Supplementary Information

A

B

Cc

m

- Transcription Transcription
Transcription ,_’ Exon2 Exon5  Exoné Exon5  Exond Exon3 Exon2 Exon10
rEwp2 | SATBT -/ —_— ] DIAP3 w
chr1:159,232,326-159,347,580 : -
Ghr17:51,802,791-51,809,98 chr14:86,976,291-86,989,598
Transcription/ -
e Transcription/
back-splicing b.ck{pl‘i"ci"g
circRFWD2 . : \ 12°Y
B circSATB1
« - circDIAP3 %
? - | |
llnuﬂion Retrotransposition? s mmr 7 EE
l Insertion llnnrtion
e 500 bases mm10 B e -
chri: 117,842,600  117,842900: 117,843,200 117,843,500 ( sooBgietation .o . N 1kb mm10 X
DNA - chri7: 9,918,500 « 9,919,500 1 9,920,500 1
g = = chr3: 94,832,901 94,833,4001 94,833,9001
gDNA ————=—Fim L 5R -
Squirrel THEEELR) B2 Mm2(SINE) _RMER10B(LTR) ENSMUST00000176211 retro-Lonrf3 .
i R
Human Rat
himp O Rm—— — squingl
Rhosus Rabbit abbi
gman S Sl Hyman
i ro——— i
T 4 (LT R s
129P2/OlaHsd Sorlls : Gonilla
AKR) mtbame . o et ettt el 129P2/0laHsd U | [129P2/012HS i o S
B A P——— B — sl llima
—— AKR_J AKR_J millliimmnm o e
_t BALB_CJ o o cmatiiiiation s . catitincnemmadiiiiiioiin.. - BALB_cJ Ml Jp—
C57BL_6NJ sttt P BuB_BnJ <t BuB_BnJ ]
\_ C57BR_CAJ semeli.. C3H_HeH e, o - C3H_HeH sl ceatitihtiissmcsttutss. oo e st ot ol ctatltegs. .ol
- ~/ C57BL_6NJ [or7 4 TR T P = S+ ——"—
C57BR_cdJ T \_C57BR _cdJ e
Transcription D
Exond Exon2 Exon3 Exon2 « VIRNASE = 4
PRKDC -/ 7 CAMSAP1 // " chr5:135,416,087-135,416,386 Transcription/
chr8:48,868,345-48,870,086 back-splicing
chr9:138,773,150-138,775,243 -
Transcription/ Transcription/
back-splicing back-splicing VIRNAZ-1
“ Retrotranscription to -
circPRKDC circCAMSAPT cross back-splicing =
junctions twice -
V 18~ 8 100
N l Retrotranscription Retrotranscription?
(Linearization?)/
Retrotranscription Linear cDNA P i Iy I Orientation 56 1001 55 Orientation
Linear cDNA Linear cDNA - .- .
163bp 165bp SArcrrazen GATCRTAT TG llnserllon
l Insertion l oo obe Inser n? :‘p o / 100 bases hgt Orlaniiation
chr10: 31,839,9501 31,840,0501 31,840,1501 31,840,250 1
2kb hg19 Ori ( hg19 "(‘_ DN 56 100 1 55
chri1: 38,133,000 38,135,000 1 38,137,000 38,139,000 chrd: 33,239,600 33,239,850 33,240,100 | 33,240,350 | 33,240,600 ! g‘:h. AT_rich (Low_complexity) MSTB (LTR)
- [ im|
THE1D-int LTR12_ HERV9-int HERVIP10FH-int HERVG-int LTR12_ THE1D-int L1P2 (LINE) L1P2 (LINE) o
. ENST00000515630 e R —————————
orilla f— Mou:
hesus — o
i ;
oyse \_Rabbit )
Rabbit
ACB bl il . ot B it . it it i bl s i st s i I
ASW QRO SO 111 O WO N O Y 2kb mm10
o e pry T ey r chr17: 51,803,000 « 51,805,500 « 51,808,000 « 51,810,500 «
ey - PR Sy Davile. 4 ottt Tttt s AR ExonS_Exgnd_Exon3 Bon2  satgy
CEU e it i o e - ity i et MEL CTCF SO S R 7%‘“’”
[T VP TEI WRW I RO W O BV RTERRVERE eV Y Y | AT e T, MELCTCF N - - Nale
b e A ——— s el it
CHS i R — MEL CTCF (DMSO) Hairord
Ry . — el ootz M e ey - - -
(Eils-zl P . e, it s - - G1E-ER4 CTCF 24hr PSU
FIN ot e P e ) Db oI, il Mel H3Kdme1 LICR
G1E-ER4 H3K4me1 PSU
Non-circRFWD?2 origin circRFWD2 origin G
o | chri:117842959-117843313 ks im0
H
2 g| chr1:118040643-118040998 chr3: 94,820,000 94,835,000' 94,850,000
§5| one: 130401897 circSATB1-derived pseudogene = - POGZ
o A 4 - - —
88| chrio: -
£ 3| chr14:15298465-15298863 meLeter | i A Stanford
3
Ee| chris: 10380491 MELCTCF | L ale
s 1 MEL CTCF (OMSO) - ) fantord
) 62nt oﬂ (Db p ) 1 S| S— N IYale
Fusion sequence of @ TTTGATAT ) 4= GAE-ER4 CTCF 24hr PSU
Exon6 (62 nt) ExonZ (18 nt) 18nt B S g et Dk
Primary neurons_D1* «P Mel H3Kdme1 - i TR 1.,LICR
Ofactory bulr a s 1 A [PV .
P19_rep1_D4* G1E-ER4 Hijffme1, IS bl a b e R i, LU [BSY
8 N kb ————— hg19
§ | Corepellum® ...t chrt: 151,450,000 151,435,000: 151,420,000
2 | P19_rep2_D0*
g CTTATGGAATTCCTCAAGGTTGCAAGGAGAAATAAGAGAGAGTCCCATCTGCTTTGATAT = jroce
@ | Primary neurons D28* =
& CTCARGGTTGCAAGGAGARATAAGAGAGAGTCCCATCTGCTTTGATAT K562 CTCF | Broad
£ | P19_rep1_p2* CTCARGGTTGCAAGGAGARATAAGAGAGAGTCCCATCTGCTTTGATAT el B T T T OpenChrom
R1_poly(A}- TCAAGGTT :3 TCTGCTTTGATAT 3 Luta
Primary neurons_D1* CAAGGAGAAATAAGA STCCCATCTGCTTTGATAT K562 H3K4me1 Broad
Hippocampus* cAG TCTGCTTTGATAT B e B2
Prefrontal cortex* AGAAATAAGAGAGAGTCCCATCTGCTTTGATAT

K562 H3K4me1 SYDH




Figure S1. Characteriation of mouse and human circRNA-derived pseudogenes.
(A) The circRFWD2-derived pseudogenes could be identified in different mouse
strains, but are not conserved in other species, such as rat and human. *,
MMERVK10C-int LTR retrotransposon sequences.

(B) Identification of other high-confidence circRNA-derived pseudogenes in mouse
reference genome. Left, mouse circSATB1-derived pseudogene. A circSATB1 that
contains exons 2, 3, 4 and 5 with the back-splicing exon5-exon2 junction sequence
was produced from the mouse chr17:51,802,791-51,809,982 locus (top), and could be
retrotransposed (middle, grey box) to generate a circSATB1-derived pseudogene on
mouse chromosome 3 (bottom). Note that the circSATB1-derived pseudogene could
be identified in all examined mouse strains and is also conserved in rat. Right, mouse
circDIAP3-derived pseudogene. A circDIAP3 that contains exons 10, 11, 12, 13 and
14 with the back-splicing exon14-exon10 junction sequence was produced from the
mouse chr14:86,976,291-86,989,598 locus (top) and could be retrotransposed
(middle, grey box) to generate a circDIAP3-derived pseudogene on mouse
chromosome 7 (bottom). Note that the circDIAP3-derived pseudogene could be
detected in some but not all the examined mouse strains.

(C) Identification of high-confidence circRNA-derived pseudogenes in human
reference genome. Left, human circPRKDC-derived pseudogenes. A circPRKDC that
contains exons 2, 3 and 4 with the back-splicing exon4-exon2 junction sequence was
produced from the human chr8:48,868,345-48,870,086 locus (top), and could be
retrotransposed (middle, grey box) to generate two circPRKDC-derived pseudogenes

on human chromosome 11 (bottom). Note that these two circPRKDC-derived



pseudogenes could be identified in all examined human populations and is also
conserved in Chimp and Gorilla, but not in Rhesus. Right, human circCAMSAP1-
derived pseudogene. A circCAMSAP1 that contains exons 2 and 3 with the back-
splicing exon3-exon2 junction sequences was produced from the human
chr9:138,773,150-138,775,243 locus (top) as previously annotated [7], and could be
retrotransposed (middle, grey box) to generate a circCAMSAP1-derived pseudogene
on human chromosome 4 (bottom). Of note, the circCAMSAP1-derived pseudogene
contains eight nucleotides of exon3 upstream to the full length of exon2 sequences on
one end, and six nucleotides of exon2 downstream to the full length of exon3
sequences on the other end, suggesting that the retro-transcription of circCAMSAP1
could presumably pass its exon3-exon2 back-splicing junction twice (middle). The
circCAMSAP1-derived pseudogene could be identified in all examined human
populations and is also conserved in Chimp and Gorilla, but not in Rhesus.

(D) A pseudogene with non-colinear exon-exon junctions of human vault RNA
(VERNA2-1) origin. The predicted secondary structure of viRNA [2, 3], and its closely
located 5' and 3' ends could be read through by reverse transcription (middle, red
curved line around the structured vtRNA), theoretically, resulting in the viRNA-derived
pseudogene with a non-colinear exon-exon junction, even though the parental viRNA
itself was not covalently closed. Note that the viRNA-derived pseudogene is also
conserved in primates.

(E) Mapping of RNA-seq reads to the back-splicing junction of circRFWD2 without a
mismatch. Possibly due to the high similarity to its related pseudogenes (top), RNA-

seq reads failed to be mapped to the circRFWD2 exon6-exon2 back-splicing junction



sites with most currently available methods [7, 4], but identified in this study by
aligning to the 190 bp back-splicing junction references requiring no mismatches
(Materials and Methods). Top, the sequences in circRFWD2-derived pseudogenes.
Middle, the back-splicing junction sequences of circRFWD2. Bottom, real RNA-seq
reads that perfectly mapped to the back-splicing junction of circRFWD?2, but not to the
circRFWD2-derived pseudogenes without a mismatch.

(F) No clear CTCF binding site was examined in the mouse SATBT region.
Correspondingly, this area is also suggested to be silent as enhancer. Blue, CTCF
binding signals. Grey, H3K4me1 binding signals.

(G) Neither the circSATB1-derived pseudogene homologue nor the CTCF binding site
could be found in the examined human genomes and with available CTCF datasets.
Blue peaks, CTCF binding signals. Grey peaks, H3K4me1 binding signals. Black bars
over the binding signals, predicted CTCF/H3K4me1 binding regions. Mouse and

human conserved regions were highlighted with grey shadow.
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