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A. Full protein sequence of mouse Rtn4.

The contributions of exon 2 and 3 are highlighted in yellow and green, respectively. The glutamic acid
codon (represented by E at position 188 of the protein sequence) is contributed by both exons, while the
aspartic acid residue D at position 169 (highlighted in blue) resulted from circularization and remains D
in the product of circular translation.
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B. Protein sequence of linear counterpart mRNA expressed by pCMV-Rtn4-Exon2-Exon3.
The contributions of exon 3 are highlighted in green. The amino acid sequence from the vector is in gray.
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C. Nucleotide sequence of circRtn4.

The nucleotides contributed by exon 2 are shown in blue and those from exon 3 in black lettering; the
junction is depicted by a vertical arrow. Due to the circular nature of the RNA, the nucleotide at position
2418 is fused to nucleotide 1. If this circular RNA is translated, it generates a GAU codon (highlighted
in yellow) coding for aspartic acid, denoted by a [D]. All possible AUG start codons are shown in green
and stop codons in red. Where start and stop codons overlap, only the non-overlapping parts of stop
codons are red. The numbers above AUG codons indicates the amino acid lengths of hypothetical
reading frames, while the 16 AUG codons marked by horizontal arrows are hypothetically proceeding
uninterruptedly by any stop codon, thus circling the RNA template. Circumstantial evidence points to a
start at the second AUG marked by a green arrow. Part of the amino acid sequence of the open reading
frame is shown in the one-letter code beneath the nucleic acid sequence. Nucleotides are arranged in
blocks of 12.

D.

Frame 3
ETLFALPAASEPVIPSSAEKIMDLKEQPGNTVSSGQEDFPSVLFETAASLPSLSPLSTVSFKEHGYLGN
LSAVASTEGTIEETLNEASRELPERATNPFVNRESAEFSVLEYSEMGSSFNGSPKGESAMLVENTKEEV
IVRSKDKEDLVCSAALHNPQESPATLTKVVKEDGVMSPEKTMDIFNEMKMSVVAPVREEYADFKPFEQA
WEVKDTYEGSRDVLAARANMESKVDKKCFEDSLEQKSHGKDSESRNENASFPSTPELVKDGSRAYITCD
SFTSATESTAANIFPVLEDHTSENKTDEKKIEERKAQIITEKTSPKTSNPFLVAIHDSEADYVTTDNLS
KVTEAVVATMPEGLTPDLVQEACESELNEATGTKIAYETKVDLVQTSEAIQESIYPTAQLCPSFEEAEA
TPSPVLPDIVMEAPLNSLLPSTGASVAQPSASPLEVPSPVSYDGIKLEPENPPPYEEAMSVALKTSDAK
EEIKEPESFNAAVQEAEAPYISIACDLIKETKLSTEPSPEFSNYSEIAKFEKSVPDHCELVDDSSPESE
PVDLFSDDSIPDVPQTQEEAVMLMKESLTEVSETVTOQHKHKERLSASPOQEVGKPYLESFQPNLHITKDA
ASNEIPTLTKKETISLOMEEFNTAIYSNDDLLSSKEDKMKESETFSDSSPIEIIDEFPTFVSAKDDSPK
EYTDLEVSNKSEIANVQOSGANSLPCSELPCDLSFKNTYPKDEAHVSDEFSKSRSSVSKVPLLLPNVSAL
ESQIEMGNIVKPKVLTKEAEEKLPSDTEKEDRSLTAVLSAELNKTS

Frame 2
-DPFCSSCCI-ACDTLLCRKNYGFEGAAR-HCFVWSRGFPICPV-NCCLSSFSISSLNCFF-RTRIPW-
LISSGIHRRNY-RNFK-SF-RIAREGNKSICK-RVSRVFSIRILRNGIIFQWLPKRRVSHVSRKH-



GRSNCEE-RQRGFSL-CSPS-STRVTCDPY-SG-RRRSYVSRKDNGHF--NENVSGSTCEGRVCRF -
AT-TSMGSERYL-GK-GCAGC-S-YGK-SGOKML-R-PGAKKSWEG--KQK-
ECFFPQYPRTCEGRLOSVHHL-FLYLSNREYCSKHFPCARRSHFRK-NR-KKNRRKEGPNYNRED-
PONVKSFPCSNT-FRGRLCHNR-FIKGD-GSSGNHA-RSNARFSSGSM-K-TERSHRYKDCL-
NKSGLGPDIRSYTRVNLPHSTALPII-GS-SNSVTSFA-
YCYGSSIKFSPSKHWCFCSAAQCIPTRSTVSS-L-RYKA-A-KSPTI-RSHECSTKNIGRKGRN-RA-
KF-CSCSGSRSSLYTHCM-FN-RNKALH-AKSRVL-LFRNSKI-EVGA-SL-ARG-FLTGI-TS-LI--
-FNS-RPTNTRGGCDANEGESH-SV-DSNTTQT-GET-CFTSGGRKAIFRVFSAQFTYYKRCCI--
NSNIDQKGDNFFANGRV-YCNLFQ--LTFF-GRONERK-NIFRFISH-DNR-VSHICQC-R-FS-GVH-
PRSIQQOK-NC-CPERGQFVALLRIAL-PFFQEYIS-R-STCLR-ILQK-VQCI-
GALIASKCFCFGISNRNGQHS-TQOSTYERSRGKTSF-YRERGQIPDSCIVSRAE-NF

Frame 1

MRPFLLFLLHLSL-YPPLQKKLWI-
RSSQVTLFRLVKRISHLSCLKLLPLFLLYLLSQLFLLKNTDTLVTYQOWHPQKELLKKL -
MKLLENCQRGQOQIHL-IESQQSFQY-NTQKWDHLSMAPQKESQPC--KTLRKK-L-GVKTKRI-
FVVQPFITIHKSHLRPLLKWLKKTELCLOKROQWTFLMK-KCQOQW-HL-GKSMQILSHLNKHGK-
KILMREVGMCWLLELIWKVKWTKNALKIAWSKKVMGRIVKAEMRMLLSPVPQONL-
RTAPERTSPVIPLPQQPRVLOQTFSLC-KITLOQKIKOMKKK-KKGRPKL-QRRLAPKRQILSL-
QYMIPRQIMSQQOIIYQR-LRQ-WQPCLKV-RQI-FRKHVKVN-
TKPOQVORLLMKORKWTWSRHOKLYKSOQF TPOHSFAHHLRKLKOLRHOFCLILLWKLH-ILSFQALVLL-
RSPVHPH-KYRLQLVMTV-SLSLKIPHHMKKP-V-H-
KHRTQRKKLKSLKVLMOLFRKQKLLIYPLHVI-LKKQSSPLSQVQSSLIIQK-
ONLRSRCLITVSSWMIPHRNLNQLTYLVMIQFLTSHKHKRRL-C--RRVSLKCLRQ-
HNTNIRRDLVLHLRR-ESHI-SLFSPIYILOQKMLHLMKFQH-
PKRRQFLCKWKSLILQFIPMMTYFLLRKTK-KKVKHFPIHLPLR--MSFPHLSVLKMILLRSTLT-
KYPTKVKLLMSRAGPIRCLAQNCPVTFLSRIHILKMKHMSQOMNSPKVGPVYLRCPYCFQOMFLLWNLK-
KWAT-LNPKYLRKKQRKNFLLIQRKRTDP-QLYCQQS-IKLQ

D. circRtn4 computationally translated in all three reading frames.
Only frame 3 is open. Methionine residues are highlighted in green and longer potential ORFs in other
reading frames of hypothetical polypeptides are highlighted in blue.



A.circRtn4-FLAG-Stop

AUGAGACCCUUU UUGCUCUUCCUG CUGCAUCUGAGC CUGUGAUACCCg actacaaggacg
..E T L F A L P A A S E P v I P D Y K D D

->
acgatgacaagc cacchUCCU CUGCAGAAAAAA UURUGGAUUUGA AGGAGCAGCCAG
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B.circRtn4-FLAG-ac

AUGAGACCCUUU UUGCUCUUCCUG CUGCAUCUGAGC CUGUGAUACCCg actacaaggacg
E T L F A L P A A S E P v I P D Y K D D
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Supplementary Fig. 2
Additional constructs circRtn4-Stop (A) and circRtn4 FLAG-ac (B). Blue lettering indicates
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nucleotide sequence contributions of Rtn4 exon 2 and black upper-case lettering contributions of Rtn4
exon 3. Nucleotides are arranged in blocks of 12. The nucleotides for the FLAG sequence are in black
lower-case letters. The corresponding amino acids are depicted in bold and purple (IUPAC one-letter
amino acid code). The putative start codon in green. A) A translation stop codon was introduced after
the sequence encoding the FLAG peptide, presumably after almost a full circle of translation (indicated
in red). The predicted Rtn4 polypeptide variant (IUPAC one-letter amino acid code) is ~800 amino acids
in length. B) The insertion of two nucleotides (ac) at positions 78/79 and a single nucleotide exchange at
position 107 (c) are shown in lower case letters highlighted in blue. The correspondingly changed amino
acid Q at position 4 (highlighted in blue) of the assumed Rtn4-derived amino acid sequence is also
highlighted in blue. The latter was changed in order to remove a stop codon early in the second round of
translation. The predicted polypeptide sequence is given in the [UPAC one-letter amino acid code.
Translation product for the first round on the circle is shown in the second aa sequence row. Translation
could theoretically proceed for about another ~69 amino acid into a next round of translation, provided
that AUG start codon 98-100 is being used for translation initiation. The amino acid sequence of the
second round of translation would leave the reading frame after the FLAG peptide at the glutamine



residue and proceed (top amino acid sequence immediately under the nucleotide sequence) until the stop
codon at position 285-287 (red) is encountered. The predicted protein would be ~869 amino acids in
length.



Supplementary Fig. 3
16 mass spectra of the tryptic peptides from circRtn4 derived protein

The left coordinate is the relative intensity, the right coordinate is the absolute intensity, the

horizontal coordinate is m/z.



100

80

60

40

20

Scan Method Score m/z
16346 FTMS; HCD 144.1 632.28
Supplementary Fig. 3
1 1 0of 16 peptide mass spectra
N 8
- b102 948y.4421
559.2253
7 ! 10
b : y7 11218.522
T 2 I 6 811.3832 :
245.0768 b ! ! 712Y3143 \ : gi” \
4 ! ! A }
453.1728 ! | ! a :
Y1 : \ ! | o
4 47.1128 ‘ Y2 | b R : 9 | |
| ! 234.1448 y3 ! 552,941 ! bs | 101p.479 bio !
| : 381.2132 : : w - b 883.3428 | . 117,443
| | ! ) tr ! ! be 3 “ 754.3p02 3 ! 3 3 :
1 | 316)1139 ! ! 2733 : ! ‘
|I' | |.I_]I....|”L... ' |“L“|' | i- Y1 I PP P | I Il: J‘I‘ b . Il |II| l. !I Llll :illf'li | ' . | . |
200 400 600 800 1000 1200 1400 1600
| yio Yo ys y7 Y6 Y3 y2 yi
D E A H V S D E F S K -
b2 bs ba bs be bz bs bo b1o

VEN


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
1 of 16 peptide mass spectra

Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text



Scan Method Score m/z
109034 FTMS; HCD 75.44 1089.21
= Supplementary Fig. 3
1 2 of 16 peptide mass spectra
° | Y11
‘(2 | 1292.692
8 _ bo
1089.51
o
©o
y2p2*
— 1088.551
o yi2
< 1363.729
T ys 1 ‘ bia 1
. y6 919.4917 : b]] : b12 1572.754 :
T | 719.3756 w 1274159 | }345.627 l w B
o oy | | T b |
& I 7 ‘ I ! . ' 14446951 15 yi8 I
y : 428.2084 6203141 | ‘ [ ! 1692.851 1991.015 !
] | I ‘ ‘\ 7 |
b 7.1128 :bz : ‘ - y”2+ 163}:9576 y1o ! I ‘: ! :
2$9.092 ! : 646.8496 1195.639 ! Y13, ! bie bis |
i : 1 372. 1765: ‘ﬁ - : - b] 52+: : : : 1492 7-?2* ]SZ; :O\ 1772.834 ]972 9]3 :
: : ! ! 6 3 3385 8514019 - b1z | ! ! ! ‘
| h| AT WTWHH NI l 1l |
] 2 o 9 / I -1
2715 | !
o | “h Tj .ui“ Iul ||||| T i 1l |||| |I I|| ”l ]‘ “l"' bl | | | ' I | L
600 1000 1200 1400 1600 1800 2000 22C
y202* Y18 yis Y14 Y13 yi2 yi1 | Y10 ) y8
- E E | K E P E S F N A A V Q E A E A P Y | S
b2 bs b72+ bo b1 b2 bis bia | bis2*| bis | b172*| bis
| Y7 | Yeé | ys y2 yi
[ A C D L | K -

[991]


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
2 of 16 peptide mass spectra

Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text



100

80

60

40

20

Scan Method Score m/z
88482 FTMS; HCD 62.81 672.99
Supplementary Fig. 3
3 of 16 peptide mass spectra
Yo
1133.563
b2
259.0925
2
246.1812
o yiz Y3
H y]02+ 1523.753  1594.79
0 6313324
A | Y
:\ 1 | y7 1408.726
2l \: : : ) 88901414
l47.1128 o 4 b
‘ ‘ | VE 56}.’303‘] gg;:‘ 03
I 75.2238 ro vl - ¥
1 ] m ‘ ‘ : ‘ : Ll i
1036.51
| y]
il ‘.|.||l.i|..|| Al L) A T | |
—'—'—|—| T T T T T T T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 18C
y142+| Y13 | yi2 | yii | Y10 Yo ys y7 | 3 | Y4 | y3 | y2 | yi
E Y A D F K P F E Q A W E Vv K -

L

9

S

14

€

4

3

[991]


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
3 of 16 peptide mass spectra


Scan Method Score m/z

[991]

102956 FTMS; HCD 53.9 950.46
. Supplementary Fig. 3
i 40of 16 peptlde mass Spectra
s |
8
8
i Yo
1048.441
T b]io }
e | 104‘21.49 b12:
! 1212.601 Y12
| I ' 1319.644
“ 10 | |
i . HZ].S?S : b3
bs L ! ! 1299.633 ‘
. 714581 |1 b1i ! : ! !
I i ‘ H 13 :
L bio2* bs ! ' ”4‘]'\64 | - 14&41&686 |
B 5217513 600.2776 ys | i Lo Lerpe : |
267]1088 w r y7 919.44§ | 10 I [ ! | ! ‘
1 o [ v ve Y I RES -NHs |
| 175119 y}z VB bs2+ | 576.2736 6893577 b7: : : S :: : | yis
s62hs1 3431881 4427167 :y4 B 71342 | l o : | :: | ! l63§.76‘§
- ”l “ ‘ el z[ bs | f 1 ' gt ]zz;;\ " »
I I ! 84,426 | ~L B ‘ - Ak l-<‘7 | I
o _| ”II m l“" l |l|-||| i'“ | i|||||| I 75-’F?f|| I|||14| | lll 1 | ul J[I J‘ [ o II[ ] | I
—'—'—l_ T T T T T T T T T T T T T T T T T T T T
200 400 600 800 1000 1200 1400 1600
y1s | yi3 | yi2 | y11 | yio Yo ys y7
- E H G Y L G N L S A \Y A S T E G T | E E T
b2 bs bz bs bo bio | b b1z | bis bis2+



Dingding.Mo
Typewritten Text
Supplementary Fig. 3
4 of 16 peptide mass spectra

Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text


Dingding Mo
Typewritten Text



100

80

60

40

20

Scan Method Score m/z
. 114435 FTMS; HCD 80.69 1286.31
Supplementary Fig. 3
5 of 16 peptide mass spectra
Y12
1262.699
bo
900‘.4058
: : 9 !
be : : 965.5302 ‘ I
627.2733 : : : : 3
} b ys b1 ‘ ‘
! | . 878.4p82 : 108‘5.486 :
l 120 ! w yis w
i 3 : r- | \ b : 13»715].7333 1533.852 : :
| bs 111y, L L g Lo e
Vi Hbz 331.23132 526.2256 ||y 6" 726, 3‘417 : : ‘ : 1214538 bz 14«!2]:15 : ‘ :
147.1128 2§8.1084 ; : 1?6 36] | | : | ip2ossfo - koot bm, biz bis ;
| o i 1 bs 195 272 L ! ‘476T4 1759.777 w
3 - - \ | | I ]0 -1 r - ! I '
813.3737 ! 1 1 |
_ ||Ii Al uillﬂl zkhsm fn.-i ...a .izgl |.I. |I. |J.. ll.. | u lfi?ﬂf AL| ? J°1 ' . g I | |‘| | | r | | | | | | —
_'_'_|_'_ T T T T T T T T T T T T T T T T T T T T T T T T T
200 400 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 36(
| yis | Y14 y13 | yi2 | Y1 | yio
E Q P G N T V S S G Q E D F P S \ L F E T A A S L P S L
bs bs b7 bs bo bio b1 b2 bis bia b7 bis
Ye y3 y2 Y1
T S F K -

S

4

€

4

3

[991]


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
5 of 16 peptide mass spectra


100

80

60

40

20

Scan Method Score m/z

40472 FTMS; HCD 69.26 529.93
Supplementary Fig. 3
6 of 16 peptide mass spectra
Y8
929.4687
yh2t | yii
y72* s147722 Y10 1258.627
] 421.722 | \ 1157.58
I ‘ ! 6 i
V1 \ ‘ ! ya ! 713B941 \
1lh7.1128 : y2 : ? 5134278 : yo I
! : b 2841717 ( , 5 \7 1028.537
. i N0 ]7028] :33?'] : ! 612]3464 4214367
LA i ‘ e
-|I|I I I |“ I | |I "l I]hﬁ ‘ s lhs 686i3594 1 1 [} [ 1 [ —
|||||||||||I||||||||||||||||||I|| |||||||||ﬁ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||I||||
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
yi22* | yn | y1o Yo y8 | y7 | Y6 ys | ya y3 | y2 | yi

b2 bs

VE



Dingding.Mo
Typewritten Text
Supplementary Fig. 3
6 of 16 peptide mass spectra


100

80

60

40

20

Scan Method Score m/z

26668  FTMS: HCD 88.06 599.29
Supplementary Fig. 3
7 of 16 peptide mass spectra
ys
905.4575
Yys
576.2988
Y3
348.1878
y7
804.4098
Y4
447.2562
ye
689.3828
yi |
H7.1128 :
21,1‘.557" b2 r--- - l :
293.1132 : |
| ‘ | 1okl .
| 1 ! 1068.521
imh Il |H ||! | ||I||‘|| ]1||H ||'||I| | .| 1 . | | |
|—|—|—I T T T T T T T T T T
200 400 600 800 1000 1200 1400 1600
|y9 ys y7|y6 ys|y4 ya|yz|y1

4

Sl

S0

[991]


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
7 of 16 peptide mass spectra


100

80

60

40

20

S0

Scan Method Score m/z
89618 FTMS; HCD 70.56 672.34
Supplementary Fig. 3
8 of 16 peptide mass spectra
Yi6
Y13 1771.857
1431.719
y-|22+
667.8367
y2 1
260.1969 bs :
: 583.2722 D6
: 680.325
} | ys yi
! | 7 #48.4546 1237.613
b2 Fo yg‘ 714412 y9
243.1339 ‘ : 648.3 “19 977.4972
Yp | ! 7
L2 h)3 ! 777|377
340]1867 51 7 3344 ! 1
Y12
l 1 ‘“ Y10 1334664
3 1140.5
430.3024
| |||i..|| WA LB I.H. I .
_'_'_|_| T T T I T I T T T T T I T T I T T T I T I T T T I T T T I
200 800 1000 1200 1400 1600 1800 2000 2200 2400
Y16 Y13 yi2 Yy | Y10 ) ys y7 Y6 ys | V4 Y3 | y2 | yi
E P E N P P P Y E E A M S V A L K
b2 bs bs bs b7

[991]


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
8 of 16 peptide mass spectra


100

80

60

40

20

Scan Method Score m/z
64737 FTMS; HCD 105.89 949.96
Supplementary Fig. 3
9 of 16 peptide mass spectra
Y13
1468.695
(AR
1284.611
: I yzl Y6
1‘ :2]8.]49‘9 ! 710‘.3719 :
o R ba 1 bs yrz2
T 1 . 1 |
]47y_H%8 ‘ 331.234 4‘81‘2135 ys b6 ‘ 841.3938 Yys Yo V10 1371.643 ‘ ]39/71.;138
; \: : : I : 547.3086 615.2084 : : 911.4449 1058.515 1187558 I ‘
N | e - Cobs " | | 1
TR skl |
il ., '.-”-.---'ll-“ TIPS 165 W Y I A PR ROV L S I R PR L | | || |
200 400 600 800 1000 1200 1400 1600 1800 2000 2200
yia yi3 | yi2 Yy | yio Yo ys | y7 | G ys | y4 y3 | y2 | yi
S T E P S P E F S N Y S E I A K -
az bs ba be bs b4

[991]


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
9 of 16 peptide mass spectra


Raw file Scan Method Score m/z

VEN

170901_QE_Li_DMo_6D_DMo_RTN4_02 96317 FTMS; HCD 35.16 952.48
- Supplementary Fig. 3
10 of 16 peptide mass spectra
o
o ]
o
®
o
©
o
< -
: l l yi l
& _ Y ! ! Y9 1408.726 !
' ! ! ! 133563y | Y13
i ! ! ! ! ! 1261.658 ! 1594.79
Y1 :\ I I b4 \y4 bi32+ I ; r :y232+ 1
1 7.1128‘ Y2 bs 417‘2166561 3031 724.3479 ! b2o2+ ! nsez 687 '
7 ; 1246.1812 318‘]482 L . ‘ | N 20 L ‘b3
‘ ‘ b ‘ . | 1148.059 |
| : 3 i ‘ : L I ‘y b | | 4. 1‘4‘47 b 23¥]?61 y20
- 3 - | bl 1y7 10} ~ 1 I bis Y15 i 2439.198
! i | $ I I 43!
o | L]l].'“hun.ll uilglgwlg-s. |I-$ I |-||‘“ .-lhﬂ 5% flhzl 7610.39 8 N ]fiul - ] Ilﬂ?ltfs_rl " |ll| l i “.| 1 I| . jl I| Illzzl'ssll :88-6"896| l Do " | R rl . |I | [ |
400 800 1 000 1 200 1400 1600 1800 2000 2200 2400 2600 2800
| y232* y20 yi9 yis yi3 yi1 | yio Yo | y7 Y6 ys Y4 | y2 | yi
- M S Vv V A P V R E E Y A D F K P F E Q AW E V K -
b2 bs ba b1o b1z | bis bis b2o2*



Dingding.Mo
Supplementary Fig. 3
10 of 16 peptide mass spectra


100

80

60

40

20

Scan Method Score m/z
58602 FTMS; HCD 146.59 766.89
Supplementary Fig. 3
11 of 16 peptide mass spectra
Y8
870.4931
Y10
]]O‘4A594
b2 1
244.0928 :
Co bs Yo |
: | 663.2733 1017.562 :
: ***** y2 | b5 y5 : :
| 246.1812 ! 516.2049 535 3606 ) !
[ | ! : I :
N bs | ba | - 5 | yi
Y1 | 358.1357 429.1728 ! v \ 1175.631
147.1128 I ! - Lo ! 12
! t | | L o v Y7 ‘ 12!9.674
[ ¥ 1 ) l : i 77B.4403 ‘\
| ILI-I llulldllll |I||II II " 653“' II] | I:' i ;lll 'lli II |68611)I| i I || ||‘| Ill |" l-lI [ il I| | | . | | Ill |
200 600 800 1000 1200 1400
yi2 yi1 yio0 Yo ys | y7 | 3 ys | y3 | y2 | Y1
E N A S F P S T P E L V K -
b2 bs b4 bs bs

€ ¥ S 9

[991]

4

I


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
11 of 16 peptide mass spectra


100

80

60

40

Sl

[991]

20

Scan Method Score m/z
93362 FTMS; HCD 74.66 909.1
Supplementary Fig. 3
12 of 16 peptide mass spectra
\2F
1452.65
Y7
866.4077
5 bi2
609Y3243 11581539 yn
‘ O 1355.597
1 ) ! |
\ ¥ -~ b3
} I \: | : 1271.62
‘ y3 | yioZt | ! |
| 3812132 o b7 1055.483 || L !
: 1 515)2546 :be 742.373 : : 1l | : 1
: V2 :b4 T 6143144 ! ys | H l ! !
:: 294.1812 401.2031 | :l: ! 9794917 L f"j' S :YIO i3
E .1 U A
: :‘ I : 214.984‘P&‘ : : \” : 82?'40 957.4 36 : 99]_4%3‘3: : : : :
| v :‘330]66\ | \ ! s ) ! !
J : [ : o } m2Q Lo | 110§$4 | kf,,,,:,
‘ 4.29 303 | | | ! | | |
_ u il h hl |u - |1||| hl u-llhi-“u'l H n ll|| [T 1Y t -' | I'l I | | . 1
_'_'_|_| I T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I
400 800 1 000 1 200 1 400 1600 1800 2000 2200 2400 2600 28C
y192* | yi182* Y13 yi2 | yii | Y10 Yo ys y7 | Y6 ys | Y4 y3 | y2 | yi
S E | A N \Y Q S G A N S L P C S E L P C D L S F K
b2 bs b4 bs bs b7 bs bio b2 bis

S0


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
12 of 16 peptide mass spectra


100

80

60

40

20

Scan Method Score m/z
41459 FTMS; HCD 179.64 914.46
Supplementary Fig. 3
13 of 16 peptide mass spectra
bis
1668.801
Y10
1071.568
bs
915.4782
y222+
1205.108 bia
|
1554.758
y2 y122* yi ; y21
248“1605 661.8386 b162+ b1c2+ 1185.611 | 2281.113
| ! 883.43ps 1osshkor ! ‘
: : ! \ : Y12 y23
. 5 | ! 132‘2A67 ! 19 2524.235
. 630. 38:21 7]7%7]’4]' y1321 L yi72 3 \ | 20!7.043 !
b‘ y4 C 718350} 912.9491: | b2izFl | \ b23
:2 Y3  462.2922 b Q : I | " 139 54‘2‘ I I 2492209
2161343 3612445 | H:0 | | | C| 42, \ y18 | :
Y1 T ' ‘ ‘ i r ! I ‘ 24l | I 1923.959 hls !
70128 | b4 - 272 e bG* b: H (il NR 21 bis bis 2022.955 Y22
| il 4592562 I I e I | 11076.539 | 1417.69 2409.208 |
| 'bs 1 7033257 s16.4¢hs b172 ! | | 1304615 ; |
} 3311612 ‘ ! ! | ! \ | Ype |
| | 588.29 1 917-45 | b%r + : 1664.86 | !
1B ‘ | ‘ \ 291132 |
III J‘ | ||I | 1 || ||||I 'H [ || | I| i ||Ii I
T I T T I LI T I T T I T T T T I T T I T T T I T T I T T T I T T T
200 1000 1200 1400 1600 1800 2000 2200 2400
y23 y22 y21 | y20%* | yi9 yis | y172* | yie yi132t | yi2 yii Y10 y7 Y6 Y4 y3 y2 yi
K D K E D L \Y, C S A A L H N P Q E S P A T L T K
b2 bs ba bs be bz bs bi2 | bis bisa | bis | b162* | b172* | bis | bio2* b212+ b23 | b2a2*

[gal]


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
13 of 16 peptide mass spectra


100

80

60

40

20

Scan Method Score m/z

[991]

68376 FTMS; HCD 50.3 564.75
Supplementary Fig. 3
14 of 16 peptide mass spectra
Y7
896.4182
Y6
781.3913
6683072
y !
47.1§28 1
! b2 V2 bs |
$33.0054 2781533 3481224 :
1 j JI 3 521. 2381 | 3 y8
| 1027.459
071959 !
Il_l'_Jl“]| I |II |||| |I|II|- L | ll"l | II'|IIJ||I ||"| . . |
800 1000 1200

b2 bs



Dingding.Mo
Typewritten Text
Supplementary Fig. 3
14 of 16 peptide mass spectra


100

80

60

40

20

Scan Method Score m/z
109653 FTMS; HCD 163.18 864.16
Supplementary Fig. 3
15 of 16 peptide mass spectra
Y19
2054.095
Y10
1128.645
yi02* ) : Bz Y20
: 564.8259 ‘ | ‘F 10t0)4].60\14 124‘6,74] : ; 2167.179
I Y3 : I : ‘ ! \: ! I
‘?441 656 | 372.2605 ‘ Yo i : ! o yiz !
| } ba bS b7 bs :1015. 6 ‘ :: |y 1343.735 I |
v | 4232960 53613506 747.4763 846.5448 | o ‘I I L 1573915 16¥;§99 ! y23
yu o L 7]2285 bs : ! ! a T H by - : 2490.4
1471728 ! 310.2125 b132*-- y7‘ §86.51797(" " "~ 0 ::”176?8 1236.703 Y13 : 22!52163
: i ﬁqeza& 9 75547 4 l ! " ! 1472, 773 Y16 ! [ '
‘ ! ' | ﬁ,:L,,T‘ 222% 1743.931 18 !
] l 7 \ 7 32@{9 5844]3 ! | ¥ ‘i | —7** b2ﬁ+ : XQ7_177<] bl‘ 1585.862 [ 192/7.042 | |
BN 171111 Y .|| il..IlIIIi..; il Lkl ey L) e o I N |
_'_'_l_'_'_ T T T T T T T T T T T T T T T T T T
200 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
| y23 | y222* | y21 Y20 Y19 yis | yi72* | yie | yis Y14 Y13 yi2 Y1 Y10 ) ys y7 | ys V4 Y3 | y2 | yi
\ P L L L P N \ S A L E S Q | E M G N I \ K P K -
b2 bs ba bs bz bs b1o b1 bi2 | b132*| bis bis b202*

gl

S0

VEN


Dingding.Mo
Typewritten Text
Supplementary Fig. 3
15 of 16 peptide mass spectra


100

80

60

40

20

Supplementary Fig. 3
16 of 16 peptide mass spectra

Scan Method
11487 FTMS; HCD

Score m/z
114.21 659.34

Supplementary Fig. 6
16 of 52 peptide mass spectra

l yo
| 991.4401
Y1 !
! 11
147.1128 25¢ L y3 y4 ys y7 Vs y
I I 1373.2082 460.2402 591.2807 747.3706 862 3075 1218.603
| | : .
: ‘* - bZ\ | ‘ b: b : ! :
1991441 y/) : 4 24 5i I
| 276.1554 bsl aseqsrr YO 571.3086 be Ye b 8 ba ‘ b1
1 R IO O PO I PO - < T T | |628'31°' oo(34on 273pss &8ss, MR 71546
T I T T T I T T T I T T I T I I
200 400 600 800 1000 1200

| VAR yio Yo ys y7 Y6 ys
V K E D| G|V | M

b2 bs b4 bs bs b7 bs

ya | v | y2 | v

bo b1

[991]



Dingding.Mo
Typewritten Text
Supplementary Fig. 3
16 of 16 peptide mass spectra

Dingding.Mo
Typewritten Text
Supplementary Fig. 6
16 of 52 peptide mass spectra


A.

MDLK EQPGNTVSSGQEDFPSVLFETAASLPSLSPLSTVSFK EHGYLGNLSAVASTEGTIEE
TLNEASR ELPERATNPFVNRESAEFSVLEYSEMGSSFNGSPKGESAMLVENTKEEVIVR S
KDKEDLVCSAALHNPQESPATLTK VVKEDGVMSPEK TMDIFNEMK MSVVAPVREEYAD
FKPFEQAWEVK DTYEGSRDVLAARANMESKVDKKCFEDSLEQKSHGKDSESR NENASF
PSTPELVK DGSRAYITCDSFTSATESTAANIFPVLEDHTSENKTDEKKIEERKAQIITEKTSP
KTSNPFLVAIHDSEADYVTTDNLSKVTEAVVATMPEGLTPDLVQEACESELNEATGTKIA
YETKVDLVQTSEAIQESIYPTAQLCPSFEEAEATPSPVLPDIVMEAPLNSLLPSTGASVAQP
SASPLEVPSPVSYDGIK LEPENPPPYEEAMSVALK TSDAK EEIKEPESFNAAVQEAEAPYIS
IACDLIK ETK LSTEPSPEFSNYSEIAK FEKSVPDHCELVDDSSPESEPVDLFSDDSIPDVPQT
QEEAVMLMK ESLTEVSETVTQHK HKERLSASPQEVGKPYLESFQOPNLHITKDAASNEIPT
LTKKETISLOMEEFNTAIYSNDDLLSSKEDKMKESETFSDSSPIEIIDEFPTFVSAKDDSPK
EYTDLEVSNK SEIANVQSGANSLPCSELPCDLSFK NTYPK DEAHVSDEFSK SRSSVSK VPLLL
PNVSALESQIEMGNIVKPK VLTKEAEEKLPSDTEKEDRSLTAVLSAELNKTSDETLFALP
AASEPVIPSSAEKI

B.

MDLK . EQPGNTVSSGQEDFPSVLFETAASLPSLSPLSTVSFK EHGYLGNLSAVASTEGTIEE
TLNEASR ELPER ATNPFVNR ESAEFSVLEYSEMGSSFNGSPK GESAMLVENTK.EEVIVR S

K .DKEDLVCSAALHNPQESPATLTK VVK.EDGVMSPEK TMDIFNEMK MSVVAPVR.EEYAD
FKPFEQAWEVK . DTYEGSR.DVLAAR ANMESKVDKK CFEDSLEQK SHGK.DSESR.NENASF
PSTPELVK.DGSR AYITCDSFTSATESTAANIFPVLEDHTSENKTDEK.K IEER KAQIITEKTSP
K_TSNPFLVAIHDSEADYVTTDNLSK VTEAVVATMPEGLTPDLVQEACESELNEATGTK IA
YETKVDLVQTSEAIQESIYPTAQLCPSFEEAEATPSPVLPDIVMEAPLNSLLPSTGASVAQP
SASPLEVPSPVSYDGIK LEPENPPPYEEAMSVALK TSDAK EEIKEPESFNAAVQEAEAPYIS
IACDLIK.ETK LSTEPSPEFSNYSEIAK.FEK SVPDHCELVDDSSPESEPVDLFSDDSIPDVPQT
QEEAVMLMK ESLTEVSETVTQHK HKERLSASPQEVGKPYLESFQPNLHITK DAASNEIPT
LTK.K ETISLQOMEEFNTAIYSNDDLLSSK.EDK MK.ESETFSDSSPIEIIDEFPTFVSAK.DDSPK
EYTDLEVSNK SEIANVQSGANSLPCSELPCDLSFK NTYPK.DEAHVSDEFSK SRSSVSK_ VPLLL
PNVSALESQIEMGNIVK.PK VLTK EAEEK.LPSDTEKEDR SLTAVLSAELNK TSDETLFALP
AASEPVIPdykddddkppSSAEK I

Supplementary Fig. 4 Tryptic peptides identified by mass spectrometry.

A, B. Peptides derived from construct circRtn4 and from circRtn4-FLAG are shown in red and blue,
respectively. For mass spectrograms, see Supplementary Figs. 3 and 6, respectively. The amino acids
contributed by the FLAG sequence are in lower case. The glutamic acid residue (E) contributed by the
splice site between exons 2 and 3 (last row) and the aspartic acid residue (D) at the site of circularization
(penultimate row) are shown in bold.

Complete digestion is marked by an underline symbol and observed incomplete digestion yielding two
or more overlapping products is marked by a dot, i.e., there were additional sequences (N-terminally
and/or C-terminally) in identified peptides beyond the dots.
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khkkkhkhhkhhhkk g hk k, khkkkhkhkk chkhkohhkshhhhhhhhhhhhhhhhhh ohhohohhohhhhh Khy hhhkkhk hhhkshhhhhhhhhhhhhhhhhhhhhk hohohhhhhhhhk * % ::::**-*** * Kk kkkkhkkk
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human RTN4_circRNA-DP NPPP, NI PAPDF PVP P K| D FK 598
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P .
Mouse Rtn4 circRNA-DP PNLHI IP D P -—-- QlG YP PLLLP 734
human RTN4_ circRNA-DP L KIP II LI PDGA LLLPP 748
710

*kkk :* T L kkkkkkk hhkkkokhkhhhkhkkhkkkhkh ko okkkk hhkkhkkkhhhhkkkkkhkhkhhk kkkk

Mouse Rtn4 circRNA-DP GNI LFALP. PVIP 806
human RTN4_circRNA-DP K| LFALP PVI 819

Supplementary Fig. 5
Alignment of circRtn4/RTN4-derived protein sequences from mouse and human. The sequences of mouse circRtn4-derived protein
(mouse_Rtn4_circRNA-DP) and human circRtn4-derived protein (human_Rtn4_circRNA-DP) were aligned with the ClustalX2 program.
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Alignment of circRtn4/RTN4-derived protein sequences from mouse and human. The sequences of mouse circRtn4-derived protein (mouse_Rtn4_circRNA-DP) and human circRtn4-derived protein (human_Rtn4_circRNA-DP) were aligned with the ClustalX2 program.



Supplementary Fig. 6
52 mass spectra of the tryptic peptides from circRtn4-FLAG derived protein
The left coordinate is the relative intensity, the right coordinate is the absolute

intensity, the horizontal coordinate is m/z.
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Supplementary Fig. 7.
Several IMEs promote circRtn4 translation in N2a cells.
A. Western blot with Anti-Nogo A antibody of protein isolated from N2a cells with circRtn4
overexpression. Control, empty vector; BE-Rtn4, pCircRNA-BE-Rtn4; DMo-Rtn4,
pCircRNA-DMo-Rtn4; IVS1-Rtn4, pCircRNA-IVS1-Rtn4; PAT1-Rtn4, pCircRNA-PATI-
Rtn4; DMo-Rtn4-FLAG, pCircRNA-DMo-Rtn4-FLAG; DMo-Rtn4-Stop, pCircRNA-DMo-
Rtn4-Stop; the high molecular weight bands larger than 250 kDa represent polypeptides from
circRtn4 continuous translation; monomer designates the putative product from single round
of circRtn4 translation; actin is used as loading control. B. long exposure of the high

molecular weight bands larger than 250 kDa.
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Supplementary Fig. 8 CircRNA expression cassette of pCircRNA-BE and pCircRNA-
DMo vectors.

The multiple cloning site (MCS) contains the following restriction endonuclease recognition
sites: Bglll, Nhel, Bmtl, EcoRV, Notl, Sacll, and Xbal. The 5’ and 3’ splice sites are indicated
by lines. GFP of the original pPCMV-MIR vector was replaced by emGFP (emerald green

fluorescent protein).
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Supplementary Fig. 9 Equal transfection efficiency from circRNA vectors.

GFP expression from the SV40 promoter (Supplementary Fig. 1) in each circRNA expression
plasmid DNA transfection in HEK293 cells was measured by Western blot analysis with
antibody against GFP. B-Actin was used as loading control. Control, pCircRNA-DMo; BE-
Rtn4, pCircRNA-BE-Rtn4; DMo-Rtn4, pCircRNA-DMo-Rtn4; DMo-Rtn4-FLAG,
pCircRNA-DMo-Rtn4-FLAG; DMo-Rtn4-Stop, pCircRNA-DMo-Rtn4-Stop; PAT1-Rtn4,
pCircRNA- PAT1-Rtn4; IVS1-Rtn4, pCircRNA-IVS1-Rtn4.



