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start codon ATG of UGT1A6
donor splice site

(Circ_UGT1A-4) acceptor splice site acceptor splice site
start of UGT1A6 exon 1 (Circ_UGTIA-5) (Cire_UGT1A-4)
gctgacacgg | ccatagttgg |ttcatattaa ccatgtgatt aaaatggtta | 233692839
aatattaatt | tgggttctta |catatcaaaqg ggtaaaattc agagcaaggg | 233692889
AGAGGTAGAC | AGGACCTGTG ARAAGCAGTG |GTTAGTTTAG GGAAAATACC 233692939
TAGGAGCCCT | GTGATTTGGA |GAGTGAAAAC |TCTTTATTAC CGTTGTTACT 233692989
TTAACTCTTT | CCAGGATGGC |[CTGCCTCCTT CGCTCATTTC AGAGAATTTC 233693039
TGCAGGGGTT | TTCTTCTTAG CACTTTGGGG CATGGTTGTA GGTGACAAGC 233693089
TGCTGGTGGT CCCTCAGGAC GGAAGCCACT GGCTTAGTAT GAAGGATATA 233693139
GTTGAGGTTC TCAGTGACCG GGGTCATGAG ATTGTAGTGG TGGTGCCTGA 233693189
AGTTAATTTG CTTTTGAAAG AATCCAAATA CTACACAAGA ARAATCTATC 233693239
CAGTGCCGTA TGACCAAGAA GAGCTGAAGA ACCGTTACCA ATCATTTGGA 233693289
AACAATCACT TTGCTGAGCG ATCATTCCTA ACTGCTCCTC AGACAGAGTA 233693339
CAGGAATAAC ATGATTGTTA TTGGCCTGTA CTTCATCAAC TGCCAGAGCC 233693389
TCCTGCAGGA CAGGGACACC CTGAACTTCT TTAAGGAGAG CAAGTTTGAT 233693439
GCTCTTTTCA CAGACCCAGC CTTACCCTGT |GGGGTGATCC TGGCTGAGTA 233693489
TTTGGGCCTA CCATCTGTGT ACCTCTTCAG |GGGTTTTCCG TGTTCCCTGG 233693539
AGCATACATT CAGCAGAAGC CCAGACCCTG TGTCCTACAT TCCCAGGTGC 233693589
TACACAAAGT TTTCAGACCA CATGACTTTT |TCCCAACGAG TGGCCAACTT| 233693639
CCTTGTTAAT TTGTTGGAGC CCTATCTATT |[TTATTGTCTG TTTTCAAAGT| 233693689
ATGAAGAACT CGCATCAGCT GTCCTCAAGA GAGATGTGGA | TATAATCACC| 233693739
TTATATCAGA AGGTCTCTGT TTGGCTGTTA AGATATGACT TTGTGCTTGA| 233693789
ATATCCTAGG| CCGGTCATGC CCAACATGGT CTTCATTGGA | GGTATCAACT| 233693839
GTAAGAAGAG| GARAGACTTG TCTCACgttg |gtgggtttat|ttcttttggal 233693889
ctgccttgtt| tectteccagge |[tctgtectece| |ctcactcatt | tggectcettg| 233693939
agccgactgt| cccttggagg atttcctggal |gaaacggtgg|ggggaagtga| 233693989
acc.eptor splice site ‘ donor splice site
(Circ_UGT1A-8) acceptor splice siteT (Circ_UGT1A-6)
(Circ_UGT1A-7)

donor splice site

. acceptor splice site
(Circ_UGTI1A-5)

(Circ_UGT1A-6)

donor splice site

donor splice site (Circ UGTIA-7)

(Circ_UGT1A-8)

start of Exon 5b and Exon 5b-v of UGT1A stop codon of Exon 5b and Exon 5b-v of UGTIA

Supplemental Fig. 17

donor splice site (Circ UGT1A1-31, -33)

tcatgtgtgg gtgcacacgt gtgcattcat atgcgtgtgt |gtgtgtgtge 233769480
gtgtgtttat gagagtgtcc attgctttct cccatggtta |cctcctttag 233769530
AAMGARAGCAG CAGTCAGGANA GACAGATGTG AAGAGCTGGEA |GCATGTTCAG 233769580
ATGAGAGGAG ACGGAACACG GGGACACACC AGCTTGAGCA AGGGACAACA 233769630
GGGGAGGACT GATGACTGAC TTCCCACCTT TGAGCgtgcta atgtgtgtgt 233769680
ggtggcactg gataaaagat caatgttggc taggcaccat |ggcacacgcc 233769730
tgtagtccca gccactctgg aggctaaggc ggga
donor splice site (Circ UGT1A1-29, -30)
start of Exon 5a and Exon 5a-v of UGT1A stop codon of Exon 5a of UGT1A

ttggaaaatc tggtagtctt cttaagcagc catgagcata aagagaggat |233772211
tgttcatacc acaggtgttc caggcataac gaaactgtct ttgtgtttag | 233772261
TTACAAGGAG AACATCATGC GCCTCTCCAG CCTTCACAAG GACCGCCCGG 233772311
TGGAGCCGCT GGACCTGGCC GTGTTCTGGG TGGAGTTTGT GATGAGGCAC | 233772361
AAGGGCGCGC CACACCTGCG CCCCGCAGCC CACGACCTCA CCTGGTACCA | 233772411
GTACCATTCC TTGGACGTGA TTGGTTTCCT CTTGGCCGEGTC GTGCTGACAG 233772461
TGGCCTTCAT CACCTTTAAA TGTTGTGCTT ATGGCTACCG GAAATGCTTG | 233772511
GGGAARMAALG GGCGAGTTAA GARAGCCCAC AAATCCAAGA CCCATTGAGA | 233772561
AGTGGGTGGGE AAATALCgta aaattttgaa ccattcccta gtcatttcca 233772611
aacttgaaaa cagaatcagt |gttaaattca ttttattctt attaaggaaa 233772661
tactttgcat aaattaa
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5’- end of UGT8 exon 1c
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A (exon 2) C (exon 1d, 34 bp)

start codon ATG of UGTS8
tgattttttt tttagacaaa|gtattagatc agatattttt ggggaaaaat 114622806 gcagtgagca gtagctgctg gaatacctac ctgttttggc attagtctta 114620366
gctttgtgat tgcttgtttt|gaatggtgag cattgtattt tgttttaagt 114622856 tccctggagt tcatatttcc ttgtaaaata tctcattttt ccttcttcag 114620416

114622906 ATTTGTGAGA AGGCAACATT GGAGAGACAC ATAGgtgagg cagtacagta 114620466
gaataaacat ttggaaggtt tttctaagat cagctcctta attttctttc 114620516
ttcactgatc ttgtaattgt agtcaacttt acta

tgttttctgg ttgttattac|agCTATGAAG TCTTACACTC CATATTTCAT
TCTCCTGTGG AGTGCTGTTG GGATAGCGAA GGCTGCCRRA ATCATCATCG 114622956
TGCCGCCAAT TATGTTTGAA AGCCATATGT ACATTTTCRA GACGCTAGCC 114623006
TCAGCCTTGC ACGAGAGAGG CCACCATACA GTGTTCCTCC TCTCTGAAGG 114623056
CAGAGACATC GCCCCATCTA ATCATTACAG CCTCCAGCGC TACCCAGGGA 114623106
TCTTTAACAG TACCACCTCA GATGCTTTCC TACAGTCCAA GATGCGGAAT 114623156
ATTTTCTCTG GGAGATTGAC AGCAATCGAA CTGTTTGACA TACTGGATCA 114623206
CTATACTAAG AACTGTGACC TGATGGTTGG CAACCATGCC CTGATCCAGG 114623256
GTCTGAAGAA AGAARARATTT GACCTGCTGC TGGTGGACCC TAATGATATG 114623306
TGTGGATTTG TGATAGCTCA TCTTTTAGGG GTTAARATATG CTGTATTTTC 114623356

AACTGGCCTT TGGTATCCTG CTGAAGTGGG TGCTCCTGCT CCATTAGCAT 114623406 D (eXOn 6V9 146 bp)
ACGTCCCAGA GTTTAACTCA CTCCTCACAG ACCGCATGARA CTTGCTGCAA 114623456
AGGATGAAAA ATACCGGTGT TTACCTCATT TCCAGATTAG GGGTCAGCTT 114623506
TCTGGTTCTT CCCAAATATG AARAGGATAAT GCAGAAGTAC AACCTGCTGC 114623556
CAGAGAAGTC CATGTATGAT TTGGTTCATG GGTCCAGCCT GTGGATGCTG 114623606
TGTACTGACG TAGCACTGGA ATTCCCRAGA CCCACTCTGC CTAATGTTGT 114623656
TTATGTAGGA GGAATCCTAA CCARACCAGC CAGCCCACTA CCAGAAgtaa 114623706
ggtttgccga attccttggt aattcttttt taatgtaaaa gtcaattttg| 114623756
atttttggaa gagatatgat |ttgttattta tatatattgt atatatacag| 114623806
tacactaaaa ggtgattagg |acatggggcc tccaaagtcc ctttatgtgg| 114623856
gtccaccact tccctgggaa |acattcctge tttgaatgag catttctgta| 114623906
atactgaaaa gaccactatg |ccatatggtc aatagactgc ctgggaagta| 114623956

taattatttc ccctttttaa

1146
T 1146760
geottgt 114676124

ATCH C
ctggatattg
ctigholtgy gLgac

Donor splice site (Circ_ UGTS-2) Donor splice site (E2, Circ. UGTS-1)

Donor splice site (Circ_UGTS-3) E (exon 6a, 68 bp)

tttaaacatg tttctaagac aggtctccca acttttgtat gtatttatga 114678336
gtgtggaaac acgtgttaaa tgtgagactt ttttttttat tgttaaacag 114678386
AGGGAGTTAC CTTACAAGGA CATCGACATG GATCTTAAAA TTCTGTTCCA 114678436
GAATTCAGAA TGTTAAGTgt aggtatttac tgatcattgt tgtttttttt 114678486

B ((3)(()11 (3) ttttttctag taagattatt gttagacagt tttggtaaat agggtgattt 114678536
ttaaattttc cacacttg

stop codon TGA of UGT8
Donor splice site (Circ_ UGT8-15, -16)

atagttgttt |taattatttc ccctttttaa atgaagatat |gcataaatat 114675874
tataagcatc atcattctgt gttttgtcocc |ctctccatag 114675924

i GRTCRACCIG 114675974
114676024
114676074
iaresas F (exon 6b, 140 bp)
114575}j4 aaagatgtca gtggaatttg gcaagtgcaa gactttggca atatctaggc 114682198
1146:6f:4 atctataggc atatgggcca cattatgtca tacatgttct attgatgcag 114682248
iiig;:;;: TTTCAAGAT AAATGGGTGT CCTACCTGAG AATGTGGCTA TACCACTGGA 114682298
1146%63?4 AGTGTAGGTG GCATCAACTC ACATGTTTGT GCATATCAAG ACAGAAGGTG 114682348
114578434 CAGARACATCT CTCTGCTGGC TATCATTTCT TATATCAGAG gtaaatgaca 114682398
114575474 gaaatttaaa tatttttttg ttctccaatc ataaataaat ttagcattag 114682448
114675524 gtgacatgga attttatttt atagttgtgt gttctattta
114676574
114676624
114676674
114676724
114676774
114676824
114676874
114676324
114676974
114677024
114677074 G (exon 6¢v, 80 bp)
114677124
114677174 taatattcct ttgtcagtat tcttattatt ctcttgatct cattgcttta 114684301

agtactgcct ttattaaaac acaaacaaac attgttttct gtttccgaag 114684351

114677274 TGCCAGGCTC TGTACGTAAT ACTGGAAATG CTGGGATGAA GAAGCCATAG 114684401
114677524 TTTCTGACTT CCAGGGGACA AAACCAGCAA gtaagcagtt tcaataagcg 114684451
114677374 aaggaatata tattgtaata taggtacaga caatgtgcca ttgaaacaga 114684501
114677424 ggaaagtgag agaagtttcc acctggggat
114677474
114677524
114677574
114677624
114677674

H (exon 6d, 76 bp)

cggatcaccc tttcttaata actctcacta ttetctaaaa tcatgttact 114693018
tatgtatttc tttctttact tgttttgtgt ttecttctct caatgagaag 114693068
SCAATCTCCA CGAAGGCAGA GATCTTTGAA TGCTGAGTCC TCAGTGACCA 114693118
GAGCAATGCC TGGCACATGC TACTTGgtaa gteaatattg ttgaataagt 114693168
aaatgtttaa gaaggcatat tcccaataaa gtgtgagagc aagccagggc 114693218
aattcatata tcctctctgt cggtaa

LARTCTCCE C RACT GR TT

Lgaagtgttg ttggaataaa atttttattc agattttatt tcataatatt
atatatattc attttasaca tgtttctasy acaggtctcc caacttttgt

Supplemental Fig. 20



Legends of Supplemental figures

Supplemental Fig 1. Amplicons generated by RT-PCR with divergent primers in human
tissues and cell lines. Total RNA extraction and RT-PCR was performed as described in
Materials and Methods. All amplicons were resolved on 1% Agarose gels. Images show
amplicons generated using divergent primers targeting (A) UGTIA exon 3 in HT-29 cells (lane
1), brain (lane 2), kidney (lane 3), and colon (lane 4); (B) UGTS exon 2 in HT-29 cells (lane
1), brain (lane 2), and kidney (lane 3); (C) UGTS exons 2 and 5 from HT-29 cells (lane 1),
brain (lane 2), and kidney (lane 3). Panels (A) and (B) were derived from the same gel and
thus have the same DNA markers. Spaces in panels (B) and (C) indicate that DNA markers and

PCR products were run on the same gel but at different parts of the gel.

Supplemental Figs 2-14. The sequencing chromatograms showing the backsplicing junctions
(indicated by a vertical line and positioned according to GRC38/hg38 coordinates) for the
thirteen circRNAs identified by the present study, including 1) three from UGTIA [circ-
UGT1A-26 (Suppl Fig. 2), Circ. UGT1A-28 (Suppl Fig. 3), Circ UGT1A-33 (Suppl Fig. 4)],
one from UGT2B7 (Circ. UGT2B7-3, Suppl Fig. 5), one from UGT2B10 (Circ-UGT2B10-2,
Suppl Fig. 6), eight from UGTS8 [Circ_ UGTS8-1 (Suppl Fig. 7), Circ UGT8-20 (Suppl Fig. 8),
Circ UGTS8-21 (Suppl Fig. 9), Circ-UGTS8-7 (Suppl Fig. 10), Circ UGTS8-8 (Suppl Fig. 11),
Circ UGTS8-22 (Suppl Fig. 12), Circ UGT8-23 (Suppl Fig. 13), Circ UGTS8-24 (Suppl Fig.

14)].

Supplemental Fig. 15. CircRNAs of the UGTS gene identified by circRNA databases. A
schematic diagram shows the UGTS gene structure, the locations and genomic coordinates
(GRCh38/hg38) of nineteen UGTS circRNAs identified in circRNA databases. The UGTS gene

contains 13 exons (lengths given in nt); however, partial sequences of three exons [the last 17



nts of exon 2 (E2v, green), the first 146 nts of exon 6 (E6v, red), the first 80 nts of exon 6¢
(E6cv, purple)] were found backspliced within circRNAs through conserved exonic cryptic

splice sites.

Supplemental Fig. 16. UGT CircRNAs identified in circRNA databases. Schematic diagrams
showing the locations and backsplicing junctions (indicated by a vertical line and positioned
according to GRC38/hg38 coordinates) for circRNAs found in circRNA databases for eight
UGT genes, including UGT2B4 (A), UGT2B11 (B), UGT2B15 (C), UGT2B17 (D), UGT2A41/2

(E), UGT243 (F), UGT342 (G), UGT3AI (H).

Supplemental Fig. 17. The donor/acceptor splice sites for UGTI1A circRNAs conform to the
splicing AG/GT rule. The sequences of three UGT! exons are shown, namely UGT1A46 exon
1 (A), exon 5b-v (B), and exon 5a-v (C). All three exons have conserved acceptor/donor
splicing sites with the splicing signal dinucleotide AG/dinucleotide GT. Of note, the UGT1A46
exon 1 are involved in the formation of five circRNAs (Circ UGT1A-4, -5, -6, -7, -8) using

conserved acceptor/donor splice sites (GRC38/hg38).

Supplemental Fig. 18. DNA sequencing verified the identity of CIRC B RT-PCR products.
RT-PCR products (154 bp) of UGT8 circRNA B (CIRC B) were generated using divergent
primers targeting UGTS exon 2 (UGT8 qPCP E2-F) and exon 1¢ (UGTS8 qPCR Elc-R) and
cDNA from human tissues (brain, breast) and cell lines (HT-29, U118, HEK293, CaCo2, HK-
2, VCaP), purified and then sequenced. Sequence alignment verified that all amplicons had the
same sequence containing the backsplicing junction (E2/Elc) of CIRC B (indicated by a

vertical line and positioned according to GRC38/hg38 coordinates).



Supplemental Fig. 19. miRNAs predicted to bind to UGT8 circRNAs. A: schematic diagrams
showing the exon structure of eight UGT8 circRNAs (A-H) and the miRDB-predicted miRNAs
that bind to six of the ten exons implicated in UGT8 circRNAs. B: MDA-MB-453 cells were
transfected with luciferase reporters (either pGL3/CIRC D vector or empty pGL3 vector) and
the indicated miRNA mimics; luciferase activities were measured after 48 hours and
normalised as described in the Methods. pGL3/CIRC D activities in cells cotransfected with
mimics are presented relative to that in cells cotransfected with the negative control miRNA
(set as a value of 100%). Data are the means + 1 S.D. from three independent measurements.
The difference in means were assessed using one-way analysis of variance followed by
Bonferroni’s multiple comparison tests. A p value of less than 0.05 was considered statistically

significant.

Supplemental Fig. 20. The donor/acceptor splice sites of UGT8 circRNAs conform to the
splicing AG/GT rule. The sequences of eight UGTS exons are shown, including exon 2 (A),
exon 6 (B), exon 1d (C), exon 6v (D), exon 6a (E), exon 6b (F), exon 6¢cv (G), and exon 6d
(H). All exons have conserved acceptor/donor splicing sites with the splicing signal

dinucleotide AG/dinucleotide GT (GRC38/hg38).
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