Supplemental Figure S1

RNA nucleotide sequences of inverse-designed TLC1 alleles

Nucleotide substitution mutations were made in TLC1, without deletions or insertions, in non-essential regions previously
deleted in Mini-T (Zappulla et al., NSMB 2005) or stiffened in TSA-T (Lebo and Zappulla, RNA 2012). Mutated nucleotides
are indicated in red. The terminal arm is highlighted in green (with 15 nucleotide substitutions), the Ku arm in orange
(with 11-62 substitutions), the Estl arm in blue (with 33 substitutions), and the template in gray.
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Supp. Fig. S1A: TLC1
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GAGAGGAAGAUAGGUACCCUAUGAAAAUGUCAAUGGCUGUUGCGUUUGCU
UAAUCGUAUUUUUUUUUUUUUCAGUCCGUGUUUUUUGUACAUUCUACGUU
UGAGUUUUCCAUCAUGCAGGCCUCAGAAAUUUGGUAGGCACUCGAUGGUG
AAGAGAUAGUGUCGGAUUUCGGAUUGAUCUUUCAGUUGAUAGCCUGCUGC
UCUUUUCUUUUCCAAAGAAUUUCGAGUAUGCUGGUGUCAGUGUAGAUGCU
UGUGUGUGCGCAAUUUGUGGUUUUUUAUUGUGUUUCUACUUAUAGAUGGC
UAAAAUCUGAGUUUAGAAAAUGCAAACCGUAAAUUCUUAAACACUGCUAU
UGCAUUUAGUUGCUAAAGCAGUGUUUUUGAACUUAUUCCUGUUAUUCCUU
CUUCGUACCGAUCCUCUUCUCGACCUAACCUUUUAAUUACCAUGGGAAGC
CUACCAUCACCACACCCACACACAAAUGUUACAGCUAAUUGUUUAUUAGC
AAA

AUAUAUAGAAAUGGUUUAUUCUAGUUUUUUCCGUUUUUUCAGUAGAUUUU
UGCCUUUAAAAGAAUAAAUCCCACUACAAAAAGGUAAAAUAAAAAAUCUA
UUCACUGAACUUACUGAUGAAAUUUCCAAAUGUGCCCCGUACAUCGAACG
AUGUGACAGAGAAAAAUACGAGUAGGUAAAUAAGCCAAAAGGCAAGGGUG
UCCUUUCUUAAGCAUCGGUUAGGUUUGCGGGCGAUCAGUAACUGAACAAU
GACACAAGAUCAAGAACGUAAUUUGAGAUUUUUCAAGAUGGUUUUUUUAG
GUAUCUAUUAAAACUACUUUGAUGAUCAAUACGGUAUUUUUGUCGCAUUA
UUUUCCAAGCGGAAGGAACCGUGUGUUCAUUUUAUGAAUCUUGGUGUUGU
AUUCACAGCUACUUCUCCUAAUGCCUUCGAUGCAUUUAGAUAAUUUUUGG
AAACAUU

Est1 arm



Supp. Fig. S1B: DA-TLC1
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GAGAGGAAGAUAGGUACCCUAUGAAAAUGCCAAUGGCUGUUGCGUUUGCC
UAAUCGUAUUUUUCUCUUUUUCAGUCCGUGUUCUUUGUACAUUCCACGUU
UGAGUGUGCCAUCAUGCAGGCCUCAGAAAUUUGGUAGGCACCCGAUGGUG
AAGAGACAGUGUCGGCUUUCGGACCGAUCUUUCAGUUGAUAGCCUGCUGC
UCUUUUCUUUUCCAAAGAAUUUCGAGUAUGCUGGUGUCAGUGUAGAUGCU
UGUGUGUGCGCAAUUUGUGGUUUUUUAUUGUGUUUCUACUUAUAGAUGGC
UAAAAUCUGAGUUUAGAAAAUGCAAACCGUAAAUUCUUAAACACUGCUAU
UGCAUUUAGUUGCUAAAGCAGUGUUUUUGAACUUAUUCCUGUUAUUCCUU
CUUCGUACCGCGUCCUUUGCUCGACCUCACCUCUUAAUCACCAUGGGAAGC
CUACCAUCACCACACCCACACACAAAUGUUACAGCUAAUUGUUUAUUAGC
AAA

AUAUAUAGAAAUGGUUUAUUCUAGUUUUUUCCGUUUUUUCAGUAGAUUUU
UGCCUUUAAAAGAAUAAAUCCCACUACAAAAAGGUAAAAUAAAAAAUCUA
UUCACUGAACUUACUGAUGCACUCUCCAAACGUGCCCCGUACAUCGAACG
ACGUGACAGAGAAAAAUACGAGUAGGCAAACAAGCCAAAAGGCAAGGGUG
UCCUUUCUUAAGCAUCGGUUAGGUUUGCGGGCGAUCAGUAACUGAACAAU
GACACAAGAUCAAGAACGUAAUUUGAGAUUUUUCAAGAUGGUUUUUUUAG
GUAUCUAUUAAAACUACUUUGAUGAUCAAUACGGUAUUUUUGUCGCAUUA
UUUUCCAAGCGGAAGGAACCGUGUGUUCAUUUUAUGAAUCUUGGUGUUGU
AUUCACAGCUACUUCUCCUAAUGCCUUCGAUGCAUUUAGAUAAUUUUUGG
AAACAUU

Est1 arm



Supp. Fig. S1C: DET-TLCH
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GAGAGGAAGAUAGGUACCCUAUGAAAAUGCCAAUGGCUGUUGCGUUUGCC
UAAUCGUAUUUUUCUCUUUUUCAGUCCGUGUUCUUUGUACAUUCCACGUU
UGAGUGUGCCAUCAUGCAGGCCUCAGAAAUUUGGUAGGCACUCGAUGGUG
AAGAGAUAGUGUCGGAUUUCGGAUUGAUCUUUCAGUUGAUAGCCUGCUGC
UCUUUUCUUUUCCAAAGAAUUUCGAGUAUGCUGGUGUCAGUGUAGAUGCU
UGUGUGUGCGCAAUUUGUGGUUUUUUAUUGUGUUUCUACUUAUAGAUGGC
UAAAAUCUGAGUUUAGAAAAUGCAAACCGUAAAUUCUUAAACACUGCUAU
UGCAUUUAGUUGCUAAAGCAGUGUUUUUGAACUUAUUCCUGUUAUUCCUU
CUUCGUACCGAUCCUCUUCUCGACCUAACCUUUUAAUUACCAUGGGAAGC
CUACCAUCACCACACCCACACACAAAUGUUACAGCUAAUUGUUUAUUAGC
AAA

AUAUAUAGAAAUGGUUUAUUCUAGUUUUUUCCGUUUUUUCAGUAGAUUUU
UGCCUUUAAAAGAAUAAAUCCCACUACAAAAAGGUAAAAUAAAAAAUCUA
UUCACUGAACUUACUGAUGCACUCUCCAAACGUGCCCCGUACAUCGAACG
ACGUGACAGAGAAAAAUACGAGUAGGCAAACAAGCCAAAAGGCAAGGGUG
UCCUUUCUUAAGCAUCGGUUAGGUUUGCGGGCGAUCAGUAACUGAACAAU
GACACAAGAUCAAGAACGUAAUUUGAGAUUUUUCAAGAUGGUUUUUUUAG
GUAUCUAUUAAAACUACUUUGAUGAUCAAUACGGUAUUUUUGUCGCAUUA
UUUUCCAAGCGGAAGGAACCGUGUGUUCAUUUUAUGAAUCUUGGUGUUGU
AUUCACAGCUACUUCUCCUAAUGCCUUCGAUGCAUUUAGAUAAUUUUUGG
AAACAUU

Est1 arm



Supp. Fig. S1D: DK-TLC1
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GAGAGGAAGAUAGGUACCCUAUGAAAAUGUCAAUGGCUGUUGCGUUUGCU
UAAUCGUAUUUUUUUUUUUUUCAGUCCGUGUUUUUUGUACAUUCUACGUU
UGAGUUUUCCAUCAUGCAGGCCUCAGAAAUUUGGUAGGCACCCGAUGGUG
AAGAGACAGUGUCGGCUUUCGGACCGAUCUUUCAGUUGAUAGCCUGCUGC
UCUUUUCUUUUCCAAAGAAUUUCGAGUAUGCUGGUGUCAGUGUAGAUGCU
UGUGUGUGCGCAAUUUGUGGUUUUUUAUUGUGUUUCUACUUAUAGAUGGC
UAAAAUCUGAGUUUAGAAAAUGCAAACCGUAAAUUCUUAAACACUGCUAU
UGCAUUUAGUUGCUAAAGCAGUGUUUUUGAACUUAUUCCUGUUAUUCCUU
CUUCGUACCGCGUCCUUUGCUCGACCUCACCUCUUAAUCACCAUGGGAAGC
CUACCAUCACCACACCCACACACAAAUGUUACAGCUAAUUGUUUAUUAGC
AAA

AUAUAUAGAAAUGGUUUAUUCUAGUUUUUUCCGUUUUUUCAGUAGAUUUU
UGCCUUUAAAAGAAUAAAUCCCACUACAAAAAGGUAAAAUAAAAAAUCUA
UUCACUGAACUUACUGAUGAAAUUUCCAAAUGUGCCCCGUACAUCGAACG
AUGUGACAGAGAAAAAUACGAGUAGGUAAAUAAGCCAAAAGGCAAGGGUG
UCCUUUCUUAAGCAUCGGUUAGGUUUGCGGGCGAUCAGUAACUGAACAAU
GACACAAGAUCAAGAACGUAAUUUGAGAUUUUUCAAGAUGGUUUUUUUAG
GUAUCUAUUAAAACUACUUUGAUGAUCAAUACGGUAUUUUUGUCGCAUUA
UUUUCCAAGCGGAAGGAACCGUGUGUUCAUUUUAUGAAUCUUGGUGUUGU
AUUCACAGCUACUUCUCCUAAUGCCUUCGAUGCAUUUAGAUAAUUUUUGG
AAACAUU

Est1 arm



Supp. Fig. S1E: DPhyK-DA-TLC1

1 GAGAGGAAGAUAGGUACCCUAUGAAAAUGCCAAUGGCUGUUGCGUUUGCC
51 UAAUCGUAUUUUUCUCUUUUUCAGUCCGUGUUCUUUGUACAUUCCACGUU
101 UGAGUGUGCCAUCAUGCAGGCCUCAGAAAUUUGGUAGGCACCCGAUGGUG
151 AAGAGACAGUGUCGGCUUUCGGACCGUUCUUUUCGCEUCACAGCCUGUCGC
201 UCUUCUCUCUUCCAGAGAGUUUCGUGCACGCUGGCGUCAGUGUAGACGCC
251 UGUGCGUGCUCAAUUUGUGGUUUUUUAUUGUGUUUCUACUUAUAGAUGGC
301 UAAAAUCUGAGUUUAGAAAAUGCAAACCGUAAAUUCUUCUUULCUUCUUCU
351 UGCCUUCAGUUGCUCAACCAGUGUUUUUCCCGGUUAUUCCUCCGUUUCUUU
401 CUUUCUUUCGGUCCUUUGCUCGACCUCACCUCUUAAUCACCAUGGGAAGC
451 CUACCAUCACCACACCCACACACAAAUGUUACAGCUAAUUGUUUAUUAGC
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651
701 AUAUAUAGAAAUGGUUUAUUCUAGUUUUUUCCGUUUUUUCAGUAGAUUUU
751 UGCCUUUAAAAGAAUAAAUCCCACUACAAAAAGGUAAAAUAAAAAAUCUA
801 UUCACUGAACUUACUGAUGCACUCUCCAAACGUGCCCCGUACAUCGAACG
851 ACGUGACAGAGAAAAAUACGAGUAGGCAAACAAGCCAAAAGGCAAGGGUG
901 UCCUUUCUUAAGCAUCGGUUAGGUUUGCGGGCGAUCAGUAACUGAACAAU
951 GACACAAGAUCAAGAACGUAAUUUGAGAUUUUUCAAGAUGGUUUUUUUAG
1001 GUAUCUAUUAAAACUACUUUGAUGAUCAAUACGGUAUUUUUGUCGCAUUA
1051 UUUUCCAAGCGGAAGGAACCGUGUGUUCAUUUUAUGAAUCUUGGUGUUGU
1101 AUUCACAGCUACUUCUCCUAAUGCCUUCGAUGCAUUUAGAUAAUUUUUGG
1151 AAACAUU

Est1 arm




Supp. Fig. S1F: DPhyK-TLC1

1 GAGAGGAAGAUAGGUACCCUAUGAAAAUGUCAAUGGCUGUUGCGUUUGCU
51 UAAUCGUAUUUUUUUUUUUUUCAGUCCGUGUUUUUUGUACAUUCUACGUU
101 UGAGUUUUCCAUCAUGCAGGCCUCAGAAAUUUGGUAGGCACCCGAUGGUG
151 AAGAGACAGUGUCGGCUUUCGGACCGUUCUUUUCGCEUCACAGCCUGUCGC
201 UCUUCUCUCUUCCAGAGAGUUUCGUGCACGCUGGCGUCAGUGUAGACGCC
251 UGUGCGUGCUCAAUUUGUGGUUUUUUAUUGUGUUUCUACUUAUAGAUGGC
301 UAAAAUCUGAGUUUAGAAAAUGCAAACCGUAAAUUCUUCUUULCUUCUUCU
351 UGCCUUCAGUUGCUCAACCAGUGUUUUUCCCGGUUAUUCCUCCGUUUCUUU
401 CUUUCUUUCGGUCCUUUGCUCGACCUCACCUCUUAAUCACCAUGGGAAGC
451 CUACCAUCACCACACCCACACACAAAUGUUACAGCUAAUUGUUUAUUAGC
501 AAA
551
601
651
701 AUAUAUAGAAAUGGUUUAUUCUAGUUUUUUCCGUUUUUUCAGUAGAUUUU
751 UGCCUUUAAAAGAAUAAAUCCCACUACAAAAAGGUAAAAUAAAAAAUCUA
801 UUCACUGAACUUACUGAUGAAAUUUCCAAAUGUGCCCCGUACAUCGAACG
851 AUGUGACAGAGAAAAAUACGAGUAGGUAAAUAAGCCAAAAGGCAAGGGUG
901 UCCUUUCUUAAGCAUCGGUUAGGUUUGCGGGCGAUCAGUAACUGAACAAU
951 GACACAAGAUCAAGAACGUAAUUUGAGAUUUUUCAAGAUGGUUUUUUUAG
1001 GUAUCUAUUAAAACUACUUUGAUGAUCAAUACGGUAUUUUUGUCGCAUUA
1051 UUUUCCAAGCGGAAGGAACCGUGUGUUCAUUUUAUGAAUCUUGGUGUUGU
1101 AUUCACAGCUACUUCUCCUAAUGCCUUCGAUGCAUUUAGAUAAUUUUUGG
1151 AAACAUU

Est1 arm




Supplemental Figure S2

Mfold secondary structure predictions of DA-TLC1 alleles

Mfold secondary structure predictions without constraints, with P-num output.
(A) TLC1

(B) DA-TLC1

(C) DET-TLC1

(D) DK-TLC1

(E) DPhyK-DA-TLC1

(F) DPhyK-TLC1




Supp. Fig. S2A: TLC1
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Supp. Fig. S2B: DA-TLC1
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Supp. Fig. $2C: DET-TLCH
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Supplemental Figure S3

Comparison of Mfold secondary structure predictions for wild-type, inverse-designed, and
phylogenetic models of TLC1 arms. Regions of TLC1 arm secondary structures are shown, comparing
the Mfold secondary structure prediction and phylogenetically determined (Zappulla and Cech, PNAS
2004) structures of wild-type TLC1 to the Mfold-predicted structures of the inverse-designed
“determined” arms. Nucleotide changes in inverse-designed alleles are circled in red.

(A) Ku-binding arm
(B) Est1-binding arm

(C) Terminal arm



Supp. Figure S3A

I_l_!_l_?

(See Fig. 1A for distal portion of Ku
arm Mfold models)

__________
(O S O

P}
AT,
AAAAAAAA

—

11 nts changed (Q)

.
C=WT

Ku arm "
-~ 8 wE X
- . e
\ foar boxes indicate similarly folded portions W I_ 1
/ o> 3\ g - L s T T C
— Roog w WA W A A o N 0
oS el / 7 ‘
e (Mfold)
r e >
s N
w/:}\’kj‘/f“(/L 2 ~ _— -
A T
3 L

—i-
420 us 440 b\
N O @ O Or e DA-TLC1
}38 4 T 2 L A e e L /
~J_ o 150 G5 . A
3 s
§ e
! ‘l"’
~ i
A A
62 nts changed (O) 3
— -0
=N N -
I gy ] A
E{%.;.;! S mmiin@ O Qg DPhyK'TLC].
- 7O i ! 1
R 2 g 2 e

WT TLC1
(Mfold +

phylogenetics)
(Zappulla and Cech,
PNAS, 2004)



g—

72 BN

O c

.Ic

- D

TS
+ g &5
T W S
S O35~
MhaN

[

0
o
7))
)
t
S
20
Ll
p.
Q
>
7

(See Fig. 1A for distal portion of Est1 arm Mfold models)

Estl arm



Supp. Figure S3C
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