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3  Supplementary Figure 1. Eterna participants’-designed ribosomal RNA design CS-01

4  prepared with RiboDraw'.
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1
2  Supplementary Figure 2. Eterna participants’-designed ribosomal RNA design CS-02

3  prepared with RiboDraw'.
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2  Supplementary Figure 3. Eterna participants’-designed ribosomal RNA design CS-03

3  prepared with RiboDraw".
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2  Supplementary Figure 4. Eterna participants’-designed ribosomal RNA design CS-04

3  prepared with RiboDraw".
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2  Supplementary Figure 5. Eterna participants’-designed ribosomal RNA design CS-05

3  prepared with RiboDraw".
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prepared with RiboDraw’.

10



I
g nqc‘

- $§iiiﬁf§ii2¥§@§iﬁiﬁiii&

5S rRNA

920

H38 910

Domain Il core

900
A A UUCA
4 s mmhxﬁ@qzumm it o=
2160 HB7 = il e WIIIIIB = “WG_SHO .
! belel 1180, < A
i1t R 2709 E 4 azazm- 2310 B ne . VS H4 “42% = "A%I-MS
v —*= oo ch| 240 so0 = iiﬂﬁg«ﬁl I z 1020 & g\ = F—A~1080
H7821ib3° H77.= S 2 11t = > A 0{ Fa A
LD L HB6 = g3 HE5 7, = He1 40, 3 Wﬁ\""‘“:‘ 11
2150 2150 ; 2110 2605 0 2480 L—j—“‘?»zzeo W, ,&',P-*m 2 an4s) HA =S v )
' o ', A
= eiiZZ?iﬁu o rasa
- H7S o0
— &=
- Sowt
Ls-;&c 1~ G Peptidyl Transferase :.‘;ente:‘ " -
B P
om0 ‘Ag | A Ho0” 2610 e N
—H79 = 1169 ‘s“ A, uiI' LA WA ?i;}g;g UG H91. YGA
i B AT it ea T oAttty gmpere
1850 A -1890 AT {50 3 o
Z_CG oiiii% ] ﬁﬁi éuA H9 %U]IH 7 ,_‘v# :ﬂw‘fa‘f Domain VI core
- S y uog 1.y Lo = o
LI oo
mm—é‘i@ byl ——AAII@E&&E&&I - 0‘: H95
Tee) 11970 . -
Ug;:c; 67 Domain IV corfg H73 E 650~ E 2670
2770~ l; ‘:‘
Wi iﬁxi SHEELES : Tt
1770 H64 Ho4 & < 2680
Hes 35 170 &S 18
w20 PK19-20 510 I a7e0-GS on fro6
300 [ nsg@g C9720-U U
20 g 19 o e mas s SR X Egcwm
v-;aE H19 Domain Il 5’ extension —
g‘v AEEEIEsaHE m ?L‘III??E“ 31550 H28 70 T
H16 360 0| 4 GCGU U AA- G C/ >,
B o i 2 IR b=
25)‘%"3—“ H29 6‘0 a"
o
" ﬁ o IBIS -eoo ‘”g
“ & 550-C—G
Ao NG Domain | ':2.540
% —gH11 H27 §? g
ol B AT YA 590 H250% w5
” 4 — 5 Domain 0
=228 |f A wolha H3 o H2az0 sw&»] 560~ jggszo Lo H1
f ‘ N ] e
SaTal 0N HE R wiﬂimﬁm@ o P | e
i yee
Sppedhoagun s =l S e o I ’
A b b o p -
180 068 Ha2 2t H ,,l RN | IHos
1m0 s 8 G, 4602, H24 ® RN L | 200
A - e i
czﬂzuiﬂ Izu & 370-(— - 2030 M7z =
150 R 49068 680-C— =
% H10 e = o = t X
H52 — = o
- = 27 \_'}
‘356' H51 1340 “ ##pe gﬂg‘g = 2800
1350_ ””aq:lﬂfl_}lm_{‘m ME A '
1590 Ha33 f5! 2830] g
= : H100 =
SETTY |||H|||_¢359 L,;‘;D___';','L <! omza O
15807 - -
& ||| hss Prfhss oo ToE _r-H ST Hro1=
- H49 = a ﬁ— L19
= 300- 423 = H4g Lo
I/ > H56 1440  H57 ‘450 %f -1640 2850~ 4
= [ = ot
1500-(— 145 nnomsvlfm IILLTE 16s0- =) 160 1690 d
- [ = v =
= 400 Heo FEpB8III]] (M0 = 2550
Z 1480 |: y 1720 ‘.7100173
|__/-||-vs, -I[:N-HH-!III 1730~ 118880128841 11149
1510 H58 1520 1530 H59 1740 Hﬁavso'

Supplementary Figure 9. Eterna participants’-designed ribosomal RNA design CS-09

prepared with RiboDraw’.
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Supplementary Figure 10. Eterna participants’-designed ribosomal RNA design CS-10

prepared with RiboDraw’.
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prepared with RiboDraw’.
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prepared with RiboDraw’.
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prepared with RiboDraw’.
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prepared with RiboDraw’.
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Supplementary Figure 15. Eterna participants’-designed ribosomal RNA design CS-15

prepared with RiboDraw’.
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Supplementary Figure 16. Eterna participants’-designed ribosomal RNA design CS-16

prepared with RiboDraw’.
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2  Supplementary Figure 17. Computationally predicted ribosomal RNA design CP-01

3  prepared with RiboDraw".
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2  Supplementary Figure 18. Computationally predicted ribosomal RNA design CP-02

3  prepared with RiboDraw".
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2  Supplementary Figure 19. Computationally predicted ribosomal RNA design CP-03

3  prepared with RiboDraw".
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2  Supplementary Figure 20. Computationally predicted ribosomal RNA design CP-04

3  prepared with RiboDraw".
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2  Supplementary Figure 21. Computationally predicted ribosomal RNA design CP-05

3  prepared with RiboDraw".
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2  Supplementary Figure 22. Computationally predicted ribosomal RNA design CP-06

3  prepared with RiboDraw".
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2  Supplementary Figure 23. Computationally predicted ribosomal RNA design CP-07

3  prepared with RiboDraw".

25



f A%S}iél7§;ﬁ‘—b1 31 240

A G
w1 TR, |
AC 1o
s19t T § )
Ly o S7
has IrASLNaIEK £919
1370 | 13! g
cglﬁc 'u‘i‘ “'"}’gg z 14 fen-1130
Domain 3'Major & h:‘f i lt 1150(—:A—U_G«UU
980~ C’A FUA ’I‘I g UAC E ﬁ:UU
FUS14 6 gg” e AN =l
h331010 1220-6—¢ & *5% hog 0L EMA
UUCAG &g G A 5
KI Py 940-C—G A°)
&Yeu GAGUA“ZE‘?"GA_U 70- 8 X
l"c 102000 (o] od
e

m&GGGAAEi i‘i 51

5°h23 S11
881 ]
r'q;o:f—’ 700 SL,
5 o
g8alll1988]e 190
26.1 h24 g4, 710-C— -680
Gsly-a20, 2 530 728 g h26‘ 1
o pk19-26.1 2 i
€ &< &5h20 b1 A8 S [[e]ebesl] < S18
UeG h1ﬁ AN i 38,
gy S 540- &% dpk18-20 ) h] &'—'*"" 830 840 R0~ g S6
arg o s . ha5 = ey gre-em
h x—A & ETZAAGYJUAG—n— ‘F_Q_J | 3Gy 880 T 810 -
o VR UL-AA o-e-»—g € 2160 |—<—— b2 ARG <q4;732_
o u h19 o820 l J _:_”,J * h22
oAl 1540 1"h27 ) Jsgo-r—
480C ok . 1 A ERIINE o 760 660
a &< {40 a00- fert 1A v - h20ig
=R TES. h12ge RS ‘ Posts gt
30A GG AU = “ h45 890 o 750-C—
|y s16£8:GG c 3c = &0 Py s Lps
450-G+C 280 ] - il
S | = Jn%v_ 1920 ERTTSTINY [ CeTY III‘(II"III-II—“’—J_}
C 1410- — -~ -
h17 &4 ago,g IEWA had — l 686 e0 21 g5
Ay GAE] 11 *
S h1558 250-A GG i
460- :uu G—C A ey
G0 fE o ) <
Wﬁ: Ge 1420- — -1480
yUeg oA U—A-270 —
C .
il ik
80 AR i 1430~ — 1470
SELIRE) r - i 3
Ug uUEUUp CU ) -
h6 ¢o i 1% =
SPRANTES o+
YerYTas G RA 144088 -1460
giei II h9190 —
; = g 1450~ <o
i GG
Domain 5 c—<h10
210-C U

1
2  Supplementary Figure 24. Computationally predicted ribosomal RNA design CP-08

3  prepared with RiboDraw".
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prepared with RiboDraw’.
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Supplementary Figure 26. Computationally predicted ribosomal RNA design CP-10

prepared with RiboDraw’.
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prepared with RiboDraw’.
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Supplementary Figure 29. Computationally predicted ribosomal RNA design CP-13

prepared with RiboDraw’.
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Supplementary Figure 31.

prepared with RiboDraw’.
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Supplementary Figure 32. Computationally predicted ribosomal RNA

prepared with RiboDraw’.
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Supplementary Figure 33. sfGFP expression of 16S and 23S rRNA designs during iSAT at
optimal and folding stress conditions. (a) Relative sfGFP expression in iSAT at optimal
conditions of pT7-rrnB-wild type, pT7-rrnB-A23S, and pT7-rrnB-A16S. Community scientist-
designed (CS) 16S rRNA (b) and 23S rRNA (c) designs. Computationally predicted (CP) 16S
rRNA (d) and 23S rRNA (e). Relative sfGFP expression of wild type ribosomes (f) under optimal
and low (3.75 mM)-magnesium (Mg*") iSAT conditions. Performance of Eterna 16S rRNAs (g)
and 23S rRNAs (h) at low magnesium iSAT conditions. sfGFP expression in iISAT was determined
by fluorescence over the course of 8 hours and normalized to the maximum sfGFP made by pT7-
rrnB- wild type at optimal iSAT conditions. Time course data are shown as mean * s.d. on the left
of each panel and the relative max sfGFP generated by each design as boxplots on its right side.
Error bars represent s.d.; n = 4. Source data are provided as a Source Data file. The dotted red

line indicates background activity arising from the extract. Mut: mutations; WT: wild type.
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Supplementary Figure 34. Timeline for Design-Build-Test-Learn (DBTL) cycles for rRNA re-
engineering by community scientists and iSAT time courses of Round (R1) and Round 2
(R2) Eterna designed ribosomes. (a) DBTL timeline for engineering rRNA by community
scientist over the course of two DBTL rounds. (b, ¢) sfGFP expression of pT7-rrnB-R1 and pT7-
rrnB-R2 16S rRNA (b) and pT7-rrnB-R1 and pT7-rrnB-R2 23S rRNA (c) designs for 16-hour iSAT
reactions. sfGFP expression in iSAT was determined by fluorescence and normalized to max
sfGFP of pT7-rrnB-wild type. Error bars represent s.d.; n = 3. Source data are provided as a
Source Data file. Dotted red line indicates background activity arising from the extract. D: design,

B: build, T: test, L: learn, Mut: mutations, R1: round 1, R2: round 2, WT: wild type.
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2  Supplementary Figure 35. Eterna participants’-designed ribosomal RNA design R1-01

3  prepared with RiboDraw".
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3  prepared with RiboDraw".
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Supplementary Figure 37. Eterna participants’-designed ribosomal RNA design R1-03

prepared with RiboDraw’.
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Supplementary Figure 38. Eterna

prepared with RiboDraw’.

participants’-designed ribosomal RNA design R1-04
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1
2  Supplementary Figure 39. Eterna participants’-designed ribosomal RNA design R1-05

3  prepared with RiboDraw".
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2  Supplementary Figure 41. Eterna participants’-designed ribosomal RNA design R1-07

3  prepared with RiboDraw".
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3  prepared with RiboDraw".

46



1
2

3

g
LasOA FIRe

UA—T30
,

h41 . - g
1 t
s1d3 Chasgoes g" s9 s
h43 GGUGA gcu h39
1370 |1 Eoms
AGGU 14 L
cgg\gbﬁ ?gg g H=A-1130
Domain 3'Major y h42 1330 i C 2
logo-c“A ¢ ol & 1150_§EUUU
G m' & G G—¢-1120
"“Ks“ 'z,? Y GeoA G 1180
h33 1010 L & %-960 | | B UA-1340 A
AGUUUUCAG 4 12295 h29 E°2¢ S
& GGIIGAG&A C_G G
! AY 9070 & “
e 1024000 [ A w'd
u )
J AGG CA chi=c
1oéﬁGeGAAiiG¢mHﬁ 12143, S3 14
1040 u o i
Y
tbso
%%h23 S11
§811
H:;U:H 700 ol
1 A
638]“]9961- At
& $H26.1 4 800 710-C— 680
Govl —420, A;%‘_G—SSO 60 h26 ak
=g 524G ¢ pk19-26.1
iR h1g— &5ch20 5 | |gl|e SLTLEL l---ll - <818
. —S = b
430‘[,§-‘Edo—%—h—1pk18-20 ] 7u‘_| - 330 840 oo~ r—T )
A>GS410 U—A 5£ﬁ U—A—1 h25 - - — 770, = 670
nié ﬁﬁé o -II((CEAA%UAG—d— Y;J AUULGGY 880 TS e J S
oV uwﬁéc—e-we. - ——CG 3y T Ca 730
g i h19 | 0 GC G 40 %
a4 R °‘¥hz7 = 20 h22
zéotée A - 1590 ! i lsso- S 0 % ea0
= i — = g o R0y
< WS hi2ge! E5e . . =
oA GC AU — Tt 890 % 750-C—
Ay ATR ¢ UsG = h4s 610 600 500 [ Lyt
45055 S16 55 Y ([ = -s0 i L DU UL
\23=80 :ﬂg G QUG:‘:.:;?_QO 1410_: oy gl 1Tl e LTI LT L ee ] el =
h17 EUCA = oh 25&3 GUAE iimcé 1 h44 — l 630 sio. N21 g5
¢ CylG G .
a8 h15&=8 %R he 250—Auulﬁ =~
A—U o
G 1420- -~ 1480
U—A-270 —
&.gs17 :
260-Gega o
A% A i
K 1430~ — -1470
h7 Doy
| 150 e .
aepogeted ﬁmi s e
hg1%o —
?3 i Ii LAt e 10
170 l P .
— §E g 1450~ <o
Domain 5 3_‘:3h10
210-C U

Supplementary Figure 45. Eterna

prepared with RiboDraw’.

participants’-designed ribosomal RNA design R1-11

47



' 11270 _b 3'2%0

ha1 DEOAEEIN i”“?’&o
8131 CUAGGL :u l\xu S9

nas, JHEELRH

1370

AL

o

~
Doy
®
@
©

UERAS
Domain 3'Major §U° h42 1330 * ,
12 b | soi=™
1980-C 1 u/la mlx‘ 9 L ATL— E :UU
h33 1010 L S14 & Aggu UGy H&-«ng AN %mzo‘wo
G ——o—xAU-90 b5 A .
el el [1Melny e
QAQUAG — 90»;7(%0 ;%‘é
- = TS
Anc h31 C g Ue:(i/”m

Yoo I
ﬁﬁmmi o

A€ Gox
A-hg
¢ & Yo,
¢
hos &% 1070-U—A h37

930 c:Gc h3s
S

Gel U—
g+ Y1390

89h23 $11
8811 { |
[ Mg
§9811178 8800 f
h24 g 710- G~ -680
K19-26.1 020 ey hagsso " 5
P | lgus STt — v s18
kel """ 530 20~ s S6
U4 5 ; h25 = =% CTE-en
HY6 “ﬁz P UUS T 80 T 81 =
1 r I—‘——T GO Gy
ﬁﬁ;— h19 820 T :;10}140 3¢
- A<:Aé 150 1°h27 O Jsso- ' —h22
L oy = RN hw o780 GG -680
£ s et =g ——— a4l 0% g5
Goh cmd A—l —at . hd5 0 | 8% g 750-C
Ay AR ¢ : Eae 810 600 se0p, L (%
450-G+C, §16 S GC A0 280 o= e ; i
toSs0 A S0 &% 290 ' e ko= SIS TIY | TeTT |||‘{||--|||-|.—°=—’
& _ A =
h17g=2 390-@ OhG:cé GuAﬁ zi;&_ﬁc h44 — I 630 s0” N21 650
.:Uc GJ.G H 0 1 .
=5 nsgg IR % h6f1[o50-5 Go8 d
460-A—0 G—C 2420 ¥ Py
'_8_470 cN 110-C ) .
u b4 > v G Rar0 14207 — 1480
A’ h14ssq hi3se0 5 &gs17 :
AGG CUGGAACUG G—C G—Cg —)
sESIER USSRy 5 ot :
340 GC gaf AA’Q# -
& AR § Ay P ﬁ' 1430~ — -1470
UCGAAGAAG GA A PUGA—TT C Ah7 =
$adfE00 Sk X Edor gt ey =
h6 $o 9 J 80 =
150 140—65’;H'—C o ”
g zﬁmzﬂ“ pil
h91%0 —
Domain 5’ G—CA MR
c—Ch10
210-c U

2  Supplementary Figure 46. Eterna participants’-designed ribosomal RNA design R1-12
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3  prepared with RiboDraw".
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3  prepared with RiboDraw".
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2  Supplementary Figure 49. Eterna participants’-designed ribosomal RNA design R1-15

3  prepared with RiboDraw'.
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Supplementary Figure 50. Eterna participants’-designed ribosomal RNA design R1-16

prepared with RiboDraw’.
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Supplementary Figure 51. Eterna

prepared with RiboDraw’.
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Supplementary Figure 52. Eterna

prepared with RiboDraw’.
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Supplementary Figure 53. Eterna

prepared with RiboDraw’.
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2  Supplementary Figure 54. Eterna participants’-designed ribosomal RNA design R1-20

3  prepared with RiboDraw".
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Supplementary Figure 55. Eterna participants’-designed ribosomal RNA design R1-21

prepared with RiboDraw’.
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Supplementary Figure 56. Eterna participants’-designed ribosomal RNA design R1-22

prepared with RiboDraw’.
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Supplementary Figure 57. Eterna participants’-designed ribosomal RNA design R1-23

4  prepared with RiboDraw'.
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Supplementary Figure 58. Eterna participants’-designed ribosomal RNA design R1-24

prepared with RiboDraw’.
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Supplementary Figure 59. Eterna participants’-designed ribosomal RNA design R1-25

prepared with RiboDraw’.
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Supplementary Figure 60. Eterna participants’-designed ribosomal RNA design R1-26

prepared with RiboDraw’.
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Supplementary Figure 61. Eterna participants’-designed ribosomal RNA design R1-27

prepared with RiboDraw’.
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Supplementary Figure 62. Eterna participants’-designed ribosomal RNA design R1-28

prepared with RiboDraw’.
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Supplementary Figure 63. Eterna participants’-designed ribosomal RNA design R1-29

prepared with RiboDraw’.
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Supplementary Figure 64. Eterna participants’-designed ribosomal RNA design R1-30

prepared with RiboDraw’.
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Supplementary Figure 65. Eterna participants’-designed ribosomal RNA design R1-31

prepared with RiboDraw’.
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Supplementary Figure 66. Eterna participants’-designed ribosomal RNA design R1-32

prepared with

RiboDraw’.
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Supplementary Figure 67. Eterna participants’-designed ribosomal RNA design R1-33

prepared with RiboDraw’.
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Supplementary Figure 68. Eterna participants’-designed ribosomal RNA design R1-34

prepared with RiboDraw’.
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Supplementary Figure 69. Eterna participants’-designed ribosomal RNA design R1-35

prepared with RiboDraw’.
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Supplementary Figure 70. Eterna participants’-designed ribosomal RNA design R1-36

prepared with RiboDraw’.
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Supplementary Figure 71. Eterna participants’-designed ribosomal RNA design R1-37

prepared with RiboDraw’.
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Supplementary Figure 72. Eterna participants’-designed ribosomal RNA design R1-38

prepared with RiboDraw’.
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Supplementary Figure 73. Eterna participants’-designed ribosomal RNA design R1-39

prepared with RiboDraw’.

75



W

—
ol ﬁ it
~t u
o 1 Tfff ?jii i 90
»
¢ 30- SSrRNA
L18 x_:gg
Aoz
J—A-50
o . Ny H38A A 4 %0, A Domain Il core
[cocA? —douaaca AYA 3 UUGA !
y PRt u;rmmu\sﬁ% ST =%
' H87 \— s 20H83 #oH A sk a6 a0 o
2180 —fyor IR L0000 = 10906241080k 1050
! .
8 2370~ — belel 1180, 1s. L L16 i+ 8
28! —4 210 = 2340 —z;zﬁzz?o- 20 o : ~ 1;:2::%: % A? H?%o
y pa = . v
30 — o, — P30 -
H78 280 W77 = i ’_I}: | w‘mm el
L ER N v HBB (— 33 HES | H81 . gm0 &8, 4
. P
2150 “2“" 2360- o5 5409 2 P 2260 aaAeR &
2180 Y ! S y 228 AAlP'GlIJAG‘_‘j AH44a :@ Horo
. IS N2 ] 1210-8 Zﬁ 9?’\‘21 G 130
o 70 10 20 HBS 2620 = =
g g
&=
&=
?:‘ 2230 H75 2, G__Peptidyl Transferase Center
i UL ,zw7% HB9 2470
g Bnyitcicm izttt T
|0€0\278 ‘;28'%? o6 Hgo e
2220 X;gHSB A L 2510 H s
. il A L
azno- < S— AR NG et 1 e —
1aso_oA18%0 10, e o SN 3 2540 o Ao
ST e L TS oAl A2 sw0-2® Domain Vi core
T vie 5 Un /2623 2760-6—G e
uuu Jeo
- He _uzz@gfgau.; =k
U—A G=a"%|  Domain IV cor H73 5 -
&=
o T He7 = poso-
ﬁ@l} ply ity o
Uado A &
12 il m+Ii SEEHIE > ETec
HOOTOLST o e HO4 S8 peuds 2690
—0 ) \—L
He5 A% 178 f(Ec Lé:—isl%A
a0 PK19-20 310 o mGii=f &g HO6
; ; 2
o | § -
W, e 1 rig TJUW H19 Domain Il 5’ extension cv-ﬁ‘,m %
e £ LEARREEINONIER) )Y A TEeiTica H31 g0 Hos yés
g I Hz0 H IZm?mf bri €3
2700
2 'Egg—‘ﬁ 5 5 it <
A>Q A V15 600 + 6-600 A Yy
U—,
B At g 0§
- Domain | 660 A —
—gH11 H27 &2 s 1
gel
% Gj’m 8 L2g Domain 0
A A—L R
440 |H4 H3 o0 H2azo 6709y s 88yl hofoa HI
A ] 0o Ay
spotfeesnye mmnsllm cif — = e
w0 || 50 %0 L4 bl | J sid wycer] 200 1
o Hoe ¢4 %mg b
£y H32 E21 8 s 202
170 c—a ke ~0—|_ou A :
AUAGGUYAAYGA &g Ha4 o o it Aeliisd
<ERESIXINNE &4 = ) wo  HI2
w0 H10 1% 008" g M8 | 223 i )(Zv
—C -
A .
i oyt o
HSO 5 T H99 T ase0
< | s gk ﬂ{: A Bl
L fra%0 =W v U—AHe1
A [ ) [ e H33 ?m H126.8° s
0 S U REN RN (< T =l =y = lao
1410 * 1 N = 2840- —
Hss P “Phs Hage  TSm gy S oot -
Hag . HAga y e =
1300~ -1 = Has =8 <
I‘T‘éi LI H 1630~ 5 Eg 1690 £
= 2 ® ok N =
Domain Il : gi 1460 ._,Ac He2 R -
1700
'4 Ve |7‘20 17]1
¥ige vs DI E RN oL T 1188808841171 %8
1sm H58 1520 1530 H59 o Hed™o

Supplementary Figure 74. Eterna participants’-designed ribosomal RNA design R1-40

prepared with RiboDraw’.
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Supplementary Figure 75. Eterna participants’-designed ribosomal RNA design R2-01

prepared with RiboDraw’.
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Supplementary Figure 82. Eterna

prepared with RiboDraw’.

participants’-designed ribosomal RNA design R2-08
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Supplementary Figure 83. Eterna

prepared with RiboDraw’.
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prepared with RiboDraw’.
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Supplementary Figure 86. Eterna
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Supplementary Figure 95. Eterna participants’-designed ribosomal RNA design R2-21

prepared with RiboDraw’.
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Supplementary Figure 96. Eterna participants’-designed ribosomal RNA design R2-22

prepared with RiboDraw’.
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Supplementary Figure 97. Eterna participants’-designed ribosomal RNA design R2-23

prepared with RiboDraw’.
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Supplementary Figure 98. Eterna participants’-designed ribosomal RNA design R2-24

prepared with RiboDraw’.
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Supplementary Figure 99. Eterna participants’-designed ribosomal RNA design R2-25

prepared with RiboDraw’.
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Supplementary Figure 100. Eterna participants’-designed ribosomal RNA design R2-26

prepared with RiboDraw’.
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Supplementary Figure 101. Eterna participants’-designed ribosomal RNA design R2-27

prepared with

RiboDraw'.
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Supplementary Figure 102. Eterna participants’-designed ribosomal RNA design R2-28

prepared with RiboDraw’.
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Supplementary Figure 103. Eterna participants’-designed ribosomal RNA design R2-29

prepared with RiboDraw’.
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Supplementary Figure 104. Eterna participants’-designed ribosomal RNA design R2-30

prepared with RiboDraw’.
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Supplementary Figure 105. Eterna participants’-designed ribosomal RNA design R2-31

prepared with RiboDraw’.
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Supplementary Figure 106. Eterna participants’-designed ribosomal RNA design R2-32

prepared with RiboDraw’.
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Supplementary Figure 107. Eterna participants’-designed ribosomal RNA design R2-33

prepared with RiboDraw’.
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Supplementary Figure 108. Eterna participants’-designed ribosomal RNA design R2-34

prepared with RiboDraw’.
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Supplementary Figure 109. Eterna participants’-designed ribosomal RNA design R2-35

prepared with RiboDraw’.
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Supplementary Figure 110. Eterna participants’-designed ribosomal RNA design R2-36

prepared with RiboDraw’.
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Supplementary Figure 111. Eterna participants’-designed ribosomal RNA design R2-37

prepared with RiboDraw’.
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Supplementary Figure 112. Eterna participants’-designed ribosomal RNA design R2-38

prepared with RiboDraw’.
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Supplementary Figure 113. Eterna participants’-designed ribosomal RNA design R2-39

prepared with RiboDraw’.
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Supplementary Figure 114. Eterna participants’-designed ribosomal RNA design R2-40

prepared with RiboDraw’.
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Supplementary Figure 115. Community scientists followed and combined different
strategies to improve rRNA performance. Relative maximum sfGFP expression made in iSAT
reactions by each design was plotted against the instances of (a) stretches of consecutive
identical nucleotides, (b) altered base pairing in rRNA secondary structures, or (¢) changes in
conserved nucleotides or nucleotides which contact rProteins. Data are shown from the “pilot
round” (RO) and round 1 (R1) and round 2 (R2) as mean £ s.d.; n =2 3. Source data are provided
as a Source Data file. Dotted line in (a) indicates wild type value. rProteins: ribosomal proteins;

WC: Watson-Crick.
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iSAT kinetics and maximum yields for Eterna designed

ribosomes under folding stress. sfGFP expression of (a) pT7-rrnB-16S R1 and R2 designs and

(b) pT7-rmB-23S R1 and R2 designs in iSAT at low Mg?* concentration (3.75 mM) and optimal

temperature (37° C) (left panels) and low Mg?* concentration (3.75 mM) and low temperature (30°

C) (right panels). sfGFP expression was determined in 15 hour iSAT reactions by fluorescence

and normalized to max sfGFP of pT7-rrnB-WT at optimal iSAT conditions. Data are shown as

mean. Error bars represent s.d.; n =

3. Source data are provided as a Source Data file. These

data were used to generate the heat maps in Main Figure 3. Mut: mutations; R1: round 1, R2:

round 2, WT: wild type.
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Supplementary Figure 117. Influence of solvents and pH on iSAT reactions of selected R1
16S rRNA designs. (a) Solvents (v/v %). (b) pH. Time course data are shown as mean % s.d.
Maximum sfGFP expression was determined in iSAT reactions by fluorescence and normalized
to max sfGFP of pT7-rrnB-wild type at optimal iSAT conditions. Maximal sfGFP expression data

are presented as boxplots. Error bars represent s.d.; n = 3. Source data are provided as a Source
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1  Data file. ACN: acetonitrile, DMSO: dimethylsulfoxide, EtOH: ethanol, MeOH: methanol, HEPES:
2 (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), MES: 2-(N-morpholino)ethanesulfonic acid,

3 Tris: tris(hydroxymethyl)aminomethane, Mut: mutations, R1: round 1, WT: wild type.
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Supplementary Figure 118. Influence of solvents and pH on iSAT reactions of selected R2
16S rRNA designs. (a) Solvents (v/v %). (b) pH. Time course data are shown as mean % s.d.
Maximum sfGFP expression was determined in iSAT reactions by fluorescence and normalized

to max sfGFP of pT7-rrnB-wild type at optimal iSAT conditions. Maximal sfGFP expression data
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are presented as boxplots. Error bars represent s.d.; n = 3. Source data are provided as a Source
Data file. ACN: acetonitrile, DMSO: dimethylsulfoxide, EtOH: ethanol, MeOH: methanol, HEPES:
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), MES: 2-(N-morpholino)ethanesulfonic acid,

Tris: tris(hydroxymethyl)aminomethane, Mut: mutations, R2: round 2, WT: wild type
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Supplementary Figure 119. Influence of solvents and pH on iSAT reactions of selected R1
23S rRNA designs. (a) Solvents (v/v %). (b) pH. Time course data are shown as mean % s.d.
Maximum sfGFP expression was determined in iSAT reactions by fluorescence and normalized
to max sfGFP of pT7-rrnB-wild type at optimal iSAT conditions. Maximal sfGFP expression data

are presented as boxplots. Error bars represent s.d.; n = 3. Source data are provided as a Source
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1  Data file. ACN: acetonitrile, DMSO: dimethylsulfoxide, EtOH: ethanol, MeOH: methanol, HEPES:
2 (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), MES: 2-(N-morpholino)ethanesulfonic acid,

3 Tris: tris(hydroxymethyl)aminomethane, Mut: mutations, R1: round 1, WT: wild type.
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Supplementary Figure 120. Influence of solvents and pH on iSAT reactions of selected R2
23S designs. (a) Solvents (v/v %). (b) pH. Time course data are shown as mean £ sd. Maximum
sfGFP expression was determined in iSAT reactions by fluorescence and normalized to max
sfGFP of pT7-rrnB-wild type at optimal iSAT conditions. Maximal sfGFP expression data are

presented as boxplots. Error bars represent s.d.; n = 3. Source data are provided as a Source
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1  Data file. ACN: acetonitrile, DMSO: dimethylsulfoxide, EtOH: ethanol, MeOH: methanol, HEPES:
2 (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), MES: 2-(N-morpholino)ethanesulfonic acid,

3 Tris: tris(hydroxymethyl)aminomethane, Mut: mutations, R2: round 2, WT: wild type.
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Supplementary Figure 121. Influence of in vitro solvent conditions on iSAT reactions of
Eterna ribosomes. (a) Relative sfGFP expression of ribosomes with both 16S rRNA and 23S
rRNA designs under iSAT conditions at low (3.75 mM)-magnesium (Mg?*) and optimal or low
(3.75 mM)-magnesium (Mg®*) and low temperature. (b) Solvents (v/v %). Time course data are
shown as mean = s.d. Maximum sfGFP expression was determined in iSAT reactions by
fluorescence and normalized to max sfGFP of pT7-rrnB-wild type at optimal iSAT conditions.
Maximal sfGFP expression data are presented as boxplots. Error bars represent s.d.; n = 3.
Source data are provided as a Source Data file. ACN: acetonitrile, DMSO: dimethylsulfoxide,

EtOH: ethanol, MeOH: methanol, Mut: mutations.
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Supplementary Figure 122. R2 and combinatorial Eterna designs support life. (a-d) Un-cut
images of spotted SQ171fg cells growing with pL-rrnB-wild type and pL-rrnB-R2 16S rRNA (a, b)

and 23S rRNA (c, d) designs imaged after 24 hours at 37 °C (a, ¢) or 72 hours at 30 °C (b, d).
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(e-f) Un-cut images of spotted SQ171fg cells growing with pL-rrnB-wild type and pL-rrnB-
combinations imaged after 24 hours at 37 °C (e) or 72 hours at 30 °C (f). Stationary cells were
diluted to an OD600 = 1, diluted stepwise 1:10, and spotted onto LB + Carb1go plates. Data are

representative of n 2 3. R1: round 1, R2: round 2, WT: wild type.
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SUPPLEMENTARY TABLES

Supplementary Table 1. Wild type ribosome activity in iSAT in the presence of solvent

concentrations.

Solvent Concentration Solvent Mean Standard
Concentration Unit deviation
0 % (V/V) Acetonitrile 1.004 0.070
0 % (v/V) DMSO 1.004 0.070
0 % (v/v) EtOH 1.004 0.070
0 % (v/v) MeOH 1.004 0.070
0 % (v/v) Urea 1.004 0.070
0.5 % (v/v) Acetonitrile 1.033 0.021
1 % (v/v) Acetonitrile 1.027 0.015
25 % (v/V) Acetonitrile 0.997 0.014
5 % (v/V) Acetonitrile 0.896 0.064
6.67 % (v/v) Acetonitrile 0.889 0.111
9.38 % (v/V) Acetonitrile 0.874 0.028
125 % (v/V) Acetonitrile 0.708 0.046
0.5 % (v/v) DMSO 0.994 0.027
1 % (v/v) DMSO 0.933 0.027
25 % (v/V) DMSO 0.779 0.028
5 % (v/V) DMSO 0.376 0.012
6.67 % (v/v) DMSO 0.113 0.002
9.38 % (v/v) DMSO 0.057 0.003
12.5 % (v/V) DMSO 0.015 0.001
0.5 % (v/v) EtOH 0.939 0.084
1 % (v/v) EtOH 0.994 0.007
25 % (v/v) EtOH 0.914 0.038
5 % (v/v) EtOH 0.700 0.009
6.67 % (v/v) EtOH 0.619 0.104
9.38 % (v/v) EtOH 0.504 0.013
12.5 % (v/V) EtOH 0.302 0.040
0.5 % (v/v) MeOH 0.985 0.032
1 % (v/v) MeOH 0.929 0.076
2.5 % (v/V) MeOH 0.971 0.051
5 % (v/v) MeOH 0.735 0.009
6.67 % (v/v) MeOH 0.817 0.033
9.38 % (v/v) MeOH 0.652 0.035
12.5 % (v/V) MeOH 0.574 0.063
0.05 M Urea 0.983 0.058
0.1 M Urea 0.941 0.027
0.25 M Urea 0.703 0.014
0.5 M Urea 0.152 0.002
0.6 M Urea 0.029 0.002
0.94 M Urea 0.020 0.001
1.13 M Urea 0.017 0.000

Maximum sfGFP expression was determined in iSAT reactions by fluorescence and normalized

to max sfGFP of pT7-rrnB-WT at optimal iSAT conditions. Maximal sfGFP expression data are

presented as mean and s.d.; n = 3.
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SUPPLEMENTARY NOTES

Supplementary Notes summarizing resources and online tools that players used for designing

16S and 23S rRNAs.

10
11
12
13
14
15
16
17
18

19

Ribosome images: For example, from the Noller lab:

http://rna.ucsc.edu/rnacenter/ribosome images.html

Online videos on ribosomes and related topics. For example, via Khan academy and

YouTube: https://www.khanacademy.org; https://www.youtube.com

Scientific literature on ribosomes and related topics. For example, papers about RNA
motifs and r-protein binding sites'

Comparative RNA web site and project*: https://crw-site.chemistry.gatech.edu/FAM/

Protein Data Bank: https://www.rcsb.org® and https://www.ebi.ac.uk/pdbe/®

The non-coding RNA sequence database’”?®: https://rnacentral.org

Molecular visualization software: Chimera®'® and PyMOL"

Multiple sequence alignment tool from the EMBL-EBI web site:

https://www.ebi.ac.uk/Tools/msa/muscle/"?
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SUPPLEMENTARY METHODS

Energetic rationale for base locks in ribosome puzzle definitions

Most base locks were chosen based on intra- or inter-subunit tertiary contacts, particularly when
Watson-Crick, and protein-RNA contacts that would both enormously influence the folding
energetics of the rRNA under investigation but could not be represented in a secondary structure
folding model. Pseudoknotted residues were also locked; folding the ribosome with a pseudoknot-
aware secondary structure model would be both physically unrealistic (ribosome folding is
chaperoned; the only pseudoknots likely to form in designed ribosomes are those that form in the

wild type) and computationally intractable.

Some “singlet” base pairs, however, were also locked. In large, folded RNAs, tertiary folding
influences the secondary structure ensemble and can render stable features that otherwise might
struggle to form. “Singlet” base pairs — those that do not form part of a secondary structure stem
— are not favorable on their own, since they contribute no stabilizing stacking energy, and in

energy models like Vienna will typically destabilize large loops.

Because this “secondary structure” constraint could not be satisfied in the energy model, we

omitted it from the target secondary structure to make the objective more achievable for players,

but we locked the nucleotides to ensure that these destabilized bases were not mutated.
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Plasmid sequences

pL-rrnB- wild type:
GATCTCTCACCTACCAAACAATGCCCCCCTGCAAAAAATAAATTCATATAAAAAACATACAG
ATAACCATCTGCGGTGATAAATTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTTAT
ACTGAGCACGGGTACCGGCCGCTGAGAAAAAGCGAAGCGGCACTGCTCTTTAACAATTTA
TCAGACAATCTGTGTGGGCACTCGAAGATACGGATTCTTAACGTCGCAAGACGAAAAATGA
ATACCAAGTCTCAAGAGTGAACACGTAATTCATTACGAAGTTTAATTCTTTGAGCGTCAAAC
TTTTAAATTGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACATG
CAAGTCGAACGGTAACAGGAAGAAGCTTGCTTCTTTGCTGACGAGTGGCGGACGGGTGAG
TAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCG
CATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCGGATGTGCCCAG
ATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTG
AGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCA
GTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGAAG
GCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGGAGTAAAGTTAATACCTTTGCTC
ATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACG
GAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTAAG
TCAGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCTGATACTGGCAAGCTTGAGT
CTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAAT
ACCGGTGGCGAAGGCGGCCCCCTGGACGAAGACTGACGCTCAGGTGCGAAAGCGTGGG
GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTT
GTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACG
GCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTG

GTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAGA
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GATGAGAATGTGCCTTCGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTG
TTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGT
CCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACGT
CAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCGCATACAAAGA
GAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTGCGTCGTAGTCCGGATTGGAGTC
TGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAA
TACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAG
TAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATTCATGACTGGGGTGAAGTC
GTAACAAGGTAACCGTAGGGGAACCTGCGGTTGGATCACCTCCTTACCTTAAAGAAGCGTA
CTTTGTAGTGCTCACACAGATTGTCTGATAGAAAGTGAAAAGCAAGGCGTTTACGCGTTGG
GAGTGAGGCTGAAGAGAATAAGGCCGTTCGCTTTCTATTAATGAAAGCTCACCCTACACGA
AAATATCACGCAACGCGTGATAAGCAATTTTCGTGTCCCCTTCGTCTAGAGGCCCAGGACA
CCGCCCTTTCACGGCGGTAACAGGGGTTCGAATCCCCTAGGGGACGCCACTTGCTGGTTT
GTGAGTGAAAGTCGCCGACCTTAATATCTCAAAACTCATCTTCGGGTGATGTTTGAGATATT
TGCTCTTTAAAAATCTGGATCAAGCTGAAAATTGAAACACTGAACAACGAGAGTTGTTCGTG
AGTCTCTCAAATTTTCGCAACACGATGATGAATCGAAAGAAACATCTTCGGGTTGTGAGGTT
AAGCGACTAAGCGTACACGGTGGATGCCCTGGCAGTCAGAGGCGATGAAGGACGTGCTA
ATCTGCGATAAGCGTCGGTAAGGTGATATGAACCGTTATAACCGGCGATTTCCGAATGGG
GAAACCCAGTGTGTTTCGACACACTATCATTAACTGAATCCATAGGTTAATGAGGCGAACC
GGGGGAACTGAAACATCTAAGTACCCCGAGGAAAAGAAATCAACCGAGATTCCCCCAGTA
GCGGCGAGCGAACGGGGAGCAGCCCAGAGCCTGAATCAGTGTGTGTGTTAGTGGAAGCG
TCTGGAAAGGCGCGCGATACAGGGTGACAGCCCCGTACACAAAAATGCACATGCTGTGAG
CTCGATGAGTAGGGCGGGACACGTGGTATCCTGTCTGAATATGGGGGGACCATCCTCCAA
GGCTAAATACTCCTGACTGACCGATAGTGAACCAGTACCGTGAGGGAAAGGCGAAAAGAA
CCCCGGCGAGGGGAGTGAAAAAGAACCTGAAACCGTGTACGTACAAGCAGTGGGAGCAC

GCTTAGGCGTGTGACTGCGTACCTTTTGTATAATGGGTCAGCGACTTATATTCTGTAGCAA
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GGTTAACCGAATAGGGGAGCCGAAGGGAAACCGAGTCTTAACTGGGCGTTAAGTTGCAGG
GTATAGACCCGAAACCCGGTGATCTAGCCATGGGCAGGTTGAAGGTTGGGTAACACTAAC
TGGAGGACCGAACCGACTAATGTTGAAAAATTAGCGGATGACTTGTGGCTGGGGGTGAAA
GGCCAATCAAACCGGGAGATAGCTGGTTCTCCCCGAAAGCTATTTAGGTAGCGCCTCGTG
AATTCATCTCCGGGGGTAGAGCACTGTTTCGGCAAGGGGGTCATCCCGACTTACCAACCC
GATGCAAACTGCGAATACCGGAGAATGTTATCACGGGAGACACACGGCGGGTGCTAACGT
CCGTCGTGAAGAGGGAAACAACCCAGACCGCCAGCTAAGGTCCCAAAGTCATGGTTAAGT
GGGAAACGATGTGGGAAGGCCCAGACAGCCAGGATGTTGGCTTAGAAGCAGCCATCATTT
AAAGAAAGCGTAATAGCTCACTGGTCGAGTCGGCCTGCGCGGAAGATGTAACGGGGCTAA
ACCATGCACCGAAGCTGCGGCAGCGACGCTTATGCGTTGTTGGGTAGGGGAGCGTTCTGT
AAGCCTGCGAAGGTGTGCTGTGAGGCATGCTGGAGGTATCAGAAGTGCGAATGCTGACAT
AAGTAACGATAAAGCGGGTGAAAAGCCCGCTCGCCGGAAGACCAAGGGTTCCTGTCCAAC
GTTAATCGGGGCAGGGTGAGTCGACCCCTAAGGCGAGGCCGAAAGGCGTAGTCGATGGG
AAACAGGTTAATATTCCTGTACTTGGTGTTACTGCGAAGGGGGGACGGAGAAGGCTATGTT
GGCCGGGCGACGGTTGTCCCGGTTTAAGCGTGTAGGCTGGTTTTCCAGGCAAATCCGGAA
AATCAAGGCTGAGGCGTGATGACGAGGCACTACGGTGCTGAAGCAACAAATGCCCTGCTT
CCAGGAAAAGCCTCTAAGCATCAGGTAACATCAAATCGTACCCCAAACCGACACAGGTGGT
CAGGTAGAGAATACCAAGGCGCTTGAGAGAACTCGGGTGAAGGAACTAGGCAAAATGGTG
CCGTAACTTCGGGAGAAGGCACGCTGATATGTAGGTGAGGTCCCTCGCGGATGGAGCTGA
AATCAGTCGAAGATACCAGCTGGCTGCAACTGTTTATTAAAAACACAGCACTGTGCAAACA
CGAAAGTGGACGTATACGGTGTGACGCCTGCCCGGTGCCGGAAGGTTAATTGATGGGGTT
AGCGCAAGCGAAGCTCTTGATCGAAGCCCCGGTAAACGGCGGCCGTAACTATAACGGTCC
TAAGGTAGCGAAATTCCTTGTCGGGTAAGTTCCGACCTGCACGAATGGCGTAATGATGGC
CAGGCTGTCTCCACCCGAGACTCAGTGAAATTGAACTCGCTGTGAAGATGCAGTGTACCC
GCGGCAAGACGGAAAGACCCCGTGAACCTTTACTATAGCTTGACACTGAACATTGAGCCTT

GATGTGTAGGATAGGTGGGAGGCTTTGAAGTGTGGACGCCAGTCTGCATGGAGCCGACCT
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TGAAATACCACCCTTTAATGTTTGATGTTCTAACGTTGACCCGTAATCCGGGTTGCGGACA
GTGTCTGGTGGGTAGTTTGACTGGGGCGGTCTCCTCCTAAAGAGTAACGGAGGAGCACGA
AGGTTGGCTAATCCTGGTCGGACATCAGGAGGTTAGTGCAATGGCATAAGCCAGCTTGAC
TGCGAGCGTGACGGCGCGAGCAGGTGCGAAAGCAGGTCATAGTGATCCGGTGGTTCTGA
ATGGAAGGGCCATCGCTCAACGGATAAAAGGTACTCCGGGGATAACAGGCTGATACCGCC
CAAGAGTTCATATCGACGGCGGTGTTTGGCACCTCGATGTCGGCTCATCACATCCTGGGG
CTGAAGTAGGTCCCAAGGGTATGGCTGTTCGCCATTTAAAGTGGTACGCGAGCTGGGTTT
AGAACGTCGTGAGACAGTTCGGTCCCTATCTGCCGTGGGCGCTGGAGAACTGAGGGGGG
CTGCTCCTAGTACGAGAGGACCGGAGTGGACGCATCACTGGTGTTCGGGTTGTCATGCCA
ATGGCACTGCCCGGTAGCTAAATGCGGAAGAGATAAGTGCTGAAAGCATCTAAGCACGAA
ACTTGCCCCGAGATGAGTTCTCCCTGACCCTTTAAGGGTCCTGAAGGAACGTTGAAGACG
ACGACGTTGATAGGCCGGGTGTGTAAGCGCAGCGATGCGTTGAGCTAACCGGTACTAATG
AACCGTGAGGCTTAACCTTACAACGCCGAAGCTGTTTTGGCGGATGAGAGAAGATTTTCAG
CCTGATACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAAACAGAATTTGCCTGGCGGC
AGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGC
CGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAAC
GAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCT
CCTGAGTAGGACAAATCCGCCGGGAGCGGATTTGAACGTTGCGAAGCAACGGCCCGGAG

GGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCAGAAGGCCATC

CTGACGGATGGCCTTTTTGCGTTTCTACAAACTCTTCCTGTCGTCATATCTACAAGCCGGC

GCGCCGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTA
TCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTG
CTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGG

GTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACG

TTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTGTTGACG
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CCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTC
ACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCA
ATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAG
GAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAAC
CGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGCAGCAATGG
CAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTA
ATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCT
AGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCA
GCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAG
GCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATT
GGTAACTGCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTT
AAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTT
TTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTT
TTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTT
GCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATA
CCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCAC
CGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC
GTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTG
AACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGT
ATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAA
CGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTG
TGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACG

GTTCCTGGCCTTTTGCTGGGCGGCCGC
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pT7-rrnB- wild type:
TAATACGACTCACTATAGGGGCCGCTGAGAAAAAGCGAAGCGGCACTGCTCTTTAACAATT
TATCAGACAATCTGTGTGGGCACTCGAAGATACGGATTCTTAACGTCGCAAGACGAAAAAT
GAATACCAAGTCTCAAGAGTGAACACGTAATTCATTACGAAGTTTAATTCTTTGAGCGTCAA
ACTTTTAAATTGAAGAGTTTGATCATGGCTCAGATTGAACGCTGGCGGCAGGCCTAACACA
TGCAAGTCGAACGGTAACAGGAAGAAGCTTGCTTCTTTGCTGACGAGTGGCGGACGGGTG
AGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATAC
CGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCGGATGTGCCC
AGATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTC
TGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAG
CAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGTATGAAGA
AGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGGAGTAAAGTTAATACCTTTGC
TCATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATA
CGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGCGGTTTGTTA
AGTCAGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATCTGATACTGGCAAGCTTGA
GTCTCGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGA
ATACCGGTGGCGAAGGCGGCCCCCTGGACGAAGACTGACGCTCAGGTGCGAAAGCGTGG
GGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGT
TGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTAC
GGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGT
GGTTTAATTCGATGCAACGCGAAGAACCTTACCTGGTCTTGACATCCACGGAAGTTTTCAG
AGATGAGAATGTGCCTTCGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGT
GTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGG
TCCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGGGATGACG

TCAAGTCATCATGGCCCTTACGACCAGGGCTACACACGTGCTACAATGGCGCATACAAAGA
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GAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAGTGCGTCGTAGTCCGGATTGGAGTC
TGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTGGATCAGAATGCCACGGTGAA
TACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAG
TAGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTTGTGATTCATGACTGGGGTGAAGTC
GTAACAAGGTAACCGTAGGGGAACCTGCGGTTGGATCACCTCCTTACCTTAAAGAAGCGTA
CTTTGTAGTGCTCACACAGATTGTCTGATAGAAAGTGAAAAGCAAGGCGTTTACGCGTTGG
GAGTGAGGCTGAAGAGAATAAGGCCGTTCGCTTTCTATTAATGAAAGCTCACCCTACACGA
AAATATCACGCAACGCGTGATAAGCAATTTTCGTGTCCCCTTCGTCTAGAGGCCCAGGACA
CCGCCCTTTCACGGCGGTAACAGGGGTTCGAATCCCCTAGGGGACGCCACTTGCTGGTTT
GTGAGTGAAAGTCGCCGACCTTAATATCTCAAAACTCATCTTCGGGTGATGTTTGAGATATT
TGCTCTTTAAAAATCTGGATCAAGCTGAAAATTGAAACACTGAACAACGAGAGTTGTTCGTG
AGTCTCTCAAATTTTCGCAACACGATGATGAATCGAAAGAAACATCTTCGGGTTGTGAGGTT
AAGCGACTAAGCGTACACGGTGGATGCCCTGGCAGTCAGAGGCGATGAAGGACGTGCTA
ATCTGCGATAAGCGTCGGTAAGGTGATATGAACCGTTATAACCGGCGATTTCCGAATGGG
GAAACCCAGTGTGTTTCGACACACTATCATTAACTGAATCCATAGGTTAATGAGGCGAACC
GGGGGAACTGAAACATCTAAGTACCCCGAGGAAAAGAAATCAACCGAGATTCCCCCAGTA
GCGGCGAGCGAACGGGGAGCAGCCCAGAGCCTGAATCAGTGTGTGTGTTAGTGGAAGCG
TCTGGAAAGGCGCGCGATACAGGGTGACAGCCCCGTACACAAAAATGCACATGCTGTGAG
CTCGATGAGTAGGGCGGGACACGTGGTATCCTGTCTGAATATGGGGGGACCATCCTCCAA
GGCTAAATACTCCTGACTGACCGATAGTGAACCAGTACCGTGAGGGAAAGGCGAAAAGAA
CCCCGGCGAGGGGAGTGAAAAAGAACCTGAAACCGTGTACGTACAAGCAGTGGGAGCAC
GCTTAGGCGTGTGACTGCGTACCTTTTGTATAATGGGTCAGCGACTTATATTCTGTAGCAA
GGTTAACCGAATAGGGGAGCCGAAGGGAAACCGAGTCTTAACTGGGCGTTAAGTTGCAGG
GTATAGACCCGAAACCCGGTGATCTAGCCATGGGCAGGTTGAAGGTTGGGTAACACTAAC
TGGAGGACCGAACCGACTAATGTTGAAAAATTAGCGGATGACTTGTGGCTGGGGGTGAAA

GGCCAATCAAACCGGGAGATAGCTGGTTCTCCCCGAAAGCTATTTAGGTAGCGCCTCGTG
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AATTCATCTCCGGGGGTAGAGCACTGTTTCGGCAAGGGGGTCATCCCGACTTACCAACCC
GATGCAAACTGCGAATACCGGAGAATGTTATCACGGGAGACACACGGCGGGTGCTAACGT
CCGTCGTGAAGAGGGAAACAACCCAGACCGCCAGCTAAGGTCCCAAAGTCATGGTTAAGT
GGGAAACGATGTGGGAAGGCCCAGACAGCCAGGATGTTGGCTTAGAAGCAGCCATCATTT
AAAGAAAGCGTAATAGCTCACTGGTCGAGTCGGCCTGCGCGGAAGATGTAACGGGGCTAA
ACCATGCACCGAAGCTGCGGCAGCGACGCTTATGCGTTGTTGGGTAGGGGAGCGTTCTGT
AAGCCTGCGAAGGTGTGCTGTGAGGCATGCTGGAGGTATCAGAAGTGCGAATGCTGACAT
AAGTAACGATAAAGCGGGTGAAAAGCCCGCTCGCCGGAAGACCAAGGGTTCCTGTCCAAC
GTTAATCGGGGCAGGGTGAGTCGACCCCTAAGGCGAGGCCGAAAGGCGTAGTCGATGGG
AAACAGGTTAATATTCCTGTACTTGGTGTTACTGCGAAGGGGGGACGGAGAAGGCTATGTT
GGCCGGGCGACGGTTGTCCCGGTTTAAGCGTGTAGGCTGGTTTTCCAGGCAAATCCGGAA
AATCAAGGCTGAGGCGTGATGACGAGGCACTACGGTGCTGAAGCAACAAATGCCCTGCTT
CCAGGAAAAGCCTCTAAGCATCAGGTAACATCAAATCGTACCCCAAACCGACACAGGTGGT
CAGGTAGAGAATACCAAGGCGCTTGAGAGAACTCGGGTGAAGGAACTAGGCAAAATGGTG
CCGTAACTTCGGGAGAAGGCACGCTGATATGTAGGTGAGGTCCCTCGCGGATGGAGCTGA
AATCAGTCGAAGATACCAGCTGGCTGCAACTGTTTATTAAAAACACAGCACTGTGCAAACA
CGAAAGTGGACGTATACGGTGTGACGCCTGCCCGGTGCCGGAAGGTTAATTGATGGGGTT
AGCGCAAGCGAAGCTCTTGATCGAAGCCCCGGTAAACGGCGGCCGTAACTATAACGGTCC
TAAGGTAGCGAAATTCCTTGTCGGGTAAGTTCCGACCTGCACGAATGGCGTAATGATGGC
CAGGCTGTCTCCACCCGAGACTCAGTGAAATTGAACTCGCTGTGAAGATGCAGTGTACCC
GCGGCAAGACGGAAAGACCCCGTGAACCTTTACTATAGCTTGACACTGAACATTGAGCCTT
GATGTGTAGGATAGGTGGGAGGCTTTGAAGTGTGGACGCCAGTCTGCATGGAGCCGACCT
TGAAATACCACCCTTTAATGTTTGATGTTCTAACGTTGACCCGTAATCCGGGTTGCGGACA
GTGTCTGGTGGGTAGTTTGACTGGGGCGGTCTCCTCCTAAAGAGTAACGGAGGAGCACGA
AGGTTGGCTAATCCTGGTCGGACATCAGGAGGTTAGTGCAATGGCATAAGCCAGCTTGAC

TGCGAGCGTGACGGCGCGAGCAGGTGCGAAAGCAGGTCATAGTGATCCGGTGGTTCTGA
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ATGGAAGGGCCATCGCTCAACGGATAAAAGGTACTCCGGGGATAACAGGCTGATACCGCC
CAAGAGTTCATATCGACGGCGGTGTTTGGCACCTCGATGTCGGCTCATCACATCCTGGGG
CTGAAGTAGGTCCCAAGGGTATGGCTGTTCGCCATTTAAAGTGGTACGCGAGCTGGGTTT
AGAACGTCGTGAGACAGTTCGGTCCCTATCTGCCGTGGGCGCTGGAGAACTGAGGGGGG
CTGCTCCTAGTACGAGAGGACCGGAGTGGACGCATCACTGGTGTTCGGGTTGTCATGCCA
ATGGCACTGCCCGGTAGCTAAATGCGGAAGAGATAAGTGCTGAAAGCATCTAAGCACGAA
ACTTGCCCCGAGATGAGTTCTCCCTGACCCTTTAAGGGTCCTGAAGGAACGTTGAAGACG
ACGACGTTGATAGGCCGGGTGTGTAAGCGCAGCGATGCGTTGAGCTAACCGGTACTAATG
AACCGTGAGGCTTAACCTTACAACGCCGAAGCTGTTTTGGCGGATGAGAGAAGATTTTCAG
CCTGATACAGATTAAATCAGAACGCAGAAGCGGTCTGATAAAACAGAATTTGCCTGGCGGC
AGTAGCGCGGTGGTCCCACCTGACCCCATGCCGAACTCAGAAGTGAAACGCCGTAGCGC
CGATGGTAGTGTGGGGTCTCCCCATGCGAGAGTAGGGAACTGCCAGGCATCAAATAAAAC
GAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCT
CCTGAGTAGGACAAATCCGCCGGGAGCGGATTTGAACGTTGCGAAGCAACGGCCCGGAG

GGTGGCGGGCAGGACGCCCGCCATAAACTGCCAGGCATCAAATTAAGCAGAAGGCCATC

CTGACGGATGGCCTTTTTGCGTTTCTACAAACTCTTCCTGTCGTCATATCTACAAGCCGGC
GCGCCAAATTGACAATTACTCATCCGGCTCGAATAATGTGTGGAACTTAAACACACACAGG
AGGAAAACATATGTCTATCCAGCACTTCCGTGTTGCGCTGATCCCGTTCTTCGCGGCGTTC
TGCCTGCCGGTTTTCGCGCACCCGGAAACCCTGGTTAAAGTTAAAGACGCGGAAGACCAG
CTGGGTGCGCGTGTTGGTTACATCGAACTGGACCTGAACTCTGGTAAAATCCTGGAATCTT
TCCGTCCGGAAGAACGTTTCCCGATGATGTCTACCTTCAAAGTTCTGCTGTGCGGTGCGGT
TCTGTCTCGTGTTGACGCGGGTCAGGAACAGCTGGGTCGTCGTATCCACTACTCTCAGAA
CGACCTGGTTGAATACTCTCCCGTTACCGAAAAACACCTGACCGACGGTATGACCGTTCGT
GAACTGTGCTCTGCGGCGATCACCATGTCTGACAACACCGCAGCGAACCTGCTGCTGACC
ACCATCGGTGGTCCGAAAGAACTGACCGCGTTCCTGCACAACATGGGCGACCACGTTACC

CGTCTGGACCGTTGGGAACCGGAACTGAACGAAGCGATCCCGAACGACGAACGTGACAC
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CACCATGCCTGCGGCGATGGCGACCACCCTGCGTAAACTGCTGACCGGTGAACTGCTGAC
CCTGGCATCTCGTCAGCAGCTGATCGACTGGATGGAAGCGGACAAAGTTGCGGGTCCGCT
GCTGCGTTCTGCGCTGCCTGCGGGTTGGTTCATCGCGGACAAATCTGGTGCGGGTGAAC
GTGGTTCTCGTGGTATCATCGCGGCGCTGGGTCCGGACGGTAAACCGTCTCGTATCGTTG
TTATCTACACCACCGGTTCTCAGGCGACCATGGACGAACGTAACCGTCAGATCGCGGAAA
TCGGTGCGTCTCTGATTAAACACTGGTAAACTCACTCCTAGCCCGCCTAATAAGCGGGCTT
TTTTTCTGCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTT
AAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTT
TTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTT
TTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTT
GCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATA
CCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCAC
CGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC
GTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTG
AACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATA
CCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGT
ATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAA
CGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTG
TGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACG

GTTCCTGGCCTTTTGCTGGT
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cameron.turner@stargateschool.org*, NeuroDragn*, Billy Reuben*, D'Wydd*, Ahalb*, ch1ck3n*,

joshuacleverley*, DogeSka*, rynomachine®, iluaee*, Dan94Sh*, BurtHarris*, syrthael*, rna-key*,
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amybarish*, Iroppy*, alecpikachu*, greenmovie13*, dzynr64*, Chellow*, BugacMan*, NedyahW*,

asiaa*, HarryS*

*Eterna Massive Open Laboratory, Stanford, CA 94305, USA
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