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ANRBRETT ) () A — o RO AT LA, B 7T 1
iok A I Bt s i R S A SR il AN T S LAE 7 mRNA
(messenger RNA)RIAWKEE T, Fa7E KT & bR 1
cDNA(complementary DNA); & CFEY B FE AR
1k, JEHIEB#K T PCR(polymerase chain reaction)S5:2(
P 3G fer, $&TH 1 SCEER R — 1. I AR RBIE
7 scRNA-seqf 417 1E, 4 f5 BiscRNA-seq AR &
FEBEE T A FHscRNA-seqH, W #H 2 K 4rik
P i 3] R R R AT BB IS N S I AT G R AL A, B
an AW & 4y % B FACS(fluorescence activated cell sort-
ing) 177 .. Smart-seq(switching mechanism at 5" end of
RNA template sequencing)®i i #5 45 2% A5 (1) 51 # 5%t
PR R AT FR S ST S B e S i AR AL S
1 Smart-seq2 7 i % s 1L R P A T B B 45 51 4
(template switching oligo, TSO), #&Ft T R FE R ALK,
EIX—iTFEH, W7 EFFIM-MLV(moloney murine
leukemia virus reverse transcriptase)/ #% s HE/E FIIA
mRNA 5% 2 2 e A7 = e (CCO) S5 R IR 4,
Wit T & A 3 ERE S (rGrGrG) I TSO#: 3k 5 H 45
GIFEAH, FEAMOI LR LN 78 cDNA 5
s Sk, MTIEREC T KA. th4h, Smart-
seq 23 {4 FH i S DA B A8 BE S e s i) 07 AR &
cDNAY IR, Hah & ToSie BERG R FEL], S2I
TOCPER IR AR B SE B T A, ek e PCRIEHLY 1Y
2385 R = B A 45 SR AT R2 M, meSCRB-seq
(single-cell RNA barcoding and sequencing)“/fE 5|4
5| X\ 7 UMI(unique molecular identifier) ¥4, &5
IEmRNAZ TR T ME—ARAE, MR 4 73 A A 2%
EBRPCREE, IREKRISEMEMM. scRNA-seq L5
AT FACSH A E A FR, HX 7 1K B
5ot B R, AT B A B, 2T
VEIE FH TR D SR SR SR 04/ NS 7.
FEANTEAEAS I RO I RTHE T, PR I & A
PGV FER, RN RS T — RIS &
(B I R e AR, 1 UnCytoSeq”, Seq-Well ' FlIMi-
crowell-Seq(microwell-based single-cell RNA sequen-
cing)! 74, X Be R AR A FaE MR B RHE AT
— AN R N AL I 21 S B 0 i 2 ) ) ) R
B A, I RS 5 LR ZRS B UL I ) S T 1k
BR, mRch e R Mg A R . X R TTIR AL A AE
TR B, AL T B /i 4. SR,

1088

H B 1) R BRSO B, 40, AR 240 f 28 30 75 L
BEAS R RST AL, (AR REBRI SR 802 . 4R TR
R R FRATH R Wi AR S R i B

Rt — BT E 2 I FRKRUA, Drop-seq(droplet-
based single-cell RNA sequencing)™ 5inDrop(indexing
droplets)” 25 3 T i 51 & BOA M 2 it A 7K 7V
TR AR R, AR, IR MIER S R SR 56 T
WK v, A4S T BLTR B ST 1 e JBE A AR
XA 7 A e 18 B A 2 4 ) [ B S B 4 i 2 i o
P HARAAE T SOSARF /N XFRTEFEAC, B
MR, AT AR T SEL B3 AN A i R AT
o, TTRMATHSKE . BRI K ek RS
WEFL. 3 — K H [ PIP-seq(particle-templated  in-
stant partition sequencing)!'*JUIS% I FLALIR % B AR
PR R (77 SO OB A, PR B v d SR P R
P& [RS8 S o0 B B B A IO, a3k — B PRAIR 1A
FH T THE RIS RS

JEE AR S iz 1 77 2Tt 7 scRNA-seq .
AR 53 1 PR B 5 RERE,  AEATI IR AH ) i
P& SEETE. TR R, HFRERH
T 4rig-IR A (split-pool ) I 4H g g5 77 20 Sk b=
)24 R 7k S H B Y (split), B I T A AR TG )
S P T cDNA—BEE R, 58 BCER — IR I 240 il 4 i ek
T2 10 )5 40 H IR B (pool), TRA 25 FRK 40 i 43 1
TEMAL A R AT cDNASE 85 A Ak, A A AN A Y
ST A M3k AT 28 R0 w8 2R RTRS SN
77, AR — DA A MRS 5
3 7 NSPLiT-seq(split pool ligation-based single-
cell transcriptome sequencing)'!), sci-RNA-seq(single-
cell combinatorial indexing RNA sequencing)!' 2L }sci-
RNA-seq3!1%%.

Bl FOR AN WE I, 20 g A5 SRR 5 AN [R) 8 %
HARAMALE. #1U, RevGel-seq(reverse emulsion gel-
based single-cell RNA sequencing)!" i i 7Kk e i 4 3
b B Bl ffl, TR % A KscRNA-seqf B 5 R T2
RG R IE, HE— SRR BTG, scifi-RNA-seq
(single-cell combinatorial fluidic indexing RNA sequen-
cing) Moy TR A HEE SRR Bl A, I E &
BEE K, FNRFEACRA, Nl mEER
scRNA-seqfff L4 it A A HIHARF-BL.

TEscRNA-seqH?, Il 7 Hiahs i R Al 12 AN A T
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Fatf R4 g 6 AR, e AAME B RIHERT . = RERI
[FIRE 2 DG B B AR X e SR AR AN () X 43 4 3K 77 =X,
SCRINA-seq SC 4 S SIS R BUAT 70 93 3w/ + - 59w
Mpp 52K AN F =25, Horb, 3/5mil 5 H R
Drop-seq®!, inDrop!, STRT-seq(single-cell tagged
reverse transcription sequencing)!'%%%, B i FE
s T R R RS L HESRBORIE R A
A AR foligo(dT) I 51 M ZRmRNA 3%, ££
S I AR B TR 58 A PR g b AR 5 Sl e 7 2
fHEC1 CAGE(C1 single-cell cap analysis of gene
expression)'”!, scBCR-seq(single cell B cell receptor
sequencing)!'®!, FIPRESCI(fluorescence imaging-based

jarallel RNA and epitope single-cell identification)!"”’

&, BERTTEREW IR B I I mRNA 54t &
TR B X T SR, S 7y 2ot S
He VAR 55 A e MV R A s, TS Y B AR X
BUN, AR AN T )5 U PLSmart-seq & 51 94X
®, ERNR BN f A B TR T, (HHANRE
K poly(A) FImRNA F H. 75 B2 45 & i & [IRNA. A
R poly(A) M I Ity K A4 iy b5 e e AR SRR SRy B, A
REMM T ETENSI R SCERET A, W
SUPeR-seq(single-cell universal poly(A)-independent
RNA sequencing)®”, snRandom-seq(droplet-based
snRNA sequencing technology)? fllsnHH-seq(high-
throughput and high-sensitivity single-nucleus total
RNA sequencing)™!. X264 R A H 78 £ FIRNAZSY
[FJ I 2R T s I B9 20% . MATQ-seq(multiple an-
nealing and dC-tailing-based quantitative single-cell

RNA-seq) )it — 5 El & BENL 51 ¥ Soligo(dT) 514, IF

25 &5 MALBAC(multiple annealing and looping-based

amplification cycles)ZePEH 3877, FEIRAFHRAZ
FEPER RIS, A 2B T PCRAT P2 A (1 R 9 1,
WG T S EE S — . RamDA-seq(random displace-
ment amplification sequencing)*3if i ¥ 145 5 1% 1
“HEREAL P>, BE A EEmRNA L 22 i 5 25 74 [X 35,
UL 10 kb KA AN TRy 1, &H THER
RNAZERBETE. BeAh, T 8R4 2% 52 1 3 & 4
snPATHO-seq(single-cell pathology sequencing)®®! &
FERS € N (Ao BERE A s A 05, (HHAEE #E
Bl 5 ES — 8 mA KBS R AR. £
scRNA-seq 3 E I FEH, BEEcCDNA 3% 55

T MU B U) s Bg ) 7 AT W, #il a0, CEL-Seq(cell
encapsulation sequencing)®®, CEL-seq2?”’ 5MARS-
seq(multiplexed amplification and restriction-based
sequencing) R FIT7 RNAR &I T KR SN 7 55
W, DAZRVES HIPR m R . IRk, {8 H TS % P i
HA%EAF T cDNA/mRNAZ S5 73, WISHERRY
(sequential hybridization enabled RNA recovery and
sequencing)?”, T 7E 5 BcDNA—HE A BE B2,
BERACRAEI ST 1 R UL,

B4 scRNA-seq AR B H# ek, BF 7L B RVE
RTINS S 2 4 e 2 3 e s A R O e A DA
K AEEZ RZ G pE A YE. 1, scGRO-seq(single-
cell genome-wide RNA orientation sequencing)”" /£ 4]
20 5 5l AARICYEARZ B (U Br-UTP)BEAT AR S M E A
Bz, AARICAL TG R SRS IIRNAZE S 1, i 4
T ERNAE A, NASC-seq(new transcriptome alky-
lation-dependent single-cell RNA sequencing)® il it #¢
TR NI 4sURR LI i 138 e oA dar
D) REE S HERA . BE— Db, BE I T AR TR0 s
SZTHIMRS, S5 7E S i RURE b Sz ox i A2
[IfEHT. scRibo-seq(single-cell ribosome sequencing)*”
I 25 A LR B VAL OR3P ANRNASCEE R 2 DA K T
B EFESEDR, BENMUEREG NP RN, B35
S 1 O AR ORI R BRI AT fR 1,
T SEI 1 B0 gm0 R DX 2 A2 5 4. Ribo-
lite(low-input  Ribo-seq)™**! U 51 X Tn i 4 B i S 14
S, I T AN B AR ORE A AR DU 1 S B R,
EILN /) A Rl PE=: 4R ik = o b W Ry S Lk 411 0)
J2 THT B PR P TSR A TR B SR B AR BT
LA

FRBCT AR M, 4 R A ol A 0 e A i RS
/N, RNAKE D HEEZ poly(A)EAFAERY, 4xfix ik
Phik, BaSiC-RNA-seq(bacterial single-cell RNA se-

1331 PETRI-seq(prokaryotic expression profil-

quencing)
ing by tagging RNA in situ and sequencing)®®®), ProBac-
seq(probe-based bacterial sequencing)m], smRandom-
seq(droplet-based high-throughput single-microbe
RNA-seq assay) X £ERA 32 K A 2 FR RS a2 )
T e AL PTG, AT AZERAFRNA SRR R AT i3
BN EE, CE e AR SRR 1 77 AU AU RNA
BT, (RIS BEAL S A FH AT LA 3R K 2 AR poly(A)HF
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PERNA T, AT SEEL T 40 56 B4 A= 420 () 54 Je )
25 L FTIR, scRNA-seqBi A L 4] AR &
W& R & BN T 1, KIB N Z R, il
. BN 2R ERNAREERRERD). KK
PR BT MG R e R T EERT . MR, JE
poly(A) RNARG I J& i sk 245 5 B v i RE I e b, #E3h
HIEZHEMREH ) ZNHSRERER

F 1 R RANTFEAR
Table 1 Catalog of single-cell RNA-seq

2 ORI P A P B

RUWHEFHOFEDNAF AL . et 5] Jo 4k
LR B LA e = S DR 4 5 55 22 Fo 2 T PR T A2 L
), PRGN PR P A T LR SRR
i, RMIENANETIEE AR FRIEE, 4
FrAE 195 LA KA T4 UL S5 R 0 R, e

HARLK L) onioRll EIERPRE- LRl pR & HEH
CytoSeq 1000~2000 HT A4 3L F AN Y
Seq-Well
Microwell-Seq 1000~2000 HOTA~ 2 3L AP
Drop-seq 1000~2500 BT %0542 3G A
RevGel-seq 1000~3000 A4 3 F AN Y
InDrop 1000~4000 HO3A- 4 3L F AN T
PIP-seq
SPLiT-seq 1000~7000 B+ A4 3R AN
sci-RNA-seq 1000~6000 ORI 3N
STRT-seq 3000~7000 250 A i 3L F AN T
SC,I-RNA'Se(ﬁ 5000~8000 B FA 3EEFANT
scifi-RNA-seq
C1 CAGE 3000~5000 HE A4 5L F AN T
FIPRESCI 2000~5000 HH Al ST AN T
scBCR-seq I et
B ) 1000~5000 R4 5 F AN 7
Tong” 2009, Smart-seq 2000-5000 Ry S KA
CEL-Seq
Smart-seq2
mcSCRB-seq 3500~9000 LAQER )l ERFEF AN
SUPeR-seq
MATQ-seq 6000~10000 HEA AN KR AN
MARS-seq, SHERRY 1000~3000 T4 KR AN
CEL-seq2 3000~5000 T A4 A I A T
RamDA-seq 7000~12000 T A4 i A I A T
snRandom-seq
snHH-seq 3000~6000 BT RETIA-A LRI S AT
snPATHO-seq
NASC-seq 2000~4000 HE A4 A RNAK
scGRO-seq 1000~3000 HT A4 A RNAK
scRibo-seq, Ribo-lite 1000~3000 T4 THPE LI P
BaSiC-RNA-seq
PETRI-seq 1000~3500 T4 A B A
ProBac-seq
smRandom-seq 2000~6000 B+ A4 T e S A

1090



hERE: AaRE 202544 55 FHeM

PR > R T HER IR BOX L8 (5 5, O
P SR R A LA PR O B e L. LRI AU R T —
& 7 (one-tube) S 46 HEME, 8 1 U/ B M AL (0 TR,
BEEAL R LR B T S B RO R R A e, SE AR T D
BEH RN RIS S BRI IS, B
G R S UL K TS 5 JRE M PR A P, P 240 2 L 2 AT 241
RN 7 AW RE, RN T 2P B4R i R RS (K]
20 Fhs 7y 2K

2.1 RZIDNA R AL P E A

DNA AL & B R g ihr e —, &
i 8 M P g 55 S S5 T RS- R R % E (5-methy -
cytosine, SmC). 5mC = % & £ 1 5 3)) 1 X 5k, HH &4k
REF GRS UTREHZ DA, R A8 3=
AR AT T 12 S A A Y R A P i s g 2 A Oy R s
WE. SRIIX — I FE 2 18 DN A BF il 5 B0 I RCRAIK.
N e ARIX —HERR, TN AL T AR R R A A B
Je FE L PBAT (post-bisulfite adaptor tagging)
DT A SR G T R R R R N R R Sk B
WEE ety R R ARG I RS A ) i . ARERME DTV, lseBS-
seq(single-cell bisulfite sequencing) ™ it 7 VA% FR &L
HITHWIDNA G BT Z 541, JFAE3 I in_ Bl ik,
SR T EAH B AR 4 Ak DR A TR A A . SR 2 A
Wk T REGI BT30S i B H v
ik, NP X—id 2, snmC-seq(single nucleus
methylated cytosine sequencing)**5snmC-seq2! i —
5 NBENL TP CA AT e te g 1 77 =X, BRI 514
TR HER S A RSO, REntk, PBAT
RANVTTIEIEH T SRR P, SR T A
. NIRRT S AR, PR ERRE T ETR
il P D7) 5 R R R e 45 45 & (I RRBS(reduced  repre-
sentation bisulfite sequencing) K ms!*%), 7 I Al b3 i
— & LI IR RE 2 37 fscRRBS(single-cell reduced re-
presentation bisulfite sequencing)!*’ 8/ T DNA#E#71
KL, 5 42 QRRBS(quantitative RRBS) @i 5|
AUMIFRICHLH] 6 T 4 3 fERf 4. MscRRBS(multi-
plexed single-cell reduced representation bisulfite se-
quencing)*’ 5scTAM-seq(single-cell targeted analysis
of the methylome)P"'4k & I 3 Ak BUBRME B ) 5 465
K, FEORFFRR 7 1 1) [ B o — 20 BRI 1 2 AR

97 AR b A Y T R S R AL B A SR (DN A

F%f#, Cabernet(carrier-assisted base-conversion by en-
zymatic reaction with end-tagging)® AR 51 A i &
ily, 120 P LURE 3 1R R HH A0 ) B s g R L e Ak
NPRWERE, T SmCR & A HERBM, Aozl
(KIJEA, AT S R AL 51 [X 4307, Cabernet 52
WL R B 455 T TS e Mg 3EAT A gAY, (R 2
DNA WA R PN T #/ADNA (carrier DNA)
MRS T AT FEH DNARIHFE. Z 5588 T T
I R SH0E e, B2 nT DR AR A
ShmC(5-hydroxymethylcytosine) 1§ /7.

gx b, i R R I B R I A T A
FEARAHE S AR R L TT R R, 3B 5 0 e mT A
(AR 2 1Y b 5 R L7 5 Y Bl (3 2).

2.2 B g AT R R R

et i ] JVE S 1 L i S5 A R T TBORE E, TR
€ TR M9 5 R B T AR o R R
Pk (R R REVE. 200 T s P T A P e € T
RAERIZE R, RS 40 7 Bk ) s L 2 —. A%
G510 e 0 5 ] K MRS I 7 3N, W DNase-seq!?Ek
MNase-seq>** Uik it 41 ] 2 S g D) A 2, R FE A 4
M VLR AE SR A 2. e 4T s LAE TS 5% JRE 1)
J7RZ M. TS PR AT LIRS B 1R 0 G 0 BT 80X 42k
F1 ) BT S B0 RE R 2L 4T BT DA S P B Sk i 4. B T T
W R A ST A YL R AT R MG 7, WscATAC-seq
(single-cell assay for transposase-accessible chromatin
sequencing) sz A B Ay BT L B € 5 AT R M A T A
W77 2, HAT LGS & 2 Fh i 4y 0 SR, anfiomt i ey
TR A ST, S RS A P Y € AT B A .
NAFHEFE WGBTS 15 5, scNanoATAC-
seq(single-cell assay for transposase-accessible chroma-
tin on Nanopore sequencing platform)™ /i — 5 FfscA-
TAC-seq SAUKALIMFFF G AHE &, BERSE AN K
T LR R I 5 i) TFIRUX S B S A
it b, GG 5 ) A 5316 DA B SRS B 1) 4 L
1577 38 57 I scNanoATAC-seq2!®”, i3k — B 8271 1 ]
J7EHE PR S A . 12O E A>T A A 2k,
AR THRR A5 S AL 5 2 (A e AL RE J1, PR gLt 5T
K G, P TTA R S AR S B SRAE T ER
SCHF.

ZE BT, BN G 5T AT SRR IE R A
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%2 HIIHIDNA R LI FEA
Table 2 Catalog of single-cell DNA methylation sequencing

HAR 2 oI R AT 25 5K 0 e i& FHYE
scBS-seq FAAILI100 1 HoE A4 DNAF Ak
scRRBS HAHH100J5~200 )5 HEA DNAH Ak
MscRRBS HANHI 214075 HEAM DNA F Ak
snmC-seq A ZI40 5 HEA DNAH 54k
snmC-seq2 FY1 #1200 /5 ~400 /3 3 EA4R DNA 2k
s o) HAHILI650~1000 ML N DNAFEE(L
Cabernet F££18005~1000 /3 HEBHT R (iﬁfig

B, MORERSZAGERBETTMARGERS). R
i A A KB R L RS HE 40 i 4 5 15 7 TR 2
B, AR JE T AT X SV e, th 0 2 5 T 1 Rk
AT R R AT fE

2.3 UM E GRS A AR R AR
wEHRSREFRNSAEM BT EED. HE
FE B S R (R R 4%, 520 e €8 J5 (1) ] S e i i
DRI eIk e, AR M S5 Jo 1 B T B A5 R RF i R v k4
FOHRAE Y. SR, EARS QRS ER
Wb oy fifibn . (55 mES . SYERIIS AR
HIRM AR i, 3 BULAE S20 7K ~F B I0 T 1
BURTFARBRAR. A% 5E KD 77 AR ChIP-seq(chroma-
tin immunoprecipitation sequencing), % /715 & 4
ACHR FEDZAATIT . Pk o s w4 DL A [R] 5 = A0 1 %
LR AP IR, X R A A R B AR T HL T
T 5, KL ChIP-seq S5 7 Bk R 41 >0,
IFRRAE AR TFE R 2 2 R AR 1) 3, 7T
HH A ST TSTAR ChIP-seq(small-scale TELP-as-
sisted rapid ChIP-seq)*". 1% J7:R ] — 8 :SLI ML,
BT AR AE—ANME T, B KRR LI e Jl A
BIIUCKL, AT FEAR 1 A IR AE. [RIFSTAR ChIP-
seqK FH TELP(tailing extension ligation and PCR)# %
175 3, 7EDNA 3" RN 2 TR (poly-dT)8 % KA
Fe(poly-dA), T4 | B H T, $ v i e R %
i, sSel 7R D 240 (~2000 A A 4L
BRI, 5 2R, Stacc-seq(small-scale Tn5-
assisted chromatin cleavage with sequencing) i@ i ¥t

AT WA A FE KA RIpA/G-To5 FSe 4%, Jf
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K —E XL T, B TR DNAS K [F
T R ERE i /bl i 2o SRS S84 VN
MR, BN AW SEg8 e, itCh-
IP-seq(indexing and tagmentation-based ChIP-seq)!*">K
FH TS %% e g £ $T W7 5 DX A 1) A I 5 e Sk At N, o
R AR GRS N R T B R, Al T RS
AR 1 SO0 MR e B T A I 2E R B A
.

TEAL Gt LLChIP Ny Bt 1) 2H 2 F 2 e ) S5 v
e DR 41 7 R B D) H S BUIRSR A ) 22 -DNA
HEVMR, ERARE S ER. BRI DL
GFelX — A, HHZERACRAR, M HS SN BN R E
F, 3RS B0E RUE 5 PR T e LR 5 e s T
. NTEIRIX —MERR, WAL T R A R TR
AR AZFRIE SR AT 7 R ARG, TR T 4
e B, 16 (-DNAA BRI R ARIRES itk
ITHiRE %, M5 # Hprotein A-MNasefi & 851, Fl
Hprotein A5HiiAFcIX M5 &G ), & A 53
MNaseX 47114 PR 5 DX 30 57 PE D) 8110, e e H AR
scChlIC-seq(single-cell chromatin immunocleavage se-
quencing)®”, uli-CUT&RUN(ultra-low-input cleavage
under targets and release using nuclease)®”), iscChIC-
seq(indexing single-cell immunocleavage sequencing)®®!
&5 IR RORTRE G 1 I SEHK, AE i AT R i AR FE L
LS ER R IR, B 0 AGrll () R 5 HERR PR O
A RERAR T FPH) T S, SRR, B mrIHR
Feprotein A/G5 TnS¥e fEREMRL G, SEIL T Hiik4i &
BRI AT W S ESKIER I FP 8 AT, dE—P 8w 173
PE I —SivE S A R U™, R MR AR WIscCUT&-
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Tag(single-cell cleavage under targets and tagmenta-
tion)"”, ACT-seq(antibody-guided chromatin tagmenta-
tion sequencing)!”"'LL & CoBATCH(combinatorial
barcoding and targeted chromatin release)’”. TACIT
(targeted accessibility and chromatin interaction track-
ing)! I 45 & R w5 — A U s o, it —2
FRTT T UM E S BOROR 5k i v o 2k

ek TR BRI FRE W RO —, HAEGD
Jo R 45 B B O AR A i TR E S D e iR B Ok
YRR, 2R, SAEABMRLE, $a BT EEE KA
4B AL B Mg, HL25 G o LRSS, BRI TR s il Jy
IR BUE AR SR T S R, DS
R R T A A AL aiia i, s fEe G dEn
A I S mE Btk b, BE— B AL T Bk E SRR
P2 LR FTWr R 2 DLRCCEY 1071k, Rl — &
H BAT B 53 D] A W00 R 0 1) S L e R 8,
sciTIP-seq(single-cell combinatorial indexing targeted
insertion of promoters sequencing)!“ZEHUAAIR I H bR
Bria, TARERERNAXEMATIES T, Wk
Hes BB GIPCRY WD YR, LB 1 &5 & XY
LRNEY 8, NI ST I R, %5k &)
W-RE R AN M g i A g, LT il (RE R
PR s K TS A AL AR . SR, FOODIE(foot-
printing with deaminase)!”'J7 i Fi it Bt 40 o 32 [

F3 PG T AT R EOR

ZHDNA I Humsng B3 A0 N RIS NE, fEPCRY HFI—
AW S5 sl g o B g, T e s R 45 A 6 S
M e AN e Ak, T SEIL T % S R TR AL
TR (1) 15 43 AT 12 7 VA BRI s M 7 11 R 2
i 1R B e S R 7 A D e

ZE ERTIR, B4R R B8R 1 -DNAZS A kil
ARIE ) B ol i o vy R BORE RO R A [ R e
(HEABMN ST K E(ERS). Bl dik
ARG . BEDRZH AT W 7 SO T AR R A BT
b, A DB AR AE AR = 5 I e 4G 0 45 5 THD S B T O
EN S

2.4 BAYN L = YR AR U BOR

Gty J5g 7% 1) = 2 25 48] 72 1 455 5 DR 08 1) B S 45 4
Femb, RS IMEICEE MR A/BIX & K Gt Ak A B
VESE 2 )R = Eahiiy. ANIRI4H M 2 8] 78 G £ g 2 [A) 47
SN B ZESR, W3 T MR DIEE 2 R DL R R
(7% 8% Hi-C(high-throughput chromosome confor-
mation capture) A A& 7E 42 2k PR 4H 3 FRIAS I 4 ¢ 5 AH
HAEMR R W 40 A HI-C(single-cell high-
through chromosome conformation capture, scHi-C) A
DTG P A% o Bk S, St it BAE R AR SRS
(] rp R IACAT, W B fE R, 23U S5
B, H AR SN AT R B 2 2 ) AR AR S 1

Table 3 Catalog of single-cell chromatin accessibility sequencing technologies

HAR L AL R A P — I 1 B o i iE A

SCATAC-seq ~5000MU HEA ety o m] St
scNanoATAC-seq 2000~7000™ HT A4 Yuth )iy fe
scNanoATAC-seq2 3000~10000Mé T A4 Yuth )i ] fo

R4 ORAMEA OO SRR

Table 4 Catalog of single-cell protein-chromatin interaction profiling sequence technologies

HAR LK LA AR P — 0 B AR @ & HE
uli-CUT&RUN A0 A4 ESP SN ivEL A
ACT-seq, scChIC-seq 2000~8000/ HHA4HA HAY O EN
iscChIC-seq 1000~40001 BT A4 e SEATEN b A
CoBATCH, TACIT 2000~6000 15 T4 EASP/S N b A
scCUT&Tag BT BHOT A% T4 HAY O En
sciTIP-seq 5000~30000 T4 E B RE T
FOODIE T I FEE G M(FRET)
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Rk, SCER R A JUE B IE8URE, #1241
e B T, Rt EiR Bk, FscHi-C;
ARAEA AL N AT e i S 06 . BRI N DIRGY) . A4
EAMCEDIR, Bl 5 A0 A R A g e 3 B
E AT g, X A A S S
PERVRE SRV, SR, XA AR AR Z R N E R
BALDNA, X REH R A7) A A2 3 2DNA J BUir)
[ISCRCERAR, BRI 7 SRR R FE. N im i R4
W EFEE, snHi-C(single-nucleus Hi-C)PU7EEE 1T
Wi s BT BT, AN T BCE IR, A
T TR R FE R AR A 7 2R O E B A
PEICHE, B2 7 sk A, Dip-C(diploid
chromatin conformation capture)® VG 4% FH &
Z H AU TS i afly, SCI 1 7E D)1 4 51 (1) 7]
W sE ek TIN. XA SR F T EFEE SR
HEexr 2, HHEN 7RI RAR . B T A,
7E 8 &2 T+ J71H, seSPRITE(single-cell split-pool recog-
nition of interactions by tag extension)* 5% ]« i%-&
A g gmAg 7y 2, SEEL TR AN A i e )5
PRI R 3 . R o PR T Ak (R A e £ ot 45 4

==

AN TR T 2 3 DR A ) 4 €0 5T = 44 &5 M4 T H-C X
AR, ChIA-PET(chromatin interaction analysis by paired-
end tag sequencing) ™ YE R 7015 55 i 8 4 A DS I T AE
YR LA RE B R, ZEART LS
R K B, G ChIPE £S5 Hir A4 5 1IDNA K
B, 0 E R E RS A AR I B, 35 e 2 AT Bk
HHELBRMDNARR, HHMmell ] 3k 6 &
“tag-linker-tag” 45 14 (1) U0 AR i bRas, PRS0 Al A 3D
G051 45 1 K e s DR - 45 B A i S D e Ik ELAE R
. IR, HET IR & & R ChIA-Drop(chro-
matin interaction analysis via droplet-based and bar-

code-linked sequencing)*"REME T B 53 k% 5 il M &2

F5ORMEAR OO SRR

Jetu 5t EAR.

i LPTiR, RN G i = 4SS AT TR R
W, PR SRR BRI T 10 R R (3RS). Hh
BRI ACAR MG hS a4 PR e 5N R TR
S, AR 10 EARE B A fE T, th B 2R
TH T X Thme Pk G 5 235 K40 A A e

3 BAMIR S AN PR

A dris e 5 R RS — NS R E R
K SRR A LR, RS E SRR
WBARAB . Fe il MEEh AR e B A A FLAE 55
ZAEH. ARG AL PR B R R E R
T AR 73T AL, (ELHE LI iR 2 4 2 ) AR A LR % 0% A
FERETE 5CF, ey v R L i b 7y B X SeAE 1, S B4
22 2L 25 53 T (R A% 0 R — 15550 St 4t s S £
AR BT AL 0 DX 70 B 20 P R B X 2 B4 4 i
AR AL S

3.1 BRI B A AR

P i R A S BRI B S DNAF B G
] etk Geta g G A =g R AR 2
JE5r TAG R, T A0 SR B TR B R 1 43 B
LR TR TR, Tk, FEESLTT
E SRS I RF S B, BN RS T 2R R
M2 A PR, B S T ARG
RAS BIE B BRI 3R E.

EFXTDNAF A 5 3 s H ) 2 5 5L, seMT-
seq(simultaneous single-cell methylome and transcrip-
tome sequencing)® il i ZERLN A5 T 3h 4 B AN B,
MK 7] — 240 i AU DN A5 mRNA 73 5l 2 B - 4 222
FHRLSCHE, SEIL T B2 i b R B S AE R
HIF 2P 3REN. Smart-RRBS(Smart reduced representation

Table 5 Catalog of single-cell protein-chromatin interaction profiling sequence technologies

FoR AT B A Y R T R oliE 3@ 36
scHi-C BT ISR KM =
Dip-C HTEIC T3 Ko+ =oAL
scSPRITE BT5F T4 = YRR
(ggggg) BT 5 T4 B KT oA
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bisulfite sequencing)®/#t— 5 5 N\ JFU 4 IR il o4 3 1)
B 5 UMIbRIC SN, $-TT 1 0 CpGAL i A7 o 5 5 1
. scTrio-seq2(single-cell triple omics sequen-
cing) SN & 7 IR I . $ DA S AIDNA H 3
WAB S, SIL T B4 Hp = o 2 2 5 A I g — vk
HREUE. FETDNAFIEAGEGRENS VR0 TG ()5 X
SRR, BEREAR I T g 5T St S DNA
SRR AR, AT AL | 2 Fh i 2 4 27 4
A, fFltn, scCOOL-seq(chromatin overall omic-scale
landscape sequencing)’” FlscNOMeRe-seq(single-cell
nucleosome occupancy, methylome and RNA expression
sequencing)’%%. FEE R AWML, HE—b kR
scChaRM-seq(single-cell chromatin accessibility, RNA
barcoding, and DNA methylation sequencing)®*'Fl
snmCAT-seq(single-nucleus methylcytosine, chromatin
accessibility, and transcriptome sequencing)”*/ 454
W75, PILE P2 i b [ B SR EUDNA FH AL 5 et i
FFIRFEE . fEscNMT-seq(single-cell nucleosome, methy-
lation and transcription sequencing)”/t, #F 77 % 73 ) 4k
BDNASRNA: DNA#MRIRZGpC H 2L 72 i b
B, ORI SEE, 23RS CpGHIBAL 5 T
R ] S B RNASK A Smart-seq2 /5 20, S23l
B s LB BRI 12071 SEIL T A6 S I o [R] A0
DNAMFEAL . Geta i ml K1 5 R IR L = AN H R
Tl FRITE .

SRT, T CpG Y FE A B RURS 1 1 AL AL AT,
1M HAE VAR A EL AL P A2 2 S BIDNAFERE, Frbl
ESRTT ARSI G 5 R] B T T BT AR R R A
[A). Tn5%; T A ROR M L ST X B, iz
SN T G5 n] R VEAS U B HERf 1. 3T TnS%e
BERE, Sci-CAR-seq(sci-CAR effectively combines sci-
ATAC sequencing)” i it S FLAR M0 EE g 5 sl i, IF
FEURAN AT T 2R A M 75 3. S0 R vhox Je o
T T8X 3555 FH TS 2 e Bl a3 A7 200 0 B, 38 3o << 30 - VR
707 BN S AUE B AT AN g b, R SEIL Tk G
T X R e s R AR & 0. SR1TTSci-CAR-
seq i A H 22 2 A A X5 9%, 9 1 e IRIZAN [ AL,
SHARE-seq(single-cell high-throughput ATAC and
RNA expression sequencing)’*7EfF] 5 51 N4 2 25 1
RIS R, LI T SRR RS YT
S BRI 8, BRAC 7 A 2 RS 4, 4

&I AR S R U, SNARE-seq(single-nu-
cleus chromatin accessibility and mRNA expression
sequencing)””’ 5ISSAAC-seq(in situ sequencing hetero
RNA-DNA-hybrid after assay for transposase-accessible
chromatin-sequencing)!”* 45 & I 42 B A7 4 i 14 2%,
BE— BN TR TR R,

R AR R P G (o BUIRAS 5 e R R 56
BEALH, &2 HERE AN E EYEE . CoTECH(combina-
torial target enrichment and chromatin hybridization)*”
FPaired-tag(parallel analysis of individual cells for
RNA expression and DNA from targeted tagmentation
by sequencing)!' "l it pA/G-Tn5%E 35 il filg 1) ol 7 1 -
A I N A SN, SKBL T e e 5 R WAL R 4=
SE L 3REL. scSET-seq(single-cell same cell epigen-
ome and transcriptome sequencing)!'*" I 7E 5] — BT Y
P SERUAZ T 73 25, %o} i St 4 5 3 L 6 TR 47 il 2 P2
Hr,  SEPLAE [A] — 540 i rh AR A5 P A 4L 2245 B AR
scPCOR-seq(single-cell profiling of chromatin occu-
pancy and RNAs sequencing)!' " i3 1 Fil pA-MNaselr]
FESEIL T F) — 4R h 2 2 B i S R A e sk LA R
FIRE. W T A T8 IR 2 A AN S5 A5 I pA/G-Tn5
LR EUEDUARTRSE 4%, # 5T T CUT& Tag2forl '),
MulTI-Tag(multiple target identification by tagmenta-
tion)!' " FCoTACIT(combined TACIT)!>1% 5.4 ity £
FheH B et R 2R 77 2. Nano-CUT& Tag(nano-
body-based single-cell CUT&Tag)!'"'4E410x Geno-
micsidt — 4R i 1SRG I R I 2 b 4L 1 B 1
. L5 E A NTT-seq(nanobody-tethered trans-
position followed by sequencing)!'*fluCoTarget(ultra-
high-throughput combined tagmenting enrichment for
multiple epigenetic proteins in the same cells)'"%. iX
B R P S LT A M o TR I A 2 b 4 2R
&4

R4l B B 0BT 4b, ScDam& T-seq(single-cell
DNA adenine methylation and transcription sequen-
cing)“og]ﬂ] EpiDamID(epigenetic DNA adenine methyl-
transferase identification)!' "/ A F| FH Dam FF 3L 54 74 fify
H5HEBEAS S, EHAGHGE 5 XTI
B4, RN BEAT R e, Sl 7 A-DNAL AR
eSS B D IR AL, X SRR I B, a3k — P9
T BRATTxH A0 P 2 U A TR A AL 0 R A
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VOGN Sl EIE A WER S A LB TSN i E b
(B )RR, 2 5 R HRIETE. ScMethyl-HiC(sin-
gle-cell Methyl-HiC)!''#lsnm3C-seq(single-nucleus
methyl-3C sequencing)!' ¥ Hi-C 5 DNA FF AL I 5 4H
g5, SCBL T AE B KT B e )5 BAE S DNAF
FEALHIELA 7. HIRES(Hi-C and RNA-seq employed
simultaneously)!" /7E i FE_F Rl A T Hi-CAZHE . PRI
WD), kRS O SRR, B AE A — 40 TP e
FIRIG i = A O B S REEEE, Es
[E] 4% Y 28 S it T 7 R SZHF. ChIATAC(chromatin in-
teraction analysis with Tn5-assisted chromatin accessi-
bility)! 1 — 35 ¥4 ChIA-PET ) J5 A 22 B ML) 15 TnS i
JEREFRCE &, SEHL T GO AR S G O AT S
A 43 #H1. ChAIR(chromatin accessibility interaction
and RNA expression) e A Ml B 0w i a7 &
Gl Ve = YRR KA A SRR R IA (R
B, TR B RS EG TR R T 0 Y A 2 2 A
I, NN = 4RI R H ] S 5 s s AR gt T
EIEE. ORI LA,

gk, RARZAHFRARIERSERIEEES.
AR T SR L PR FE AR, B0 SEIIDNAF 3
o Qe etk EESE . TR S HERIED)
FIEE b, vda s i aris U BRI LR
LR K TR S RGEMHEAMA(K6).

3.2 CRISPRIfiif 555 PR A B Yoo J5m] 2 1k
iu)iPse g ivall

CRISPR(clustered regularly interspaced short palin-
F 6 AR E AT EAR

dromic repeats)F AR Ny FER A 2 FU SR 4L TSV
MTITFB. BH SRR RS S, R
TN BRI a5 R A OC R B MEAT IR FE. i AR R i
IKVE BRI R i 5| R 2 422 2 T 122 4k,
A R G i) B CRISPR T3 5 R AL 2 8] /)
HIERRR, HEDRGAEDIRERE . R 42 0 2% H A4 5 5%
MU AR AT i 2 Jl ),
CRISPRH A H MUK E Fr 51 (¥ 51 7 F RN A
(single guide RNA, sgRNA). fiff 7% & 18 i 73 M i 72 41 i
M N FIsgRNAJTF1), AT 7 % 8 5 CRISPRFHL 2
A1 22, L HIHOR R AR T 78 iy il B CRISPRIfiik 5
B SN Y, AL R R DR TS B S AR R )
KA. flICROP-seq(CRISPR droplet sequencing)!'®
FsgRNAJT F1 ik N\ 0] % 5% (1) 3 0 4 4 15 [X (3"UTR) 5
Fey, Al AR e sy 2H A P I B A 3R, 1814 T sgRNATH
MEFRIEEBEASRE. ZHAE10x Genomics
AR, BERTHEE. Perturb-seq M 7EsgRNA T 41
MEZE NN SR TR ARAS, 456 il E R T 6, Seil
T CRISPRIL B 5 B K Rk ) R o #fr. BEE
CRISPRIIEAR Z 1) 2, Wi Fe 8 it — 200 5 4 iy
TN 2E B L FRERCRISPRT-$I%6} Ye €20 Jo 465 ¥4 1) EL 2
WEER. AT inPerturb-ATAC (perturbation-in-
dexed assay for transposase-accessible chromatin using
sequencing)!'"/E CRISPR AL fitll_b #E4T P40 i ATAC-seq
Dy, eI e € 5T TRUX 42 sgRNAAE B, RERE 3R
HUCRISPRIL 3 4 4 0,53 wf J 1% (1) 5 0. Spear-
ATAC!HE R 4k sgRNA S TS (8031, Hm 1 A
MR EMMIEE. CRISPR-sciATAC(single-cell pertur-

Table 6 Catalog of single-cell nucleic acid multi-omics sequencing technologies

BORA K ForliE & B H
scMT-seq, Smart-RRBS e BHCE A A BSR4 SDNAF 4L
ScCOOLseq HFEIE A e 7 S DNA FHEAL
scNOMeRe-seq
CUT&Tag2forl, MulTI-Tag
CoTACIT, Nano-CUT&Tag HOE BHCT AN A LR E A YO A A0
NTT-seq, uCoTarget
scSET-seq, Paired-tag
scPCOR-seq, COTECH HOE BHCT A4 A HARGOTL G R SHRAH
ScDamé&T-seq, EpiDamID
Sci-CAR-seq, SHARE-seq KNG I B b e 214
SNAREseq 1SS AAC-see A e b b
scChaRM-seq, scNMT-seq HEAR Jett i m] St DNAFEAL 55520
snmCAT-seq HT A4 et 57 = 4ELEN] . DNA P BEL 55654
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bations with an accessibility read-out using scATAC-
seq) Ot G ik-TR A A gL 7 2, B R
O RE Y BRI R T TS

£ b, CRISPRY BAANuZ A H RIIAL &, IEAEH
e SR S THT PRI PR IS W 47 Jre 22 e €0 Jo W] e 1k 5 20 2 2 4
FEGRT). SeBL T PRI ThREMIT i R Gitk . ML 5
WA, iSRRI 5 PR PLHIFR A T Rk
TA.

4 AR R R ik

Tl e — R THAE R BN AALE
MG IIER, B AEAH G SR T K 25 AR
U T AR AL, AR SR A HoR, BRI
FETRHLEE, RECEIRFFH AL E BENE LA |,
REBAMRE BB F =R RBE R, 22
R FRE IR 402 R S s S i 5 AT >

kK, ZEAFRRRE T MNRAGENFF
ALK 21 A0 0 70 R X A et 4 A0 2 ]
JERL A AZ A Ry e MRS E A AR DR, SRl
s A €NV EAE A S 1 P el L 7 S S R
B E AR, BEJE, Sa— AR R R 1 2% ) JR A
MR, WHEHALRY BRI 1 7 5 AL E
G, $EE TRIE R, B R A
L5 R R, WU AL 1 A AR VI PR, 8
TP BNEGER ) X35, JF45 & H AP i, 3871 7
25 (AN AENT G P S5 e S P, Ao, S £ 6 T
F R R 2R TS SRS, A JRe H 23 18] SR TR AR L BOR. 122K
JIEE I AR B R s AT A (] AR AR AR R 2R A,
M SEBLA B 731 (0 2 (R AL B AR C 5105 B3R, %
SR (7 P Dl B AN, HHES) T 23 42
() e 308 B e A PR 2. A ol B s ) 2
DIEIIN e LUK 2 R A TS PRI A AR SR BOR R e S
SR

4.1 ZWJEAMBMYIEEA

2% 1) JE 7 S A U1 S AR o R S % i AT 5
RN PSS &S B AH S ke —. O FEE 2
IO BRI BRI 73 B BN R X e 2 231 %%
Y, BEJE X IX e X 3 AT RN AR CRTI /7. iX— 3%
W& ST AR AE B IR B 5 - HdE SR B ) ) 28 il

F 7 CRISPRIL 5 5k KRR B e o5t ] K Mk Il 7 H AR
Table 7 Catalog of CRISPR screening with gene expression or
chromatin accessibility profiling

FR 2R o 0 e 3& F S
" CRISPR 3] 5 et J

Perturb-ATAC A0 R
CROP-seq, Perturb-seq %4 CRISPRILE 5 A
Spear-ATAC "y CRISPR#3)) 5 G £

CRISPR-sciATAC R A ] R 4

B, AR H A RR R JEBUE 1. RS
%N Tomo-seq(transcriptome tomography sequen-
cing)!' PHE I XA AT ELL Y HBZ M FF, BIhi
ARG R R ) = YRR R A R it — BRI
(6] 73 W2 T A b L 23 b 0 e o e, F 9 2 T )
FIE RABERNANFH ARG G, KEHZFERET
(A% 3% 4 7%, Hodr, immuno-LCM-RNAseq(immuno-
laser capture microdissection coupled with RNA sequen-
cing)! 31 N T S bRic B IR, RS RS AR IO
EMMERME, SEEosUIER I AR an itk
BEATRNAM 7. XA SR iy 1 0 2H 2 b s 4 i
Dheehs AN ) 22 (B iR B RE 70, &M T-0F s dn sk
BURE e () R, 5 AL STRP-seq(spatial
transcriptomics by reoriented projections and sequen-
cing)""R FH HES [ 2 AL L0, 38T T REA AL ER )
P S e aa i SE R, B e T RMIIEI AR
FE SE R N FH e )3

b 7T BERYIRITTVE, BT OREON X AR I ) SR
Wy A EALFR i 7 N RIG R TT 5. TIVA-tag
(transcriptome in vivo analysis)!'** i@ 7F 41 2R T4 &
X3 b S NGRS, S T IR 44 Y mRIN A 7 [A)F
Sk 3R, PIC(photo-isolation chemistry)!'*”S% I 25481
HLA, 0 AT SR A 1) 25 TR I B4 R 4E. ZipSeq ™!
D E e AE BN B SN E] ST, D B 2
(7 A)E ALt 1 B e 7 HE R 1 g i B

42 FKIBREAARICEAR

SRR AL RIS BOARZ — R AE LY Fr b Bl H
A A AAKRAE B ISR TERS P, T SEB LU
31 IR 35 2 ()45 B A R SR, 24 1 ]
P LB T N ) 2 I BOR R R 22—

RIS R AL AR IC R AR i AT IB ] 20164, BTTL
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FATE RIEH T A 5 s HH R (spatial  transcrip-
tomics, ST), L ARLEYE R A B SR TFHI 514
FEF, J8 I & e s R T A 2 I mRNA 7 [A) A7 B A5
B RS T B S S 1A A A SR R A 3R
B A S R AR R O A T a0 FE B b ey
HRMEERZREMEY. BEEBATNIKRE, HARE
AR SRS LE B b B A T 3 2 R AR
HEZ G P2 42 T+ RO BE L 05 SR WK ), AN T 312 v 2 B) 40 7%
R, A AE AL B IR AE . A5 SR IndERs.
TRBE PRI, Slide-seq P FEARGIN T HEL
10 pm a7 A 75 (8] S5 T A B W 2k, FF8 e % L i
TR b MHRY R ETH LR, WERA TR
P HUMmRNA, 25 (6] 73 252 T 22 40 i S0 J= 20
H )5 B Slide-seq V2 3278 1 Bk B A7 T AR _E il 3%
P 2 4 DL R I8 Koligo(dT) K FEHR = T mRNAZY
TR IR v, 3598 1 I R B0 HDST(high-defi-
nition spatial transcriptomics)!'**'#E—45 45 /NEEER R S,
B 2= B HERPE T 22202 pm, SIS 40 O 25 1) 7 = ]
EAL. 10x GenomicsA F) 1E JE A Vistum B fili_F 33—
AENL T Visium HDUY, 50385 B JFUR 9100 pmi
F22 pm.  [FI Visium HDAEH 7 #0551 5% R A5 40
&, M HDSTAE H I BENLRE S 1) & TS A, HoE
LSRG, Bl S M S bRiE. (a2, BT HAERM 7 UE
3 HEBE BT (04 5] I 5 I 00y 368 15 4 ) 35 S PR R AL
rie) @, N PR R RSN S 2 H YRR
71, WEFRESE T HE T A a O A B 1) A5 1A SR TR0
KBS DBiT-seq(deterministic barcoding in tissue for
spatial omics sequencing)!'®>. %77 @ 7L B A XY
7 1R 43 ) B B Y 10 pm AR AR B IE, KA E
AN ) 25 TS B A AE 4 2R 3R THT A2 X N FF AT mRNA
AT IR AT, AR LA B — 4E R A A bR R 207
EAMLTEIA T SEIR RS, R 3T T 25 (s I fe e
PES 3%, (H5— 3212, DBiT-seq ] fEZTEIDIEN
WD, ST S 2H 5 8 5 41 (R I AS U,
W 7 2 WA FLEE /. Pixel-seq(polony-in-
dexed library-sequencing)**/Jll| 5K FI DNA % £ B i1k
SN, K 25 TS 3 21 A5 JE ] R A 55 AR ST T 1) 5 P O
i 4 TR S B U Bl k- Wy e - S LRy ANEN
BB HLY . ZTE R RER T A, e
i 1AL REF IR I — B AN R, SRR R ST

ff]Stereo-seq(spatial enhanced resolution omics-sequen-
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cing)! AR, ST SR HEE S AR AR I E— 2D S
Ji. AZEARKTIDNAGEARERAE R 5 S84k, JH
o v % L AL FODNAGK BRE BT 380 b, #ad
KU 6] 2 ARSI 2% . i BORABCRE 23 18] 70 3 4
THZ H AT CHRIE B = KT (4500 nm),  [F R4& K
PLET G e 77, 38 T R GIREA IR 45 2 1) 43 A

g b, A SRR R B DI AR I B DA
FRTRIURS E XK, &M T R RRIE . 58
MR bR S B A S AL Jr h BB s (] i, S
PIXE 7R R AL AR SR AL, A& miEE. WR.
ZUEAAEMS, WA R, HE SR
A% P T AN T IS SRR, A0 2 [ 21 230 1 B v 4 P
M5 E AT (RS).

43 ZZHFRAR

7 1) 22 A R B I AE 23 F] AL s 2R G rh B 5 AN [
AR P GER AL IR e, B,
PR A D B, HEBD 1< rprlik I e < 25 h
OOV U s AR,

7% 1) J5 PR 2H AR Sd i SR A g B e B, R
)35 5 T AENT R 450 . DNAF B LR A
Hi-M(high-throughput imaging of multiplexed oligopaint
FISH)! BT 5 2 ORI, Gam PRz,
TE SR RIK P S G ( fk = 4R R 5 e s VR R
FIEFLEAL. HAZOLET TR AR IE £ P DNAIX
I8, 383 v 20 L R ABOE R = A G (B 2 4, IR OCTK
HAEFThEE. Slide-DNA-seq! " 7ESlide-seq - & 3 il
b, B AERLER BN RENS A SR IE K 4IDNA v B i 5
IR, SSHLAZY) A I H S DNAR)JE A i 3R 2 1]
Y, B 2 M P AR DNA P 41 1) 72 [ 43 A B3

225 [ UL 2H $50 A e G L BOR ASA5 J2 (U T s
BRE RE B 1) SR 4 B R IR T 2 A A2 B A5 2. MER-
FISH(multiplexed error-robust fluorescence in situ hy-
bridization)!** i 1 5 e AR 1R YL €4 TS 1 ) 25 1]
oA, BEE Ol R P BOR KA R, DLW A0 2
AR ATT LS B T+ B2 75 8. Spatial-
ATAC-seq(spatially resolved chromatin accessibility
profiling of tissue sections using next-generation sequen-
cing)! I kK 5 A AN 7] S5 T 5 1 T S %% J42 Bl 7 5 21
3, R R N Y) Frrh, AR A A N
I GE X, SEHL T (R RE Ge t 5 AT e AT
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8 THFEFABALE

Table 8 Catalog of spatial transcriptomics technologies

HARAZFR Tor DA &
Tomo-seq AR 7 (Al 3R 20
mmuno-LCM-RNASEA  yonopspspmppsy sk R4l
STRP-seq
TIVA-tag, PIC, ZipSeq
Slide-seq, Slide-seqV2 v 4 2] bE St
HDST, Visium HD AL SRR
DBiT-seq
Pixel-seq, Stereo-seq 43 BT 40 B 2% a5

2 BISE. Spatial CUT&Tag(spatially resolved
cleavage under targets and tagmentation)!'*?ik— 4k
HHUAIRA S pA-TnSHe JERE, RS0 RE & R MAB AL
RHEAT IR AR 5 723 (A 4 iS. MISAR-seq(microfluidic
indexing-based spatial assay for transposase-accessible
chromatin and RNA-sequencing)!' /7 3Rt E 45 &
Spatial-ATAC 5 7% [Al % sk AU R, ) fmi 42 [A] B i
IATn5 5SmRNALE & (56 TS, 4 3RIT I 4% ()5 [R] i
WK XA mRNARIL, SCH 1 Gyt )i n) fo it 5 5
RIS I, R G #7508 2 415
RlE AR ROR.

77 8] 8 ot 4 5 ARl £ Bl A AS ] 55 7 A5
PUAR, 8 A A2 B 1Y S AR o 0 A R E A
Stereo-CITE-seq! **/aJ [&] i 3 ZH L A mRNA 5 5 4
FIEMZ SR, 52K, Spatial-CITE-seq(spa-
tial co-indexing of transcriptomes and epitopes for
multi-omics mapping by highly parallel sequen-
cing)!" 1 AT LL5E B AR - OB 2 A s A S AR
RIBOmap(ribosome-bound mRNA mapping)!**"A 24 1if
DHERIL A AR A 2 T AL —. JLRERAE
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Cellular heterogeneity is fundamental to functional specialization, precise regulation, and environmental adaptability in multicellular
organisms. Traditional bulk sequencing often captures average signals from cell populations, making it difficult to identify individual
differences and obscuring important subpopulations and dynamic regulatory events. In contrast, single-cell omics technologies offer
high-resolution profiling of various molecular layers at the individual cell level, uncovering the complex nature of cellular states.
These technologies have progressed from transcriptomics to encompass epigenomics, spatial omics, and integrated multi-omics
methods. This review focuses on the latest advancements in single-cell sequencing technologies, highlighting significant
breakthroughs and innovations in the field.
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