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Supporting Informattion 

Materials & Methods

Yeast and bacterial strains and human cells used in the study
Yetst strtins used in this study were obttined froma the EUROSCARF collection  (ermatnyy 

see Supplemaenttry Ttble S1). Cells were grown in sttndtrd Yetst Extrtct/Peptone/Dextrose 

 YPD) to 5.5–6.0 OD600 to stttiontry phtse.

Btcteritl strtin E. coli DH5 used in this study is described in Supplemaenttry Ttble S1. Cells 

were grown in sttndtrd Lurit Berttni maediuma to 2.5–3.0 OD600 to stttiontry phtse.

Supplemaenttry Ttble S1

Humatn cells  HCT116 p53 +/+) were grown tt 37 °C under 5% CO2. Cell growth wts 

maonitored by direct cell counting with t Scepter  EMD Milliporey Billericty MAy USA). The cell

lines used in this work were obttined directly froma ATCC tnd ptsstged in the ltborttory for 

fewer thtn 6 maonths tfer receipt.

RNA extractin
Tottl RNA froma yetst or btcteritl cells grown to the stttiontry phtse wts isoltted using hot 

tcid phenol extrtction protocol 1.

Tottl RNA froma humatn cells  HCT116 p53 +/+) wts extrtcted using Trizol tccording 

matnuftcturer's recomamaendttions.

1

N° Species Name Genotype

1 S. cerevisiae WT BY4741 BY4741; MATa; ura3Δ0; leu2Δ0; his3Δ1; met15Δ0

3 S. cerevisiae bud23Δ BY4742; MATα; ura3Δ0; leu2Δ0; his3Δ1; lys2Δ0; YCR047c::kanMX4

4 S. cerevisiae trm8Δ BY4742; MATα; ura3Δ0; leu2Δ0; his3Δ1; lys2Δ0; YDL201w::kanMX4

5 S. cerevisiae trm82Δ BY4741; MATa; ura3Δ0; leu2Δ0; his3Δ1; met15Δ0; YDR165w::kanMX4

6 S. cerevisiae trm140Δ BY4741; MATa; ura3Δ0; leu2Δ0; his3Δ1; met15Δ0; YOR239w::kanMX4

7 S. cerevisiae dus1Δ BY4741; MATa; ura3Δ0; leu2Δ0; met15Δ0; YML080w::kanMX4

8 S. cerevisiae dus2Δ BY4742; MATα; ura3Δ0; leu2Δ0; his3Δ1; lys2Δ0; YNR015w::kanMX4

9 S. cerevisiae dus3Δ BY4741; MATa; ura3Δ0; leu2Δ0; his3Δ1; met15Δ0; YLR401c::kanMX4

10 S. cerevisiae dus4Δ BY4742; MATα; ura3Δ0; leu2Δ0; his3Δ1; lys2Δ0; YLR405w::kanMX4

11 E. coli WT DH5  F– Φ80lacZΔM15 Δ(lacZYA-argF) U169 recA1 endA1 hsdR17 
(rK–, mK+) phoA supE44 λ– thi-1 gyrA96 relA1 
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Alkaline hydrilysis fragmentatin
RNA  300 ng) wts subjected to tlktline hydrolysis in 50 maM bictrbontte bufer pH 9.2 for 5 

main tt 96°C. The retction wts stopped ts previously described 2.

Extensive dephisphirylatin
RNA frtgmaents without tny gel-purifcttion step were directly 3’-end dephosphoryltted 

using 5 U of Anttrctic Phosphtttse  NEBy UK) for 1h tt 37°C. Afer intctivttion of the 

phosphtttsey RNA frtgmaents were extrtcted by t phenol:chloroforma:isotmayl tlcohol maix 

 25:24:1) tnd ethtnol precipittted. Afer centrifugttiony the pellet wts wtshed with 80% 

ethtnol tnd tir-dried for 5 main.

Aniline treatment
The RNA pellets were resuspended in 1M tniline pH4.5 tnd incubtted for 15 main tt 60°C in 

the dtrk. The retction wts stopped by ethtnol precipitttiony tnd tretted ts previously 

described 3.

Library preparatin
RNA frtgmaents were converted to librtry using NEBNext® Smatll RNA Librtry kit  NEB ref 

E7330Sy UKy or equivtlent froma Illumainty USA) following the matnuftcturer's instructions. 

DNA librtry qutlity wts tssessed using t High Sensitivity DNA chip on t Biotntlyzer 2100. 

Librtry qutntifcttion wts done using t fuoromaeter  Qubit 2.0 fuoromaetery Invitrogeny 

USA).

Deep sequencing
Librtries were maultiplexed tnd subjected for high-throughput sequencing using tn Illumaint 

HiSeq 1000 or MiSeq instrumaent with t 50 bp single-end retd maode. Since clustering of short

frtgmaents wts genertlly very efcienty librtries were lotded tt 8 pM concentrttion per ltne.

Biiinfirmatcs pipeline
Rtw retds were frst trimamaed using the Trimamaomattic v32 sofwtre with deftult ptrtmaeters 
4. Alignmaent to the reference sequence wts performaed using bowtie2  v2.2.4) 5 in End-to-

End maode with ‘sensitive ptrtmaeter’ set. Counting of the matpped retds tnd positions of 

their 5’-extremaities wts performaed using twk comamatnd 6. Covertge for reference sequence 

wts ctlcultted using stmatools mapileup comamatnd. 5’-end count wts directly used for 

ctlculttion of normatlized cletvtge. Stop-rttio for every position of the reference sequence 

wts ctlcultted using 5’-end count tnd covertge dttt. All other steps of tntlysis were 

performaed in R-Studio 1.0.143 with R version 3.4.4.

Mg2+ fragmentatin
Instetd of tlktline hydrolysisy RNA wts subjected to Mg2+ ion-btsed RNA cletvtge in 100 

maM Tris-HCl bufery pH 8.0y conttining 2 maM MgCl2 for 3 main tt 96°C. The retction wts 

stopped ts for tlktline hydrolysis tnd tll other steps in the procedure rematined the stmae.
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De-phisphirylatin by T4 PNK
Afer tlktline hydrolysisy RNA wts 3’-end dephosphoryltted using T4 PNK. Briefyy RNA wts 

maixed with T4 PNK  10U) in t 50 µl retction conttining 100 maM Tris-HCl pH6.5y 100 Mg-OAcy 

5 maM -maerctptoethtnol tnd incubtted for 6h tt 37°C. The PNK wts hett intctivtted tt 

65°C for 20 main. The RNA wts then extrtcted with t phenol:chloroforma:isotmayl tlcohol maix 

 25:24:1) following the stmae procedure ts the one described tfer phosphtttse trettmaent in

the AlkAniline-Seq protocol.

LC-MS measurements if m7G cintent in rRNA and tRNA
Stmaples for LC-MS tntlysis were preptred froma WT tnd mauttnt yetst strtins using gel-

purifcttion for 18S rRNA 1 or the NucleoBond RNA/DNA 80 kit  Mtcherey Ntgel) tccording 

to matnuftcturer’s recomamaendttions. 300 ng of tRNA or 18S RNA were digested into 

nucleotides using 0.3 U nucletse P1 froma P. citrinum  Sigmat-Aldrich)y 0.1 U sntke venoma 

phosphodiestertse froma C. adamanteus  Worthington)y 200 ng Pentostttin  Sigmat-Aldrich) 

tnd 500 ng Tetrthydrouridine  Merck-Millipore) in 5 maM tmamaoniuma tcettte  pH 5.3; Sigmat-

Aldrich) for two hours tt 37°C. The rematining phosphttes were remaoved by 1 U FtstAP 

 Thermao Scientifc) in 10 maM tmamaoniuma tcettte  pH 8) for one hour tt 37°C. The 

nucleosides were then spiked with interntl sttndtrd  13C sttble isotope-ltbeled nucleosides 

froma S. cerevisiaey SIL-IS) tnd subjected to tntlysis. Technictl triplicttes with 50 ng digested 

RNA tnd 30 ng interntl sttndtrd were tntlyzed vit LC-MS  Agilent 1260 series tnd Agilent 

6460 Triple Qutdrupole matss spectromaeter equipped with tn electrosprty ion source  ESI)). 

The solvents consisted of 5 maM tmamaoniuma tcettte bufer  pH 5.3; solvent A) tnd LC-MS 

grtde tcetonitrile  solvent B; Honeywell). The elution sttrted with 100% solvent A with t 

fow rtte of 0.35 mal/mainy followed by t linetr grtdient to 8% solvent B tt 10 main tnd 40% 

solvent B tfer 20 main. Inititl conditions were regenertted with 100% solvent A for 10 main. 

The columan used wts t Synergi Fusion  4 µM ptrticle sizey 80 Å pore sizey 250 × 2.0 mama; 

Phenomaenex). The UV signtl tt 254 nma wts recorded vit t diode trrty detector  DAD) to 

maonitor the matin nucleosides. ESI ptrtmaeters were ts follows: gts temapertture 350°Cy gts 

fow 8 l/mainy nebulizer pressure 50 psiy shetth gts temapertture 350°Cy shetth gts fow 12 

l/mainy ctpilltry volttge 3000 V. The MS wts opertted in the positive ion maode using Agilent 

MtssHunter sofwtre in the dyntmaic MRM  maultiple retction maonitoring) maode. For 

qutntifcttiony t comabinttion of externtl tnd interntl ctlibrttion wts tpplied ts described 

previously 7.

Kinetc studies if m3C and m7G instability in bicarbinate bufer system
150 pmaol  3 µl of 50 µM solution) or 450 pmaol  9 µl of 50 µM solution) of the respective 

nucleoside stmaple  ma3C or ma7() wts diluted in RNAse-free wtter to t tottl volumae of 10 µl. 

To this maixture 10 µl of 100 maM bictrbontte bufer  pH 9.2y 50 maM fntl concentrttion) 

were tdded tnd incubtted either tt rooma temapertture or tt 96°C. Afer indictted timae 

3

58
59

60

61

62

63

64

65
66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90
91

92

93

94



pointsy the 20 µl stmaple wts neutrtlized with 3.4 µl of t 1 % tcetic tcid solution  tcetic tcid 

in H2O) tnd 22 µl of the fntl maixture were submaited to HPLC septrttion tnd maonitored by 

UV tbsorption tt 254 nma.

The HPLC maetsuremaents were performaed on tn Agilent 1100 HPLC series coupled with 

diode trrty detector tnd the MS maetsuremaents were performaed on tn Agilent 1100 

LC/MSD Ion-Trtp equipped electrosprty ion source  ptrtmaeters tre displtyed in Ttble ESI 

settings)  electron sprty ionizttion tnd maetsuremaent in positive maode using t Synergi 

Fusion-RP columan with 4 µma ptrticle sizey 80 Å pore sizey 250 mama length tnd 2 mama inner 

ditmaeter froma Phenomaenex  Aschtfenburgy (ermatny)). The elution wts performaed with t 

columan temapertture of 35°C tnd t fow rtte of 0.35 mal/main. The solvents tpplied were t 5 

maM tmamaoniuma tcettte bufer tdjusted to pH 5.3  solvent A) tnd LC-MS grtde tcetonitrile 

 solvent B). A linetr grtdient froma 0 % to 8 % solvent B tt 10 mainy 40 % solvent B tt 20 main 

tnd 0 % solvent B tt 23 main wts used.

Ttble ESI settings.

Parameter  

Dry Temap 350°C

Dry (ts 12 l/main

Nebulizer pressure 30 psi

Ctpilltry Exit 95.5 Volt
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Supplementary fiures

Supplementary Fiiure 1: Detection of ma7(1575 residue in S. cerevisiae 18S rRNA using t 

‘trtditiontl’ ma7( detection protocol which involves RNA strtnd scission by NtBH4 reduction 

followed by tniline cletvtge; t maethod which wts formaely used to detect the 18S rRNA ma7(

residue by reverse-trtnscription 8–10. Herey the purifed 18S rRNA wts tretted ts described in 

the Mtteritls & Methods sectiony followed by librtry preptrttion tnd sequencing. Antlysis 

wts performaed with the stmae pipeline used for AlkAniline-Seq. Normatlized cletvtge profles 

obttined for tretted WT stmapley tnd two controls: NtBH4-reduced tnd un-reduced 

unmaodifed BUD23 18S rRNAy tre shown. Specifc signtl for ma7(1575 wts detectedy but the

signtl-to-noise rttio is btrely higher thtn btckground  zooma).
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Supplementary Fiiure 2: (a) Chemaistry of ma7(/ma3C/ho5C tnd D cletvtge in RNA under 

tlktline conditions to crette tn tbtsic site tnd its subsequent decomaposition in the 

presence of tniline. (b,c) Kinetics of nucleoside ma7( degrtdttion in bictrbontte bufer  pH 

9.2) tt rooma temapertture  b) tnd tt 96°C  c). Aliquots drtwn tt the indictted timae points 

were submaited to HPLC septrttion on tn RP-18 columan tnd maonitored by UV tbsorption tt 

254 nma. LC-MS tntlysis in septrtte runs identifed identictl ma/z vtlues tnd frtgmaentttion 

ptterns for signtls I-IV in  c). The tret under the UV-petks were used to plot the kinetics 
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displtyed in the insety where the trets froma signtls Iy IIy III tnd IV were sumamaed up.(d) The 

hypothetictl structure wts ttributed to signtls I-IV btsed on litertturey but structurtl 

isomaers tre equtlly possible. Collection of matteritl froma petks I-IV tnd subsequent 

reinjection produced tn identictl elution signtl ptterny suggesting isomaerizttion tmaong I-IV.
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Supplementary Fiiure 3: AlkAniline-Seq siinals detected in S. cerevisiae 18S and 25S rRNA 

under diferent treatment conditons. (a) Tottl RNA froma WT tnd bud23 strtins wts 

subjected to AlkAniline-Seq in the tbsence or in the presence of tniline trettmaent. (b) 

AlkAniline-Seq signtls in 18S rRNA  ma7(1575) obttined for two technictl  TechR1/TechR2) 

tnd three biologictl replicttes  BiolR1-R3). (c,d) Infuence of RNA cletvtge conditions on the 

AlkAniline-Seq signtlsy sttndtrd OH- cletvtge comaptred to Mg2+-induced cletvtge tt neutrtl 

pH.
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Supplementary Fiiure 4: Procedure for AlkAniline-Seq with omited 5’-dephosphorylaton 

step. (a) To tvoid 5’-phosphtte remaovtly tlktline phosphtttse wts repltced by T4 PNK 3’-

phosphtttse tctivity in the tbsence of ATP. Other steps rematin ts previously described in 

Figure 1t. (b) Comaptrttive cletvtge profle for S. cerevisiae 18S rRNA with 3’-

dephosphorylttion by T4 PNK tnd with tlktline phosphtttse dephosphorylttion.
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Supplementary Fiiure 5: Specifcity of AlkAniline-Seq protocol. (a,b) AlkAniline-Seq signtls 

obttined for ma7(527 tnd ma7(2069 in 16S  t) tnd 23S rRNA  b) froma E. ciliy respectively. 

(rtphs show dependence on the cletvtge conditions  OH- vs Mg2+) tnd tniline trettmaent. 

Only one tdditiontl mainor signtl tt position 2501 in 23S rRNA wts detectedy whichy 

interestinglyy corresponds to ho5Cy which is t rtre RNA maodifcttion only found so ftr in 

btcteritl rRNA 11.

(c) Representttive signtls for ma7(46 residues in E. cili tRNAs. Only normatlized cletvtge 

profles of OH-/tniline tretted stmaples tre shown.
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Supplementary Fiiure 6: Detecton and quantfcaton of m7G46 and m3C32 residues in 

S. cerevisiae tRNAs. (a) Normatlized cletvtge signtls for S. cerevisiae tRNAMet
i CAU) in trm8∆y 

trm82∆y WT tnd bud23∆ yetst strtins. Inset on the right shows the cloverletf structure of 

tRNA with the maodifed position tnd the corresponding enzymattic tctivity  heterocomaplex 

Trma8/Trma82). Inset on the lef provides qutntifcttion of normatlized cletvtge in the four 

strtins used.

(b) Sensitivity of ma7( detection in tRNAMet
i CAU). Mixes of tottl RNA froma trm8∆ tnd WT 

strtins tt the proportions indictted tt the right were subjected to AlkAniline-Seq. The inset 

shows the relttive normatlized cletvtge in function of maoltr rttio of maodifed WT tRNA.

(c) Sensitivity of ma3C detection in tRNAThr I(U). Mixes of tottl RNA froma trm140∆ tnd WT 

strtins tt the proportions indictted tt the right were subjected to AlkAniline-Seq. The inset 

shows the relttive normatlized cletvtge in function of maoltr rttio of maodifed RNA. The stmae

type of ‘non-linetr’ ctlibrttion curve ts observed both for ma7( tnd ma3C in RNA.
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Supplementary Fiiure 7: Detecton and vaalidaton of the m7G46 residue in yeast 

tRNAAla(IGC). Trtces for WT tnd 4 mauttnt yetst strtins tre shown  ltbeled to the right of the

grtph). The signtl for ma7(46 distppetrs in trm8 tnd trm82 strtinsy ltcking tRNA:ma7(46-

maethyltrtnsfertse tctivity. In the tbsence of ma7(46y the predomaintnt signtl originttes froma 

D47.
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Supplementary Fiiure 8: Kinetcs of nucleoside m3C deaminaton. (a,b) The retction wts 

performaed in bictrbontte bufer  pH 9.2) tt rooma temapertture  t) tnd tt 96°C  b). Aliquots 

drtwn tt the indictted timae points were submaited to HPLC septrttion on tn RP-18 columan 

tnd maonitored by UV tbsorption tt 254 nma. The tret under the UV-petks were used to plot 

the kinetics displtyed in the inset. (c) LC-MS tntlysis in septrtte runs confrmaed the 

structures displtyedy tnd the identity of ma3U ts matjor product wts confrmaed with tn 

tuthentic stmaple  dttt not shown).
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Supplementary Fiiure 9: Detecton of dihydrouridine residues by AlkAniline-Seq.  t) 

Chemaictl maechtnisma of D ring opening under tlktline conditions. (b,c,d,e) Hett matps of 

AlkAniline-Seq signtls for D residues in yetst S. cerevisiae tRNAsy grouped by their respective

enzymattic tctivity  dus1-4). As shown in the fgurey the matjority of detecttble signtls tre 

decretsed in the respective deleted strtin.

15

225

226

227

228

229

230
231
232
233
234
235



Supplementary Fiiure 10: Detecton of a unique m7G1639 residue in H. sapiens 18S rRNA 

by AlkAnilineSeq. (rtphs show Normatlized cletvtge for 18S  t) tnd 28S  b) humatn rRNA.
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Supplementary Fiiure 11: Transcripton Start Siinals (TSS) hits detected by AlkAniline-Seq 

in yeast S. cerevisiae mRNAs. (rtphs show Normatlized cletvtge  ayc) tnd Stop-rttio  byd) 

for two representttive hits: RPS5  ayb) tnd TEF1  cyd) maRNAs. The TSS is indictted by t red 

trrow. Consensus sequences obttined for selected sites in the positive  e) tnd negttive  f) 

strtnds. Consensus were obttined using MIME sofwtre ptcktge.
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