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Supplementary Figures and Tables

Supplementary Figure S1 | RBPs binding to circRNAs

Supplementary Figure S2 | Genomic and mature sequence of CircRNAS

Supplementary Figure S3 | CircRNA binding sites for a given interacting RBP
Supplementary Figure S4 | RBP-binding site on circRNA junction and flanking sequence
Supplementary Figure S5 | miRNA-circRNA interactions predicted by Circlnteractome
Supplementary Figure S6 | Divergent primer design output

Supplementary Figure S7 | Design of siRNAs directed at circRNA junction

Supplementary Table S1 RBP datasets used in this study
Supplementary Table S2 RBPs interacting with circRNAs
Supplementary Table S3 IRES in circRNAs
Supplementary Table S4 miRNA super-sponge circRNAs

Figure S1. RBPs binding to circRNAs. A. RBPs binding to mature circRNAs. B. Relative number of
circRNAs targeted by any RBP on the junction compared to the number of circRNA targeted at mature
circRNA sequence. C. Ratio of number of circRNAs targeted by RBPs on flanking sequences of

circRNA relative to mature circRNA.

Figure S2. Genomic and mature sequences of a given circRNA. Illustrative screenshots from the
Circlnteractome showing the genomic (top) and mature circRNA (bottom) sequence for hsa_

circ_0000020. Blue line indicates a break in the sequence.

Figure S3: CircRNA binding sites for a given interacting RBP. A. RBP (HNRNPC) binding sites on
all reported circRNAs. B. Search for specific RBP (HNRNPC) binding site on any circRNA
(hsa_circ_00000143).

Figure S4. RBP-binding site on circRNA junction and flanking sequence. A. Details of EIF4A3
binding sites on hsa_circ_0000020 junction sequence. B. Details of EIF4A3 binding sites on

hsa_circ_0000020 flanking sequence.

Figure S5. miRNA-circRNA interactions predicted by Circlnteractome.
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Figure S6. Divergent primer design output. A. Divergent primer design output file for
has_circ_0000020 using NCBI primer design tool. B. Divergent primer design output file for
has_circ_0000020 using Primer3 (v. 0.4.0) primer design tool.

Figure S7. Design of siRNAs directed at circRNA junction. The numbers in the parentheses represent
the priority. To finalize the sequence, the user needs to add dinucleotide (dTdT) 3’DNA overhangs to
increase the efficiency of the siRNA.
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hsa circ 0000020 Circular RNA Genomic Sequence

GCAACAGARCATTGAGGAARACATGACAATAGCTATGEARGAGGCTCCGEARAGT TTTGGCCARGTAGTGATGCTTTATA
TTAACTGCARAGT GAATGEACATCCTGTGARAGCCTTTGTTGACTCAGETGACGTCTCTGTCTTTTATTTCTTGETCTCC
CCTCCAARCATCTTTACCTGACACGGGAGAAGEEEAGECTCARGCATCCGTTCAGATGECTGTACTTTTTTTTTTTTTTTT
TTTTTTGAGACAGAGTCTTGCTCTGTCACCCAGGCCAMAGTGCAGTGGCETGATCTTGECT CACTGCAACCTCTGTCTCC
TCAGTTCARGCGATTCTCCAGCCTCGECCTCCCACGTAGCTGEEATTACAGGCECCAACCACCACGCCCAGCTGATTTTT
ACATTTTTAGTAGAGATGGGETTTCACCETET TEETCAGGCTGETCTTGAACTCCTGACCTCARGTGATCCACCGTGCCT
GECCCAGATGECTGTAGTTCTTTAGGCTGCTARCT CACTAGCGTGEGACTTACTGTTTCACTTGCGAGGCATTCTGTTGE
TATTAGETTTCTTTCTTTARTCATTTCTTAACCAGTTTTGTATTTTGTGETGTCTCCTTTTTCT TCCTAACTCCCCTTAT
CTAGCATCCTGAATTTCTTGGATGTTTCTGTARAAAACT GEEAATACATAGGT TTAGAAGAAGGAGCTATAARAGGAGCT
GTGTAGAGTATAGGTCAAACACATTTCAGCCTGGCCTGTGCACCAGCACTTTGCCAAGATTTGEGAGGAGT GTARGGECTA
TCTGGETATGETTCTTACCCTTARAGAACT TARCAACCARGTARGEAGACAGGEATTCTTCTGCTTGAGGETTCAGTTAR
TTCACATACTAGTTGGCACCTTTTCTGTCAGTAACARCCETTTGCTTTTTAGTALGACTACACCATGCAGCATTTTGTGE
GTGTATGACTGAGTGETCTCATACATCTTAATTCTGEETTGTCTCACT CALGGCTGTARGATAGGTGAGT TCCTAGAGTA
GAAAAATTCCTTGCTCAAATAATATTTTCCCCCTTCACTGTGTATTTCTATATARRAAGAARARAAGTATTTTCTTTCAT

TTTT AR TR SR SR T T TR SR O R T T T T T e h S T T T T T T oA TTTTTTA R A SRR T T T T ra

GIATTIGIAGTAGRGACGGGETTICACCTIGTTAGCCAGGATGGTCTCGATCTCCTGRCCTCGTGATCCGCCCGCCTCAG
CCT e T GO CGEEATTACAGECEI GAGCCACCACGCCCEECTCACAGCATICTAL A TAGARCCGRATGARTGART R
GIGTATGTATCART AL A CCTTGTCACTGCCTTTCCTTATTTITITAGTCATGGTATAGACCAGCAGTCTCCRACTTTAT
AGRTGTARATCATATATGT GCRACAACTGTICTATTARGTAGTTATARLATACACRALLALGGARGTTAGCATTAGCATGGR
GIARRGAATACTETGGAGATTGCCTTGCGTGECACARTCTTGECTCACTGCARCCTCTGCCTCGCAGETTCRAAGTGATTC
TCCTGCCTCAGCCTCCC A AGTAGCTGCGATTATGGGCATGTGCCACCACGCCTGETTALTTTITGTATITITAGTAGAGE
TGGEETITICACCETIGTITGGCCAGGCT GG CTGERAACTCCTGRACCTCAGGIGATCTGCCCTCCTCAGCCTCCCARRGTGET
GEEATTACAGECATGAGT CACCGTGCCTGECCAT TTETGATTGEAGTTTTARATTALGGAGCATAATTITTCTGCATGET
GITTTATCTGCTATTATICTTIGGTITICTTTCTTCCARGTGTTCCATCGACCTGRAGAL AR ATGTACTCGTGATCGGCAC
CRACAGGECTCCCAGACCACCTTICTTCCI GAGGEAGAGCTACCAGAGTGTGCCCEETIGECATAT GEEECT GEARGAGRAGE
ATGTACGGECCAGAGELGATTGCAGACCALGAATTAGCAGRAGCCCTTCARRARTCAGCAGRAGGATGCAR

Length: 13589 bp

hsa circ_ 0000020 Circular RNA Mature Sequence
GCRACAGRACATTGAGEARAACATGACAATAGCTATGEARGAGECTCCEERAAGT TTTEECCAAGTAGTGATGCTTTATA
TTRACTGCRARGTGAATGGACATCCTGTGRAARGCCTTTETTGACTCASGTGCCCAGATEACTATCATGAGCCARGCTTST
GCAGARAGGTGTAACATARTGAGACTGETGEACCGTCEETGAECAGGEATTGCCARAGEAGT GEECACCCAGARGATTAT
TGGAAGGETACATCTAGCTCAGGTTCAGATTGARGGAGATTTTTTGCCATGTTCCTTCTCTATACTTGAGGRACAGCCCE
TGEACATGCTTCTGGGACTGGACATGCT TARACGECACCAGTGTTCCATCGACCTGAAGARARATETACTCGTGATCGEE
ACCACAGECTCCCABACCACCTTTCTTCCTAGGEAGAGCTACCAGAGTGTGCCCEETTGECATAT GEEECTGERAGARR
EEATGTACGGCCAGAGEAGATTECAGACCAAGAATTAGCAGAAGCCCTTCARARATCAGCAGAGEATGCAR

Length: 551 bp

Pleaze contact our WWebmaster with questions or comments,
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A m This tool will search for RNA Binding Protein Cluster Tags matching
with Human Circular RNA
‘Stepl: Enter your RNA-binding protein of interest (e.g., HNRNPC)
on Lirc
| HiRNPC (Max: 20 chars) I
— pr—
epi: Lnter your ular o1 1nf
| o
‘StepB: Select Output Type (Download Excel File or Online)
TR -
Stepd: Click on "RNA-binding Protein Search” button to search
Circular RNA Database
‘ [ RMA-binding Protein Search ] [ Reset ]
. . Circular |Circular
Circular % |Alignment |, . Gap Tag |Tag
Tag Name . Mismatches . RNA RNA
RNA Identity| Length Openings |Start |[End Start ENd
A L
|bsa_cire_0000003[HIUEC_262311_HNENPC 262311 33| 9394 || 33 | 2 [ o [ 1 [33 [ 19058 | 19900
|hsa_cire_0000003| HIUHC 210 HNENPC 21034 | 10000 | 34 | 0 [ o |1 [38] e622 | 6635
|hsa_circ_0000004| HIUHC 215 HNENPC 215 24 | 10000 | 24 | 0 [ o [ 1 [20] 10694 | 10717
|hsa_circ_0000004| HIUHC 235 HNENPC 235 23 | 10000 | 23 | 0 [ o [ 1 [23 ] 26215 | 26237
|hsa_circ_0000004| HIUHC 210 HNRNPC 21034 | 10000 | 34 | 0 [ o [ 1 [3a] 6222 | 6235
|bsa_cire_0000005 [HIUHC_168762_HNRNPC_168762 30| 10000 | 29 | 0 [ o || 2 [30] s2193 || szam
|hsa_circ_0000005| HIUHC 338 _HNRNPC 338 22 | 10000 | 22 | 0 [ o [ 1 [22] 61336 || 61557
|hsa_circ_0000006| HIUHC 344 HNRNPC 344 20 | 10000 | 29 | 0 [ o [ 1 [2] s34 | 3282
|bsa_circ_0000068 | HIUHC 10142 HNRNPC_10142 72 | 10000 | 72 | 0 [ o [ 1 [n2] 3 | en
hsacice 0000000 [HITTHC, 175899 FINRNPC, 175899 32 9375 | o | 2 20 [ [ap [ 730 [ 73an
|bsa_circ_0000143[HIUHC_398200_HNRNPC 398200 35| 9714 | 35 | 1 [ o [ 1 [35 [ 22414 || 22448
|bsa_circ_0000143[HIUHC_389596_HNRNPC_389596 26| 10000 | 26 | [ o [ 1 [26] 33031 | 3305
|bsa_circ_0000143[HIURHC_325371_HNRNPC 325371 38| 9459 | 37 | 2 [ o | 1 [37 ] 34013 || 34049
P P e T e R P ey e et ” —
|bsa_circ_0000169 [HIUHC_346851_HNRNPC 346851 28| 10000 | 28 | 0 [ o [ 1 [28] 4142 | a7e0
B I 1his ool will search for RNA Binding Protein Cluster Tags matching
Circular RNA with Human Circular RNA
Stepl: Enter your RNA-binding protein of interest (e.g., HNRNPC)
RBP on CircRNA I
HNRNPC (Max: 20 chirs)
miRNA Target Siteq
. Step: Enter your Circular RNA of interest
| hsa_circ_0000143 (Max: 20 :hirs)
siRNA Design Step3: Select Output Type (Download Excel File or Online)
- — :
Stepd: Click on "RNA-binding Protein Search” button to search
Circular RNA Database
| ’ RMA-binding Protein Search ] ’ Reset ]
. . Circular||Circular
Circular %  ||Alignment||, Gap || Tag ||Tag _
RNA Tag Name Identity Lengﬂl Mismatches Opeuiugs Start/|End RNA RNA
— St
hsa_circ_0000143[HIUHC_325371_HNRNPC_325371_38|[ 9459 37 2 0 U |[37 ][ 34013 | 34040
{[1zsa_circ_0000143|[HIUHC_380506_ENRNPC_389596_26] 100.00 26 0 0 1 |26 |[ 33031 33056
hsa_circ_0000143|[HIUHC_398200_HNRNPC_308200_33|[ 9714 35 1 0 U |35 ][ 22414 || 22448
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RNA-binding protein sites matching Circular RNA junction

I EIF4A3 |

RNA binding Protein

| 1

4

Circular |Circular

. . .
C*‘m‘“‘ :” Tag Name L ""t - Ath “"’t‘:‘t Mismatches OPG"!’ s?gt :‘ﬁ RNA | RNA
enriry eng enimgs ar i Start ENd
hea_circ 0000020 -
Length 551 bp ‘]{E]]_EI_IQS?_EIE‘iA]II_repl_l987_16_76‘ 100.00 | T6 | 0 ‘ 0 ‘ 1 76 | -3 ‘ 73

Circular||Circular|
Circular _ 0 Alignment|_ . Ga Tag | Ta _ ~ .
- Tag Name ° g Mismatches p X 2 2 rNA RNA | Upstream/Downstream
RNA Identity| Length Openings|Start|End| .
i Start ENd
hsa_circ 0000020 HHLE1 1987 eIF4AIIL repl 1987 16 76| 100.00 76 0 0 1 [ 76 3 73 Upstream
Tsa_cire_0000020] HHLE2 6580 eIF4AIIL rep2 6580 1 34 || 100.00 31 0 ] T |[ 34 518 485 Upstream
hsa_cire_0000020( HHLE2_6581_eIF4AIIL rep2_6581_2_30 || 100.00 30 0 0 1 |[30 ] 263 234 Upstream
hsa_circ_0000020|[HHLE2_6582_eIFAAII_rep2_6582_35_138| 100.00 138 0 0 1 |[138 3 131 Upstream




Circular BHA

RBP on CircRNA
miRNA Target Siteg

Divergent Primers

siRNA Design

Dudekula, Panda, et al., page 8

Dudekula, Panda et al., Suppl. Fig. S5

This tool will search for miBRNAs targeting Human Circular RINA

Stepl: Enter your Circular RNA of interest

hsa_circ_0014209 {(Max: 20 chars)
Step2: Enter your microRNA of interest (e.g., hsa-miR-647)
| hsa-miR-647 (Max: 20 chars)

Step3: Click on "miRNA Target Search” button to search Circular
RNA Database

[ miRMA Target Search ] [ Reset ]

TargetScan miRNA predictions

ClreRNa CircRNA (Top) - miRNA [ . CircRNA | CircRNA - »
(Bottom) pairi Site Type [ "ot End |3 Pairing | local AU | position
Mirbase ID pairing
0.123

context+
text+
ﬂ E reent
score .
percentile

lhsa_circ 0014200 (5" ... 3) GAGRAGCAGCAGEEECAECCRR
(REN] IRRRRANI 8mer-1a 1180 1196 -0.018 0.116 0.018 -0.144 -0.152 77
lhsa-miR-647 (3' .. 5 CUUCCUUCACUCA---CGUCGEUG|
lhsa_circ 0014200 (5 ... 3) AGAGCAGCAGEUGEEECAGCCAR|
e 8mer-1a 1420 1427 -0.008 0.106 0.065 0.018 -0.144 -0.21 89
lhsa-miR-647 (3' .. 5 CUUCCUUCACUCACGUCGEUG|
lhsa_circ 0014200 (5" ... 3) CRGEAGCARAUGAARCAGCCARC
i Tmer-1a 152 158 -0.002 0.022 -0.033 0.010 -0.063 -0.14 74
lhsa-miR 647 (3 CUUCCUUCACUCACGUCEEUG
lhsa_circ 0014200 (5" ... 3) GRGCAGCAGGUAGEACAGCCARR)
i Tmer-1a 1541 1547 0.001 0.043 0.014 0.010 -0.063 -0.069 53
lhsa-miR-647 (3' .. 5 CUUCCUUCACUCACGUCEEUG
lhsa_cire 0014200 (5 .. 3) GEAUCAGCAGEAGARGCABCCAG|
e Tmer-m§ 040 955 0.003 0.026 0.073 0.010 -0.084 -0.002 60
lhsa-miR-647 (3' .. 5 CUUCCUUCACUCACGUCGEUG|
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Primer3 Output

PRIMER PICKING RESULTS FOR hsa_circ_0000020

No mispriming library specified

Using 1-based sequence positions

OLIGO start len tm_gec% _any _3'seq

LEFT PRIMER 26 20 59.83 60.00 4.00 0.00 GAGAGGATGTACGGCCAGAG
RIGHT PRIMER 157 20 59.83 50.00 6.00 1.00 AAACTTTCCGGAGCCTCTTC
SEQUENCE SIZE: 200

INCLUDED REGION SIZE: 200

PRODUCT SIZE: 132, PAIR ANY COMPL: 5.00, PAIR 3" COMPL: 2.00

1 GCCCGGTTGGCATATGGGGCTGGAAGAGAGGATGTACGGCCAGAGGAGATTGCAGACCAA
P

61 GAATTAGCAGAAGCCCTTCAAAAATCAGCAGAGGATGCAGGCAACAGAACATTGAGGAAA

121 ACATGACAATAGCTATGGAAGAGGCTCCGGAAAGTTTTGGCCAAGTAGTGATGCTTTATA
A

181 TTAACTGCAAAGTGAATGGA

KEYS (in order of precedence):
==z=>> left primer
<<<<<< right primer

ADDITIONAL OLIGOS
start len tm_ gc% _any _3'seq

1 LEFT PRIMER 25 20 59.83 55.00 4.00 2.00 AGAGAGGATGTACGGCCAGA
RIGHT PRIMER 157 20 59.83 50.00 6.00 1.00 AAACTTTCCGGAGCCTCTTC
PRODUCT SIZE: 133, PAIR ANY COMPL: 5.00, PAIR 3" COMPL: 3.00

2 LEFT PRIMER 25 20 59.83 55.00 4.00 2.00 AGAGAGGATGTACGGCCAGA
RIGHT PRIMER 159 20 60.73 50.00 6.00 3.00 CAAAACTTTCCGGAGCCTCT
PRODUCT SIZE: 135, PAIR ANY COMPL: 5.00, PAIR 3" COMPL: 3.00

3 LEFT PRIMER 17 20 59.24 55.00 2.00 2.00 GGGCTGGAAGAGAGGATGTA
RIGHT PRIMER 157 20 59.83 50.00 6.00 1.00 AAACTTTCCGGAGCCTCTTC
PRODUCT SIZE: 141, PAIR ANY COMPL: 6.00, PAIR 3" COMPL: 2.00

4 LEFT PRIMER 31 20 59.12 55.00 4.00 2.00 GATGTACGGCCAGAGGAGAT
RIGHT PRIMER 157 20 59.83 50.00 6.00 1.00 AAACTTTCCGGAGCCTCTTC
PRODUCT SIZE: 127, PAIR ANY COMPL: 5.00, PAIR 3" COMPL: 2.00
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Primer-BLA ST

» NCBU Primer-BLAST : results: Job id=FQTkV65dB3k4 S5zxF XWsOO0ZGPCpVWSEY  mo

e

Input PCR template
Range
Specificity of primers

hsa_circ_0000020

1- 200

Primer pairs are specific to input template as no other targets were found in selected database: Refseq mRMNA (Organism limited to
Homo sapiens)

Other reports b Search Summary

(2 Summary of primer pairs CircRNA Junction
(|

Templats * I
] 40 80 120 160 200

| mm—

| —
[E—
[E——
[E———

L1

(& Detailed primer reports

Primer pair 1
Sequence (5'-=3") Template strandLength Start StopTm  GC% Self complementarity Self 3' complementarity
Forward primer GTACGGCCAGAGGAGATTGCFlus 20 34 33 60.53360.004.00 2.00
Reverse primerCTTTCCGGAGCCTCTTCCAT  Minus 20 154 {35 59.4635.006.00 2.00
Product length 121
Primer pair 2
Sequence (5'-=3") Template strand Length Start StopTm  GC% Self complementarity Self 3' complementarity
Forward primer AGGATGTACGGCCAGAGGAG Plus 20 29 48 60.7660.004.00 0.00
Reverse primer CCAAAACTTTCCGGAGCCTCT Minus 21 160 140 60.5532.386.00 3.00
Product length 132
Primer pair 3
Sequence (5'-=3")

Template strand Length StartStopTm  GC% Self complementarity Self 3' complementarity

Forward primer GAG GATGTACGGCCAGAGGAPIus 20 28 47 60.7660.004.00 0.00
Reverse primer TTTCCGGAGCCTCTTCCATAG Minus 2f 153 133 59.2452.386.00 2.00
Product length 126
Primer pair 4
- Template Self Self 3
>
Sequence (5"->3") strand Length Start StopTm GC% complementarity complementarity
Forward primer CTGGAAGAGAGGATETACG GCPius 21 20 40 59.9357.144.00 2.00
g:"mee':e AAACTTTCCGGAGCCTCTTC  Minus 20 157 138 57.6150.006.00 1.00
Product length 138
Primer pair 5
- Template Self Self 3
>
Sequence (5"->3") strand Length Start StopTm GC% complementarity complementarity
Forward primer GCTG GAAGAGAGGATG TACGG Plus 21 19 30 59.9357.144.00 1.00
Reverse CTTTCCGGAGCCTCTTCCATAG Minus 22 154 133 60.2254.556.00 2.00

primer
Product length 136
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CircRNA

Junction

—~
1)

~ o~
o g
o 2
Z <

GIC (6)
A (8)
u(9)

A (10)
AU (7)
AU (2)

<
Preferred nt %
5 90000000000000000BOO® 3 siRNA target sequence (sense)
I I

GI/C content 30-60% (1) | :
A/U rich (3)
3’ DNA

Overhang

> 9000000000000000000VOHH troe scauence (sense)
5 & 51000000000000000000000 wrna (antisense)
[ |

3’ DNA RNA
overhang




