
FAR

FISSEQ $i A HI TR Z 4 77 4il s fgH 21
FEIRES CBLAG A S T) R ke bl R ), wiE T
RERIRNG . B 2R T A0 M AR E AL
FISSEQ il /745 21 19 554> read 3545 45 [A] Ak b, AL
T3 A e s AT IR A 0 A 6 90 . FISSEQ AR
i DL BAIREBOREE &, SRS IR SR 5
I RNABRER o BRILLISM, FISSEQ A AT LR HA>
AR SRAEATIN R B
1.3.3 STARmap#i K

2018 4, Wang % JF & T STARmap
(spatially-resolved  transcript amplicon readout
mapping) 75, BEKEEIE 0L 2 T iR AL
M FFARgs G, I T oe B AZH 4. STARmap 4%
RESCEBRHA PR E AR, K25
3D KBEME, FEMABET 5, #H 8RS
cDNA %55, JEATERIEY 1, JEAL “DNABK”, X
— b AR 2 T AL R B YRS o H R EA TR
1%, WG —%e 5 18 60% B BERE K FREF L 21K
BECH e ok, TR T —ME, AT SEELS
SEELLH 2 3D AT
14 ETFRERIMNCHTEFEREARA
14.1 TIVA

ERJLER M SR, HEXNHA TV
h, MHA B, ICE RS 5 5 B4 i ) ik
FIBE R, AT EMELUA A A b o)
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Advances in Spatial Transcriptome Technologies
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(School of Biomedical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract Spatial transcriptome technologies aim to quantitatively measure the gene expression of cells and
provide information on the specific location of cells in tissue space. Compared with traditional transcriptome
technologies, the spatial transcriptome technologies can obtain the true gene expression characteristics of cells in
the tissue in physiological environment and its relationship with the microenvironment, further advancing the
understanding of cell characteristics in normal and pathological states. In recent years, significant progress has
been made in the development of spatial transcriptome technologies. The cell throughput, detected quantity and
quality of transcripts have been continuously improved, and the spatial location information has become more
accurate and comprehensive. This paper reviews the development and applications of spatial transcriptome
technologies, which were classified into 4 major categories based on in situ hybridization, high-throughput
sequencing, in situ sequencing, and live cell barcodes, respectively. Each of them has its advantages and
disadvantages so that should be applied in different situations, and it is foreseeable that these spatial transcriptome
technologies will continue to be improved, including preventing RNA degradation, improving detection
throughput and efficiency, reducing costs, and obtaining complete spatial single-cell transcriptomes. At the same
time, based on the acquisition of cell spatial information, future spatial transcriptome technologies will be
combined with the dimension of time, further improve the level of transcriptome research from the perspective of
spatiotemporal transcriptome, and continuously deepen the understanding of the true characteristics of tissue cells,
so as to advance the understanding of developmental processes, cancer and other malignant diseases and the

development of new treatments.
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