Supplementary Information

Mgller et al., 2018:

Circular DNA elements of chromosomal origin are common in healthy
human somatic tissue



Supplementary Note 1. Terminology and nomenclature for
extrachromosomal circular DNA. The existence of eccDNAs in higher
eukaryotes has been known for more than half a century'. Nonetheless, a
common nomenclature has not been established, leading to a range of
terminologies. For instance, our preferred eccDNA abbreviation covers other
entities such as amplisomes?, circular extrachromosomal DNA3, covalently closed
DNA circles?, cryptic circular DNAS, double minutes?, episomes®?, microDNAS,
minicircles?, micro chromosomes1?, ring chromosomes!112 and small
polydispersed circular DNA1314 (for review seel>). We used the name
extrachromosomal circular DNA, eccDNA, as the collective term for these
elements and encourage the unifying nomenclature of eccDNA to describe all
circular DNA elements from eukaryotes to avoid confusion.

The large number of eccDNAs recorded in the present study calls for an eccDNA
nomenclature. Brackets around a the name of a genetic element, [GENE X], are
conventionally applied to describe genetic elements with non-Mendelian
inherence in yeasts and bacteria, and are currently used to describe eccDNA
from yeast16-19, We furthermore used a superscripted "circle," [GENE X circle], to
indicate the circular nature of eccDNA.
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Supplementary Figure 1. Quantification of linear DNA. a, COX5B copies quantified after
5-day exonuclease treatment of muscle samples after column purification (Circle-Seq
method). b, Representative gel-image from qPCR experiment in a. ¢, Dried muscle fibers in
mg from healthy participants (T1 to T16, n =16), used as input for the Circle-Seq method
(median 6.012 mg + 0.012 mg). d, Genomes per muscle lysate sample estimated from
COX5B copies (median 9.7 x 10° + 2.9 x 10°) before column purification (Circle-Seq
method). e, Gel image of a representative quantitative PCR (qPCR) experiment from d. f,
COX5B copies per leukocyte-enriched blood lysate sample (B1 to B16, n = 16, median 10* +
6.1 x 10%) pre-column purification (Circle-Seq). All qPCR reactions were performed in
quadruplicate and averages from each experiment were used to calculate displayed stan-
dard deviations between a minimum of two independent qPCR experiments.
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Supplementary Figure 2. Decimation plots of eccDNA counts from samples of skeletal
muscle and leukocytes as function of million mapped reads derived from sequencing a-b,
muscle-derived eccDNA (T1-T16,n =16) and c-d, blood-derived eccDNA (B1-B16, n = 16).
a and c, Participants with a sedentary lifestyle; b and d, participants with a physically
active lifestyle. e, Comparison of detected eccDNA counts at high confidence (hconf) for
in-depth sequenced samples T2 and T7 and f, eccDNA recorded with less confidence

(lowq).
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Supplementary Figure 3. Leukocyte-derived eccDNA size and read distribution on
plasmids and repetitive elements. Number of leukocyte-derived eccDNAs relative to size
in kb in 10* leukocytes from each of the 16 participants and median from a, men with a
sedentary lifestyle (n = 8) and b, physically active men (n = 8). EccDNA kb sizes are in bins
of 0.1 log-fold changes. ¢, Reads mapped to plasmid controls added to leukocyte samples
before eccDNA purification at indicated copy numbers; median, white circles. d, Reads
mapped to repetitive regions for leukocyte-derived eccDNA samples (B1-B16) as percent-
age of total mapped reads; median, white circles (n = 16). Satellites, blue (n = 15) and
group of non-LTR retrotransposons (n>100, LINE and SINE/Alu); centromere and telo-
meres, orange; LTR retrotransposons and transposable elements (n>200), purple; RNA
genes encoding either ribosomal, small nuclear, transport or multicopy RNA-like repeats (n
= 26), green; mitochondrial DNA (mtDNA) and plasmid controls, gray (n=6).
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Supplementary Figure 4. Gel images representing a validated subset (n = 6) of recorded
eccDNAs by outward PCR (blue arrows), inward PCR (black arrows), gel electrophoresis
and Sanger sequencing. EccDNAs are named according to gene content; black boxes, exons.
Template: phi29 (¢) amplified eccDNA from muscle T1, T2, T5, T6, T8, T12, T14; leukocyte
B6A-C, B14A-C; GD, genomic DNA; NTC, nontemplate control. Sanger sequenced PCR
products were aligned to eccDNA and the resultant sequence shown as blue lines.
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Supplementary Figure 5. EccDNA frequency relative to chromosomes and chromo-
somal features. a, Leukocyte-derived eccDNA counts per Mb from active (x, n = 8) and
sedentary men (o, n = 8) relative to each chromosome. b-g, Correlation between eccDNA
per Mb (average, n = 16) and b, coding genes per Mb, ¢, pseudogenes per Mb, d, short
variants per Mb, e, long noncoding genes per Mb, f, small noncoding genes per Mb, and g,
miscellaneous types of noncoding genes per Mb. Rho (p), Spearman rank correlation
coefficient; Y, 17 and 19, marked human chromosomes.
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Supplementary Figure 6. Quantification of DNA concentration and eccDNA count
relative to mapped reads. a, Quantitative PCR (qPCR) assessment of the number of
COX5B copies per leukocyte lysate (n = 4, A-D) from participant 6 and participant 14 before
column purification by Circle-Seq (median 3.0 x 10* £ 4.9 x 10°). b, Quantified COX5B
copies after treatment with 210 units exonuclease (median 4.4 + 6.2). c-d, Representative
gel images after qPCR experiments from a and b, respectively, showing size-specific COX5B
products and oligos. All qPCR reactions were performed in quadruplicate and a minimum
of two independent experiments were used to calculate average standard deviations. e-f,
Decimation plots of eccDNA counts in leukocytes as function of million mapped reads in e,
B6A-C and f, B14A-C. g, Circle-Seq detection of mitochondrial DNA (mtDNA) in NotI-treat-
ed samples (B6D and B14D) but not in Mssl-treated samples B6A-C and B14A-B (few %
mtDNA reads in B14C). h, QPCR quantification of the MT-CO1 gene on mtDNA for sample
B6A-D and B14A-D; left, relative MT-CO1 copy numbers between samples; right, qgPCR
CT-values.
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Supplementary Figure 7. Size distribution of eccDNAs in leukocytes. Detected leuko-
cyte-derived eccDNAs relative to size in kb in two sets of triplicate samples (3 x 10* leuko-
cytes/sample) from a, participant 6 and b, participant 14. EccDNA kb-sizes are in bins of
0.1 log-fold changes. ¢, Median eccDNA counts of B6A-C and B14A-C (treated with Mssl
endonuclease) with comparison to B6D and B14D (treated with Notl endonuclease).
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Supplementary Figure 8. EccDNA from leukocytes from participant 6 and 14. Human
genomic map of all detected eccDNAs in a, B6A-C (n = 3) and b, B14A-C (n = 3). a-b,
EccDNA detected once, black lines; twice (290% overlap), black circles; three times (290%
overlap), blue circles. Classes: SAT, satellites (ALR/alpha); LTR, long terminal repeat
(THE1C); SINE (Alu family); lincRNA, DNA encoding long intergenic noncoding RNA; I,

intergenic. * = several detected eccDNAs of same class.



Supplementary tables with legends

Parameter

Inactive (n=8)

Active (n=8)

Age (years)

Height (cm)

Body weight (kg)

Body fat (%)

Incremental cycling test duration (min)
Incremental cycling test (wattmax)
Total blood cholesterol (mmol/L)

HDL cholesterol (mmol/L)

LDL cholesterol (mmol/L)

Total cholesterol/HDL cholesterol

HDL cholesterol/LDL cholesterol

Total leukocytes (109 cells/L)
C-Reactive Protein, inflammation test (mg/L)
Testosterone (ng/dL)

Protein carbonylation (nmol/mg protein)

62.8+1.3
176 +9
829+ 14
30579
13.1%3.6
188 + 36
573+ 1.16
1.50 + 0.47
3.54 £ 0.81
417 £1.39
0.44 +0.18
7117
1.7+0.8
124 4.1
1.94 + 0.58

62.1+1.4
180+ 8
82.3+12
21.9+4.2*
20.8+ 5.1 **
266 + 51 **
5.44 + 0.88
1.60 £ 0.46
3.41+0.78
3.69 £1.32
0.50+0.21
6.8+1.8
1.0+0.8
12.7+6.4
1.37+£0.28*

Supplementary Table 1. Physiological data from healthy human donors.
Physiological parameters of healthy men with a lifelong sedentary or lifelong
physically active lifestyle (each group n = 8), showing mean * standard deviation.
Cycling endurance, percent body fat, protein carbonylation were significantly
different between the two groups (two-tailed t-test, p-values * < 0.05; ** <
0.005). Selection of men for the two groups was based on questionnaires.
Physically inactive men had a lifelong sedentary lifestyle with physical activity
once per week at most throughout their life. Physically active men had exercised
throughout their life three times per week or more.



Read support of eccDNA detection

TISSUE
(T1-T16,n = 16)

LEUKOCYTES
(B1-B16,n = 16)

NA12878
(Platinum genome)

% eccDNAs with > 1 soft-clipped read (# eccDNA) 38.9 (53890) 22.7 (2325) 0.75 (54)
% eccDNAs with > 1 discordant paired-end read 78.8 (109241) 85.7 (8764) 99.25 (7144)
% eccDNAs with > 1 split read (# eccDNA) 45.3 (62763) 27.4 (2799) 0.0 (0)
% total (# total) 100 (138681) 100 (10228) 100 (7198)
TISSUE LEUKOCYTES NA12878
Ranked eccDNA detection | (T1-T16,n = 16) (B1-B16,n =16) (Platinum genome)
% hconf (# hconf) 31.7 (43960) 61.1 (6253) 17.4 (1255)
% conf (# conf) 58.5 (81066) 31.2 (3191) 72.9 (5246)
% lowq (# lowq) 9.8 (13655) 7.7 (784) 9.7 (697)
% total (# total) 100 (138681) 100 (10228) 100 (7198)
TISSUE LEUKOCYTES NA12878
EccDNA detections in repeat-masked regions | (T1-T16,n = 16) (B1-B16,n =16) (Platinum genome)
% hconf (# hconf) 26.9 (37301) 58.6 (5990) 16.1 (1157)
% conf (# conf) 45.9 (63591) 26.7 (2730) 67.0 (4826)
% lowq (# lowq) 9.3 (12880) 7.0 (716) 9.4 (678)
% total (# total) 82.0 (113772) 92.3 (9436) 92.5 (6661)

Supplementary Table 2. Detected eccDNAs in tissue, blood and the

Platinum data set NA12878.




EccDNA EccDNA Detection Outward Inward
gene (kb) Sample Chr Start (bp) End (bp) confi- Outward oligo's product Inward oligo's product
content dence (kb) (kb)
M me 1 2 e mees wew  JACTICTCMGWGNS o, STMcocotmocss o
mome ot e s e CASTECECMCONCHS L, SToscsomocess
a5 w3 seews sowwo wew SUMGTImGwGGMGCTS ,  sCoomocaons
s 4w s o s o SIMDOGGCGGOTCLS L, sCucccooonens
sews w7 ms 4 wewe seme wew SUMSSCKGGGeTRS L, scwcocooomens
ADAM19 04 T2 5 156981963 156982366  hconf a3 04 - -
w1 T w o owow e e SOSTOOMOOTGCRS L, S@uomeemomens
sox1s 04 TS 17 7492557 7402969 heonf  © CLCCCOAAUATOAGGAGGCAGC S 02 - -
Wewe s w5 e amse wew SHGMTGGGGaCcns o, smmmomcorss o
b me v vemn wese e SSSSOWMGmTETOICRS o, Swoemommoers
wmss o3 w7 wseno wsen wew STHSCOMGOWSmECSS L, samomenmoncss
ML ae 0w wwes  ow  STOTOTSMGMGcons o, snEmomocnccns o,
womsas 15 w0 1 e e we  SONTWUCOOTOmIS ,,  samoooiwocns
w1 e e STOMGTGOGGIGONS L, sTmecoscocss
o sr ot 7 smeess swen  ow  STSOSGGouocns L, socwomoemens
M/ sr T v swens sy ow  SOOTCTGSSGGNS o Sgwsmcness
ls e m m o wmwn wawe we  SMOTOGIOODGLS L, sGmoocnocorcns
wes w3 wsesw e o STIMEMOGRGCRCLS L, Smemocooicrs
w2 TME e e e STETOTIGCCIOZS L, saowccowcrns
SLC1248 6 B14A 3 124930132 124936159 conf 5'GGTTTCCTGTTTGCTGTCACC 3'; 5 37 5' CCAGGTGGATCCTCTCCTACC 3'; 5' 07

CCAGGTGGATCCTCTCCTACC 3'

AAAGGCTGGACAGGACTAGGG 3'

Supplementary Table 3. Selected eccDNAs and oligos used for outward PCR

validation and Sanger sequencing. Seventeen of the selected eccDNAs were

validated by both outward PCR and Sanger sequencing. Three recorded eccDNAs
did not have final Sanger sequencing validation (HDAC1, EGFR and SLC12A8) and
unlike the others, had less coverage and support from structural variation reads,
indicating they could be rarer eccDNA types. PCR data suggested that two

recorded circles in close proximity at ERBB2 and MYH11 should be merged into

single elements [ERBBZ2circle] and [MYH1 1¢ircle],



Chr Start End Sa No. RNA-Seq EccDNA Chromosome, Length of Confidence Annotated Annotated
mp reads length start, end of split- of RNA gene on gene on
le matching detected split- transcript split- eccDNA split-
eccDNA- transcript interval transcript transcript
junctions detection interval
chrl 565016 565195 04t 2 179 chr1|565019|565 169  lowq N.A. N.A.
188
chri 565285 565859 07t 2 574  chr1|565301|565 131 conf N.A. N.A.
432
chrl 566131 566324 07t 1 193 chr1|566144|566 172 lowq JA429831 JA429831
316
chri 566149 566358 04t 6 209 chr1|566157|566 119|103 lowq|lowq JB137814 JB137814[JB
276;chr1|566163 137814
1566266
chrl 566166 566371 06t 1 205 chr1|566168|566 108  lowq JB137814 JB137814
276
chri 566593 566749 08t 1 156  chr1|566607|566 131 conf N.A. N.A.
738
chrl 91852963 91853121 08t 2 158  chr1|91852970|9 136  lowq HFM1 HFM1
1853106
chr13 110076501 11007665 15t 3 150 chr13|11007651 112 lowq N.A. N.A.
1 6/110076628
chri4 23892824 23893406 05t 6 582 chr14|23892839| 54  lowq MYH7 MYH7
23892893
chri4 23893178 23893294 08t 1 116  chr14|23893181| 102 lowq MYH7 MYH7
23893283
chri5 23292779 23293264 09t 1 485 chr15|23292797| 48  conf HERC2P2 HERC2P2
23292845
chr17 10432003 10439712 07t 8 7709 chr17|10432007| 77|64 hconf|lowq AK097500,MY AK097500,
10432084;chr17| H2 MYH2[AK09
10432007|10432 7500,MYH2
071
chr18 192072 192156 03t 1 84  chr18|192074|19 82 hconf USP14 USP14
2156
chr2 179391101 18000932 04t 2 618228  chr2|179391105| 34465 lowq AK123298AX7 MIR548N,T
9 179425570 46670,CCDC14 TN,TTN-AS1
1,MIR548N,SES
TD1,TTN,TTN-
AS1
chr2 179424913 17942823 08t 2 3320 chr2|179424932| 167  lowq MIR548N,TTN, MIR548N,T
3 179425099 TTN-AS1 TN,TTN-AS1
chr2 179587767 17960587 06t 1 18112 chr2|179587773| 153 lowq TTN TTN
9 179587926
chr2 179621874 17962195 07t 28 82 chr2|179621875| 59  hconf TTN TTN
6 179621934
chr2 179621874 17962195 05t 48 82 chr2|179621875| 59|68 hconf|lowq TTN TTN
6 179621934;chr2|
179621888|1796
21956
chr20 57270075 57270395 07t 1 320 chr20|57270088| 301 conf NPEPL1 NPEPL1
57270389
chr21 27909857 27912117 06t 3 2260 chr21|27909873| 1966|1241 conf|conf CYYR1 CYYR1|CYY
27911839;chr21| R1
27909873|27911
114
chr21 9827315 9827461 04t 4 146 chr21|9827334|9 122 hconf N.A. N.A.
827456
chr21 9827332 9827476 05t 2 144  chr21|9827335|9 105 lowq N.A. N.A.
827440
chr5 79947275 79947406 07t 2 131 chr5|79947290|7 13 lowq DHFR DHFR
9947303
chr7 75353569 75371757 08t 2 18188  chr7|75353570|7 18187  hconf HIP1 HIP1
5371757
chr8 70602354 70602511 09t 5 157  chr8|70602355|7 105  lowq SLCO5A1 SLCO5A1
0602460

Supplementary Table 4. List of detected eccDNA transcripts in muscle.
Table of 25 detected eccDNAs for which RNA-sequenced split-transcripts
matched eccDNA-detected coordinates (n = 16). Columns from left: A)
chromosome; B-C) Start and end coordinates; D) Sample with transcribed
eccDNA; E) Number of detected split-transcript reads matching eccDNA; F)
length of eccDNA; G) Coordinates (chromosome, start, end) of detected split-
transcript; H) Length of split-transcript interval; I) Confidence of eccDNA
detection (lowq = low confidence, conf = confidence, hconf = high confidence); ])

Gene(s) on eccDNA; K) Split-transcript origin gene. Detection of different split-

transcripts within eccDNA coordinates is separated with a vertical line in

columns G to I. N.A,, no annotated genes.
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