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Abstract

Bulk DNA sequencing has significantly advanced the discovery and detection of genetic variations,

including point mutations, copy number alterations, and structural variants. However, because it relies on DNA ex-

tracted from large populations of cells, bulk sequencing primarily captures high-frequency events and fails to resolve

rare variations present in small subpopulations and single cells. To address this limitation and enable precise character-

ization of cellular heterogeneity, many innovative scDNA-seq (single-cell DNA sequencing) technologies have been

developed. These methods have profoundly enhanced rcurrent understanding of tumor genomics, human genetics, and

the underlying mechanisms of disease initiation and progression, such as cancer. This review provides an overview of the

recent advances, current challenges and applications, also discusses future directions of scDNA-seq technologies.
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Table 1 The summary of single cell DNA sequencing technologies
WARES 4 e JE2 e HppiEE  ZFHECR
Method Year Author Working principle Reaction unit ~ Throughput  References
DOP-PCR 1992, TELENIUS H, Employ degenerate primers to amplify the whole Tube/plate Low [10-11]
1999 WELLS D genome by PCR
PEP-PCR 1992 ZHANG L Employ multiple rounds of extension with 15-base Tube/plate Low [12]
random primers to amplify the whole genome by PCR
MDA 2002 DEAN F Use random primers and strand-displacing Phi29 Tube/plate Low [13]
DNA polymerase to perform isothermal WGA (whole-
genome amplification)
MALBAC 2012 ZONG C Perform WGA using random primers with a common Tube/plate Low [14]
sequence for multiple rounds of quasi-linear pre-
amplification, where newly synthesized short DNA
fragment loops to prevent amplification
Strand-seq 2012 FALCONER E Employ BrdU-labled new synthesized strands during Tube/plate Low [15]
DNA replication, followed by selective degradation of
the newly synthesized strand during amplification to
distinguish different DNA templates
MIDAS 2013 GOLEJ Employ microwell arrays to miniaturize MDA-based Microwell Low [16]
WGA reaction volume to the nanoliter volumes
TruePrime 2015 4basebio Use Tth PrimPol and Phi29 DNA polymerase for Tube/plate Low [17]
WGA primer-free MDA-based WGA
eMDA 2015 FUY Perform MDA-based WGA in microdroplets Microdroplet ~ Low [18]
ddMDA 2016 RHEE M Perform MDA-based WGA in microdroplets Microdroplet Low [19]
Droplet 2016 KASTON L Perform MDA-based WGA in microdroplets Microdroplet Low [20]
MDA
STT-seq 2016 WANG K Use TnS transposase to insert T7 promoters into the Tube/plate Low [21]
genome, followed by T7-driven linear amplification
for WGA
Tapestri 2017 Mission Bio Combine microfluidics with targeted amplicon Microdroplet High [22]
amplification for targeted scDNA-seq
iDOP-PCR 2017 BLAGO- Use SD polymerase with strand-displacement activity Tube/plate Low [23]
DATSKIKH K and optimized primer design to improve DOP-PCR
based WGA
DOPlity 2017 DELEYE L Use high-fidelity enzyme to improve the accuracy of Tube/plate Low [24]
WGA DOP-PCR based WGA
sdMDA 2017 HOSOKAWA M Perform MDA-based WGA in microdroplets Microdroplet Low [25]
LIANTI 2017 CHEN C Use TnS5 to insert looped T7 promoters, followed by Tube/plate Low [26]
T7-driven linear amplification for WGA
DLP 2017 ZAHN H Use microfluidics chips combined with Tn5 Microwell Low [27]
tagmentation for WGA
SCl-seq 2017 VITAK S Combine tagmentation with two rounds of Plate High [28]
combinatorial indexing for scDNA-seq
ScRepli-seq 2018 DILEEPV Sort S-phase cells and perform DOP-PCR based WGA  Plate Low [29]
10x Genom- 2018 BELHOCINE Z  Combine microfluidics and MDA for WGA Microdroplet High [30]
ics
DLP+ 2019 LAKSE Combine CellenOne single cell dispensing system with ~ Nanowell High [31]
Tn5 tagmentation for scDNA-seq
MiCA- 2019 FUY Perform MDA-based WGA in microdroplets Microdroplet Low [32]
eMDA
sci-L3- 2019 YINY Use three rounds of combinatorial indexing for high- Plate High [33]
WGS throughput scDNA-seq
ACT 2021 MINUSSI D Combine acoustic liquid transfer with Tn5 Tube/plate Low [34]

tagmentation for scDNA-seq in nanoliter volumes
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Method Year Author Working principle Reaction unit ~ Throughput  References

PTA 2021 GONZALEZ- Spike in ddNTPs during MDA reaction for WGA Tube/plate Low [35]

PEVAV

PiPolB 2023 ORDONEZ C Use piPolB to replace Phi29 DNA polymerase for Tube/plate Low [36]

MDA primer-independent MDA-based WGA

PiMDA 2023 ORDONEZ C Combine piPolB and Phi29 DNA polymerase for Tube/plate Low [36]
primer-independent MDA-based WGA

dd-scCNV 2023 YU X Combine microfluidics with Tn5 tagmentation for Microwell Low [37]

Seq WGA

Arc-well 2023 WANG K Use nanowell chips with Tn5 tagmentation for WGA Nanowell High [38]

msCNVs 2024 LIN G Use TnS5 transposase with distinct adapters for WGA Tube/plate Low [39]

Single cell dissociation Single cell (nuclei) isolation

Y

Single cell lysis

DNA amplification DNA sequencing
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Mechanical dissociation, ~ Micromanipulation,
enzymatic dissociation  serial dilution, LCM,
FACS, microfluidics

Physical lysis,
chemical lysis,
enzymatic lysis

DOP-PCR-based, MDA-based, Next-generation sequencing,
amplicon-based, MALBAC-based, single-molecule sequencing
T7 IVT-based, Tn5-based

E1 scDNA-seqiiRRTE
Fig.1 The diagram of single cell DNA sequencing procedure
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IVT: in vitro transcription; RT: reverse transcription; RNAP: RNA polymerase. DOP-PCR-based (A), MDA-based (B), MALBAC-based (C), targeted
amplicon-based (D), T7-IVT-based (E)and Tn5-based (F) based scDNA-seq technologies.
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Fig.2 Principles of the six major classes of single cell DNA amplification technologies
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PO NEE RN 7 e SO RN L L TR /R
SiIpU I - B S SRR N S i PR /T b
T FFE DT 00 L P F e € 8 LB A . R, %079
TE— 8 FEE 1Al m] 00 B G £ 0 J2 T (¥ 4% D14
B,
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3.5 ETT7IRIMNERIEEE B 15

NIRRT TTRAMN K ) DNAY I HIR
L H A R H Tos% B T7 )8 30+ 5 51 4
NBIFEPRZH A, SR i o A A i s 9 T 2ok ik DR 2
DNAF A NRNAFFBEAT A1, SR )5 PRI RNA
AT I i e A 4 5 R A DNA S (EI2E) . 2016
T, PrE M EIT ARG PUIT K T STT-seq(single cell
tagmentation and in vitro transcription). 1% /75
T7JR 81 F 91 5 TS5 5% R 43 e 56 1, R Tns
(1) % JoE B VRS T7 )8 31 7 51 3d N K4 DNAH
I T7 5 3 TR 5% 545 3 B RNA R 1 — 5
TP SCFE R . S, 20174 d e 5% 1]
PAOH & ¥ LIANTI(linear amplification via trans-
poson insertion), | TnS#% FEEF45 & KR4I
T7¥: % B 8174, BRI 4G AN EE R 41 DNA,
ffi DNA Jv Boill i e Ve 383 2097 38 72 . i 4K
GG O FE R — N Y I R, B TR AN %
I AT DA [ B ) TE A BE R AT B sk, DR R T A
Rtk 7 DNAW R A 47 34 i 4 14 1 Te) 20, 177 HL AR
RHL B T SR 20 B DNAY S B iR 2R, SCOL T
A O 2 P DA S e DR B FE R 4 38 A0 %5, & FH T B g
Jf A5 AR R
3.6 ETTnSEEMmRG R

R JE AT TnSHe PR NG (1) H.41 s DNAY 45
FiR o X EEARIE T TS JHE B 520 il DNA
FrBcAb)a , EEEHET PCR, M %% scDNA-seq 3 %
(F2F). %77 B4 541 i DNAY 34 5 3 et it 4
GN—E, BT EHMY R R A BE A T 8 P
PR AHEC ARy 897775 (0 2E T DOP-PCR. MDA
TTESE ), SITIEAMARKRTT A T 4 s DNASC
FERE g [8], T HAR R 1 T B R 2 iy 3
I 38 P 414, AT LR T % DL R S A
RAFLE , LT ILJEHEL, 20164F, ZAHNZ: PR T
DLP(direct library preparation)] /7 i%. {E3&#id 4
B RS BRI TS 3% FEBF R AR, SEIL 1 [t )L+
A BEAT 4 4L DNASCER 2 . {H T DLP
A B )i =K, APARICIORIRA BV 8 X R T
DLP+(direct library preparation plus). 1% /7% 45
% cellenONE H I INFE RG AN F/NFLE Fr, SEH)
TAE B THARFAE A X LA - 4H L 3E 1T scDNA-
seq. 20174, ADEY FI B\ & T SCI-seq(single-cell
combinatorial indexed sequencing), 1% J5 V%= HF i &

ANF] 7 B bR 25 1) TS e JoE B 5548 i =20 A () DNA
AT S — e hrid, 855k B A RSLI PRI L 40
Mz ATIR & )5, B B HARARIR LR, SR EH
FASE K PCREI kAT 3, Rl 2GR 51077
SR 50 0 25 S IR S 40 B T M — bR, %07 &
MR 3 = 7 D R Y SR T A T R
TR DNA LEGMAED, FEHRSGME
AR B 202147, NAVINHIBAPHRE 7 55 —Ff
scDNA-seq# RACT-seq(acoustic cell tagmentation),
207 15 R 75 RS W R G A A 2R B RN
AN B 3844 H o 1% T7 VA8 TS 2l Fr Ba b
DNA, FH|H PCRM i A [F] 1 51 ) 20 A 1247 FR 4 i
PRic e HI 9% 07 V5 ) B 2R T 14 750 R 2R 1 ) 4E
AR LT 455 EDNA EISMEAR, (RIET
JE ST G I B S RGHEAT , IR IT VSR T —
() e o B ) S A P R DR A S i . 20234F, A
FE R FNAVINEBA ) I R EEPSF R T B AN
ZEAR R Sy PR [ 8 FFPEREAS (1) 178 2 scDNA-seq i AR
Arc-well(archival nanowell sequencing), 1X —+#; Al
It P I T TS 5% BE G (1) 7 1%, FF R 254

FEAINFLES B, BESEEL T i o3 &1 B 40 e DNAY 1Y,
NPT E R . AR RS R £ X FFPERE
ARHEAT 7O, AE15 55— IRAT LIS A7 78 = B A A
e B VEGHIm R R R 58 1 FEPEAE A #EAT =y
JHE N scDNA-seq. #&T TnSH RN 715, HT4
257 0T LA DNAREAT Ty 3G P 3R, Hodd —%
PCRAESEIL T 40 DNAY 1 . /57 SC P g 222 il 4
FOFRAE AN =ANThRE, [N BT ToS% KB4 A A7
RS ME—, AT L I 531 T Rk X 20 AS[F] () DNA
53, NITTIE B B2 A I DNA Y $5 D10 S5 40 55
KA HEP), B ER 2 H TR s s 714
i i P B R ) B4 i DNA S i 2% 5325, w5 2 H
SRAS I DNAF#% DA 57 ) DNA RURAZ . HA2 %
Tr IR L, H PR A Hlumina Tn5%% J4
(tn: TDE1. ATM%§ )% SCPE v BUAIT 237 A2 1) 50%
()5 H JE kA0 R, T IX Ee g FAE Y B I 2> 5 3R
TE R R &5, ToiAe Iy 46 ok o AL, 78
FEH A 5 B KP L, 107 RiR 2 A 50%(1
S R O — BRI S ) o A T R IRIX AN 1],
Je 2RI U TS 42k 7 21 I 20 R 3R15 58 5
(Y178 55 % , i MULQUEENZ§ (202 145 )] J& (1] 53-
WGSH 5 PA e XINGEE (20214F )1 [ META-
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CS /71 Bt i 78 Il TnS 50% A BCR Witk
5 o

4 EBYAFADNAKN

I8 5 g B 3 IR A B — D R
DNAFTEH A RER . N, IRFITFKRT —
Z 5 DNAKTIN 715, 45 540 i SE i) 9 % & PCR
¥ (quantitative real-time PCR, qPCR). FL#JE A
2 <72 [CGH(comparative genomic hybridization)f/l
aCGH(array CGH)| Mm@ &/ 75% . Hd, gPCR&Z
— P T RO E TR E EROR, Wi B R R
PES ML N EREL , E PCRA 18 1 F5 ey Sz v 1 ¢
JeAF T oRIE, INIAEHA AL H br 7 510 # D8, 78
20104 TREFF4 i ¥ 1 TagmantR %t 1) qPCRIT
EIRUE WGAZ AL U Y 3635 —VE, DASCRR 5 S5
)53 AT PRI A AV A 5 2 PR i 24 Gt tAe
RAEAR . ZH LT ERAEN B F B, BAR
W EBAEERA L . CGHAZ —F7E 4 5 [
Y [ N AT H DL A M AR, AR AN [
I Y RN R DNA RIS %5 DNA AR L J5 24 52
FER PRI EARR Y b R E T E R
X 43 F5ll DNA ()45 D8 7 . aCGH2 —FrdE T
PREF 22 A I FU B RV 4 58 7%, T 16K SR A%
FRREN A P [ e R b, AR5 @ 7 A AN [
O NGB (B Cy3 A1 Cy5)Fric (1) 540 il DNAF1 2
% DNAE FIREREN AT 445, T A ) G 4 4
DR 2151 Bl P (4 DL 5 11, CGHR aCGHAS AR
T2 N FH RS SR g R A R ) G e AR R A
PRAR ST WA DOP-PCRATCGHAG M HA™ G R ER
fR G AR R HE A A4 (421 =449 54 DOP-PCR A
aCGHAGMA #h 52 K (in vitro fertilization, IVF)H} 3
TR B 1) e i R A7 VO 168, R 0 A [ fieh 33 4 L 5%
Z VA PR /S G 0 A P8 D1 K08 S 4 196 )RS CGHA
aCGHTE B 40 M 2 R 2 A p R 4% T S E/E T, (H2
IXRFETFERET 38 10 7510 B T AR R B AV 43 7%
FEERE L, IR T H R

b AR T HR B, s f 3 7= )
(AT I AR 8 T A8 4 22 AR S 19700 201148
NAVINZE W19 ks 3 T MDA 540 i 4 5 R 4 9
WEARE —RE@ENFHEARMAE S, RIS T
Y MK A R . X — ik, AR
TE LI FEAS TP R 7R T R ) R, R R

TR AR o X — TAEAIE B T scDNA-
seq I ATAT I, IR EE R A . KB LM
WAL A S T S PR Bt 7 B HORIESE . B
F BRI AT KR, ISR T 2 M
0 1 DNAY™ 3G A — AX sl 2 I P BoR A 25 5 10 7
5. WIMALBAC. Strand-seq. MIDAS. eMDA.
ddMDA. iDOP-PCR. DOPlify WGA. sd-MDA.
LIANTI. DLP. SCI-seq. ScRepli-seq. DLP+.
MICA-eMDA. sci-L3-WGS. PiPolBMDA. PiM-
DA. PTA. dd-scCNV Seq. Arc-well. msCNVsZ§
AR A Y IR A T Al
J7 o1 g Q1618192329312 38391 3 G B 2 Jifd DNA Y 3
BORE AT P BR B 25 2RO 540 i Jk X 41 27
WEFE R, ORHBAES] T scDNA-seqfE £ 41
HEIR ] .

b 1 AR Ab, B T LA = AT I
HORM K e, 20 EDNAH 1S =P F 46 F) H =AX
I PP B D7 iR HEAT R, A5 ke — AR 3 3 K AN A
fif PRI IR, B 20214, 7 & IR PR K T
SMOOTH-seq(single-molecule real-time sequenc-
ing of long fragments amplified through transposon
insertion) /5 7772, SMOOTH-seqii it 45 &% T
TnS [ K 4041 757070 PacBio SMRT = 4Rl 72k
SEILEL AN SR DNA RT3, 1277 V58 A SR Fr 152
ARSI T RS P BE s R g AT R AT 20 A8 A
20234, HARDZVMRE | 2 T MDA 4 5E A4 4 1
J7 I 4G =AM P 5K PacBio, S8R § A ASEH
A TYH A DNAKG I . AR AS Bl = A Fr (4 sl A
AN T TR 7 i R AN T AR, ARG E 2 1Y
BN DNAY™ 1 77 45 = A Fp ok 52 B scDNA-

seqo

5 SE=EHMPEDNANFF

56 5 R A BRI R R PR 18 R ) AR
NN I 29 scDNA-seq) 12 N FIR S, £ 451
PCRE, 96 LR B 384F LR J5 ik BARTE — e A2 [ 5K
LT SRR DNAN 7, (H il FHEAE S, Ak
g, M LA & KB FE 75 3R D 17 A i = )
O AR TR I 2 MO M R T R, R T
1 scDNA-seq il B F . X LLAHT 77 5 KK ]
SINFETHAEZRT . TR MR TS A 1
=M EE3).
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(A) T (B)
Combinatorial indexing-based

Lysis
buffer

Droplet-based

Cells Oil

©

Chip-based

Barcoded beads
»

Oil Nanowell chip

A BTG RIITR; B BT PRI R, C BTN A T & .
A: combinatorial indexing-based strategy; B: droplet-based strategy; C: nanowell chip-based strategy.
E3 =#h=i@EscDNA-seq i RAYIZIT5EHE
Fig.3 Three design strategies for high throughput single cell DNA sequencing

51 ¢AEES]

HE RGBT iz T 5 v 52 M
(R B, It 7E 20 il RN A-seq Fl 540 il ATAC-
seq®iid .  ZHAF G117 S SR A M B 43 TiC
BN Z AR NLA ENNLAEZA90), 2R
Ja # A NEL A IS B AR 27 51, 24871
LA P A 4B B BT A B AR s> br _EARE B2 — %8
ARG, BT IR A, SR )5 FHR AT BL B 2 A A
[FI/NFLIA, AT 28 AR N, 13 R T 22 itk
17, B TC PR S A id AR s . TR
B, 20174FADEY HBAP & 1 SCl-seq, i i H 6 4H
AR, BT ILT N4 fscDNA-seq. 20194
SHENDURE 1B\ B3 & 1 sci-L3-WGS J7 2 il it
3R AERIE—DRE TAHRMER. RN AE
T ATACHIRNA, 4l 4 () DNAKSH & 2 2 5%
MG RIS HTEZEWA TR &, 53—
WL B BT 23 A LE B — R AR 25 (1 I LR FE AE
A —/N P, 2 R R e A N AR 1
A FIR IR . Rk, AT Se8i% DNABE T4
HGRl, BHRELRESEDNA EHEH, A
RET VR 240 PR FBE B A P ) e B A o X FRT ZI 1. AH
HPJERERSFH T DNAA ARG AR —EHLE
MRS B R N, BRI 7RI kR M
A
5.2 WukiE

B R BT RO . BT RO
VIT B T T R LA RN A 74508, HAE DNAA
I T 8918 FH . Mission BioA ) 201 74F 4k 1 3
TG 1) Tapestrio 1% 77 55 1 50 K B 40 i 0 25 3k
5 AN BT SE PR A R R, RS

S I PR VB -5 40 PP 28 T R AT PCR s B A
51 WG 3k 5 AN S RO, E 5 AN ORI
B 78 By 3+ 19 PCRY™ B4 A 4H MR 258 I, S 3
T LTFAN B4 i DNAY 38 7347 . 10x
Genomics 2 7] U 7E 201 84FHE HY 1 J& T i 4 7 &
7K (droplet-based) ] scDNA-seq /7 & % ZHEARH
o K 20 i 0 gk — AN KRR BRI, DL 58 R A R
DNAHEEAL, SR )5 PR FaR 7K EE I Bk ik 28 — A
JHIYE PN HEAT B AN AR RN S N, AT S B v
= [IscDNA-seq. = TR ZWI0 LI 1 &
I & 1) scDNA-seq, {H2& H T 7 2317 2 Dok
il & IR AR, 23877 A A Blm 40 i 4 2k
53 WESR

FEATEEET AT E. KT
F R TR T AR AT 2 D INRE I BRI, S8
TR S E I scDNA-seqo. & T
M7 V50 Arc-wel IFNDLP+,  1X S5 R JE i 45 &4 5%
() ARG TN Fr, SEBRL T il & (1) scDNA-
seq ¥ [RI I AR R B 1 B4 Bl e () i . LR
Arc-well, il id % 54N e AR & 1) R =LA, AME
RE T BT 6 FH UK R 40 230 AT A% 1w 5 & 1) scDNA-seq,
[ IS 38 W LS ORAF L+ 4F 1 FFPEZH 243047 v 18 &
scDNA-seq.

scDNA-seq 138 735 7 A B W1 I B A2, L
AN, BUAE R LTS, FEA ST MR
fFH 23T R B FFPEALZR . B BAR BIRFELA0H, 3
fITHR 15 scDNA-seq I8 &4 v ik — B MG, pleAs ik
— B IIRRAIC, R FH A 2 AR Bkl ik — P eI
ARt AR R R .
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SR

6 ERZAREDNAN AR A

scDNA-seq B A IETE IR Z| AR & 2 /N R ikl 2
B . AT BENE 4 7 A G el m= Y i G VAR
1) () 4 B 1) B DR A4 S o 1, B 22 P AR i I R 1)
RANRERAE T 28 i m . Har, &8k
TEMIRERTFT . T 2588 RIS FEHEER T AR B 4B
S8 22 R TR PR FH RIS

7 BRI 7T A scDNA-seq /71 3 B8 1
R A . IRAS IR 25 T AT AL . PG R 41 A
For I A5 I R o A G ) v 3 W R E T A
P RUE T A REAR , JCVERE W A AT e 8 o e i R &
Fg 21 scDNA-seq B AR BIFF &, BT LAACELAS i g
YRR H A, SRS 5 e 24 e 11%) 56 R 2H 9% D1 %
MR R 5 sl P E AR, scDNA-seq
F5 AT DIOKE Bt e b e 0 o P, ot 2 ] 4 R AR 1]
TGO Pk R P RS S AL ERE . 20114F, NAVIN
S5 W KB H scDNA-seqdi AR, R FC T AN H A7
FE (1 e 88 e Jo 14 A0 i A AR, TR T FH scDNA-
seq sz A TR 1) S PR AT AL A 38 . 20154,
APARICIO [ A 732 L i o3 N JievJgg S A4 7% 4 3 4
PEE R R /N B T R, FH scDNA-seq 3 AR 2
T v R B R I T AR T R A S AR 2 i R
S AT B AN [F] 1) G B R R /N B b, I TR ) L R
i Hh () e A — 5 I AH AL . 20164F, GAOSET
FIFH scDNA-seq B AR LE = B PE 7L IR (triple-negative
breast cancer, TNBC)H {57~ 1 JiJed $% U1 %5 P v A Jirp
A 2[RI AE 53— DA 78 R seDNA-
seq i AKX TNBCHI & 3 B #.9% (high-grade serous
carcinoma, HGSC)H#HATHR 7T, 151 H 40 i 5l v Pk 57
PER RSP 3G . P AT R AR ) B Y R S e DS
o032, DL R HE DVE R B B2 AR e = ol ey 24 i 1) 465 4
A 5 58 AN ] <R 5 7R AR R, HIR X 2677 5
B AR & )R A A A e R T 20234, H
T IR 55 B8R Arc-wel U Ji & 1 SR AL LR 5 45 9
(ductal carcinoma in situ, DCIS)FI R & 1) FL AR FEAS
AT T RSV L. AT RIMVF 2 R &K DCISE
S T ISR E 2 AL, PSRRI
JUR g B A A (1) S B A AE LR RIS R G R i —
MR, RZEDCISHER KidfEH & 1k
TR, B IR R IL T T U R R W R, IR
T 5ERAREIER AL FH A

scDNA-seq i A4 A Tt 52 i I8 i 2 o € o

T8I 43 B 24500 Kb R T S R A4 B ) R R AR A e
% S YRE AR 1 DP A 2510/ P BILARRT RS 24 44 7 A 1 TR
JEH . 2018, KIMZE SHE 7 55— 056 F TNBCH
e AT I 2 ME ) 7T, 8 A B scDNA-seq AR
R0 Y e S 2L P B R IR & 20 A R W, TNBC
HH IR TR 24 5 R B T e A7 AE T IR o IR 2 0 i
L JE $ P . 7E20194F, MCMAHON%% U7 iof
scDNA-seq i AR 5T S BEE (A 1199 (acute myeloid
leukemia, AML), #fi5€ T FLT3HIHI56T )5 HIL T
B0 3 DR AR AT A R YR T 2t 1 ] RE R T B

scDNA-seq R LA 22 il Ji 17 993 A8 % F 298 14 %
P fieb g a0 R R 2L PR DT [ 25 o A2
fA)IB A e e IR P S e () ) . 20184F,
CASASENTZETF /2 ) TCSC(topographic single cell
sequencing) 7%, F b J7 ik it e 2L R (1) IR AL
L5 e AR 28 LR e 2 1) ) v P AL R R
o7 7 AL IR Y v B 5 4R 28 M i I e B 2 [
BN RCR, Jdt— BRI T R RE
e DR W R AR R T BTt — 2 R
MR AT FL e B2 28 1 LI 18 1 2 v P A A5
A, 20244F, WILLIAMSZ: "3 i scDNA-seqfi A ,
BEX BRCA 1A BRCA2 AR 1485 17 5 A #5417 3 1
B FLR b B DL R I LR B R AR R A e
(R A It A R 8 DL AR A2 5 S5 TR ) -
A, A BT P AR I AL R

scDNA-seqth 1] LU T~ % A3 it 988 4 i 5 11
B A S ml e DR 2H 5 AR RS I, 451 2 4 A Jieh 98 4 i
(circulating tumor cell, CTC). CTCHH i 2 & i 1
A M R AE AL IR ANTE I 2R G0 I 4B 51, X% CTC
(%) 2 R A 0 Xof i g - SO AS WU R i R R 97 BoA
TR TR e Flhn, 76— /INH BT (small cell
lung cancer, SCLC) &3 [ 5T+, F| H CellRearch %
G 'E SATT AT S LR A () CTCAH M 34T scDNA-
seq 3 B, L EHE B FH SR TR 7 2868 A4 97 S50 R T
DI BEAR B, 20244F, SHENSE IR R 1 —Fh ik
T scDNA-seqff]J71%, i % N scMet-Seq(single-cell
metabolic assay and sequencing). iX— JjjiEilid A
FRUBHRE 7 AR I AN DUEURFAE , 5 CTCREAT &
JEMIFE, I CTCHT A1) CNA 5 g 4 44\ CNA—
, WIER—MGRIZE TR, T 2 FhmiE i
PRIERLIZ WS,



AEESE: HLANHUDNANI T St 5030

1781

FER B HEDF AU, seDNA-seq AR A LA
MR fa & B B g ik 7w, R
FER AR VE BRI S B R o 8T e I JVR i v e e €
RS U GE H BEfE RR A RE AR T A B B FEBOR
M3 o R SR FS AR R Th % . 20194F, A HIBAA
MR IR, 457 scDNA-seqB R,
TRIC T NG AN S G O 21 8 JUR i B et iR 22 41
AT 7 1 i DA 52 8 B 281 8 JU o B 4] 3 ek 4
FRRE P A AN SR Bk HE R SR RO e R i ik, AT 4
FEIRIG R B A Ik, Iy B AR IR iR K B L R i) G
ORISR B TR I, JEX B AR ROR
(R 62 9 30 AVREL N T 38 A% 5212 W ) P A T LY
Wi, scDNA-seqth 4% ) v N T A BT 8% 2212 W
(pre-implantation genetic diagnosis, PGD), # Bi5145
AR IR, AT BRI A% 90 PO A% 3k XU BT
20134, Fean. UIR S AN 7 B T AT BN BT kA
MALBACH AN HA N SN R 41 i i3 47 42 2 P 41
E 1) 5 e L T PN AT 18321 ) R M D i
WAL T, A AR AR A AS I 1) 1 ABRAA 38 4% 21 FY
FRHEA AT 0 55 AL PR, AT HERR 1 8 A%
MR A

7 BIHREDNANFHIARFK L R E

L2 DNAKS 2 ARAE IS 25 HE S 1
VR, (HHAEY W IR KSR, E R
A G BT 2 2 DL s R 2 A
H 55 TT AT SRAEAE R SR AP 25 ) A i A 2R
Y1l DNAY 4K (41 DOP-PCR. MDA )37 1E
38w G 1 1 ) R, S B B R A X S R A AL
R ) 75 B ot B . ST AT R AR R
SR, DI Y S R I 1t B ORI S A
FERZHVE . scDNA-seqid /775 I 77 5 5 R 55 e 1)
), AR AT DAIE ik I R At B4l DNAY 36 51
B I A 5 TR IE (0 5 R i v
Witk HAh, HETHI4E K 2 20 scDNA-seq i AMKFE
FoRMFHAR, SEOLEAK N, AR 6
RUE R, ARk AT Lol i K s Kl 7 5 R (40 PacBio Al
Oxford Nanopore) UA &z HLA1 i % 21 2285775, SOl
A O B BT, 4 s S A0 i R ) S AT R DR
BNR . W& PRI . B AR A 21
WP HE AN R, ARt v DL I #E 5 2 Fh 4 250
ot , A T b A AT B 24 0 35 AT 28 o e 1 47 440 i PR 2R

RO TR S Pt o AR R [A) 20 2 OO T 98 R A
A, R AT PLIE I 45 A seDNA-seq Fl 25 8] 21 2 HR
LS I 15 4 % 6 1 2 () 6k DR A, 3 T 408 7 g
A0 B AE A 2RO ST TR A ELAE AN ThRE, SN s ik
INESAN S R AL T AR A BT A A . Bl KR S AR
BN TR RER P K JE, FrscDNA-seq. % 42707
R 23 ) 20 2 0 e S A e o N TR B R AR AT I 25
SRS IS 24 P R 1 L0 2, A L A 00 5 AR Rk
HERRETT A

ZE ERTIR, H40 i DNAW P H AN BRA RN
FfE 240 P DRI 2H S D 1 8 7 2 L o B A e DL A i AT
Jie g YA RS 24 AL A1) S R 01 1 AR R B 20 HE R
JRE 2RI seDNA-seqf AT i 22 Phiik, (HFEE
BHEARBIA I K, XEEPRE A BRIk, S5
IR, BE N TR REAINLAS 7 ST A an Rt o B
FERRE, AR ATl A scDNA-seq % 4122504
FE(aE B, SCHT iR v A A RN SR A s e
SEREUE B S TR . scDNA-seqfF A — I H A A8 i
PIRTVRHAR, TEAEHES) NI 357K [ 8 A4 2
LRI AW TR AT . AR, s AR
(AR L S % 2 B R BE R, seDNA-seq B 7E S fil
AW I R R 22 AR VR 97 55 2 AN TR 75 B8
HERIVE, RN R0 2 i AR R 2 AR Je 3
DRt L I 1 IR 3 ¥
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