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W E . Q{4 IRIR DNA (extrachromosomal circular DNA, eccDNA) J& — R EAZ A= ¥y 4 AR 1 TH A 38
IR DNA 50, KB RF AR TR M. eccDNA IX— 25K H T B4 K/NEECAE kb LA/
F YRSk DNA, 35 microDNA. /N2 43 HUFA R DNA (small polydispersed circular DNA, spcDNA) LA
Fe HA R 73 FE 07893 T eccDNA 5. il = 7 H R (high-throughput sequencing, HTS) J& — i AJ LA [A] i %
B /3% DNA 73T P 510 E EAR, A48 —ARMIF 2R (next generation sequencing, NGS), F A il & |
R SRR . TR Il R Y 45 G AEE B A TR AMUAE R 7R eccDNA ZL iR IE
TR RN TEDh R LR KRG I eccDNA 4> THRHMERT S5 7 T R $E T EEAEH, M B
3 7 eccDNA fE FH AL S RIS AL 5 5 TH B 9T ARG B 5 304 B K AT eceDNA 43 BT B O Kt xt
HLATFEER A T B i DA PRI SRR T A P AT A b 2558 HY eccDNA 1) 24748, JEHE
P S5, AR LRI A SR I AE W) R IE . eccDNA W] B8 /& B B AR TS R Ik bR &Y. AR Lhid
B A ) 3R R e 38 B R ZE B JE eccDNA B S5 M. & AR BLHI AT D e B A 0 BB R, IR i
eccDNA FEVR AT AR S5 7 T FVE AL S o

KHEE : Je@ARINIIR DNA 5 microDNA ; sl &P AR 5 AR ER

FESES : Q34322 XRRPRERD : A

Research advances of extrachromosomal circular DNAs (eccDNAs)

using next generation sequencing technology
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Abstract: Extrachromosomal circular DNA (eccDNA) is a closed circular DNA structure outside the chromosomes
of eukaryotes. The sizes and chromosome origins of eccDNA are highly heterogeneous. At present, the name
eccDNA mainly refers to small circular DNA sized less than housands of kilo bases, which includes microDNA,
small polydispersed circular DNA (spcDNA) and other unclassified eccDNA molecules. High-throughput
sequencing (HTS) also known as next generation sequencing (NGS), is a technology that can simultaneously
sequence millions of DNA molecules, with the advantages of high throughput, high sensitivity and high accuracy. In

recent years, high-throughput sequencing combined with bioinformatics analysis methods has greatly promoted
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research of the origin, molecular structure, genetic mechanism and potential function of eccDNA, the research on

the molecular characteristics of eccDNA in the circulating system, as well as the research on epigenetics such as

methylation of eccDNA. The development of bioinformatic software and eccDNA analysis algorithm also provides

important help for eccDNA research. EccDNAs have also been widely identified in plasma, urine and other body

fluid samples, which are commonly used for liquid biopsy, and show biological characteristics related to tissue,

physiological status and diseases. EccDNA may become important biomarkers for liquid biopsy. This review aims

to discuss the latest research progress of the structure, mechanism and function of eccDNAs by using high-

throughput sequencing technologies and the potential clinical application of eccDNAs in liquid biopsy.

Key words: extrachromosomal circular DNAs (eccDNAs); microDNA; high-throughput sequencing (HTS); liquid

biopsy

Yeft K HhIRIR DNA (extrachromosomal circular
DNAs, eccDNAs) 7 5 i T~ % o 44 S ) 5 4 sl X0 B
P& 3K DNA S5 8. 7 3L ER i, eccDNA H 4
T HTH Bt AR SN DNA 43 F. s b, 7£H
AR Z A& H, eccDNAs IX— A FRIR 2 — K
F NG F Y AR AR IRR DNA, A3 35 microDNA!,
/NZ S BAIR DNA (small polydispersed circular DNA,
spcDNA). 3fi ¥ 3 (T-circle) AT I At = 73 28 /N 3R
DNA 737 P 1l — 28 K5 TR DNA, g
A& (double minute chromosomes, DMs)( it 2F A #ff 7%
# ¥ ] extrachromosomal DNA, ecDNA iX— % FK ),
X 55 g o R DR 3 5 D) AH OC B0 K 4 IR
DNA, —H B CLHAR. oh, ACHESEH
S BAZAEY R T B 5 R B AR # 1 H
AR DNA, Fr L&A e AL AV 2k DNA
SR A% AP R DNA BA R T+ 1 3= 58 R 4H ok 3 2
AR B J5 R IR B DNA 534K DNA

{57 J8 & | J¥ £ AR (high-throughput sequencing,
HTS) 5144t Sanger W/FHAA L, BEAMGEE S -
RGEE, T EAEE R L5 2 JUE 75 % DNA
Gy T AT R I E, WA A 44 R — AR R R
(next generation sequencing, NGS). #T4#K, B #
— AR 7 B AR AT R, A = AR
J7 5 I P 47 AR S 4 2 R4 0 P (whole genome
sequencing, WGS) & DNA 7KFHIFF, BLEXT mRNA.
AF 9 15 RNA <5 5% 5 A BE AT 42 52 3 4100 /7 (whole
transcriptome sequencing), A3 LLE A, Bk
1 WL S AN 53 BT AL P i K S5 RN D e . RS B
FONTITVE S B ANEE ) R R DA S s M e TR
-5 R 4 X v 0 ) P AR 38 R S S A
FH o AR S T 22 o) i — AR P BR B AT AR BORAE
eccDNAs 73T 4514 FREAI T ReRf 7T b BT IS 1 #
Bk e, oI LR AR FoAth 2 R 40 2 0 2 U 2 (4]

2 2EAIE T AR P N FE SR R
1 eccDNARYHFZR TS

FLAE 1965 4, Hotta 5 P G E s S H A4
20 M H R I G AR SRR DNA BIf7E7E. BiJS, 1E
HeLa 40, 7L AN AR I T R ERK/DATER
M & PR DNA ™, 1972 45, Smith 5 B i 58 7 36
R DNA, KILVEATRIR/NE 0.2 pm F 2.0 pm 2 [d],
FE¥s Fodir 44 4 spcDNA . 1A =5 B2 R o7 B4
i, FLUKOR 238 B 7700 eccDNA (1 45 Fg Ay
IEEATHETT, R BERE. /NN GEREAR IR
BT eccDNA )] VZAF1E .

B & e d BT AR AW D, eccDNA )
AR AR T EE M AL, 2012 4, Dutta B
FE BN M F AR P B AR B AT /N R AL L LA F /N
BRI\ 2 35 O I — 2K B A O 0/ B s Ak 4
AR DNA, JEHIFdER A RtiaEE FA, T
FLAK B AN B R A Ay 44 08 microDNA. B )5
S eccDNA IR ML AN T BEBF 78 1% 40 fe F,
T v B B e AR AE e R P R R
AR, BN K eccDNA BT 5T 4 g 21 1R
AHAAREAE A S, EANE ML (2R, i ). R
WEEREAT L E T eccDNA HITEAE, FFWEFT 7 HAE
PR < 1S A O AR P T 2 W S A O VR AR A R
TEAE R 1

R 77 32 R S AN B R 19 338 28 X i 5 AS [ (1)
eccDNA E7 B, KL U8 1 spcDNA i H
IBEAR 2 KR 28 B AR, I 427 spcDNA [#)4)
FRAERI A EERIFE T EE T, KNS EN
AR B FE Rl YR E 2 A ) B A S R 5
AR, B eccDNA & 47 VE AW 5835 DL %
FhE@EEN T HE AR AW, HETHES eccDNA
Z Uhmnil g E AR T, I HERT eccDNA A H]
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MW 7e B, AL T el T k. AR
(IR FE 5 102 AT HE 75 205 eccDNA AR 5K 1 7L (1)
Ik, PRI R BATI R eccDNA )4 T 4FAiE I H 22
Befit

2 Fh—RMFHRAREN eccDNALEH S5 7514}
{ERYIB

H HI 7E eccDNA 73 F 45 M it 5 R A iR 2
) e A W R AR P R, R R
Nlumina # F7 ~F & 1 X m W 5 J7 3% (paired-end
sequencing). microDNA DL N 5 & £ F 43 #7 75 %
FHZRALLI — 28 K 5325 eccDNA 23z i 1 J7 92 1 21 2
3. XIT microDNA 43 &5 M FFAE U BfF 58 — B
FExH I TR BE. B4R E. GCHESD
M7 T -

B2 KPR E X microDNA 42 Dutta FIHF 72T
#1BN o At A 1% microDNA 7E B 77 TH A R« K
Z1E 1000 bp LL'F, 7E 200 bp F1 400 bp H # 4>+
B, [FRT, SRR AR A AR, 1
EAM N 150 bp 24 ™% Bh)E, ZHFIBA L IE R
ZH 2R il 2H 2 b ) microDNA, & 308 R A o
%5 € 1) microDNA [ /7 414 FE K 2 bE DU T (1 1E %
ZH I #) microDNA A, AHN ML, s F ARV
AT G R 49 1 eccDNA B K B Z K T F AR V) B
Ja . HAh, Mehanna 25 U7 B AT 25 ) S I A
(methotrexate, MTX) B3 [ 14 Wi [zl (L-asparaginase,
ASP) &b Ptk I B 48 g 48 il & (lymphoblastoid cell
lines, LCLs), &ILZiHPALEEHT microDNA 7E 200 bp
F1 400 bp AAFAEMEAE, P35 K/NE 379 bp 5 4T
MTX B ASP 43 5, microDNA I E T £, HEK
KEARK, HHIXPK R U E 5 e U g i &
M4 R KRR 2540 R E B R . [RIRS, AR T
M 22 E] microDNA K/ A 3L T 8] FE 254 190 bp
R PR WA, % T B R R A 40 M R 1 P A
DNA H Eifb (180~200 bp [ #E A5 %0 ), 7~ 41 H i
T 1] B A2 4> microDNA [ 7= AE ML 78 55 — I HF
Fer, Sin 25 UHIE B Z2E 5 eccDNA K A
f) U . 7E 202 bp #1338 bp 4b, DL 338 bp & K E,
I H WA g EHAE 10 bp HEWAMEANE ;5 1 i %
HhiE IR 42 PE DNA K FE 43 A0 (1) £ 1§ 2 5 166 bp,
DRI R U0 25 110 eccDNA KTl 25 (1 26 1% DNA. k4,
% A A IE B 22 0 1 A iR LSRR T 25 eccDNA
HIAEAE, HHIG LRI eccDNA K B 240 T REAK
KIF I eccDNA. Pang 25 U %} 4 4519 KU ME 5615 %

g AR M2 eccDNA BH4T 047, $R7 i EA
PRI H eccDNA ) K 7N B I AU 5615 8 i3 B K
(EF5 2 kb LR ¥ eccDNA BEATII48HT )o Ly 25 1
AT SAIE FT 3 G SO0 P s S (R PRV eccDNA L
RN RS E EH 2, Kb B, 25 Erg,
eccDNA 73T K/ & eccDNA 43 TR IE B 57 11 8 22
JrT, RIHEEHSURIE, A B Ui ERAS DL &
Yt R BIAH SGHE, A T A B2 ORI AR I Ao 55 077 T
OISR

KT eccDNA [ G AR JE 2 eccDNA 404t
FEE B 5T . kLA (T-circle) 4 i bl & & 51,
Kl o H 5 & 7 51 R0 D e I R i, AN TE G I
spcDNA B AL BN FUH, RS T7EZ AW
VKRR AE, IR FEORIFE T EE P, EIIRA]
IR VEAT R microDNA LK 5 H A RAURFE
IR 7 95 eccDNA [ 3L AR Y. AR 48 v i = U
745 R 070 HT, microDNA A DU T3 AN SR K 2,
AHGEREH AR, mRAER — M, HL
BT R X, Fl 2o e X, 5 JEREEX
(5’untranslated regions, 5"UTR) 8% 3” JEEH 12X (3 untranslated
regions, 3°UTR) PA K CpG & (CpG island) &5 19,
BU S 4 AN 5 R 4 3 L B R UF X5 DNA,  eccDNA
AEEEMN GC Fa ™ IF g FRA P A
K JE (1] eccDNA K I, B /N 43T 1) eccDNA (<500
bp) LK 7> F I eccDNA (>500 bp) H. A ¥ & ) GC
S, gbAh, bREE SRR R
FHAHIW TR AEEALE, kiR N DI B
J&A 55 (DNase hypersensitivity sites, DHS). H3K27Ac
S bR EMAE eccDNA g & M7, dx gt Ly,
eccDNA IR FFAEREAL, T2 5 5 TR T2 A
X\ VDI RE X A2 X, eccDNA W] fg & 35 4 i

br 7 AR, B0ty (ARERMEHIR
an 3 [ B2 e A= W) 1) SMS R N 38 B KPR
SMRT H AR ) FHGHAK LI 7 55 =AM 7 AR 45 B
F 3] eccDNA [ 25 F FURFER 5. IX Al e B0 AR 7E
HEAT DNA M FH AL 1 PCR 5 72, 4 —4%
DNA 7 FRHAT M7, BRARMER. kK,
Ny o R P S #A . Wang &5 U x4y B 4l A S
eccDNA 17 7 ¥ & il (rolling cycle amplification,
RCA), X =9it47 A3 f5 B AT 9k fLIl 7, FExt
eccDNA (1) 73125 K A= A AL DA K% e 9% ) 1) g
BEAT TIRABFF . M eccDNA KB 5 T K, AlAl]
WELE] T R AG T 40 eccDNAs K FE A7 52
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N 1kb, FEHABEIHFIREIEEA 188 bp K% AN
{8 5 A B HE 21", 5 Mehanna 25 U7 [ 0 05— 5
fATT NN eccDNA A A S T- 3 I, FF
HBEAT T eccDNA K AN FE 1,

3 eccDNARY L HEHLHE]

ANFIZE I ) eccDNA 1] G A [\ (1) 7= A AL,
1M [A]—Fh eccDNA 77 A W 0T Be A 2 ML L [ 2
5. BT spcDNA BIHF TN, spcDNA 32
KU TR R 2 A () B S T A Ale KR A, R
# 7H (homologous recombination, HR) 7] f /& spcDNA
B B FAUH . H R B FE R Y8 K b % #2 (non-
homologous end joining, NHEJ) 44 iE I 2 5 /N
T 5 DNA (major satellite DNA) J7 %12k 1] spcDNA
= 1 fEk, FRATKAR 2 Bl S 2 T il ol 7
FERI) eccDNA A 78, B 55124 microDNA 4 eccDNA
AR AERLH -

H #7 2¢ T microDNA ) & B I& 72 1 oK 56 4% )
BH, TR v e 6 SR B 2 A Ut T R s 4y
TR R . SRR, microDNA 174 G5
et ik 4k DNA v Berg ™ ZE A0 DNA v B 5= 1 &
5 HREE (K 1), 4T DNA B B4,
H T T g2 DNA XUEEKIZY (double strand breaks,
DSBs) 45 &1 E ik /7 (replication stress)®
it FF # 5% (hypertranscription)™, 3 A 41 = HE i 1)
et A BY DL K AN B T IR S0 DNA
P M AR Jt DSB A B T eceDNA A2 WL
7E 2018 4433 T Moller 45 ** FI A CRISPER-C ##17

(1) S0 B8 E, AR AT & B4 B o DSB 7 AR R A
DNA PUA S 4% 77 U eccDNA,  HK/ME L
M bp B JLH kb A&, XIS N T A R
eccDNA g fit | — Al B #. XF+ DNA v B 57
B8/ A R, R A )& NHET. S RNE A
SR % (microhomology mediates end joining, MMEJ)
SEE WY, HEEZ, I Paulsen
2 1% 3 microDNA 7248 [ 5 S A% #i T DSB Al A i
FRfg, A ZEIT MME) 8288 AT K
Fee A 1 2 3R [RJJ5UR S 342 9% (canonical non-homologous
end joining, C-NHEJ) i@ i i# it 1& 5 DSB >k #1 il
microDNA #7240 Z I 5T 278 C-NHEJ & 42 1]
AE & 5995 AH 2% microDNA 724 B $E I8 %

k% 1 DNA W e L], HAbbLH 125
T microDNA {774 « Hetin Dillon %5 434 microDNA
AL S 2~15 bp N HIZE LT, 1l He
& E W (replication slippage) I &5, 7 LA#E 4
ftf& & (mismatch repair, MMR) &2 VJEk . MMR i&
R E 25y F MSH3 B RAE 23 /> T microDNA
FI=ERE, JFE2E T microDNA [¥)J5 K ZH A7 A5 10 A
F G, ZOUE 5NN, DNA fifhi fiE R, &6
# -MMR #1255 2 ML AT /T microDNA (7
Ao SN, RIEXT eccDNA 4T K /INFRFAE AT 12355
SR EE, Wang & "N TIH 9% DNA F B
1 UL K J5 42 1 DNA #3215 3 (DNA ligase 3) /%11
DNA % #5318 #2 /& eccDNA 77 4 [ S ML 45 1
AT, microDNA %5 eccDNA K KANLHIE 2, 7F
ANFEE 5 R, DNA WEFMESE . DNA & i L& 40

DNA DNA DNA DNA
— -
N N N DNAZERTZY ACIES
F'RDSB l;ﬁwss sHEE l s l Jcas
| l l DNA L
_ MMR
l(xmc:cugg:am) NBS1 l c-NHEJ | MMEJ MMEJ (MSH2,MSH3,MLH1) $i4EDNA (Lig3)
MMR MMEJ
l l (PARP1,POLQ) l HEEDNARE F=tEmicroDNA
i&BmicroDNA
Faic 3
F=4microDNA F=4microDNA

F=4EmicroDNA l

O

F=&EmicroDNA

1 eccDNAEAEHH#
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Mo T DNA Fr BUAL FNE RS Z FipLGI T ie = 5
eccDNA /24,

4 eccDNABYIHEE

T 5T eccDNA [1) 3 fig 32 2 I 43 1R AE 1 43
My AEAEFGRIEAG NPFEE, &5 A mRNA
B AR, B RIE/ANIATT M RNA & JUAJ5 %
. MG, microDNA EIAT] LY T L Je ik,
{E I A R AL A 1, L 5 s T
HERAX. B GCHEX. CpG HX. UTR X2, #
ARG —E M ThRE, AU AL R B AR )
BIF=4. R, MBI ¥ speDNA B A 5%
5 AT R i I8 ok (R A AR A R IR 308 B A 1 s )
A bn 51 B, AR R M, eccDNA K
F SN A SR . B AR E M. RER
By BT BUR SR DU e A SOR LR
HE— 2 A FIhRe

H 4R microDNA K/NZAE 1 kb LA, (HL A
ELECR I eceDNA 731 (JLAS kb BiE L1 kb) A 7]
RE IR e B BL DR Bl 3 0 70 BT L TR, AT A 45 DD e
MR, eccDNA B IR &, %7€ eccDNA
RIEWEFARIEAE G 15235 =0 7 I8 FE 1 e %
MFFRA, Moller 2 © @it %t AR ZHLSUREA )
B AL AIE B — £2 mRNA 7 51 7] BL 5S¢ 4 UG Bd
microDNA [ 741 AT 8 AMHLIFEA i %
SEH T 25 FASFN) microDNA #5645, i microDNA
AE % 18 1 32 X mRNA SR 4 g = 8, JERIA
mRNA 724, Wi AT e 5 4 22 2

% 4N, Paulsen 25 ¥ i@ i # & A\ T. microDNA
TR H IR, &I microDNA REfE R iATh
fE T /N 5 RNA U1 microRNA Al si-like RNA, #
i) microDNA SRIFSEAIER, M) £ F Rk
[Fi] B 2 I microDNA 1) ARG E B 3§17 51
P Y5 7 microDNA fE 5 RNA K4 i IV 3£ POLR2H
A1 POLR3F 454, 2% P microDNA 1] fE 4 RNA ¥
A 0 5%, W ATREHE RNA RAEE 1A 1T #63%,
2, microDNA A] B8 i 7= A= T R0 AT ) 2N 1
T RNA SRR R R

B A3 3 1 L, Wang 25 " O BF S0 B UE BT T
eccDNA A8 0% il 3 G0 72 40 M Al LB B e B . AT
Lj eccDNA K/INH ] 1) FE R 2H 26 £ DNA 532
eccDNA [FI & g E g i, LR+, &
Pl eccDNA REWEA R0 In e IR 7Rl gk — 2Dt
FEW, XFHES cGAS-STING #KA XK, ZJh

flfI 14 eccDNA Zi P4k, RILFNBAER N K, £
B LIS F RS SR 8T eccDNA 41, T2 RN
eccDNA PRI A7 PE L it DNA 4% /8% 2% STING il
B o Il BAh IR (1 e TR T B4 TR L

5 eccDNATERINERHRIBENA

LI FTIE B T eccDNA TETEHR R 48 b (K47 AE
e JLHFAE . Zhu %5 ™ %552 T N A I 25 AR
% eccDNA, R ILEAT 4 m) TR YR 5 Je ik B
AMETFIX. DNA BE@BHIX . 48 [ H3K27Ac fr
Vs £ X %A B . Kumar 25 " 78 AR/ B0 i 3%
ALE HAE] T microDNA [IAETE. BEAk, g
1E AU AR AR AT PAURE I microDNA RIS K4t 7, 1
983 Sk Y5 ) microDNA EE TE 3 20 i SR (4 1 B K
K. 2022 4, Wu 25 BTt £ 12 eccDNA
JG KRB, 4> eccDNA A1 Ay 53012 Wi il Fi Jee F 7
TEAEYIAR & . Pang 25 U8 b UME 56 45 46 s S 0L
Xof 8 N (4 1L 2 eccDNA #EAT 18 42 A0 7 43 47,
RILT AT BE 5 R DT 98 RE S PR AT 2 ) eccDNA
T, eI eccDNA 7E1Z95 H AT BE AW 2 1)
B8 LA AE bR ST IR R A o

PRI AR AARTERG FIREAR Z —. Ly 25 "B R
T N SR /N3 F eccDNA AR CHR-ME . M AiTR
PR eccDNA [ B 32 ZE4E 1000 bp LA,
GC &&w, SR TRRIX . Mm%t (short
interspersed nuclear elements, SINE) %5 [X 15k, i
P B IRIPE 2 1) eccDNA, JHEHEET
B2 miRNA JE K, $27R8 eccDNA A& bR I AR 1) 78
TEARED o

FEFE RIS WK, 2020 4F, Sin 25 " 7E 0T 5 B
A LG )L eccDNA BRI, G JLRIER] eccDNA
Iy FIEE L RHASKIR A . 2021 4, MATIEE A
T RHAFING L eccDNA B R ZK Y, @ 1 3 i
FE RO i AR XS H AT 7 20 A R R A A, RIS
JL eccDNA [ FF AL 7K A T BEAA [ eccDNA 5 %5
/NS eccDNA ) FH AL KPR T8 K 1 eccDNAM,
eccDNA [ H 54b K75 3 BER/N 2 IEAH G, T
B A E 5 1 2k P DNA AT eccDNA 2 [a] () B 34k 7K
AN X —WFIFHH T eccDNA 2 A% 22 470
(I T, AR I3 AR 5 7 R 5 A [ Y0 R T A 7 T 11
o FH B AL T L

TARTEAR BT TG RAE 4. R
FIVER P 5 25 4193 S S BB i S5 50 (1 L IR 2L 49
TR FiE. F2ite S U R R MG RN o
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M3 M JRIEEIE R G 74 K& eccDNA,
I B 5 HA0MORIEAT Ry A A R . 22 2 it A
AR ARG B K] eccDNA A HE A
TR E Sy T hm A P

6 eccDNAZRER S 4E

6.1 eccDNARIEZEM R KK

XFF 7N ¥ 1] eccDNAs, U1 microDNAs,
NH S pEAEE &L T H IR R 2 I
14, BT DUR HME M 38 42 52 K 4 DNA I3 3R 45
HAMFRABR . 1 H BRI & MM 77 % R 28
PR« (1) & DNA f4R B, $2HLH K H) DNA F14
FEEME DNA A3 DNA.  (2) DNA KWL, I
% R 4 V1 VI, plasmid-safe ATP-dependent DNase
LA L BREME DNA, F 8 B B AT RNA B 1L
EBRE AT RNA. (3) L3l E A 1 (rolling circle
amplification, RCA) Bi# £ H B #t 4 1 (multiple disp-
lacement amplification, MDA) ¥ /N7 31k DNA It
FeE T IK.  (4) @R L TR DNA
il 3 A /N Fr B, 3047 DNA g A e o ¥
2). WHREAZLY N, REs TR 780 1
P DNA ) fk, % 3545 ) DNA F ] TnS F§ 55
JTERAT R P . M AN AT U2, IR R R
FLA 4 A S e 5 R M PO i Wang 5 MY IR He
T RCA ¥ BRI L RCA ¥ 18 B #0047 5% Aty
PRI i SEAR 45 3, JFHERR T RCA ¥ R AR
(10w 2 .« 2020 4, Kumar %5 P9 {35 ATAC-seq (Assay

§ wEsMIESATP
{ERDNATRLE
—_—

O

0
b
0°o

RNAEEH %

St

for Transposase-Accessible Chromatin with high throughput
sequencing) ¥ 11 1 1R %1 eccDNA [FI87T 5 ME (& 3), i
TIASBEAT WA AE R A 5 H 32 1T ATAC-seq &
i, FIF eccDNA RERR &AL s B 205 T B g
HY eccDNA {5 ..
6.2 FTEeccDNAEYIEEIRET AR

b5 X eccDNA Hiff 7L ISR N, BHF AR
FRET 2T eccDNA 15 B T HE. HEl
CL KRB T eccDNA 4> T 15 B2 LK T R A
circle-Map”''. ECCsplorer™”. ecc finder™ %%. I rh
circle-seq. ECCsplorer #& % T Illumina & 132 Wl /5 11
T.H, CIDER-seq”" iz Fi T K2l * I 54, ecc
finder M 3= X} Mlumina K152 LA & 99K L0 7 2 is
AT (R D)o 5 B TR circle-seq T
H, HIET eccDNA ] map reads H /7 split reads Al
Discordant reads % MEE#k reads 1M1 3#E47 eccDNA 151,
RS 5K 5 I P A RR IR 45 4 (1) reads #EAT HEHI,
FEXPH AT B UIPF 4,  ATT43 2 52 2 1) eccDNA 5
o Auk, s256 KRB split reads FULAKES, B FH
PR, DRI AT LI B split reads B0 = ) B0 1F
N eccDNA #EAT43#r B,
6.3 eccDNAFRELAAFTIRER

bBEE AP AT AR A JE, A TR
eccDNA (¥ &AL, 2021 4 Sin HIEA /M40 T —F i
F138E A5 F 90 R AR R 2 vk 1 D) 2R R R 1
DNA J&, FIH] Tn5 ¥ MEEHT IR DNA IR ES
K R 7E DNA F Betim i B8k 1, I FH il

— N R
-_— N RRARAR
; EERH LEFEBMUR onmmnne. g E RE
g = -~ e
| - WARRRA

&2 /hFeceDNARIE EFNFI 3R 5REE
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- KEf | st
- ‘\w(: 6 5 4 3 I\l —
mmmm s o NTACsed PCRITE
o, G < — < =) () 002000000
o 000000000
[l3 ATAC-seqiHflleccDNA
&1 eccDNAZ FIREVIVEMEEEEE
TR Tk SR
circle-Map https://github.com/iprada/Circle-Map [36]
ECCsplorer https://github.com/crimBubble/ECCsplorer [32]
ecc_finder https://github.com/njaupan/ecc_finder [33]
CIDER-seq https://github.com/devang-mehta/ciderseq2 [34]

Fe iR R AL C #4608 U, PCR R il U
Fetbon T, HEATIEPE BFY . B Iy BE 8 R
RS U A A o ERR DNA B B R A A7 s (5 B
(K&l 4.
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