
Supplementary information  

 

A universal approach to investigate circRNA protein coding function  

 

Running title: Intron-mediated enhancement boosts circRNA translation 

 

Dingding Mo1, 2, *, Xinping Li1, Carsten A. Raabe3, 4, 5, Di Cui1, Jeanne-Franca Vollmar1, 

Timofey S. Rozhdestvensky2, Boris V. Skryabin2, Juergen Brosius3, 6 

 

1. Max Planck Institute for Biology of Ageing, Joseph-Stelzmann-Strasse 9b, 50931 Cologne, 

Germany.   

2. Medical Faculty, Core Facility Transgenic Animal and Genetic Engineering Models (TRAM), 

University of Münster, Von-Esmarch-Str. 56, D-48149 Münster, Germany. 

3. Institute of Experimental Pathology, Centre for Molecular Biology of Inflammation (ZMBE), 

University of Münster, Von-Esmarch-Str. 56, D-48149 Münster, Germany. 

4. Brandenburg Medical School (MHB), Fehrbelliner Strasse 38, D-16816 Neuruppin, Germany. 

5. Institute of Medical Biochemistry, Centre for Molecular Biology of Inflammation (ZMBE), 

University of Münster, Von-Esmarch-Strasse 56, D-48149 Münster, Germany. 

6. Institutes for Systems Genetics, West China Hospital, Sichuan University, Chengdu 610041, 

China. 

 

*. To whom correspondence should be addressed. E-mail: modingding@163.com  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Supplementary Fig. 1 
A.  
 

MEDIDQSSLV SSSADSPPRP PPAFKYQFVT EPEDEEDEED EEEEEDDEDL  
        60         70         80         90        100 
EELEVLERKP AAGLSAAPVP PAAAPLLDFS SDSVPPAPRG PLPAAPPTAP  
       110        120        130        140        150 
ERQPSWERSP AASAPSLPPA AAVLPSKLPE DDEPPARPPA PAGASPLAEP  
       160        170        180        190        200 
AAPPSTPAAP KRRGSGSVDE TLFALPAASE PVIPSSAEKI MDLKEQPGNT  
       210        220        230        240        250 
VSSGQEDFPS VLFETAASLP SLSPLSTVSF KEHGYLGNLS AVASTEGTIE  
       260        270        280        290        300 
ETLNEASREL PERATNPFVN RESAEFSVLE YSEMGSSFNG SPKGESAMLV  
       310        320        330        340        350 
ENTKEEVIVR SKDKEDLVCS AALHNPQESP ATLTKVVKED GVMSPEKTMD  
       360        370        380        390        400 
IFNEMKMSVV APVREEYADF KPFEQAWEVK DTYEGSRDVL AARANMESKV  
       410        420        430        440        450 
DKKCFEDSLE QKGHGKDSES RNENASFPRT PELVKDGSRA YITCDSFSSA  
       460        470        480        490        500 
TESTAANIFP VLEDHTSENK TDEKKIEERK AQIITEKTSP KTSNPFLVAI  
       510        520        530        540        550 
HDSEADYVTT DNLSKVTEAV VATMPEGLTP DLVQEACESE LNEATGTKIA  
       560        570        580        590        600 
YETKVDLVQT SEAIQESIYP TAQLCPSFEE AEATPSPVLP DIVMEAPLNS  
       610        620        630        640        650 
LLPSTGASVA QPSASPLEVP SPVSYDGIKL EPENPPPYEE AMSVALKTSD  
       660        670        680        690        700 
SKEEIKEPES FNAAAQEAEA PYISIACDLI KETKLSTEPS PEFSNYSEIA  
       710        720        730        740        750 
KFEKSVPDHC ELVDDSSPES EPVDLFSDDS IPEVPQTQEE AVMLMKESLT  
       760        770        780        790        800 
EVSETVTQHK HKERLSASPQ EVGKPYLESF QPNLHITKDA ASNEIPTLTK  
       810        820        830        840        850 
KETISLQMEE FNTAIYSNDD LLSSKEDKMK ESETFSDSSP IEIIDEFPTF  
       860        870        880        890        900 
VSAKDDSPKE YTDLEVSNKS EIANVQSGAN SLPCSELPCD LSFKNTYPKD  
       910        920        930        940        950 
EAHVSDEFSK SRSSVSKVPL LLPNVSALES QIEMGNIVKP KVLTKEAEEK  
       960        970        980        990       1000 
LPSDTEKEDR SLTAVLSAEL NKTSVVDLLY WRDIKKTGVV FGASLFLLLS  
      1010       1020       1030       1040       1050 
LTVFSIVSVT AYIALALLSV TISFRIYKGV IQAIQKSDEG HPFRAYLESE  
      1060       1070       1080       1090       1100 
VAISEELVQK YSNSALGHVN STIKELRRLF LVDDLVDSLK FAVLMWVFTY  
      1110       1120       1130       1140       1150 
VGALFNGLTL LILALISLFS IPVIYERHQA QIDHYLGLAN KSVKDAMAKI  
      1160  
QAKIPGLKRK AE                          
 

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.  
 
 
B. 
 



       MDLKEQPGNT VSSGQEDFPS VLFETAASLP SLSPLSTVSF KEHGYLGNLS 
               10         20         30         40         50 

AVASTEGTIE ETLNEASREL PERATNPFVN RESAEFSVLE YSEMGSSFNG 
        60        270         80         90        100 
SPKGESAMLV ENTKEEVIVR SKDKEDLVCS AALHNPQESP ATLTKVVKED 
       110        120        130        140        150 
GVMSPEKTMD IFNEMKMSVV APVREEYADF KPFEQAWEVK DTYEGSRDVL 
       160        170        180        190        200 
AARANMESKV DKKCFEDSLE QKGHGKDSES RNENASFPRT PELVKDGSRA 
       210        220        230        240        250 
YITCDSFSSA TESTAANIFP VLEDHTSENK TDEKKIEERK AQIITEKTSP 
       260        270        280        290        300 
KTSNPFLVAI HDSEADYVTT DNLSKVTEAV VATMPEGLTP DLVQEACESE 
       310        320        330        340        350 
LNEATGTKIA YETKVDLVQT SEAIQESIYP TAQLCPSFEE AEATPSPVLP 
       360        370        380        390        400 
DIVMEAPLNS LLPSTGASVA QPSASPLEVP SPVSYDGIKL EPENPPPYEE 
       410        420        430        440        450 
AMSVALKTSD SKEEIKEPES FNAAAQEAEA PYISIACDLI KETKLSTEPS 
       460        470        480        490        500 
PEFSNYSEIA KFEKSVPDHC ELVDDSSPES EPVDLFSDDS IPEVPQTQEE 
       510        520        530        540        550 
AVMLMKESLT EVSETVTQHK HKERLSASPQ EVGKPYLESF QPNLHITKDA 
       560        570        580        590        600 
ASNEIPTLTK KETISLQMEE FNTAIYSNDD LLSSKEDKMK ESETFSDSSP 
       610        620        630        640        650 
IEIIDEFPTF VSAKDDSPKE YTDLEVSNKS EIANVQSGAN SLPCSELPCD 
       660        670        680        690        700 
LSFKNTYPKD EAHVSDEFSK SRSSVSKVPL LLPNVSALES QIEMGNIVKP 
       710        720        730        740        750 
KVLTKEAEEK LPSDTEKEDR SLTAVLSAEL NKTSARAETH LRRGSGSK 
       760        770        780        790      798 
 

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.   
 
 
C. 
 
13                ê 
AUGAGACCCUUU UUGCUCUUCCUG CUGCAUCUGAGC CUGUGAUACCCU CCUCUGCAGAAA   60 
  E  T  L  F   A  L  P  A   A  S  E  P   V  I  P  S   S  A  E  K 
     è 
AAAUUAUGGAUU UGAAGGAGCAGC CAGGUAACACUG UUUCGUCUGGUC AAGAGGAUUUCC  120 
  I  M  D  L   K  E  Q  P   G  N  T  V   S  S  G  Q   E  D  F  P… 
 
CAUCUGUCCUGU UUGAAACUGCUG CCUCUCUUCCUU CUCUAUCUCCUC UCUCAACUGUUU  180 
 
CUUUUAAAGAAC ACGGAUACCUUG GUAACUUAUCAG CAGUGGCAUCCA CAGAAGGAACUA  240 
        15 
UUGAAGAAACUU UAAAUGAAGCUU CUAGAGAAUUGC CAGAGAGGGCAA CAAAUCCAUUUG  300 
           è 
UAAAUAGAGAGU CAGCAGAGUUUU CAGUAUUAGAAU ACUCAGAAAUGG GAUCAUCUUUCA  
10       è 
AUGGCUCCCCAA AAGGAGAGUCAG CCAUGUUAGUAG AAAACACUAAGG AAGAAGUAAUUG  
 
UGAGGAGUAAAG ACAAAGAGGAUU UAGUUUGUAGUG CAGCCCUUCAUA AUCCACAAGAGU  



                è          è 
CACCUGCGACCC UUACUAAAGUGG UUAAAGAAGACG GAGUUAUGUCUC CAGAAAAGACAA  
             2    è    è         11 
UGGACAUUUUUA AUGAAAUGAAAA UGUCAGUGGUAG CACCUGUGAGGG AAGAGUAUGCAG  600 
           6        51   46 
AUUUUAAGCCAU UUGAACAAGCAU GGGAAGUGAAAG AUACUUAUGAGG GAAGUAGGGAUG  
         è     2 
UGCUGGCUGCUA GAGCUAAUAUGG AAAGUAAAGUGG ACAAAAAAUGCU UUGAAGAUAGCC  
     20      12    10 
UGGAGCAAAAAa GUCAUGGGAAGG AUAGUGAAAGCA GAAAUGAGAAUG CUUCUUUCCCCA  
 
GUACCCCAGAAC UUGUGAAGGACG GCUCCAGAGCGU ACAUCACCUGUG AUUCCUUUAcCU  
 
CAGCAACCGAGA GUACUGCAGCAA ACAUUUUCCCUG UGCUAGAAGAUC ACACUUCAGAAA  900 
         4 
AUAAAACAGAUG AAAAAAAAAUAG AAGAAAGGAAGG CCCAAAUUAUAA CAGAGAAGACUA  
               14     9 
GCCCCAAAACGU CAAAUCCUUUCC UUGUAGCAAUAC AUGAUUCcGAGG CAGAUUAUGUCA  
               è 
CAACAGAUAAUU UAUCAAAGGUGA CUGAGGCAGUAG UGGCAACCAUGC CUGAAGGUCUAA  
           14 
CGCCAGAUUUAG UUCAGGAAGCAU GUGAAAGUGAAC UGAACGAAGCCA CAGGUACAAAGA  
      46 
UUGCUUAUGAAA CAAAAGUGGACU UGGUCCAGACAU CAGAAGCUAUAC AAGAGUCAAUUU 1200 
 
ACCCCACAGCAC AGCUUUGCCCAU CAUUUGAGGAAG CUGAAGCAACUC CGUCACCAGUUU  
       è 
UGCCUGAUAUUG UUAUGGAAGCUC CAUUAAAUUCUC UCCUUCCAAGCA CUGGUGCUUCUG  
            3 
UAGCGCAGCCCA GUGCAUCCCCAC UAGAAGUACCGU CUCCAGUUAGUU AUGACGGUAUAA  
 
                 è 
AGCUUGAGCCUG AAAAUCCCCCAC CAUAUGAAGAAG CCAUGAGUGUAG CACUAAAAACAU  
              17 
CGGACgCAAAGG AAGAAAUUAAAG AGCCUGAAAGUU UUAAUGCAGCUG UUCAGGAAGCAG 1500 
       1 
AAGCUCCUUAUA UAUCCAUUGCAU GUGAUUUAAUUA AAGAAACAAAGC UCUCCACUGAGC  
 
CAAGUCCAGAGU UCUCUAAUUAUU CAGAAAUAGCAA AAUUUGAGAAGU CGGUGCCUGAUC  
        28         14 
ACUGUGAGCUCG UGGAUGAUUCCU CACCgGAAUCUG AACCAGUUGACU UAUUUAGUGAUG  
                è     è 
AUUCAAUUCCUG AcGUCCCACAAA CACAAGAGGAGG CUGUGAUGCUAA UGAAGGAGAGUC  
 
UCACUGAAGUGU CUGAGACAGUAA CACAACACAAAC AUAAGGAGAGAC UUAGUGCUUCAC 1800 
 
CUCAGGAGGUAG GAAAGCCAUAUU UAGAGUCUUUUC AGCCCAAUUUAC AUAUUACAAAAG  
8    5             è 
AUGCUGCAUCUA AUGAAAUUCCAA CAUUGACCAAAA AGGAGACAAUUU CUUUGCAAAUGG  
             11        è 
AAGAGUUUAAUA CUGCAAUUUAUU CCAAUGAUGACU UACUUUCUUCUA AGGAAGACAAAA  
                19 



UGAAAGAAAGUG AAACAUUUUCCG AUUCAUCUCCCA UUGAGAUAAUAG AUGAGUUUCCCA  
           9 
CAUUUGUCAGUG CUAAAGAUGAUU CUCCUAAGGAGU ACACUGACCUAG AAGUAUCCAACA 2100 
    58 
AAAGUGAAAUUG CUAAUGUCCAGA GCGGGGCCAAUU CGUUGCCUUGCU CAGAAUUGCCCU  
           32        29     26 
GUGACCUUUCUU UCAAGAAUACAU AUCCUAAAGAUG AAGCACAUGUCU CAGAUGAAUUCU  
                8 
CCAAAAGUAGGU CCAGUGUAUCUA AGGUGCCCUUAU UGCUUCCAAAUG UUUCUGCUUUGG  
       è 
AAUCUCAAAUAG AAAUGGGCAACA UAGUUAAACCCA AAGUACUUACGA AAGAAGCAGAGG  
 
AAAAACUUCCUU CUGAUACAGAGA AAGAGGACAGAU CCCUGACAGCUG UAUUGUCAGCAG 2400 
  K  L  P  S   D  T  E  K   E  D  R  S   L  T  A  V   L  S  A  E 
AGCUGAAUAAAA CUUCAG             2418 
  L  N  K  T   S [D] 
 
 

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
PVDLFSDDSIPDVPQTQEEAVMLMKESLTEVSETVTQHKHKERLSASPQEVGKPYLESFQPNLHITKDA
ASNEIPTLTKKETISLQMEEFNTAIYSNDDLLSSKEDKMKESETFSDSSPIEIIDEFPTFVSAKDDSPK
EYTDLEVSNKSEIANVQSGANSLPCSELPCDLSFKNTYPKDEAHVSDEFSKSRSSVSKVPLLLPNVSAL
ESQIEMGNIVKPKVLTKEAEEKLPSDTEKEDRSLTAVLSAELNKTS 
 
 
Frame 2 
-DPFCSSCCI-ACDTLLCRKNYGFEGAAR-HCFVWSRGFPICPV-NCCLSSFSISSLNCFF-RTRIPW-
LISSGIHRRNY-RNFK-SF-RIAREGNKSICK-RVSRVFSIRILRNGIIFQWLPKRRVSHVSRKH-



GRSNCEE-RQRGFSL-CSPS-STRVTCDPY-SG-RRRSYVSRKDNGHF--NENVSGSTCEGRVCRF-
AI-TSMGSERYL-GK-GCAGC-S-YGK-SGQKML-R-PGAKKSWEG--KQK-
ECFFPQYPRTCEGRLQSVHHL-FLYLSNREYCSKHFPCARRSHFRK-NR-KKNRRKEGPNYNRED-
PQNVKSFPCSNT-FRGRLCHNR-FIKGD-GSSGNHA-RSNARFSSGSM-K-TERSHRYKDCL-
NKSGLGPDIRSYTRVNLPHSTALPII-GS-SNSVTSFA-
YCYGSSIKFSPSKHWCFCSAAQCIPTRSTVSS-L-RYKA-A-KSPTI-RSHECSTKNIGRKGRN-RA-
KF-CSCSGSRSSLYIHCM-FN-RNKALH-AKSRVL-LFRNSKI-EVGA-SL-ARG-FLTGI-TS-LI--
-FNS-RPTNTRGGCDANEGESH-SV-DSNTTQT-GET-CFTSGGRKAIFRVFSAQFTYYKRCCI--
NSNIDQKGDNFFANGRV-YCNLFQ--LTFF-GRQNERK-NIFRFISH-DNR-VSHICQC-R-FS-GVH-
PRSIQQK-NC-CPERGQFVALLRIAL-PFFQEYIS-R-STCLR-ILQK-VQCI-
GALIASKCFCFGISNRNGQHS-TQSTYERSRGKTSF-YRERGQIPDSCIVSRAE-NF 
 
 
Frame 1  
MRPFLLFLLHLSL-YPPLQKKLWI-
RSSQVTLFRLVKRISHLSCLKLLPLFLLYLLSQLFLLKNTDTLVTYQQWHPQKELLKKL-
MKLLENCQRGQQIHL-IESQQSFQY-NTQKWDHLSMAPQKESQPC--KTLRKK-L-GVKTKRI-
FVVQPFIIHKSHLRPLLKWLKKTELCLQKRQWTFLMK-KCQW-HL-GKSMQILSHLNKHGK-
KILMREVGMCWLLELIWKVKWTKNALKIAWSKKVMGRIVKAEMRMLLSPVPQNL-
RTAPERTSPVIPLPQQPRVLQQTFSLC-KITLQKIKQMKKK-KKGRPKL-QRRLAPKRQILSL-
QYMIPRQIMSQQIIYQR-LRQ-WQPCLKV-RQI-FRKHVKVN-
TKPQVQRLLMKQKWTWSRHQKLYKSQFTPQHSFAHHLRKLKQLRHQFCLILLWKLH-ILSFQALVLL-
RSPVHPH-KYRLQLVMTV-SLSLKIPHHMKKP-V-H-
KHRTQRKKLKSLKVLMQLFRKQKLLIYPLHVI-LKKQSSPLSQVQSSLIIQK-
QNLRSRCLITVSSWMIPHRNLNQLTYLVMIQFLTSHKHKRRL-C--RRVSLKCLRQ-
HNTNIRRDLVLHLRR-ESHI-SLFSPIYILQKMLHLMKFQH-
PKRRQFLCKWKSLILQFIPMMTYFLLRKTK-KKVKHFPIHLPLR--MSFPHLSVLKMILLRSTLT-
KYPTKVKLLMSRAGPIRCLAQNCPVTFLSRIHILKMKHMSQMNSPKVGPVYLRCPYCFQMFLLWNLK-
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   60 
..E  T  L  F   A  L  P  A   A  S  E  P   V  I  P  D   Y  K  D  D  
 
                è    
acgatgacaagc caccgtgaUCCU CUGCAGAAAAAA UUAUGGAUUUGA AGGAGCAGCCAG  120 
  D  D  K  P   P  -                      M  D  L  K   E  Q  P  G... 
 

 
 
B. circRtn4-FLAG-ac 
 
AUGAGACCCUUU UUGCUCUUCCUG CUGCAUCUGAGC CUGUGAUACCCg actacaaggacg   60 
  E  T  L  F   A  L  P  A   A  S  E  P   V  I  P  D   Y  K  D  D  
 
acgatgacaagc caccgacUCCUC UGCAGAAAAAAU UAUGGAUUUGcA GGAGCAGCCAGG  120 
  D  D  K  P   P  T  P  L   Q  K  K  L   W  I  C  R   S  S  Q  V    
                                        M  D  L  Q   E  Q  P  G 
 
UAACACUGUUUC GUCUGGUCAAGA GGAUUUCCCAUC UGUCCUGUUUGA AACUGCUGCCUC  180 
  T  L  F  R   L  V  K  R   I  S  H  L   S  C  L  K   L  L  P  L  
 N  T  V  S   S  G  Q  E   D  F  P  S   V  L  F  E   T  A  A  S 
UCUUCCUUCUCU AUCUCCUCUCUC AACUGUUUCUUU UAAAGAACACGG AUACCUUGGUAA  240 
  F  L  L  Y   L  L  S  Q   L  F  L  L   K  N  T  D   T  L  V  T 
 L  P  S  L   S  P  L  S   T  V  S  F   K  E  H  G   Y  L  G  N 
CUUAUCAGCAGU GGCAUCCACAGA AGGAACUAUUGA AGAAACUUUAAA UGAAGCUUCUAG  300 
  Y  Q  Q  W   H  P  Q  K   E  L  L  K   K  L  - 
 L  S  A  V   A  S  T  E   G  T  I  E   E  T  L  N   E  A  S ... etc. 
 
 
 
Supplementary Fig. 2 
Additional constructs circRtn4-Stop (A) and circRtn4_FLAG-ac (B). Blue lettering indicates 
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 IUPAC 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.  
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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_HKERLSASPQEVGKPYLESFQPNLHITKDAASNEIPT 
LTKKETISLQMEEFNTAIYSNDDLLSSKEDKMKESETFSDSSPIEIIDEFPTFVSAKDDSPK_ 
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_ETISLQMEEFNTAIYSNDDLLSSK.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.  
 

	



**********:*:*********:*************:.***** ******:* .****::*.:.***:*:.*:*.. :::*: :*** **********. ***.***::* *.:**:**:.**:*: **..  *** ** *::***:***
Mouse_Rtn4_circRNA-DP MDLKEQPGNTVSSGQEDFPSVLFETAASLPSLSPLSTVSFKEHGYLGNLSAVASTEGTIEETLNEASRELPERATNPFVNRESAEFSVLEYSEMGSSFNGSPKGESAMLVENTKEEVIVRSKDKED-LVCSAALHNPQESPATLTKVVKE   149
human_RTN4_circRNA-DP MDLKEQPGNTISAGQEDFPSVLLETAASLPSLSPLSAASFKEHEYLGNLSTVLPTEGTLQENVSEASKEVSEKAKTLLIDRDLTEFSELEYSEMGSSFSVSPKAESAVIVANPREEIIVKNKDEEEKLVSNNILHNQQELPTALTKLVKE   150
              1.......10........20........30........40........50........60........70........80........90.......100.......110.......120.......130.......140.......150

                       * *:*.**: * *** :::* **:***********:.*****: *.* *:***     :*:********* *****..* ***** *:::******* :** * ***** .*. :**** *:****:* * *************:****:
Mouse_Rtn4_circRNA-DP DGVMSPEKTMDIFNEMKMSVVAPVREEYADFKPFEQAWEVKDTYEGSRDVLAAR----ANMESKVDKKCFEDSLEQKSHGKDSESRNENASFPSTPELVKDGSRAYITCDSFT-SATESTAANIFPVLEDHTSENKTDEKKIEERKAQII   294
human_RTN4_circRNA-DP DEVVSSEKAKDSFNEKRVAVEAPMREEYADFKPFERVWEVKDSKEDS-DMLAAGGKIESNLESKVDKKCFADSLEQTNHEKDSESSNDDTSFPSTPEGIKDRSGAYITCAPFNPAATESIATNIFPLLGDPTSENKTDEKKIEEKKAQIV   299
              .......160.......170.......180.......190.......200.......210.......220.......230.......240.......250.......260.......270.......280.......290.......300

                       *** **.********* :***:********:**** ***.********************.**********:*******.:***:**:*********:******************* :**:**** ***:****..* *.*:.** ***
Mouse_Rtn4_circRNA-DP TEK-TSPKTSNPFLVAIHDSEADYVTTDNLSKVTEAVVATMPEGLTPDLVQEACESELNEATGTKIAYETKVDLVQTSEAIQESIYPTAQLCPSFEEAEATPSPVLPDIVMEAPLNSLLPSTGASVAQPSASPLEVPSPVSYDGIKLEPE   443
human_RTN4_circRNA-DP TEKNTSTKTSNPFLVAAQDSETDYVTTDNLTKVTEEVVANMPEGLTPDLVQEACESELNEVTGTKIAYETKMDLVQTSEVMQESLYPAAQLCPSFEESEATPSPVLPDIVMEAPLNSAVPSAGASVIQPSSSPLEASS-VNYESIKHEPE   448
              .......310.......320.......330.......340.......350.......360.......370.......380.......390.......400.......410.......420.......430.......440.......450

                       ***********:** .*. ********.:***:**:******************:**:*:**:***:**.*:.****.***:****:*****************.*:*:***:******.* *:: ::::**:*** * * ********:
Mouse_Rtn4_circRNA-DP NPPPYEEAMSVALK-TSDAKEEIKEPESFNAAVQEAEAPYISIACDLIKETKLSTEPSPEFSNYSEIAKFEKSVPDHCELVDDSSPESEPVDLFSDDSIPDVPQTQEEAVMLMKESLTEVS-ETVTQHKHKERLSASPQEVGKPYLESFQ   591
human_RTN4_circRNA-DP NPPPYEEAMSVSLKKVSGIKEEIKEPENINAALQETEAPYISIACDLIKETKLSAEPAPDFSDYSEMAKVEQPVPDHSELVEDSSPDSEPVDLFSDDSIPDVPQKQDETVMLVKESLTETSFESMIEYENKEKLSALPPEGGKPYLESFK   598
              .......460.......470.......480.......490.......500.......510.......520.......530.......540.......550.......560.......570.......580.......590.......600

                        .*. ***:   :*:.**:***.*.*****:.**:******: *** :::*:*****************::*:* **     :********:******. .**.****:*** ***:**  ** * ::*  *:***. *:.*** ** *:
Mouse_Rtn4_circRNA-DP PNLHITKDAAS-NEIPTLTKKETISLQMEEFNTAIYSNDDLLSSKEDKMKESETFSDSSPIEIIDEFPTFVSAKDDSP----KEYTDLEVSNKSEIANVQSGANSLPCSELPCDLSFKNTYPKDEAHVS--DEFSKSRSSVSKVPLLLPN   734
human_RTN4_circRNA-DP LSLDNTKDTLLPDEVSTLSKKEKIPLQMEELSTAVYSNDDLFISKEAQIRETETFSDSSPIEIIDEFPTLISSKTDSFSKLAREYTDLEVSHKSEIANAPDGAGSLPCTELPHDLSLKNIQPKVEEKISFSDDFSKNGSATSKVLLLPPD   748
              .......610.......620.......630.......640.......650.......660.......670.......680.......690.......700.......710.......720.......730.......740.......750

                       **** :* *: .*******.****:************ :*::****.****************** ****: 
Mouse_Rtn4_circRNA-DP VSALESQIEMGNIVKPKVLTKEAEEKLPSDTEKEDRSLTAVLSAELNKTSDETLFALPAASEPVIPSSAEKI   806
human_RTN4_circRNA-DP VSALATQAEIESIVKPKVLVKEAEKKLPSDTEKEDRSPSAIFSAELSKTSDETLFALPAASEPVIRSSAEN-   819
              .......760.......770.......780.......790.......800.......810.......820..
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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.




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.  

 

 

 
 



a₂
145.0972

b₂-H₂O
155.0815

b₂
173.0921

y₁
175.119

b₃-H₂O
269.1244

y₂-NH₃
272.1353

b₃
287.135

y₂
289.1619

y₃-NH₃
371.2037

y₆²⁺
373.7008

y₃
388.2303

y₄-NH₃
518.2722

y₄
535.2987

y₅-NH₃
615.3249

y₅
632.3515

y₆-NH₃
729.3678

y₆
746.3944

y₇
847.44210

20
40

60
80

10
0

12
0

0
0.5

1
1.5

2
2.5

3
3.5

[1e6]

100 200 300 400 500 600 700 800 900

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 11808 FTMS; HCD 122.74 459.75

- A T

y₇

b₂
N

y₆

b₃
P

y₅

F

y₄

V

y₃

N

y₂

R

y₁

-

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



y₁
147.1128

a₂
207.1128

b₂
235.1077

y₂-H₂O
258.1448

y₂
276.1554

b₃
348.1918

y₃
391.1823

b₄-H₂O
431.2289

b₄
449.2395

y₄
492.23

b₅-H₂O
591.2595

b₅
609.2701

y₅
620.325

y₁₁²⁺
652.2917

b₆-H₂O
706.2865

y₁₂²⁺
716.813

y₆
734.3679

b₁₄²⁺
767.8219

b₇-H₂O
793.3185

b₇
811.3291

yЛ-NH₃
933.416

yЛ
950.4425

bЛ
958.3975

y₁₇²⁺
1001.492

yМ
1051.49

b₁Г-H₂O
1128.467

y₁Г
1188.549

b₁₁-H₂O
1199.504

b₁₂-H₂O
1300.551

b₁₂
1318.562

b₁₃-H₂O
1429.594

b₁₃
1447.605

y₁₃
1545.703

b₁₆-H₂O
1688.711

y₁₅-H₂O
1723.813

y₁₅
1741.824

y₁₆-H₂O
1870.882

y₁₆
1888.892

y₁Л
2116.019

y₁М
2187.056

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 35440 FTMS; HCD 96.07 974.46

- A Y
b₂

I
b₃

T
b₄

C
b₅

D S
b₇

F
bЛ

T S A T
b₁₂

E
b₁₃

S
b₁₄²⁺

T A A

y₁М

N

y₁Л

I

y₁₇²⁺

F

y₁₆

P

y₁₅

V L

y₁₃

E

y₁₂²⁺

D

y₁₁²⁺

H

y₁Г

T

yМ

S

yЛ

E N

y₆

K

y₅

T

y₄

D

y₃

E

y₂

K

y₁

-

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



y₁
147.1128

a₂
207.1128

b₂
235.1077

y₂
275.2078

b₃
348.1918

y₃-H₂O
386.2398

y₃
404.2504

b₄-H₂O
431.2289

b₄
449.2395

y₄
519.2773

y₅
620.325

y₁₁²⁺
658.8257

y₁₂²⁺
716.3392

b₆
724.2971

b₇-H₂O
793.3185

b₇
811.3291

y₁₅²⁺
886.9367

b₁₂-H₂O
1300.551

y₁₃
1560.714

y₁₄
1673.798

y₁₆
1869.919

y₁₇
2016.987

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 34937 FTMS; HCD 30.01 805.39

- A Y
b₂

I
b₃

T
b₄

C D
b₆

S
b₇

F T S A T E S T A A N I F

y₁₇

P

y₁₆

V

y₁₅²⁺

L

y₁₄

E

y₁₃

D

y₁₂²⁺

H

y₁₁²⁺

T S

E N K T

y₅

D

y₄

E

y₃

K

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

y₂-NH₃
258.1448

y₂
275.1714

a₂
280.1114

b₂
308.1063

y₃-H₂O
386.2034

y₃
404.214

b₃-H₂O
419.1384

b₃
437.1489

yЛ²⁺
498.2376

y₄-NH₃
500.2715

y₄
517.298

b₄-H₂O
534.1653

b₄
552.1759

y₅
604.3301

b₅-H₂O
621.1973

b₅
639.2079

y₆-H₂O
701.3464

y₆-NH₃
702.3305

y₆
719.357

b₆-H₂O
734.2814

b₆
752.292

y₇-H₂O
830.389

y₇-NH₃
831.3731

y₇
848.3996

b₇-H₂O
863.324

b₇
881.3346

yЛ-H₂O
977.4575

bЛ-H₂O
991.3826

yЛ
995.468

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

[1e6]

100 200 300 400 500 600 700 800 900 1000

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 13121 FTMS; HCD 196.32 578.26

- C F

yЛ

b₂
E

y₇

b₃
D

y₆

b₄
S

y₅

b₅
L

y₄

b₆
E

y₃

b₇
Q

y₂

K

y₁

-

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



y₁
147.1128

a₂
159.0764

b₂
187.0713

y₂-H₂O
230.1499

b₃-H₂O
240.0979

y₂
248.1605

b₃
258.1084

b₄-H₂O
327.1299

b₄
345.1405

y₃
361.2445 b₅-NH₃

442.1569

yЛ²⁺
458.2609

y₄
462.2922

y₅-H₂O
541.3344

y₅
559.345

b₆-H₂O
570.2154

b₆-NH₃
571.1994

b₆
588.226

y₆
672.4291

y₇-H₂O
783.4611

y₇
801.4716 yЛ

915.5146

yМ
1002.547

0
20

40
60

80
10
0

12
0

0
2

4
6

8

[1e�]

100 200 300 400 500 600 700 800 900 1000

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 18308 FTMS; HCD 114.72 630.33

- D A
b₂

A
b₃

S

yМ

b₄
N

yЛ

E

y₇

b₆
I

y₆

P

y₅

T

y₄

L

y₃

T

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
159.0764

b₂-H₂O
169.0608

b₂
187.0713

b₃-H₂O
240.0979

b₃
258.1084 y₂

275.2078

b₄-H₂O
327.1299

b₄
345.1405

y₃
376.2554

b₅-H₂O
441.1728

b₅
459.1834

y₄
489.3395 b₆-H₂O

570.2154

b₆-NH₃
571.1994

y₅-H₂O
572.3766

b₆
588.226

y₅
590.3872

y₆-H₂O
669.4294

y₆
687.44

y₇-H₂O
782.5135

y₇
800.524

yЛ-H₂O
911.556

yЛ
929.5666 yМ-NH₃

1026.583

yМ
1043.61

y₁Г-H₂O
1112.631

y₁Г
1130.642

y₁₁
1201.679

0
20

40
60

80
10
0

12
0

0
1

2
3

4
5

[1e�]

100 200 300 400 500 600 700 800 900 1000 1100 1200

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 15095 FTMS; HCD 99.99 463.26

- D A
b₂

A

y₁₁

b₃
S

y₁Г

b₄
N

yМ

b₅
E

yЛ

b₆
I

y₇

P

y₆

T

y₅

L

y₄

T

y₃

K

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
203.0662

b₂-H₂O
213.0506

b₂
231.0612

y₂-NH₃
244.1292

y₂
261.1557

b₃-H₂O
300.0826

b₃
318.0932 y₃-H₂O

330.1772

y₃-NH₃
331.1612

y₃
348.1878

b₄-H₂O
397.1354

y₄-H₂O
429.2456

y₄
447.2562

bЛ²⁺
468.7009

b₅-H₂O
525.2304

b₅-NH₃
526.2144

b₅
543.2409

y₅-H₂O
558.2882

y₅
576.2988

b₆-H₂O
654.2729

y₆-H₂O
671.3723

b₆
672.2835

y₆
689.3828

y₇-H₂O
786.3992

y₇-NH₃
787.3832

y₇
804.4098

b₇-H₂O
817.3363

b₇
835.3468

yЛ
905.4575

bЛ-H₂O
918.384

bЛ
936.3945

bМ-H₂O
1033.411

bМ
1051.421

y₁₁
1325.658 y₁₂-H₂O

1404.701

y₁₂
1422.711

y₁₃-H₂O
1491.733

y₁₃
1509.743

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2

[1e�]

200 400 600 800 1000 1200 1400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 15711 FTMS; HCD 138.87 580.61

- D D
b₂

S

y₁₃

b₃
P

y₁₂

K

y₁₁

b₅
E
b₆

Y
b₇

T

yЛ

bЛ
D

y₇

bМ
L

y₆

E

y₅

V

y₄

S

y₃

N

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

y₂-H₂O
216.1343

a₂
217.0819

y₂-NH₃
217.1183

y₂
234.1448

b₂
245.0768

b₃-H₂O
298.1034

b₃
316.1139

b₆²⁺
320.1403

y₃-H₂O
363.2027

y₃
381.2132

b₄-H₂O
435.1623

bЛ²⁺
442.175

b₄
453.1728

y₄-H₂O
492.2453

b₅
552.2413

y₁Г²⁺
574.7646

y₅
625.2828

b₆
639.2733

y₆-H₂O
694.3042

y₆
712.3148

b₇-H₂O
736.2897

b₇
754.3002

y₇-H₂O
793.3727

y₇
811.3832

bЛ-H₂O
865.3323

bЛ
883.3428

yЛ
948.4421

yМ
1019.479

bМ
1030.411 b₁Г

1117.443

y₁Г-H₂O
1130.511

0
20

40
60

80
10
0

12
0

0
1

2
3

4

[1e�]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 6839 FTMS; HCD 124.6 632.28

- D E

y₁Г²⁺

b₂
A

yМ

b₃
H

yЛ

b₄
V

y₇

b₅
S

y₆

b₆
D

y₅

b₇
E
bЛ

F

y₃

bМ
S

y₂

b₁Г
K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

b₂-H₂O
226.1186

y₂-H₂O
230.1499

b₂
244.1292

y₂
248.1605

b₃-H₂O
355.1612

y₃
361.2445

b₃
373.1718

y₄
462.2922

b₄
488.1987

b₅-H₂O
583.2722

b₅
601.2828

y₆
630.3821

b₆
700.3512

y₇
717.4141

y₁₆²⁺
832.9338

yЛ
846.4567

y₁М²⁺
1019.025

y₁Г
1071.568

y₂Г²⁺
1076.539

y₂₁²⁺
1141.06

y₁₁
1185.611

y₁₂
1322.67

b₁₂
1339.631

b₁₃
1453.674

y₁₄
1506.791

y₁₇
1824.891 y₁Л

1923.959 y₂₂
2409.208

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

1.6

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 21329 FTMS; HCD 126.97 842.42

- D K

y₂₂

b₂
E

y₂₁²⁺

b₃
D

y₂Г²⁺

b₄
L

y₁М²⁺

b₅
V

y₁Л

b₆
C

y₁₇

S

y₁₆²⁺

A A

y₁₄

L H

y₁₂

b₁₂
N

y₁₁

b₁₃
P

y₁Г

Q E

yЛ

S

y₇

P

y₆

A T

y₄

L

y₃

T

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
175.0713

b₂-H₂O
185.0557

b₂
203.0662

y₂
246.1812

b₃-H₂O
314.0983

y₃
359.2653

b₇²⁺
409.6674

b₅
575.242

y₅
585.3606

y₆-H₂O
668.3978

y₆
686.4083

y₇
773.4403

b₇
818.3275

yЛ-H₂O
852.4825

yЛ
870.4931

bЛ
932.3704

bМ
1003.408

yМ
1017.562

b₁Г-H₂O
1072.429

b₁Г
1090.44

y₁Г
1104.594

b₁₁-H₂O
1219.497

b₁₁
1237.508

0
20

40
60

80
10
0

12
0

0
1

2
3

4

[1e�]

200 400 600 800 1000 1200 1400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 21837 FTMS; HCD 58.56 703.01

- D S
b₂

E S R
b₅

N E
b₇

N
bЛ

A
bМ

S

y₁Г

b₁Г
F

yМ

b₁₁
P

yЛ

S

y₇

T

y₆

P

y₅

E L

y₃

V

y₂

K

y₁

-

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



y₁-NH₃
158.0924

y₁
175.119

a₂
189.087

b₂-H₂O
199.0713

b₂
217.0819

y₂-NH₃
229.1295

y₂
246.1561

y₃-NH₃
300.1666

y₃
317.1932

b₃-H₂O
362.1347

y₄
430.2772

y₅
529.3457

y₆-H₂O
626.362

y₆
644.3726

y₇-NH₃
783.4472

yЛ-NH₃
870.4792

yЛ
887.5057

yМ-NH₃
927.5007

yМ
944.5272

y₁Г-H₂O
1055.559

y₁Г
1073.57

y₁₁-NH₃
1219.607

y₁₁
1236.633

y₁₂
1337.681

0
20

40
60

80
10
0

12
0

0
1

2
3

4

[1e�]

200 400 600 800 1000 1200 1400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 12846 FTMS; HCD 74.99 484.91

- D T

y₁₂

b₂
Y

y₁₁

E

y₁Г

G

yМ

S

yЛ

R D

y₆

V

y₅

L

y₄

A

y₃

A

y₂

R

y₁

-

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



y₁-NH₃
158.0924

a₂
173.0921

y₁
175.119

b₂-H₂O
183.0764

b₂
201.087

y₂
290.1459

b₃-H₂O
312.119

b₃
330.1296

y₃
419.1885

y₄-NH₃
530.2569

y₄
547.2835

b₅-H₂O
569.2566

y₅-H₂O
658.3155

y₅
676.326

b₆-H₂O
682.3406

b₆
700.3512

y₆-H₂O
759.3632

y₆
777.3737

b₁₄²⁺
801.3625

y₇
892.4007

yЛ-H₂O
961.4221

yЛ
979.4327

bМ-H₂O
981.4524

yМ-H₂O
1058.475

yМ
1076.485

b₁Г-H₂O
1082.5

y₁Г-H₂O
1171.559

y₁Г
1189.57

y₁₁
1317.664

y₁₂-H₂O
1428.697

y₁₂
1446.707

y₁₃-H₂O
1557.739

y₁₃
1575.75

y₁₄
1646.787

0
20

40
60

80
10
0

12
0

0
1

2
3

4
5

[1e�]

200 400 600 800 1000 1200 1400 1600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 5703 FTMS; HCD 126.77 592.73

- E A

y₁₄

b₂
E

y₁₃

b₃
E

y₁₂

K

y₁₁

L

y₁Г

b₆
P

yМ

S

yЛ

D

y₇

T

y₆

E

y₅

K

y₄

E

y₃

D

y₂

b₁₄²⁺
R

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
217.0819

b₂-H₂O
227.0662

b₂
245.0768

y₂-H₂O
258.1448

y₂
276.1554

b₃-H₂O
284.0877

b₃
302.0983

y₃-H₂O
355.1976

y₃
373.2082

b₄-H₂O
383.1561

b₄
401.1667

y₄-H₂O
442.2296

y₄
460.2402

b₅-H₂O
514.1966

y₅-H₂O
573.2701

y₅
591.2807

b₆-H₂O
601.2286

y₆
690.3491

y₇-H₂O
729.36

y₇
747.3706

yЛ-H₂O
844.3869

yЛ
862.3975

0
20

40
60

80
10
0

12
0

0
1

2
3

4

[1e�]

100 200 300 400 500 600 700 800 900

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 5317 FTMS; HCD 125.71 496.23

- E D

yЛ

b₂
G

y₇

b₃
V

y₆

b₄
M

y₅

S

y₄

P

y₃

E

y₂

K

y₁

-

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



y₁
147.1128 b₂-H₂O

241.0819

b₂
259.0925

y₂
260.1969 b₃

372.1765

b₇²⁺
428.2084

y₄
488.3079

b₄
500.2715

b₅-H₂O
611.3035

b₅
629.3141

y₁₁²⁺
646.8496

y₅
648.3385

y₆
719.3756

y₇
832.4597

yЛ
919.4917

yМ
1032.576

b₁Г
1203.553

b₁₁
1274.59

b₁₂
1345.627

y₁₂
1363.729

b₁₃
1444.695

b₁₅
1701.797

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2

[1e�]

200 400 600 800 1000 1200 1400 1600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 37853 FTMS; HCD 38.77 1089.55

- E E
b₂

I
b₃

K
b₄

E
b₅

P E
b₇²⁺

S F N
b₁Г

A
b₁₁

A
b₁₂

V
b₁₃

Q E
b₁₅

A E A

y₁₂

P

y₁₁²⁺

Y I

yМ

S

yЛ

I

y₇

A

y₆

C

y₅

D

y₄

L I

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
231.0975

b₂-H₂O
241.0819

y₂
246.1812

b₂
259.0925

y₃-H₂O
357.2132

y₃
375.2238

b₃-H₂O
404.1452

b₃
422.1558

b₄-H₂O
475.1823

y₄
561.3031

b₅-H₂O
590.2093

y₆-H₂O
742.3883

y₆-NH₃
743.3723

y₆
760.3988

y₇
889.4414 yЛ

1036.51

yМ-NH₃
1116.536

yМ
1133.563

y₁Г-NH₃
1244.631

y₁Г
1261.658

y₁₁
1408.726

y₁₂-NH₃
1506.726

y₁₂
1523.753

y₁₃-NH₃
1577.763

y₁₃
1594.79

y₁₄
1757.853

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

3
3.5

4

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 32625 FTMS; HCD 109.07 672.99

- E E
b₂

Y

y₁₄

b₃
A

y₁₃

D

y₁₂

F

y₁₁

K

y₁Г

P

yМ

F

yЛ

E

y₇

Q

y₆

A W

y₄

E

y₃

V

y₂

K

y₁

-

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



y₁-NH₃
158.0924

y₁
175.119

a₂
231.0975

b₂-H₂O
241.0819

b₂
259.0925

y₃
319.1724

b₃-H₂O
404.1452

b₃
422.1558

y₄
448.215

b₄-H₂O
475.1823

b₅-H₂O
590.2093

y₅
611.2784 y₆

712.326

b₆-H₂O
737.2777

y₇
827.353

y₁₄²⁺
849.3919

yЛ
955.448

yМ
1054.516

y₁Г-H₂O
1165.548

y₁Г
1183.559

y₁₁-NH₃
1352.612

y₁₁
1369.638

y₁₂
1440.675

y₁₃-H₂O
1550.723

y₁₃
1568.734

y₁₅
1844.845

y₁₆-H₂O
1923.887

y₁₆
1941.898

y₁₇-H₂O
2051.982

y₁₇
2069.993

y₁Л
2217.061

y₁М-NH₃
2315.062

y₁М
2332.088

y₂Г-NH₃
2386.099

y₂Г
2403.125

y₂₁-H₂O
2548.178

y₂₁
2566.188

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 32685 FTMS; HCD 146.6 707.08

- E E
b₂

Y

y₂₁

b₃
A

y₂Г

D

y₁М

F

y₁Л

K

y₁₇

P

y₁₆

F

y₁₅

E

y₁₄²⁺

Q

y₁₃

A

y₁₂

W

y₁₁

E

y₁Г

V

yМ

K

yЛ

D

y₇

T

y₆

Y

y₅

E

y₄

G

y₃

S R

y₁

-

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



y₁-NH₃
158.0924

y₁
175.119

y₂-H₂O
244.1404

y₂-NH₃
245.1244

b₂-H₂O
249.0982

y₂
262.151

b₂
267.1088

b₃
324.1302

y₃
333.1881

y₄
462.2307

b₄-H₂O
469.183

b₄
487.1936

y₅-NH₃
559.2471

y₅
576.2736

b₅-H₂O
582.2671

b₅
600.2776

b₆-H₂O
639.2885

b₆
657.2991

y₁₂²⁺
660.3255

y₆
689.3577

b₇-H₂O
753.3315

b₁₅²⁺
765.3652

b₇
771.342

y₇
790.4054

bЛ-H₂O
866.4155

bЛ
884.4261

yЛ-H₂O
901.4374

yЛ-NH₃
902.4214

yЛ
919.448

bМ-H₂O
953.4476

bМ
971.4581

b₁Г-H₂O
1024.485

yМ-H₂O
1030.48

b₁Г
1042.495

yМ
1048.491

b₁₁-NH₃
1124.537

b₁₁
1141.564

y₁Г
1161.575

b₁₂-NH₃
1195.574

b₁₂
1212.601

b₁₃-H₂O
1281.622

b₁₃
1299.633

y₁₂-H₂O
1301.633

b₁₄-H₂O
1382.67

y₁₃-H₂O
1430.676

y₁₃
1448.686

b₁₅-H₂O
1511.712

y₁₄
1549.734

b₁₆
1586.745

y₁₅-H₂O
1618.755

y₁₅
1636.766

b₁₇-H₂O
1669.782

b₁₇
1687.792

b₁Л-H₂O
1782.866

0
20

40
60

80
10
0

12
0

0
2

4
6

8

[1e�]

200 400 600 800 1000 1200 1400 1600 1800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 35935 FTMS; HCD 168.06 950.47

- E H
b₂

G
b₃

Y
b₄

L
b₅

G
b₆

N
b₇

L
bЛ

S
bМ

A
b₁Г

V
b₁₁

A
b₁₂

S

y₁₅

b₁₃
T

y₁₄

E

y₁₃

b₁₅²⁺
G

y₁₂²⁺

b₁₆
T

b₁₇
I

y₁Г

E

yМ

E

yЛ

T

y₇

L

y₆

N

y₅

E

y₄

A

y₃

S

y₂

R

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

b₂-H₂O
240.0979

b₂-NH₃
241.0819

b₂
258.1084

y₂
294.1812

y₃
381.2132

b₄
412.1827

y₄-H₂O
462.2711

y₄
480.2817

b₅
526.2256

y₅
581.3293

b₆-H₂O
609.2627

b₆
627.2733

y₆
668.3614

b₇-H₂O
708.3311

b₇-NH₃
709.3151

b₇
726.3417

b₁₅²⁺
787.3419

bЛ-H₂O
795.3632

bЛ
813.3737

yЛ
878.4982

bМ-H₂O
882.3952

bМ
900.4058

yМ
965.5302

b₁М²⁺
1010.468

y₁₂
1262.699

y₁₃
1375.783

b₁₄
1476.624

b₁₆-H₂O
1642.698

b₁₆
1660.709

b₁₇-H₂O
1741.766

b₁Л
1872.861

0
20

40
60

80
10
0

12
0

0
1

2
3

4
5

[1e�]

200 400 600 800 1000 1200 1400 1600 1800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 40573 FTMS; HCD 47.39 1285.99

- E Q
b₂

P G
b₄

N
b₅

T
b₆

V
b₇

S
bЛ

S
bМ

G Q E D F
b₁₄

P
b₁₅²⁺

S
b₁₆

V L
b₁Л

F
b₁М²⁺

E T A A S L

y₁₃

P

y₁₂

S L

S

yМ

P

yЛ

L S

y₆

T

y₅

V

y₄

S

y₃

F

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
189.087

b₂-H₂O
199.0713

b₂
217.0819

y₂-NH₃
227.139

y₂
244.1656

b₃-H₂O
270.1084

b₃
288.119

y₃
331.1976

y₄-H₂O
370.2085

y₄
388.2191

b₄-H₂O
399.151

b₄
417.1616

bМ²⁺
496.7322

y₅
502.262

b₅-H₂O
546.2195

b₅
564.23

b₆-H₂O
633.2515

y₆
649.3304

b₆
651.262

y₇-H₂O
718.3519

b₇-H₂O
732.3199

y₇
736.3624

b₇
750.3305

yЛ-H₂O
805.3839

yЛ
823.3945

bЛ-H₂O
845.404

yМ-H₂O
862.4054

bЛ
863.4145

yМ
880.4159

bМ-H₂O
974.4466

bМ
992.4571

y₁Г-H₂O
993.4458

y₁Г
1011.456

b₁Г
1155.52

y₁₂-H₂O
1209.52

b₁₁-H₂O
1224.542

y₁₃-H₂O
1372.584

y₁₃
1390.594

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

3

[1e�]

200 400 600 800 1000 1200 1400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 53267 FTMS; HCD 143.57 795.03

- E S
b₂

A
b₃

E
b₄

F
b₅

S
b₆

V
b₇

L
bЛ

E
bМ

Y

y₁₃

b₁Г
S E M

y₁Г

G

yМ

S

yЛ

S

y₇

F

y₆

N

y₅

G

y₄

S

y₃

P

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
189.087

b₂-H₂O
199.0713

y₂-NH₃
201.1234

b₂
217.0819

y₂
218.1499 y₃

305.1819

b₃-H₂O
328.1139

b₃
346.1245

y₄
404.2504

b₄-H₂O
429.1616

b₄
447.1722

y₅
551.3188

b₅-H₂O
576.23

b₅
594.2406

y₁₁²⁺
627.3243

y₆
652.3665

b₆-H₂O
663.262

b₆
681.2726

y₇-H₂O
731.4087

y₇
749.4192

b₇-H₂O
778.289

b₇
796.2996

bЛ-H₂O
865.321

bЛ
883.3316

yЛ
896.4876

bМ-H₂O
952.353

bМ
970.3636

yМ-H₂O
1007.52

yМ
1025.53

b₁Г-H₂O
1049.406

b₁Г
1067.416

y₁Г
1140.557 b₁₁

1180.5

b₁₂-H₂O
1291.532

b₁₂
1309.543

b₁₃
1422.627

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

3

[1e�]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 38959 FTMS; HCD 111.38 892.77

- E S
b₂

E
b₃

T
b₄

F
b₅

S
b₆

D
b₇

S
bЛ

S
bМ

P
b₁Г

I
b₁₁

E
b₁₂

I
b₁₃

I

y₁₁²⁺

D

y₁Г

E

yМ

F

yЛ

P

y₇

T

y₆

F

y₅

V

y₄

S

y₃

A

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
189.087

b₂-H₂O
199.0713

b₂
217.0819

y₂
284.1717

b₃-H₂O
312.1554

b₃
330.166

y₃
412.2303

b₄-H₂O
413.2031

y₇²⁺
421.722

y₄-H₂O
495.2674

y₄-NH₃
496.2514

y₄
513.278

b₅-H₂O
542.2457

b₅
560.2562

y₅
612.3464

b₆-H₂O
641.3141

y₆-H₂O
695.3835

y₆
713.3941

b₇-H₂O
728.3461

y₁₃²⁺
729.8754

y₇-H₂O
824.4261

y₇
842.4367

yЛ-H₂O
911.4581

yЛ
929.4687

yМ-H₂O
1010.527

yМ
1028.537

y₁Г-H₂O
1139.569

y₁Г
1157.58

y₁₁-H₂O
1240.617

y₁₁
1258.627

y₁₂-NH₃
1354.685

y₁₂
1371.711

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

[1e�]

200 400 600 800 1000 1200 1400 1600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 17476 FTMS; HCD 144.51 529.94

- E S

y₁₃²⁺

b₂
L

y₁₂

b₃
T

y₁₁

E

y₁Г

b₅
V

yМ

S

yЛ

E

y₇

T

y₆

V

y₅

T

y₄

Q

y₃

H

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
203.1026

b₂-H₂O
213.087

y₂-H₂O
216.1343

b₂
231.0975

y₂
234.1448

y₃
321.1769

b₃-H₂O
326.171

b₃
344.1816

b₄-H₂O
413.2031

b₄
431.2136

y₄
434.2609

b₅-H₂O
526.2871

b₅
544.2977

y₅
547.345

b₆-H₂O
654.3457

y₆
662.3719

b₆
672.3563

y₇
777.3989

b₇-H₂O
785.3862

b₇
803.3968

yЛ
891.4418

bЛ
932.4394

yМ-NH₃
961.4473

yМ
978.4738

bМ-H₂O
1043.471

bМ
1061.482

y₁Г
1141.537

y₁₁
1254.621

b₁₂-H₂O
1405.63

b₁₂
1423.641

b₁₃-H₂O
1476.668

0
20

40
60

80
10
0

12
0

0
1

2
3

4
5

6
7

[1e�]

200 400 600 800 1000 1200 1400 1600 1800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 52319 FTMS; HCD 137.64 917.11

- E T
b₂

I
b₃

S
b₄

L
b₅

Q
b₆

M
b₇

E
bЛ

E
bМ

F N T
b₁₂

A I

y₁₁

Y

y₁Г

S

yМ

N

yЛ

D

y₇

D

y₆

L

y₅

L

y₄

S

y₃

S

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
203.1026

b₂-H₂O
213.087

b₂
231.0975

y₂
262.1397

b₃-H₂O
326.171

b₃
344.1816

y₃-H₂O
373.1718

y₃
391.1823

b₄-H₂O
413.2031

b₄
431.2136

y₄
519.2773

b₅-H₂O
526.2871

b₅
544.2977

y₅
606.3093

b₆-H₂O
654.3457

b₆
672.3563

y₆-H₂O
675.3308

y₆
693.3414

b₁₂²⁺
712.3241

b₇-H₂O
785.3862

y₇-H₂O
788.4149

b₇
803.3968

y₇
806.4254

yЛ
919.5095

yМ
1034.536

y₁₁
1263.606

y₂₂²⁺
1289.087

y₁₂
1350.638

b₁₂-H₂O
1405.63

b₁₃-H₂O
1476.668

y₁₃-H₂O
1495.691

y₁₃
1513.702

y₁₄
1626.786 y₁₅

1697.823
y₁₆

1798.871

y₁₇
1912.913

y₁Л
2059.982 y₁М

2189.024

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

1.6
1.8

2

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 53274 FTMS; HCD 135.8 1041.17

- E T
b₂

I
b₃

S
b₄

L
b₅

Q

y₂₂²⁺

b₆
M
b₇

E E

y₁М

F

y₁Л

N

y₁₇

T

y₁₆

b₁₂²⁺
A

y₁₅

I

y₁₄

Y

y₁₃

S

y₁₂

N

y₁₁

D D

yМ

L

yЛ

L

y₇

S

y₆

S

y₅

K

y₄

E

y₃

D

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

y₂-NH₃
244.1292

y₂
261.1557

a₂
265.1183

b₂-H₂O
275.1026

b₂
293.1132

y₃-NH₃
331.1612

y₃
348.1878

b₃-H₂O
376.1503

y₄
447.2562

b₄-H₂O
491.1773

y₅-H₂O
558.2882

y₅
576.2988

b₅-H₂O
604.2613

y₆-H₂O
671.3723

y₆
689.3828

b₆-H₂O
733.3039

y₇-H₂O
786.3992

y₇-NH₃
787.3832

y₇
804.4098

yЛ-H₂O
887.4469

yЛ-NH₃
888.4309

yЛ
905.4575

yМ
1068.5210

20
40

60
80

10
0

12
0

0
0.5

1
1.5

2
2.5

[1e�]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 11919 FTMS; HCD 90.14 599.29

- E Y

yМ

b₂
T

yЛ

D

y₇

L

y₆

E

y₅

V

y₄

S

y₃

N

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
159.0764

b₂
187.0713

y₂-H₂O
230.1499

y₂
248.1605

b₃-H₂O
256.0928

b₃
274.1034

b₄-H₂O
327.1299

b₄
345.1405

y₃-NH₃
345.1769

y₃
362.2034

y₇²⁺
417.7231

b₅-H₂O
458.1704

y₄-H₂O
473.2354

y₄
491.246

y₅
590.3144

y₆-NH₃
686.3719

b₇
688.3334

y₆
703.3985

y₇
834.439

yЛ
905.4761

yМ
992.5081

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

3
3.5

4

[1e�]

100 200 300 400 500 600 700 800 900 1000

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 9585 FTMS; HCD 75.74 589.79

- G E
b₂

S

yМ

b₃
A

yЛ

b₄
M

y₇

L

y₆

V

y₅

b₇
E

y₄

N

y₃

T

y₂

K

y₁

-

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



y₁-NH₃
158.0924

a₂
159.0764

b₂-H₂O
169.0608

y₁
175.119

b₂
187.0713

b₃-H₂O
256.0928

b₃
274.1034

y₂
274.1874

b₄-H₂O
327.1299

b₄
345.1405

y₃
387.2714

b₅-H₂O
458.1704

b₅
476.181

y₄
486.3398

b₆-H₂O
571.2545

b₆
589.265

y₅
615.3824

b₇-H₂O
670.3229

b₇
688.3334

y₆-H₂O
726.4145

y₆
744.425

bЛ-H₂O
799.3655

y₇-NH₃
855.4934

y₇
872.52

yЛ-H₂O
955.5571

yЛ
973.5677

yМ-NH₃
1070.584

yМ
1087.611

y₁Г-H₂O
1198.643

y₁Г
1216.653

y₁₁-H₂O
1297.711

y₁₁
1315.722

y₁₂-H₂O
1410.795

y₁₂
1428.806

y₁₃-NH₃
1542.82

y₁₃
1559.846

y₁₄-H₂O
1612.873

y₁₄
1630.883

y₁₅-H₂O
1699.905

y₁₅
1717.915

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

[1e6]

200 400 600 800 1000 1200 1400 1600 1800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 51043 FTMS; HCD 244.17 635.67

- G E
b₂

S

y₁₅

b₃
A

y₁₄

b₄
M

y₁₃

b₅
L

y₁₂

b₆
V

y₁₁

b₇
E

y₁Г

N

yМ

T

yЛ

K

y₇

E

y₆

E

y₅

V

y₄

I

y₃

V

y₂

R

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

b₂-NH₃
183.1128

b₂
200.1394

y₂
244.1656

b₃-NH₃
311.1714

y₃-H₂O
313.187

b₃
328.1979

y₃
331.1976

y₇²⁺
395.7189

b₄-NH₃
424.2554

y₄
432.2453

b₄
441.282

yЛ²⁺
452.2609

b₅-NH₃
537.3395

b₁Г²⁺
550.8191

b₅
554.3661

y₅
560.3402

y₆-H₂O
671.3723

y₆
689.3828

y₇-H₂O
772.4199

y₇
790.4305

yЛ
903.5146

yМ
1016.599

b₁Г-H₂O
1082.62

y₁Г-NH₃
1127.631 y₁₁

1215.694

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

[1e�]

100 200 300 400 500 600 700 800 900 1000 1100 1200

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 4379 FTMS; HCD 92.78 448.6

- K A

y₁₁

b₂
Q
b₃

I

yМ

b₄
I

yЛ

b₅
T

y₇

E

y₆

K

y₅

T

y₄

S

y₃

b₁Г²⁺
P

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

b₂-H₂O
240.1343

b₂
258.1448

y₂
262.1397

b₆²⁺
336.7

b₃
359.1925

y₃-H₂O
373.1718

y₃
391.1823

b₄-H₂O
454.266

yЛ²⁺
460.2584

b₄
472.2766

yМ²⁺
517.7719

y₄
519.2773

bМ²⁺
530.7708

b₅-H₂O
541.298

b₅
559.3086 y₅

606.3093

b₆-H₂O
654.3821

b₆
672.3927

y₆
693.3414

b₇-H₂O
782.4407

b₇-NH₃
783.4247

y₇-NH₃
789.3989

b₇
800.4512

y₇
806.4254

yЛ
919.5095

bЛ
931.4917

y₁₇²⁺
956.9604

yМ
1034.536

y₁₂
1350.638

y₁₃-NH₃
1496.675

y₁₃
1513.702

b₁₃-H₂O
1533.725

b₁₃
1551.736

y₁₄
1626.786

y₁₅
1697.823

y₁₆
1798.871

y₁₇-H₂O
1894.903

0
20

40
60

80
10
0

12
0

0
1

2
3

4
5

6
7

[1e�]

200 400 600 800 1000 1200 1400 1600 1800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 53024 FTMS; HCD 87.28 813.09

- K E
b₂

T
b₃

I
b₄

S
b₅

L
b₆

Q
b₇

M
bЛ

E
bМ²⁺

E F N

y₁₇²⁺

T

y₁₆

b₁₃
A

y₁₅

I

y₁₄

Y

y₁₃

S

y₁₂

N D D

yМ

L

yЛ

L

y₇

S

y₆

S

y₅

K

y₄

E

y₃

D

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
215.139

b₂
243.1339

y₂
260.1969

y₆²⁺
324.6911

y₃
331.234

b₃
340.1867

b₆²⁺
340.6661

y₄
430.3024

y₅
517.3344

b₅-NH₃
566.2457

b₅
583.2722

y₆
648.3749

b₆-NH₃
663.2984

b₆
680.325

y₇
719.412

b₇-NH₃
760.3512

b₇
777.3777

yЛ
848.4546

yМ
977.4972

y₁₁
1237.613

y₁₂
1334.666

y₁₃-H₂O
1413.708

y₁₃
1431.719

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2

[1e�]

200 400 600 800 1000 1200 1400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 32751 FTMS; HCD 106.93 672.34

- L E
b₂

P
b₃

E N
b₅

P

y₁₃

b₆
P

y₁₂

b₇
P

y₁₁

Y E

yМ

E

yЛ

A

y₇

M

y₆

S

y₅

V

y₄

A

y₃

L

y₂

K

y₁

-

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



y₁-NH₃
158.0924

y₁
175.119

a₂
183.1492

b₂
211.1441

y₂-NH₃
273.1193

y₂
290.1459

y₃-H₂O
401.1779

y₃
419.1885

y₄-NH₃
530.2569

y₄
547.2835

y₅-H₂O
658.3155

y₅
676.326

y₆-H₂O
759.3632

y₆-NH₃
760.3472

y₆
777.3737

y₇-H₂O
874.3901

y₇-NH₃
875.3741

y₇
892.4007

yЛ-H₂O
961.4221

yЛ
979.4327

yМ-H₂O
1058.475

yМ
1076.485

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2

[1e6]

100 200 300 400 500 600 700 800 900 1000 1100 1200

Raw file Scan Method Score m/z *ene nameV
180221_FS1_Li_DMo_cRNA_Try 3175 FTMS; HCD 102.52 397.2 RTN4

- L P

yМ

b₂
S

yЛ

D

y₇

T

y₆

E

y₅

K

y₄

E

y₃

D

y₂

R

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128 a₂

173.1285

b₂-H₂O
183.1128

y₂-NH₃
201.1234

y₂
218.1499

b₃-H₂O
284.1605

b₃
302.171

y₃
331.234

b₄-H₂O
413.2031

b₄
431.2136

y₄
460.2766

b₅-H₂O
510.2558

b₅
528.2664

y₅
547.3086

b₆-H₂O
597.2879

b₆
615.2984

y₆
710.3719 y₇

824.4149

yЛ
911.4469

yМ
1058.515

y₁₁-H₂O
1266.6

y₁₁
1284.611

y₁₂
1371.643

y₁₃-H₂O
1450.685

y₁₃
1468.695

y₁₄
1597.738

y₁₅-H₂O
1680.775

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2

[1e�]

200 400 600 800 1000 1200 1400 1600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 25262 FTMS; HCD 93.5 950.46

- L S
a₂

T
b₃

E

y₁₄

b₄
P

y₁₃

b₅
S

y₁₂

b₆
P

y₁₁

E F

yМ

S

yЛ

N

y₇

Y

y₆

S

y₅

E

y₄

I

y₃

A

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
173.1285

b₂-H₂O
183.1128

b₂
201.1234

y₂-H₂O
258.1448

y₂
276.1554

b₃-H₂O
284.1605

b₃
302.171

b₄-H₂O
413.2031

y₃
423.2238

b₄
431.2136

y₄-H₂O
533.3082

y₄
551.3188

y₅
622.3559 y₆

735.44

bЛ
841.3938

y₇
864.4825

yЛ
951.5146 y₁Л²⁺

1051.999

yМ
1114.578

y₁Г
1228.621

y₁₁
1315.653

y₁₂
1462.721

y₁₃-H₂O
1573.753

y₁₃
1591.764

y₁₄-H₂O
1670.806

y₁₄
1688.817

y₁₅-H₂O
1757.838

y₁₅
1775.849

y₁₆-H₂O
1854.891

y₁₆
1872.901

y₁₇-H₂O
1983.933

y₁Л-H₂O
2084.981

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

3

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 29299 FTMS; HCD 109.65 768.72

- L S
b₂

T

y₁Л²⁺

b₃
E
b₄

P

y₁₆

S

y₁₅

P

y₁₄

E

y₁₃

bЛ
F

y₁₂

S

y₁₁

N

y₁Г

Y

yМ

S

yЛ

E

y₇

I

y₆

A

y₅

K

y₄

F

y₃

E

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

y₂-NH₃
201.1234

y₂
218.1499

b₂
260.1427

y₃
305.1819

b₃
389.1853

y₄
404.2504

b₄
476.2173

y₅
551.3188

b₅-H₂O
587.2494

b₅
605.2599

y₁₁²⁺
627.3243

y₆
652.3665

b₆
706.3076

y₇-H₂O
731.4087

y₇
749.4192

b₇-H₂O
835.3655

b₇
853.376

y₁₅²⁺
853.456

yЛ
896.4876

bЛ
940.4081

b₁₇²⁺
955.4404

yМ-H₂O
1007.52

yМ
1025.53

y₁Г
1140.557

b₁₁-H₂O
1211.488

b₁₂-H₂O
1308.541

b₁₂
1326.552

b₂₅²⁺
1394.649

b₁₃-H₂O
1421.625

b₁₃
1439.636

b₁₄-H₂O
1550.668

b₁₄
1568.678

b₁₅-H₂O
1663.752

b₁₅
1681.763

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

[1e�]

200 400 600 800 1000 1200 1400 1600 1800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 37772 FTMS; HCD 89.3 979.15

- M K
b₂

E
b₃

S
b₄

E
b₅

T
b₆

F
b₇

S
bЛ

D S S P

y₁₅²⁺

b₁₂
I

b₁₃
E
b₁₄

I
b₁₅

I

y₁₁²⁺

D

y₁Г

b₁₇²⁺
E

yМ

F

yЛ

P

y₇

T

y₆

F

y₅

V

y₄

S

y₃

A

y₂

b₂₅²⁺
K

y₁

-

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



y₂-NH₃
227.139

y₂
244.1656

b₂
260.1427

y₃
331.1976

b₃
389.1853

y₄
446.2245

bМ²⁺
528.2211

y₁Г²⁺
547.2798

y₅
561.2515

b₁Г²⁺
571.7372

b₅
605.2599

b₁₁²⁺
615.2532

y₆
689.3464

b₆
706.3076

y₇
760.3836

y₁₄²⁺
784.3856

yЛ
847.4156

b₇
853.376

yМ
946.484

y₁Л²⁺
1019.504 y₁₁

1194.6

y₁₂
1291.653

b₁₂-H₂O
1308.541

y₁₃
1438.721

y₁₄-H₂O
1549.753

b₁₅-H₂O
1663.752

y₁₅
1682.791

y₁₆
1795.875

y₁₇
1908.959

y₂Г-H₂O
2230.128

y₂Г
2248.138

0
20

40
60

80
10
0

12
0

0
2

4
6

8

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 36831 FTMS; HCD 35.05 870.42

- M K
b₂

E
b₃

S E
b₅

T
b₆

F
b₇

S D
bМ²⁺

S
b₁Г²⁺

S
b₁₁²⁺

P

y₂Г

I E

y₁Л²⁺

I

y₁₇

I

y₁₆

D

y₁₅

E

y₁₄²⁺

F

y₁₃

P

y₁₂

T

y₁₁

F

y₁Г²⁺

V

yМ

S

yЛ

A

y₇

K

y₆

D

y₅

D

y₄

S

y₃

P

y₂

K -

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



y₁-NH₃
158.0924

y₁
175.119

a₂
191.0849

b₂-H₂O
201.0692

b₂
219.0798

y₂-NH₃
257.1608

b₃-H₂O
300.1376

b₃
318.1482

y₃-NH₃
354.2136

y₃
371.2401

y₄-NH₃
425.2507

y₄
442.2772

y₅-NH₃
524.3191

y₅
541.3457

y₆
640.4141

y₇-H₂O
709.4355

y₇
727.4461

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2

[1e�]

100 200 300 400 500 600 700 800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 13238 FTMS; HCD 101.28 429.75

- M S

y₇

b₂
V

y₆

b₃
V

y₅

A

y₄

P

y₃

V R

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
191.0849

b₂-H₂O
201.0692

b₂
219.0798

y₂-NH₃
229.1547

y₂
246.1812

b₃-H₂O
300.1376

b₃
318.1482

y₃-H₂O
357.2132

y₃
375.2238 b₄-H₂O

399.2061

b₄
417.2166

b₅-H₂O
470.2432

b₅
488.2537

y₄
561.3031

y₅-NH₃
615.3137

y₆
760.3988

y₇
889.4414

yЛ
1036.51

yМ-NH₃
1116.536

yМ
1133.563

y₁Г-NH₃
1244.631

y₁Г
1261.658

b₁₂
1332.662

y₁₁
1408.726

y₁₂
1523.753

y₁₃
1594.79

y₁₄
1757.853

y₁М-NH₃
2351.134

y₁М
2368.161

y₂Г-H₂O
2421.187

y₂Г
2439.198

y₂₁-NH₃
2521.24

y₂₁
2538.266

y₂₂-H₂O
2619.324

y₂₂
2637.335

y₂₃-H₂O
2706.356

y₂₃
2724.367

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

1.6
1.8

[1e6]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 34775 FTMS; HCD 135.76 714.86

- M S

y₂₃

b₂
V

y₂₂

b₃
V

y₂₁

b₄
A

y₂Г

b₅
P

y₁М

V R E E Y

y₁₄

A

y₁₃

b₁₂
D

y₁₂

F

y₁₁

K

y₁Г

P

yМ

F

yЛ

E

y₇

Q

y₆

A W

y₄

E

y₃

V

y₂

K

y₁

-

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



y₁-NH₃
158.0924

y₁
175.119

a₂
207.0798

b₂-H₂O
217.0641

b₂
235.0747

b₃-H₂O
316.1326

y₃
319.1724

b₃
334.1431

b₄
433.2115

y₄
448.215

b₅-H₂O
486.2381

b₅
504.2486

y₅
611.2784

b₁₁²⁺
639.3134

y₆
712.326

y₇-NH₃
810.3264

y₇
827.353

yЛ
955.448

y₁₇²⁺
1035.5

yМ-H₂O
1036.506

yМ
1054.516

y₁Г-H₂O
1165.548

y₁Г
1183.559

y₁₁
1369.638

y₁₂
1440.675

y₁₃-NH₃
1551.707

y₁₃
1568.734 y₁₄

1697.777
y₁₅

1844.845

y₁₆-H₂O
1923.887

y₁₆
1941.898

y₁₇
2069.993

y₁Л
2217.061

y₂Г
2403.125

y₂₁
2566.188

y₂₆-NH₃
3159.469

y₂₆
3176.496

y₂₇-H₂O
3229.523

y₂₇
3247.533

y₂Л-H₂O
3328.591

y₂Л
3346.601

y₂М
3445.67

y₃Г-NH₃
3515.675

y₃Г
3532.702

0
20

40
60

80
10
0

12
0

0
1

2
3

4

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 33697 FTMS; HCD 139.72 737.16

- M
ox

S

y₃Г

b₂
V

y₂М

b₃
V

y₂Л

b₄
A

y₂₇

b₅
P

y₂₆

V R E E Y

y₂₁

b₁₁²⁺
A

y₂Г

D F

y₁Л

K

y₁₇

P

y₁₆

F

y₁₅

E

y₁₄

Q

y₁₃

A

y₁₂

W

y₁₁

E

y₁Г

V

yМ

K

yЛ

D

y₇

T

y₆

Y

y₅

E

y₄

G

y₃

S R

y₁

-

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



y₁
147.1128

a₂
216.0979

b₂-H₂O
226.0822

b₂
244.0928

y₂
246.1812

b₃-NH₃
341.1092

b₃
358.1357

y₃
359.2653

b₄-NH₃
412.1463

b₄
429.1728

yЛ²⁺
435.7502

b₅-H₂O
498.1943

b₅-NH₃
499.1783

b₅
516.2049

y₅
585.3606

b₆-H₂O
645.2627

b₆
663.2733

y₆
686.4083

y₇
773.4403 yЛ-H₂O

852.4825

yЛ
870.4931

yМ
1017.562

y₁Г
1104.594

0
20

40
60

80
10
0

12
0

0
1

2
3

4
5

6

[1e�]

100 200 300 400 500 600 700 800 900 1000 1100

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 22954 FTMS; HCD 101.61 766.89

- N E
b₂

N
b₃

A
b₄

S

y₁Г

b₅
F

yМ

b₆
P

yЛ

S

y₇

T

y₆

P

y₅

E L

y₃

V

y₂

K

y₁

-

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



y₁-NH₃
158.0924

y₁
175.119

a₂
216.0979

b₂-H₂O
226.0822

b₂-NH₃
227.0662

b₂
244.0928

y₂-NH₃
245.1244

y₃
319.1724

b₃-H₂O
340.1252

b₃-NH₃
341.1092

b₃
358.1357

b₄-NH₃
412.1463

y₄-NH₃
417.1728

b₄
429.1728

y₄
434.1994

b₅-H₂O
498.1943

b₅-NH₃
499.1783

b₅
516.2049

y₅
562.2944

b₆-H₂O
645.2627

b₆-NH₃
646.2467

y₆
661.3628

y₇
774.4468

yМ
1000.542

y₁Г-H₂O
1083.579

y₁Г
1101.59

y₁₁
1188.622

y₁₂-H₂O
1267.664

y₁₂
1285.675

y₁₃-H₂O
1414.733

y₁₃
1432.743

y₁₄-H₂O
1501.765

y₁₄
1519.775

y₁₅
1590.812

y₁₆-NH₃
1687.829

y₁₆
1704.855

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

3
3.5

[1e�]

200 400 600 800 1000 1200 1400 1600 1800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 19707 FTMS; HCD 145.91 650.33

- N E
b₂

N

y₁₆

b₃
A

y₁₅

b₄
S

y₁₄

b₅
F

y₁₃

P

y₁₂

S

y₁₁

T

y₁Г

P

yМ

E L

y₇

V

y₆

K

y₅

D

y₄

G

y₃

S R

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
188.103

b₂-H₂O
198.0873

b₂-NH₃
199.0713

b₂
216.0979

y₂-H₂O
216.1343

y₂-NH₃
217.1183

y₂
234.1448 b₃-H₂O

361.1506

b₃
379.1612

y₃
381.2132

y₄-H₂O
492.2453

y₄
510.2558

y₅
625.2828

y₁₁²⁺
632.278

y₆-H₂O
694.3042

b₆-H₂O
701.3253

y₆
712.3148

b₆
719.3359

y₇-H₂O
793.3727

y₇
811.3832

b₇
848.3785

b₁₅²⁺
860.8761

bЛ
919.4156

yЛ
948.4421

yМ
1019.479

bМ-NH₃
1039.448

bМ
1056.474

y₁Г-H₂O
1130.511

b₁Г-NH₃
1138.516

y₁Г
1148.522

b₁Г
1155.543

b₁₂-H₂O
1339.591

b₁₂
1357.602

y₁₂-H₂O
1373.633

y₁₂
1391.644

y₁₃-H₂O
1470.686

b₁₃
1486.644

y₁₃
1488.697

y₁₄-NH₃
1634.733

y₁₄
1651.76

y₁₅
1752.808

0
20

40
60

80
10
0

12
0

0
1

2
3

4
5

6
7

[1e�]

200 400 600 800 1000 1200 1400 1600 1800

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 11562 FTMS; HCD 202.18 623.29

- N T

y₁₅

b₂
Y

y₁₄

b₃
P

y₁₃

K

y₁₂

D

y₁₁²⁺

b₆
E

y₁Г

b₇
A

yМ

bЛ
H

yЛ

bМ
V

y₇

b₁Г
S

y₆

D

y₅

b₁₂
E

y₄

b₁₃
F

y₃

S

y₂

b₁₅²⁺
K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
189.087

b₂-H₂O
199.0713

b₂
217.0819

y₂
294.1812

b₃-H₂O
312.1554

b₃
330.166

y₃
381.2132

b₄
401.2031

y₄
494.2973

b₅-NH₃
498.2195

b₅
515.246

b₆-H₂O
596.3039

b₆-NH₃
597.2879

y₅
609.3243

b₆
614.3144

b₇-H₂O
724.3624

b₇-NH₃
725.3464

b₇
742.373

y₆
769.3549

bЛ-NH₃
812.3785

y₇
866.4077

yЛ
979.4917 b₁₂-H₂O

1140.528

b₁₂
1158.539

y₁₂-NH₃
1435.623

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2

[1e�]

200 400 600 800 1000 1200 1400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 34083 FTMS; HCD 50.27 909.44

- S E
b₂

I
b₃

A
b₄

N
b₅

V
b₆

Q
b₇

S G A N S
b₁₂

L P C S E L

yЛ

P

y₇

C

y₆

D

y₅

L

y₄

S

y₃

F

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
197.1033

b₂-H₂O
207.0877

b₂
225.0982

y₂
246.1812

b₃-H₂O
264.1091

b₃
282.1197

y₃
359.2653

b₇²⁺
371.1617

b₄
410.2146

y₄
488.3079

b₅-H₂O
507.231

b₅
525.2416

b₁Г²⁺
549.7498

y₅
585.3606

y₁₁²⁺
588.319

y₆-H₂O
668.3978

y₆
686.4083

y₇-H₂O
755.4298

y₇
773.4403

yЛ-H₂O
852.4825

yЛ
870.4931

yМ-H₂O
999.551

yМ
1017.562 b₁₁

1227.535

b₁₂-NH₃
1324.551

b₁₂
1341.578

b₁₃-H₂O
1394.604

b₁₃-NH₃
1395.588

b₁₃
1412.615

b₁₄-H₂O
1481.636

b₁₄
1499.647

b₁₅-H₂O
1628.705

b₁₅-NH₃
1629.689

b₁₅
1646.715

b₁₇-H₂O
1812.79

b₁Л-NH₃
1914.821

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

[1e6]

200 400 600 800 1000 1200 1400 1600 1800 2000

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 15866 FTMS; HCD 102.45 630.06

- S H
b₂

G
b₃

K
b₄

D
b₅

S E
b₇²⁺

S R N
b₁Г²⁺

E
b₁₁

N
b₁₂

A

y₁₁²⁺

b₁₃
S
b₁₄

F

yМ

b₁₅
P

yЛ

S

y₇

T

y₆

P

y₅

E

y₄

L

y₃

V

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

b₂-H₂O
198.1237

b₂-NH₃
199.1077

b₂
216.1343

y₂-H₂O
230.1499

y₂
248.1605

b₃
331.1612

y₃
361.2445

b₄-NH₃
442.2296

y₄
462.2922

y₅
533.3293

b₅-H₂O
570.2882

b₅
588.2988

y₆
630.3821

b₆-H₂O
685.3151

b₆
703.3257

y₇
717.4141

y₁₃²⁺
718.3806

b₇-H₂O
798.3992

b₇-NH₃
799.3832

b₇
816.4098

yЛ-H₂O
828.4462

yЛ
846.4567

bЛ-H₂O
897.4676

bЛ
915.4782

y₁Г-NH₃
1054.542

bМ-H₂O
1057.498

y₁Г
1071.568

bМ
1075.509

b₁Г
1162.541

y₁₁
1185.611

b₁₁-H₂O
1215.567

b₁₁
1233.578

b₁₂-H₂O
1286.605

b₁₂
1304.615 y₁₂

1322.67

b₁₃
1417.699 y₁₄-NH₃

1489.765

y₁₄
1506.791

b₁₄
1554.758

y₁₅-NH₃
1560.802

y₁₅
1577.828

y₁₆-NH₃
1647.834

y₁₆
1664.86

b₁₅
1668.801

y₁₇-NH₃
1807.864

y₁₇
1824.891

b₁₇
1893.912

y₁Л
1923.959

b₁Л
2022.955

b₁М-NH₃
2092.96

b₁М
2109.987

y₂₃-NH₃
2507.208

y₂₃
2524.235

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

3
3.5

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 18155 FTMS; HCD 182.95 686.1

- S K
b₂

D

y₂₃

b₃
K E

b₅
D
b₆

L
b₇

V

y₁Л

bЛ
C

y₁₇

bМ
S

y₁₆

b₁Г
A

y₁₅

b₁₁
A

y₁₄

b₁₂
L

y₁₃²⁺

b₁₃
H

y₁₂

b₁₄
N

y₁₁

b₁₅
P

y₁Г

Q
b₁₇

E

yЛ

b₁Л
S

y₇

b₁М
P

y₆

A

y₅

T

y₄

L

y₃

T

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
173.1285

b₂-H₂O
183.1128

b₂
201.1234

y₂-NH₃
244.1292

y₂
261.1557

b₃-H₂O
284.1605

b₃
302.171

b₄-H₂O
355.1976

b₄
373.2082

y₃
374.2398

b₅-H₂O
454.266

b₅
472.2766

y₄-H₂O
485.2718

y₄
503.2824 b₆-H₂O

567.3501

y₅
574.3195

b₆
585.3606

y₆-H₂O
643.341

y₆-NH₃
644.325

y₆
661.3515

bЛ-H₂O
725.4192

y₇-H₂O
756.425

y₇-NH₃
757.409

y₇
774.4356

bМ-H₂O
854.4618

yЛ-NH₃
856.4775

yЛ
873.504

yМ-H₂O
926.5306

yМ
944.5411 y₁Г-H₂O

1027.578

y₁Г
1045.589

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

3
3.5

[1e�]

100 200 300 400 500 600 700 800 900 1000

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 30746 FTMS; HCD 178.71 623.36

- S L
b₂

T

y₁Г

b₃
A

yМ

b₄
V

yЛ

b₅
L

y₇

b₆
S

y₆

A

y₅

E

y₄

L

y₃

N

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
205.1005

b₂-H₂O
215.0849

b₂
233.0954

y₂
294.1482

b₃-H₂O
330.1118

b₃
348.1224

y₃-H₂O
405.1802

y₃
423.1908

b₄
461.2064

y₄-NH₃
520.2072

yЛ²⁺
522.2305

y₄
537.2337

y₅-H₂O
666.2916

y₅-NH₃
667.2756

y₅
684.3021

y₆-NH₃
780.3597

y₆
797.3862

b₇
851.3604

y₇-H₂O
894.4026

y₇-NH₃
895.3866

y₇
912.4131

yЛ
1043.4540

20
40

60
80

10
0

12
0

0
1

2
3

4
5

6
7

[1e�]

100 200 300 400 500 600 700 800 900 1000 1100

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 19442 FTMS; HCD 135.43 572.76

- T M

yЛ

b₂
D

y₇

b₃
I

y₆

b₄
F

y₅

N

y₄

E

y₃

b₇
M
ox
y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
161.0921

b₂-H₂O
171.0764

b₂
189.087 b₃-H₂O

286.1034

b₃
304.1139

y₇²⁺
358.1847

b₄-H₂O
415.146

b₄
433.1565

yМ²⁺
479.7456

bМ²⁺
489.7426

b₅-H₂O
516.1936

b₅
534.2042

y₁₁²⁺
594.7726

y₆
618.3093

b₆-H₂O
629.2777

b₆
647.2883

y₇-H₂O
697.3515

y₇
715.3621

b₇-H₂O
776.3461

b₇
794.3567

yЛ
843.4571

bЛ-H₂O
847.3832

bЛ
865.3938

yМ
958.484

bМ
978.4779

b₁Г
1075.531

b₁₁
1146.568

y₁₄
1594.723

y₁₆
1806.803

y₁₇
1919.887

y₁М
2116.008

y₂₄-H₂O
2553.199

y₂₄
2571.21

y₂₅
2684.294

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 32825 FTMS; HCD 69.52 888.44

- T S
b₂

D
b₃

E
b₄

T
b₅

L
b₆

F
b₇

A
bЛ

L

y₂₅

bМ
P

y₂₄

b₁Г
A
b₁₁

A S E P

y₁М

V I

y₁₇

P

y₁₆

D Y

y₁₄

K D D

y₁₁²⁺

D D

yМ

K

yЛ

P

y₇

P

y₆

S S A E K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
161.0921

b₂-H₂O
171.0764

b₂
189.087

y₂-H₂O
216.1343

y₂
234.1448

b₃-H₂O
285.1193

b₃
303.1299

y₃
347.2289

b₄-NH₃
383.1561

b₄
400.1827

y₄
461.2718

bМ²⁺
472.266

b₅-NH₃
530.2245

b₅
547.2511

y₅-NH₃
559.2722

y₅
576.2988

b₆-H₂O
642.3246

b₆
660.3352

y₆
677.3464

b₇-H₂O
741.393

b₇
759.4036

y₇-H₂O
760.3836

y₇-NH₃
761.3676

y₇
778.3941

yЛ
877.4625

yМ
1040.526

b₁₅
1597.749

y₁₅
1694.75

y₁₆
1807.834

y₁₇
1878.872 y₁Л

1977.94

y₁М
2091.024 y₂Г

2238.092

y₂₁
2335.145

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

1.6
1.8

2

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 34976 FTMS; HCD 84.67 880.1

- T S
b₂

N
b₃

P

y₂₁

b₄
F

y₂Г

b₅
L

y₁М

b₆
V

y₁Л

b₇
A

y₁₇

I

y₁₆

bМ²⁺
H

y₁₅

D S E A D
b₁₅

Y

yМ

V

yЛ

T

y₇

T

y₆

D

y₅

N

y₄

L

y₃

S

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

b₂
197.1285

y₂
246.1812

y₃
359.2653

b₇²⁺
374.2418

b₄
423.2966

b₁Г²⁺
502.8106

y₅
530.3297

b₅
536.3806 y₆

661.3702

b₇
747.4763

y₇
790.4128

bЛ
846.5448

yЛ
903.4968

bМ-H₂O
915.5662

bМ
933.5768

b₁Г-H₂O
986.6033

b₁Г
1004.614

b₁₁
1117.698

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2
2.5

3

[1e�]

100 200 300 400 500 600 700 800 900 1000 1100 1200

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 37725 FTMS; HCD 62.74 789.12

- V P
b₂

L L
b₄

L
b₅

P N
b₇

V
bЛ

S
bМ

A
b₁Г

L
b₁₁

E S Q I

yЛ

E

y₇

M

y₆

G

y₅

N I

y₃

V

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
169.1335

b₂
197.1285

y₂-NH₃
227.139

y₂
244.1656

b₃
310.2125

y₃
372.2605

b₄
423.2966

yЛ²⁺
451.76

y₄
471.3289

yМ²⁺
516.2813

b₅
536.3806

y₅
584.413

b₆
633.4334

y₆
698.4559

b₁₄²⁺
731.4192

b₇
747.4763

y₇
755.4774

bЛ
846.5448

yЛ
902.5128

bМ-H₂O
915.5662

bМ
933.5768

b₁Г-H₂O
986.6033

y₁Л²⁺
987.0222

b₁Г
1004.614

yМ-H₂O
1013.545

yМ
1031.555

b₁₁
1117.698

y₁Г
1144.639

b₁₂
1246.741

y₁₁-NH₃
1255.671

y₁₁
1272.698

b₁₃
1333.773

y₁₂
1359.73 y₁₃

1488.773 y₁₄
1601.857

y₁₅
1672.894

y₁₆
1759.926 y₁₇

1858.994
y₁М-NH₃

2053.063

y₁М
2070.09

y₂Г
2183.174

y₂₁
2296.258

y₂₃
2506.395

0
20

40
60

80
10
0

12
0

0
0.5

1
1.5

2

[1e�]

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 36128 FTMS; HCD 199.89 869.5

- V P

y₂₃

b₂
L
b₃

L

y₂₁

b₄
L

y₂Г

b₅
P

y₁М

b₆
N

y₁Л²⁺

b₇
V

y₁₇

bЛ
S

y₁₆

bМ
A

y₁₅

b₁Г
L

y₁₄

b₁₁
E

y₁₃

b₁₂
S

y₁₂

b₁₃
Q

y₁₁

b₁₄²⁺
I

y₁Г

E

yМ

M
ox
yЛ

G

y₇

N

y₆

I

y₅

V

y₄

K

y₃

P

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
173.1285

b₂-H₂O
183.1128

b₂
201.1234 y₂

248.1605

y₃
305.1819

b₃-H₂O
312.1554

b₃
330.166

b₄-H₂O
383.1925

b₄
401.2031

y₄
406.2296

y₅
477.2667

b₅-H₂O
482.2609

b₅
500.2715

b₆-H₂O
581.3293

b₆
599.3399

y₆
606.3093

b₇-H₂O
652.3665

b₇
670.377

y₇-H₂O
702.3417

y₇
720.3523

bЛ-H₂O
753.4141

bЛ
771.4247

yЛ
833.4363

y₁₅²⁺
833.8649

bМ-H₂O
884.4546

bМ
902.4652

yМ
962.4789

y₁Г
1049.511

y₁₂
1338.584

y₁₅-H₂O
1648.712

0
20

40
60

80
10
0

12
0

0
1

2
3

4
5

6
7

[1e�]

200 400 600 800 1000 1200 1400 1600

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_Try 36189 FTMS; HCD 53.52 1164.57

- V T
b₂

E
b₃

A
b₄

V
b₅

V
b₆

A
b₇

T
bЛ

M
bМ

P E G L T P D L V Q

y₁₅²⁺

E A C

y₁₂

E S

y₁Г

E

yМ

L

yЛ

N

y₇

E

y₆

A

y₅

T

y₄

G

y₃

T

y₂

K

y₁

-

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



y₁-NH₃
130.0863

y₁
147.1128

a₂
171.1492

b₂
199.1441

y₂-H₂O
258.1448

y₂
276.1554

y₃-H₂O
355.1976

y₃
373.2082

y₄-H₂O
442.2296

b₄
456.2817

y₄
460.2402

b₅-H₂O
553.298

y₅-H₂O
573.2701

y₅
591.2807

y₁₁²⁺
609.8054

b₆-H₂O
610.3195

b₆
628.3301

y₆
690.3491

b₇-H₂O
709.3879

b₇
727.3985

y₇
747.3706

yЛ-H₂O
844.3869

yЛ
862.3975

yМ-H₂O
973.4295

yМ
991.4401

y₁Г-H₂O
1101.524

y₁Г
1119.535

0
20

40
60

80
10
0

12
0

0
0.2

0.4
0.6

0.8
1

1.2
1.4

1.6
1.8

2

[1e�]

100 200 300 400 500 600 700 800 900 1000 1100

Raw file Scan Method Score m/z
180221_FS1_Li_DMo_cRNA_F_3 5595 FTMS; HCD 112.02 439.9

- V V

y₁₁²⁺

b₂
K

y₁Г

E

yМ

b₄
D

yЛ

G

y₇

b₆
V

y₆

b₇
M

y₅

S

y₄

P

y₃

E

y₂

K

y₁

-



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



 
B 

             
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-PAT1-

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.   

 

 

 



 

 

 

 
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: BglII, NheI, BmtI, EcoRV, NotI, SacII, and XbaI. The 5’ and 3’ splice sites are indicated 

by lines.  GFP of the original pCMV-MIR vector was replaced by emGFP (emerald green 

fluorescent protein).    

 



 

 
 

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. β-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.    


