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Dataset ID Sample Tissue/ Disease Sg?:tfec?r(:;ng Pipeline Sirﬁglr: be?:::gN A Chirﬁ::?cb(eacr:glgN A
Dataset 1 Sperm cells Semen Nanopore NanoCircle [ 8306 | 3014
Dataset 2 EJM cell line Multiple myeloma Nanopore CReSIL ] 4635 | | 33
Dataset 3 JJIN3 cell line Multiple myeloma Nanopore CReSIL I oss' 988
Dataset 4 Kelly cell line Neuroblastoma Nanopore eccDNA_RCA_nanopore :| 431 |:| 58
Dataset 5 Medulloblastoma Medulloblastoma lllumina Circle-Map | 12518 /

Dataset 6 Muscle cells Muscle lllumina ecc_finder (map-sr) :l 1421 /
Dataset 7 OVCARB cellline | Ovarian cancer llumina (wamensamblaster) I o7 /

Supplementary Fig. 1. Dataset information. Column charts depicting simple eccDNA numbers and chimeric eccDNA numbers were logarithmically transformed

using a base 10 logarithm.
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Supplementary Fig. 2. eccDNA profiles of different simulated datasets. a. Chromatin distribution comparison between the simulated dataset and corresponding
real dataset. b. Chimeric eccDNA composition of the simulated dataset and corresponding real dataset. c. Length distribution comparison between the simulated
dataset and corresponding real dataset.
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Supplementary Fig. 3. Base pair difference and computational resources cost of different analysis pipelines. a. Base pair difference of short-read data
analysis pipelines under different sequencing depths. b. Base pair difference of long-read data analysis pipelines under different sequencing depths. c. Base pair
difference of short-read data analysis pipelines under different chimeric DNA proportions. d. Base pair difference of short-read data analysis pipelines under
different chimeric DNA proportions. e. Time and computer memory used by different pipelines in simulated short-read data analysis under different simulated
sequencing depths. f. Time and computer memory used by different pipelines in simulated long-read data analysis under different simulated sequencing depths.
The n represents the number of datasets that can be successfully analyzed by corresponding analysis pipeline. For panels a, b, e, f, n=7, except for ecc_finder
(asm-sr) with n=6 and ECCsplorer with n=6 when depth <10, n=5 for depths between 15X and 25X, n=4 for depths between 30X and 40X, and n=3 for depths
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higher than 40X. For panels ¢ and d, n=4. Data are presented as mean values +/- SEM. Source data are provided as a Source Data file.
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Supplementary Fig. 4. eccDNA validation by PCR. Green numbers above the lanes represented the possible amplified breakpoints and red numbers above the
lanes represented the unsuccessful amplification of breakpoints. The arrow shows the validated bands. For the “ec number” below the lane, green represented the
validated eccDNA, red represented the unvalidated eccDNA, and the chimeric color represented the unsuccessful for validating all the breakpoints of the specific
eccDNA (only chimeric eccDNA has this label). “S” in the brackets presented the simple eccDNA, while “C” in the brackets presented the chimeric eccDNA. Green
arrows showed the validated bands. The detailed Sanger sequencing validation results were recorded in Supplementary Table 2. Multiple PCR products from different
samples could be run at one electrophoresis gel. To make a systematical figure layout, gels were cropped and classified in terms of the experimental method and
chimeric or simple eccDNA. Panel a, n, and b came from the same gel from left to right; a and n shared the same ladder. Panel o, ¢, and p came from the same gel
from left to right; o and ¢ shared the same ladder. Panel j and q came from the same gel from left to right, and shared the same ladder. Panel k and r came from the
same gel from left to right, and shared the same ladder. Panel | and m came from the same gel from left to right, but without shared ladder. Source data are provided
as a Source Data file.



p<0.0001

’ p=0.0028
‘ p<0.0001
[ p<0.0001
‘ p<0.0001
‘ p<0.0001 p=0.0041
)
<
_ 1.0~ 2
3 LN ] ‘E ~
2 08 S 2
S . 3
g . oo,
5 064
&
3 044 g © S
3 = o =1
S < =
S 024 s S S
ke oo®
[
S 0.0-
5 K & & & N
Y o o4 £4 o o
Yg; B3 ) & &
Y’S oy o

Supplementary Fig. 5. Correlation coefficients (r value) between copy
number and sequencing depth of eccDNA. Copy number data were obtained
from 3 WGS-LR replicates. The correlation between the eccDNA coverage from
each replicate and genome copy number from each WGS-LR replicate was
analyzed, resulting in a total of 9 data points for each experimental method (n=9
correlation analysis results).Statistical analysis was performed using one-way
ANOVA with Tukey correction. Data are presented as mean values +/- SEM.
Source data are provided as a Source Data file.



p<0.0001 p=0.0044

| p<0.0001 p<0.0001 p<0.0001
p<0.0001 p<0.0001 p<0.000 B wos-sR
o S
P0.0001 ¥ o S M wes-LR
o S h

100 9 =2 5 e | p<0.0001 B ATAC-Seq-SR
S 4 > ~ <
& o N p<0.0001
< i N~ N .
5 <0.0001 [] 3sEP-SR
a) 4
g 1 p=0.0001 [ 3SEP-LR
ks - ©

[ee)
5 50 g NS 3 M circle-Seq-SR
£ i o N ® ™
g « © @ . ©
£ 4 © o & & 2 ~ M circle-Seq-LR

o ~ - ©
18 g s 8 3 L 8 5 §
{1 3 S S ¥ S &
S S =} S o
0 gty

T T
<2 kb 2 kb-10 kb >10 kb
Length
Supplementary Fig 6. Proportion of eccDNA within different length ranges. For each experimental method, we performed 3 independent experiments (n=3).

Statistical analyses were performed using one-way ANOVA with Tukey correction (for each length group). Data are presented as mean values +/- SEM. Source data
are provided as a Source Data file.
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Supplementary Fig 7. Enriched oncogene of each replicate. Genes, marked in red, were detected by 4 experimental methods. Source data
are provided as a Source Data file.
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