8A 14A 24F 34 44L 54R 640

HS —--AAV----EVPAGRVLS FABRSRSQKEPQRSHGP LP RERRCREELWQLEAE 68
MM --BSV----EVPAGRVLSASELRAARSRSQKLPORSHGP, RLRLCROELWQLLAE 68
DR
DM ) [—— DSEYVE————IHPKNSILSAQ.I.IAIRHT——EFEPPSGGL EI.KRAQEYLRAQI.SV 68
sp 1-mmm—mm DNPFTNLETTVDVTEEIQDWRFLSNVEKDQGTITIPKRGQ EP KQHESALDLSRKAMFDALSV 74
sc 1 MOFAGKK v'rrrsuper EEEEEEEEELQQDWSBLASLVSKNAALSLPKRGE LODLLLYNASKAMEDTISD 80
13R 83 35 1036 112L 1223 132- 132-
HS 69 ORV-EREGSLYAAEWRPEEGFVELK SPAGKE FS- RLHP :m:.r
MM 59 ERV-ERLGSLVAAEWKPEEGFVELTSPAGKE - RLHP
DR MGFS- G
DM 69 PRI-ERLGGRALATWNEEQOVAEVRRKDGKE -ENFGYS- E
sSp 75 ERLIS-AKHAIIATWNAQNGMSCVEKAHGPLFK DS| w:.Lp
sc 81 SIRGTTVKSEVRGY¥VPHKHQAVLLKPKGSF! RADSTGELWLDFH|
158F 168V 178s 188A 1986 208R
HS VES OPSSVISPYERQLNLDASVQHLEDGDGK| ssspRsmK 214
MM VES| QLSSVVSPYERQLNLDGYAQCLEDGSGK| S-SCRSVNKKP 213
DR VE DPSSVESTYERQLNLEASDKQKKQLKRKRSQ —--pvslnxas 110
DM SALS| PKEIPQEVT—--——— SADCIWALLKEKVGNLBVPDHIKTSP 208
Sp LVPVKEDEY-R-=m=m—mmmmmm e e CDE----KIMNFED 199
sc SL-F850--QEMD@YFVE. GFILKPSNQEAAVKTSFFPL KKOESNL QAIT 223
216- 2198 223p 233p 243E 250- 256G 266p
HS 215K ALDN SLOPKSLAASSPPPCSQPSQCPEEKPQESS———--—- PMKGPGGPFRLLGSLEPSPGPARE 273
MM 214 K VLON SLPPVSLAASSSPACDQSSQYPEEKSQDSS——————~ PRQGSELPLQFLGSSEPCSDLARE 272
DR 111 f------=-- STEEKTT---SEAHNELAET SKLPADLQEPVH----LADA 144
DM 209 IYPIAEKRMEDLKELITSQKAEDPNIVVDEIDLKFGORKRMAVEKPIEEPASKKEKFSTTGRSL
sp 200 L LFLGLEK
sc 224 L SLFKIQE-LSLES
2766 284a 294R 304Bg 3141 324p 334a 344R
HS 274 GVGCSWE--SGRAENGVTGAGK FEQISFPNMASDSRETLLRAPAPELLPANVAGRETDAESWCOKLNQRKEKLSRRE 352
MM 273 DVGCDRE--SHKIENGAKGEPKLRWNFEQISFPNMASDSRHTFLPAPAPELLPANVIGRGTDAESWCOKLNQRREKLSRRD 351
DR 145 PERTWWMEEDVQQKHPKTQ DESSISFPDLGSRRRSERLASPHRSLLPENVDVGECDVSRWLGRLNMKQEKLSRRD 225
DM 282 FEEIFEKEDLVQLE 298
SP 214 TENFRREAF----- PFSKRRRQSILEHD 236
sc 237 GEFYSEWNE FFRKYT 251
354E 364E 374R 384L 3940 404p 414n 4241
HS 353 REHHAEAAQFQEDBVNADPEVQRCSSHRE LORRQVORSQRRAPHLWGQPVTPLLSPGOASSPAVVLOEISVLQTTHLP 433
MM 352 REQQAVVQQFREDVNADPEVRECSSHOE OTORSQPRPPHLWGQSVTPLLDPDKADCPAAVLOHISVLOTTHLA 432
DR 226 MERQRERDRIRR SDREVRRCRNWAEYS! RRRRRRKHRPEHLWEREETPLTQPGQCTSHRELLDQIGIIKSSTES 306
DM 299 SOD¥TK 306
SP 237 THTEI:LGLQIV[;W -PTIAGN 260
sc 252 LNRLVRSV -AVPKNKKELED 278
|
434D 444G 4540 464N 474c 484D 494Q 497-
HS 434 D LEKS LEIIF BDAVATFRENNPGKPY. VP DECEERRESEOSE —— - ———— e mm e 496
MM 433 DGGYRLLEKS| I-QI ADAVATFRENSPGKPY! FD VEDLC T sG .................. 495
DR 307 EGLSR-LSPSDQWKI PDTVAEFKKSHPGKPY! CVCSFAGPVPDL LS’FQSQ 368
DM 307 ——mm=-] LDTBSALKIIF HN--RGF SAPNAPNFN‘IIILPSQVMPT DKISKIKHLLT 361
SP 261 ----LIMSSDSLEQIBFHA¥KPS --ASFRKSALSEPDFRICVVS SQBEL - -LP IFEIDBLFSS ----------------- 316
sc 279 AQSPREFOKVKDIPLEFKVWKPH--SNFRERDPGLPDFQVFVENKNDDLOHEP I.RIMFSSLDYKFEFLSEIEDDDDW 357
497- 497- 497- 497- 497- 497- 502F 512F
HS 497 DVPLIFAL DI} 513
MM 496 DVPLIFAL DI, 512
DR 369 DVPVTFA! 385
DM 362 APLLVI, QIOQAF 378
sp 317 TPLRQNMPQH--MFQRLKEGYRNIIIAT VISYI 351
sc 358 ETNSYVEDIPRKEYIHKRSAKSQTEKSESSMKASFQKKTAQSSTKKKRKAYPPHIQQONRRLKTGYREFIIAIMDNGLISEY 438
5219 +5 +15
HS 514 S-FRDETEPQ 526
MM 513 S- r TLP 525
DR 386 C-FKDEKLET, 397
DM 379 L‘llI’-‘ 383
sp 352 R-LSPBVCFEERKVYTDFSKKGSKRKRVSKKFQQLV 384
sc 439 K-MSEADFGSESVWYTPN---TQKKVDQRWKKH- 467

Supplementary Data 1: Eukaryotic TSEN54 alignment. Alignment of TSEN54 protein from Homo sapiens
(HS), Mus musculus (MM), Danio rerio (DR), Drosophila melanogaster (DM), Schizosaccharomyces pombe
(SP), and Saccharomyces cerevisiae (SC). Under the alignment, the structured regions (teal box) and not
observed in the structure (black solid line) are noted. Key features important for the structural integrity of the
complex are the conserved B-sheet (509-517, a thick black arrow) and the buried L10 like loop (506-509, thin
black line in the structured region). PCH mutations (black circle) and some key residues (R36 and K41, teal
star) are also annotated.




TSEN15

10T 206 30A 40M
HS 1 MEEREDSEPTPG}CSELEPEVRQFGDmnPswAPEDAmG--T--HPK EMMELDIGDA----—-- AFL 68
MM 1 MEERSDSEPTPGCSGPGPAPVR---DGGGAHTWAPEDANMG - -T--HPK¥LEMMELDIGDA--————- TQ :mr:. 65
DR e MDEANPANPPPNWIQ--Q--H ELMRLEVGDS------- L 42
DM 1 ===MVRQYPT = e e e e e e RAGCSQ--T\ SLDFQL N FTTVSPDDLTAALEFQI 45
sp S MOENTELPNDAVEEQKQ--NPY¥-GIL-——————————————————— RAVET 29
sc ME-——————————— DIINCRREITSRRLRKIRMAG--—————————— BpITBLVEN 32
. 7 . 101G 111T

HS 69 DOMESKS g - TPITA---- 115
MM 66 DLMESKSWHE- - -VNCV---~ --I-PELQLICL ERIK EFFTPISA----F 112
DR 43 DLTEVREWKD---VVGV----— Smmmmm e C-PELQAVLL I¥PLPSHR----8SIK 89
DM 46 DLKNGNSSTIFNSQENI YALEEESAEFQPN.DPNLKVFILMK---NDDVY--IPVLHTKAIDFRIVK HE----KLK 115
Sp 30 R:ﬂ---m( --VLDIDLKTKR-PLLSGIPV------NBQ--—---- LKIKLEVL OE----[IT

sc 33 NLLYFQMWEE---VEIL----— QDDLSW‘KQN.LRLI.RQRPPHKLSNDVDTIHENSLSSPRPL ILPINMSQYKENFL 103

139F 149

117N 159F 169L

HS 116 HNRIREILKASRKL----==-= Y ¥RLTDGFMLPDPONISLRR————————— === 171
MM 113 HNRIREILKASREKL--—===—— UY¥¥RLTDGFMLPDPONISLRR—————————mmmm 168
DR 90 HRELRSILDRES-—---——--————————— 147

DM 116 KRCVLNVMKIIFMF----LT----TLFPISNIFLAVVDNTANIL LSENQSTKTAVE-———————————— 170
SP 83 IEFLSSWDEIKLSLPLVKDARQLSGDEFFLILGIHC .......... 143
sc 104 LECLSQEEFTHLR----——=====-= SESTERILLAIIND SVRKPKRN= === = mmmmmmmmmmm e 148

Supplementary Data 2: Eukaryotic TSEN15 alignment. Alignment of the TSEN15 proteins from Homo
sapiens (HS), Mus musculus (MM), Danio rerio (DR), Drosophila melanogaster (DM), Schizosaccharomyces
pombe (SP), and Saccharomyces cerevisiae (SC). Under the alignment is a blue box showing the regions
mapped in the structure. Labelled features include the conserved B-sheet (150-155), annotated with a thick
black arrow, and the buried L10 like loop (144-150) annotated with a thin line. PCH mutations are indicated by
a black circle.




TSEN34 -31 -21 -11 -1 10R 200 306 40P

HS 1 mmvmsnsnquu GVGG ALPRGPRONSRLG 47
MM 1 e e e e MLVVEVANGRSL VOAL GVGG upnspgfrﬁm 47
DR 1 MDEDPAVMKVPRS SSVEVKEDMDTKSEKQATEDTLIDISFCGSTPMLWKVPDMKKCR- SEGVIGAL ARQP LG 80
DM S —— M¥LTLLNGTGFVFNVBD¥MELRSEERIMGAP NTKGWSPNQST 46
Sp 1 MEDEKEPIS¥VHGKFLVFDVOAVEVERKNYHILGTLVGELPQLPOBNVFLE 51
sc s S MPPLVFDIDHIKLL- 3ICGVLSGELPTARQQNVFLS 38
75D 82a 92E 102A 111E
HS 48 EPLLEMP IGJWTI.VSA ----- BRPDS---RHHSLALTSFKRQQEE] SAN TR-ROELLERITEG 119
MM 48 LPLLLLP IGAVTLVSA—-——— ---RNHGLALASFKRQQEQ T:.m TR-RQELLERIVEG 119
DR 81 RPLELRP 1.1.::. EKSTAAVRLDTQQDFE - Hsmmlmsms VLALEDKKKT-LNRVM-————— 151
DM 47 EPVELSKFBEOLLLDENTAKLYDKSKDLKAKPTAEKL -—-CKADFESRL---LGQEE--ALKTEKLRETER¥MDRILTE 119
sp 52 LPMELSKEEAFYLI GIIYIVDDTKVHKQLmTTK D---VKQCLKKR--QBLAYDOMIAAKKKENEKKIEIMKKLGRT 127
sC 39 VPLRLML WLHLNNLADVKLIRQEGDEI ITLERGAKLSEIVNDRLNE lYlRK ————— FEKDEHIAKLEKIGRI 114
121A 131s 1406 149E 1599 1658 175V 185V
HS 120 QARKKQKLEQASGASSS-QEAGS AAKED—ETSDG-QASGEQEEAG---—PSSSQAGPSNGVAPLP RP 194
MM 120 QARKKQKLEQDSGADEGGOEA ATQGSETSDDGQPSAEQEGAAPSLDSSSPQPGPSNGVTPLP RP 200
DR ) [ R —— NEKENGTEGSGEAVRE-———————————— o — oo RLEALDQSFREP SGF 194
DM 120 KRKKLLK--QGKNELA-—————— AR m e e LTDKD-VLLEMSVNFKFDRONALL EH-—- 164
Sp 128 LBL———— e e el Dmm e PLNEDE- HDS!‘D—ﬂﬂIP‘J’D TTRE 155
sc 115 NDK-——m—mmmmmmmm e | frAEE--—-—-- LQ-———mm e RLDKSSNNDQLIE mm SMIL 151
|
195V 2059 210P 220R 230R 240F 250D 260A
HS 195 VKARPLDWRVQSKD--——- 2 ¥ TAQCWA--PEDT 268
MM 201 VKAKPLDWRVQSKD-- ——WPHAGRPBHEL SI i : EE chns--t 274
DR 195 -SHCPEERSEHSTD---—- ) IALCVS--L 267
DM 165 ——————————— WR m IVI*———QPV 231
sp 156 AEKSSMNDDFHKE——————- LNPGL GCQFV E 227
sc 152 RDIRSDSDSLSRD'ISDLLFKQIRQAGKMQT FL g SPG GGKFI IQDAIDYHNEP 232

288L 298K 299- 303

HS 269 IPLQ VAAG LLCSPQP --------------- ASLO- 310
MM 275 IPLOBLVSA LLCSPQP --------------- Eﬁsm- 316
DR 268 MPVCDILAI Bespo-BE0-—————————————— SMV- 308
DM 232 IKPLELIAK svnm VFAYEHENNE ------------- AWCNLGK 276
sp 228 IPVLFLI IGGENDRNINMNGEKSKEELLLLP 284
sc 233 IDLISMISG WVIGGVAEBTK------———o——-= 275

Supplementary Data 3: Eukaryotic TSEN34 alignment.

Alignment of the TSEN34 (3' endonuclease) proteins from Homo sapiens (HS), Mus musculus (MM), Danio
rerio (DR), Drosophila melanogaster (DM), Schizosaccharomyces pombe (SP), and Saccharomyces cerevisiae
(SC). Labelled conserved features are the B-sheet (298-306) (thick black arrow), and catalytic residues Y247,
H255, and K286 (*). The well-established PCH-linked mutation site R58 is annotated (solid black circle) as are
the cation-n residues R279 and W306 (pink stars).




10K 20E 30D 37- 37- 37F 47N

HS 1 MAEAVFHAPKRKR T¥ESPLPIPFGODHGPLKE—————————————— e — e | FKIFRAEMINNNVIVRNAEDI 57
MS 1 MAEAVFRAPK SYESPLPIPFGODQGPRKE-=—=mmmmmmmmmmmmmm e FRIFQAEMISNNVVVRGTEDM 57
DR 1 MTDAVFQAPK FEAALPVPLNSADDGD-H-———————— oo TLLCRAEIIGHHVSVTDBAHI 56
DM e -— -— _— _—

sp ) [P -Msgn DALPISIAYPLPPIILTNPLTWIBYIYRYLFRKTPRQVOWQCE-QLHESDLSCGVUTDSEAT 68
sc 1o MsEGRVNQORRYKYPLPIHPVDDLPELILENPLSWLYWAYRYYKSTNALNDKVEVDFIGDTTLHITVQDDKQM 72
| 1
57(; 87A 96M 106H 116R 126R
HS 58 EQW PSETISDPKLVAKWKDMK-TNMPEITSKR HSVEWAAELMRRQGQ ILK TKPL 136
MS 58 EQL NETIANPTLAARWKGVQ-TDMPIITSEK¥OHRVEWARDFLRRQ LTD TEPL 136
DR 57 QOLY¥H PEEMIS-—-—- PQWKYVGDRCLPVISLSE KRLSLARAALVMQDL QILTEBV 131
DM e - -_— -
SP 69 KKFWT serrelsnnmprwalm ——————————— KRSEBBEEFD-——--—-——————- EDLvaRK—-—- 120
sC 73 LYLWNNGEFGTGOQF PTHKART-—————————— EARLGLNDTELEN-RGETKSNTETEMTL ORRLORL---- 136
%
146E 156G 166G 176D 186P 1966 203-
HS 137 PVKRNEEAQVHDKLNSGMVSNMEGTAGGERESVVNGD SGKSGGVGDPREPLGCLQEGSGCHP - TESEE----K 208
MS 137 ELPCREEKEETPQHEPLS SKADSSLEGRVEKDELPVTPGGAGOSDDLPGLETHSDCLOEGPG ———— SSHNG 212
DR 132 EFNTEEQQEPISKSNCDESLMDQTMD----TDLIPDQTE-SAKP-—-———————— QRQGNPL¥DPL----AEI EKLDQ 191
DM e MQFTEE--——— -— ——CKRKRCFNKNANFTPL----PS———————— 24
sp 121 BFRAQRAY ——— ———— oo RARER -_— QLLLENGKPIPASLEEDAELPEYLTK 162
sC 137 BFRRERAK-———————————————| LERELLE -— --LRKKGGH----IDEENILLEKQRE 171
215- 223C . 2431 253p 263A 273-
HS 209 SVREDA-———— VE AMSEREA--APNEELVQR 281
MS 213 HVAEDP--——- EVL-————— PQETLVPQGGLWPEASSQ ————— IEEELCGAQEEEARAASDERLLKR 276
DR 192 BLEADEKCRDHNDWI SQCGCRANEERHN——— SEDERSQHI--TQENSSEDQP 254
DM - —— GODGER¥KGR----————- ~——-FTGLSVEIV--- AKSLHD====~ NGCFGKG 60
sp 163 DFS —— — —_— RvSENPY¥HIMS--vPNV-BHLOLTFPEAFFLAS 198
sc 172 FR-————mm oo -— -— LKQTEDVGIVA-Q@QDI-SESNLRDEDNNLLDE 208
291- 299L ogéc 319€ 328L 3387 348Y
HS 282 NRLICRRNP--YRIF LSTY¥EKEPLTIV-KLWKAETVVQPTERT! GWVPRV 358
MS 277 KKLVCRRNP--YRIF GCI.SIY KEPLTIV-KLWQAFTAVQPTFRT! WVPEV 353
DR 255 AELVCRINP--FPML GCLSIY GEALSVA—QLWTHI‘RSLQPNFCF GWVPES 331
DM 61 S--K PASGDEN TI. FLG NVLDITNSAGYLMDFCMEVEVAKEENEKFVENL; WVIKS 138
sp 199 LG-VLRI----NYENPNF LPILKLFANIVANIVALT.DY S-LQQS--HEDPIIEPDNKFLTEL, 270
sc 209 NG-DL-—-———— LPI.ISL MPVEAMFLEFALPVLDISPACLAGKLE--QFDAKYKDIHSFVREYVI HGWCVRS 278
_— ]
368L #378R 388D 398p . 418L 4287
HS 359 GI LI PPF SVITELVDDHFEGSLRRPLSWRSLAALS n:.c IKP DKEM---- 434
MS 354 GL RE| PPF SVIIELLDDN¥EGSLRRPESWKSLAALS IKP DM---- 429
DR 332 @ ML PPF SVVVDTVDASFRRSSLRPESWRSLATLS HI.CFIITP DLL---- 407
DM 139 GI LIYKQSPRL LVIVQKPEDTD-————— H¥0SKENLKEVO s QPPKKISSS—————— 206
sp 271 PVF FAILLIPC-- -VGNKQKYNHQNHE:’HCLN QCPSIE-DFNKIWKN 346
sc 279 GI PPFOHAEFCVMGLDH----—-—- VBKDETWESS RLISEQEAIBLWKS 350

4460

1
HS 435 ———————- IEKVOEVILSR----- SDQDDL 465
MS 430 —=———--- SDODEL 460
DR 408 mmmmm——m SVOEVLMSR-==~~ TEQEEI 438
DM 207 ===mmm————— ATVTETI 233
SP 347 QASMNEWDWAESVLRQ¥LIRC 380

sc 351 NNF---—=-- TKLENSEQVGEVL - 377
1

Supplementary Data 4: Eukaryotic TSEN2 alignment.

Alignment of the TSEN2 (5' endonuclease) proteins from Homo sapiens (HS), Mus musculus (MM), Danio rerio
(DR), Drosophila melanogaster (DM), Schizosaccharomyces pombe (SP), and Saccharomyces cerevisiae
(SC). The conserved B-sheet (444-452) (thick black arrow), catalytic residues Y369, H377, and K414 (*),
cation-m residues 409 and 452 (orange stars), and two residues known to be mutated in some cases of PCH,
Y309 and G312 (black solid circles) are all annotated.




