-LIASVAGSVERVNKL

HsEX0SC2 ""‘"”’LPVARK——PL—SERLGR——DTKKHLWPIDTITTD TGFMRGHGTYMGEEK-
MmRrp4 MALEMRLPKARK--PL-SESLGR--DSKKHLVVPGDTITTD G

DrRrp4 MAVEMRLPAVHK--HV-SLKTGQSSREDKHLVVPGDVITSD:

DmRrp4 MSTNAAIDLALD--RVDWRDLAAQTEEQPRVYTPGEVLMPE

CeRrp4 MSFEVTGPP LVSPWMMLSMSEARNDIDETKIVIPGHSVCDAP

ScRrp4d MSEVITITKRNGAFQNSSNLSYNNTGIS---DDENDEEDIY---MHDVNSASKSESDSQIVTPGELVTDD: PIWMRGHGTYFLDNM-

SpRrp4 ---MVTILKPEEFYVSSEADIVNDVSMTEMEDE IMEDEQMGLVDGEDVLEEFDKS THQNLVT PGQLVTDD: PQFMRGHGTYFEDGG—

CnRrp4 ---MFSVKAV----APSISQAFTEIVPSTHRK---HQAELDAMDLDEDEFGGAGPSKRSIVSPGEVIT

AtRrp4 MVMRKLQOLPLSQT KVRFERAIE--RLOSLSS-SANSDASVIVTDSIPVNHD

OsRrp4 MRDLQLSLNQT! RVRLEAALH--ELQTVAP-----. AAAVTVADTIPVNDE DNILKGHGTSDQDGE—-

HsEXS0C3 ”’AEPASVAAESLAGSRARAARTVLGQVVLPIEELLLPEQEDAEGPGGAVERPLSLNARACSRVRVVCGPGLRRCGDR— ~LLVTKCGRLRHKEPGSGSGGGVYWVDS
MmRrp40 MAEVLSAGPESVAGCRARAVHKVLNQVVLPGEELVLPDHEDVDGLGGAGEQPLRLNAGARPRLRVVCGPGLRRCGDR— ~LLVTKCGRLRHKEPS-GGGGGVYWVDS
DrRrp40 MDSSVHTSLLERIGDVVLPGDLLFSFSPPE-—-========-—, AGDANPKADRLICGPGLRRSGAE-

DmRrp40 MSATSTIVMPGERIAA-================== IEELAKSKRVILGPGLRRLDDT================

CeRrp40 MTVYLPGDVINEP DSSIIGYGISVRGQT RIATQPGAFH: NDDGKVWLNV
ScRrp40 MSTFIFPGDSFPVDP-- -TTPVKLGPGIYCDPNTQE- -IRPVNTGVLHVSAKG-KSGVQTAYIDY
SpRrp40 MAEVEEKGLLSYYFPGERIPDSIIS- - QDGSIRLGPGLVFQKKDRE - -EEIVVSKAGRLH-Q----- TGKNAMLIDS
CnRrp40 MPTLILPGETVPIPS-——-———=—————————————— TSKAVVLGPGISQSTPTLQASSSTASGSSSAQGYIATRLGMLH-SGKG-KERSQKLWIEG
AtRrp40 MAAKVSVSPTSLLNQIVVPGDVVLDLSNM: NNQTIKLGSGLLQDNDA- —ISAMRAGKLSYSKPN

OsRrp40 MESRKPPPSALVDNHVVPGDVVLDLAEM— - —~TNQTIKLGAGLRQDCDT- IQATSAGRLRLSKPS

SsRrp4d SQKIVLQPRSIVVPGELLAEGE FQIPWSPYILKINSK- -YYSTVVGLFDVKDTQ
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HSEXOSC2 KT-RYIGEVGDIVVGRITEVQQKRWKVETNSR-LDSVLLLSSMNLPGGELRRRSAEDELAMRGFLQEGDLISAEVQAVFSDGAVSL-—— HTRSLKYGKL-GQGVLVQ-VSPSLVK *CGASVILIN\JGFIWIY
MmRrp4 YNGEVGDIVVGRITEVQQKRWKVETNSR-LDSVLLLSSMNLPGGELRRRSAEDELAMRGFLQEGDLISAEVQAVFSDGAVSL--~ -CGASVILGNNGFIWIY
DrRrp4 YNGEVGDVVVGRITEVQQKRWKVETNSR-LDSVLLLSAVNLPGGELRRRSTQDELAMRDYLQ! LISAEVQSIFSDGALSL--- -CGASLILGNNGYVWLS
DmRrp4 YVGEIGDVVVARVSEVQQKRWRVDTNSR-LDSILLLSSVNLPGGELRRRSAEDEQMMRRYLDEGDLISAEVONIFEEGSLSL--— YTRSLKYGKL-SQGILVK-VFPALVK: -CGASVILGNNGYIWIS
CeRrp4 YAGEVGDVVVARVVEVQAKRWKCDVASR-LHANLPLGSVLLPGGDFRRKDVEDEEKMSEFLKNGELICAEVQQVOHDGTLML -~~~ HTRNNK® L-QQGILIK-VPPHLIK —YGMAVIIGCNG,
ScRrp4 KG-RYAPETGDHVVGRIAEVGNKRWKVDIGGK-QHAVLMLGSVNLPGGILRRKSESDELQMRSFLKEGDLLNAEVQSLFQDGSASL-—— HTRSLKYGKL-RNGMFCQ-VPSSLIV: -GNITVVLGVNGYIWLR
SpRrp4 RS-KYVPEIGDLIIGKIAEVQPKRWKVDIGAK-QNAVILMLSSINLPGGIQRRKLETDELQMRSFFQEGDLLVAEVQQYFSDGSVSI-=- HTRSLKYGKL-RI FLK-VPPALVV----RSKSHAYALA-----| GGVDIILSVNGYVWVS
CnRrp4 RS-RYTPEVGDLVIGRIVEVGAQRWRVDANGR-QDAVLMLSSVNLPGGVQRRKIESDALKMREFLAEGDLLVAEVQAFFGDGAMSL-—— HTRSLKYGKL-RNGFLLT-VPPQLIR: -RLKSHFYHIPPPCGPTGVDVILGLNGYVWVS
AtRrp4d RA-RYKPEVGDIVVGRVIEVAQKRWRVELNFN-QDGVLMLSSMNMPDGIQRRRTSVDELNMRNIFVEHDVVCAEVRNFQHDGSLQL--- QARSQKYGKL-EKGQLLK-VDPYLVK: -RSKHHFHYVE ~SLGIDLIIGCNGFIWVG
OsRrp4 YKPEVGDIIVGRVIEIAPKRWRLEINFS-QDAVLMLSSMNLPDGIQRRRTAVDELNMRTIFEENDVICAEVRGFQHDGSLHL--~ QARSQKYGKL-ERGQLLV-VPAYLVK: -RRKQHFHHLE -QYDVDLILGCNGFIWVG
HSEXSOC3 QOKRYVPVKGDHVIGIVTAKSGDIFKVDVGGS-EPA--SLSYLSFEGATKRN ~RPNVQVGDLIYGQFVVANKDMEPEMVCIDS-CGRANGMGVIGQDGLLFK-VTLGLIRKLLA- PDCEIIQEVGKLYPLEIVFSM\JGRIIVK
MmRrp40 QQKRYVPVKGDHVIGIVIAKSGDIFKVDVGGS-EPA--SLSYLAFEGATKRN -RPNVQVGDLIYGQCVVANKDMEPEMVCIDS-CGRANGMGVIGQ LFK-VTLGLIRKLLA---PDCEIVQELGKLYPLEIVFGMN WVK
DrRrp40 QORRYVPAKGESVIGIVTAKSGDVFKVDVGGS-EQA--SLSYLAFEGATKRN ~RPNVQVGDLVFGQFTIANKDMEPELVCIDS-CGRANGMGVFGGDGLLFK-VSLGLVRRLLA---PQSDLVSDLEKMFPCEMVVGMNGRVWVK
DmRrp40 YQRRYIPARGDLILGIVRAKAGDLYRVDIGAT-DTA--SISYLAFEAASKKN ~RPDLIPGDLIYARVLNASADIEPELVCVNS-VGKSGKLGVL-TDGFFFK-CSLNLGRMLLR ENCPVLAALTRELPYETAVGVNGRIWLK
CeRrp40 HSKRYIPQEGDRVIAIVTSKTGDFFRLDIGTA-EYA--MINFTNFEGATKRN —~RPNLKTGDIIYATVFDTTPRTEAELTCVDD-EKRARGMGQL-NGGFMFK-VSLNHCRRLIN PSCKILQTVGKFFKFEITVGMNGRIWIS
ScRrp40 SSKRYIPSVNDFVIGVIIGTFSDSYKVSLONFSSSV--SLSYMAFPNASKKN -RPTLQVGDLVYARVCTAEKELEAEIECFDSTTGRDAGFGIL-EDGMIID-VNLNFARQLLFN--NDFPLLKVLAAHTKFEVAIGLNGKIWVK
SpRrp40 RTKRYIPATNDQVIGQIISRFAEGYRVDIGSA-HIA--QLNALAFENVTRKS ~RPNLNVGSLVYARVSLADRDMEPELECFDATTGKAAGYGEL-KNGYMITGLSLSHCRKLILP--KN-TLLQTLGSYIPFETIAVGMNGRVWVN
CnRrp40 NSKRYIPAQKDIVLGIIIARHADGYRVDLGSS-QMA--QLDALAFEGATKRS ~KPNLKVGTLVFARVMSASRDMEPELECFDPNTGKSDGFGEL-K MVN-ATLQLCRRLLDR--NH-IVLPTIASIFPFEIAIGLNGRVWMK
AtRrp40 SHKRYIPRPDDHVLGIVVDSRADNFWVDIKGP-QLA--LLPVLAFEGGTRRN: ~IPKFEVGTLLYLRVVKTNIGMNPELSCTEA-SGKAALFGPL-RDGFMFE-TSTGLSRMLLNS--PTRPVIEALGKKLSFEIAVGLNGRVWVN
OsRrp40 SQKRYIPSVEDTVLGVVVDTKPDNFLVDIKGP-NLA--FLPVLAFEGGTRRN-=-======= IPKFEIGTLIYARVVKANSIMNPELSCMDA-TGKAAEFGQL-KDGYMFD-TSTGLSRMLLSS--PTCPILEALGKKLSFETAVGLNGRVWVN
SsRrp4 EGSFYYPKINDIVIGLVEDVEIYGWVVDIKAP-YKAYLPAS-—----— NLLGRSINVGEDLRRYLDVGDYVIARIENFDRSIDPVL------ SVKGKDLGRV-SNGIVID-IMPVKVPRVIGKNKSMYETLT---SKSGCSIFVANNGRIWAT
consensus ryY d vig v f vd 11 a r glig m r G i G i i vg NG iWv
HsEX0SC2 PTPEHKE --EE-AGGFIANL-EPV-SLADREVISRLRNCIISLVTQRMMLYDTSILYCYEASLPHQIKDI------ LKPEIME-EIVMETRQRL--========-—

MmRrp4 PTPEHKD: ED-AGGFIANL-EPV-ALSDREVISRLRNCVVLLVTQRMMLFDTSILYCYEASLAHQIKDI- LKPEVME-EIMLETRQRL-

DrRrp4 PTPALQE EQ-AGGFYTSM-EPV-SLSDREVVSRLRNCLLALANQKVLLFDTSVLYCYEASLQHQIKDI- LKPEIME-EIVLETRQRL-

DmRrp4 PTKGQEE EGGEGGFAQNLNEHV-PRADREVIARLRNSILALAKCKLMIYDTSIQYAYEESLRYEAHEL-----~ LOONATIY-DIGQQTQARL--

CeRrp4 PSLPETTLE EDGS---HVH-EFQIVPPDVRVTMVRIAACVRLLRDYSISIYLNSLTTCYEMSQPYEIKELAEQDTSSRLAYL---IAARLLQELQ-

ScRrp4 KTSQMDLARDTPSANNSSSIKSTG PTGAVSLNPSITRLEEESSWQIYSDENDPSISNNIRQAICRYANVIKALAFCEIGITQQRIVSAYEASMVY--SNVGEL---IEKNVM-ESIGSDILTAEK

SpRrp4 KHNENQH SSVSITRLEEEASESIYSNENDEI-DGYTRLNISRVSICIKGLASRSLPLTQASITNFYESSLVF--SNLQDL---TVPKNM-DQIAMEAMQ---—

CnRrp4 NGTSQARRE GEGFDSEGVYSNQNDEI-PPQGREAISLVANIIKALASEGVPLTETLIGESYAWAEKNVPSGSGPFDSETERKMLNEIVGLEFLEFA;

AtRrp4 EHVEVRDPMAIDD-==================== QKDEEMISSS-STGKEQSHIPLETRQTICRIGNAIRVLSNLGFTVTLEVIMETVNLSNSKNIDIH=- -DMLGSEFHVVVAENEAERRRTKRKK-

OsRrp4 EHVVVGENANMME NKL N-LSAEVENFTPLETRKHICRLANAVRVLSALGFTLTVELIIETAEASVSSNIEIN- -NMLGAEFYVQTAEREVKRRADLLRKKSGAR

HsSEXS0C3 AKTIQOTLILANILEACEHMTSDQRKQ-------—-— IFSRLAE

MmRrp40 AKTIQQTLILANVLEACEHMTTEQRKQ IFARLAES

DrRrp40 ARTVQHTLILSNLLEACENMSTAQRHT LFRRVADGGI

DmRrp40 AHSLKETVALANAISALEQSGCAEIDK: ICGNLGDFLQA:

CeRrp40 ASTSDDIIKIHDIINKSEFITDEDELIT LVQNNYTRSVSD:

ScRrp40 CEELSNTLACYRTIMECCQKNDTAAFKD IAKRQFKEILTVKEE

SpRrp40 SENLSTTVLICTAIRNCEFMSDEEQIKY KDLIKKL:

CnRrp40 AETVGETLAMKRLIESVDDHIIPVEEKA: IKEKLREYL

AtRrp40 ATAPRIVIIVANAIMNSESLSGTQQRI MVEKLLAIISD

OsRrp40 APSPSNVIVVSNAIIKSESLSGIGOR: MVESLLERL:

SsRrp4d CPSRFSEEILIEAT RKI---- ENESH: IKGLTDRIKQFIEEKLGERNASSGETKTNS-===============-=—===——

consensus 1

Supplementary Figure S1. Protein sequence alignment of human EXOSC2 and EXOSC3. Protein
sequence alignment of the human RNA exosome cap subunits EXOSC2 and EXOSC3, and S. cerevisiae cap
subunits Rrp4 and Rrp40, including other EXOSC2/Rrp4 and EXOSC3/Rrp40 orthologs. Conserved EXOSC2
amino acids substituted in patients with SHRF (Short stature, Hearing loss, Retinitis pigmentosa and distinctive
Facies) syndrome (Di Donato et al. 2016) and EXOSC3 amino acids substituted in patients with PCH1b
(pontocerebellar hypoplasia type 1b) disease (Wan et al. 2012) are highlighted in green. Identical residues (in
red) and similar residues (in blue) are indicated. The different species aligned are as follows: Hs: Homo sapiens,
Mm: Mus musculus, Dr: Danio rerio, Dm: Drosophila melanogaster, Ce: Caenorhabditis elegans, Sc:
Saccharomyces cerevisiae, Sp: Schizosaccharomyces pombe, Cn: Cryptococcus neoformans, At: Arabidopsis

thaliana, Os: Oryza sativa, Ss: Sulfolobus solfataricus (archaea).



