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Supplementary Figure Legends.

Supplementary Fig. 1. Alignment of SMN proteins from a variety of species. Corresponding
human exons are demarcated on the top. Sequences were aligned by Clustal W algorithm using
MacVector software. Letters in bold and highlighted in gray indicate consensus amino acids.
Name of species are shown on the left; accession numbers are indicated at the end of each

sequence. Gemin2-interacting domain and YG Box are demarcated.

Supplementary Fig. 2. Distribution of repetitive elements within SMN gene. Organization of
SMN gene. Exons and introns are shown as rectangular boxes and lines, respectively. Arrows
indicate orientations of sequences derived from transposable elements. Colors indicate different

families of transposable elements, as indicated in the legend below.

Supplementary Fig. 3. Exon 6B is derived from an Alu conserved among many primates.
(a) Alignment of SMN exon 6 and intron 6 regions spanning the AluY insertion of different
primates. Hyphens designate the positions where gaps were introduced to maximize sequence
identity. Colored boxes indicate exonic sequences. Red triangles indicate splice site positions.
The orange arrow indicates position and direction of AluY insertion, left and right arms are
indicated. Sequence alignment was performed using the ClustalW algorithm (EMBL-EBI). AluY
sequences (reverse and complement) are obtained from Dfam (Accession number DF0000002).
Abbreviations and GenelD numbers of all sequences used are as follows: Hu: Human, 6606; Chi:
Chimpanzee, 461829; Gor: Gorilla, 101149971; Ora: Orangutan, 100171813; Mac: Macaque,
102130507. (b) Alignment of sequences immediately surrounding splice sites and estimated

splice site strength calculated by the Maximum Entropy score'. Abbreviations are the same as in

(a).

Supplementary Fig. 4. Effect of splicing factor knockdowns on exon 6B splicing. (a)
Estimated exon inclusion for all internal exons of SMN based on RNA-Seq upon knockdown of
various hnRNP proteins® (SRA accession number SRP010280). Values are expressed as
percentage of all splice junction-crossing reads supporting exon inclusion. Error bars represent

standard error of 2-6 sequencing libraries. (b) Estimated exon inclusion for all internal exons of



SMN based on RNA-Seq upon knockdown of PTB1° (SRA accession number SRP045065).
Values are expressed as percentage of all splice junction-crossing reads supporting exon
inclusion. Error bars represent standard error of 2 sequencing libraries. (¢) Estimated exon
inclusion for all internal exons of SMN based on RNA-Seq upon knockdown of TIA1/TIAR*
(SRA accession number SRP021918). Values are expressed as percentage of all splice junction-
crossing reads supporting exon inclusion. (d) Estimated exon inclusion for all internal exons of
SMN based on RNA-Seq upon knockdown of HuR’ (SRA accession number SRP007498) at 2
and 5 days post-knockdown. Values are expressed as percentage of all splice junction-crossing

reads supporting exon inclusion.

Supplementary Fig. 5. SMN YG domain is similar to a glycine zipper. Representative YG
domain models of SMNA7 and SMN6B are shown for comparison with structures containing a
glycine zipper dimer interface. All structures are shown with stick representations for all heavy
atoms and selected hydrogens. The carbon atoms of each chain within the dimer are colored
separately, pale green for chain A and plum for chain B. Other atoms are colored by element
with red for oxygen, blue for nitrogen, gold for sulfur and white for hydrogen. Hydrogen bonds
are shown as yellow dashed lines. Selected residues are shown with side chain heavy atoms
represented as van der Waals spheres. (a) In the SMNA7 model, the last residue in the (YXXG);
tetrad repeat of the YG domain has been replaced with Glu279, which distorts the dimeric
coiled-coil interaction. (b) In the SMN6B model, the last residue of the YG domain is replaced
with Thr279 creating both a distortion of the coiled-coil interface and a break in the helix
structure. The potential destabilizing interactions between the bulky beta-carbon substituents of
Thr279 and Cys283 contribute to breaking the helix. Both YG domain models have conserved
glycine residues at the dimer interface that allow for close packing between helices and intra-
helical side chain to backbone hydrogen bonds involving the conserved serine and threonine
residues’. (¢) A similar interaction motif, called a glycine zipper, was first seen in the NMR
structure of the dimeric transmembrane domain of glycophorin A, PDB code: 1AFO’. The
glycine zipper encompasses a conserved GXXXG sequence that is commonly found in
membrane proteins and mediates interaction between transmembrane helices. (d) The glycine
zipper also mediates dimerization of soluble proteins such as the Holliday junction endonuclease,

resolvase, PDB code: 1HJR®. The alpha helix in the glycine zipper is slightly under wound and



shifts the coiled-coil interaction between the helices to right-handed supercoiling. The dimer
interface may be stabilized by inter-molecular Ca-H---O backbone hydrogen bonds between

each glycine and the i-3 residue in the other helix’.

Supplementary Fig. 6. Exon 6B amino acid sequence is similar to sequences found in
several predicted proteins. Diagrammatic representation of SMN6B protein derived from
SMNG6B transcript. Exons are shown as colored boxes, with their names given at the top. Number
of amino acids encoded by each exon is given within each box. Location of the start and stop
codons as well as 5" and 3’ untranslated regions (UTRs) are indicated. The predicted amino acid
sequence coded by exon 6B is given below, along with an alignment with similar sequences in
NCBI’s GenBank database. Similar sequences were identified by BLASTP using MacVector
software. Stars signify sequence identity, while letters highlighted in red color indicate sequence
differences. Names of the proteins are shown on the left; GenBank accession numbers are shown

on the right with species names given in brackets.
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Gemin2 Interaction
Exonl | Exon2A Exon2B

MAMSSGGSGGGVPEQEDSVLFRRGTGQSDDSDIWDDITALIKAYDKAVASFKHALKNGDICETSGKPKTTP--KRKPAKKN
MAMSSGGSGGGVPEQEDSVLFRRGTGOSDDSDIWDDITALIKAYDKAVASFKHALKNGDICETSGKPKTTP--KRKPAKKN
MAM---GSGGAGSEQEDTVLFRRGTGOSDDSDIWDDIFALIKAYDKAVASFKHALKNGDICETPDKPKGTA - -RRKPAKKN
MAMGGGGGGSGVPEAEDSVLFRRGAGOSDDSDIWDDIALTIKAYDKAVASFKHALKNGDISEASDKPKATP-~KRKPPKKN
MAM---GGGSGVPEQEDSVLFRRGTGQSDDSDIWDDIFALIKAYDKAVASFKHALKNGDI SEASDKPKGTP--KRKPAKKN
M-———- GGGGGLPEPEDSVLFRRGTGQSDDSDIWDDITALIKAYDKAVASFKHALKNGDI SEASDKPKSTP--KRKPAKKN
GGGGGGFPEPEDSVLFRRGTGE SDDSDVWDDITALIKAYDKAVASFKHALKNGDI SEASEKPKGTP--KRKSA-KN

M-———————————— AGRVLFRRGAGQSDDSDMWDDITALTKAYDKAVASFKNALKNGDC SEBSDKQEQRAGVKRKNSKKN
M- AGLEDGGEVLFRRGAGOSDDSDIWDDEALIKAYDKAVSSFKRALKNEDC TIGAETEEKNPRTKRKNNKKN
B----------- ANGAEDVVFCRGTGOSDDSDIWDDIALTKAYDKAVASFRKNALKGEDGATPQEND--NPGKKRKNNKKN
B--—————————————— AKIWSKSGDMEVDDVWDDEELIRKMYDESLQEIS———f——=——=——————— KNETSAKITSRK

SDETNAAVWDDSLLVKTEDESVGLAREALARRLADSTNKREEENAAAAEEEAGET
————————————————————————— DQSQKEVWDDSEERNAFETALHEFKK YHE IEAKGGVEDPD--~~--SRLDGEKL

Exon3
KSQKKNTAASLQJWKVGDKCSAIWSEDGCIYPATIASIDFKRETCVVV!TG!GNREEQNLSDLLSPICEVANNIEQNAQE
KSQKKNTAASLOQWKVGDKCSAIWSEDGCIYPATIASIDFKRETCVVVYTGYGNREEQNLSDLLSPICEVANNIEQNAQE
KSQKKNATTPLKQWKVGDKCSAVWSEDGCIYPATITSIDFKRETCVVVYTGYGNREEQNLSDLLSPTCEVANSTEQNTQ-
KSQKKNTTASLKQWKVGDRCSAIWSEDGCIYPATIASIDFKRETCIVVYTGYGDREEQNLSDLLSPTSEVANNIEENAQE
KSQKKNTTAALKQWKVGDKCSATIWSEDGCVYPATIASIDFKRETCVVVYTGYGNREEQNVSDLLSPASAVDNNVEQNAQE
KSQKKNATTALKOQWKVGDKCSAVWSEDGCIYPATIASIDFKRETCVVVYTGYGNREEQNVSDLLSPACEVANNVEQDTQE
KSQRKNTTSPSKQWKVGDNCCAIWSEDGCIYPATIASIDFKRETCVVVYTGYGNREEQNLSDLLSPTSEVA-NIEQNAQE
RNRNKSNAVPLKQWKVGDSCNAVWSEDGNVYPATIASINLKRGTCVVTYTGYGNKEEQNLADLELPPASDE TN=-=======
RSRKKCNAAPLKKWRIGDTCNAVWSEDGNIYSATISSIDAKRGICIVVYSGYGNSEEHSLADERFPDTSEAESDQRDQEQ
KSRKRCNAAPDKEWQVGDSCYAFWSEDGNLYTATITSVDOEKGECVVFYTDYGNEEEQNLSDELETEPPDMDEDALK TAN—
FKGEDGKMYTWKVGGKCMAPYEENGEVTDYPATIDTIGGADNLEVGNTFIYY¥GGOAVVOMKDLWLNEEATAD-———————
SATGGATSPEPVSFKVGDYARATYV-DGVDYEGAVVSINEEKGICVLRYLGYENEQEVLLVDLLPSWGKRVRREQFLIAK
TS A A e e e e e e e e e e e e e RTEESISKEEEGE-QMINQQTETTLE

Exon4 | Exon5
NENESQVSTDESEN-SRSEGNKSDNIKPKSAPWNSFLPPPPPMPGPRLGPGKPGLKF NGPP---PPPPPPPPHLLSCWLP
NENESQVSTDESEN-SRSPGNKSDNIKPKSAPWNSFLPPPPPMPGPREGPGKPGLKF NGPPPPLPPPPPPPPHL LSCWLP
-ENESQVSTDDSEHSSRSLRSKAHS-KSKAAPWTSFLPPPPPMPGSGLGPGKPGLKF NGE - - - PPPPPLPPPPFLPCWMP

NENESQISTDESESSSRSPGNKPNNIKSKAAPWNSFLPPPPPMPGAGLGPRKPGLKFNGP--—--PPPPPPPPHFLSCWLP
NENESQTISTDESENSCRSPGNKSNNVKSKATSWNSFLPPPPPMPGAGLGPAKPGLKFNGE----PPPPPPPPHFLSCWLP
NENESQTSTDESENSSRSPGNKPNNIKSKAAPWNSFLPPPPPMSGSGLGPGKPGVKFSG————— PPPPPPPPHFLSCWLP
NENESQISTDESENSSRSPLNKPNNIRSRAAPWNSFLPPPPHMPRSGLGPGKSGLNFSGP----PPPPPPPPHFLSRWLP
—-ENETPYSTDESEKSSOSHHNENNC TKARFSPKNLRFEIPPTPP----GLGRHGSKFRTL——————————— PPFLSCWPP

EINGDEHSTDESDRSSRSHQSKDPONRETPKSSQWNGQFPPVPPPFMP-—---GFGR-HGEKLDQA~
-VKETESSTEESDRSFTPQKSGHAKHKSKSNF PMGPPSWEFBSFPPGPPPPPPHFKRKMDGRRGEGE-

--HPFLSGWPP
—-—-GPSFPGHPP

KDEDEQLSRPKASAGSHSKTPKS--SRRSRISGGLV—————— PP PV m — m e e e e e e
GDTHIQQFADNKGLEDEKBETRA-—————————=— AETHQEFMEVPPPI ————m—mmmmmmmmm e e e e e e e
YG Box

| Exoné | | Exon7

PFPSGPPIIPPPPPICPDSLDDADALGSMLISWYMSGYHTGY YMGFROQNQKEGRCSHSLN-- 294 NP_000335.1
PFPSGPPIIPPPPPICPDSLDOADALGSMLISWYMSGYHTGY YMGFRONQKEGRCSHSLN-- 297 JAA38391.1
PFPSGPPIIPPPPPISPDCLDOTDALGSMLISWYMSGYHTGYYMGFRONKKEGKCSH-TN--| 288 NP_035550.1
PFPSGPPIIPPPPPICPDSLDOADALGSMLISWYMSGYHTGY YMGFRONOQKEGRCSH-FN-- 293 NP_001124207.1
PFPSGPPIIPPPPPICPDSLDOADALGSMLISWYMSGYHTGY YMGF KONOKEGRCSH-FN--| 290 NP_001009328.1
PFPSGPPIIPPPPPICPDSLDOADALGSMLISWYMSGYHTGY YMGFKONQKEGRCSH-FN-- 287 NP_001003226.1
PFPAGPPMIPPPPPICPDSLDOADALGSMLISWYMSGYHTGYYMGFKQSQKEGRYSH-F'N--| 287 NP_783632.1
PFPAGPPLIPPPPPMGPDSPENDEALGSMLI AWYMSGYHTGYY .Gl KQSRMEAALEREAYLK 264 NP_989530.1
PFLPGPPMIPPPPPMSPDACEQDEALGSMLISWYMSGYHTGYYL.GL. KQGRMESSIGKPPHQK 282 AAL07278.1
MIPLGPPMIPPPPPMSPDFGEQDEALGSMLISWYMSGYHTGYYMG[.ROQGRKEAAASKKSHRK 281 CAB41938.1

KEAMNSMEMSWYMSGYHTGYYQALADQRKNV —————— QN--| 207 NP_001021034.1
EQDFVAMLTAWYMSGY YTGLYOGKKEASTTSGKKKTP-KK 226 NP_001261954.1
DETYKKLIMSWYYAGYYTGLAEGLAKSEQR-———-— KD--| 152 NP_593088.1

Supplementary Figure 1



E1 L2 Aludb

AluYmi L2

AluJb FRAM L2

AluSx1 AluSx4 L2

L2 AluSx3

MSTA  Aludb AluY  MLT1F L1M5\ AluSz

L2 L2 L2 YiMET

MERS7B2 L1M5  LTR9D L1IME1 MER4B L 44 AluSp AluSz  Aludb AluSx1 L1MB2 L1MB2 AluSg AluSg

~
L1IME1 AluJo L1ME1

L1ME1 L1ME1 MIR AluSp  Aludb  Aludb
FRAM AluJr E2A  AluSx Aludo AluSg E2B MIRb E3 E4 Aluy
L2d L1ME3E
AluSx1 E5 AluSq E6 E6B  AluYc3 AluSz L1MB8 L1MB7  AluY AluSp AluSp
FLAM_C AluY AluSx1 AluYj4 L1MB8
AluY AluJdr Aludr E7 E8 SINEs LINEs
|:| Exons H Alu mp L1
Alus AluS AluS L1MC »MIR E:>L2
uSp uSp uSx1 1MC5a | 1 kb | »LTR

Supplementary Figure 2




A

Exon 6 '

i 10 20 30 40 50 60 70 80 90 100 110 10 20 30
Hu | ATAATTCCCCCACCACCTCCCATATGTCCAGATTCTCT TGATGCT! m TATCATACTGGCTATTATATGGTARGTAAT CACT CAGCAT CTTT TCCTGACRATTTTTTT
Chi | ATAATTCCCCCACCACCTCCCATATGTCCAGATTCTCT TGATGCT! ™ TATCATACTGGCTATTATATGGTAAGTART CACT CAGCAT CTTT TCCTGACRAT TTTTTT
Gor ATAATTCCCCCACCACCTCCCATATGTCCAGATTCTCTTGATGATGCTGATGCTTT TTAATTTCATGGTACATGAGTGCGCTATCATACTGCCTATTATATGGTAAGTAAT CACT CAGCATCT! 'CCTGACAATTT! T
Ora ATAATTCCCCCACCACCTCCCATATGTCCAGATTCTCTTGATGATGCTGATGCTTT TATGTTAATTTCGTGGTACATGAGTIGGCTATCATACTGGCTATTATATGGTARGTAAT CACT TAGCAT CT TTTCCT GRCAAT TTCTTT
Mac ~ATAATTCCCCCACCACCTCCCATATGICCAGATTCTCTTGATGATGCTGATGCTTT TATGTTAATTTCATGGTACATGAGTIGGCTATCACACTGGCTATTATATGGTAAGTAAT CACT CAGAAT CTTTTCCT GACAAT TTTTTT
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180

Hu  GTAGTTATGIGACTTTGITTTGTAAATTTATAAAATACTACTTGCTTCTCTCTTTATATTACTAARRARTARAAAT ARARRARTA-~CAACT GI CT GAGGCT TAAATTACTCTTGCAT TGTCCCTAAGTATAAT TTTAGT TAAT TT TARA
Chi GTAGTTATGIGACTTTGITTTGTARATTTATAAAATACTACTTGCTTCTCTCTTTATATTACTAARRARTARAAAT ARARRARTA-~CAACT G CTGAGGCT TAAATTACTCTTGCAT TGTCCCTARGTATAAT TTTAGT TART TTTARA
Gor GIAGTTATGIGACTTTGITTTGTARATTTATARAATACTACTGGCTTCTCTCTTTATATTACT. T T TA--CAACTGTCTGAGGCT TARATTACTCTT GCGT TGTCCCTARGTATART TTTA-————=====AA
Ora GIAGITATGIGACTTTGITTTGTARATTTATAARATACTACTTGCTTCTCTCTTTATATTACTARARARTARAAAT ARARRAATA-~CAACTGT CTGAGGCT TARATT ACTCTTGCAT TGTCCCTARAGTATART TGTAGT TART TTTARA
Mac GTAGTTATGTGACTTTGITTTGTAAATTTACARARTACTACTTGCTTCTCTCTTTATATTACTARAARARARATAATARAGT ACAACTATCTGTCTGAAGCT TARATT ACTCTTGCATTGTCCCTARGTATART TGTAGT TAATTTTT AR

190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
Hu  AAGCTTTCATGCTATTGTTAGATTATTTTGATTATACACTTTTGAATTGARATTATACTTTTTCTARATAATGT TTTART CTCT G-—m - ATTTGARATTGATTGT A-GGGAAT GGARAAGATGGGAT AATTTT TCAT ARATGRARRATG
Chi AAGCTTTCATGCTATTGTTAGATTATTTTGATTATACACTTTTGAATTGARATTATACTTTTTCTAAATAATGTTTTAATCTCTGCTTTGAT TTGAAATTGATTGT T! T TAATTTTTCATARATGRAAARTG
Gor AAGCTTTCATGCTATTGITAGATTATTTTGATTATACACTTTTGAATTGAAATTATACTTTTTCTARATAATGTTTTAATCTCTGCTT TGAT TT GAAATT GATT GT A~ GGGAAT GGAARAGATGGGAT AATT TT TCATARATGRRRRATG
Ora AAGCTTTCATGCTATTGITAGATTATTTTGATTAT. TTTTGRATT TTATACTTTTTCTAAATARTGTTTTAATCTCTGCTTTGAT TTGARATTGATT GT A~ GGGAAT TGGGATAATTTTTCAT. TG
Mac AAGCTTTCATGCTGCTGITAGATTATTTTGATTATACATTTTTGRATTGAAGTTATACTTTTTGTARATAATGT TTTAATATCTGCTTTGAT TTGARATTGATT GT ACGGGAAT TGGGATAATTTTTCAT. TG
340 350 360 370 380 390 400 410 420 430 440 450 460 470

Hu AARATTCTTTTTTTTTTTTTTTTTTTTTT GGAGTCTTGCTCTGTTGCCCAGGCTGGAGT GCAATGGCGTGATCTT GGCT CACAGCAAGCTCTGCCTT CTGGAT TCACGCCATT CTCCTGCCTCAGCCTCAGAGGTAGCTGG
Chi AAATTCTTTTTTTTTTTTTTTTTTTTTTT----GAGAT TCTTGCTCTGTCGCCCAGGCTGGAGT GCAATGGCGT GRTCTT GGCT CACAGCAAGCTCTGCCTCCT GGAT TCAT GACATT CT CCTGCCTCAGCCTCAGAGGT AGCTGG
Gor AAATTCTTTTTTTTTTTTTTTTTTTT ACAGAGTCTTGCTCTGTCGCCCAGGCTGGAGT GCARTGGCGT GATCTTGGCT CACAGCAAGCTCTGCCTCCT GGAT TCAT GCCATT CT CCTGCCTCAGCCTCAGAGGT AGCT GG
Ora AAATTCTTTTTTTTTTTT ACAGAGTCTTGCTGTGTCGCCCAGGCTGGAGT GCARTGGCGT GATCTTGGCT CGCAGCAAGCTCTGCCTCCT GGAT TCGT GCCGTTCT CCTGCCTCAGCCTCAGAGGTAGCTAG
Mac AAATTCTTTTTTTTTTT GAGTCTTGCTCTGTCGCCCAGGCTGGAGT GCAGTGGT GCGATCTTGGCT CACT GCAAGCTCTGCCTCCCGGGT TCAT GCCAGT CTCCTGCCTCAGCCTCCCRAAGT AGCTGG
Alu TTTTTTTTTTTTT \CGGAGTCTCGCTCTGTCGCCCAGGCTGGAGT GCAGTGGCGCGATCTCGGCT CACT GCAAGCTCCGCCTCCCGGGT TCACGCCATT CT CCTGCCTCAGCCTCCCGAGT AGCT GG

KA REEEREREEAR EHEE RREARE KKK KRE RRRRRKREARERARNRR KKK K KRARE REKEE K KRARKKRE KEXE K KK KKE K K RARKKREENERARARRR AEEEEE K

480 490 500 510 520 530 10 20 30 40 50 60 70 80 90
Hu GACTACAGGTGCCTGCCACCACGCCTGT CTAATTTTTTGTATTTTTTT GTAAAGACAGGGTTTCACTGTGTTAGCCAGGATGGT CTCAAT CT CCTGACCCCGTGAT CCACCCGCCTCGGCCT TCCAAGAGARAT GARAATTTTTTTAATGC
Chi GACTACAGGCGTCTGCCACCACGCCTGTCTAATTTTTTGTATTTTT TTGT ARAGACA TTTCACTGTGTTAGCCAGGATGGT CTCAATCTCCTGACCCCGTGAT CCACCCGCCTCAGCCT TCCAAGAGARATGARATTTTTTTAATGC
Gor GACTACAGGCGCCTGCCACCACGCCTGICTAATTTTTTGTATTTTTTTGTARAGACAGGGTT TCACTGTGTTAGCCAGGATGGTCT CAAT CT CCTGACCCCGTGAT CCACCCGCCT CAGCCT TCCARGAGAAAT GAAATTTTTT TAATGC
Ora GACTACAGGTGCCTGCCACCACGCCCGGCTAATTTTTTGTATTTTTTAGT ARRGACH TTTCACCGTGTTAGCC TGGT CTCAATCT CCTGACCCCATGAT CTACCCGCCT CGGCCT TCCARGAGRAAATGRAATTTT TTTAATGC
Mac GACTACAGGTGCCTGCCACCACACCCGGCTRATTTTTTGTATTTTTTAGT AGAGGCAGGGTT TCACCATGTTAGCCAGGATGGT CT CGATCT CCTGACCT CGTGAT CCACCT GCCTCGGCCT CCCARGAAARATGARATTCT TCTTATGC
Alu  GACTACAGGCGCCCGCCACCACGCCCGGCTRATTTTTTGTATTTTT-AGTAGAGACGGGGTT TCACCGTIGTTAGCCAGGATGGT CT CGAT CT CCTGACCT CGTGAT CCGCCCGCCT CGGCCT CCCARAGT GCTGGGAT TACAGGCGIGAG
AEEREEREE K K % AEE KR K A ORRERRER KRERARARKKE K KRARE Kk KEKRE KRAE KAEK * % x

100 10 20 30 40 50 60 70 80 90 100 110 120 130
Hu ACAAAGATCTGGGGTAAT GTGTACCACATTGRACCT TGGGGAGT AT GGCT TCAAACTTGTCACTTTATACGT TAGTCT CCTACGGACATGTTCTAT TGTATT TTAGTCAGAACATT TARAAT TATTTTAT TTTATTTTATTTTTTTTTTT
Chi CCAAAGATCTGGGGTAATGTGTACCACATTGAACCTTGGGGAGTATGGCT TCAARCTTGTCACT TTATACGT TAGT CTCCTACGGACATGTT CTAT TGTATT TTAGT CAGAACATT TARAAT TATTTT
Gor ACARAGATCTGGGGTAATGTGTACCACATTGAACCTTGGGGAGTATGGCTTCARRCTTGTCACT TTATACGT TAGT CTCCTACGGACATGTTCTAT TGTATT TTAGTCAGAACATT TARARTTATTTT
Ora ACAAAGATCTGGGGTAATATGTACCACATTGAACCTTGGGGAGTATGGCTTCAAACTTGTCACTTTATACAT TAGT CTCCTACGGACATGTTCTAT TGTATT TTAGTCAGAACATT TARAAT TATTTT.
Mac ACARAGATCTGGGGTAATATGTACCACATTGAACTTTGGGGAGTATGGCT TCAAACTTGTCACT TTAT ACAT TAGTCTCCTACAGACATGTTCTAT TGTATTTTAGTCAAAACATTTARAAT TATTTT
Alu CCACCGCGCCCGGCC

140 150 160 170 180 190 200 210 220 230 240 250 260 270 280
Hu TTTTTGAGACGGAGTCTCGCTCTGTCACCCAGGCTGGAGT ACAGTGGCGCAGTCTCGGCT CACT GCAAGCTCCGCCTCCCGGGT TCACGCCATTCT CCTGCCTCAGCCTCTCCGAGTAGCTGGGACTACAGGCGCCCGCCACCACGCCCG
Chi
Gor
Ora
Mac
290 300 310 320 330 340 350 360 370 380 390 400 410 420 430
Hu GCTAATTTTTTTTTATTTTTAGT TTCACCGT GGTCTCAATCTCCTGACCTCGTGATCCACCCGCCTCGGCCTCCCARAGTGCT GGGATTACAAGCGT GAGCCACCGCGCCCGGCCTARRATTATTTT TARRAGTAAGCT
Chi TARRAGTARGCT
Gor TARRAGTARGCT
Ora T T
Mac T, T
440 450 460 470 480 490 500 510 520 530 540 550 560 570 580
Hu CTTGTGCCCTGCTAARATTATGATGT GATATTGTAGGCACTTGTATTT TTAGTAARATTARTATAGAAGAAACAACT GACT TARAGGTGTATGTTTT TARATGTATCAT CTGT GT GT GCCCCCAT TAATATTCTTAT TTARAAGT TRAAGGC
Chi CTTGTGCCCTGCTAARAATTATGATGTGATATTGT ACTTGTATTTTT AATTAATATAGAAGAAACAACTGACTTARAGGTGTATGTTTT TARATGTATCAT CTATGT GTGCCCCCAT TAATAT TCTTAT TTARRAGT TARGGC
Gor CTTGTGCCCTGCTARAATTATGATGTGATATTGTAGGCGCTTGTATTTTTAGT: TTAATAT. TGACTTAA TA TTTTAAATGTATCATC! CCCCATTARTATTCTTATTTARRRGT TARGGC
Ora CTTGTGCCCTGCTARRATTATGATGTGATATTGTAGGCACTTGAAT TTTTAGTAGATTAATATAGARGARACAACT GACT TARAGGTGTACGTTTT TAAATGTATCATCT GTGTGT GCCCCCATTARATATTCTTAT TTARAAGT TARGGC
Mac CATGTGCCCTGCTAAAATTATGATGTGATATTATAGACACTTGARTTTTTAGT. TTAATAT. TGACTT. TG, ARATGTATCATC CCCCTTTAATATTCTTATTTARAAGT TARGGC
590 600 610 620 630 640 650 660 670 680 690 700 710 720 730

Hu  CAGACATGGTGGCTTACAACTGTAATCCCAACAGTITTGTGAGGCCGAGGCRAGGCAGAT CACT TGAGGT CAGGAGTT TGAGACCAGCCT GGCCAACATGAT GARACCTTGTCTCTACTARARATACCARRARARATT TAGCCAGGCATGGT
Chi CAGACATGGTGGCTTACGACTGTAATCCCARCAGTTTGTGAGGCTGAGGCAGGCAGAT CACT TGAGGT CAGGAGTT TGAGACCAGCCT GGCCAACATGAT GAAACCTTGTCT CTACTARARATACCARRARARATT TAGCCAGGCATGGT
Gor CAGACATGGTGGCTTACGACTGTAATCCCAACAGTTTGTGAGGCCGAGGCAGGCAGATCACT TGAGGT CAGGAGTT TGAGCCCAGCCT GGCCAACATGATGAAACCTTGT CTCTACTARAAATACCGAAAARAATTTAGCCAGGCATGGT
Ora CAGACATGGTGGCTCACGCCTATAATCCCAACAGTTTGTGAGGCCGAGGCAGGCAGATCATT TGAGGT CAGGAGTT CGAGACCAGCCT CGCCAACATGATGAAACCCCGT CTCTACTAARARAATACCARAAARAATT TAGCCAGGTGTGGT
Mac TGGGCATAGTGGCTCATGTCTATGAT CCCAACACTTTATGAGGCGGAGGCAGGCAGAT CACT TGAGAT CAGGAGTTCAAGACCAGCCT ~GCCAGCATGAT GRRACCCCGT TTCTACTARAAATACCAAARRAAATT TAGCTGGGCATGGT

[6] [ 68 ] [ 7 | [ 8 ]

Hu ATGGTAAGT 11.01 TTTTGTATTTTTTTGTAAAGACA 5.19 GGGGTAATG 4.85 TTCCTTTATTTTCCTTACAGGGT 10.92 GGAGTAAGT 8.57 TTCTAATTTCTCATTTGCAGGAA 10.77
Chi ATGGTAAGT 11.01 TTTTGTATTTITTTGTAAAGACA 5.19 GGGGTAATG 4.85 TTCCTTTATTTTCCTTACAGGGT 10.92  GGAGTAAGT 8.57  TTCTAATTTCTCATTTGCAGGAA 10.77
Gor ATGGTAAGT 11.01 TTTTGTATTTITITGTAAAGACA 5.19 GGGGTAATG 4.85

Ora ATGGTAAGT 11.01 TTTTGTATTTTTTAGTAAAGACG 0.25 GGGGTAATA 4.06 TTCCTTTATTTTCCTTACAGGGT 10.92 GGAGTAAGT 8.57 TTCTAATTTCTCATTTGCAGGAA 10.77
Mac ATGGTAAGT 11.01 TTTTGTATTTTTTAGTAGAGGCA -5.4 GGGGTAATA 4.06 TTCCTTTATTTTCCTTACAGGGT 10.92  ATGGTAAGT 11.01 TTCTAATTTCTCATTTGCAGGAA 10.77
Alu TTTTTGTATTTTTAGTAGAGACG -6 .46
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[ control

B si-A1

-u
-H1

si-A2/B1
si-F

si-
si
si

O00R7

AN\
W zzzzz2z2zz2223

AR RN RN
2222222222222

= % AR,
Wiizzzzzzzzzz:zzz223

[ BN

Exon Number

[ si-PTB1
I —o=l 1 E
7

O control

5

Exon Number

4

2B

2A

T oA

o O O O O

o O
N O 00 © <
- -

af|

(%) uoisnjoul pajews3

[ control
M si-TIA1
O si-TIAR

o
3]
—

0

o O O O O
o 0 O < o

—

%) LOISN|aUI pajews]

C

6B

5

4

2B

6

Exon Number

4

[ control
Il si-HuR (2d)
O si-HuR (5d)

6B

5

2B

Exon Number

2A

120

—_—

D

[oF

o o O ©
© ® ¥ «

1001

%) UOISN[oUl pajewnsg

4

igure

Supplementary F



Glycophorin A (1AFO) Resolvase RuvC (1HJR)
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Transcript and protein derived from SMN6B

Start codon Stop codon
Exons—» * 1 2A 2B 3 4 5 6 GB* UTR
Amino acids-» 67 | st [ 32 [ 37 J16]] | |mRNA

Protein (SMN6B)

SMN6B TGFHCVSQDGLNLLTP  AlJ04672.1 [Homo]

RNA-binding protein 4 isoform X4 TGFHCVSQDGLDLLT XP_011797803.1 [Colobus]

PRO2822 TGFHCVSQDGLNLLT  AAF69654.1 [Homo]

hCG1747827 TGFHCVSQDGLNLLT EAW53691.1 [Homo]

transcription elongation factor B polypeptide 2 isoform X2 GFHCASQDGLDLLT  XP_009248637.1 [Pongo]
uncharacterized protein C120rf45 homolog isoform X1 TGFHRVSQDGLNLLT XP_011830898.1 [Mandrilllus]
uncharacterized protein C120rf45 homolog isoform X1 TGFHRVSQDGLNLLT XP_011790713.1 [Colobus]
putative uncharacetrized protein, partial TGFHHVSQDGLNLLT XP_009436820.1 [Pan]

NADH dehydrogenase [ubiquinone] 1 alpha  TGFHRVSQDGLNLLT XP_012358934.1 [Nomascus]
subcomplex subunit 11 isoform X2 ar kA e aEe A

Supplementary Figure 6
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Supplementary Table 1. Primers used in this study.

No. | Name Type Sequence (5’ to 3") Annealing site

1 PO Forward | GAATACTGCAGCTTCCTTACAACAG E2B

2 P2-2 Reverse | CTTCCTTTTTTCTTTCCCAACAC E8

3 5'E6 Forward | CCTCCCATATGTCCAGATTCTC E6

4 3'E6+7 Reverse | CTTTTTGATTTTGTCTAAAACCCATATAAT Jxn E6/E7

5 3'E6+8 Reverse | TGCTCTATGCCAGCATTTCCATAT Jxn E6/E8

6 3'E6+6B Reverse | CTAACACAGTGAAACCCTGTCATATAAT Jxn E6/E6B

7 5'El Forward | CGCGGGTTTGCTATGGCGAT El

8 3'E1+2A Reverse | CAGAATCATCGCTCTGGCCTGT Jxn E1/E2A

9 5'E6+6B Forward | GGCTATCATACTGGCTATTATATGACAGG Jxn E6/E6B

10 3'E8-Dde Reverse | CTACAACACCCTTCTCACAGCTC E8

11 5'E4-97 Forward | GGCCAAGACTGGGACCAGG E4

12 P2 Forward | GCATGCAAGCTTCCTTTTTTCTTTCCCAACAC E8

13 CCNTI16F Forward | CAAGCAAGGACTTAGCACAGAC CCNTI E6

14 | CCNTI19-2R | Reverse | CAAGATCTCCACACTGGTTAAGTTGC CCNTI E9

15 N24 Forward | CCAGATTCTCTTGATGATGCTGATGCTTTGGG | E6

16 5'ACTB Forward | AAAGACCTGTACGCCAACAC Actin

17 3'ACTB Reverse | GTCATACTCCTGCTTGCTGA Actin

18 5'FLAG Forward | GACTACAAAGACGACGATGAC 3XFLAG

19 5'NEO Forward | CGAGAAAGTATCCATCATGGCTG Neomycin
phosphotrans-
ferase

20 3'UTR Reverse | CGAATTCTAGAGCTCGAGGCAGGTTTTTTTTT | PolyA

TTTTTTTTVN
21 3'RT-Univ Reverse | CGAATTCTAGAGCTCGAGGCAG 3'UTR adapter
22 3'E8-25 Reverse | TTAGTGCTGCTCTATGCCAGCATTT E8

Abbreviations, E, Exon; Jxn, Junction; Extra sequences are shown in Italic; junction sites are in bold.
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Supplementary Methods

Cell culture, transfection and treatment of cells

Primary patient fibroblasts were obtained from Coriell Cell Repositories. Primary fibroblasts
were grown in MEM (catalog #10370) supplemented with 2 mM GlutaMAX-I (catalog #35050)
and 15% fetal bovine serum (FBS). Human neuroblastoma SH-SYS5Y (ATCC) cells were
cultured in 1:1 mixture of Minimum Essential Medium (MEM, catalog #11095) and F12 (catalog
#11765) medium supplemented with 10% FBS. HeLa cells were grown in Dulbecco’s Modified
Eagle’s Medium (DMEM, catalog #11965) supplemented with 10% FBS.

Cycloheximide (CHX, Sigma Life Science) stock solution (100 mg/ml) was prepared in
Dimethyl Sulfoxide (DMSO, Fisher Scientific). CHX treatment of cells of interests was
performed as follows. To test whether 6B-containing SMN transcripts are susceptible to NMD,
GMO03813, HeLa and SH-SY5Y cells were pre-plated at 1.125x10°, 2.9x10° and 2.2x10° cells per
one well of a 6-well plate, respectively. Next day (~24 h later) CHX stock solution was added to
culture media to a final concentration of 20 ug/ml. DMSO was used as a control treatment and
was added using the same volume as CHX (0.2 ul/ml of medium). CHX treatment continued for
6 h, after what cells were washed with ice-cold PBS three times and TRIzol reagent (Life

Technologies) was directly added to each well to initiate total RNA purification.

To test the stability of SMN protein isoforms HeLa cells were reverse-transfected with
the mammalian expression vector of interest (3XFLAG-SMN, 3XFLAG-SMNA7 or 3XFLAG-
SMN6B) using Lipofectamine 2000. Briefly, plasmid-Lipofectamine 2000 complexes were
prepared following the manufacturer’s suggestions. For each expression vector ~ 6.94x10° HeLa
cells in suspension were combined with a given plasmid:Lipofectamine 2000 complex and plated
into one 100 mm tissue culture dish; 12 ug of a given vector was used per dish. Eighteen hours
later cells from each dish were re-plated into 12X60 mm tissue culture dishes. CHX treatment
was initiated ~39 h after cell transfections, using CHX at final concentration of 20 ug/ml.
Samples were collected immediately before treatment (0 h time point), as well as 4 h and 8 h

after the beginning of treatment. Cells were washed with ice-cold PBS three times, scraped and
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divided: part of cells was used for total RNA isolation using TRIzol and part for preparation of

whole-cell lysates. For one sample cells from two 60 mm plates were pooled together.

For affinity purification of 3XFLAG-tagged proteins, HeLa cells were reverse-transfected
with the expression vector of interest (human 3XFLAG-SMN, 3XFLAG-SMNG6B or 3XFLAG-
hnRNP A1) using Lipofectamine 2000. Briefly, plasmid-Lipofectamine 2000 complexes were
prepared following the manufacturer’s suggestions. Each complex was then combined with HeLa
cell suspension containing ~1.38x10” cells in a total volume of 20 ml, and the cells were plated
in two 100 mm dishes. 20 ug of each vector was used per one dish. ~6 h later the medium was
changed with fresh one. ~24 h after transfection, HeLa cells were washed with ice-cold PBS

three times and collected by scraping.

RT-PCR

Total RNA was isolated using TRIzol reagent (Life Technologies) following the manufacturer’s
recommendations, digested using RQ1 RNase-free DNase (Promega), then further purified using
a Qiagen RNeasy Mini RNA purification kit or phenol:chloroform (OmniPur) extraction
followed by ethanol precipitation. RNA concentration was measured using a BioMate 3
spectrophotometer (Thermo Scientific). RNA isolated from human tissue was purchased from
Ambion (FirstChoice Human Total RNA Survey panel); samples from each tissue were pooled
from three healthy individuals. cDNA was generated from either 0.5 pg (for human tissues) or
1.6-2.0 pg (for cell lines and mouse tissues) of total RNA in a 10 pl reaction using SuperScript
III (Life Technologies) and oligo (dT)2-1s, oligo (dT) with adapter sequence, or a gene-specific
primer (3'E8-Dde). cDNA was amplified using Taqg DNA Polymerase (New England Biolabs) in
the presence of either a 5 "-end-P**-labelled primer or a trace amount of [a->*P] dATP (3,000
Ci/mmole; Perkin-Elmer). MESDA was performed as previously described'®'". In all cases PCR
products were amplified and resolved on a native polyacrylamide gel. For Ddel and BglII
digestion PCR products were purified by phenol:chloroform extraction and ethanol precipitation
prior to overnight restriction digestion. Analysis and quantifications of splice products were
performed using a FPL-5000 Image Reader and Multi Gauge software (Fuji Photo Film Inc). For
quantitative real-time PCR (QPCR), reactions were carried out in 20 pl using 1X FastStart
Universal SYBR Green Master Mix (Roche), 300 nM of each primer, and 1.5 pl of'a 1:20
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dilution of cDNA template in a Stratagene Mx3005P thermocycler. For negative controls, cDNA
was synthesized in the absence of RTase or water was used as a template during PCR

amplification. List of all primers used in PCR is given in Supplementary Table 1.

Whole-cell lysate preparation

Cells were washed with ice-cold PBS three times and collected by scraping. Cell pellets were
either immediately used for making whole-cell lysates or were snap-frozen in liquid nitrogen and
moved to -80°C for storage until further usage for preparation of whole-cell lysates. To prepare
lysates, pellets were re-suspended in RIPA buffer (Boston Bioproducts) or NP-40 buffer (20 mM
Tris-HCI pH 7.4, 150 mM NacCl, 1% NP-40) supplemented with HALT Protease and
Phosphatase Inhibitor cocktail (Thermo Scientific). The cells were lysed on ice for 30 min. For
protein stability assay, cell suspensions were briefly sonicated and then placed on ice for 15 min.
The lysates were then centrifuged at 13,000 rpm for 20 min at 4 °C to remove cell debris. Protein

concentration was measured using the Bradford assay (Bio-Rad protein assay).

Western blotting

The following primary and secondary antibodies were used: mouse monoclonal anti-SMN (BD
Transduction Laboratories, 1:4000), horseradish-peroxidase-conjugated anti-FLAG (Sigma Life
Science, 1:4000), mouse monoclonal anti-Gemin2 (Sigma Life Science, 1:400 o/n), mouse
monoclonal anti-hnRNP A1 (Abcam, 1:4000), mouse polyclonal enriched anti-6B (ascites, 1:300
o/n or IgG purified), rabbit polyclonal anti-Actin (Sigma, 1:2000), horseradish-peroxidase-
conjugated secondary antibodies against mouse (Jackson immunoResearch, 1:5000) and rabbit
(GE Healthcare, 1:2000). Often membranes were stripped using Restore Western Stripping
Buffer (Thermo Scientific) and re-probed.

Generation of polyclonal antibodies (anti-6B-001) and purification of Immunoglobulin G

A cysteine was added toward the N-terminus of the synthetic peptide for conjugation with
keyhole limpet haemocyanin (KLH). The 6B polypeptide was then conjugated to KLH using
Imject™ Maleimide-Activated mcKLH Spin Kit (Thermo Scientific). Mice were injected with
25 ng of KLH-linked 6B polypeptide by intraperitoneal (IP) route on days 1, 14 and 28 days

followed by a bleed on day 42. At this time the sera was tested for immunogenicity and found to

14



have a low response. A fourth injection was then administered, followed by a second bleed 14
days later. The sera was then retested and found to have a high enough response (1:500). Mice
were then primed using Pristane (Sigma), and after 5 days administered an IP injection of SP2/0O

cells. After 10 days, mice were euthanized and polyclonal fluids were collected.

Immunoglobulin (IgG) was purified from the polyclonal fluids with Protein A column
(Pierce). Briefly, 2 ml of the polyclonal fluids was diluted 1:1 with Protein A IgG Binding buffer
(Pierce) and the applied to a Protein A column. After adding 1 ml protein A plus Agarose, the
samples were incubated with Agarose for 2 h with rotating at room temperature. Following the
incubation the Agarose were washed three times by rotating for 10 min at room temperature.
After washing, IgG was eluted with 1 ml IgG elution buffer (0.1 M glycine pH 3.0), then was
immediately adjusted to physiologic pH by adding 100 pl neutralization buffer (1 M Tris, pH 8.5)
per 1 ml of eluate. The eluded antibody was pooled and dialyzed in PBS. The purity of purified
IgG was confirmed by 11% SDS-PAGE with Coomassie Blue staining. Antibodies were stored
at -80°C.

Immunofluorescence analysis

HeLa cells were plated at a density of ~1.76x10° cells per one well of a 24-well plate on 12 mm
glass coverslips (Bellco Glass, Inc). Next day the cells were transfected with 0.15 pg of an empty
vector (pCI, Promega) or the expression vector for human 3XFLAG-SMN full length, A7 or 6B
using X-tremeGENE HP DNA Transfection Reagent (Roche) following the manufacturer’s
instructions. ~24 h later the transfected cells were washed with PBS and fixed for 15 min with
4% paraformaldehyde solution freshly prepared by diluting Ultra Pure EM Grade 16%
formaldehyde (Polysciences, Inc) in 1XPBS (pH 8.0). Fixed cells were then washed with 1XPBS
3 times, 5 min each, and blocked in the solution containing 1 XPBS, 5% normal goat serum (Cell
Signaling), and 0.3% Triton X-100 (Sigma Life Science) for 1 h at room temperature. Blocking
solution was then changed with solution containing Alexa-555-conjugated rabbit primary
antibody against DYKDDDDK Tag (Cell Signaling). The antibody was diluted 1:50 in the buffer
containing 1XPBS, 0.1% Bovine Serum Albumin (BSA, Cell Signaling) and 0.3% Triton X-100.
Incubation of the cells with the antibodies was carried overnight at 4°C. Next morning cells were

extensively washed with 1XPBS followed by mounting on glass slides using Vectashield
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Mounting medium with DAPI (Vector Laboratories). Subsequently coverslips were permanently

sealed around the perimeter with nail polish.

Comparative Modeling

A representative model of SMN6B protein was calculated using the RosettaCM protocol'?. The
amino acid sequence of SMN6B used for modeling is based on the DNA sequence of the SMN2
splice variant that includes the exon 6B. Multiple structure templates for each domain in SMN
were selected from the Protein Data Bank (PDB). For each template sequence, an alignment with
the SMN6B protein was prepared with Jalview and converted to Grishin format'’. For the
Gemin2 Binding domain of SMN, the structure templates included the crystal structure of the
Gemin2-SMNge2p-Sm pentamer (D1/D2/F/E/G) complex, PDB code: 3S6N; and the solution
NMR structure of the core SMN-Gemin2 complex, PDB code: 2LEH'*"*. The templates for the
Tudor domain of SMN included the solution NMR structure, PDB code: 1G5V; the crystal
structure, PDB code: IMHN; and a crystal structure bound to a small organic molecule, PDB
code: 4QQ6'“"®. For the YG domain, one protomer from each of the MBP fusion YG domain
crystal structures was used as the structure template derived from either the human SMN YG
domain, PDB code: 4GLI; or the yeast SMN YG domain, PDB code: 4RG5%Y. For modeling of
the remaining regions of SMN6B, 3 and 9 residue fragment libraries were derived by a sequence-
based search of the Protein Data Bank using the Robetta server®’. The Grishin format sequence
alignments were used for threading the SMN6B sequence into each structure template to
generate partial models. The threaded models and fragment libraries were used to generate 100
hybrid models derived from multiple templates through low-resolution Monte Carlo based
sampling and quasi-Newton minimization to optimize loop closure and backbone geometry.
Selected models with intact YG Box helices were further refined using a full-atom realistic
energy landscape and the lowest energy model was selected as the representative model of the

SMNG6B protein.

Models of the YG domain of SMNA7 and SMNG6B isoforms were calculated with C2 symmetry

using both the human and yeast YG domain crystal structures as templates®'’

. The C2 symmetry
definition was generated with the make symmdef file application using the yeast SMN YG

domain structure (PDB code: 4RGS5) and the noncrystallographic (point) symmetry option®'. The
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sequences for comparative modeling were restricted to the C-terminal residues that correlate to
the predicted YG domain including residues 252-282 for the SMNA7 isoform and residues 252-
294 for the SMNG6B isoform. After threading these sequences into the YG domain structure
templates, the hybridize application was used to calculate 10 models for each construct. The
hybrid models were screened for dimer formation and an intact YG Box helix. Selected hybrid
models were further refined to generate representative models of the coiled-coil dimers for both

the SMNA7 and SMN6B YG domains.

Supplementary References

1 Yeo, G. & Burge, C. B. Maximum entropy modeling of short sequence motifs with
applications to RNA splicing signals. J Comput Biol 11, 377-394,
doi:10.1089/1066527041410418 (2004).

2 Huelga, S. C. et al. Integrative Genome-wide Analysis Reveals Cooperative Regulation
of Alternative Splicing by hnRNP Proteins. Cell Reports 1, 167-178,
doi:10.1016/j.celrep.2012.02.001 (2012).

3 Ge, Z., Quek, B. L., Beemon, K. L. & Hogg, J. R. Polypyrimidine tract binding protein 1
protects mRNAs from recognition by the nonsense-mediated mRNA decay pathway.
eLife 5, doi:10.7554/eLife.11155 (2016).

4 Nunez, M., Sanchez-Jimenez, C., Alcalde, J. & Izquierdo, J. M. Long-Term Reduction of
T-Cell Intracellular Antigens Reveals a Transcriptome Associated with Extracellular
Matrix and Cell Adhesion Components. PLoS One 9, e113141,
doi:10.1371/journal.pone.0113141 (2014).

5 Lebedeva, S. et al. Transcriptome-wide Analysis of Regulatory Interactions of the RNA-
Binding Protein HuR. Molecular Cell 43, 340-352, doi:10.1016/j.molcel.2011.06.008
(2011).

6 Martin, R., Gupta, K., Ninan, N. S., Perry, K. & Van Duyne, G. D. The survival motor
neuron protein forms soluble glycine zipper oligomers. Structure 20, 1929-1939,
doi:10.1016/j.str.2012.08.024 (2012).

7 MacKenzie, K. R., Prestegard, J. H. & Engelman, D. M. A transmembrane helix dimer:
structure and implications. Science 276, 131-133, doi:10.1126/science.276.5309.131
(1997).

8 Ariyoshi, M. ef al. Atomic structure of the RuvC resolvase: a holliday junction-specific
endonuclease from E. coli. Cel/ 78, 1063-1072, doi:10.1016/0092-8674(94)90280-1
(1994).

9 Kleiger, G., Grothe, R., Mallick, P. & Eisenberg, D. GXXXG and AXXXA: common
alpha-helical interaction motifs in proteins, particularly in extremophiles. Biochemistry
41, 5990-5997, doi:10.1021/b10200763 (2002).

10 Seo, J., Ottesen, E. W. & Singh, R. N. Antisense Methods to Modulate Pre-mRNA
Splicing. Methods Mol Biol 1126, 271-283, doi:10.1007/978-1-62703-980-2_20 (2014).

17



11

12

13

14

15

16

17

18

19

20

21

Singh, N. N., Seo, J., Rahn, S. J. & Singh, R. N. A multi-exon-skipping detection assay
reveals surprising diversity of splice isoforms of spinal muscular atrophy genes. PLoS
One 7, 49595, doi:10.1371/journal.pone.0049595 (2012).

Song, Y. et al. High-resolution comparative modeling with RosettaCM. Structure 21,
1735-1742, doi:10.1016/j.str.2013.08.005 (2013).

Waterhouse, A. M., Procter, J. B., Martin, D. M., Clamp, M. & Barton, G. J. Jalview
Version 2-a multiple sequence alignment editor and analysis workbench. Bioinformatics
25, 1189-1191, doi:10.1093/bioinformatics/btp033 (2009).

Zhang, R. et al. Structure of a key intermediate of the SMN complex reveals Gemin2's
crucial function in snRNP assembly. Cell 146, 384-395, doi:10.1016/j.cell.2011.06.043
(2011).

Sarachan, K. L. ef al. Solution structure of the core SMN-Gemin2 complex. Biochem J
445, 361-370, doi:10.1042/BJ20120241 (2012).

Selenko, P. ef al. SMN tudor domain structure and its interaction with the Sm proteins.
Nat Struct Biol 8,27-31, doi:10.1038/83014 (2001).

Sprangers, R., Groves, M. R., Sinning, I. & Sattler, M. High-resolution X-ray and NMR
structures of the SMN Tudor domain: conformational variation in the binding site for
symmetrically dimethylated arginine residues. J Mol Biol 327, 507-520,
doi:10.1016/S0022-2836(03)00148-7 (2003).

Liu, Y. et al. Crystal Structure of Tudor Domain of Smn1 in Complex With a Small
Organic Molecule. Structural Genomics Consortium (2014).

Gupta, K. et al. Oligomeric Properties of Survival Motor Neuron-Gemin2 Complexes. J
Biol Chem 290, 20185-20199, doi:10.1074/jbc.M115.667279 (2015).

Kim, D. E., Chivian, D. & Baker, D. Protein structure prediction and analysis using the
Robetta server. Nucleic Acids Res 32, W526-531, doi:10.1093/nar/gkh468 (2004).
DiMaio, F., Leaver-Fay, A., Bradley, P., Baker, D. & Andre, I. Modeling symmetric
macromolecular structures in Rosetta3. PLoS One 6, €20450,
doi:10.1371/journal.pone.0020450 (2011).

18



