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Supplementary Table 1-1. Oligonucleotides used in this study.

Oligonucleotide Sequence DNA/RNA _ Note
¢55-69-chimera  AmMCMUMCMGMGMUMCMAM(GGCT)CmUmUmMAMCmCmAMGmCmUmUm RNA/DNA  Used for RNase H digestion to produce Fragment H1 or H2, Nm refers o 2-O-
methyl ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
¢188-385-chimera  GMGMCMUMCMCMCMUMCm(TCCG)GmAMAMUmMCMGMAMAMCMCmCm RNA/DNA  Used for RNase H digestion to produce Fragment H3 or H4, Nm refers to 2'-O-
methyl ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
¢185-580-chimera  AmGMCMUMGMGMAMAM(TTAC)CMGMCMGMGMCMUMGMCMUMGMGM RNA/DNA  Used for RNase H digestion to produce Fragment H4 or H5, Nm refers o 2-O-
methyl ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
¢18S-734-chimera  AmGMUMCMCmUMGMGM(TTCG)CMCMAMAMGMAMGMCMCMAMCMAM RNA/DNA  Used for RNase H digestion to produce Fragment H5 or H6. Nm, 2'-O-methyl
ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
¢185-1077-chimera CmUmMCMGMUMAMAMGM(GTGC)CmGMAMGMUMGMGMGmMUMCmAmUM RNA/DNA  Used for RNase H digestion to produce Fragment H6 or H7. Nm, 2-O-methyl
ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
¢18S-1321-chimera  AmGMGMUMCMUMCMGMUmMUmMCmGMUM(TATC)GmCmAMAMUMUMAMAmMGMCmAM RNA/DNA  Used for RNase H digestion to produce Fragment H7 or H8. Nm, 2-O-methyl
ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
255-461-chimera  AMCmMCMCMAMCMAMAMGMGM(AGCA)GMAMGMGMGMCMAMCMAMAM RNA/DNA  Used for RNase H digestion to produce Fragment H9 or H10. Nm, 2-0-methyl
ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
255-747-chimera  UmCmAMGMGMAMUMCMGMGMUMCMGMAM(TTGT)GMCMAMCMCMUM RNA/DNA  Used for RNase H digestion to produce Fragment H10 or H11. Nm, 2-O-methyl
ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
255-1015-chimera  UmCmGMAmMCMCmCmCmGMGM(AACC)UmCmUmMAmAMUMCMAMUMUMCMGM RNA/DNA  Nm, 2-O-methyl ribonucleotide. Nm refers to 2-O-methy! ribonucleotide.
Deoxyribonucleotides are indicated in parentheses.
€255-1425-chimera UmGMCmMAMCMUmMAMGM(AGGC)CmGMUMUmMCMGmMAMCMCMCmMGMAM RNA/DNA  Used for RNase H digestion to produce Fragment H12 or H13. Nm, 2-0-methy!
ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
6255-1855-chimera UmUmCmAmCmCmUmUmGMGM(AGAC)CmUMGMCmUmGMCmGmGmUM RNA/DNA  Used for RNase H digestion to produce Fragment H13, H14 or H16. Nm, 2-0-
methyl ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
€255-2029-chimera GMGMCMAMCMGMCMAMAMGM(TAGT)CMCMGMCMCMUmMAMGMCmAM RNA/DNA  Used for RNase H digestion to produce Fragment H14 or H15, Nm refers to 2-
O-methy ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
255-2286-chimera GMAmMUMGMAMCMGM(AGGC)AmUmUmMUmMGmMGMCmUmMAMCMCmUmUmAm RNA/DNA  Used for RNase H digestion to produce Fragment H15, H16 or H17. Nm, 2-0-
methyl ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
255-2581-chimera UmCmAMAmMCMCMCmGMGM(ATCA)GMCMCMCMCmGMAMAMUMGMGHM RNA/DNA - Used for RNase H digestion to produce Fragment H17 or H18. Nm, 2-0-methy!
ribonucleotide. Deoxyribonucleotides are indicated in parentheses.
255-2891-chimera  UmUmCmGMGMUM(ATGA)UMAMGMGMAMAMGMAMGMCM RNA/DNA  Used for RNase H digestion to produce Fragment H18 or H19. Nm, 2-O-methyl
ribonucleotide.Deoxyribonucleotides are indicated in parentheses.
RNA/DNA  Used for RNase H digestion to produce Fragment H20, Nm refers to 2'-O-methy|

©258-2963-chimera

snR9_F_KO
snR9_R_KO
snR33_F_KO
snR33_R_KO
snR65_F_KO
snR65_R_KO
snR9_F_Ex
snR9_R1_Ex
snR9_R2_Ex
snR9_R3_Ex
snR9_A33G_F_Ex

CmCmUmGMUmCmUmMCmMAMCm(GACG)GmUmCmUmMAmMAMAMCmMCmCmAmM

ATCTTAAGTTTCTTCCCATTTTCCTCCTTCTCTTTCTTCTTCTTTCTTTCCTAAAACCTCGTTGTAAAACGACGGCCACDNA
CAAGAGTTAAGAAAGCTTAAAAACGCTATGTAACTGGCATGCAGTCTAAATATTTGCAAACACAGGAAACAGCTATC DNA
TTCGTTATGAAAATTTTCTACTCTCTTTCACATTTTTTTTTTCATAAGAATTAAAAAAATGTTGTAAAACGACGGCCAG DNA
AAAAAGTATACAGATAAACAAGCTCAGTAGTAATACATAAAATAAAAAGTTTTGCAAATCCACAGGAAACAGCTATG/ DNA
TTTCCACGTATTTTAAAAAGGGGTAGCCTGCTTCACCAGATGTTCTTGTCAACAAAATTCGTTGTAAAACGACGGCC DNA
CGATTTGATTAACGTCATTACGGAAATGTAAGGACACAATTACCAAGAGTTACAAAATCGCACAGGAAACAGCTATC DNA

GCGTCGACGGGAATATAATACTAAATACTCTGTTATATAGAACTTTCTACGCCTTTTCCTCTATGGCTAT
CCATATTCAGTAATTGGTCTATTTGTCTCCGTTGTCCACGCTTTCATAGCCATAGAGGAAAAGGC
GTCAGGATATCAGCTTAATCCTCACCCATGAAGAAGAAGATATGTCAAAAGCCATATTCAGTAATTGGTCT

GTCTGCAGAGTATGTCTGAAGGACTAATGATAGGTGGGTCAGGATATCAGCTTAATC

GCGTCGACGGGAATATAATACTAAATACTCTGTTATATAGGACTTTCTACGCCTTTTCCTCTATGGCTAT
snR9_G67A_R1_Ex CCATATTCAGTAATTGGTCTATTTGTCTCCGTTGTCCACGITTTCATAGCCATAGAGGAAAAGGC
snR9_G69A R1_Ex CCATATTCAGTAATTGGTCTATTTGTCTCCGTTGTCCAtGCTTTCATAGCCATAGAGGAAAAGGC

DNA
DNA
DNA
DNA
DNA
DNA
DNA

ribonucleotide. Deoxyribonucleotides are indicated in parentheses.

Used for PCR-amplification of the cDNA carrying a snoRNA disrupted by his3.
Used for PCR-amplification of the cDNA carrying a snoRNA disrupted by his3.
Used for PCR-amplification of the cDNA carrying a snoRNA disrupted by his3.
Used for PCR-amplification of the cDNA carrying a snoRNA disrupted by his3.
Used for PCR-amplification of the cDNA carrying a snoRNA disrupted by his3.
Used for PCR-amplification of the cDNA carrying a snoRNA disrupted by his3.
Used for PCR-amplification of the snR9 cDNA.

Used for PCR-amplification of the snR9 cDNA.

Used for PCR-amplification of the snR9 cDNA.

Used for PCR-amplification of the snR9 cDNA.

Used for PCR-amplification of the snR9_A33G cDNA.

Used for PCR-amplification of the snR9_G67A cDNA.

Used for PCR-amplification of the snR9_G69A cDNA.




Supplementary Table 1-2. Composition of culture media used in
this study.

Amino acid/ U/C-5-D Sythetic

labelling . YPD
Nucleobase/ : medium
Other medium (mg/L) (mg/L)

(ma/l)
Adenine - 35 -
Uracil - 17 -
5-D-Uracil 100 - -
Arginine - 17 -
Aspartate - 84 -
Glutamate - 84 -
Histidine - 17 -
Leucine - 50 -
Lysine - 25 -
Methionine - 17 -
Phenylalanine - 42 -
Serine - 315 -
Threonine - 168 -
Tryptophan - 34 -
Tyrosine - 25 -
Valine - 126 -
Alanine - 35 -
Asparagine - 35 -
Cysteine - 35 -
Glutamine - 35 -
Glycine - 35 -
Isoleucine - 35 -
Proline - 35 -
Yeast extract - - 10 (g9)
Peptone - - 20 (9)
Yeast nitrogen base 6.8 (g) 6.7 (q) i

without amino acids
Glucose 10 (9) 20 (9) 20 (9)




Supplementary Table 1-3. S. cerevisiae strains used in this

study.

Strain Name Mating type Genotype

BY5208 a
AsnR9 a
AsnR33 a
AsnR65 a
AsnR9_2 a

ura3-52 his3-A200

ura3-52 his3-A200 snR9::CgHIS3
ura3-52 his3-A200 snR33::CgHIS3
ura3-52 his3-A200 snR65::CgHIS3
ura3-52 his3-A200 leu2-A1 lys2-A202
trp1-A63 snR9::CqHIS3




Supplementary Table S2. Position, type, and y of modified of S. isiae TRNAs by the SILNAS-MS methodology.
RNase T1 fragment RNase A fragment
Stoichiometry
(%) of the Positonof  PTMfor | Stoichiometry
modified Location in the (%) of PTM of
Position of . Identification . Identification nucleotide  2pour9 21 ipogome  COMeSanding comesponding carresponding oo o
RNA modified Modification Fragment sequence’ methog® | POSIton(s) of candidate fragmeni(sf  Identiied fragment U\ ™ Position(s) of candidate fragment(sf yic’s digestin - (RO%OMS - nuckeotde n nuceotide in CIEEROINIY snoRNA or
nucleotide crevisae ™Mo’ ogeroro) S ;‘;’xfe s e, pombe iRNA  enayme
fogarithmic k i
growth at 30°C
55 1 5-end triphosphate PPRGR ND NA PPPGGUP M 13 ND  UC.RNaseA  ND 1 PPPG ND NA
55 50 pseudouridine wAGp M, 54U 50-52, 78-80, 83-85 G¥p M NA 100 G RNaseT! 0 49 no PTM 0 PUST
55 121 CAAUCU-OH M U-oH ND NA ND G,RNase T1 N 19 ND NA
585 1 end phosphate PAAACUUUCAACAACGP M =15 PAAACH M 14 ND G,RNase T1 ND 4 pm‘sph:‘s ND NA
585 73 pseudouridine AAvUGp A M, 54U GAAYp M 70-73,87-90, 95-98 8 G,RNase T1 o 6 v 76 SR43
585 158 F-end OH UCAUUU-OH M u-oH ND NA ND G,RNase T1 ND 160 3-end OH ND NA
5-end
185 1 end phosphate PUAUCUGR M 16 PUP ND NA ND G,RNase T1 N 1 shosmmato ND NA
185 28 2-0-methyl A UCAUAMUGH Am AmUp M NA 595 G,RNaseT! 1 2 Am 100 snR74
185 100 2-0-methyl A CUCATUUAAAWCAGD A, M. 50U 97-109 AmUp M NA 8 N, RNase T4 1 101 Am 9 SRSt
103-106, 299-302, 436439, 473 _
188 106 pseudouridine CUCAMUUAAAYCAGP A M, 50U 97-109 AAAvp M, 54U 76, 525, 52t 1A NAT 95 N,RNaseT1 1 107 v 99 R4
185 120 pseudouridine UUUAYUUGH A M, 54U Avp M, 54U NA 595 G,RNaseT! 1 121 v 91 SoR49
188 21 pseudouridine UAUUUAYUAGP A M, 50U 205-214 Avp M, 54U NA 83 G, RNase T1 0 212 no PTM 0 snR49
103-106, 299-302, 436439, 473~
185 302 pseudouridine UUCAUUCAAAYUUCUGP A, M, 5dU 292-307 AAAYD M, 54U 476, 505628, 1344-1347 86 G,RNase T1 1 305 w 2 SoR49
185 a4 2.0-methyl C CUACCACAUCTMCAAGD. Am 405-418 cmep M NA 595 G RNaseT! o a7 cm 99 ute
197-199, 420422, 923-925, 992~
185 420 2-0-methyl A AmAGP M 994, 1151-1153, 1410-1412,1693-  AAGGAMAGGCP M 416-424 595 UIC,RNaseA 0 423 Am % SnRS2
1695, 1790-1792
CAMAAUUACCCAAUCCUAAUY 103-106, 299-302, 436-439, 473~
185 436 2-0-methyl A cAGp M 435-457 AmAAUp M Py 73 G, RNase T1 1 439 Am 89 snRB7
19-21, 22-24, 80-82, 108-110, 12¢
128, 333-335, 464-466, 615-617, UIC, RNase H
185 466 pseudouridine wep M, 54U NA AGYD M.5dU  630-632, 884-886, 1013-1015, 60 (Fragment 1 469 v 80 SnR189
12871289, 1348-1350, 1583-1585, H4)RNase A
16481650, 1667-166¢
185 541 2-0-methyl A AMACAAUUGP Am 541-548 GAGGAmACP M 537-543 595 G RNaseT! o 544 Am 100 snRa1
6-8, 142144, 153-155, 200-292,
325-327, 346-348, 561-563, 576
s sz s 10431030, Erpriasys oy e, Rase
185 562 2-0-methyi G GmuGp Mo 1051-106, 1266 1207, 12061270 GGmUp M 837-839, 871-873, 10501052 &7 (Fragment 1 565 Gm 81 SrRa0
e g 1118-1120, 1267-1269, 1270-1272, H4YRNase A
1291-1293, 1351-1353, 1367-1369,
1394-1396, 15121514, 1736-1738
185 578 2-0-methyl U UMAAUUCCAG M 578-586 GGUmAAUP M 153-158, 576581, 1512-1517 595 G,RNaseT! 1 581 um 100 SR77
185 619 2-0-methyl A UUAMAAAAGD AM 617-624 AMAAAAGC M 619-625 100 G.RNaseT! 1 622 noPTM 0 STR47
19-21, 22-24, 80-82, 108-110, 12¢
8-10, 608-610, 611-613, 632-634, 128, 333335, 464-466, 615-617, UIC, RNase H
188 632 pseudouridine wuep M50U  649-651, 835-837, 1289-1291 Ac¥p M5dU  630-632, 884-886, 1013-1015, 8 (Fragment 0 635 v 105 SR161
1608-1610 1287-1289, 1348-1350, 1583-1585, H5)RNase A
1648-1650, 1667-166¢
185 759 pseudouridine AAAAAAUYAGH A M, 54U 752-761 wp ND NA 595 G,RNaseT! o 772 v % SR80
185 766 pseudouridine WUCAAAGP A M, 50U Gup M, 54U Na 595 G RNaseT! 0 779 v % snR161
425427, 567-569, 570-572, 585~
185 79 2-0-methyl A AAUAUAUUATGP AM 188-797 AmGCp M 587,504-596,796-798, 13571359,  >95  G,RNaseT! 0 811 Am 9 STRS3
185 o74 2-0-methyl A AAMCGP M 973-976, 1325-1328 AAGAAMCP M g70-975 9 UIC, RNase A 1 989 Am o7 soR54
10-12, 123-125, 243-245, 246-248,
287-289, 322324, 377-379, 480~
482, 660-662, 858-860, 997-999,
188 999 pseudouridine A¥CAGP A M, 50U 998-1002 GAYp MsdU e 101 Tatataz0, 4 G, RNase T1 1 1014 v 105 snRa1
1405-1407, 1435-1437, 1610-1612,
114116, 627-629, 668-670, 852
854, 1007-1009, 1010-1012, 1280~ _
185 1007 2.0-methyl C AUACCMGP Am 10031008 CmGUp M o062, 1980 1992 1835 1655 1041 95 GRNaseT1 1 1022 cm % SoR79
1643, 17591761, 17731775
185 1126 2-0-methyl G CAAGMGP AM  554-557,1123-1126, 1591-1594 AAGMGCPp M 1124-1128 89 UIC, RNase A 1 1142 Gm 108 snR41
185 1181 pseudouridine CYuAAULYGE M, 54U wp ND NA 595 N RNaseT! 1 1198 v % snRB5
185 1187 pseudouridine CYUAAUUYGP M, 54U 1180-1188 wp ND NA 595 N,RNaseT1 1 1204 v o7 SR36
1-methyl-3-(3-amino-3- J
185 1191 B ACm'acp’ M miacp3sp ND NA 100 G RNaseT! 1 1208 miacpaw 00
N, RNase H
185 1269 2-0-methyl U UmGp M NA GGUMGGMUp M 95 (Fragment 1 1286 um 100 STRS5

HT)RNase A
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255

1271

1280

1290

1415

1428

1572

1575

1639

1773

1781

1782

1800

643

803

988

1002

1040

1050

1054

1108

1122

1131

2-0-methyl G

N'-acetylcytidine

pseudouridine

pseudouridine

2-0-methyl G

2-0-methyl G

7-methylguanosine

2-0-methyi C

N'-acetyloytidine

N°N°-dimethyladenosine

N’ N°-dimethyladenosine

end phosphate

1-methyladenosine

2-0-methyl A

2-0-methyi C

2-0-methyl C

pseudouridine

2-0-methyl G

2-0-methyl A

2-0-methyl A

2-0-methyl G

2-0-methyl A

2-0-methyl U

2-0-methyl G

pseudouridine

pseudouridine

pseudouridine

pseudouridine

pseudouridine

pseudouridine

pseudouridine

pseudouridine

pseudouridine

pseudouridine

2-0-methyl A

GmuGp.

cac‘cep

uuvep
CAAUAACAGMGP
CUCUUCAACGMAGP
m’GAAUUCCUAGP
cmecep
uuuCac‘cep
m*,Am*,ACCUG
m®Am®,ACCUGP
AUCAUUA-OH
pUUGH
m'AAACAMCmGp
m'AAACAMCmGP
m'ARACATCMGP
ucmUAACGP
AvUUGP
ACCCGMAAmAGP
ACCCGMAAMAGP

AAMCUAUGP

UAGmCGp

AmCGp

AAUUMUGP
GmGp
uuuccewcaGp
AWAGD
uwuuAwGp
UWUUAYGP

AavGp

ACCUAUYCUCAAACUUWAAAY
AUGP
ACCUAUWCUCAAACUUYAAAY
AuGp
ACCUAUWCUCAAACUUWAAAY
AuGp
cuuwuAGp
CCAUUUYUGH

cAmGp

M

M, 54U

A, M, 50U

A, M, 50U

A, M, 54U

A, M, 50U

A, M, 54U

A M, 50U

A, M, 54U

M, 5dU

M, 54U

M, 5dU

A M, 54U

A, M, 50U

562-564, 902-904, 1048-1050,
1051-1053, 1265-1267, 1268-1270,
1271-1273, 1292-1294, 1352-1354,

78-1780

572-574, 653-655, 1033-1035,
1279-1281, 1403-1405, 1456-1458,

0-151

8-10,608-610, 611-613, 632-634,
649-651, 835-837, 1289-1291,

820-823, 14131416

15631572

1576-1584

644-647, 1639-1642

17691774

1794-1800

643-649

643-649

773-777, 33893393

799-807

799-807

814-820

863-867

202-204, 596-598, 874-876, 1229~
1231, 1361-1363, 1386-1390, 1513
1515, 1654-1656, 1785-1787,
1972-1974, 2047-2049, 2176-2178,

893-808, 2777-2782

340-343, 963-966, 18771880

282-285, 530-533, 1000-1003,
10961099, 1284-1287, 1645-1648,
2205-2208, 2310-2313, 2092-2995

1034-1057

1034-1057

10341057

286-288, 513-515, 967-969, 1130-
1132, 1370-1372, 1430-1432, 1506
1508, 1572-1574, 18441846,
1847-1849, 1975-1977, 2381-2383,
2644-2646, 2830-2832, 28972899

GGUMGGMUP M
ac'cp ND

wp ND

wp ND
AGmGUp M
GmAG GAAUP M
GmMAGM'GAAUp M
Gemep M
ac‘cp ND

M
Gm*Am*,ACE M
A-OH ND
pUp ND
Gm'AAACP M
AmCmGGACP M
AmCmGGACp M
CmUp M
GGAWp M, 5dU
GmAAmAGAUP M
GmMAAMAGAUp M
GAAmCp M
Acmep M
GAmCp M
UmUp M
AGGMGGCp M
wp ND
AGGAWp M, 5dU
wp ND
Avp M, 5dU
GAAYp M, 50U
Wp ND
wp ND
AAAYD M, 5dU
wp ND
Wp ND
AmGAACP M

12671272

1211-1214, 1427-1430, 17761779

15721578

16-18, 307-309, 564-566, 948-950,
1032-1034, 1438-1440, 1622-1624,

634-637, 732-735, 1324-1327,
17801783

634-637, 732735, 1324-1327,
17801783

642-646, 2353-2357
647-652, 2111-2116.

647-652, 2111-2116.

767-770, 774-774, 1304-1307,

1615-1618, 1621-1624, 2313-2316,

2915-2918, 3042-3045, 3099-3102,
174-3177

803-600

803-809

31-34, 345-348, 712715, 813-816
922-925, 1081-1084, 1150-1153,
1155-1158, 1267-1290, 1415-1418,
18611864, 3013-3016, 3110-3113,
6-321
287-289, 342-344, 496498, 535~
537, 557-559, 576-578, 789-791,
864-866, 934-936, 965-967, 1223
1225, 1202-1294, 1447-1449, 1504
1506, 16971699, 1755-1757,
1845-1847, 1865-1867, 1976-1978,
2147-2149, 22732275, 2350-2352,
2361-2363, 2388-2390, 2552-2554,
2845-2847, 3213-3215, 3221-3223,

595507, 748-750, 873-875,
10271029, 1033-1035, 1360-1362,
13871389, 1784-1786, 2128-2130,
2175-2177, 2259-2261, 2300-2302,
2416-2418, 2427-2429, 2848-2850,
3307-3300

904-909

514-518, 960-964

824-827, 892-895, 999-1002, 1095
1098, 1283-1286, 16441647,
2204-2207, 2309-2312, 2730-2733,
2991-2994, 3180-3183, 3264-3267

9-12, 112-115, 304-307, 321-324,
519-522, 830883, 1051-1054,
14501453, 1458-1461, 2277-2280,

92-3295

1131-1135, 2102-2106, 2687-2691,
3137-3141

>95

>95

100

79

ND

ND

89

100

100

100

295

£

N, RNase H
(Fragment
HT)RNase A

G, RNase H
(Fragment
HT)RNase T1

G, RNase H

H7)RNase T1

G, RNase T1
G, RNase T1
G, RNase T1
G, RNase T1
G, RNase T1
G, RNase T1
G, RNase T1
G, RNase T1
G, RNase T1
G, RNase T1
UIC, RNase H

(Fragment
H10)RNase A

N, RNase T1

UIC, RNase H
(Fragment
H10)RNase A
G, RNase T1
G,RNase T1
G, RNase T1

N, RNase A

G, RNase T1

G, RNase H
(Fragment
H11)RNase
T

G, RNase H
(Fragment
H11)RNase
m

G, RNase T1
UIC, RNase A

G, RNase T1

G, RNase H
(Fragment
H11)RNase
T

N, RNase T1

N, RNase T1
G, RNase H
(Fragment
H11)RNase
T

N, RNase T1
N, RNase T1
N, RNase T1
G, RNase T1

G, RNase T1

U/C, RNase A

1288

1297

1307

1435

1613

1616

1680

1815

1823

1824

1842

670

688

808

837

839

908

930

940

998

1018

1022

1036

1074

1083

1088

1141

1155

1164

Gm

Gm

Gm

cm

ac'c

5-end
phosphate

Am
no PTM
cm
o PTM
Gm
Am

Am

no PTM

Am

um

Gm

o PTM

no PTM

no PTM

o PTM

Am

100

100

100

ND

ND

100

100

106

100

100

SR40
Kre33
SIR83
SnR83
SIRS6
soRs7
Bud23-Trm112
complex
SR70
Kre33
Dimt
Dimt
NA

NA

SR58.
SR80

snR3%b

nR3g or
SR59.

SNR60.

RS0

SnR72

SnR40.
SR60.
SR8
snR43.
snR8
snRdg.
RS
SR33.
snR81
snRa4
snR82
RS

SnR61



255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

1435

1448

1886

2127

2131

2140

2189

2195

2218

2254

2256

2258

2262

2264

2276

2278

2279

2286

2312

2335

2338

2414

2415

2419

2617

2632

2638

2722

2727

2-0-methyl C

2-0-methyl A

2-0-methyl G

2-0-methyl U

pseudouridine

pseudouridine

AUCTUUGP

UAMGMCAAAUAUUCAAAUGP

UAMGMCAAAUAUUCAAAUGP

AAUAAUMGP

AAUCYGP

Acwep

UCUAAUUM,

pseudouridine

2-0-methyi C

2-0-methyl A

2-0-methyl A

pseudouridine

pseudouridine

pseudouridine

pseudouridine

5-methylcytidine

2-0-methyl A

2-0-methyl A

2-0-methyl G

pseudouridine

2-0-methyi C

pseudouridine

2-0-methylated
pseudouridine

pseudouridine

pseudouridine

pseudouridine

2-0-methyl U

2-0-methyl U

2-0-methyl G

3-methyluridine

2-0-methyl A

2-0-methyl U

2-0-methyl U

Auuvcusp
ccemAGp

AAmGP

UAAMCWAWGP

UAAMCYA¥GD
UAAMCWAYGD
ACYCWCUUAAGP
ACYCYCUUAAGD
Cm’CAAmAMUGP
CmfCAAmAMUGP
Cm’CAAmAMUGP
CCUCGMUCAUCUAAUUAGD

AavGp

UCMCCWAUCUACYmAWCY
AGp

UCMCCWAUCUACYmAWCY
AGP

UCMCCWAUCUACYmAWCY
AGp

UCMCCWAUCUACYmAYCY

UCMCCWAUCUACYMAWCH
AGp
cwumGp
cwumGp
ACUMCUAGP
GmGp.

Um*UAAACGP

AmUAACGP

AUUUMUCAGR

UmGp

M

M

A, M, 50U

A, M, 54U

M, 54U

A, M, 54U

A, M, 54U

A, M, 50U

M, 54U

M, 5dU

A, M, 54U

M, 5dU

M, 54U

M, 5dU

M, 5dU

M, 5dU

A M, 50U

A, M, 54U

1446-1462

1446-1462

1881-1887

583-586, 590593, 1475-1478,
19931996, 2129-2132

2133-2148

2186-2102

2193-2107

97-99, 263-265, 420422, 834-836
949-951, 970-972, 1062-1064,
1100-1102, 1242-1244, 1391-1393,
14721474, 1479-1481, 1543-1545,
1747-1749, 1807-1809, 1898-1900

2250-2250

2260-2270

2275-2281

282-285, 530-533, 1000-1003,
10961099, 1284-1287, 1645-1648,
2205-2208, 2310-2313, 2092-2995

2334-2351

2334-2351

537-540, 1779-1782, 1986-1989,
19972000, 2007-2010, 2078-2081,
2376-2379, 24132416, 2823-2826,

537-540, 1779-1782, 1986-1989,
1997-2000, 2007-2010, 2078-2081,
2376-2379, 24132416, 2823-2826,

2417-2423

2719-2726

cmup

AmGmCp

AmGmCp

AAUMGUp

m'AAAACD

CmAGUp

GAAMGAAAUp

AAmCp

Avp

wp

AAmAmUp

AAmAmUp

GmUp

GAAvp

cmep

WmAWp

Umawp

w

UmGACp

Umcp

GGmGGCp

m’UAAACP

GAmUp

Umup

AGUMGUP

M, 5dU

M, 54U

M, 5dU

M, 5dU

287-289, 342-344, 496-498, 535~
537, 557-559, 576-578, 789-791,
864-866, 934-936, 965-967, 1223
1225, 1202-1294, 1447-1449, 1504
1506, 16971699, 1755-1757,
1845-1847, 1865-1867, 1976-1978,
2147-2149, 22732275, 2350-2352,
2361-2363, 2388-2390, 2552-2554,
2845-2847, 3213-3215, 3221-3223,

287-289, 342-344, 496-498, 535~
537, 557-559, 576-578, 789-791,
864-866, 934-936, 965-967, 1223
1225, 1202-1204, 1447-1449, 1504
1506, 16971699, 1755-1757,
1845-1847, 1865-1867, 1976-1978,
2147-2149, 2273-2275, 2350-2352,
2361-2363, 2388-2390, 2552-2554,
2845-2847, 3213-3215, 3221-3223,

1884-1888, 2180-2184, 3271-3275

688-692, 2140-2144

501-504, 980-983, 1383-1386,
2195-2198, 2477-2480, 2683-2686,

68-70, 86-88, 162-164, 663-665,
1268-1270, 1271-1273, 1501-1503,
1635-1637, 1640-1642, 1694-1696.
18391841, 1919-1921, 2090-2092,
2007-2099, 2226-2228, 2253-2255,
2318-2320, 2640-2642, 28172819,
3224-3226, 3320-3322

NA

9-12, 112-115, 304-307, 321-324,
519-522, 880883, 1051-1054,
1450-1453, 1458-1461, 2277-2280,

92-3295

9-12, 112-115, 304-307, 321-324,
519-522, 880883, 1051-1054,
14501453, 1458-1461, 2277-2280,

2-32

824-827, 892-895, 999-1002, 1095
1098, 1283-1286, 16441647,
2204-2207, 2309-2312, 2730-2733,
2991-2994, 3180-3183, 3264-3267

184-186, 554-556, 625627, 669—
671, 817-819, 986-988, 1037-1039,
1327-1329, 1568-1570, 1680-1682,
1701-1703, 1720-1722, 1738-1740,
2256-2258, 23382340, 2345-2347,
2497-2499, 25122514, 2755-2757,
2884-2886, 31033105
184-186, 554-556, 625627, 669—
671, 817-819, 986-988, 1037-1039,
1327-1329, 1568-1570, 1680-1682,
1701-1703, 1720-1722, 1738-1740,
2256-2258, 23382340, 2345-2347,
2497-2499, 25122514, 2755-2757,
2884-2886, 31033105

NA

2-5,872-875, 1032-1035, 1359
1362, 2127-2130, 2174-2177, 2415
2418, 2426-2429

168172, 723-727, 2003-2007,
2571-2575, 2616-2620

339-341, 358-360, 430-432, 752~
754, 758-760, 885887, 1003-1005,
1140-1142, 1347-1349, 1352-1354,
1526-1528, 1563-1565, 1836-1838,
1876-1878, 2093-2095, 2155-2157,
2169-2171, 2185-2187, 2577-2579,
2637-2639, 27122714, 2718-2720,
2759-2761, 2861-2863, 2869-2871,
2988-2990, 3067-3069, 3147-3149,

3359-3361, 3388-3390

NA

>95

100

100

100

100

100

100

100

100

inTable 2

100

100

100

G, RNase T1

N, RNase H
(Fragment
H13)RNase
T

G, RNase T1

G, RNase T1

G, RNase H
(Fragment
H15)RNase
T

G, RNase H
(Fragment
H15)RNase
T

G, RNase T1
G, RNase T1
G, RNase T1

U/C, RNase A

N, RNase T1

N, RNase T1
N, RNase T1
N, RNase T1
N, RNase T1
N, RNase T1
N, RNase T1
N, RNase T1

G, RNase T1

G, RNase H
(Fragment
H17)RNase
T

N, RNase T1

N, RNase T1

N, RNase T1

N, RNase T1

N, RNase T1

N, RNase H
(Fragment
H17)l RNase
™

UIC, RNase H
(Fragment
H17)/RNase A

G, RNase T1

UIC, RNase H
(Fragment
H18)RNase A

G, RNase T1

G, RNase T1

G, RNase T1

UIC, RNase H
(Fragment
H18)/RNase A

1471

1483

1484

1943

2217

2221

2230

2279

2285

2308

2348

2352

2354

2366

2368

2369

2376

2402

2425

2428

2435

2437

2439

2504

2505

2509

2714

2729

2735

2819

2824

Gm

um

no PTM

Am

Am

o PTM

no PTM

Am

Gm

cm

o PTM

um

um

Gm

Am

no PTM

um

100

103

100

100

100

100

0

100

100

100

100

0

$R62

snR3

snR3

Bmi2

snR32

SR76.

snR47.

SR63.

snR191

snR191

snR3

R84

Rem1

SsnR13.

snR13.

SR75.

SR86.

snR64

snR9

snR9" and
snR65

snRB2

snRB2

snR11

SnR66.

SNR78.

SnR67.

Bmis

SR68.

SnR67.

SRS1



255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

255

2733

2789

2791

2813

2824

2841

2863

2868

2878

2019

2020

2021

2044

2057

2073

3304

pseudouridine

2-0-methyl G

2-0-methyl G

2-0-methyl G

pseudouridine

3-methyluridine

pseudouridine

5-methylcytidine

pseudouridine

2-0-methyl U

2-0-methyl G

pseudouridine

pseudouridine

2-0-methyl A

2-0-methyl C

2-0-methyi C

pseudouridine

3-end OH

AAWYACAAACCAUGP
CUAGMAGMGp
CUAGMAGMGP

GmGp
CwuGp

Um’UCAUAGP

AYUCUUM’CGp

AWUCUUM*CGp

CYCUUCCUAUCAUACCGP

UUmGM!
UCACCCACUAAUAGP

UUMGH!
UCACCCACUAAUAGP

AUUMGMY
UCACCCACUAAUAGP

AmGp
cmuGp
ACmCGp
UYAGp

U-OH

A, M, 54U

A M, 54U

M, 5dU

M, 54U

M, 5dU

M, 5dU

M, 54U

M, 54U

ND

2786-2792

537-540, 1779-1782, 1986-1989,
19972000, 2007-2010, 2078-2081,
2376-2379, 24132416, 2823-2826,

2840-2846

2862-2869

2877-2893

2017-2035

2017-2035

NA

29-31, 578-560, 612-614, 791-793
936-938, 17431745, 1765-1767,
2529-2531, 2575-2577, 2614-2616,
2946-2948, 3061-3063, 3097-3099,
3108-3110, 3204-3206, 3269-3261

336-339, 749-752, 1399-1402,
2071-2074, 2956-2959

1208-1211, 1520-1523, 2972-2975

GAAvp

AGMAGMGUp

AGMAGMGUp

AGGMGAUp

m'ucp

UmGmwp

UmGmwp

UmGmYp

GAMGCmUp

GAmGCmUp

AGACMCp

GU-OH

M, 54U

M, 5dU

M, 54U

M, 5dU

M, 5dU

M, 54U

M

824-827, 892-895, 999-1002, 1095
1098, 1283-1286, 16441647,
2204-2207, 2309-2312, 2730-2733,
2991-2994, 3180-3183, 3264-3267

10071012, 2788-2793

1007-1012, 2788-2793

NA

339-341, 358-360, 430432, 752
754, 758-760, 885-887, 1003-1005,
1140-1142, 1347-1349, 1352-1354,
1526-1528, 1563-1565, 1836-1838,
1876-1878, 2093-2005, 2155-2157,
2169-2171, 2185-2187, 2577-2579,
2637-2639, 2712-2714, 2718-2720,
2750-2761, 2861-2863, 2869-2871,
2988-2990, 3067-3069, 3147-3149,
3359-3361, 3388-3390

NA

NA

145-147, 180-182, 248-250, 274~
276, 409-411, 447449, 463465,
561-563, 792-794, 1069-1071,
17811783, 1988-1990, 2039-2041,
2042-2044, 2066-2068, 2131-2133,
2332-2334, 2406-2408, 2432-2434,
2505-2597, 26292631, 2825-2827,
2919-2921, 3062-3064, 3194-3196,
3300-3302, 3330-3332, 3350-3352,
3353-3355, 33803382, 3383-3385
145-147, 180-182, 248-250, 274~

145-147, 180-182, 248-250, 274
276, 409-411, 447449, 463-465,
561-563, 792-794, 1069-1071,
1781-1783, 1988-1990, 2039-2041,
2042-2044, 2066-2068, 2131-2133,
2332-2334, 2406-2408, 2432-2434,
2505-2597, 2629-2631, 2825-2827,
2919-2921, 3062-3064, 3194-3196,
3300-3302, 3330-3332, 3350-3362,
3353-3355, 3380-3382, 3383-3385

NA

2410-2414, 2943-2047

2410-2414, 2943-2047

13971401, 2069-2073, 2954-2958

3393-3304

100

>95

ND

G, RNase T1

G, RNase H
(Fragment
H18)RNase
T

N, RNase H
(Fragment
H18) RNase A

UIC, RNase A

G, RNase H
(Fragment
H18)RNase
T

G, RNase T1

N, RNase T1

N, RNase T1

G, RNase T1

N, RNase H
(Fragment
H19) RNase
m

N, RNase H
(Fragment
H19)/ RNase
T

N, RNase H
(Fragment
H19)/ RNase
it

G, RNase H
(Fragment
H19)RNase
T

G, RNase H
(Fragment
H19)RNase
T

G, RNase H
(Fragment
H19)RNase
T

G, RNase H
(Fragment
H19)RNase
T

G, RNase H
(Fragment
H19)RNase
T

UIC, RNase A

2830

2886

2888

2910

2021

2038

2960

2065

2075

3016

3017

3018

3039

3041

3054

3070

o PTM

Gm

Gm

Gm

no PTM

um

Am

cm

cm

100

100

100

100

ND

snR189

snR48.

snR48.

SR38.

SnR34.

Bmie

SnR46.

Nop2

SnR34.

SNR52

sPB1

snR10

SnR37.

SnR71

SR69.

SR73.

snR42

NA

a. Modified residues are in red.

b. The RNA fragment was identified by Ariadne (4) and/or by manual inspection of MS and MSIMS specira (M). 5dU, rRNA labeled with 5-D-uracil was used to determine the position of pseudouridines; ND, not detected.

. Candidates consisting of three or more bases are indicated. The final determined position is underfined. NA, not assigned.

d. Fragment number obtained by RNase H digestion is defined in Supplementary Table 1 and Supplementary Figure $1. G, internal standard labelled by'fC1cJGTP was used for stoichiometric quantification; U/C, internal standard labeled by {*C5JUTP and ["*C.JCTP was used for stoichiometric quantification; N, stoichiometry was
determined from the ratio of LC-MS peak areas of the RNA fragments possessing the same RNA backbone (total area of fragments with the modification/that of all fragments) with no isotopic label. ND, not determined

&. According to Taoka M et al, Nudleic Acids Res. 2015 Oct 15:43(18)-115. NA, not assigned.

. According to the supplementry table in Sharma S and Lafontaine DL, Trends Biochem Sci. 2015 Oct;40(10):560-75 except for snR9 of U2345 of 258 rRNA. NA, not assigned

9. Identified in this study.



Supplementary Table S3. Stoichiometries of U and modified nucleoties
at positions 2338 and U2345 in S. cerevisiae 25S rRNA.

U2338 U2345
Plasmid® U%® Yo% U%® Um%® Y% WYm%°
pSEC 100.0 0.0 14.8 85.2 0.0 0.0

pSECROWT 0.0 100.0 12.8 74.5 5.5 7.2
pSECR9A33G 61.0 39.0 24.6 75.4 0.0 0.0
pSECR9G67A 64.2 35.8 20.0 80.0 0.0 0.0
pSECR9G69A 40.9 59.1 13.1 86.9 0.0 0.0
a. Each plasmid was transformed into AsnR9_2 that was then cultured
in the U/C-5-D-labelling medium containing 0.01% (w/v) 5-D-uracil.

b. The values were calculated from the peak areas obtained by
extracted ion monitoring of the most abundunt masses of RNase T1
fragments containing U2338 and U2345 of 25S rRNA. The rRNAs
used in this experiment were purified by reversed-phase LC of total




