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Supplementary Figure 4. Sequences of TFIlIA gene, protein, and splice products

LEGEND: Primer annealing site, UTR, , , ,
BPliGEISIt8, zinc finger, [T IR e, | = translation termination,

AT1G72050: NCBI gi 42592260 / NC_003070 region 27118686..27121132

Precursor mRNA sequence

GUGCGGCGUC UUGAUGGAGG AGAUAAACCC UAGUUCUUCU GUAGACAAUA

Protein sequence

51 MAEEAKVDVKTSAK
101 KDIRNYLCQYCGISRSK
151 NYLITKHIQSHHQ
201 UUCCUCCAAU UCGAUUCCAA UUUCUCAUCC GUGGCAUCUU GAUUUGUUUU
251 CAAUGAAAUU GAGAGUUGAG UCUGUAGAAU CGGCGAUGGU UUGUUGAAUU
301 GAGAGUUUCU AUGAUUCGUU MELEEERD
351 DEACEVDEESSSNHTCQ
401 ECGAEFKKPAHLKQHMQ
451 AGAUUUAUGC AUCCUCUUGU CAUGAGAAGU SHSLE

501
551
601
651
701
751

CGAAUUGUUC CCAUUCUGUG UGUUGCAGCU ACAGAUGGAG AUACAUAGAG
AUACUCGUGG AUUUUGCUUA GUGUUGAGUU UUGUUCUGGU UGUGAACUAA
AAGUUUAUAC

801 GUUCAAUAGC UUGUUUUGUU UCACUUUGCU UUGGACUUUC UUUUCGCCAA
851 UGAGCUAUGU UUCUGAUGGU UUUCACUCUU RSFE
901 TCYVDDCAASYRRKDHL
951 NRHLLTHKGKLFKCPKE
1001 NCKSEFSVQGNVGRHVK
1051 KYHSNDNRDKDNTGLGD
1101 GDKDNTCKGDDDKEKSG
1151 SGGCEKENEGNGGSGKD
1201 NNGNGDSQPAECSTGQK
1251 QVVCKEIGCGKAFKYPS
1301 GUGCACCUUC QLQKHQDSH
1351 CUACCCUUAC UUUCCCUCUA GUUUAGUAUC CUGGGCAUAU GAAGAUUUCU
1401 ACGUUUCCUC UCUAUGUGCU UUGUUAUAAA UUAAAGACAG UUGUUUGUUA
1451 AAGCUUGAUA GAUUUUCAAU CUCUGAAGGU UUAGAUUUAC AUUUGC v
1501 KLDSVEAFCSEPGCMKY
1551 FTNEECLKSHIRSCHQH
1601 INCEICGSKHLKKNIKR
1651 HLRTHDEDSSPGEIKCE
1701 AAACAUCCUG VEGCSSTFSK
1751 AGCUACGUCA AACUUAUAUA GUCCAAAACA AGUUUCGUUU CCAGAUUAUU
1801 CAACAUCACU AAUUACAUUA CGAUUAUUUC ASNLQ
1851 KHMKAVHDDIRPEVCGE
1901 PGCGMRFAYKHVRNKHE
1951 AAGUUCAUCC AACCUACAUA NSGYHVYTC
2001 CUAUCGUGUU UUUCUUACAA ACUCAAAAGA CUAGAAUCUC AUGUAAAACU
2051 GAAUGUGGUU GDFVETDEDFTS
2101 RPRGGLKRKQVTAEMLV
2151 RKRVMPPRFDA EEHET
2201 UCCAAGCCUU AAUUAUAUUU UCUGUCUUAA GAUAAGUGAA c!
2251 GUAGUUUUGU GUAAAGUUCU UUUUGUUUGU GUGUUGGUAG GAAGAAAUAU
2301 AGAACUACAA UAGUAGGUAG UAAUAUAAGU AAUGUUGUGC UUAGAAUCUA
2351 UGUUCGUUUA ACCUUUUAUC UCCCACGGCU UUAAUGUAUU GAACCCAACG

2401

UUUGAGAUAU AAGUAAUGUU GUGCUUAUAA UCUAUGUUCG UUUAACC



RT-PCR products (from primers a and b) were cloned into TOPO vector and clones were sequenced.
Primer sites are underlined. Overhang and restriction sites in primers are in lowercase.

Primer a: 5"-atgcggatccGTGCGGCGTCTTGATGGA
Primer b: 5'-ACTCTTGCAGTTCTCCTTCG

AT1G72050 PRECURSOR

1 GUGCGGCGUC UUGAUGGAGG AGAUAAACCC UAGUUCUUCU GUAGACAAUA

51
101
151
201 UUCCUCCAAU UCGAUUCCAA UUUCUCAUCC GUGGCAUCUU GAUUUGUUUU
251 CAAUGAAAUU GAGAGUUGAG UCUGUAGAAU CGGCGAUGGU UUGUUGAAUU
301 GAGAGUUUCU AUGAUUCGUU

351
401
451 AGAUUUAUGC AUCCUCUUGU CAUGAGAAGU
501 CGAAUUGUUC CCAUUCUGUG UGUUGCAGCU ACAGAUGGAG AUACAUAGAG
551 AUACUCGUGG AUUUUGCUUA GUGUUGAGUU UUGUUCUGGU UGUGAACUAA
601 AAGUUUAUAC

651
701
751
801 GUUCAAUAGC UUGUUUUGUU UCACUUUGCU UUGGACUUUC UUUUCGCCAA
851 UGAGCUAUGU UUCUGAUGGU UUUCACUCUU

901
951
1001

AT1G72050 SPLICE PRODUCT |

1 GUGCGGCGUC UUGAUGGAGG AGAUAAACCC UAGUUCUUCU GUAGACAAUA
51 AGAGAGAC
101
151
201
251
301
351
401
451

AT1G72050 SPLICE PRODUCT I

1 GUGCGGCGUC UUGAUGGAGG AGAUAAACCC UAGUUCUUCU GUAGACAAUA
51 AGAGAGAC
101
151
201
251
301
351
401
451
501
551
601



0S02G0116000

Precursor mRNA

sequence

51
101
151
201
251
301
351
401
451
501
550
601
651
701
751
801
851
901
951

1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2151
2201
2251
2301
2351
2401
2451
2501
2551
2601
2651
2701
2751
2801
2851
2901

AGUCCUCACU
AGCGCGGGAA
GCAUCAAAGA
ACCAUGCCCA
AUUUGGUUAU
GCAUGAGAUA
GGGCUUGUGG
AGCAGUGUGG
UUAGCUCUAA
AGAGGGGGGA
AACCAUAAGA
UCCACCCCAA
GAGUUUGGCC
CCCUGACAUU
AUCACCACUG
CACCGCCCUG
AUUAGGGGAU
GUGGAUUGGA
UGUCGAUGUG
UGUAAAAGAU
GUGUUGGUGU
AGCACUGUUU
GCCUAUCCAA
GUCCUAACCA
GGUGCUUUGG
UGCCACCACC
AGAGUGGAAG
AAGGACGCAU
UAAUGGGAGG
UACUUCCAAA
GCUGGGUUAA
CUACCAUAUU
UAGGACGGGG
GAUGUCGAGC
AGCUCAUGGC
AGAGAGAACC
GCCUUAUCAA
GAGUAGGAAA
GUGUCGUCCA
GAAAUUUAUG
CAUACCAUCU
ACAUAUUGUC
GGAUGAUAUG
UuuuGUUUUG
CACUGAUGUU
UGUCGACCUG
AAAAAAGAGU
CUCAUUUUAC
CUUGUUUACU
UCUAACUAUC

UAUGGGCCAU
UUAAAUUGAG
AUCAAUCAAU
UGAAUCAUUA

CCCCGCCGCC
AUCACACCUC
UUCCAAGEHG
AAACCGAUGC
CGCGUUGGUA
GUAUUAACCA
UCAGUGUUCG
AUGUCGUAUG
UUCCAGGUUG
UGAAUAGAAG
GAGCUCCAAA
CCAGCAGUCC
GACCGGCUGA
AUCUCCUUCA
GARAGCUAUA
AUGGCUUUGC
CAGCGUAUUG
CUCUGAGUUG
GCAAGUUUGA
GAGGUCACUU
GGAUUCAGCU
CUUGGACAGC
GCUCUUGAGC
UAUUACAAUU
AUCUUGGACG
AAUAUAAUUG
CAUUGCUAGU
UCACAUGGAC
AAAGCUGUUG
CAGUGUGACA
UACAAGAAGG
GAUCCCCGGC
UGGACUUCUA
CUGAUAUUGU
AAUGAUAGAU
UGGGGAUGAU
ACAGAUGGAA
AUAUACAAAA
UGAAUUUUUG
UCACCUUGGA
CCAUUAGUGU
CUUUUUUUUU
CUGAUAUUUU
AUUUGUUUGA
AUUUCAUUGA
CAGAUAUGCU
AAAGACUGCA
AGCUAUCUUG
UUUUUUUAUA
UGAUUUGCCU

AUUAUGCCUU
UUAUUUGACC
AUAUUUGUGC
UAUGAAUAUC

GCCGCCGCCG
GUCGCAGCCA
GGCAUCCAAU
CUACUUAGGA
AUUCUUCGCU
AAUCGAUCCU
UUGAAACAGC
AGUUAAUUGU
UGCUGUUCGG
CGUUUGCCAC
GAAUCCACGC
AUCUCCUGCA
CGCAGGCAGG
CCAGCCUCAU
UCCGUGUUCU
UGCUGUCGGU
GUAGCGUGGU
GUCGUUUGUA
GCCUGCACGG
GGGGUAGCAU
UUGUCAUUCU
ACUGAUCACU
UAUUUGGUAA
GUAGGGGUGC
UGCCAUUCAU
UUACAAAUGC
GCAUUUUCUG
AACUAUGAUU
AGCUCUUUUG
UUCGUCUCAG
CAGAGAGUUA
UUGAGCACUA
GAAGAAGCAG
UAUUUGGAGG
UAGCUGAGAU
GGGGUUUAUG
AGAAGCUUUG
AACCGGGUUG
GUAGAGGACA
AAUCAUGGCU
UAACUGAUGG
CUUUCCUUUG
UuuCcuuuuuG
UUAACCAAUU
AAAUGCAGAA
AUACCUGUAU
AUGCGUCCCA
CUGACUACAU
UAUAAAUGAC

AUGUUUUAAA
GUUAUGGUUC
UUUUGUCAAU
UGAUGCCCUC

CUCCAUCCUC
AGAUCUCCUC
CCUCGCUUGC
GUUAGGAAUA
UUCGAUUUGA
GAUCUGUGCG
ACGAAAUUGU
AGCUUUUUUU
GAGAGCUUCU
CACCUUCUCA
CCAGGCcCcucC
AAAUCUUCCG
UUGUUUGAUG
GUCCCUUCAU
CUCACGCCAU
GCCCUCUCGG
GCAUGGCCUG
AUGCUUUGGU
ACUGUAUUUG
GCUGUAUGGU
UUUAUCAGAU
GGUCAUGUUC
GAUGCUUUUG
UAUCAGCUUG
GGAUAUGGAA
UCUGAUGGAU
UAUUUGAAGA
UCAAGUUUCA
GGAUAUGCUA
UUUUGUCAGC
UUUGAUAAAA
UGGAUGCAUG
AAGCUCUGAU
UCACUUCUUA
UGCUGGAAUG
UGCUUCUUUG
GAUAUGAGGA
CAGUUGGAUU
AGACACAUGA
AGGCAUCUCA
AGAACACAUG
AUGACCUCUA
UUAGUGACAA
AGUGAUAGCC
UUGUAGAGAU
UuUGUUUGGU
GUUCAUGUUA
CGCUACCUCU
UUAUUUAUGU

CUACUUAGAU
GACAAUGUGG
UCUGAUUGGA
UCCUUCUGCU
ACUUCAAAUU

CUCACGGAGA
CAGUCCAAAC
AAACACAACC
UGUUUCUUCG
GCAGUUAAAA
UUUAGAUUCU
UAAUAGUCUA
CCUAGUAAUU
UGCGUUGAGG
CCCAGUGCAA
ACACACGGCC
GUCCUAUGCC
AAAUCCCCCA
CUCAAGUUAG
UGCUUCUGGC
CCUCUGGUGG
AUUUUUCGGU
UGAUAUGUAU
AUAGAAUGCU
UACAUGAAGU
GCCUAUGAAG
AAGACAAGCA
GAGGGCCACC
UGCUGAUAUU
GCAAAUCUAA
AUGUAUGCAA
AGUUCAGAUG
CUGUCCAGGG
AGGUCUGGGA
AUGCAGCCAU
UGCGUGAAGU
GUUGAUCUGU
AGAUCAUAUG
GUGCAUGCCU
GAAAUUAUAA
GAACAUGUAU
AGCAGAUGUU
GAAGUUGAUG
UGCUAGAAGG
AGAUGGAUCC
CUCUAGAAAC
ACCGAACUGA
GGCACCAUAG
AGUUGUAACA
UUAUUUUAGA
CACUCUGUCA
UGGACUUCUC
GAAUGUUUUA
GUGCCGAAUU

AUUUUAGGAA
ACUGUAUUAA
GUUUAGGUCC
CUUAUCCAUU

Protein sequence

MCSGDDI
DGDMRVEATQHRDIRRY
KCEFCTVVRSKKCLIRA
HMVAHHK

E
ELDKSEIYKSNGEKVVH
EGDHTCQECGASFQKPA



2951
3001
3051
3101
3151
3201
3251
3301
3351
3401
3451
3501
3551
3601
3651
3701
3751
3801
3851
3901
3951
4001
4051
4101
4151
4201
4251
4301
4351
4401
4451
4501
4551
4601
4651
4701
4751
4801
4851
4901
4951
5001
5051
5101
5151
5201
5251
5301
5351
5401
5451
5501
5551
5601
5651
5701
5751
5801
5851
5901
5951
6001
6051

CUCAUAUGUG
GAUUAGUUUU
UCCGUCCGCU
UGCUAAAAAC

UUUUUUACUA
CUUGUUUCCA
GGAAUUCAUU
UUAAUUUUUA
GUGUUUUUUU
AUUGACUAGU
GAAAUGGAUC
AUGUUCUCUC
UUAGUUGGAA
UAGGGCCUUC
CAUCAUAUAC
UUUUAGCUGA
CUUCUAUUUC
UUUAGGUUUG
GACAAAUUUA
UUGGUAUUAU
AGUAGUCUGA
GGAGUAGGCA
AGCAAAUAUC
GCUUUGAGAA
CUAGGACUAU
UUUUAUCUCU
GCAUAUUCCG
AGUAUGAAAG
CCUUCUUGAC

UCCUCAGUUA
AAAAAACUGC
AUCCCCAGAA

AUGCAUUGUU
UGUGGAUUGA

UCUUUAGCUC
CAAACUGACA

UGGUCAUGGU
CCACUCACGU
GGUCUGAAUU
UAUAUUUGUA
GAUUCUUUAC
UUGUUGAAUG

CAUACAACAU
UUUGGAAACA
GAUCUGGUUG
AAGUGUUUUG

UUUUGAUUAU
AUUAAGUACU
GUUUAUCAAU
UUAGUAACAA
ACAGCAUGCA
UGCUGGCUAU
CAUGCAGUGA
UCACUCUCUU
CAAAGAGGGG
UGUAAUAGGU
AAAACUACAA
UAAACACCUG
AGGUUAUAAG
ACUUAGUUUG
UUAUGAAAAU
AAAUAUUACU
CUUUGACUAA
UUGAAUAGAA
CUUCAUUCAU
GAGGUGAGAG
UCAUCAUUGG
AUCAUCUUAA
UUAACCAGUU
AAAUGUGUAA

CUUAUAGUAG
AGCUCAAUCC
UUAAAUUAAU

UuGuUuUGUCUUC
AACUUGUUAC

UUCUGCGCGC
AGCUUUAACC

GUCAAUGGCU
UGGUAGUUAG
UAGAAAGUGC
GCAUAAUGGC
UGUUUUGACC
CAAAAAAUGA

GAUAUUGCUU
UUUAAACAUA
UCAAAGAAAU

UAUUCAACUU
AAUGUCUCCU
UUGCCUUGUG
GGUUUUUUAC
UAAAUGGUGA
UUUACAUUUU
AUUUGGGAGG
UGGGCUUCUG
AUCCAAGAUC
UCAUUUAGCU
UAUGUUCCGU
UGCACAACUU
AUGUUUUGAC
UAGAAAAAAA
AUAUUAAAUU
AUAUUUGCCU
AGUCAAAACU
UAGGUUAUGG
CCUACUAUUU
GAUCCAACAU
UUCUCAGCUC
UGGAAAACAC
UACUAGAUAA
GCUUACAGCA

AUCAGGCGCU
AUGCAUUAUA
UUGUGCUGUU

CUCUUGAACU
CUGUCCCUCC

GUCUUGUGCU

CAAUGCUUUG
AUGGCCGUGG
AGCAGUUUUA
GCAGUUUGAG
ACUGUUCUUG
UGUGAUUACA

UUUUGUUGGA
ACAUUCUUGU
UGUUCUUAUC

UGCUUGUAUU
CAUGGGAUAG
UUGUUGUAUG
GUAUGCUAUA
AGCAUACAUA
AAACUGAUUA
UUUGAUAUUG
UUAUCUUCUC
GAACCUGGUU
AAAAUACCAU
CGCUAUGGUG
UGCAAAUUAU
UUUGCUGAUA
UUUGGUCAAA
UAAUAACAUU
AUUGAUUUAA
AUAAAAUUAU
UCUUAUAACC
AUCCUUUGGA
CUUUGGAUCU
CAAAAUGUCA
GCUAUGGUGA
UGAACAUUUA
UUUAUUUUAG
GCUUCAGUUU

GCCUUGUAAA
UAAUUAAUCA

UAUUAUCCCC
GUAGCUUUAG

UGCCCAAAUC

AUCUUUGCAU
UCGUAAAGGG
UGUUUUUGUU
GAGGAAGCCU
UUGUGAGUUG
GAACCUCAAA
AGUUUUGGUU

BBucccauuu
AUGGUGCUGG
AUGGUUUUUC
UACUUCAAUU

AGUUCUUUUC
CCUGCAUCUC
CACAUGUGCU
CAUGAUAUCU
UACAUAAAUA
CUGCUUAAUU
CAAAUCUUGU
CUUUGUUCUA
UUGGAGGUCC
CUCAGAAAGC
UUGAUAUCUC
AUAUGAAUUG
AAUAGUACUA
GUCAAACUGC
UUCAACCCAA
UGAAACUAAU
UCAAACUUGA
UGAAACGGAG
GAAUAAGGUU
CCUUUUGGGA
CCUCAGAAAG
UUAUACUCCC
GGUAUUCGUU
AUAAUUUAUA
UGACUCGUUC

UUUCAGAACU
UGCUAAUGGU

AAAUGUUCUG
UCGUAUCUGG

UGCUAACCGA
AUUUGAGUGA

CUGAUUGUGA
GUGUGCUAGC
GUAAGUAGUU
ACUAGUAGUA
UAAGUAUUUU
AUUAUUUGAC
cuuc

HLKQHMOSHSDE

B

RSFICPLEDCP
FSYIRKDHLNRHMLKHQ
GKLEFTCSMDGCGRKFSI
KANMORHVKEIHEDETA
TKSNRQEFVCKEEGCNKV
FKYASKMKKHEESH

VKLD
YVEVVCCEPGCMKTFEFTN
VECLRAHNQACHQYVQC
DICGEKHLKKNIKRHLR
AHEEVPSTERIKCSFEG
CECSFSN

KSN
LTKHIKASHDQVKPFEFAC
RETGCEKVFPYKHVRDN
HEKSSAHVYTQ

ANFTEMD
EQLLSCPRGGRKRKAVT
VETLTRKRVTMHGDASS
LDNGTEYLRWLLSGGDD
DSSQTH!



RT-PCR products (from primers ¢ and d) were cloned into TOPO vector and clones were sequenced.
Primer c: 5'-TGATGGAGACATGAGGGTTG
Primer d: 5'-TGTTACAGCCCTCCTCCTTG
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0S05G0121400

First cassette sequence, second cassette sequence

Precursor mRNA sequence

1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951
1001
1051
1101
1151
1201
1251
1301
1351
1401
1451
1501
1551
1601
1651
1701
1751
1801
1851
1901
1951
2001
2051
2101
2151
2201
2251
2301
2351
2401
2451
2501
2551
2601
2651
2701
2751
2801
2851

GGUUCGAGUC
UCUGGAGCCU
B8~~uccucu
GGUUGAUUUG
UUUGGGGGAU

UCAUGGCGUC
CAUAUUCUCC
GAUGAAUGAU

UGAAUUUCGA
AUAGAUGCUA
UAGAUGCUCU
UUGACAGCAA
UUGGUUGGGU

UUCUGUUGCA
GCGCUGCAUU
CAAGUCUACU
UGCAAGCACC
GAGCAUGUAC
CUCGUAUUCC
UAUUCUACAC
AUAUAGGUAU
GCCUAUUGUG
GCGUGAAGCA
UGGACUAGUA
GCCUCGUUCA
UUCUAAGACU
UACGUACUGA
AUGCAAUUAC
CUAUUCAUGC
AGUUUUAGCA
UUUUAUGUCA
UAUAUGCUUU

AUACUUGUGU
UCCUAGAUCA
GACUUUUUCU
CCUGCAAGAU
AAUGCAUGAU
CCUGUGAGAA
UUGUUUUACU

GAGGGUUUCU
CGCGGAGCCG
GCUUAUUCAC
GUUGUGAUUU
UGGUUUGGUC

UCUCGCUUCA
GUGCUUUGGC
UGACUGUUUG

UACAUGUUCA
UuGuGUUUCUC
GUCCUAUGUA
AUUUCCCUGG
AGGUUUGUUG

AAAAACUGCU
CUUAGUUUUU
GUUGAAGAAC
ACUUGAUGGU
ACUGAAGAGA
CCUUUAGUGU
AACAACCAAA
AGGUGCCAUU
GUUUCUGAUA
UUGGAUCCCA
UCAGGAUGGG
CACACUUUUU
UGAUUUUGUU
GAUAUUGUUA
UCAGUCAAGA
AGCUGUCUCA
UAUUGCACUG
AGUAAAUCAU

GCCAUAUUUU
AUUUUAUCAU
AUUUCUGAGC
ACUCCUGUUU
UUACUUAUAC
GUUGAGAAGU

UUCAAUCUUU

CCUUCUCCCA
CUGAUUCAGC
GCCGCGUGUA
UGCUCGUUAU

UAGUUCAGAA
UGCUCGCCAC
GUUUUGUCGG

CUGAAAUGAU
UGUUCAGAGU
GGGACUAGGG
ACAGUUAAUA
AUCUAUGCUG

UGCUCUAUGC
CCAAGCUAUU
UGCAUGCGUA
CUUUUGAUCA
UAGCUAUGCU
AAAAGACGUG
ACAAUUACUC
UGGCUCUCUG
UAUUUUGAUU
AAGAACUCCA
GAGACUCUCC
CAGEHUUGCU
CCAACUGUUG
UUCUCAAGCU
UACACAUGUA
UUUGCAGCAU
AAUGGAUAUG
ARAGUUCUGC

UCUUACUGUC
AUAUAGACUG
UAGAAUACUG
CUUUUAAAGA
UGUGCAUGCG
GAGAAUUGGU

CAGGGUUGAU

GUGCGCCGCC
GAAUUCCUCU
GCGCGGAUUU
GUGUGUUUUG

CCUCAGAUGC
GGUGGUUGGU
UGCUGCUAUU

CAAGUUCUUU
AUUACUUGCA
AUGGUGAUAG
GUUGUCGUUU

UACUGCUGUU
GAAGGAUCUU
GCGCUGUUGG
AACAGUUAAC
UGUGAUGGAA
UAUCUGUCCU
AUUUGAAAGU
UUUCGUUGGA
UUGGCHEBACU
ARAUGCGUGA
B@Ac2accuc
UGUUCAUUUC
UUAUUACUUA
ACUUAAGGAU
UAUUUGUCAC
AGUAGUGUGA
UGUGUACAUU
UUUCAGUAUA

UUUAAAUAGC
GUUAUGUCAU
AUAUAAACUC
UCAUUUAUCU
CUGUAUGCCU
UAAUUGUGCC

UCUGUUUCAC

GUCGCCAACA
GCAAUUAGAG
CGGUGAUUUU
UGACGCGAAU

GUCUAGUGGU
UACUUGGAUG

GGCGCAUGUG
AUAGCUGUGA
UUAUGCUGUG
CACUCCUUUU

AUUGUUACGU
UUCUUACGCG
UUGUAUCUAA
CAAGUAGGUA
UAACCAGCUC
GUUCAGUGAA
UAAUUCAAGU
UUAGUGCAUG
AUAUAUGACU
AGGCUUUGAA
CAUCAAGAAU
AAAUUGCUCA
CAGUGAUAUG
CCUGUCUUAG
UGGUAUUUGA
UUAUCGGAAC
GACCUACUUA
ACAUUUAAGG

UCAGCAACCC
CUGACACUCU
UUCAAAGUAU
CUUCAGAUCA
GCUUUUACUU
GUGACAUACC

AGAAUUUUUU

Protein sequence

MGSVELGAE
EREVAGGEGGSKGAAPP
ARDIRRYKCDFCSVVRS
KKGLIRAHVLEHHK

DEVDDLDDYLGRGGGET
CKEMDHDCKVCGASFKK
PAHLRQHMQSHSLE

RPFSCHVDGCPF
SYSRKDHLNRHLLTHQG
KLFACPMEGCNRKETIK
GNIQRHVQEMHKDGSPC
ESKKEFICPEENCGKTF
KYASKLQKHEESH

VKLDYSEVIC
CEPGCMKAFTNLECLKA
HNKSCHRHVVCDVCGTK
QLKKNFKRHOQRMHEGSC
VTERVRCHLKDCKLSFES
K



2901
2951
3001
3051
3101
3151
3201
3251
3301
3351
3401
3451
3501
3551
3601
3651
3701

UAUUUCUUUC
UUUUGGGGGG

AUGAAAUAGC
UUAUAAUUUU

CGUGAACCAG
UAUGGUUUGA
GUAAAACAUG
UCAAGUUACC
AAGGGUGUUU
AUAGGAAAAG
AUGGUAAUUU

CAAUAAAUUG
GGGGGGGGGA

UGACCGAUGG
CCCAUCAUUA

AAUACAGAAA
GAUACUAGUA
GAAGUAAUUU
AGAAGUCCAG
AUGUGCUAGU
UGAAAGGAAU
AUCAAGGUUG

CAAAUCGUUC
CUUUGAACUG

UAUCUUCUUC

UGUGAGAUCU
GCAACGUUCU
UGAUAAGACC
AAUGCAGAAA
UAGGUAGCAA
UUUAGUAGAC
GUUUGUUCUA

CAUCCUUUUC

ACACAAACAA
UUGUUAAACC

UUGGAUAUCA
UUUCCUUUGU
UCUAUGUACU
CGCCAGAUCU
CGUUCUCUCU
CCUAAUGUCU
CAGUGU

AAUUUUUUUU

CAAUUCUGCU
CUUAAGAUGA

AGGGUGUUGA
GCAUGUAUAG
GUCUCAGACA
UUAUAUGCUC
UUUUGUAUGU
UGUGACAGGC

EQKRP

VYVQ

ANFEEIDG
ERPRQAGGRKRKAIPVE
SLMRKRVAAPDDDAPAC
DDGUEYLRWLLSG!

RT-PCR products (from primers f and g) were cloned into TOPO vector and clones were sequenced.

Primer f: 5"-ATGATTACTTGGGACGTGGT
Primer g: 5'-GTCTTCCCACAGTTTTCC
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Supplementary Figure 5. Expression of Flag-tagged versions of L5, TFIIIA, and L7 proteins
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(a) Western blot analysis of crude extracts from N. benthamiana infiltrated with Flag-L5, Flag-TFIIIA, Flag-L7 coding
sequence constructs, or none (WT). A Flag peptide sequence was inserted at the N-terminus after the start codon and
does not change the effect on Pre-EGFP reporter splicing (data not shown). The immunoblot was probed with anti-Flag
antiserum. The 30 kDa molecular weight marker (MW) protein cross-reacts with the antibody. The molecular weights for
the detected proteins were estimated using a standard curve for all marker bands (expected sizes in parentheses): Flag-
L5 32 kDa (36 kDa), Flag-TFIIIA 50 kDa (48 kDa), Flag-L7 28 kDa (30 kDa).

(b) Amidoblack staining of the western blot shown in a, which visualizes all proteins present on the blot. The major band in
the plant extracts corresponds to Rubisco.

The expression of all three proteins tested for an effect on TFIIIA reporter was confirmed by western blot analysis. In
general, somewhat less L5 is expressed than TFIIIA or L7, but it alone has an effect on reporter splicing and expression
(Fig. 3a, c). No protein was detected by anti-Flag probing of crude extracts from wild-type N. benthamiana plants.
Roughly equal loading of crude extracts in all lanes is shown by amidoblack staining and comparison of the main band
corresponding to the highly abundant protein Rubisco (large subunit).



Supplementary Figure 6. GST-AfL5 fusion protein binds to 5S rRNA in vitro
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(a) In vitro binding analysis for 5S rRNA with GST-AfL5. Sequence used is the major 5S transcript identified in A.
thaliana®. Radiolabeled RNA was incubated at 25°C in binding buffer in the absence or presence of protein (0-0.1 uM).
RNA-protein complex formation was analyzed by non-denaturing PAGE. Unbound RNA (filled arrowhead) and RNA-
protein complexes (open arrowhead) are indicated. Similar to previous data®, two bands corresponding to RNA-protein
complexes are observed which have similar binding characteristics. This suggests that the RNA fold may be
heterogenous but still bind the protein. Additionally, ~50% of the RNA remains unbound at saturating concentrations of
protein, even with optimized renaturation protocols.

(b) Representative plot used to determine the apparent Kp for the interaction between 5S rRNA and GST-ALL5 protein.
Maximal binding observed at 0.5 uM protein was normalized to 1. Graphed line corresponds to the best-fit curve for a two-
state binding model with 1:1 stoichiometry and Kp of 9 nM. Analysis of either of the two RNP signals or a summation of
both give similar results for the apparent Kp.



Supplementary Figure 7. In-line probing of A. thaliana P5SM RNA mutants

P5SM RNA P5SM RNA P5SM RNA
WT M1 M2
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Comparison of in-line patterns between wild-type P5SM RNA (nucleotides 603-810 of AfTFIIIA gene, NCBI gi 42592260)
and truncated constructs show that deletion of the designated regions (M1 and M2, Fig. 5a) of the RNA do not perturb the
other parts of the RNA. A white arrowhead indicates the location of each truncation. The unperturbed portions of the

RNAs remain well-folded and have similar patterns of spontaneous cleavage compared to WT except missing the
indicated deletion region.
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Supplementary Figure 8. The interaction of 5S rRNA with ribosomal proteins L18 (L5 homolog)
and L30 (L7 homolog) in the Haloarcula marismortui large ribosomal subunit
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Atomic coordinates used to make figures are from the crystal structure of the large ribosomal subunit (pdb accession code
1QVG, chain 9 = 5S rRNA, chain M = L18P, the homolog to L5, chain V = L30P, the homolog to L7)™.

(a) Conventional 5S rRNA structure model colored in accordance with panels and with regions homologous to P5SM
boxed in grey; (b) view highlighting the 5S rRNA helix Il interaction with L5; (¢) second view highlighting the 5S rRNA
helix | interaction with L5 and showing that helix Il is not in contact with the protein; (d) third view highlighting the 5S rRNA
loop E interaction with L7.

P5SM does not have a region strongly homologous to helix I, which may account for lower affinity in the P5SM-L5
interaction. Other structural features, such as the conserved but distinct P1 (Fig. 1¢), may partially substitute for helix I,
whose length has been shown to be important for complex formation in yeast”, but allow L5 to bind P5SM in the context
of a long pre-mRNA.



Supplementary Figure 9. The relative protein expression of P5SM mutant reporters reflects
their splicing patterns
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Reporter fluorescence for mutants normalized to WT Pre-EGFP are shown on a semi-log plot. WT and each mutant
reporter construct was transformed on half of the same leaf to ensure near identical conditions for comparison. Effects
from varying endogenous L5 levels were minimized by measuring reporter fluorescences upon constitutive AfL5
expression. Thus, the data from this figure corresponds to the filled bars in Fig. 5d, except that the former is normalized to
WT + ALL5 and the latter is normalized to + LUC for each construct separately. Numbers of independent leaf samples (n)
measured are shown. Error bars representing SEM are within the diameter of the symbols.

The observed protein expression relative to WT corresponds to the three splicing pattern types labeled in the different
colors, which are also shown for a representative leaf sample in Fig. 5d.



Supplementary Figure 10. Replacement of the purine-rich loop sequence in L2 causes
constitutive exon skipping without loss of L5 binding
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(a) Partial sequence of the L2 mutant (M8) compared to wild-type (WT) P5SM RNA with the altered nucleotides shaded.
Bolded nucleotides are identical to the A. thaliana 5S rRNA sequence.

(b) Comparison of RNA cleavage patterns from in-line probing between WT and M8 P5SM constructs show that changes
in structure are confined to L2. The labeled G nucleotides correspond to the same positions labeled for the shorter
construct in Fig. 1b. Black bars indicate the location of nucleotide changes. Note that the pattern for M8 is shifted
down from the adjacent pattern for WT above this region because these 5’ cleavage products include the deletion,
which shortens the length of M8 relative to WT.



(c)

(d)

(e)

(f)

In vitro binding analysis for the M8 P5SM RNA with GST-A{LS5. The same methods were used as described in Fig. 4.
As observed for 5S rRNA in Supplementary Fig. 6, two bands corresponding to RNA-protein complexes are
observed, suggesting that the RNA fold may be heterogenous but still binds the protein. Also shown is a
representative plot used to determine the apparent Kp for the interaction between M8 P5SM RNA and GST-AfL5
protein. Maximal binding observed at 1 uM was normalized to 1. Graphed line corresponds to the best-fit curve for a
two-state binding model with 1:1 stoichiometry and Kp of 75 nM.

In vivo expression analysis for the Pre-EGFP reporter construct incorporating the M8 mutation in P5SM with co-
expression of AtL5. Data for the Pre-EGFP WT construct (from Fig. 3c) is shown for reference. For each construct,
the EGFP fluorescence measured with expression of luciferase (LUC) was set to a value of 1. Number of independent
leaf samples (n) measured are shown. Error bars represent SEM.

Reporter fluorescence for the M8 mutant normalized to WT Pre-EGFP shown on a semi-log plot. WT and M8 were
transformed on half of the same leaf to ensure near identical conditions for comparison. Effects from varying
endogenous L5 levels were minimized by measuring reporter fluorescences upon constitutive AfL5 expression.
Number of independent leaf samples (n) measured are shown. Error bars representing SEM are within the diameter
of the symbols.

RT-PCR detection of splice products arising from splicing of WT versus M8* Pre-EGFP reporter constructs. The M8*
construct is identical in sequence to the M8 construct analyzed in d and e, except for two single-nucleotide mutations
in the constitutive intronic region. These additional mutations do not affect reporter splicing, as the protein expression
results for M8* were the same as for M8. This set consists of WT and M8* from a representative leaf sample, in which
AfL5 was over-expressed. The color coding corresponds to the splicing pattern types labelled in e. Also shown are
PCR products corresponding to unspliced precursor, SP-IE, and SP-IIE derived from DNA templates.

Based upon a displacement model for splicing regulation by ribosomal protein L5, the purine-rich insertion in the L2 loop
of P5SM was postulated to be an exon splicing enhancer (ESE) that binds a splice factor to favor exon definition and
splicing to SP-II. To test its proposed role as an ESE with minimal perturbations to other functions of the RNA, the five
purine nucleotides were replaced with the UC sequence from Loop C of 5S rRNA. As expected, the replacement mutant
M8 still binds L5, with comparable affinity as the WT P5SM and changes to the structure are confined to the L2 region.
However, unlike all other previously tested P5SM reporter constructs that bound L5 (WT, M6, M7), loss of the purine-rich
sequence causes loss of L5 activation and constitutive splicing to SP-I, as observed by reporter fluorescence and RT-
PCR. These results support a role for this sequence in exon definition, possibly as an ESE that recruits an exonic splice
factor.



Supplementary Figure 11. The two TFIIIA genes in O. sativa, Zea mays, and Triticum aestivum
may be differentially regulated by a single or tandem arrangement of the P5SM element

(@) Two TFIIIA genes (0S02G0116000 and OS05G0121400) were identified in the O. sativa genome, shown is the
comparison of the annotated splicing models; (b) RT-PCR analysis of 0S05G0121400, the rice TFIIIA gene containing
the tandem P5SM arrangement detected three main splice types (SP-I, SP-Il, and SP-IIl) but not the fourth predicted
splice type (splice reaction in grey); see Figure S4 for sequences of the gene, the translated protein, and the splice
products detected by RT-PCR for 0S02G0116000 and OS05G0121400; (¢) sequences of SP-Il type transcripts for the
homologous two TFIIIA genes in Zea mays and Triticum aestivum (from EST or cDNA data). Cassette exon is highlighted
in blue; P5SM sequences are underlined.
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SUPPLEMENTARY TABLE 1. Sequences of DNA primers

DNA templates for in vitro transcription

A. thaliana P5SM, minimal (nucleotides 649-793 of AT1G72050)

DNA1 5’ -TAATACGACTCACTATAGGTCTTACCTATGTTATTGCG For, T7 promoter
DNA2 5’ -CTCAAACATTTTGCGTGATCG Rev
A. thaliana P5SM RNA (nucleotides 603-810 of AT1G72050)
DNA3 5’ -TAATACGACTCACTATAGGTTTATACATTTGCAGGAAATAA For, T7 promoter
DNA4 5’ -GCTATTGAACATCAGACCTC Rev
0. sativa P5SM RNA 1 (nucleotides 903-1109 of Os05g0121400)
DNA5 5’ -TAATACGACTCACTATAGGTTGGGTAGGTTTGTTGATCTA For, T7 promoter
DNAG 5’ -GCAACAGAAGAAATCACCTGAAG Rev
0. sativa P5SM RNA 2 (nucleotides 1500-1693 of Os05g0121400)
DNA7 5’ -TAATACGACTCACTATAGGCCTATTGTGGTTTCTGATATATT For, T7 promoter
DNAS8 5’ -TTTGAAATGAACAAGCAAACCTG Rev
A. thaliana 5S gene (CIC YAC 6A1, °)
DNA9 5’ -CGTGATTTGGGCTATATTACG For
DNA10 5’ -CAGTCTACAAGTTATCGAGTCATA Rev
A. thaliana 5S rRNA
DNA11 5’ -TAATACGACTCACTATAGGATGCGATCATACCAGC For, T7 promoter
DNA12 5’ -GAGGGATGCAACACGAG Rev
RT-PCR analysis
TFIIA (AT1G72050) from A. thaliana
a (DNA13) | 5" -atgcggatccGTGCGGCGTCTTGATGGA For, BamHI
b (DNA14) | 5" -ACTCTTGCAGTTCTCCTTCG Rev
e (DNA15) | 5° -GGCACGGGCAGCTTACCGGTGGTGCATATGAACTTCAGGGT Rev (EGFP)
TFIIA (0s02G0116000) from O. sativa
c (DNA16) | 5 -TGATGGAGACATGAGGGTTG For
d (DNA17) | 5" -TGTTACAGCCCTCCTCCTTG Rev
TFIIA (Os05G0121400) from O. sativa
DNA18 5’ -ATGATTACTTGGGACGTGGT For
DNA19 5’ -GTCTTCCCACAGTTTTCCTC Rev
gRT-PCR analysis
TFIIIA transcripts retaining exon (SP-Il and unspliced®)
DNA20 5’ -TTATTGCGTGAGGCATTGGA For
DNA21 5’ -TCTCAGGAGGTCTCCCAACCT Rev
TFIIIA transcripts skipping exon (SP-I)
DNA22 5’ -TGTCAAGAATGTGGTGCTGA For
DNA23 5’ -GTAAAAGATCTCTCGAGCGAATG Rev
DsRED transcripts (reference)
DNA24 5’ -AGACCCACAAGGCCCTGAA For
DNA25 5’ -CAGCTGCACGGGCTTCTT Rev
Cloning of reporter constructs
5' fragment of TFIIIA (Pre-EGFP, I-EGFP, II-EGFP)
DNA26 5’ —atgcggtaceGTGCGGCGTCTTGATGGA For, Kpnl
DNA27 5’ —agcttctagaATCCACATAGCAAGTAAAAGA Rev, Xbal

EGFP without start codon




DNA28 5’ —agcttetagaGTGAGCAAGGGCGAGGA For, Xbal
DNA29 5’ —agctgtegacTTACTTGTACAGCTCGTCCATGC Rev, Sall
Flag tag insertion in frame within N-terminal coding region
DNA30 atgcetegagGACTACAAAGACGATGATGACAAGetecgagatgce For, Xhol, Xhol
DNA31 gcatetegagCTTGTCATCATCGTCTTTGTAGTCetegaggcat Rev, Xhol, Xhol
Cloning of protein coding sequences
TFIIIA cDNA (AT1G72050) from A. thaliana
DNA32 5’ -gacggatccATGGCGGAAGAAGCTAAAG For, BamHI
DNA33 5’ -gacgtegacCTAGCAAGTTTCGTGTTCTTC Rev, Sall
L5 cDNA (AT3G25520) from A. thaliana
DNA34 5’ -gacggatccATGGTGTTTGTGAAGTCCACC For, BamHI**
DNA35 5’ -gacgtcgacTAAAGAAGGCTTGACTGATTTACTCTTC Rev, Sall
DNA36 5’ —atgcagatctATGGTGTTTGTGAAGTCCACC For, Bglll
L7A cDNA (AT1G80750) from A. thaliana
DNA37 5’ —atgcggatccATGGCTGAGGAAGAAGCTAA For, BamHI
DNA38 5’ —atgcgtegacCTAATTCATTTTGCTGATGAGA Rev, Sall
L7B cDNA (AT2G01250) from A. thaliana
DNA39 5’ -atgcggatccATGGTTGAGTCAAAGGTTGT For, BamHI
DNA40 5’ -atgcgtegacCTAATTCATCCTCCTGATAAGC Rev, Sall
N-terminal Flag tag w/ start codon and BamHI overhangs
DNA41 gatccATGGACTACAAAGACGATGATGACAAG For, BamHlI, Flag
DNA42 gatccCTTGTCATCATCGTCTTTGTAGTCCATg Rev, BamHI, Flag
Primer containing N-terminal Flag tag w/ start codon and overlap &’
end of L5 cDNA (internal BamH]I site prevents use of above primers)
DNA43 atgcagatctATGGACTACAAAGACGATGATGACAAG For, Bglll, Flag

ATGGTGTTTGTGAAGTCC

P5SM mutant constructs by two-piece PCR ligation

M1 (template TOPO-DNA26/27 PCR)

DNA44 5’ -GTAGCCTCGCCTCACGCAATAACATAGG 5’ seg, w/ DNA3

DNA45 5’ ~-GCGTGAGGCGAGGCTACATGTTATGGAC 3’ seg, w/ DNA4
M2 (template TOPO-DNA26/27 PCR)

DNA46 5’ -GCTTACTTGCTATAACATGTAGCCTCGCATTTTGG 5’ seg, w/ DNA3

DNA47 5’ -GCTACATGTTATAGCAAGTAAGCCTCGATCACG 3’ seg, w/ DNA4
M3 (template TOPO-DNA26/27 PCR)

DNA48 5’ -CGCATTGGAGTTCTCTCTTTGGGATCC 5’ seg, w/ DNA3

DNA49 5’ -CTCCAATGCGAGGCTACATGTTATGGAC 3’ seg, w/ DNA4
M4 (template TOPO-DNA26/27 PCR)

DNA50 5’ -GGGATGGAATGCCTCACGCAATAACATAGG 5 seg, w/ DNA3

DNA51 5’ -CATTCCATCCCAAAGAGAGAACTCCAAAATGC 3’ seg, w/ DNA4
M5 (template TOPO-DNA26/27 PCR)

DNA52 5’ -GGGAAGGTATGCCTCACGCAATAACATAGG 5’ seg, w/ DNA3

DNAS53 5’ -CATACCTTCCCAAAGAGAGAACTCCAAAATGC 3’ seg, w/ DNA4
M6 (template TOPO-M4)

DNAS54 CATTTTCCAGTTCTCTCTTTGGGATGGAATGC 5 seg, w/ DNA3

DNA55 GAACTGGAAAATGCGAGGCTACATGTTATGG 3’ seg, w/ DNA4
M7 (template TOPO-M5)

DNA56 CATTTACCTGTTCTCTCTTTGGGAAGGTATGC 5 seg, w/ DNA3




DNA57 GAACAGGTAAATGCGAGGCTACATGTTATGG 3’ seg, w/ DNA4
M8 (template TOPO-DNA26/27 PCR)

DNAS58 GAGTTCTGATGGGATCCAATGCCTCACG 5’ seg, w/ DNA3

DNAS9 GATCCCATCAGAACTCCAAAATGCGAGGC 5 seg, w/ DNA4

Italicized sequence includes T7 promoter sequence for in vitro transcription; lowercase sequence

includes overhang and restriction digest sites (bold) indicated

*The unspliced pre-mRNA is not observed by RT-PCR, and so should contribute negligibly to the
transcript abundance measured by qRT-PCR.
**The L5 cDNA sequence contains a BamHI site at nucleotide position 104; a partial digest with
BamHI could be performed and the larger DNA product isolated, or the restriction site could be
switched to Bglll (DNA34), which results in a digested end compatible with the BamH]I cloning site.




SUPPLEMENTARY METHODS
Cloning of DNA constructs

Reporter constructs containing the 5' region of either the unspliced pre-mRNA (Pre-EGFP) or the two
splice variants (I-EGFP and II-EGFP) of TFIIIA from A. thaliana fused to the cDNA of enhanced green
fluorescent protein (EGFP) were cloned into the binary vector pBinAR'2. The TFIIIA 5' regions starting
from the 5' UTR and extending to the exon downstream of P5SM were PCR amplified with primers
DNA26 and DNA27 from A. thaliana genomic DNA or cDNA, then the resulting DNA products were
subjected to restriction digest with Kpnl and Xbal. EGFP cDNA was PCR amplified with primers
which skip the start codon of EGFP, and the resulting DNA product was subjected to restriction digest
with Xbal and Sall. To generate in-frame fusion constructs, the different TFIIIA fragments were ligated
with EGFP cDNA through the common Xbal ends. The resulting products were cloned into the
Kpnl/Sall sites of pBinAR. For insertion of a Flag tag into these reporter constructs, two
complementary oligonucleotides encoding the Flag peptide sequence (DYKDDDDK) flanked by Xhol
sites were annealed, subjected to restriction digest, and cloned in-frame into a natural Xhol site within
the 5' part of the TFIIIA coding sequence (annotated in Supplementary Fig. 4).

For cloning of Pre-EGFP reporter constructs with mutations in PSSM, first the 5' region of wild-type
TFIIIA gene was PCR amplified with primers DNA26 and DNA27. The resulting product was cloned
into EcoRV linearized vector pBluescript Il SK (Stratagene) via blunt end ligation. PCR mutagenesis
was performed on the plasmid containing the TFIIIA fragment and, after sequence confirmation, the
fragment was released by restriction digest with Kpnl and Sall for use in cloning with EGFP into
pBINAR as described above.

Various proteins were co-expressed with TFIIIA reporter constructs to assess effects on reporter
activity. Their respective sequences were amplified by PCR from A. thaliana cDNA and after
restriction digest, cloned into the BamHI/Sall sites of pBINAR. Cloning of control constructs
containing luciferase (LUC) or DsRED2 were described previously'. For introduction of an N-terminal
Flag tag, two complementary oligonucleotides encoding a start codon followed by the Flag peptide
sequence flanked by sequences with BamHI-compatible overhangs were annealed and cloned in-
frame into the BamHI site immediately 5' of the protein coding region. Since the L5 coding region
contains a BamHl| site, the Flag tag was instead introduced as an extended overhang to the 5' primer
complemenary to L5 (DNA43).

Additional notes on non-denaturing gel shift assays

Renaturation of the RNA before performing the assay was found to be important to reduce the
amount of alternatively folded forms, as sometimes observed by the appearance of multiple RNA
bands in the absence of added protein. Gels below 6% acylamide are not able to resolve these
multiple bands, and it is possible that even at 10% acrylamide there are still unresolved bands. Some
of these alternatively folded P5SM RNAs apparently do not bind GST-A{L5 and therefore are
unaffected by addition of protein. We observe with the renaturation protocol that saturated binding of
the RNA by protein usually is reached with ~60-70% of P5SM RNA bound and shifted. To calculate
the dissociation constant for the RNA-protein interaction, the percentage bound was normalized to
this empirically observed maximal binding. We and others® have observed a similar effect for A.
thaliana 5S rRNA, in which saturated binding is reached with some of the RNA remaining unshifted.
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