.....AAAAAAAA...AAAAAAAAAA..AAAA..........vvvv..AAAA.:.......V
D) (=) DI (CCCCCCECCCCCC=== )= (=== ) (=) )

Goe D)= CCCCCCCCCCEC==== I CCCC==== D))= (CCC==== M NN = NM)) =+ Asuuyd  £89€T Z |eyel
= (CCCCCCCCCCC === (CCCCC===))
D D))= (CCCCCCCCCCC =P CCCCCC =PI D)) (( 0 [2As7 Ayjnaiyi@
(CCCCCCCCC ===~ CCCCCC === MM CCCC == D) I (CCCCCCCCCCC=== )= (= - 9BISINRI)
gsee U I DI (CCCCCCCCCCC ) ((eemmmeeeeees ) (e DIIN)) ysus TT8/T saoAwoJseydoes
0 [9A97 Aynoii@
- |leudis s
nJiAOJlalewwen
v0€0L CCCCCCCC=PMMMN = CCCCCCCCCe==Ccce=mmmMmMM M= (= mm) -y yaus /¥8ST 3yl
0 [2As7 Aynaiyi@
- SNJIANOULPY
e (CCC = CCCC0C === CC0C(CCCCreeeeeee CCCCCCCCCC ===~ )) = CCCCC =~ (CCCCC palesSalu|
12VEl (OO~ CCCCCCCCCC = DN NN} )} )))))))) ) A DINNNINNN)) ysaus 988ST uewnH
0 [9A97 Aynoii@
- lJouyopnasd
12lG1 B (R (({{{{Ga)))B)))))] yaus 6T8ST uold
0 [2As7 Aynaiyi@
(CCeeec- - YNY 9 eueljeyl
ogzzz  CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC =M MMM I ) IN)) Yaus QEYSTT sisdopiqesy
€265 ((((Gaa)))) yaus TTTOT uidarey ajdwis
al
slaAnj0S 24N3NnJ1S >._mvCOuwm Joyiny euJ9lj 9WEeN 9jzznd H

*2S 19skele( Ul punoj eg ued suolin|os sjdwes ‘Ajjeuonippy

"UOIIN|OS B punoy 184 aAeY Jojealo [eulblio s,8|zznd 8y} uey} Jayjo syuedioiied ou se “JaAjos | sey Ajuo 8jzznd uobejsa| ay] "Ajnoiyip

wajgoud [[eJaA0 BY) JO BiNseall 8)eindoe Uk ad Jou JYbBiw SISA|0S JO Jaquinu ay) ‘Ssjulel}suod asay) paioubl swyiioble pase) XIS 8y} SY "GL0Z

‘zZ AINp Jo se ‘sjuleljsuod pauljep-lasn ol0ads Japun wajgqoid ay) aAj0s 0) 8|qe alem Apnis ay) Jo sjuediolied Auew Moy S8)eoIpuUl UWINJOD SIBA|0S
8yl -Buwys ainjonis Alepuooss pue ‘Joyine ‘| eulslg ‘sweu ‘Jaquinu ajzznd Yyim ‘yJewyouaq 00| euielg ay) Jo s|ielap sepiroid ajqe) siy |

}Jlewyouag goLeu.tals ;| a|ge] |eyuswajddng



ccl
445
€cl
cel

o€l

orl

34

Iyl

445

445

94

144"

145

9G1

¢l

iZA°

74"

lve

L¥C

(CCCCCE=mm)

AAA.AAA.AAA.AAA.AAA........vvv.....vvv.....vvv.....vvv.....vvv

.................... A.AAAA..AAAAAA-AAAA....VVVV.AAAAA.....vvvvv.vvv-vvv..AAAAA...-....Vvvvv..vvvv.v.....
AA....VV.AA....VV

e ((CCCCCC MMM CCCCC =M I D))
CCCCCCCCCCCCEc===mn I
.......................AAAAAA.AAA:..Vvvvv.AAAA.AA....vvvvvv.AAAAAA....VVV.VVV.AAA.AA....Vvvvv.vvvv.....

CCCCCCCCC (== (C0CC e DN NN )))
....................AA....AA..:VV....AA....vv....AA....Vv....AA....vv....AA....vv....Aa....Vv....vv.....

CCCCCCCCCCCCCe===mmm

(CCCMNCCC NI

CCCCCCCCCC=DMM M)~ (CCCCC-((CC

DN CCCCCCCCCCDMMY I CCCCCCECC MMM D)= (CCCCCCCC )M ((C((C
(CCCMMM N CCCCCCECC MMM CCCCC =M MY (-

()

osJapuel
ueinduad

pJnoug
493814 113

S0S€
ZTUSA]S
)
IpoweJed
)
IpoweJed
Sal
adsisenp
el
d|onuoqu
493814 113
uein8uad
pJnoJg
493si4 113
Hwueoq(

Ly/lew
J

IpoweJed
9J0owWy

Asuupd

ooye|3oy

056¢S8
0Se€LY
6¢0CLY
(8€EL66

6
SLY80¢€

TEETO09

v06S.LL

78619¥
[4

8VLevT
€6SSPY
961EvY
cLTLeL
[47{8E1 47
1889SL

¢1666¢€

041918

1,89y

Ov8eT
9
SLYL0T

HIYsdns
Asyuin ayL
159 adeys

¥ a1Joys

9 Ase3 puy ||ews
ATIVNLDV S! SiyL
SS0J)

ueissny pa1|iL
6 1591
a3|nq YNYo4u|

Sull3InO eyd
79QYONS
VNyous

3[HNL p33| XIS
9|1oe.4

9 Ase3 pue |jews
T 3111 p33| XIS
aJenbs

C uene - 1N
9T 1591 YN YHO4U|
1004 S0.4

uns oyl

jusawade|d J-9

9¢
S¢
ve
€¢

(44
T¢
0¢
6T
8T
LT
91
ST
vt
€T
[4)
TT
ot

6

8




g8

g8

g6

96

96

10l

S0l

801

801

oLl

(015

oLl

8Ll

CCCCC= (000 CCOCCC == CCCECC CCCCe==CCcecce=mmm)-(
CCCCCCCCCCCcece=pmm == (et CCCcc====mN == MM MM MM MN IN))))
AAA......AAAAA..........vvvvv......AA....VV.....AA.-..vv.........AAAAAA-.AAAA.....vvvv...AAA
AA......vvvvv...AAA..-.....Vvv..AAA.......vvv....vvvvvv.....AAA....VVV....AAAAAA.......vvvvvv..-.AAA..-.VVV..-..
AA....vv...vvv....AAAAA...-...vvvvv...AAA....vvv.....AAAA.....VVVV...-AAAAAAAAA...-.....vvvvvvvvv....AA....VV...

.....................AA.AA..AAAAA.AAA:..VVVAAA....vvvvvv.....AAAAAA....VVVAAA....vvv.vvvvv:vv.vv.....
.-...AAAAAAA...AA.....-VV..AAAA..-AAA.
.......vvv...AAAA...AAAA..........vvvv....AAAA...AAAAA............vvvvv.-.......vvvv...vvvv...vvvv...vvvvvvv..-..
()

) CCC (D) =MD (CCCCD(CN D)= D))

...-................AAAA.AAA....VVV.AAA....vvv.vvvv..-.AA.AA.AAA....VVV.AAAAA...-Vvvvv.vvvv..-..
A.A.A.A.A.AA.AA.A....v.vv.vv.v.v.v.v.v.:....

.AA.AA-..
...AA.AA..-..AA.AA...AA.AA..AA.AA.AA.AA..-..vvvv.vvvv..vvvv..-vvvv....vvvv.-....vvvv..........................-..
= (CCCCCCCCCCeeeceecceecercceecerccecce =N NN N MNY M)
(CCCCCCCCCe==mmm)
....................AAAAAAAA..A..AAA.....VVV..v..vvvv.AAAA..A...v..vvvv.AAAA..AAAA....vvvv..vvvvvvvv.....

= (CCCCCCCC =M= (==
....E:..E:.....:E..E:.....:E..E:.....:E..EE:EEEEE.E:....VEEE...
f

....-.....AAAA.-.........-.......-.....................vvvv.............VVVVV.AAAAA...-..V v vvvvvvvvvvvvvvvvvvvv
D) CCCCCI) = CCCCC= D) CCCCC= DN CCCCC )= (CCCC D)= (CCCC )N *))))

= (CCCCCCCCCCECcer===mmmmerN -y

493514 113

siuedoq
San
adsisenp

660USMQO
€90Ud|
ISJOPUIN
auel
plemp3
3l
donuoqu
)
IpoweJed
€90Ud|
ISJOPUIN

J93si4 113
Sal
adsisenp

siuedoq
u
BWZUDM
enysor
9|u

€

6TEIVC
706107
£8009Y
0

L9L8V1
¢LT0ES
01357474
[4

£769ST
£959¢L
LLLSES
9

80¢sP1

€99¢SS

16170V

8€09¢y

aujuapy

(s)anon
(s)ajanyL ayL

J9pIIIS 421\
Swa3s pue sdooj

SS0J) uoJ|
23|nq
T 01 umop isn(

T WJIOM
1S9l

a3|nq YNYo4u|

|edids

Suiuieny

93|nq 43uJ0)
23u3|jeyd doo
-7 sa1adsisend

(asen
¥ U] Joamoj4uns)
ST IS

6€

8¢

LE

9¢

S€

ve

€€

[43

113

0€

6¢

8¢

Le




LG

4]

1]

89

6S

¢l

¢l

9.

8.

8.

8.

8.
08

¥8

v.........vv.........vv.........Vv.........Vv.........vv.........vv.........vv.........vv.........vv.........vv.......

(CCCCCCCC(
C (D) CCC= )0 (O I (=D CCCCCC= M=) (== D)-(CC(
SII)CCC D) CCCCCC D=0 CCC =)0 (I (D) CCCCC=mm)-((
D)CCC D) CCCCCC DM (D) CCCCCC= MM CCC=)) (D)= )I))

(CCCCECC2 0= CCCCC (MMM CCIMN )= (D))
AA....VV.AA....VV.AA....VV.AA....VV

(CCCCCCC== == )mm)

IpoweJed

)
IpoweJed

ouedsw
auel

piemp3
Sald

adsisenp

6
8 6T[aNe

ssalAuiels
sald
adsisenp

pJno.g

8¢|elqed)
99A33ue|

68LIYSOA
493814 113

9|u
osJapuel

86V6T¢€

1%

17442442

1%

L686ET

8YVLEL

¢L88SY

6

S6v881

Tr6€89

86518Y

6

L8TCEC

6

Scocec

T9€696

701888
T6€L66

Cr8€06

dunuswnooq
0T/8 seduanbag
snoiiaday
[vNY]

uol||epaw
sad|nqypues’z’t
nzpny

Jamod Jamol4
Jawerdy
PoP[O4SIN

A31duL

dooq
yaueag-nnN
32e1s 1uddelpy
G [eaegpno|]]
0T

897 e pue wuy
uy [ezagpno|)]
[1003Y

Jauuny
9 a1oys

gpoduy

€S

(4]

1S

0s

6v

17

Ly

17

St

144

137

[474
147

ov




2%
€€

€e
€€

9¢

8¢
8¢

oy

2%

[4%

17

14
VAZ

8y

(=)

.AA....AA..AA-AA.A...V.vv..vv.vv.vv.
.......AAAA..AAAA....VVVVA......:VVVVV.
...AA... ..AA........-........... ...VV.. ..vv.. ..vv....vv...vv

= (CCCCCCC =M (=)= (CCI)=((CC==))))
I (CCCCCCCCOCC== )= CCCCI) = (CCC D)= (CCC= M) I CCCCCCC ()
D) CCCC D)= CCCI) (0D I~ (CCCCCCCCCCC= D)= (CCI) ()
) (CCCDMIINN == (CCCCCCCCECC= D)= CCCCIM) = (CCC D) (=)= )I) ==

(e (D00
.....AAAA...AA...VV.AA...VV.VV.VV.AAAA...AA...VV.AA...VV.VV.VV.....

(CCCC=COOOCC= (e e Ce==m N MmNy ymye)=ym)-

= (CCCCCCCCEECCC = NMMMEE L) I
((
CCCCCIMEECCC D) CCCCCCC D) CCC D) (CC D) (CC D) (D) (=) )))

AA.A....V.A..A.A....V.A....V.v..v.vv

 (CCCCCCCCCCCCCC =M (=N
CCCCC=CCCCCCCC=)= CCCCCCCCcC = MmMMMMIECCELC== 1)) == (CCCCCCCe (el
DM CCCCCCC N CCCCCCCCCCCCCCCCCCC e ()
D)) CCCCCCCCCEce = nmmMmMNMMN DN =N NN NN DN NNNIN)
e ((CCCCCCCCCEEC =00 (=== M) == IC= I

CCCCCCCCC=PMIECCCC = IMMCCCCC = MM MMM D))
......AA.........AA.........AA.........AA.....
....AA.........AA.........AA.........AA.........AA.........AA.........AA.........AA.........AA.........AA.........AA..
.......AA.........AA.........AA.........vv.........vv.........Vv.........VV.........vv.........vv.........vv.........v

ssalAuiels
9|u
osJapuel
pJnoJg
493si4 113

[n13
9|u
osJapuel
493814 113

Ly/lew
u

BWZUD M
enysor

LTTPaMb
dl
d|onuoqu

Sa
adsisenp
emAal4
uoowsay
uoJ91eMm

€C0LSY
9

565001
0€06SY
LLTBYY

8
¢89/9¢

¢180L6
TELLSY

7S996LY

TZ8cey
[4
v68ECYy
[4
€6e6ve

L0985V
SEVOSS
L

£8695¢

3(8uls ajdwis
8¢ 8ng

doo7 Suiydueug
Z 32411 dou)

GX Jejs |eyoeud
8T 8ng

1994 uaXdIYD
SUO0I129S R
Sjuswa|l - 1eN
A piey

"*doojnniA

uny 3uidoojijnw

T4l
[ WaJinAy

doojijnw /

Joineyaq
snoadal

L9
99

S9
v9

€9

a9
19

09

6S

89

LS

9s
SS

vs




€c

€¢

€c

ve

9¢

9¢

LC

8¢

6¢

6¢

0€

/0 DG G G (G (Gl (G (X S { G ) 00 ) ) 0 ) (D 0 (G (G (i (
D)) )0 D) ICC (0= (- (O (C=(CD) ) =) "I D))

o (CCCCCCCOCCCOCCC =M= CCC==I) = I )=
CCCCC=)CCCCCC =)= CCCC CCCCCCC=IMCCC (=D

IDCC M) NN CCCCCC PO MDD (-
SINCCCCEDECMECE DI D)D)
D)D) CCCCCCCDECCCC D EC MDD MC DI (=) (C)))

...........AAA.......AAAA.....A....AAA........vvv....v..vvvv..:..vvv:....
(= CCCCCCO0 (00 (000 (O (0 (- ((
(

B (G A (G (  {  {  ( G {  {  {  (({ G {  {  {  ( G ({  { {
{0 (S (St 1 ) ) ) 0 0 0 A 0 D D 0 0 I I I V0 0 e R VM VR e )
....vv..vv..vv..vv..vv-...vv..vv..vv..vv....vv..vv..vv..v....vv..vv..vv....vv..vv..v....VV..vv.-..vv..vv....vv..v

CCCCMMCCCCCCC=MCCCCCCCCCCC= L
CCCCMNCCCMMIMEC= MM CCCCCC=DECCCCCCE= D= MMMIE= M) (
CCCCCC==DDECCCCCCc==m)==CCCC=IMMMC I~ (CCCCCC =D ECCCCCCCC=IN-=((CC=M)
YN CCCCCCCDECCCCCCe== NN mMMIC=MMN I INC)))

" (CCCCCCC === =) (=M ===NN)-

.............AA.........AA.......AA......AA....AA..AA...VV..VV..VV..:VV....vv....vv....
= (CCCCCCCOCC TN D=0

D) NN (CCCCCCCC CCCCC O CCCCCCCECC) NN D)D) ) D)™
.AAA..AA..AAA.AA..AAA..AA..AAA...............vvv.vv..vvv..Vv..vvv.......VVVVV.AAA:....
AAAAA.......AA....vv.......Vv..vvv..vvv.AA.AA...AA.AAA...AA.AAA:....................... vv.vv...vvvvv.....vv.vv.

)
(CCC= M CCC=NNACEICCECMCCC=)))
CCCCCCCCCCC == CCCCCCccecceee = mmmMMECCCCCCcer CCccccenmm MmN (e
(€

DM (CCCIN)CC D) CCC= M=) (CCM)({CC)N)

Ly/iew
u

BWZUD/M
enysor

sulg

ssalAuiels

Ly/iew

Suig

pJnoug

Hwueoq(
St
uasualul
s3I
adsisenp

6
8 6T[ae

[474951%

8TSeEVY

€605TY

9€80L

0v60SY

v16STY
[AST44A 7
vv8¢L6
L

0S81v¢
S08T9P

I
CTL881

9¢-C107 - 1N

oJo0w
1 & pue A paeH

€ gIMous
9 Joaweldy
P3P|O4SIN

plogn) - 1

¥ 93ejmous
doojnniA

e 01 1xau doo1
9[0412 doJd

e JO uolelepn

[Ieq=%0d
PISIYSPUI
uo 3ng ssa|peaH

ajeunIyo
winaexeJde]
puog

8L

LL

9L

SL

vi

€L

(44

TL

0L

69

89




bl

Ll
L
€l

€l

145

Gl
9l

Ll

8l

x4

¥4

44

.AAAA. .vvvv......vv.. v

(o) e e e (e

(0= CCOCCCCCCCCeee CCee CCee (= Ccccce===mmemmmeNm-mny-))
( (€

M) )

(

)Y

MY (CCCCCCC O CCO0CCCOOC (e (e (e (e (e (e
)

)

. A. ..v..v.. ..vv..vv...ﬁa.

)N
(¢
IM)))))
((

1
)
')

—_ —

vv
MDD )N NI (CCC= NN N) ) ))
.....................AAAA..AA.A...A..AA..AA....Vv..vv.v...A..AAAA....VV.VV v
(e

v...-v. A....
vv vv vv......
YN

(CCCCeCce SN
B ({ (W (G (({
COCCCCe= M=M= CC )0 D)D) A=)
PN C) D)= (CCCCCCe I M=) D))= I (¢
) CCCCCCECOCC =) (=N (NN NN
CCCCCCCCCCCCeCeeecce==n-(C==)-==-(C
CNCC DI CCC D) CCCCCCC ) (D) (C= D) (=) (C== D NI)(CC =) (((
AA.AR.....vv.AA.....VV.AA.....vv.AA.....vv.AA.....vv.vvvvv.AAA.....vvv.AAAAA.AA.....vv.AA.....VV.AA.....VV.AA...
D CCDNICCC= DY CCCCCCC=D(C) (=) (=D I MNIINMN))
e (CCCCCCCCC Q0= =Ny = I IMC= NN
((((
SCCCCC DD DYDY DD D)
CCCCCO=IMMUEECCC = IMCCCCCC =DM IMCCCCCC DI
CCCCOIMECCCC = MMECCCCC = IMIMICCCCC = IMCCCCCE MM MM N)
CCCCCCCCCCCCCCCDMMMUEECECCCCE =)D D IDCCCCCCCCCCCCCCC (=DM
C DD IIDCCCCCCCIM DN IINCCCCE DM NN D))
F S (Sl (({ G {{ (S ({ (G (G {((
L L (e
CCCCC == (OO0 == (0= (=== CCCCe==mMMEMNMN= DN NN NN NIN) =)
YN IN I I I I DN I ) ) DN 0N )

COCCCCCCCCC =)= ) (=== ) )
(L le=) =)=y

adsisenp

Sal
adsisenp
pJnoJg
pJnoJg
S9
sAuisw

w|od|en

XUAQg

9|9qO0M
emAal4

493si4 113
uoowsay
juoJalem

ssalAuiels

pJnoug

pJno.g

099806

99/vv6

¢8.509

ovLLy

vosvLiy

1%
€8168Y

LTSYC9
08949%S

99109¥
8
€9850¢

vOTLYS

OTvvLY

¢1108Y

jjoqJapuny ]

SNIpe|S
¥ 8uLis 1Woys
9|24101WaS 3ez3diz7

¢ Aol sed
uollejuasalday
|ean3onJis
OCNVYTHITD
auojenbeyis|p

(ozA
J0 ) 92eIeN

e|ymous
G waJinAy

€ |eoeuy
uoWwauy

aJ1jdwe)

$,G Jo |edids
A81au3
pue sadeys

T6

06
68
88

L8

98

S8
v8

€8

[4:]

18

08

6L




(e (R (R
T (| Tt DR SRS A WO
— (- MDA
e oo e e

(CCCCCCOCCCC OO e )

N ) ) ) ) IDCCCCCCCCE =DM CCCCC=DMMICCCCCCCC =) (= mmm) -
I I-CCCCCCCCCC=)DCCCCC DM CCCCMMMIMEECC(==) (0 CC OO (e e
NI NN )Y I CCCCCCCCCECEEECC==IM N1 =ININMIMN))
= (CCCCCCM = (e CCCCI === (CCCCCC )= (=)= (D)

M) (CCCCCC D)= CCCC D) CCCC D)= CCCCCCC D)) ()= (((C== D)™
COCCCCCCCCCe=mmUCC=DC==))==ID) - (C= (-

(00 (00 CCCCCC === CCCCCCC =DM (C == M=) ==Y (C =D
) I D)) D)D) D) I (D) DCCCCCE =D)L
CCCCC==0M )= M) CCCCCC =)D IDCCCCCCCC )M == ICCCCCCCLC=== M=) ) )
()

MM D)) )
UM ()
DY) E M) N)))

-..AA.

= (CCCCCCECCETe===mMUEEEC===MMUECCCCCCC MMM~

(0 CCCCCCCTC==CCCCC=CCCct==)my- (=N (=)

D)= DDCCCCCCCCEOCCCCC==0 === D)= I I CCCCCCCe = (e
CECECCCC=0N ) IIICCCCCIMMCCCINIMIMNC= (=)
DN CCCCCCCOCCC (002 D) CCCCCC ) )Y CCCCCCCCC=I) =) ))

(CCCCCCDI = CCCC=D) = (DM CCCCCCCCe===m)-=(C===)== (== NMIM))
.......AAAA.-.AA...VV.AA...VV.VV.VV.AAAA...AA...VV.AA...VV.VV.VV.AAAA...AA...VV.AA.-.VV.VV.VV....-..

.AA..AAAAA.A.......v.....A.AA..AA.A........AAAAAAAA
SN ) (G (OO == (=
...V...VVVV.AAA: ..A..AA.A...V.VV..V. .vvv ..vvvv.ﬁ. v.. ..VV..VV..A

I
gTuemem

pJno.g

ooye|3oy

ooye|3oy

ooye|3oy

|od1uf

pJnoug
ooye|3oy

493814 113

S91d

1%
060509

LSEETH

08¢596

[4
0TCeaT

Tv8116
8
€09¢se

9699¢L

v1€996

v/(9/8L

uode|sa]

Jeis Sunnooys

9Aas||Ing

|e3oeuje|3oH

[oodssa)

9 Suidoojn|A
uledy

yoeg 3upoon
Syoed] UdIIYD

199}
uaxIYD pazeInin

00T

66

86

L6

96

S6

ve

€6

(43




Supplemental Figure 1: Secondary structures for each of the design challenges in the EteRNA100 benchmark are
shown below, where orange and blue represent unpaired and paired nucleotides, repsectively. Each design

challenge’s id is displayed at the top left for reference, along with part of the design challenge’s name. The 5' end is
always directly to the left of the 3’ end.
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57. multilooping fun 58. Multiloop... 59. hard Y 60. Mat - Elements...
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61. Chicken feet

62. Bug 18

63. Fractal star x5

64. Crop circle 2

65. Branching Loop 66. Bug 38 67. Simple Single Bond | 68. Taraxacum...
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69. Headless Bug on...

71. Variation of a crop...
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72. Loop next to a...

73. Snowflake 4

74. Mat - Cuboid

75. Misfolded Aptamer 6

76. Snowflake 3

78. Mat - Lot 2-2 B

79. Shapes and Energy

80. Spiral of 5’s




81. Campfire
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82. Anemone

83. Fractal 3

84. Kyurem 5

85. Snowﬂalﬁe Necklace...

oo

86. Methaqualone...

87. Cat’s Toy 2

88. Zigzag Semicircle

89. Short String 4

90. Gladius )

91. Thunderbolt

93. Chicken Tracks

94. Looking Back Again

95. Multilooping 6

96. Cesspool

97. Hoglafractal

98. Bullseye

99. Shooting Star

100. Teslagon




