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Appendix Information I. Mathematical model of tandem promoters
Non-additive model

Consider two promoters oriented in series whose RNAP fluxes are y; (upstream) and y, (downstream),
respectively. If there is no interaction between the RNAP fluxes originating from the two promoters, they
can additively contribute to the total RNAP flux,

Yot = Y11t Y2 : (51)

In this case, the empirical response functions (Equation 1) for each promoter could be substituted for y;
and y;.

To demonstrate how non-additivity impacts Appendix Equation S1, we derive the promoter
activities using a Shea-Ackers formalism (Ackers et al, 1982) and a simple biophysical model where a single
repressor binds non-cooperatively to each promoter. All of the possible promoter states are enumerated
in Appendix Figure S1 when repressor R; binds to input promoter 1 with affinity Kz 1, repressor R, binds to
input promoter 2 with affinity Kz >, and RNAP can bind to either promoter with affinities Krnar,1 and Kgnap,2.
First, for the additive case, the ensemble of all possible states is given by

Z =1+ Kgnap1[RNAP]+ Kgnap2[RNAP] + Kg1[Ri]+ Kg2[R;] + Kg1Kg2[R1][R-] +
Kr1Krnap2[R11[RNAP] + Kgyap1Kp2[RNAP][R] + Kpyap,1Krnap2[RNAP]? ) (S2)

which can be simply factored into the sum of the individual contributions from each promoter. The
probability P that either promoter is in a state where RNAP is binding and initiating transcription is

P = Z " (Krnap1[RNAP] + Kgyap2[RNAP] + Kpyap,1Kg 2[RNAPI[R,] + Kpyap2Kg1[RNAP][R,] +
Krnap,1Krnap,2 [RNAP]Z) . (S3)

This can be factored and the total transcription rate from the two promoters calculated as

XTot _ X1 Krnap[RNAP] X2 Krnap,2[RNAP]
[DNA] [DNA] 1+Krnap,1[RNAP]+KR 1[R1] = [DNA] 1+Krnap2[RNAP]+KR 2[R;] !

(S4)

where x;/[DNA] and x,/[DNA] are the RNA fluxes from the two promoters.

Appendix Equations S3 and S4 are based on the complete binding polynomial that results from
the consideration of all binding states to the promoters. The gate response function (Equation 1)
represents an empirical form of this equation. This empirical form does not account for all of the binding
states of the promoter, but allows for cooperativity (not necessarily due to multimer formation), and the
maximum and minimum promoter activities are provided by sets of experiments (measured in RPU).
When these equations are substituted into Equation 1, this yields

K™

K,"2
Yy = [ymin,l + (Ymax,l - ymin,l) m] + [ymin,z + (ymax,z - ymin,z) m] ’ (55)

where the parameters are defined in the main text. When compared to Appendix Equation S4, the RNAP
binding, unbound DNA state, and transcription rates are captured by ymin and ymex. The fractions are
related to the binding of each repressor to its cognate promoter.

Non-additivity due to roadblocking only impacts the upstream promoter (first term of Appendix



Equation S4). Within this term, roadblocking only affects the promoter state when RNAP is bound to the
upstream promoter and R; is bound to the downstream promoter (Appendix Figure S1). This does not
have the effect of completely blocking transcription. Instead, there is a probability that R, blocks
transcription, thus reducing the contribution of transcription from the upstream promoter to the total
transcription rate by a term [3. To calculate the rate from the first promoter, the corresponding portion of
Appendix Equation S3 can be re-written as

Py = Z7(Kgnap,1 [RNAP] + BKgyap1Kr 2 [RNAPI[R,] + Kryap 1 Krwap2[RNAPT?) . (S6)

With this modified form, the first term of Appendix Equation S4 can be simplified to

X1 (1+KRNAP,2[RNAP]"'ﬁKR,z[Rz])( Krnap,1[RNAP] )
[DNA] \ 1+Krnap2[RNAP]+KR>[R;] ) \1+Krnap1[RNAP]+KR 1[R,]

, (S7)
where the second term is simply the probability of transcription occurring from promoter 1 and the first
term is a correction due to R; blocking transcription.

Finally, an additional term a is included to capture all of the non-additive effects due to the
existence of a downstream promoter. This includes interference due to pause sites, antisense
transcription, binding of other proteins, and other mechanisms (Brophy & Voigt, 2016; Dahirel et al, 2009;
Roberts, 2014). The addition of this parameter to Equation S7 yields

x4 <1+KRNAP,2[RNAP]+BKR,2[Rz]) ( Krnap,1[RNAP] ) (s8)
[DNA] 1+Kpnap2[RNAP]+KR > [R;] 1+Krnap,1[RNAP]+KR 1[R4]

These effects are assumed to uniformly reduce transcription from the upstream promoter. In other
words, it neither depends on the state of the downstream promoter nor the level of transcription from
the upstream one.

As above, the equivalent of Appendix Equation S8 can be derived for the empirical response
functions. This results in the form

K;"2 (K2n2 + B x"2

— + ( ) I(ln1
y - ymm,z ymax,z ymm,z K2n2+ x2n2 ’

K2 + x,2 ) [}’min,l + (ymax,l - Ymin,l)m
(S9)

where a and 3 are parameters associated with promoter 2 and capture its non-additive impact on an
upstream promoter. Smaller values of both indicate more interference and as o and 3 approach unity, the
interference effects go to zero.

Simplified model for characterizing sensors

A sensor’s output promoter can also cause roadblocking. The response function of a sensor captures how
the output promoter changes as a function of the stimulus (e.g., the concentration of inducer). If the
response function is known, then the equations from the previous section can be applied with some
modifications, described in this section. The input of a sensor’s response function (x-axis) is the
concentration of the inducer ¢, as opposed to a promoter activity in RPU. Also, the response function
turns on as a function of ¢, which is the opposite of a gate where the output promoter turns off as a
function of the input promoter. Thus, the form of the response follows that of an activator (regardless of
whether the inducer activates an activator or derepresses a repressor), written by



CTL

K™+ c™

Y = Ymin + (Ymax - Ymin) (S10)

where c is the concentration of inducers. With these modifications, the equation describing roadblocking
by an input promoter at position 2 is

22 (ﬁ Ky"2+cp"2

C Klnl
Yy = Ymin,z + (Ymax,z ymin,z) K2”2+ "2

K,™2 + c,"2 ) [Ymin,l + (ymax,l - Ymin,l)m .
(s11)

A simpler form can be used because the inputs to Cello are only the RNAP flux of the output promoter for
two states, for example the absence or presence of a defined concentration of inducer (OFF or ON).
Considering this, the interference term of Appendix Equation S11 can be rearranged as follows

BK,"2 + c,"2

el Rl Gl ) (KZL) : (512)

Tl2+ C2n2
Note that the fraction is the same in the input term (position 2) in Appendix Equation S11. When the
sensor output is H, this fraction goes to 1 and y; = ymax2. When the sensor output is OFF, this fraction term
goes to 0 and Y, = Ymin2. Here, ymin2 and ymax2 represent the OFF and ON values of the sensor in Cello.

When the sensor is ON, Appendix Equation S12 goes to 1 and when it is OFF, it goes to 3. This simplifies
the impact of the interference parameters and Appendix Equation S11 becomes

- K,
y= ap-® [Ymin.l + (ymax,l - Ymin,l) m] +6(1 = Q) Wmax,2 = Ymin,2) + Ymin,2s (513)

where g is 0 when the sensor is OFF or 1 when the sensor is ON. Here, the delta function §(x) is defined
as 1 when x is zero, and zero otherwise.



Appendix Information Il. Model of gate dynamics

A gate model is developed that captures the speed by which the gate reaches its steady-state value after
a change in the input. This model does not require the multitude of hard-to-measure kinetic parameters
required by a detailed biophysical model. Rather, we simply consider characteristic times for the circuit
to adjust after the perturbation to the input. We consider two parameters: one that captures the response
to go to a steady-state that is higher than the current output 1,° and one to go to a steady-state that is
lower 1,°. The values of these parameters are expected to be different because the underlying biophysics
determining the timescale differs. For each gate, the corresponding conditional ordinary differential
equation is

dy T}?N(YSS - y) ify < Yss
dt {TOFF (vss —y) otherwise ’ (514)

y SS

where ys; is the steady state of the gate given its input sequences, as calculated using the response
function (Equation 1).

Experiments were then designed to extract the two characteristic times for each gate. To
measure the response of each NOT gate, a sensor is connected to serve as the input and the output is
measured by connecting the output promoter to the transcription of yfp. Cells carrying this circuit are
grown in the presence of inducer until reaching steady-state, then switched into media lacking inducer
and fluorescence is measured as the gate turns on. The same is done in reverse, where cells are grown in
the absence of inducer, then switched into media containing it, and the loss of fluorescence is measured
over time until steady-state is reached. However, using only these data is problematic as the sensor
(addition/removal of inducer to the turning on of the sensor output promoter) and the
expression/degradation of YFP both have induction and relaxation timescales that need to be separated
from those of the gate.

We use data from the sensor to estimate these parameters. First, the sensor is grown under
conditions with inducer and then moved to conditions lacking inducer and the loss of YFP fluorescence is
measured over time (Appendix Figure S9). The time for the sensor to turn off (the binding of the repressor
without inducer to the promoter) is fast with respect to YFP degradation, whose half-life is expected to
be about the cell doubling time. This simple exponential decay can be modeled by

L = — 2 9FE ([YFP] = [YFPmin), (s15)
where [YFP] is the fluorescence as measured by cytometry and min refers to the steady-state value in the
absence of inducer. This is fit to the data and tve°" = 1.06 hr’. The timescale of the off rate of the sensor
is selected to be as slow as possible without impacting the above fit. This leads to 7,°" = 4.0 hr%, which is
held constant for all of the sensors.

The next step is to obtain the YFP production rate. This is calculated by considering the equation
for the production and degradation of YFP

d[YFP
O = oy — TP [YFP : (516)

where y is the RNAP flux from gate’s and sensor’s output promoter reported in RPU (the units of [YFP] are
the fluorescence in au). At steady-state, Appendix Equation S16 becomes



@l = tff imax , (517)
Ymax

where [YFP]max is the highest fluorescence measured when uninduced (for gates) or fully induced (for

sensors), and Ymax is the maximum RPU from the gate and sensor output promoter. This leads to v,

which differs for each gate and sensor (1163 au-RPU*hr?). The following equations were used to extract

7N from data from turning the sensor on (OFF to ON),

% = 19V (x5 — x) and (518)
L = ol x — <PEF [YFP] : (519)

where x is the RNAP flux from sensor’s output promoter reported in RPU, and t,°7F, tve°V, and tve°™ were
determined above.

Using these parameters, equations can be written to extract on- and off- rates for a gate. For the
case when cells are grown in the presence of inducer and then switched to media lacking inducer (the
gate output goes from OFF to ON),

d
= = 12 (xs5 — %) : (520)
d
= = YV Oes —¥) : and (s21)
AL _ 0N,y — <OFE [YFP] , (522)

where the only unknown parameter is 7,°N. These equations are solved and fit to the data (Appendix

Figure S8) to obtain the characteristic on time for each gate (Table 1).

Finally, the off-times of the gates can be determined by growing the cells in the absence of inducer
and then switching them into media containing the inducer (Methods). Modeling this change results in
the following equations

= = 1V (x55— %) : (523)
d

= = O =) : and (524)
WL~ <O, y - fEE (VPP , (525)

where 1,°is the only unknown parameter. These equations are solved and fit to the data for each gate
(Appendix Figure S8) and the resulting parameters are shown in Table 1.



Appendix Information Ill. Model of circuit dynamics

The prediction of the dynamic behavior of circuits requires the time-dependent response that is

accumulated from all gates. The following is the equation set for Segment G.

Segment G

Input 4 (IPTG) —» Pr,,
Input 3 (OHC14) & P,

- =

YFP

e T

Input 1 (OC6) = P,

Input 2 (aTc) = P

uc2

For the sensors:

lf xLuxZ < xLuxZ,SS

ON
AXpux2 _ {TLuxz (xLuxz,SS - xLuxZ)
otherwise

OFF
a TrLux2 (xLuxz,SS - xLuxZ)
if Xrer < Xretss

ON
dxrer _ { TTet (xTet,SS - xTet)
otherwise

OFF
at TTet (xTet,SS - xTet)
if Xcin < Xcinss

otherwise

- xCin)

- xCin)

oN
dxcin _ Tcin(xcin,ss
dat

OFF
Tcin (xcin,SS

if Xrac < Xracss

OoN
dXTac _ { TTac(xTac,SS - xTac)
otherwise

dt OFF —
TTac (x Tac,SS xTac)

For the gates:

if Yimraz < Yimrazss

"VanR
ON _ Kvanr _ .
AYvans Tvanr (yVanR,min + (yVanR,max yVanR,min) KyangVanR +xpgctVank yVanR) lf VYvanr < Yvanr,ss
a OFF Kyangr"VanR . ’
Tyanr \ YvanRr,min + (yVanR,max - yVanR,min) KVaanvanR"'XTeth_anR — Yvanr otherwise
n,
OoN Kpnip"PhIF .
— TphiF (yPth,min + (yPth,max - }’Phu-",min) Kome PhUF 4y gymp PRE YpPhir if Ypnir < Ypnir,ss
dt = K ppptPhIF ’
OFF PhF ,
TphiF (yPth.min + (yPth,max - y}’th.min) Konir PhIF +y cymp PHIF yPth) otherwise
nAmtR2
ON _ Kamtrz _ .
(T3 er2 (yAmtRZ,min + (Vamerzmax = Yamerzmin) Py T — yAmtRZ) if Yamtrz < Yamtrz,ss
dyamtRz __
dat OFF K AmtR2"AmtR2 )
tTAmtRZ Yamtrz,min (yAmtRZ,max - yAmtRZ,min) K amira MR 45y AR Yamtr2 otherwise
Kpm3r1"BM3R1
1' ( P — . —
dypmsry _ OM3R1 YBM3R1,min (}’BM3R1,max YBM3R1.mm) Komara " BM3R1+£ (vy anpoy Lmraz) BM3R1 YBM3R1
dt KBM3R1nBM3R1 )
ToM3R1 (YBM3R1,min + (Yem3r1max — Yem3rimin) Ko PR £ (vyammyimras) "EMaRT  VBM3R1 otherwise
Kpmraz"LmrA2
DYimraz {( TLmrAZ (yLmrAZ,min + (yLmrAZ,max - yLmrAZ,min) Kimra2 "I A2 + (Y iy 1R 2 Amitrz) "LmrAZ = Yimraz
LmrA2 __
a Kpmraz"LmrA2 .
TLmrAz (yLmrAZ,mm + (Vimrazmax = Yimrazmin) Kimr a2 A2 4 £ (y iyiima Amera) LT AZ Yimraz| Otherwise

if ¥emsr1 < YBmM3Rr1ss

’

’

(S26)

(527)

(528)

(S29)

(S30)

(S31)

(S32)

(S33)

(S34)



MHIyIIR2

( KHiylR: X

| ngmkz (yHlyIIRZ,min + (yHlyIIRZ,mux - y}-{lyllRZ,min) KHlyIIRan};yII;Z+XCinnHly”Rz — YHiylIR2 if Yuiynrz < YHiyliR2,5s
d

YHIyIIR2 — S , (535)
at OFF _ Khiyirz " _ th .
Thiyrz \ YHiy1r2,min T (yHlyIIRZ,max yHlyllRZ,min) Kettyria IV IR2 gy PHIIIRE YHiylIR2 otherwise
K NBetl2 .

8012 (yBetIZ,min + (yBetIZ,max - yBetIZ,min) Kpota"Beti2 f;(t;’ZIilyIIRz;xTet)nEeuz - yBetlZ) if Ygetiz < Vpetiz,ss

dyZ:”Z = OFF KBet12'Beti2 . ’ (536)
|t TBeti2 (yBetIZ,min + (Vbetrzmax = Yetrzmin) P T N —— T yBetIz) otherwise
KCymRnCymR .

TCymR yCymR min + (yCymR max yCymR,min) KCymRnCymR+f(XTch’Bet12)nCymR - yCymR "f yCymR < yCymR,SS

dycymR < neymR , (537)
C R .
IKTCymR yCymR min + (yCymR max yCymR,min) KCymRnCymRi;n(xTac‘YBeclz)ncymR - yCymR) otherwise

dYFP ON
2 = Tre fprirs Yem3r1) — wVFp YFP : (S38)
In the above equations, roadblocking is accounted for by the function

_ Ya—YdmintBVdmax—Yd)
fod) = woa 74 , (539)

Yd,max~Ydmin

where u and d in f(u,d) capture the upstream and downstream promoter in a tandem promoter (Appendix
Equation S9 and S13).
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Appendix Figure S1:  Biophysical model of tandem promoter. This diagram corresponds to the derivation of the non-additive
promoter model in Appendix Information | (the parameters are defined in that section). The schematic at the top shows two
tandem promoters that are the output promoters from two upstream gates. Roadblocking can occur when the repressor bound
to the downstream promoter (R2) interferes with transcription of the upstream promoter. The binding of the repressors and RNAP
to the promoters are assumed to be mutually exclusive, as indicated with overlapping operators. The enumeration of binding
states to the tandem promoters is shown, following a Shea-Ackers formalism (Ackers et al, 1982). The arrows above the promoters
demarcate the states where transcriptoin is active. The boxed state is when roadblocking potentially occurs.
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Appendix Figure S2:  Gate modifications to improve performance. (A) Schematic diagram of a NOT gate. (B - G) Comparison of
parent gates and modified gates. The black solid line shows the response function of parent gate and the green lines are the
response functions of the improved gates. The mutations to either the RBS or promoter are shown, corresponding to the line color.
Dark grey indicates -10 and -35 boxes and red represents the operator. The gate in (B) involved a replacement of the RBS driving
repressor expression and (C to G) are modifications to the output promoter. The data correspond to three experiments performed
on different days. The lines are the best fit to Equation 1 (Table 1).
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Appendix Figure S3: Modification of the OC6 sensor. A single mutation was made at the -10 region of the P * promoter (black)
to make P_ . (green). The solid lines show the response functions before (black) and after (green) the mutation. Dark grey
indicates -10 and -35 boxes and red represents the operator. The fit lines are the best fit to Appendix Equation S10 (Appendix Table
S1). The data points correspond to three experiments performed on different days.
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plots shown in Figure 1D, E. Each schematic shows the circuits diagram for a NAND gate, designed to have the output of two NOT
gates serve as the input to an OR gate (two promoters in series). The bar graphs show the steady-state response for combinations
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combining the NOT gate response functions to determine the predicted output (plasmid maps in Appendix Fig S23).
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Circuit prediction using UCF Eco1C1G1T1 (first UCF). Cello predictions are shown using the previously
published version of the UCF (cellocad.org using UCF, Eco1C1G1T1), which excludes promoters that roadblock (according to a
threshold) from the downstream position (Nielsen et al, 2016). Only the circuits for Segment C and E, notably the smallest circuits
(containing three gates), could be designed. No solutions for the other circuits were found (the error message is shown). Blue and
red contour lines indicate the predicted ON and OFF, respectively (C and E).
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Appendix Figure S6: Roadblocking assays for the gate output promoters. The schematics show the gate diagrams, with the
output promoter in the downstream position in front of yfp. By fitting these data to Appendix Equation S9, the parameters for
roadblocking were extracted (Table 1). The non-additive model fit is shown as the purple lines. The OFF states are always the
absence of inducer and the ON states are the presence of either 20 ng/mL or 1 mM IPTG. The error bars represent the standard
deviation (SD) from three experiments performed on different days.
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Appendix Figure S7:  Activity of sensor output promoters in tandem. The schematics show the dual promoters evaluated in
series (complete plasmid maps are shown in Appendix Fig S20). The combined output from the promoters is shown as measured
in RPU. The purple lines show the predictions from the non-additive model (Appendix Equation S13). The OFF state for the
sensors is always the absence of inducer. The ON states are 20 ng/ml aTc (P__ ), 2 uM OC6 (P ), 2 uM OHC14 (P_ ), 1 mM IPTG
(P,,.)- The error bars represent the standard deviation (SD) from three experiments performed on different days.
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Characterization of gates. Schematics for the gate are shown to the left; the full sequences, parts, and

plasmids are provided in Appendix Fig S21, Appendix Table S3 and S4. Data for the response functions are shown. The solid lines
are fits to Equation 1 and the resulting fit parameters are shown in Table 1. The growth impact is the ODgyo normalized by the
uninduced sample. The dynamic experiments are fit to numerical solutions of the ODEs in Appendix Equations S20 to S25. The fit
parameters are provided in Table 1. Experimental details, including the combinations of inducers used, are provided in the
Materials and Methods. The data represent three replicates performed on different days.

18



Genetic sensors Response function Growth impact Dynamics

10" E ‘ . 14 104
—~ £ ! € 12 +
z [ ' S e ges e s, S 108
O LuxR € 40 L : £ 10 S R IR I &
ooeﬂl 3 ! % 08 - 310
3 F | c o
$ 0l | g oer 5 0k
5 3 107 ¢ | 3 04 | g
Lux2 y 5 E 4t i =4 8 100 £
yip o] [ | § 02 E
102 Lol vl vl il 0.0 Lol vl ol v 10 L . . .
10* 10 102 10" 10° 10° 10* 10 102 10" 10° 10° 0 2 4 6 8
0OC6 (uM) 0OC6 (uM) Time (hours)
10" ¢ = 14 104 g
F i E
—_ r H = 12 -
2 0 g Cesteet o g 5 10
O TeR T oL | NG 10 - e %asgee; 288 3
< E = = 2
aTc —{i 3 F | g 08 2 10 i
o F | S 06 - g L
= 10" & ! T =3 10° E
=4 E i o 04 £ £
Pret =1 E | <3 5 100 ¢
vip 3 i | § 02 | 3 10
102 Ll wvvial L v 0.0 il il il ) 101 L . . .
102 10" 10° 10" 10?2 102 10" 10° 10" 102 0 2 4 6 8
aTc (ng/ml) aTc (ng/ml) Time (hours)
_ 14 104 E
= : E 12 | 3 s ©
. =) | e e e e = 10°
O CinR g ! Z 10 i im: ot 3
- =1 —~ 2
OHC14 Hl = z 08 |- 5 10
o | 3 06 | S ok
Jﬂq:ﬂ = & ! 5 :
3 ! o 04 =3 3
P, S 107 I = = i
en yfo 3 et ! § 02 - 3 10 3
10° Lol v ol vl 0.0 Lol il il v 10 L | | |
104 10° 102 10" 10° 10° 10% 102 10" 10° 10° 0 2 4 6 8
OHC14 (M) OHC14 (M) Time (hours)
10° 14 100
‘ E 12 3
5 ‘ 5 ) 5 10
O Lacl g 1o | 10+ tyaiaiaie B
= ! 3 08 - 30
PTG AL % 10+ ; 2 S0
a ! - 06 g 10 &
ﬂ‘ﬁg 3 w T 04 - = E
<% 2 I L 5 F
Poc 3 078 : 5 02 | 3 1 F
103 T R B T 0.0 ol vl 4wl 10 L . . .
10° 102 10" 10° 10! 10° 102 10" 10° 10! 0 2 4 6 8
IPTG (mM) IPTG (mM) Time (hours)

Appendix Figure S9: Characterization of genetic sensors. Schematics for the genetic sensors are shown on the left. The
complete sensor sequences are provided in Appendix Table S3, genetic parts are in Appendix Table S4, and plasmid maps in
Appendix Fig $S19. The response functions for the sensors are shown. The data were collected over three days and the line is the
fit to Appendix Equation S10. The dashed line indicates the concentration of inducer used for the ON state in Cello (the OFF
state is for no inducer). The impact on growth is shown (the data are normalized by the ODgg of uninduced sample). The
dynamic experiments are fit to numerical solutions of the ODEs in Appendix Equations S18 and S19. The fit parameters are
provided in Appendix Table S1. Experiments are described in the Materials and Methods.
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Appendix Figure S10:

Detailed designs and data for the 7-segment circuits. The complete genetic designs for each circuit are

shown. The full sequences are provided in Appendix Table S5 and the plasmid maps are in Appendix Fig S24. The predicted and
measured responses are shown for each combination of inputs (0 is absence of inducer and 1 is its presence). The order is (from
left to right): 0.2 mM IPTG, 1 uM OHC14, 2 ng/ml aTc, 0.1 uM OC6. The grey distributions for Segment F show the two failed states
for circuits recovered after the 88-hour time course (Appendix Fig S13). The median values from the black distributions
corresponds to one replicate of three. Additional replicates are shown in Appendix Fig S11 (Input 1: OC6, Input 2: aTc, Input 3:

OHC14, Input 4: IPTG).
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Appendix Figure S11: Response and growth impact of the 7-segment circuits. The intent of these graphs is to show the
reproducibility of the experiments for the cytometry plots in Appendix Fig S10. Inducer concentrations of inputs (P,__P_ P_ P )
were 0.2 mM IPTG, 1 uM OHC14, 2 ng/ml aTc, and 0.1 uM OC6. The bars and data points show the results of three experiments
performed on different days. The optical densities are normalized by the uninduced sample. The bars show the median of the

fluorescence distribution measured via cytometry, scaled by the RPU standard plasmid (Materials and Methods).
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Appendix Figure $12:
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Fit of promoter models to response data.
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(A) Response of seven-segment circuits shown in
Appendix Fig S11 is compared to Cello prediction. (B) Response of seven-segment circuits measured every 2 hours (Figure 3B) is
compared to model prediction.
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Appendix Figure S13: Analysis of Segment F (low copy plasmid) after the 88-hour continuous switching experiment. While the
Segment F circuit worked for the states required to display the digit, it failed in some of the 16 possible states (brown distributions,
far left). Plasmids for Segment F were recovered after 88-hour time course and retransformed into fresh cells. Four colonies were
picked and tested. The predicted and measured responses are shown for each combination of inputs (0 is absence of inducer and
1 is its presence). The order is (from left to right): 0.2 mM IPTG, 1uM OHC14, 2 ng/ml aTc, 0.1 uM OC6. The correct circuit
response as predicted by Cello (blue and red) is compared to the measured distributions (black). The grey distributions for
Segment F show the two failed states for circuits recovered after the 88-hour time course.
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Appendix Figure $14: Characterization and stability of the first set of 7-segment designs carried on a higher-copy
plasmid. The gates were originally designed on a higher copy p15a backbone (see text and Materials and Methods for details).
These response functions were then used to build a UCF for Cello and the 7-segment circuits were designed. Their DNA was
constructed and carried on the same higher copy plasmid. (A - G) These circuits performed as expected for all states. The
notation, symbols and experimental conditions are identical to those described for Appendix Fig S10. (H) The expression of yfp
from a constitutive promoter is compared for the lower and higher copy plasmids (1 and 2, respectively). Plasmid maps are shown
in Appendix Fig $25. (I) The time trajectories for the circuits are shown from experiments performed identically to those used to
make Fig 3B (Materials and Methods). These experiments were repeated four times on different days and each colored arrow
indicates where a circuit failed (defined as producing the wrong output after that time point). The solid line shows the predicted
behavior obtained from the set of ODEs described in Appendix Information Il, but with parameters that were obtained by fitting
equivalent dynamic experiments performed for each gate on the higher-copy plasmid (Materials and Methods).
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Supplementary Figure S15: Analysis of Segment F and G (on high copy plasmids) after the 88-hour continuous switching
experiment. Plasmids were recovered from the cells and then transformed into fresh cells. Four colonies were picked and were
tested for the circuit response. The correct circuit response as predicted by Cello (blue and red) is compared to the measured
distributions (black).
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Appendix Figure $16: 3D printed device and seven segment display. Decimal numbers are shown in Chemidoc using CCD camera
with 530/28 filter. Figures taken from Chemidoc under white light (top) and with 530/28 filter (middle) were shown. The image
was adjusted using Photoshop CC 2019 (bottom).
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tetR lacl Pl CinR IuxR jp3104 tetR lacl Pl

Appendix Figure S17: Plasmid backbones. (A) Plasmid backbone used for gate characterization. (B) Plasmid backbone
used for sensor characterization and seven segment circuits for the second design (low copy). (C) Plasmid backbone used for
reporters of seven segment circuits for the second design (low copy).
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Appendix Figure S18: High copy plasmid backbone. This plasmid backbone used for the tandem promoter
characterization and the seven segment circuits for the first design (high copy).
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Plasmid maps for the sensor characterization. These plasmids were used for Appendix Fig S9.



Appendix Figure $20:
for Appendix Fig S7.
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Lacla LaciQ

tetR lacl araC*/uxRp
Lacla

-
P, H1 P, P, B3
ScarA T Ty g BRI THYIRE e, Tt Cp 3Ry Scar C

Po. E1 7 Py P P, B3 P, F2 VP, P P, Al
scara e BTy Poomi P 0 P BS o scarc ScarA T gmeR AMRZ ARz e Tt oo ScarC

JS_NOR_113 JS_NOR_114 JS_NOR_115

tetR lacl araC*quRP

Lacia

tetR Iacl araC” luxR p kanR*

Lacia

.
tetR lacl araC’ luxRp kanR"*

Lacia

1 a 1
ScarA Prec E1betl PamiaPaet2 Vi Pret Mam(R Scar C ScarA Prec H%Iy/IRPAmtRZPH\yHRZ vio ™ A1amtR Scar C ScarA Prac RPAmeRzPAmm o ™ A1amtR Scar C
JS_NOR_116 JS_NOR_117 JS_NOR_118

kanR* tetR lacl araC*quRp

Lacia

tetR lacl araC*/uxRp tetR lacl araC*/uxRp
Lacla Lacla

— R Yp
scarA Pre P2 Panz Pocie

PB

—
P E1 P, H1 P, P, E1
yio Tet pet/ ScarC ScarA T gy g B2 HYIRE e Tet pet! Scar C

JS_NOR_119 JS_NOR_120

kanR" kanR*

tetR lacl araC*quRP

Lacia

tetR lacl araC*luxRP
LaclQ

Appendix Figure $23: Plasmid maps for the tandem promoter evaluation. These plasmids were used for Fig 1C, 1D and
1E.
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CinR luxR jp3104 tetR lacl p
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Scar B’ PhIFPHIR2
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=
yip
JS_segA_A

vip
JS_segB_A

Pein P
ScarB' Cin "HiylIR2 yip

JS_segC_A

PluxePret

PeymrP
CymRTet iR cymr ScarC

Pamer2PLmrA2 Phiyiirz Pamir2

ameR bm3R1
JS_segD_C

Pein P PeymiP) P
ScarA Cin "HIylIR2 phiF CymR" Lux2 amtR Cin ImrA

CcinR luxR jp3104 tetR lacl p
Lacl

Phiyiir2Pret Pein

SIpR hiyllR Scar C

JS_segE_C

cinR luxR jp3104 tetR lacl p
Lacl

Pamtr2Pret Peymr Pret Prac Pl

bm3R1 ImrA
JS_segF_C

P P P
Scar A BMIRILw e Cin PBeti2 hIyIIR cymR Scar C

CcinR IuxR jp3104 tetR lacl p
Lacl

PoreP,
ScarB' PhIF" BM3R1 yip

JS_segD_A

f P,
Scar B PRI
JS_segE_A

ScarB’ T PhIFPHIIR2

Phyiir2Pret Prac Paeti2

PyankPLmraz Phiyiir2Pamir2 Pein

amtR bm3R1
JS_segG_C

P P P
ScarA' Tl ygpr YR ppp o2 ImrA hiylIR betl cymR Scar C

CinR IuxR jp3104 tetR lacl p
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PoneP:
ScarB' PhIF" BM3R1 yip
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Appendix Figure $24: Plasmid maps of the 7-segment circuits. Circuit and reporter plasmids are shown.
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L3S3P21 J23101 RiboJ B0064 yfp L3S2P21

L3S3P21 J23101 RiboJ B0064 yfp L3S2P21
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tetR lacl amaC,c luxR p
LaclQ

kanR”

Appendix Figure $25: Plasmid maps for the YFP expression from a constitutive promoter in two p15A backbones. Two
plasmids maps used for Appendix Fig S14H are shown. Sequences are provided in Appendix Table S4.
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Appendix Table S1: Parametrization of sensors

Response Function Promoter Interference Kinetics
Non-specific ~ Roadblocking Induction Relaxation
Yrmax Ymin® K n (@) (B)° 7,%N) (1,°FF)
OHC14(P¢n) 4.652 0.004 0.01 0.99 2.70 4.00
0OC6 (Pux2) 3.630 0.031 0.80 1.00 2.30 4.00
aTc (Pre) 6.406  0.046 0.69 1.00 3.50 4.00
IPTG (Prac) 3.194  0.008 0.73 0.04 3.50 4.00

a. The sensoroutput promoter (in RPU) in the presence and absence of the inducer. The ON state was measured for the following concentrations of inducer:
2 UM OHC14, 2 uM 0C6, 20 ng/ml aTc, and 1 mM IPTG.
b. The maximum allowed value is one during fitting.

c. To evaluate the Py promoter for promoter interference, this promoter in an upstream position from the circuit in Appendix Fig S6 is replaced with Pry.
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Appendix Table S2: List of plasmids used in each figure
Figures Plasmids
Figure 1 C JS_NOR_102

Figure 1D and E
Figure 1 Fand G
Figure 2

Figure 3

Appendix Figure S2
Appendix Figure S3
Appendix Figure S4
Appendix Figure S6
Appendix Figure S7
Appendix Figure S8
Appendix Figure S9
Appendix Figure S10
Appendix Figure S11
Appendix Figure S12
Appendix Figure S13

Appendix Figure S16

JS_NOR_101 to JS_NOR_120
JS_NOT_001 to JS_NOT_018
JS_segA to JS_segG

JS_segA to JS_segG
JS_NOT_002, 003, 004, 009, and 010
JS_in_1

JS_NOR_101 to JS_NOR_120
JS_NOR_001 to JS_NOR_018
JS_in_11toJS_in_14
JS_NOT_001 to JS_NOT_018
JS_in_1toJS_in_4

JS_segA to JS_segG

JS_segA toJS_segG

JS_segA to JS_segG

JS_segF

JS_segA to JS_segG
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Appendix Table S3:

Complete annotated sequences of gates and sensors

Part name

Type

DNA sequence?

YFP

F1-AmeR_2

F2-AmeR_2

Al-AmtR_2

E1-Betl_2

B1-BM3R1

Reporter

Gate

Gate

Gate

Gate

Gate

AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAARCAGCCTCTACAAATAATTTTGTTTAATACTAGAGAAAGAGGGGAAAT
ACTAGATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGT
CCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACAGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGA
CCACCTTCGGCTACGGCCTGCAATGCTTCGCCCGCTACCCCGACCACATGAAGCTGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCC
AGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGA
AGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGA
AGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCAATCGGCG
ACGGCCCCGTGCTGCTGCCCGACAACCACTACCTTAGCTACCAGTCCGCCCTGAGCAARGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGG
AGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAACTCGGTACCAAATTCCAG GAGGCCTCCCG. GGGGGGC
CTTTTTTCGTTTTGGTCC

AGGGGTCAGTTGATGTGCTTTCAACTCTGATGAGTCAGTGATGACGAAACCCCCTCTACAAATAATTTTGTTTAACTATGGACTATGTTTTCACAT
ACGAGGGGGATTAGATGAACAAAACCATTGATCAGGTGCGTAAAGGTGATCGTAAAAGCGATCTGCCGGTTCGTCGTCGTCCGCGTCGTAGTGCCG
AAGAAACCCGTCGTGATATTCTGGCAAAAGCCGAAGAACTGTTTCGTGAACGTGGTTTTAATGCAGTTGCCATTGCAGATATTGCAAGCGCACTGA
ATATGAGTCCGGCAAATGTGTTTAAACATTTTAGCAGCAAAAACGCACTGGTTGATGCAATTGGTTTTGGTCAGATTGGTGTTTTTGAACGTCAGA
TTTGTCCGCTGGATAAAAGCCATGCACCGCTGGATCGTCTGCGTCATCTGGCACGTAATCTGATGGAACAGCATCATCAGGATCATTTCAAACACA
TACGGGTTTTTATTCAGATCCTGATGACCGCCAAACAGGATATGARATGTGGCGATTATTACAAAAGCGTGATTGCAAAACTGCTGGCCGAAATTA
TTCGTGATGGTGTTGAAGCAGGTCTGTATATTGCAACCGATATTCCGGTTCTGGCAGAAACCGTTCTGCATGCACTGACCAGCGTTATTCATCCGG
TTCTGATTGCACAAGAAGATATTGGTAATCTGGCAACCCGTTGTGATCAGCTGGTTGATCTGATTGATGCAGGTCTGCGTAATCCGCTGGCARAAAT
AACCAATTATTGAACACCCTAACGGGTGTTTTTTTTTTTTTGGTCTCCC

AGGGGTCAGTTGATGTGCTTTCAACTCTGATGAGTCAGTGATGACGAAACCCCCTCTACAAATAATTTTGTTTAATACGCTATGGACTATGTTTCA
AACAGGAGCTAATAGATGAACAARACCATTGATCAGGTGCGTAAAGGTGATCGTAAAAGCGATCTGCCGGTTCGTCGTCGTCCGCGTCGTAGTGCC
GAAGAAACCCGTCGTGATATTCTGGCAAAAGCCGAAGAACTGTTTCGTGAACGTGGTTTTAATGCAGTTGCCATTGCAGATATTGCAAGCGCACTG
AATATGAGTCCGGCAAATGTGTTTAAACATTTTAGCAGCAAAAACGCACTGGTTGATGCAATTGGTTTTGGTCAGATTGGTGTTTTTGAACGTCAG
ATTTGTCCGCTGGATARAAGCCATGCACCGCTGGATCGTCTGCGTCATCTGGCACGTAATCTGATGGAACAGCATCATCAGGATCATTTCAAACAC
ATACGGGTTTTTATTCAGATCCTGATGACCGCCAAACAGGATATGAAATGTGGCGATTATTACAAAAGCGTGATTGCAAAACTGCTGGCCGAAATT
ATTCGTGATGGTGTTGRAAGCAGGTCTGTATATTGCAACCGATATTCCGGTTCTGGCAGAAACCGTTCTGCATGCACTGACCAGCGTTATTCATCCG
GTTCTGATTGCACAAGAAGATATTGGTAATCTGGCAACCCGTTGTGATCAGCTGGTTGATCTGATTGATGCAGGTCTGCGTAATCCGCTGGCARAA
TAACCAATTATTGAACACCCTAACGGGTGTTTTTTTTTTTTTGGTCTCCC

AGGGTGTCTCAAGGTGCGTACCTTGACTGATGAGTCCGAAAGGACGAARACACCCCTCTACARATAATTTTGTTTAAAATGTTCCCTAATAATCAGC
AAAGAGGTTACTAGATGGCAGGCGCAGTTGGTCGTCCGCGTCGTAGTGCACCGCGTCGTGCAGGTARAARATCCGCGTGAAGAARATTCTGGATGCAA
GCGCAGAACTGTTTACCCGTCAGGGTTTTGCAACCACCAGTACCCATCAGATTGCAGATGCAGTTGGTATTCGTCAGGCAAGCCTGTATTATCATT
TTCCGAGCAARACCGAAATCTTTCTGACCCTGCTGAARAAGCACCGTTGAACCGAGCACCGTTCTGGCAGAAGATCTGAGCACCCTGGATGCAGGTC
CGGAAATGCGTCTGTGGGCAATTGTTGCAAGCGAAGTTCGTCTGCTGCTGAGCACCAARATGGAATGTTGGTCGTCTGTATCAGCTGCCGATTGTTG
GTAGCGAAGAATTTGCAGAATATCATAGCCAGCGTGAAGCACTGACCAATGTTTTTCGTGATCTGGCAACCGARATTGTTGGTGATGATCCGCGTG
CAGAACTGCCGTTTCATATTACCATGAGCGTTATTGAAATGCGTCGCAATGATGGTAAAATTCCGAGTCCGCTGAGCGCAGATAGCCTGCCGGARA
CCGCAATTATGCTGGCAGATGCAAGCCTGGCAGTTCTGGGTGCACCGCTGCCTGCAGATCGTGTTGARAAAACCCTGGAACTGATTARACAGGCAG
ATGCARAAATAACTCGGTACCAAAGACGAACAATAAGACGCTGARAAAGCGTCTTTTTTCGTTTTGGTCC

AGAAGTCAATTAATGTGCTTTTAATTCTGATGAGTCGGTGACGACGAARACTTCCTCTACAAATAATTTTGTTTAACCCCCCGAGGAGTAGCACATG
CCGAAACTGGGTATGCAGAGCATTCGTCGTCGTCAGCTGATTGATGCAACCCTGGAAGCAATTAATGAAGTTGGTATGCATGATGCAACCATTGCA
CAGATTGCACGTCGTGCCGGTGTTAGCACCGGTATTATTAGCCATTATTTCCGCGATAARAACGGTCTGCTGGAAGCAACCATGCGTGATATTACC
AGCCAGCTGCGTGATGCAGTTCTGAATCGTCTGCATGCACTGCCGCAGGGTAGCGCAGAACAGCGTCTGCAGGCAATTGTTGGTGGTAATTTTGAT
GAAACCCAGGTTAGCAGCGCAGCAATGAAAGCATGGCTGGCATTTTGGGCAAGCAGCATGCATCAGCCGATGCTGTATCGTCTGCAGCAGGTTAGC
AGTCGTCGTCTGCTGAGCAATCTGGTTAGCGAATTTCGTCGTGAACTGCCTCGTGAACAGGCACAAGAGGCAGGTTATGGTCTGGCAGCACTGATT
GATGGTCTGTGGCTGCGTGCAGCACTGAGCGGTAARACCGCTGGATAARAAACCCGTGCARATAGCCTGACCCGTCATTTTATCACCCAGCATCTGCCG
ACCGATTAACCAATTATTGAACACCCTTCGGGGTGTTTTTTTGTTTCTGGTCTCCC

AGACTGTCGCCGGATGTGTATCCGACCTGACGATGGCCCARAAGGGCCGAAACAGTCCTCTACAAATAATTTTGTTTAACTATGGACTATGTTTTA
ACTACTAGATGGAAAGCACCCCGACCAAACAGAAAGCAATTTTTAGCGCAAGCCTGCTGCTGTTTGCAGAACGTGGTTTTGATGCAACCACCATGC
CGATGATTGCAGAAAATGCAAAAGTTGGTGCAGGCACCATTTATCGCTATTTCAAAAACARAGAAAGCCTGGTGAACGAACTGTTTCAGCAGCATG
TTAATGAATTTCTGCAGTGTATTGAAAGCGGTCTGGCAAATGAACGTGATGGTTATCGTGATGGCTTTCATCACATTTTTGAAGGTATGGTGACCT
TTACCAARAAATCATCCGCGTGCACTGGGTTTTATCAAAACCCATAGCCAGGGCACCTTTCTGACCGAAGAAAGCCGTCTGGCATATCAGARACTGG
TTGAATTTGTGTGCACCTTTTTTCGTGAAGGTCAGAAACAGGGTGTGATTCGTAATCTGCCGGAAAATGCACTGATTGCAATTCTGTTTGGCAGCT
TTATGGAAGTGTATGAAATGATCGAGAACGATTATCTGAGCCTGACCGATGAACTGCTGACCGGTGTTGAAGAAAGCCTGTGGGCAGCACTGAGCC
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B2-BM3R1

B3-BM3R1

C1-CymR

H1-HIylIR_2

N1-LmrA_2

P1-PhIF

Gate

Gate

Gate

Gate

Gate

Gate

GTCAGAGCTAACTCGGTACCAAATTCCAGAARAAGAGACGCTTTCGAGCGTCTTTTTTCGTTTTGGTCC AT TGATAGGTCTGATTCGTTA

AGACTGTCGCCGGATGTGTATCCGACCTGACGATGGCCCAAAAGGGCCGAAACAGTCCTCTACAAATAATTTTGTTTAACTATGGACTATGTTTTT
CARAGACGAAARACTACTAGATGGAAAGCACCCCGACCAAACAGARAGCAATTTTTAGCGCAAGCCTGCTGCTGTTTGCAGAACGTGGTTTTGATG
CAACCACCATGCCGATGATTGCAGAAAATGCAAAAGTTGGTGCAGGCACCATTTATCGCTATTTCAAAAACAAAGAAAGCCTGGTGAACGAACTGT
TTCAGCAGCATGTTAATGAATTTCTGCAGTGTATTGAAAGCGGTCTGGCARATGAACGTGATGGTTATCGTGATGGCTTTCATCACATTTTTGAAG
GTATGGTGACCTTTACCAAAAATCATCCGCGTGCACTGGGTTTTATCAAAACCCATAGCCAGGGCACCTTTCTGACCGAAGAAAGCCGTCTGGCAT
ATCAGAAACTGGTTGAATTTGTGTGCACCTTTTTTCGTGAAGGTCAGAAACAGGGTGTGATTCGTAATCTGCCGGAAAATGCACTGATTGCAATTC
TGTTTGGCAGCTTTATGGAAGTGTATGAAATGATCGAGAACGATTATCTGAGCCTGACCGATGAACTGCTGACCGGTGTTGAAGAAAGCCTGTGGG
CAGCACTGAGCCGTCAGAGCTAACTCGGTACCAAATTCCAGAAAAGAGACGCTTTCGAGCGTCTTTTTTCGTTTTGGTCC

AGACTGTCGCCGGATGTGTATCCGACCTGACGATGGCCCAAAAGGGCCGAAACAGTCCTCTACAAATAATTTTGTTTAACCARACGAGGCCGGGAG
GATGGARAGCACCCCGACCAAACAGAAAGCAATTTTTAGCGCAAGCCTGCTGCTGTTTGCAGAACGTGGTTTTGATGCAACCACCATGCCGATGAT
TGCAGAAAATGCAAAAGTTGGTGCAGGCACCATTTATCGCTATTTCAAAAACAAAGAAAGCCTGGTGAACGAACTGTTTCAGCAGCATGTTAATGA
ATTTCTGCAGTGTATTGAAAGCGGTCTGGCAAATGAACGTGATGGTTATCGTGATGGCTTTCATCACATTTTTGAAGGTATGGTGACCTTTACCAA
ARATCATCCGCGTGCACTGGGTTTTATCAAAACCCATAGCCAGGGCACCTTTCTGACCGAAGAAAGCCGTCTGGCATATCAGAAACTGGTTGAATT
TGTGTGCACCTTTTTTCGTGAAGGTCAGAAACAGGGTGTGATTCGTAATCTGCCGGAAAATGCACTGATTGCAATTCTGTTTGGCAGCTTTATGGA
AGTGTATGAAATGATCGAGAACGATTATCTGAGCCTGACCGATGAACTGCTGACCGGTGTTGAAGAAAGCCTGTGGGCAGCACTGAGCCGTCAGAG
CTAACTCGGTACCAAATTCCAGAAAAGAGACGCTTTCGAGCGTCTTTTTTCGTTTTGGTCC /™ TGATAGGTCTGATTCGTTACCAATT

AGTACGTCTGAGCGTGATACCCGCTCACTGAAGATGGCCCGGTAGGGCCGAARACGTACCTCTACARATAATTTTGTTTAAGACTTARACGATTGGC
CGACCGCATGAGCCCGAAACGTCGTACCCAGGCAGAACGTGCAATGGAAACCCAGGGTAAACTGATTGCAGCAGCACTGGGTGTTCTGCGTGARAA
AGGTTATGCAGGTTTTCGTATTGCAGATGTTCCGGGTGCAGCCGGTGTTAGCCGTGGTGCACAGAGCCATCATTTTCCGACCAAACTGGAACTGCT
GCTGGCAACCTTTGAATGGCTGTATGAGCAGATTACCGAACGTAGCCGTGCACGTCTGGCAARACTGAAACCGGAAGATGATGTTATTCAGCAGAT
GCTGGATGATGCAGCAGAATTTTTTCTGGATGATGATTTTAGCATCAGCCTGGATCTGATTGTTGCAGCAGATCGTGATCCGGCACTGCGTGAAGG
TATTCAGCGTACCGTTGAACGTAATCGTTTTGTTGTTGAAGATATGTGGCTGGGTGTGCTGGTGAGCCGTGGTCTGAGCCGTGATGATGCCGAAGA
TATTCTGTGGCTGATTTTTAACAGCGTTCGTGGTCTGGCAGTTCGTAGCCTGTGGCAGARAGATAAAGAACGTTTTGAACGTGTGCGTAATAGCAC
CCTGGARATTGCACGTGAACGTTATGCAAAATTCARAACGTTGATAACTCGGTACCAAAGAAARATAAAAAGACGCTGAAAAGCGTCTTTTTATTTT
TCGGTCCTCGTGTAAGTAGCGTAACAAACAGACAATCTGGTCTGTTTGTATTATGGAAAATTTTT

AGTAGTCACCGGCTGTGCTTGCCGGTCTGATGAGCCTGTGAAGGCGAAACTACCTCTACAAATAATTTTGTTTARAACCCCCGAGATGAAATACATC
CTGTTTGAGGTGTGCGAAATGGGTAAAAGCCGTGAACAGACCATGGAARATATTCTGAAAGCAGCCAAAAAGAAATTCGGCGAACGTGGTTATGAA
GGCACCAGCATTCAAGAAATTACCAAAGAAGCCAARAGTTAACGTTGCAATGGCCAGCTATTACTTTAATGGCARAGAGAACCTGTACTACGAGGTG
TTCAAARAATACGGTCTGGCAAATGAACTGCCGAACTTTCTGGAARAAAACCAGTTTAATCCGATTAATGCCCTGCGTGAATATCTGACCGTTTTT
ACCACCCACATTAAAGAAAATCCGGAARATTGGCACCCTGGCCTATGAAGAAATTATCARAGAAAGCGCACGCCTGGAAARAATCAAACCGTATTTT
ATCGGCAGCTTCGAACAGCTGAAAGAAATTCTGCAAGAGGGTGAAAAACAGGGTGTGTTTCACTTTTTTAGCATCAACCATACCATCCATTGGATT
ACCAGCATTGTTCTGTTTCCGAAATTCAAAAAATTCATCGATAGCCTGGGTCCGAATGAAACCAATGATACCAATCATGAATGGATGCCGGAAGAT
CTGGTTAGCCGTATTATTAGCGCACTGACCGATAAACCGAACATTTAAGTTATGAGTCAGGAAARAAAGGCGACAGAGTAATCTGTCGCCTTTTTTC
TTTGCTTGCTTTACCACGART > SATTCGTTACCAATT ATATTTAAAATTCTTGTTTAAAATGCTAG

AGGAGTCAATTAATGTGCTTTTAATTCTGATGAGACGGTGACGTCGAAACTCCCTCTACAAATAATTTTGTTTAATACGCTATGGACTATGTTTTC
TGCTATGGACTATGTTTTCACACACGAGATGCCTCGATGAGCTATGGTGATAGCCGTGARAAARATTCTGAGCGCAGCAACCCGTCTGTTTCAGCTG
CAGGGTTATTATGGCACCGGTCTGAATCAGATTATCAAAGARAGCGGTGCACCGARAGGTAGCCTGTATTATCATTTTCCGGGTGGTARAGAACAG
CTGGCAATTGAAGCAGTGAACGAAATGAAAGAATATATCCGCCAGAAAATCGCCGATTGTATGGAAGCATGTACCGATCCGGCAGAAGGTATTCAG
GCATTTCTGARAGAACTGAGCTGTCAGTTTAGCTGTACCGAAGATATTGAAGGTCTGCCGGTTGGTCTGCTGGCAGCAGAARACCAGCCTGAARAGC
GAACCGCTGCGTGAAGCATGTCATGAAGCATATAAAGAATGGGCCAGCGTGTATGAAGAAAAACTGCGTCAGACCGGTTGTAGCGAAAGCCGTGCA
AAAGAAGCAAGCACCGTTGTTAATGCAATGATTGAAGGTGGTATTCTGCTGAGCCTGACCGCAARARARATAGCACACCGCTGCTGCATATTAGCAGC
TGTATTCCGGATCTGCTGAAACGTTAATAAGGTTGAAAAATAAAAACGGCGCTAAAAAGCGCCGTTTTTTTTGACGGTGGTA ™ A ACTAG

AGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAAACCGCCTCTACAAATAATTTTGTTTAACTATGGACTATGTTTGARAAGG
GAGAAATACTAGATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCATAAAGCAATTCTGACCAGCACCATTGAA
ATCCTGAAAGAATGTGGTTATAGCGGTCTGAGCATTGARAGCGTTGCACGTCGTGCCGGTGCAAGCARACCGACCATTTATCGTTGGTGGACCAAT
AAAGCAGCACTGATTGCCGAAGTGTATGAAAATGAAAGCGAACAGGTGCGTAAATTTCCGGATCTGGGTAGCTTTAAAGCCGATCTGGATTTTCTG
CTGCGTAATCTGTGGARAGTTTGGCGTGAAACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGCTGGACCCTGCAACCCTGACC
CAGCTGAAAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGAAAAAACTGGTTGAAAATGCCATTAGCAATGGTGAACTGCCGAAAGATACCAAT
CGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGCTGACCGTTGAACAGGATATTGAAGAATTTACCTTC
CTGCTGATTAATGGTGTTTGTCCGGGTACACAGCGTTAAGGAAACACAGARAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG
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P2-PhIF

P3-PhIF

S1-SrpR

S2-SrpR

S3-SrpR

S4-SrpR

V1-VanR

Gate

Gate

Gate

Gate

Gate

Gate

Gate

AGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAAACCGCCTCTACAAATAATTTTGTTTAAGGAGCTATGGACTATGTTTGA
AAGGCTGAAATACTAGATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCATAAAGCAATTCTGACCAGCACCAT
TGAAATCCTGAAAGAATGTGGTTATAGCGGTCTGAGCATTGAAAGCGTTGCACGTCGTGCCGGTGCAAGCAAACCGACCATTTATCGTTGGTGGAC
CAATAAAGCAGCACTGATTGCCGAAGTGTATGAAAATGAAAGCGAACAGGTGCGTAARATTTCCGGATCTGGGTAGCTTTAAAGCCGATCTGGATTT
TCTGCTGCGTAATCTGTGGAAAGTTTGGCGTGAARACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGCTGGACCCTGCAACCCT
GACCCAGCTGAAAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGAAAAAACTGGTTGAAAATGCCATTAGCAATGGTGAACTGCCGAAAGATAC
CAATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGCTGACCGTTGAACAGGATATTGAAGAATTTAC
CTTCCTGCTGATTAATGGTGTTTGTCCGGGTACACAGCGTTAAGGAAACACAGAARAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCA
AAGG

AGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAAACCGCCTCTACAAATAATTTTGTTTAACTTTACGAGGGCGATCCTATG
GCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCATARAGCAATTCTGACCAGCACCATTGAAATCCTGARAGAATGT
GGTTATAGCGGTCTGAGCATTGAAAGCGTTGCACGTCGTGCCGGTGCAAGCAAACCGACCATTTATCGTTGGTGGACCAATAAAGCAGCACTGATT
GCCGAAGTGTATGAAAATGAAAGCGAACAGGTGCGTAAATTTCCGGATCTGGGTAGCTTTAAAGCCGATCTGGATTTTCTGCTGCGTAATCTGTGG
ARAAGTTTGGCGTGARACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGCTGGACCCTGCAACCCTGACCCAGCTGAAAGATCAG
TTTATGGAACGTCGTCGTGAGATGCCGAAAAAACTGGTTGAAAATGCCATTAGCAATGGTGAACTGCCGAAAGATACCAATCGTGAACTGCTGCTG
GATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGCTGACCGTTGAACAGGATATTGAAGAATTTACCTTCCTGCTGATTAATGGT
GTTTGTCCGGGTACACAGCGTTAAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCARAGG CACCTACGETHEAN

AGCGCTCAACGGGTGTGCTTCCCGTTCTGATGAGTCCGTGAGGACGAARAGCGCCTCTACAAATAATTTTGTTTAAGAGTCTATGGACTATGTTTTC
ACAGAGGAGGTACCAGGATGGCACGTAAAACCGCAGCAGAAGCAGAAGAAACCCGTCAGCGTATTATTGATGCAGCACTGGAAGTTTTTGTTGCAC
AGGGTGTTAGTGATGCAACCCTGGATCAGATTGCACGTAAAGCCGGTGTTACCCGTGGTGCAGTTTATTGGCATTTTAATGGTAAACTGGAAGTTC
TGCAGGCAGTTCTGGCAAGCCGTCAGCATCCGCTGGAACTGGATTTTACACCGGATCTGGGTATTGAACGTAGCTGGGAAGCAGTTGTTGTTGCAA
TGCTGGATGCAGTTCATAGTCCGCAGAGCAAACAGTTTAGCGAARATTCTGATTTATCAGGGTCTGGATGAAAGCGGTCTGATTCATAATCGTATGG
TTCAGGCAAGCGATCGTTTTCTGCAGTATATTCATCAGGTTCTGCGTCATGCAGTTACCCAGGGTGAACTGCCGATTAATCTGGATCTGCAGACCA
GCATTGGTGTTTTTAAAGGTCTGATTACCGGTCTGCTGTATGAAGGTCTGCGTAGCAAAGATCAGCAGGCACAGATTATCAAAGTTGCACTGGGTA
GCTTTTGGGCACTGCTGCGTGAACCGCCTCGTTTTCTGCTGTGTGAAGAAGCACAGATTARACAGGTGAAATCCTTCGAATAATTCAGCCAAARAAA
CTTAAGACCGCCGGTCTTGTCCACTACCTTGCAGTAATGCGGTGGACAGGATCGGCGGTTTTCTTTTCTCTTCTCAATC 5 e} 5

AGCGCTCAACGGGTGTGCTTCCCGTTCTGATGAGTCCGTGAGGACGAAAGCGCCTCTACAAATAATTTTGTTTAAGAGTCTATGGACTATGTTTTC
ACATATGAGATACCAGGATGGCACGTAAAACCGCAGCAGAAGCAGAAGAAACCCGTCAGCGTATTATTGATGCAGCACTGGAAGTTTTTGTTGCAC
AGGGTGTTAGTGATGCAACCCTGGATCAGATTGCACGTAAAGCCGGTGTTACCCGTGGTGCAGTTTATTGGCATTTTAATGGTAAACTGGAAGTTC
TGCAGGCAGTTCTGGCAAGCCGTCAGCATCCGCTGGAACTGGATTTTACACCGGATCTGGGTATTGAACGTAGCTGGGAAGCAGTTGTTGTTGCAA
TGCTGGATGCAGTTCATAGTCCGCAGAGCAAACAGTTTAGCGARATTCTGATTTATCAGGGTCTGGATGAAAGCGGTCTGATTCATAATCGTATGG
TTCAGGCAAGCGATCGTTTTCTGCAGTATATTCATCAGGTTCTGCGTCATGCAGTTACCCAGGGTGAACTGCCGATTAATCTGGATCTGCAGACCA
GCATTGGTGTTTTTAAAGGTCTGATTACCGGTCTGCTGTATGAAGGTCTGCGTAGCAAAGATCAGCAGGCACAGATTATCAAAGTTGCACTGGGTA
GCTTTTGGGCACTGCTGCGTGAACCGCCTCGTTTTCTGCTGTGTGAAGAAGCACAGATTARACAGGTGAAATCCTTCGAATAATTCAGCCAAAAAA
CTTAAGACCGCCGGTCTTGTCCACTACCTTGCAGTAATGCGGTGGACAGGATCGGCGGTTTTCTTTTCTCTTCTCAAT T/ TH A TTLLT 5

AGCGCTCAACGGGTGTGCTTCCCGTTCTGATGAGTCCGTGAGGACGARAGCGCCTCTACAAATAATTTTGTTTAAGAGTCTATGGACTATGTTTTC
ACRAAGGAAGTACCAGGATGGCACGTAAAACCGCAGCAGAAGCAGAAGAAACCCGTCAGCGTATTATTGATGCAGCACTGGAAGTTTTTGTTGCAC
AGGGTGTTAGTGATGCAACCCTGGATCAGATTGCACGTAAAGCCGGTGTTACCCGTGGTGCAGTTTATTGGCATTTTAATGGTAAACTGGAAGTTC
TGCAGGCAGTTCTGGCAAGCCGTCAGCATCCGCTGGAACTGGATTTTACACCGGATCTGGGTATTGAACGTAGCTGGGAAGCAGTTGTTGTTGCAA
TGCTGGATGCAGTTCATAGTCCGCAGAGCAAACAGTTTAGCGAAATTCTGATTTATCAGGGTCTGGATGAAAGCGGTCTGATTCATAATCGTATGG
TTCAGGCAAGCGATCGTTTTCTGCAGTATATTCATCAGGTTCTGCGTCATGCAGTTACCCAGGGTGAACTGCCGATTAATCTGGATCTGCAGACCA
GCATTGGTGTTTTTAAAGGTCTGATTACCGGTCTGCTGTATGAAGGTCTGCGTAGCAAAGATCAGCAGGCACAGATTATCAAAGTTGCACTGGGTA
GCTTTTGGGCACTGCTGCGTGAACCGCCTCGTTTTCTGCTGTGTGAAGAAGCACAGATTARACAGGTGAAATCCTTCGAATAATTCAGCCAARAAA
CTTAAGACCGCCGGTCTTGTCCACTACCTTGCAGTAATGCGGTGGACAGGATCGGCGGTTTTCTTTTCTCTTCTCAAT T/ TH A TTLLT 5

AGCGCTCAACGGGTGTGCTTCCCGTTCTGATGAGTCCGTGAGGACGAAAGCGCCTCTACARATAATTTTGTTTAACTATGGACTATGTTTTCACAC
AGGARATACCAGGATGGCACGTAARACCGCAGCAGAAGCAGAAGAAACCCGTCAGCGTATTATTGATGCAGCACTGGAAGTTTTTGTTGCACAGGG
TGTTAGTGATGCAACCCTGGATCAGATTGCACGTAAAGCCGGTGTTACCCGTGGTGCAGTTTATTGGCATTTTAATGGTAAACTGGAAGTTCTGCA
GGCAGTTCTGGCAAGCCGTCAGCATCCGCTGGAACTGGATTTTACACCGGATCTGGGTATTGAACGTAGCTGGGAAGCAGTTGTTGTTGCAATGCT
GGATGCAGTTCATAGTCCGCAGAGCARACAGTTTAGCGAAATTCTGATTTATCAGGGTCTGGATGAARAGCGGTCTGATTCATAATCGTATGGTTCA
GGCAAGCGATCGTTTTCTGCAGTATATTCATCAGGTTCTGCGTCATGCAGTTACCCAGGGTGAACTGCCGATTAATCTGGATCTGCAGACCAGCAT
TGGTGTTTTTAAAGGTCTGATTACCGGTCTGCTGTATGAAGGTCTGCGTAGCAAAGATCAGCAGGCACAGATTATCAAAGTTGCACTGGGTAGCTT
TTGGGCACTGCTGCGTGAACCGCCTCGTTTTCTGCTGTGTGAAGAAGCACAGATTAAACAGGTGARATCCTTCGAATAATTCAGCCAAAAAACTTA
AGACCGCCGGTCTTGTCCACTACCTTGCAGTAATGCGGTGGACAGGATCGGCGGTTTTCTTTTCTCTTCTCAAT T AT e) 5. ;

AGTGGTCGTGATCTGAAACTCGATCACCTGATGAGCTCAAGGCAGAGCGAAACCACCTCTACAAATAATTTTGTTTARAAGACCATTATAAGGTTT
GAACTATGGACATGCCTCGTATTAAACCGGGTCAGCGTGTTATGATGGCACTGCGTAAAATGATTGCAAGCGGTGAAATCAAAAGTGGTGAACGTA
TTGCAGAAATTCCGACCGCAGCAGCACTGGGTGTTAGCCGTATGCCGGTTCGTATCGCACTGCGTTCACTGGAACAAGAAGGTCTGGTTGTTCGTC
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TGGGTGCACGTGGTTATGCAGCCCGTGGTGTTAGCAGCGATCAGATTCGTGATGCAATTGAAGTTCGTGGTGTTCTGGAAGGTTTTGCAGCACGTC
GTCTGGCAGAACGTGGTATGACCGCAGAAACCCATGCACGTTTTGTTGTACTGATTGCAGAAGGTGAAGCACTGTTTGCAGCCGGTCGCCTGAATG
GTGAAGATCTGGATCGTTATGCCGCATATAATCAGGCATTTCATGATACCCTGGTTAGCGCAGCAGGTAATGGTGCAGTTGAAAGCGCACTGGCAC
GTAATGGTTTTGAACCGTTTGCAGCAGCCGGTGCACTGGCCCTGGATCTGATGGACCTGTCTGCCGAATATGAACATCTGCTGGCAGCACATCGTC
AGCATCAGGCAGTTCTGGATGCAGTTAGCTGTGGTGATGCCGAAGGTGCAGAACGTATTATGCGTGATCATGCACTGGCAGCAATTCGTAATGCAA
AAGTTTTTGAAGCAGCAGCAAGCGCAGGCGCACCGCTGGGTGCAGCATGGTCAATTCGTGCAGATTGAT CGCATGAG GCCCCCGGAAG
TCACCTTCCGGGGGCTTTTTTATTGCGC

GCGGCGCGCCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATATGAAACCAGTAAC
GTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAARACGCGGGARARA
AGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTC
CAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGATGGTAGAACG
AAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATTAACTATCCGCTGGATGACCAGGATGC
CATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAGGA
CGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAARATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCG
TCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAAC
CATGCAARATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCARCGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGG
GCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGATAGCTCATGTTATATCCCGCCGTTAACCACCATCAAACAGGATTT
TCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCAGTCTCACTGGTGAA
AAGARAAACCACCCTGGCGCCCAATACGCARACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGA
AAGCGGGCAGTGATAATCCAGGAGGAAAAAAATGTCCAGATTAGATAARAGTARAGTGATTAACAGCGCATTAGAGCTGCTTAATGAGGTCGGAAT
CGAAGGTTTAACAACCCGTAAACTCGCCCAGAAGCTAGGTGTAGAGCAGCCTACATTGTATTGGCATGTAAAAAATAAGCGGGCTTTGCTCGACGC
CTTAGCCATTGAGATGTTAGATAGGCACCATACTCACTTTTGCCCTTTAGAAGGGGARAGCTGGCAAGATTTTTTACGTAATAACGCTAAAAGTTT
TAGATGTGCTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAGAARAAACAGTATGAAACTCTCGAAAATCAATTAGC
CTTTTTATGCCAACAAGGTTTTTCACTAGAGAATGCATTATATGCACTCAGCGCTGTGGGGCATTTTACTTTAGGTTGCGTATTGGAAGATCAAGA
GCATCAAGTCGCTAAAGAAGARAGGGAAACACCTACTACTGATAGTATGCCGCCATTATTACGACAAGCTATCGAATTATTTGATCACCAAGGTGC
AGAGCCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGARAAACAACTTAAATGTGAAAGTGGGTCCTAATAATTGGTAACGAATCA
GACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCARAC
ATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGG
AAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTG

GCGGCGCGCCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATATGAAACCAGTAAC
GTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGGTGARCCAGGCCAGCCACGTTTCTGCGAARAACGCGGGAARA
AGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGC CAGTCGTTGCTGATTGGCGTTGCCACCTC
CAGTCTGGCCCTGCACGCGCCGTCGCARATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGATGGTAGAACG
AAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATTAACTATCCGCTGGATGACCAGGATGC
CATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAGGA
CGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCG
TCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACARAC
CATGCARATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGG
GCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGATAGCTCATGTTATATCCCGCCGTTAACCACCATCARACAGGATTT
TCGCCTGCTGGGGCARACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCAGTCTCACTGGTGAA
AAGARAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGA
AAGCGGGCAGTGATAATCCAGGAGGAAAAAAATGTCCAGATTAGATAARAGTARAGTGATTAACAGCGCATTAGAGCTGCTTAATGAGGTCGGAAT
CGAAGGTTTAACAACCCGTAAACTCGCCCAGAAGCTAGGTGTAGAGCAGCCTACATTGTATTGGCATGTAAAAAATAAGCGGGCTTTGCTCGACGC
CTTAGCCATTGAGATGTTAGATAGGCACCATACTCACTTTTGCCCTTTAGAAGGGGARAGCTGGCAAGATTTTTTACGTAATAACGCTAARAGTTT
TAGATGTGCTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAGAAAAACAGTATGAARACTCTCGAAAATCAATTAGC
CTTTTTATGCCAACAAGGTTTTTCACTAGAGAATGCATTATATGCACTCAGCGCTGTGGGGCATTTTACTTTAGGTTGCGTATTGGAAGATCAAGA
GCATCAAGTCGCTAAAGAAGAAAGGGAAACACCTACTACTGATAGTATGCCGCCATTATTACGACAAGCTATCGAATTATTTGATCACCAAGGTGC
AGAGCCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGAAAAACAACTTAAATGTGAAAGTGGGTCCTAATAATTGGTAACGAATCA
GACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACATTATGCATCGATGATAAGCTGTCARAC
ATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGG
AAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTGAGGTTTGACAGCTAGCTCAGTCCTAGGTATTGTGCTAGCTCTAGAGATTA
A AATACTAGATG CAT TGCCGACGACACATACAGAATAATTAATAARATTARAGCTTGTAGAAGCAATAATGATATTAATC
AATGCTTATCTGATATGACTAAAATGGTACATTGTGAATATTATTTACTCGCAATCATTTATCCTCATTATATGGTTAAATCCGATATTTCAATCC
TAGATAATTACCCTAARAAAATGGAGGCAATATTATGATGACGCTAATTTAATAAAATATGATCCTATAGTAGATTATTCTAACTCCAATCATTCAC
CAATTAATTGGAATATATTTGAAAACAATGCTGTAAATAAAAAATCTCCAAATGTAATTARAAGAAGCGARAACATCAGGTCTTATCACTGGGTTTA
GTTTCCCTATTCATACGGCTAACAATGGCTTCGGAATGCTTAGTTTTGCACATTCAGAARAAGACAACTATATAGATAGTTTATTTTTACATGCGT
GTATGAACATACCATTAATTGTTCCTTCTCTAGTTGATAATTATCGAAAAATAAATATAGCAAATAATARAATCARAACAACGATTTAACCARAAGAG
AAAAAGAATGTTTAGCGTGGGCATGCGAAGGAAAAAGCTCTTGGGATATTTCAAARAATATTAGGTTGCAGTGAGCGTACTGTCACTTTCCATTTAA
CCAATGCGCARATGAAACTCAATACAACAARACCGCTGCCAAAGTATTTCTAAAGCAATTTTAACAGGAGCAATTGATTGCCCATACTTTAAAAATT
AACCCAAACAAGTACCCTCAGGACGAGATAATGATTGAGAATACCTATAGCGARAAAGTTCGAGTCCGCGTTCGAACAGATCARAGCGGCGGCCAAC
GTGGATGCCGCCATCCGTATTCTCCAGGCGGAATATAACCTCGATTTCGTCACCTACCATCTCGCCCAGACAATCGCGAGCAAGATCGATTCGCCC
TTCGTGCGCACCACCTATCCGGATGCCTGGGTTTCCCGTTACCTCCTCAACTGCTATGTGAAGGTCGATCCGATCATCAAGCAGGGCTTCGAACGC
CAGCTGCCCTTCGACTGGAGCGAGGTCGAACCGACGCCGGAGGCCTATGCCATGCTGGTCGACGCCCAGAAACACGGCATCGATGACAATGGCTAC
TCCATCCCCGTCGCCGACAAGGCGCAGCGCCGCGCCCTGCTGTCGCTGAATGCCCATATACCGGCCGACGAATGGACCGAGCTCGTGCGCCGCTGC
CGCAATGAGTGGATCGAGATCGCCCATCTGATCCACCGCAAGGCCGTATATGAGCTGCATGGCGAAAACGATCCGGTGCCGGCATTGTCGCCGCGC
GAGATCGAGTGTCTGCACTGGACCGCCCTCGGCAAGGATTACAAGGATATTTCGGTCATCCTGGGCATATCAGAGCATACCACACGCGATTACCTG
AAAACCGCCCGCTTCAGGCTCGGCTGCACCACGATCTCGGCCGCCGCGTCGCGGGCTGTTCAATTGCGCATCATCAATCCCTATAGGATCCGCATG
ACGCGACGTAATTGGTAATAGCCAGGCATCAAATAAAACGAAAGGCTCAGTCGARAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACG
CTCTCTACTAGAGTCACACTGGCTCACCTTCGGGTGGGCCTTTCTGCGTTTATA
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GCGGCGCGCCATCGAATGGTGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATATGAAAAACATARA
TGCCGACGACACATACAGAATAATTAATAAAATTAAAGCTTGTAGAAGCAATAATGATATTAATCAATGCTTATCTGATATGACTAAAATGGTACA
TTGTGAATATTATTTACTCGCAATCATTTATCCTCATTATATGGTTAAATCCGATATTTCAATCCTAGATAATTACCCTAAAAAATGGAGGCAATA
TTATGATGACGCTAATTTAATAAAATATGATCCTATAGTAGATTATTCTAACTCCAATCATTCACCAATTAATTGGAATATATTTGAARACAATGC
TGTAAATAAAAAATCTCCAAATGTAATTAAAGAAGCGAAAACATCAGGTCTTATCACTGGGTTTAGTTTCCCTATTCATACGGCTAACAATGGCTT
CGGAATGCTTAGTTTTGCACATTCAGAAAAAGACAACTATATAGATAGTTTATTTTTACATGCGTGTATGAACATACCATTAATTGTTCCTTCTCT
AGTTGATAATTATCGAAAAATAAATATAGCAAATAATAAATCAAACAACGATTTAACCAAAAGAGAAAAAGAATGTTTAGCGTGGGCATGCGAAGG
AAAAAGCTCTTGGGATATTTCAAAAATATTAGGTTGCAGTGAGCGTACTGTCACTTTCCATTTAACCAATGCGCAAATGAAACTCAATACAACAAA
CCGCTGCCAAAGTATTTCTAAAGCAATTTTAACAGGAGCAATTGATTGCCCATACTTTARAAATTAACAATTCGAGGAGACGTACATGGCTGAAGC
GCAAAATGATCCCCTGCTGCCGGGATACTCGTTTAATGCCCATCTGGTGGCGGGTTTAACGCCGATTGAGGCCAACGGTTATCTCGATTTTTTTAT
CGACCGACCGCTGGGAATGAAAGGTTATATTCTCAATCTCACCATTCGCGGTCAGGGGGTGGTGAARAATCAGGGACGAGAATTTGTTTGCCGACC
GGGTGATATTTTGCTGTTCCCGCCAGGAGAGATTCATCACTACGGTCGTCATCCGGAGGCTCGCGAATGGTATCACCAGTGGGTTTACTTTCGTCC
GCGCGCCTACTGGCATGAATGGCTTAACTGGCCGTCAATATTTGCCAATACGGGGTTCTTTCGCCCGGATGAAGCGCACCAGCCGCATTTCAGCGA
CCTGTTTGGGCAAATCATTAACGCCGGGCAAGGGGAAGGGCGCTATTCGGAGCTGCTGGCGATARATCTGCTTGAGCAATTGTTACTGCGGCGCAT
GGAAGCGATTAACGAGTCGCTCCATCCACCGATGGATAATCGGGTACGCGAGGCTTGTCAGTACATCAGCGATCACCTGGCAGACAGCAATTTTGA
TATCGCCAGCGTCGCACAGCATGTTTGCTTGTCGCCGTCGCGTCTGTCACATCTTTTCCGCCAGCAGTTAGGGATTAGCGTCTTAAGCTGGCGCGA
GGACCAACGTATCAGCCAGGCGAAGCTGCTTTTGAGCACCACCCGGATGCCTATCGCCACCGTCGGTCGCAATGTTGGTTTTGACGATCAACTCTA
TTTCTCGCGGGTATTTAAAAAATGCACCGGGGCCAGCCCGAGCGAGTTCCGTGCCGGTTAAGGAAGAGAGTCAATTCAGGGTGGTGAATATGARAC
CAGTAACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAARACGC
GGGAAAAAGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGC CAGTCGTTGCTGATTGGCGTTG
CCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGATGG
TAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATTAACTATCCGCTGGATGACC
AGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTTTCTCCC
ATGAGGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGC
GTCTGCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTC
AACAAACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCG
AGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGATAGCTCATGTTATATCCCGCCGTTAACCACCATCARAC
AGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCAGTCTCAC
TGGTTAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCC
GACTGGAAAGCGGGCAGTGATAAATTCCAACCTACCCCCGCGAGTAAGCTCAGTTCCAATGTCCAGATTAGATARAAGTAAAGTGATTAACAGCGC
ATTAGAGCTGCTTAATGAGGTCGGAATCGAAGGTTTAACAACCCGTAAACTCGCCCAGAAGCTAGGTGTAGAGCAGCCTACATTGTATTGGCATGT
AAAARATAAGCGGGCTTTGCTCGACGCCTTAGCCATTGAGATGTTAGATAGGCACCATACTCACTTTTGCCCTTTAGAAGGGGARAGCTGGCAAGA
TTTTTTACGTAATAACGCTAAAAGTTTTAGATGTGCTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAGAAAAACA
GTATGAAACTCTCGAAAATCAATTAGCCTTTTTATGCCAACAAGGTTTTTCACTAGAGAATGCATTATATGCACTCAGCGCTGTGGGGCATTTTAC
TTTAGGTTGCGTATTGGAAGATCAAGAGCATCAAGTCGCTAAAGAAGAAAGGGAAACACCTACTACTGATAGTATGCCGCCATTATTACGACAAGC
TATCGAATTATTTGATCACCAAGGTGCAGAGCCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGAAAARACAACTTARATGTGARAG
TGGGTCCTAATAATTGGTAACGAATCAGACAATTGACGGCTCGAGGGAGTAGCATAGGGTTTGCAGAATCCCTGCTTCGTCCATTTGACAGGCACA
TTATGCATCGATGATAAGCTGTCAARACATGAGCAGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCG
CCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCAAATATTTTATCTG

a. DNA sequence colors: promoters (orange), ribozyme insulator (blue), RBS (green), open reading frames (red), terminators (black).
b. Lacl and TetR expression cassette driven by constitutive P, promoter. The plasmid map is shown in Appendix Fig S17A.
c. Lacl and TetR expression cassette driven by constitute P, promoter and LuxR and CinR expression cassette driven by constitute promoter J23104. The plasmid

map is shown in Appendix Fig S17B.

d. LuxR, AraC*, Lacl, and TetR expression cassette driven by constitutive P ,qq promoter. The plasmid map is shown in Appendix Fig S18.
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Appendix Table S4:

Genetic part sequence used in this work.

Part name Type DNA sequence

Pamer2 Promoter TCGTCACTAGAGGGCGATAGTGACAAACTTGACAACTCATCACTTCCTACGTAGGCTGCTAGC

Pamtr2 Promoter CTTGTCCAACCAAATGATTCGTTACCCTTTGACAGTTTCTATCGATCTATAGATAATGCTAGC

Pget2 Promoter AGCGCGGGTGAGAGGGATTCGTTACCAATAGACAATTGATTGGACGTTCAATATAATGCTAGC

Psm3r1 Promoter AATCCGCGTGATAGGTCTGATTCGTTACCAATTGACGGAATGAACGTTCATTCCGATAATGCTAGC

P p t TCGTGTAAGTAGCGTAACAAACAGACAATCTGGTCTGTTTGTATTATGGAAAATTTTTCTGTATAATAGATTCAACAAACAGACAATC

CymR romoter TGGTCTGTTTGTATTAT

PHiyiir2 Promoter ACCAGGAATCTGAACGATTCGTTACCAATTGCCATATTTAAAATTCTTGTTTAAAATGCTAGC

Pimra2 Promoter CGCTCATTCACTAGGTCTGATTCGTTACCAATTGACAGCTGGTGGTCGAATCAAGATAATAGACCAGTCACTATATTT

Pehie Promoter CGACGTACGGTGGAATCTGATTCGTTACCAATTGACATGATACGAAACGTACCGTATCGTTAAGGT

Psrpr Promoter TCTATGATTGGTCCAGATTCGTTACCAATTGACAGCTAGCTCAGTCCTAGGTATATACATACATGCTTGTTTGTTTGTAAAC

Pvanr Promoter TGTATAARAGTCCGCCATTGGATCCAATTGACAGCTAGCTCAGTCCTAGGTACCATTGGATCCAAT

Prac Promoter AACGATCGTTGGCTGTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGCTCACAATT

Pret Promoter TACTCCACCGTTGGCTTTTTTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATAATGAGCAC

Prux’ Promoter ATAGCTTCTTACCGGACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTACTTTCGAATAAA

P2 Promoter ATAGCTTCTTACCGGACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTATTTTCGAATAAA
CCCTTTGTGCGTCCAAACGGACGCACGGCGCTCTAAAGCGGGTCGCGATCTTTCAGATTCGCTCCTCGCGCTTTCAGTCTTTGTTTTG

Pcin Promoter GCGCATGTCGTTATCGCAAAACCGCTGCACACTTTTGCGCGACATGCTCTGATCCCCCTCATCTGGGGGGGCCTATCTGAGGGAATTT
CCGATCCGGCTCGCCTGAACCATTCTGCTTTCCACGAACTTGAAAACGCT
ACTTTTCATACTCCCGCCATTCAGAGAAGAAACCAATTGTCCATATTGCATCAGACATTGCCGTCACTGCGTCTTTTACTGGCTCTTC
TCGCTAACCAAACCGGTAACCCCGCTTATTAAAAGCATTCTGTAACAAAGCGGGACCAAAGCCATGACAAAAACGCGTAACAAAAGTG

Pgad Promoter TCTATAATCACGGCAGAAAAGTCCACATTGATTATTTGCACGGCGTCACACTTTGCTATGCCATAGCATTTTTATCCATAAGATTAGC
GGATCCTACCTGACGCTTTTTATCGCAACTCTCTACTGTTTCTCCATACCCGTTTTTTTGGGCTAGCCTGATGGTCCTAGCGGGTCTA
ACTGA

PLac Promoter GCGGCGCGCCATCGAATGGCGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGARGAGAGTCAATTCAGGGTGGTGAAT

J23104 Promoter TTGACAGCTAGCTCAGTCCTAGGTATTGTGCTAGC

Placia Promoter GCGGCGCGCCATCGAATGGTGCAAAACCTTTCGCGGTATGGCATGATAGCGCCCGGARGAGAGTCAATTCAGGGTGGTGAAT

J23101 Promoter GATAAGTCCCTAACTTTTACAGCTAGCTCAGTCCTAGGTATTATGCTAGC

RibolJ54 Ribozyme AGGGGTCAGTTGATGTGCTTTCAACTCTGATGAGTCAGTGATGACGAAACCCCCTCTACAAATAATTTTGTTTAA

BydvJ Ribozyme AGGGTGTCTCAAGGTGCGTACCTTGACTGATGAGTCCGAAAGGACGAAACACCCCTCTACARATAATTTTGTTTAA

RibolJ57 Ribozyme AGAAGTCAATTAATGTGCTTTTAATTCTGATGAGTCGGTGACGACGAAACTTCCTCTACAAATAATTTTGTTTAA

Sar) Ri bozyme AGACTGTCGCCGGATGTGTATCCGACCTGACGATGGCCCAAAAGGGCCGARACAGTCCTCTACAAATAATTTTGTTTAA
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Ltsv)

Ribol51

Ribol64

RibolJ53

RiboJ10

Aral

RibolJ

F1

F2

Al

El

B1

B2

B3

Cc1

H1

N1

P1

P2

P3

S1

S2

S3

s4

V1

B0OO64

ameR

Ribozyme
Ribozyme
Ribozyme
Ribozyme
Ribozyme
Ribozyme
Ribozyme
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS
RBS

RBS

Gene

AGTACGTCTGAGCGTGATACCCGCTCACTGAAGATGGCCCGGTAGGGCCGARACGTACCTCTACAAATAATTTTGTTTAA

AGTAGTCACCGGCTGTGCTTGCCGGTCTGATGAGCCTGTGAAGGCGAAACTACCTCTACAAATAATTTTGTTTAA

AGGAGTCAATTAATGTGCTTTTAATTCTGATGAGACGGTGACGTCGAAACTCCCTCTACAAATAATTTTGTTTAA

AGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAAACCGCCTCTACAAATAATTTTGTTTAA

AGCGCTCAACGGGTGTGCTTCCCGTTCTGATGAGTCCGTGAGGACGAAAGCGCCTCTACAAATAATTTTGTTTAA

AGTGGTCGTGATCTGAAACTCGATCACCTGATGAGCTCAAGGCAGAGCGAAACCACCTCTACAAATAATTTTGTTTAA

AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACG CAGCCTCTAC. TAATTTTGTTTAA

CTATGGACTATGTTTTCACATACGAGGGGGATTAG

TACGCTATGGACTATGTTTCAAACAGGAGCTAATAG

AATGTTCCCTAATAATCAGCAAAGAGGTTACTAG

CCCCCCGAGGAGTAGCAC

CTATGGACTATGTTTTAACTACTAG

CTATGGACTATGTTTTTCAAAGACGAAAAACTACTAG

CCARACGAGGCCGGGAGG

GACTTAAACGATTGGCCGACCGC

ACCCCCGAG

TACGCTATGGACTATGTTTTCTGCTATGGACTATGTTTTCACACACGAGATGCCTCG

CTATGGACTATGTTTGAAAGGGAGARATACTAG

GGAGCTATGGACTATGTTTGAAAGGCTGAAATACTAG

CTTTACGAGGGCGATCCT

GAGTCTATGGACTATGTTTTCACAGAGGAGGTACCAGG

GAGTCTATGGACTATGTTTTCACATATGAGATACCAGG

GAGTCTATGGACTATGTTTTCACAARAGGAAGTACCAGG

CTATGGACTATGTTTTCACACAGGAAATACCAGG

AAGACCATTATAAGGTTTGAACT

TACTAGAGAAAGAGGGGAAATACTAG

ATGAACAAAACCATTGATCAGGTGCGTAAAGGTGATCGTAARAAGCGATCTGCCGGTTCGTCGTCGTCCGCGTCGTAGTGCCGAAGARAA
CCCGTCGTGATATTCTGGCAAAAGCCGAAGAACTGTTTCGTGAACGTGGTTTTAATGCAGTTGCCATTGCAGATATTGCAAGCGCACT
GAATATGAGTCCGGCAAATGTGTTTAAACATTTTAGCAGCAAAAACGCACTGGTTGATGCAATTGGTTTTGGTCAGATTGGTGTTTTT
GAACGTCAGATTTGTCCGCTGGATAAAAGCCATGCACCGCTGGATCGTCTGCGTCATCTGGCACGTAATCTGATGGAACAGCATCATC
AGGATCATTTCAAACACATACGGGTTTTTATTCAGATCCTGATGACCGCCAAACAGGATATGAAATGTGGCGATTATTACAARAGCGT
GATTGCAAAACTGCTGGCCGAAATTATTCGTGATGGTGTTGAAGCAGGTCTGTATATTGCAACCGATATTCCGGTTCTGGCAGAAACC

46



amtR

betl

bm3R1

cymR

hiyliR

ImrA

phiIF

Gene

Gene

Gene

Gene

Gene

Gene

Gene

GTTCTGCATGCACTGACCAGCGTTATTCATCCGGTTCTGATTGCACAAGAAGATATTGGTAATCTGGCAACCCGTTGTGATCAGCTGG
TTGATCTGATTGATGCAGGTCTGCGTAATCCGCTGGCAAAATAA

ATGGCAGGCGCAGTTGGTCGTCCGCGTCGTAGTGCACCGCGTCGTGCAGGT. TCCGCGTGAAG TTCTGGATGCAAGCGCAG
AACTGTTTACCCGTCAGGGTTTTGCAACCACCAGTACCCATCAGATTGCAGATGCAGTTGGTATTCGTCAGGCAAGCCTGTATTATCA
TTTTCCGAGCARAACCGAAATCTTTCTGACCCTGCTGAAAAGCACCGTTGAACCGAGCACCGTTCTGGCAGAAGATCTGAGCACCCTG
GATGCAGGTCCGGAAATGCGTCTGTGGGCAATTGTTGCAAGCGAAGTTCGTCTGCTGCTGAGCACCAAATGGAATGTTGGTCGTCTGT
ATCAGCTGCCGATTGTTGGTAGCGAAGAATTTGCAGAATATCATAGCCAGCGTGAAGCACTGACCAATGTTTTTCGTGATCTGGCAAC
CGAAATTGTTGGTGATGATCCGCGTGCAGAACTGCCGTTTCATATTACCATGAGCGTTATTGAAATGCGTCGCAATGATGGTAARAATT
CCGAGTCCGCTGAGCGCAGATAGCCTGCCGGAAACCGCAATTATGCTGGCAGATGCAAGCCTGGCAGTTCTGGGTGCACCGCTGCCTG
CAGATCGTGTTGAAAARACCCTGGAACTGATT CAGGCAGATGC. T.

ATGCCGAAACTGGGTATGCAGAGCATTCGTCGTCGTCAGCTGATTGATGCAACCCTGGAAGCAATTAATGAAGTTGGTATGCATGATG
CAACCATTGCACAGATTGCACGTCGTGCCGGTGTTAGCACCGGTATTATTAGCCATTATTTCCGCGATARAAACGGTCTGCTGGAAGC
AACCATGCGTGATATTACCAGCCAGCTGCGTGATGCAGTTCTGAATCGTCTGCATGCACTGCCGCAGGGTAGCGCAGAACAGCGTCTG
CAGGCAATTGTTGGTGGTAATTTTGATGAAACCCAGGTTAGCAGCGCAGCAATGAAAGCATGGCTGGCATTTTGGGCAAGCAGCATGC
ATCAGCCGATGCTGTATCGTCTGCAGCAGGTTAGCAGTCGTCGTCTGCTGAGCAATCTGGTTAGCGAATTTCGTCGTGAACTGCCTCG
TGAACAGGCACAAGAGGCAGGTTATGGTCTGGCAGCACTGATTGATGGTCTGTGGCTGCGTGCAGCACTGAGCGGTAAACCGCTGGAT
AAAACCCGTGCAAATAGCCTGACCCGTCATTTTATCACCCAGCATCTGCCGACCGATTAA

ATGGAAAGCACCCCGACCAAACAGAAAGCAATTTTTAGCGCAAGCCTGCTGCTGTTTGCAGAACGTGGTTTTGATGCAACCACCATGC
CGATGATTGCAGAARATGCAARAAGTTGGTGCAGGCACCATTTATCGCTATTTCAARAACAAAGARAAGCCTGGTGAACGAACTGTTTCA
GCAGCATGTTAATGAATTTCTGCAGTGTATTGAAAGCGGTCTGGCAAATGAACGTGATGGTTATCGTGATGGCTTTCATCACATTTTT
GAAGGTATGGTGACCTTTACCAAAAATCATCCGCGTGCACTGGGTTTTATCAAAACCCATAGCCAGGGCACCTTTCTGACCGAAGARA
GCCGTCTGGCATATCAGAAACTGGTTGAATTTGTGTGCACCTTTTTTCGTGAAGGTCAGARAACAGGGTGTGATTCGTAATCTGCCGGA
AAATGCACTGATTGCAATTCTGTTTGGCAGCTTTATGGAAGTGTATGARATGATCGAGAACGATTATCTGAGCCTGACCGATGAACTG
CTGACCGGTGTTGAAGAAAGCCTGTGGGCAGCACTGAGCCGTCAGAGCTAA

ATGAGCCCGAAACGTCGTACCCAGGCAGAACGTGCAATGGAAACCCAGGGTAAACTGATTGCAGCAGCACTGGGTGTTCTGCGTGAAA
AAGGTTATGCAGGTTTTCGTATTGCAGATGTTCCGGGTGCAGCCGGTGTTAGCCGTGGTGCACAGAGCCATCATTTTCCGACCARACT
GGAACTGCTGCTGGCAACCTTTGAATGGCTGTATGAGCAGATTACCGAACGTAGCCGTGCACGTCTGGCAAAACTGAAACCGGAAGAT
GATGTTATTCAGCAGATGCTGGATGATGCAGCAGAATTTTTTCTGGATGATGATTTTAGCATCAGCCTGGATCTGATTGTTGCAGCAG
ATCGTGATCCGGCACTGCGTGAAGGTATTCAGCGTACCGTTGAACGTAATCGTTTTGTTGTTGAAGATATGTGGCTGGGTGTGCTGGT
GAGCCGTGGTCTGAGCCGTGATGATGCCGAAGATATTCTGTGGCTGATTTTTAACAGCGTTCGTGGTCTGGCAGTTCGTAGCCTGTGG
CAGAAAGATAAAGAACGTTTTGAACGTGTGCGTAATAGCACCCTGGAAATTGCACGTGAACGTTATGCAAAATTCAAACGTTGATAA

ATGAAATACATCCTGTTTGAGGTGTGCGAAATGGGTARAAGCCGTGAACAGACCATGG TATTCTG. GCAGCC G T
TCGGCGAACGTGGTTATGAAGGCACCAGCATTCAAGAAATTACCARAGAAGCCARAGTTAACGTTGCAATGGCCAGCTATTACTTTAA
TGGCAAAGAGAACCTGTACTACGAGGTGTTCAAAAAATACGGTCTGGCAAATGAACTGCCGAACTTTCTGGAAAAAAACCAGTTTAAT
CCGATTAATGCCCTGCGTGAATATCTGACCGTTTTTACCACCCACATTAAAGAAAATCCGGAAATTGGCACCCTGGCCTATGAAGAAA
TTATCAAAGAAAGCGCACGCCTGGAAAAAATCAAACCGTATTTTATCGGCAGCTTCGAACAGCTGAAAGAAATTCTGCAAGAGGGTGA
AARACAGGGTGTGTTTCACTTTTTTAGCATCAACCATACCATCCATTGGATTACCAGCATTGTTCTGTTTCCGARATTCAARAAATTC
ATCGATAGCCTGGGTCCGAATGAAACCAATGATACCAATCATGAATGGATGCCGGAAGATCTGGTTAGCCGTATTATTAGCGCACTGA
CCGATAAACCGAACATTTAA

ATGAGCTATGGTGATAGCCGTGAAAAAATTCTGAGCGCAGCAACCCGTCTGTTTCAGCTGCAGGGTTATTATGGCACCGGTCTGAATC
AGATTATCAAAGAAAGCGGTGCACCGAAAGGTAGCCTGTATTATCATTTTCCGGGTGGTAAAGAACAGCTGGCAATTGAAGCAGTGAA
CGARAATGAAAGAATATATCCGCCAGAAAATCGCCGATTGTATGGAAGCATGTACCGATCCGGCAGAAGGTATTCAGGCATTTCTGAAA
GAACTGAGCTGTCAGTTTAGCTGTACCGAAGATATTGAAGGTCTGCCGGTTGGTCTGCTGGCAGCAGAAACCAGCCTGAAAAGCGAAC
CGCTGCGTGAAGCATGTCATGAAGCATATAAAGAATGGGCCAGCGTGTATGAAGAARAARACTGCGTCAGACCGGTTGTAGCGARAGCCG
TGCAAAAGAAGCAAGCACCGTTGTTAATGCAATGATTGAAGGTGGTATTCTGCTGAGCCTGACCGCAAARAATAGCACACCGCTGCTG
CATATTAGCAGCTGTATTCCGGATCTGCTGAAACGTTAA

ATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCATAAAGCAATTCTGACCAGCACCATTGAAATCC
TGAAAGAATGTGGTTATAGCGGTCTGAGCATTGAAAGCGTTGCACGTCGTGCCGGTGCAAGCAAACCGACCATTTATCGTTGGTGGAC
CAATAAAGCAGCACTGATTGCCGAAGTGTATGAAAATGAAAGCGAACAGGTGCGTARATTTCCGGATCTGGGTAGCTTTAAAGCCGAT
CTGGATTTTCTGCTGCGTAATCTGTGGAARAGTTTGGCGTGAAACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGC
TGGACCCTGCAACCCTGACCCAGCTGAAAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGAARAAAACTGGTTGAAAATGCCATTAG
CAATGGTGAACTGCCGAAAGATACCAATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAG
CTGACCGTTGAACAGGATATTGAAGAATTTACCTTCCTGCTGATTAATGGTGTTTGTCCGGGTACACAGCGTTAA
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ATGGCACGT. CCGCAGCAGAAGCAGAAG CCCGTCAGCGTATTATTGATGCAGCACTGGAAGTTTTTGTTGCACAGGGTGTTA
GTGATGCAACCCTGGATCAGATTGCACGTAAAGCCGGTGTTACCCGTGGTGCAGTTTATTGGCATTTTAATGGTAAACTGGAAGTTCT
GCAGGCAGTTCTGGCAAGCCGTCAGCATCCGCTGGAACTGGATTTTACACCGGATCTGGGTATTGAACGTAGCTGGGAAGCAGTTGTT
GTTGCAATGCTGGATGCAGTTCATAGTCCGCAGAGCAAACAGTTTAGCGAAATTCTGATTTATCAGGGTCTGGATGAARAGCGGTCTGA
TTCATAATCGTATGGTTCAGGCAAGCGATCGTTTTCTGCAGTATATTCATCAGGTTCTGCGTCATGCAGTTACCCAGGGTGAACTGCC
GATTAATCTGGATCTGCAGACCAGCATTGGTGTTTTTAAAGGTCTGATTACCGGTCTGCTGTATGAAGGTCTGCGTAGCAAAGATCAG
CAGGCACAGATTATCAAAGTTGCACTGGGTAGCTTTTGGGCACTGCTGCGTGAACCGCCTCGTTTTCTGCTGTGTGAAGAAGCACAGA
TTAAACAGGTGAAATCCTTCGAATAA

ATGGACATGCCTCGTATTARACCGGGTCAGCGTGTTATGATGGCACTGCGTAARATGATTGCAAGCGGTGAAATCAARAGTGGTGAAC
GTATTGCAGAAATTCCGACCGCAGCAGCACTGGGTGTTAGCCGTATGCCGGTTCGTATCGCACTGCGTTCACTGGAACAAGAAGGTCT
GGTTGTTCGTCTGGGTGCACGTGGTTATGCAGCCCGTGGTGTTAGCAGCGATCAGATTCGTGATGCAATTGAAGTTCGTGGTGTTCTG
GAAGGTTTTGCAGCACGTCGTCTGGCAGAACGTGGTATGACCGCAGAAACCCATGCACGTTTTGTTGTACTGATTGCAGAAGGTGAAG
CACTGTTTGCAGCCGGTCGCCTGAATGGTGAAGATCTGGATCGTTATGCCGCATATAATCAGGCATTTCATGATACCCTGGTTAGCGC
AGCAGGTAATGGTGCAGTTGAAAGCGCACTGGCACGTAATGGTTTTGAACCGTTTGCAGCAGCCGGTGCACTGGCCCTGGATCTGATG
GACCTGTCTGCCGAATATGAACATCTGCTGGCAGCACATCGTCAGCATCAGGCAGTTCTGGATGCAGTTAGCTGTGGTGATGCCGAAG
GTGCAGAACGTATTATGCGTGATCATGCACTGGCAGCAATTCGTAATGCARAAGTTTTTGAAGCAGCAGCAAGCGCAGGCGCACCGCT
GGGTGCAGCATGGTCAATTCGTGCAGATTGATAA

ATGAAAAACATAAATGCCGACGACACATACAGAATAATTAATAAAATTAAAGCTTGTAGAAGCAATAATGATATTAATCAATGCTTAT
CTGATATGACTAAAATGGTACATTGTGAATATTATTTACTCGCAATCATTTATCCTCATTATATGGTTARATCCGATATTTCAATCCT
AGATAATTACCCTAAAAAATGGAGGCAATATTATGATGACGCTAATTTAATAARATATGATCCTATAGTAGATTATTCTAACTCCAAT
CATTCACCAATTAATTGGAATATATTTGAAAACAATGCTGTAAATAAAAAATCTCCAAATGTAATTAAAGAAGCGAAAACATCAGGTC
TTATCACTGGGTTTAGTTTCCCTATTCATACGGCTAACAATGGCTTCGGAATGCTTAGTTTTGCACATTCAGAARAAGACAACTATAT
AGATAGTTTATTTTTACATGCGTGTATGAACATACCATTAATTGTTCCTTCTCTAGTTGATAATTATCGAAARATAAATATAGCAAAT
AATARAATCARACAACGATTTAACCAAAAGAGAAAAAGAATGTTTAGCGTGGGCATGCGAAGGARAAAGCTCTTGGGATATTTCAARAA
TATTAGGTTGCAGTGAGCGTACTGTCACTTTCCATTTAACCAATGCGCAAATGAAACTCAATACAACAAACCGCTGCCAAAGTATTTC
TAAAGCAATTTTAACAGGAGCAATTGATTGCCCATACTTTAAAAATTAA

ATGGCTGAAGCGCARAATGATCCCCTGCTGCCGGGATACTCGTTTAATGCCCATCTGGTGGCGGGTTTAACGCCGATTGAGGCCAACG
GTTATCTCGATTTTTTTATCGACCGACCGCTGGGAATGAAAGGTTATATTCTCAATCTCACCATTCGCGGTCAGGGGGTGGTGARARA
TCAGGGACGAGAATTTGTTTGCCGACCGGGTGATATTTTGCTGTTCCCGCCAGGAGAGATTCATCACTACGGTCGTCATCCGGAGGCT
CGCGAATGGTATCACCAGTGGGTTTACTTTCGTCCGCGCGCCTACTGGCATGAATGGCTTAACTGGCCGTCAATATTTGCCAATACGG
GGTTCTTTCGCCCGGATGAAGCGCACCAGCCGCATTTCAGCGACCTGTTTGGGCARATCATTAACGCCGGGCAAGGGGAAGGGCGCTA
TTCGGAGCTGCTGGCGATAAATCTGCTTGAGCAATTGTTACTGCGGCGCATGGAAGCGATTAACGAGTCGCTCCATCCACCGATGGAT
AATCGGGTACGCGAGGCTTGTCAGTACATCAGCGATCACCTGGCAGACAGCAATTTTGATATCGCCAGCGTCGCACAGCATGTTTGCT
TGTCGCCGTCGCGTCTGTCACATCTTTTCCGCCAGCAGTTAGGGATTAGCGTCTTAAGCTGGCGCGAGGACCAACGTATCAGCCAGGC
GAAGCTGCTTTTGAGCACCACCCGGATGCCTATCGCCACCGTCGGTCGCAATGTTGGTTTTGACGATCAACTCTATTTCTCGCGGGTA
TTTAAARAATGCACCGGGGCCAGCCCGAGCGAGTTCCGTGCCGGTTAA

ATGAAACCAGTAACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACG
TTTCTGCGAAAACGCGGGAAARAGTGGAAGCGGCGATGGCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAA
ACAGTCGTTGCTGATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCARATTGTCGCGGCGATTAAATCTCGCGCCGAT
CAACTGGGTGCCAGCGTGGTGGTGTCGATGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAAC
GCGTCAGTGGGCTGATCATTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATT
TCTTGATGTCTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAGGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCA
TTGGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATARATATCTCA
CTCGCAATCARATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCARATGCTGAATGA
GGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTACCGAGTCCGGGCTGCGCGTT
GGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGATAGCTCATGTTATATCCCGCCGTTAACCACCATCAAACAGGATTTTC
GCCTGCTGGGGCAARACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCAGTCTCACT
GGTTAAAAGAARAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAG
GTTTCCCGACTGGAAAGCGGGCAGTGATAA

ATGTCCAGATTAGATAAAAGTAAAGTGATTAACAGCGCATTAGAGCTGCTTAATGAGGTCGGAATCGAAGGTTTAACAACCCGTAAAC
TCGCCCAGAAGCTAGGTGTAGAGCAGCCTACATTGTATTGGCATGTAAAARATAAGCGGGCTTTGCTCGACGCCTTAGCCATTGAGAT
GTTAGATAGGCACCATACTCACTTTTGCCCTTTAGAAGGGGAAAGCTGGCAAGATTTTTTACGTAATAACGCTARAAGTTTTAGATGT
GCTTTACTAAGTCATCGCGATGGAGCAAAAGTACATTTAGGTACACGGCCTACAGAAARAACAGTATGAAACTCTCGAAAATCAATTAG
CCTTTTTATGCCAACAAGGTTTTTCACTAGAGAATGCATTATATGCACTCAGCGCTGTGGGGCATTTTACTTTAGGTTGCGTATTGGA
AGATCAAGAGCATCAAGTCGCTAAAGAAGAAAGGGAAACACCTACTACTGATAGTATGCCGCCATTATTACGACAAGCTATCGAATTA
TTTGATCACCAAGGTGCAGAGCCAGCCTTCTTATTCGGCCTTGAATTGATCATATGCGGATTAGAAAAACAACTTAAATGTGAAAGTG
GGTCCTAA

ATGATTGAGAATACCTATAGCGAARAAGTTCGAGTCCGCGTTCGAACAGATCAAAGCGGCGGCCAACGTGGATGCCGCCATCCGTATTC
TCCAGGCGGAATATAACCTCGATTTCGTCACCTACCATCTCGCCCAGACAATCGCGAGCAAGATCGATTCGCCCTTCGTGCGCACCAC
CTATCCGGATGCCTGGGTTTCCCGTTACCTCCTCAACTGCTATGTGAAGGTCGATCCGATCATCAAGCAGGGCTTCGAACGCCAGCTG
CCCTTCGACTGGAGCGAGGTCGAACCGACGCCGGAGGCCTATGCCATGCTGGTCGACGCCCAGARACACGGCATCGATGACAATGGCT
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ACTCCATCCCCGTCGCCGACAAGGCGCAGCGCCGCGCCCTGCTGTCGCTGAATGCCCATATACCGGCCGACGAATGGACCGAGCTCGT
GCGCCGCTGCCGCAATGAGTGGATCGAGATCGCCCATCTGATCCACCGCAAGGCCGTATATGAGCTGCATGGCGAAARACGATCCGGTG
CCGGCATTGTCGCCGCGCGAGATCGAGTGTCTGCACTGGACCGCCCTCGGCAAGGATTACAAGGATATTTCGGTCATCCTGGGCATAT
CAGAGCATACCACACGCGATTACCTGAAAACCGCCCGCTTCAGGCTCGGCTGCACCACGATCTCGGCCGCCGCGTCGCGGGCTGTTCA
ATTGCGCATCATCAATCCCTATAGGATCCGCATGACGCGACGTAATTGGTAATAG

ATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGA
AAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTATATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCG
CCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAA
CTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAA
GAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAAC
CGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGT
GACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAA
TAGACTGGATGGAGGCGGATARAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATARATCTGGAGC
CGGTGAGCGTGGTTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGT
CAGGCAACTATGGATGAACG TAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAA

ATGAGCCATATTCAACGGGAAACGTCTTGCTCGAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATAARATGGGCTC
GCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCARAGG
TAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTARACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATC
CGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTG
AAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGATCGCGTATT
TCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAA
CAAGTCTGGAAAGARATGCATAAGCTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTTATTT
TTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATCCTATGGAACTG
CCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATARATTGCAGTTTCAT
TTGATGCTCGATGAGTTTTTCTAA

ATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCG
GCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGA
ACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGA
AGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCGCCTTGCTCCTGCCGAGARAGTATCCATCATGGCTG
ATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCG
GATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCG
CGCATGCCCGACGGCGAGGATCTCGTCGTGATCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAARATGGCCGCTTTTCTGGAT
TCAACGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGATACCCGTGATATTGCTGAAGAGCTTGGCGGCGA
ATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTC
TGA

CCAATTATTGAACACCCTAACGGGTGTTTTTTTTTTTTTGGTCTCCC

CTCGGTACCAAAGACGAACAATAAGACGCTGAAAAGCGTCTTTTTTCGTTTTGGTCC

CCAATTATTGAACACCCTTCGGGGTGTTTTTTTGTTTCTGGTCTCCC

CTCGGTACCAAATTCCAGAAAAGAGACGCTTTCGAGCGTCTTTTTTCGTTTTGGTCC

CTCGGTACCAAAGAAARAATAAAAAGACGCTGAAAAGCGTCTTTTTATTTTTCGGTCC

GTTATGAGTCAGGAAAAAAGGCGACAGAGTAATCTGTCGCCTTTTTTCTTTGCTTGCTTT

TAAGGTTG T CGGCGCT. GCGCCGTTTTTTTTGACGGTGGTA

GGAAACACAGARAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG

TTCAGCCAAAAAACTTAAGACCGCCGGTCTTGTCCACTACCTTGCAGTAATGCGGTGGACAGGATCGGCGGTTTTCTTTTCTCTTCTC
AR

AACGCATGAGAAAGCCCCCGGAAGATCACCTTCCGGGGGCTTTTTTATTGCGC

CTCGGTACCAAATTCCAGAAAAGAGGCCTCCCGAAAGGGGGGCCTTTTTTCGTTTTGGTCC

CCAATTATTGAAGGCCTCCCTAACGGGGGGCCTTTTTTTGTTTCTGGTCTCCC
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GGAG

TACG

TACT

AATG

AGGT

GCTT

CGCT

GGGC
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GACCTCAGCGCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGARARA
AGGCTGCACCGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACT
GCGGCGAGCGGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGG
CAAAGCCGTTTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCARATCAGTGGTGGCGARACCCGACAGGACT
ATAAAGATACCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTA
TGGCCGCGTTTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTT
CAGTCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCAARAGCACCACTGGCAGCAGCCACTG
GTAATTGATTTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTAAGGCTARACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAA
GCCAGTTACCTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAARAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGA
GATTACGCGCAGACCAAAACGATCTCAAGAAGATCATCTTATTAA

GCTAGCGGAGTGTATACTGGCTTACTATGTTGGCACTGATGAGGGTGTCAGTGAAGTGCTTCATGTGGCAGGAGAAAARAAGGCTGCAC
CGGTGCGTCAGCAGAATATGTGATACAGGATATATTCCGCTTCCTCGCTCACTGACTCGCTACGCTCGGTCGTTCGACTGCGGCGAGC
GGAAATGGCTTACGAACGGGGCGGAGATTTCCTGGAAGATGCCAGGAAGATACTTAACAGGGAAGTGAGAGGGCCGCGGCARAGCCGT
TTTTCCATAGGCTCCGCCCCCCTGACAAGCATCACGAAATCTGACGCTCARATCAGTGGTGGCGAAACCCGACAGGACTATAAAGATA
CCAGGCGTTTCCCCCTGGCGGCTCCCTCGTGCGCTCTCCTGTTCCTGCCTTTCGGTTTACCGGTGTCATTCCGCTGTTATGGCCGCGT
TTGTCTCATTCCACGCCTGACACTCAGTTCCGGGTAGGCAGTTCGCTCCAAGCTGGACTGTATGCACGAACCCCCCGTTCAGTCCGAC
CGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGAAAGACATGCARAAGCACCACTGGCAGCAGCCACTGGTAATTGAT
TTAGAGGAGTTAGTCTTGAAGTCATGCGCCGGTTACGGCTAAACTGAAAGGACAAGTTTTGGTGACTGCGCTCCTCCAAGCCAGTTAC
CTCGGTTCAAAGAGTTGGTAGCTCAGAGAACCTTCGAAAAACCGCCCTGCAAGGCGGTTTTTTCGTTTTCAGAGCAAGAGATTACGCG
CAGACCAAAACGATCTCAAGAAGATCATCTTATTAA

AGTAAGACGGGTAAGCCTGTTGATGATACCGCTGCCTTACTGGGTGCATTAGCCAGTCTGAATGACCTGTCACGGGATAATCCGAAGT
GGTCAGACTGGAAARATCAGAGGGCAGGAACTGCTGAACAGCAAAAAGTCAGATAGCACCACATAGCAGACCCGCCATAAAACGCCCTG
AGAAGCCCGTGACGGGCTTTTCTTGTATTATGGGTAGTTTCCTTGCATGAATCCATAAAAGGCGCCTGTAGTGCCATTTACCCCCATT
CACTGCCAGAGCCGTGAGCGCAGCGAACTGAATGTCACGARAAAGACAGCGACTCAGGTGCCTGATGGTCGGAGACAAARAGGAATATT
CAGCGATTTGCCCGAGCTTGCGAGGGTGCTACTTAAGCCTTTAGGGTTTTAAGGTCTGTTTTGTAGAGGAGCAAACAGCGTTTGCGAC
ATCCTTTTGTAATACTGCGGAACTGACTAAAGTAGTGAGTTATACACAGGGCTGGGATCTATTCTTTTTATCTTTTTTTATTCTTTCT
TTATTCTATAAATTATAACCACTTGAATATAAACAAAAAAAACACACAAAGGTCTAGCGGAATTTACAGAGGGTCTAGCAGAATTTAC
AAGTTTTCCAGCAAAGGTCTAGCAGAATTTACAGATACCCACAACTCAAAGGAAAAGGACTAGTAATTATCATTGACTAGCCCATCTC
AATTGGTATAGTGATTAAAATCACCTAGACCAATTGAGATGTATGTCTGAATTAGTTGTTTTCAAAGCAAATGAACTAGCGATTAGTC
GCTATGACTTAACGGAGCATGAAACCAAGCTAATTTTATGCTGTGTGGCACTACTCAACCCCACGATTGAAAACCCTACAAGGAAAGA
ACGGACGGTATCGTTCACTTATAACCAATACGCTCAGATGATGAACATCAGTAGGGAARAATGCTTATGGTGTATTAGCTAAAGCAACC
AGAGAGCTGATGACGAGAACTGTGGAAATCAGGAATCCTTTGGTTAAAGGCTTTTGGATTTTCCAGTGGACARACTATGCCAAGTTCT
CAAGCGAAAAATTAGAATTAGTTTTTAGTGAAGAGATATTGCCTTATCTTTTCCAGTTAAAAAAATTCATAAAATATAATCTGGAACA
TGTTAAGTCTTTTGAAAACAAATACTCTATGAGGATTTATGAGTGGTTATTAAAAGAACTAACACAAAAGAAAACTCACAAGGCAAAT
ATAGAGATTAGCCTTGATGAATTTAAGTTCATGTTAATGCTTGAAAATAACTACCATGAGTTTAAARAGGCTTAACCAATGGGTTTTGA
AACCAATAAGTAAAGATTTAAACACTTACAGCAATATGAAATTGGTGGTTGATAAGCGAGGCCGCCCGACTGATACGTTGATTTTCCA
AGTTGAACTAGATAGACAAATGGATCTCGTAACCGAACTTGAGAACAACCAGATAAAAATGAATGGTGACAAAATACCAACAACCATT
ACATCAGATTCCTACCTACATAACGGACTAAGAAAAACACTACACGATGCTTTAACTGCAAARAATTCAGCTCACCAGTTTTGAGGCAA
AATTTTTGAGTGACATGCAAAGTAAGTATGATCTCAATGGTTCGTTCTCATGGCTCACGCAAAAACAACGAACCACACTAGAGAACAT
ACTGGCTAAATACGGAAGGATCTGAGGTTCTTATGGCTCTTGTATCTATCAGTGAAGCATCAAGACTAACAAACARAAGTAGAACAAC
TGTTCACCGTTACATATCAAAGGGAAAACTGTCCATATGCACAGATGAAAACGGTGTAAAAAAGATAGATACATCAGAGCTTTTACGA
GTTTTTGGTGCATTCAAAGCTGTTCACCATGAACAGATCGACAATGTAACAGATGAACAGCATGTAACACCTAATAGAACAGGTGAAA
CCAGTAAAACAAAGCAACTAGAACATGAAATTGAACACCTGAGACAACTTGTTACAGCTCAACAGTCACACATAGACAGCCTGAAACA
GGCGATGCTGCTTATCGAATCAAAGCTGCCGACAACACGGGAGCCAGTGACGCCTCCCGTGGGGAAAAAATCATGGCAATTCTGGAAG
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AAATAGCGCTTTCAGCCGGCAAACCGGCTGAAGCCGGATCTGCGATTCTGATAAC. CTAGCAACACCAGAACAGCCCGTTTGCGGG
CAGCAARACCCGTAC

51



Appendix Table S5:

Complete annotated sequences of the 7-segment circuits.

Circuit name

Type

DNA sequence?

Segment A

Segment B

Circuit

Circuit

GGAGTCGTCACTAGAGGGCGATAGTGACAAACTTGACAACTCATCACTTCCTACGTAGGCTGCTAGCCGCTCATTCACTAGGTCTGATTCGTTACCAATTGA
CAGCTGGTGGTCGAATCAAGATAATAGACCAGTCACTATATTTAGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAAACCGCCTCTAC
ARATAATTTTGTTTAAGGAGCTATGGACTATGTTTGAAAGGCTGAAATACTAGATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGC
ATACCCATAAAGCAATTCTGACCAGCACCATTGAAATCCTGAAAGAATGTGGTTATAGCGGTCTGAGCATTGAAAGCGTTGCACGTCGTGCCGGTGCAAGCA
AACCGACCATTTATCGTTGGTGGACCAATAAAGCAGCACTGATTGCCGAAGTGTATGAAAATGAAAGCGAACAGGTGCGTAAATTTCCGGATCTGGGTAGCT
TTAAAGCCGATCTGGATTTTCTGCTGCGTAATCTGTGGAAAGTTTGGCGTGARACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGCTGG
ACCCTGCAACCCTGACCCAGCTGARAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGAAARAAACTGGTTGAAAATGCCATTAGCAATGGTGAACTGCCGA
AAGATACCAATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGCTGACCGTTGAACAGGATATTGAAGAATTTA
CCTTCCTGCTGATTAATGGTGTTTGTCCGGGTACACAGCGTTAAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTTCGACCARAAGG
TACG

AGGTCCCTTTGTGCGTCCARACGGACGCACGGCGCTCTARAGCGGGTCGCGATCTTTCAGATTCGC
TCCTCGCGCTTTCAGTCTTTGTTTTGGCGCATGTCGTTATCGCAAAACCGCTGCACACTTTTGCGCGACATGCTCTGATCCCCCTCATCTGGGGGGGCCTAT
CTGAGGGAATTTCCGATCCGGCTCGCCTGAACCATTCTGCTTTCCACGAACTTGAAAACGCTAGCGCGGGTGAGAGGGATTCGTTACCAATAGACAATTGAT
TGGACGTTCAATATAATGCTAGCAGGAGTCAATTAATGTGCTTTTAATTCTGATGAGACGGTGACGTCGAAACTCCCTCTACAAATAATTTTGTTTAATACG
CTATGGACTATGTTTTCTGCTATGGACTATGTTTTCACACACGAGATGCCTCGATGAGCTATGGTGATAGCCGTGAAARAATTCTGAGCGCAGCAACCCGTC
TGTTTCAGCTGCAGGGTTATTATGGCACCGGTCTGAATCAGATTATC G. GCGGTGCACCG. GGTAGCCTGTATTATCATTTTCCGGGTGGTAAAG
AACAGCTGGCAATTGAAGCAGTGAACGAAATGAAAGAATATATCCGCCAGAAAATCGCCGATTGTATGGAAGCATGTACCGATCCGGCAGAAGGTATTCAGG
CATTTCTGAAAGAACTGAGCTGTCAGTTTAGCTGTACCGAAGATATTGAAGGTCTGCCGGTTGGTCTGCTGGCAGCAGAAACCAGCCTGAAAAGCGAACCGC
TGCGTGAAGCATGTCATGAAGCATATAAAGAATGGGCCAGCGTGTATGAAGAAAAACTGCGTCAGACCGGTTGTAGCGAARAGCCGTGCAAAAGAAGCAAGCA
CCGTTGTTAATGCAATGATTGAAGGTGGTATTCTGCTGAGCCTGACCGCARAAAATAGCACACCGCTGCTGCATATTAGCAGCTGTATTCCGGATCTGCTGA
AACGTTAATAAGGTTGAAAAATAAAAACGGCGCTAAAAAGCGCCGTTTTTTTTGACGGTGGTAGCTTTCGTGTAAGTAGCGTAACARACAGACAATCTGGTC
TGTTTGTATTATGGAAAATTTTTCTGTATAATAGATTCAACAAACAGACAATCTGGTCTGTTTGTATTATAGTAGTCACCGGCTGTGCTTGCCGGTCTGATG
AGCCTGTGAAGGCGAAACTACCTCTACAAATAATTTTGTTTAAACCCCCGAGATGAAATACATCCTGTTTGAGGTGTGCGAAATGGGTARAAGCCGTGAACA
GACCATGGAAAATATTCTGAAAGCAGCCAAAAAGARATTCGGCGAACGTGGTTATGAAGGCACCAGCATTCAAGAAATTACCARAGAAGCCAAAGTTAACGT
TGCAATGGCCAGCTATTACTTTAATGGCAARAGAGAACCTGTACTACGAGGTGTTCAAARARATACGGTCTGGCARATGAACTGCCGAACTTTCTGGAAAAAAA
CCAGTTTAATCCGATTAATGCCCTGCGTGAATATCTGACCGTTTTTACCACCCACATTARAGAARATCCGGAAATTGGCACCCTGGCCTATGAAGAAATTAT
CAAAGARAGCGCACGCCTGGAAAAAATCAAACCGTATTTTATCGGCAGCTTCGAACAGCTGARAGAARATTCTGCAAGAGGGTGAAAAACAGGGTGTGTTTCA
CTTTTTTAGCATCAACCATACCATCCATTGGATTACCAGCATTGTTCTGTTTCCGAAATTCAAAAAATTCATCGATAGCCTGGGTCCGAATGAAACCAATGA
TACCAATCATGAATGGATGCCGGAAGATCTGGTTAGCCGTATTATTAGCGCACTGACCGATAAACCGAACATTTAAGTTATGAGTCAGGAAAAAAGGCGACA
GAGTAATCTGTCGCCTTTTTTCTTTGCTTGCTTTCGCTCCCTTTGTGCGTCCAAACGGACGCACGGCGCTCTARAGCGGGTCGCGATCTTTCAGATTCGCTC
CTCGCGCTTTCAGTCTTTGTTTTGGCGCATGTCGTTATCGCAARACCGCTGCACACTTTTGCGCGACATGCTCTGATCCCCCTCATCTGGGGGGGCCTATCT
GAGGGAATTTCCGATCCGGCTCGCCTGAACCATTCTGCTTTCCACGAACTTGAAAACGCTATAGCTTCTTACCGGACCTGTAGGATCGTACAGGTTTACGCA
AGAAAATGGTTTGTTATTTTCGAATAAAAGAAGTCAATTAATGTGCTTTTAATTCTGATGAGTCGGTGACGACGAAACTTCCTCTACAAATAATTTTGTTTA
ACCCCCCGAGGAGTAGCACATGCCGAAACTGGGTATGCAGAGCATTCGTCGTCGTCAGCTGATTGATGCAACCCTGGAAGCAATTAATGAAGTTGGTATGCA
TGATGCAACCATTGCACAGATTGCACGTCGTGCCGGTGTTAGCACCGGTATTATTAGCCATTATTTCCGCGATAARAACGGTCTGCTGGAAGCAACCATGCG
TGATATTACCAGCCAGCTGCGTGATGCAGTTCTGAATCGTCTGCATGCACTGCCGCAGGGTAGCGCAGAACAGCGTCTGCAGGCAATTGTTGGTGGTAATTT
TGATGAAACCCAGGTTAGCAGCGCAGCAATGAAAGCATGGCTGGCATTTTGGGCAAGCAGCATGCATCAGCCGATGCTGTATCGTCTGCAGCAGGTTAGCAG
TCGTCGTCTGCTGAGCAATCTGGTTAGCGAATTTCGTCGTGAACTGCCTCGTGAACAGGCACAAGAGGCAGGTTATGGTCTGGCAGCACTGATTGATGGTCT
GTGGCTGCGTGCAGCACTGAGCGGTAAACCGCTGGATAAAACCCGTGCAAATAGCCTGACCCGTCATTTTATCACCCAGCATCTGCCGACCGATTAACCAAT
TATTGAACACCCTTCGGGGTGTTTTTTTGTTTCTGGTCTCCCTGTCAACGATCGTTGGCTGTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTG
TGAGCGCTCACAATTTACTCCACCGTTGGCTTTTTTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATAATGAGCACAGTACGTCTGAGC
GTGATACCCGCTCACTGAAGATGGCCCGGTAGGGCCGAARACGTACCTCTACAAATAATTTTGTTTAAGACTTAAACGATTGGCCGACCGCATGAGCCCGARAA
CGTCGTACCCAGGCAGAACGTGCAATGGAAACCCAGGGTARACTGATTGCAGCAGCACTGGGTGTTCTGCGTGARAAAGGTTATGCAGGTTTTCGTATTGCA
GATGTTCCGGGTGCAGCCGGTGTTAGCCGTGGTGCACAGAGCCATCATTTTCCGACCAAACTGGAACTGCTGCTGGCAACCTTTGAATGGCTGTATGAGCAG
ATTACCGAACGTAGCCGTGCACGTCTGGCAAAACTGAAACCGGAAGATGATGTTATTCAGCAGATGCTGGATGATGCAGCAGAATTTTTTCTGGATGATGAT
TTTAGCATCAGCCTGGATCTGATTGTTGCAGCAGATCGTGATCCGGCACTGCGTGAAGGTATTCAGCGTACCGTTGAACGTAATCGTTTTGTTGTTGAAGAT
ATGTGGCTGGGTGTGCTGGTGAGCCGTGGTCTGAGCCGTGATGATGCCGAAGATATTCTGTGGCTGATTTTTAACAGCGTTCGTGGTCTGGCAGTTCGTAGC
CTGTGGCAGAAAGATAAAGAACGTTTTGAACGTGTGCGTAATAGCACCCTGGAAATTGCACGTGAACGTTATGCAAAATTCAAACGTTGATAACTCGGTACC
AAAGAAAAATAAAAAGACGCTGAAAAGCGTCTTTTTATTTTTCGGTCCAATG

GGAGTCGTCACTAGAGGGCGATAGTGACAAACTTGACAACTCATCACTTCCTACGTAGGCTGCTAGCCTTGTCCAACCAAATGATTCGTTACCCTTTGACAG
TTTCTATCGATCTATAGATAATGCTAGCAGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAARACCGCCTCTACAAATAATTTTGTTTA
AGGAGCTATGGACTATGTTTGAAAGGCTGARATACTAGATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCATAAAGCAA
TTCTGACCAGCACCATTGAAATCCTGAAAGAATGTGGTTATAGCGGTCTGAGCATTGAAAGCGTTGCACGTCGTGCCGGTGCAAGCAAACCGACCATTTATC
GTTGGTGGACCAATAAAGCAGCACTGATTGCCGAAGTGTATGAAAATGAAAGCGAACAGGTGCGTAAATTTCCGGATCTGGGTAGCTTTAAAGCCGATCTGG
ATTTTCTGCTGCGTAATCTGTGGAAAGTTTGGCGTGARACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGCTGGACCCTGCAACCCTGA
CCCAGCTGAAAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGAAAAAACTGGTTGAAAATGCCATTAGCAATGGTGAACTGCCGAAAGATACCAATCGTG
AACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGCTGACCGTTGAACAGGATATTGAAGAATTTACCTTCCTGCTGATTA
ATGGTGTTTGTCCGGGTACACAGCGTTAAGGAAACACAGAAARAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTTCGACCAAAGGTACGTCGTGTAAGTA
GCGTAACAAACAGACAATCTGGTCTGTTTGTATTATGGAAAATTTTTCTGTATAATAGATTCAACAAACAGACAATCTGGTCTGTTTGTATTATATAGCTTC
TTACCGGACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTATTTTCGAATAAAAGGGTGTCTCAAGGTGCGTACCTTGACTGATGAGTCCGAA
AGGACGAAACACCCCTCTACAAATAATTTTGTTTAAAATGTTCCCTAATAATCAGCAAAGAGGTTACTAGATGGCAGGCGCAGTTGGTCGTCCGCGTCGTAG
TGCACCGCGTCGTGCAGGTAAAAATCCGCGTGAAGAAATTCTGGATGCAAGCGCAGAACTGTTTACCCGTCAGGGTTTTGCAACCACCAGTACCCATCAGAT
TGCAGATGCAGTTGGTATTCGTCAGGCAAGCCTGTATTATCATTTTCCGAGCAAAACCGAAATCTTTCTGACCCTGCTGAAAAGCACCGTTGAACCGAGCAC
CGTTCTGGCAGAAGATCTGAGCACCCTGGATGCAGGTCCGGAAATGCGTCTGTGGGCAATTGTTGCAAGCGAAGTTCGTCTGCTGCTGAGCACCAAATGGAA
TGTTGGTCGTCTGTATCAGCTGCCGATTGTTGGTAGCGAAGAATTTGCAGAATATCATAGCCAGCGTGAAGCACTGACCAATGTTTTTCGTGATCTGGCAAC
CGAAATTGTTGGTGATGATCCGCGTGCAGAACTGCCGTTTCATATTACCATGAGCGTTATTGAAATGCGTCGCAATGATGGTAAAATTCCGAGTCCGCTGAG
CGCAGATAGCCTGCCGGAAACCGCAATTATGCTGGCAGATGCAAGCCTGGCAGTTCTGGGTGCACCGCTGCCTGCAGATCGTGTTGAAAAAACCCTGGAACT
GATTAAACAGGCAGATGCAAAATAACTCGGTACCAAAGACGAACAATAAGACGCTGAAAAGCGTCTTTTTTCGTTTTGGTCCAGGT

GCTTTACTCCACCGTTGGCTTTTTTCCCTATCAGTGATAG
AGATTGACATCCCTATCAGTGATAGAGATAATGAGCACATAGCTTCTTACCGGACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTATTTTCG
AATAAAAGTAGTCACCGGCTGTGCTTGCCGGTCTGATGAGCCTGTGAAGGCGAAACTACCTCTACAAATAATTTTGTTTAAACCCCCGAGATGAAATACATC
CTGTTTGAGGTGTGCGAAATGGGTAAAAGCCGTGAACAGACCATGG. TATTCTG. GCAGCC G TTCGGCGAACGTGGTTATGAAGGCACC
AGCATTCAAGAAATTACCAAAGAAGCCAAAGTTAACGTTGCAATGGCCAGCTATTACTTTAATGGCAAAGAGAACCTGTACTACGAGGTGTTCAAAAAATAC
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Segment C

Segment D

Circuit

Circuit

GGTCTGGCAAATGAACTGCCGAACTTTCTGGAAAAAAACCAGTTTAATCCGATTAATGCCCTGCGTGAATATCTGACCGTTTTTACCACCCACATTAAAGAA
AATCCGGAAATTGGCACCCTGGCCTATGAAG. TTATC. G. GCGCACGCCTGG TCAAACCGTATTTTATCGGCAGCTTCGAACAGCTGAAA
GAAATTCTGCAAGAGGGTGAAAAACAGGGTGTGTTTCACTTTTTTAGCATCAACCATACCATCCATTGGATTACCAGCATTGTTCTGTTTCCGAAATTCARA
AAATTCATCGATAGCCTGGGTCCGAATGAAACCAATGATACCAATCATGAATGGATGCCGGAAGATCTGGTTAGCCGTATTATTAGCGCACTGACCGATAAA
CCGAACATTTAAGTTATGAGTCAGGAAAAAAGGCGACAGAGTAATCTGTCGCCTTTTTTCTTTGCTTGCTTTCGCTCCCTTTGTGCGTCCAAACGGACGCAC
GGCGCTCTAAAGCGGGTCGCGATCTTTCAGATTCGCTCCTCGCGCTTTCAGTCTTTGTTTTGGCGCATGTCGTTATCGCAARARACCGCTGCACACTTTTGCGC
GACATGCTCTGATCCCCCTCATCT! CTATCTGA AATTTCCGATCCGGCTCGCCTGAACCATTCTGCTTTCCACGAACTTGAAAACGCTAGTA
CGTCTGAGCGTGATACCCGCTCACTGAAGATGGCCCGGTAGGGCCGAAACGTACCTCTAC. TAATTTTGTTTAAGACTTAARACGATTGGCCGACCGCATG
AGCCCGAAACGTCGTACCCAGGCAGAACGTGCAATGGARACCCAGGGTAAACTGATTGCAGCAGCACTGGGTGTTCTGCGTGAARAAGGTTATGCAGGTTTT
CGTATTGCAGATGTTCCGGGTGCAGCCGGTGTTAGCCGTGGTGCACAGAGCCATCATTTTCCGACCAARACTGGAACTGCTGCTGGCAACCTTTGAATGGCTG
TATGAGCAGATTACCGAACGTAGCCGTGCACGTCTGGCAAAACTGAAACCGGAAGATGATGTTATTCAGCAGATGCTGGATGATGCAGCAGAATTTTTTCTG
GATGATGATTTTAGCATCAGCCTGGATCTGATTGTTGCAGCAGATCGTGATCCGGCACTGCGTGAAGGTATTCAGCGTACCGTTGAACGTAATCGTTTTGTT
GTTGAAGATATGTGGCTGGGTGTGCTGGTGAGCCGTGGTCTGAGCCGTGATGATGCCGAAGATATTCTGTGGCTGATTTTTAACAGCGTTCGTGGTCTGGCA
GTTCGTAGCCTGTGGCAGAAAGATAAAGAACGTTTTGAACGTGTGCGTAATAGCACCCTGGAAATTGCACGTGAACGTTATGCAAAATTCAAACGTTGATAA
CTCGGTACCAAAGAAARATAARAAGACGCTGAAAAGCGTCTTTTTATTTTTCGGTCCAATG

GGAGTCTATGATTGGTCCAGATTCGTTACCAATTGACAGCTAGCTCAGTCCTAGGTATATACATACATGCTTGTTTGTTTGTAAACATAGCTTCTTACCGGA
CCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTATTTTCGAATAARAAGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAA
ACCGCCTCTACAAATAATTTTGTTTAAGGAGCTATGGACTATGTTTGARAGGCTGAAATACTAGATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCT
GCGTAGTCCGCATACCCATAAAGCAATTCTGACCAGCACCATTGAAATCCTGAAAGAATGTGGTTATAGCGGTCTGAGCATTGAAAGCGTTGCACGTCGTGC
CGGTGCAAGCARACCGACCATTTATCGTTGGTGGACCAATAAAGCAGCACTGATTGCCGAAGTGTATGARAATGAAAGCGAACAGGTGCGTAAATTTCCGGA
TCTGGGTAGCTTTAAAGCCGATCTGGATTTTCTGCTGCGTAATCTGTGGARAGTTTGGCGTGAAACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGA
AGCACAGCTGGACCCTGCAACCCTGACCCAGCTGAAAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGAAAAAACTGGTTGAAAATGCCATTAGCAATGG
TGAACTGCCGARAGATACCAATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGCTGACCGTTGAACAGGATAT
TGAAGAATTTACCTTCCTGCTGATTAATGGTGTTTGTCCGGGTACACAGCGTTAAGGAAACACAGAARAARAGCCCGCACCTGACAGTGCGGGCTTTTTTTTT
TCGACCAAAGGTACGTACTCCACCGTTGGCTTTTTTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATAATGAGCACAGCGCTCAACGGG
TGTGCTTCCCGTTCTGATGAGTCCGTGAGGACGAAAGCGCCTCTACAAATAATTTTGTTTAAGAGTCTATGGACTATGTTTTCACATATGAGATACCAGGAT
GGCACGTAAAACCGCAGCAGAAGCAGAAGARACCCGTCAGCGTATTATTGATGCAGCACTGGAAGTTTTTGTTGCACAGGGTGTTAGTGATGCAACCCTGGA
TCAGATTGCACGTARAGCCGGTGTTACCCGTGGTGCAGTTTATTGGCATTTTAATGGTAAACTGGAAGTTCTGCAGGCAGTTCTGGCAAGCCGTCAGCATCC
GCTGGAACTGGATTTTACACCGGATCTGGGTATTGAACGTAGCTGGGAAGCAGTTGTTGTTGCAATGCTGGATGCAGTTCATAGTCCGCAGAGCARACAGTT
TAGCGARATTCTGATTTATCAGGGTCTGGATGARAGCGGTCTGATTCATAATCGTATGGTTCAGGCAAGCGATCGTTTTCTGCAGTATATTCATCAGGTTCT
GCGTCATGCAGTTACCCAGGGTGAACTGCCGATTAATCTGGATCTGCAGACCAGCATTGGTGTTTTTAAAGGTCTGATTACCGGTCTGCTGTATGAAGGTCT
GCGTAGCAAAGATCAGCAGGCACAGATTATCAAAGTTGCACTGGGTAGCTTTTGGGCACTGCTGCGTGAACCGCCTCGTTTTCTGCTGTGTGAAGAAGCACA
GATTAAACAGGTGAAATCCTTCGAATAATTCAGCCAAAAAACTTAAGACCGCCGGTCTTGTCCACTACCTTGCAGTAATGCGGTGGACAGGATCGGCGGTTT
TCTTTTCTCTTCTCAAAGGTCGACGTACGGTGGAATCTGATTCGTTACCAATTGACATGATACGAAACGTACCGTATCGTTAAGGTAGTAGTCACCGGCTGT
GCTTGCCGGTCTGATGAGCCTGTGAAGGCGAAACTACCTCTACAAATAATTTTGTTTAAACCCCCGAGATGARATACATCCTGTTTGAGGTGTGCGAAATGG
GTAAAAGCCGTGAACAGACCATGGAAAATATTCTGAAAGCAGCCARAAAGAAATTCGGCGAACGTGGTTATGAAGGCACCAGCATTCAAGAAATTACCAAAG
AAGCCAAAGTTAACGTTGCAATGGCCAGCTATTACTTTAATGGCAAAGAGAACCTGTACTACGAGGTGTTCAAAARATACGGTCTGGCARATGAACTGCCGA
ACTTTCTGGAAAAAAACCAGTTTAATCCGATTAATGCCCTGCGTGAATATCTGACCGTTTTTACCACCCACATTAAAGAAAATCCGGAAATTGGCACCCTGG
CCTATGAAGAAATTATCAAAGAAAGCGCACGCCTGGAAAARATCARACCGTATTTTATCGGCAGCTTCGAACAGCTGARAAGAAATTCTGCAAGAGGGTGAAA
AACAGGGTGTGTTTCACTTTTTTAGCATCAACCATACCATCCATTGGATTACCAGCATTGTTCTGTTTCCGARATTCAAAAAATTCATCGATAGCCTGGGTC
CGAATGAAACCAATGATACCAATCATGAATGGATGCCGGAAGATCTGGTTAGCCGTATTATTAGCGCACTGACCGATARACCGAACATTTAAGTTATGAGTC
AGGAAAAAAGGCGACAGAGTAATCTGTCGCCTTTTTTCTTTGCTTGCTTTAATG

GGAGCCCTTTGTGCGTCCARACGGACGCACGGCGCTCTAAAGCGGGTCGCGATCTTTCAGATTCGCTCCTCGCGCTTTCAGTCTTTGTTTTGGCGCATGTCG
TTATCGCAAAACCGCTGCACACTTTTGCGCGACATGCTCTGATCCCCCTCATCTGGGGGGGCCTATCTGAGGGAATTTCCGATCCGGCTCGCCTGAACCATT
CTGCTTTCCACGAACTTGAAAACGCTACCAGGAATCTGAACGATTCGTTACCAATTGCCATATTTARAATTCTTGTTTAARATGCTAGCAGCGGTCAACGCA
TGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAAACCGCCTCTACARATAATTTTGTTTAACTATGGACTATGTTTGAAAGGGAGAAATACTAGATGGCAC
GTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCATAAAGCAATTCTGACCAGCACCATTGAAATCCTGAAAGAATGTGGTTATAGCG
GTCTGAGCATTGAAAGCGTTGCACGTCGTGCCGGTGCAAGCAAACCGACCATTTATCGTTGGTGGACCAATAAAGCAGCACTGATTGCCGAAGTGTATGAAA
ATGAAAGCGAACAGGTGCGTAAATTTCCGGATCTGGGTAGCTTTAAAGCCGATCTGGATTTTCTGCTGCGTAATCTGTGGARAGTTTGGCGTGAAACCATTT
GTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGCTGGACCCTGCAACCCTGACCCAGCTGARAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGA
AARAACTGGTTGAAAATGCCATTAGCAATGGTGAACTGCCGARAGATACCAATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGC
TGACCGAACAGCTGACCGTTGAACAGGATATTGAAGAATTTACCTTCCTGCTGATTAATGGTGTTTGTCCGGGTACACAGCGTTAAGGARACACAGARAAAA
GCCCGCACCTGACAGTGCGGGCTTTTTTTTTTCGACCAAAGGTACGTCGTGTAAGTAGCGTAACAAACAGACAATCTGGTCTGTTTGTATTATGGAAAATTT
TTCTGTATAATAGATTCAACAAACAGACAATCTGGTCTGTTTGTATTATATAGCTTCTTACCGGACCTGTAGGATCGTACAGGTTTACGCAAGAARAATGGTT
TGTTATTTTCGAATAAAAGGGTGTCTCAAGGTGCGTACCTTGACTGATGAGTCCGAAAGGACGAARACACCCCTCTACAARATAATTTTGTTTARAAATGTTCCC
TAATAATCAGCAAAGAGGTTACTAGATGGCAGGCGCAGTTGGTCGTCCGCGTCGTAGTGCACCGCGTCGTGCAGGTAARAATCCGCGTGAAGARATTCTGGA
TGCAAGCGCAGAACTGTTTACCCGTCAGGGTTTTGCAACCACCAGTACCCATCAGATTGCAGATGCAGTTGGTATTCGTCAGGCAAGCCTGTATTATCATTT
TCCGAGCAAAACCGAAATCTTTCTGACCCTGCTGAAAAGCACCGTTGAACCGAGCACCGTTCTGGCAGAAGATCTGAGCACCCTGGATGCAGGTCCGGAAAT
GCGTCTGTGGGCAATTGTTGCAAGCGAAGTTCGTCTGCTGCTGAGCACCAAATGGAATGTTGGTCGTCTGTATCAGCTGCCGATTGTTGGTAGCGAAGAATT
TGCAGAATATCATAGCCAGCGTGAAGCACTGACCAATGTTTTTCGTGATCTGGCAACCGAAATTGTTGGTGATGATCCGCGTGCAGAACTGCCGTTTCATAT
TACCATGAGCGTTATTGAAATGCGTCGCAATGATGGTARAATTCCGAGTCCGCTGAGCGCAGATAGCCTGCCGGARACCGCAATTATGCTGGCAGATGCAAG
CCTGGCAGTTCTGGGTGCACCGCTGCCTGCAGATCGTGTTGAAAAAACCCTGGAACTGATTARACAGGCAGATGC TAACTCGGTACC. GACGAACA
ATAAGACGCTGAAAAGCGTCTTTTTTCGTTTTGGTCCAGGT

GCTTTCGTCACTAGAGGGCGATAGTGACAARACTTGAC
AACTCATCACTTCCTACGTAGGCTGCTAGCCGCTCATTCACTAGGTCTGATTCGTTACCAATTGACAGCTGGTGGTCGAATCAAGATAATAGACCAGTCACT
ATATTTAGACTGTCGCCGGATGTGTATCCGACCTGACGATGGCCCAAAAGGGCCGAAACAGTCCTCTACAAATAATTTTGTTTAACCAAACGAGGCCGGGAG
GATGGAAAGCACCCCGACCAAACAGARAGCAATTTTTAGCGCAAGCCTGCTGCTGTTTGCAGAACGTGGTTTTGATGCAACCACCATGCCGATGATTGCAGA
ARATGCAAAAGTTGGTGCAGGCACCATTTATCGCTATTTCAAARACAAAGAAAGCCTGGTGAACGAACTGTTTCAGCAGCATGTTAATGAATTTCTGCAGTG
TATTGAAAGCGGTCTGGCAAATGAACGTGATGGTTATCGTGATGGCTTTCATCACATTTTTGAAGGTATGGTGACCTTTACCAAAAATCATCCGCGTGCACT
GGGTTTTATCAAAACCCATAGCCAGGGCACCTTTCTGACCGAAGARAGCCGTCTGGCATATCAGAAACTGGTTGAATTTGTGTGCACCTTTTTTCGTGAAGG
TCAGAAACAGGGTGTGATTCGTAATCTGCCGGAAAATGCACTGATTGCAATTCTGTTTGGCAGCTTTATGGAAGTGTATGAAATGATCGAGAACGATTATCT
GAGCCTGACCGATGAACTGCTGACCGGTGTTGAAGAAAGCCTGTGGGCAGCACTGAGCCGTCAGAGCTAACTCGGTACCAAATTCCAGAAAAGAGACGCTTT
CGAGCGTCTTTTTTCGTTTTGGTCCCGCTACCAGGAATCTGAACGATTCGTTACCAATTGCCATATTTARAATTCTTGTTTAARATGCTAGCCTTGTCCAAC
CAAATGATTCGTTACCCTTTGACAGTTTCTATCGATCTATAGATAATGCTAGCAGGAGTCAATTAATGTGCTTTTAATTCTGATGAGACGGTGACGTCGARA
CTCCCTCTACAAATAATTTTGTTTAATACGCTATGGACTATGTTTTCTGCTATGGACTATGTTTTCACACACGAGATGCCTCGATGAGCTATGGTGATAGCC
GTGAAAAAATTCTGAGCGCAGCAACCCGTCTGTTTCAGCTGCAGGGTTATTATGGCACCGGTCTGAATCAGATTATCARAAGAAAGCGGTGCACCGAAAGGTA
GCCTGTATTATCATTTTCCGGGTGGTAAAGAACAGCTGGCAATTGAAGCAGTGAACGAAATG GAATATATCCGCCAG TCGCCGATTGTATGGAAG
CATGTACCGATCCGGCAGAAGGTATTCAGGCATTTCTGAAAGAACTGAGCTGTCAGTTTAGCTGTACCGAAGATATTGAAGGTCTGCCGGTTGGTCTGCTGG
CAGCAGAAACCAGCCTGAAAAGCGAACCGCTGCGTGAAGCATGTCATGAAGCATATAAAGAATGGGCCAGCGTGTATGAAGAARAAACTGCGTCAGACCGGTT
GTAGCGAAAGCCGTGCAAAAGAAGCAAGCACCGTTGTTAATGCAATGATTGAAGGTGGTATTCTGCTGAGCCTGACCGCARAARATAGCACACCGCTGCTGC
ATATTAGCAGCTGTATTCCGGATCTGCTGAAACGTTAATAAGGTTGAAAAATAAAAACGGCGCTAAAAAGCGCCGTTTTTTTTGACGGTGGTATGTCTCGTG
TAAGTAGCGTAACAAACAGACAATCTGGTCTGTTTGTATTATGGAAAATTTTTCTGTATAATAGATTCAACAAACAGACAATCTGGTCTGTTTGTATTATTA
CTCCACCGTTGGCTTTTTTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATAATGAGCACAGTAGTCACCGGCTGTGCTTGCCGGTCTGA
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TGAGCCTGTGAAGGCGAAACTACCTCTACAAATAATTTTGTTTAAACCCCCGAGATGAAATACATCCTGTTTGAGGTGTGCGAAATGGGTAAAAGCCGTGAA
CAGACCATGG. TATTCTG GCAGCC. G. TTCGGCGAACGTGGTTATGAAGGCACCAGCATTCAAGAAATTACCAAAGAAGCCAAAGTTAAC
GTTGCAATGGCCAGCTATTACTTTAATGGCARAAGAGAACCTGTACTACGAGGTGTTCAAAAAATACGGTCTGGCAAATGAACTGCCGAACTTTCTGGARAAA
AACCAGTTTAATCCGATTAATGCCCTGCGTGAATATCTGACCGTTTTTACCACCCACATTAAAGAAAATCCGGAAATTGGCACCCTGGCCTATGAAGAAATT
ATCAAAGAAAGCGCACGCCTGGAAAAAATCAAACCGTATTTTATCGGCAGCTTCGAACAGCTG G. TTCTGC. TG. CAGGGTGTGTTT
CACTTTTTTAGCATCAACCATACCATCCATTGGATTACCAGCATTGTTCTGTTTCCGAAATTCARAAAATTCATCGATAGCCTGGGTCCGAATGAAACCAAT
GATACCAATCATGAATGGATGCCGGAAGATCTGGTTAGCCGTATTATTAGCGCACTGACCGATARACCGAACATTTAAGTTATGAGTCAGGAARAARAGGCGA
CAGAGTAATCTGTCGCCTTTTTTCTTTGCTTGCTTTTCTGATAGCTTCTTACCGGACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTATTTT
CGAATAAATACTCCACCGTTGGCTTTTTTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATAATGAGCACAGTACGTCTGAGCGTGATAC
CCGCTCACTGAAGATGGCCCGGTAGGGCCGAAACGTACCTCTACARATAATTTTGTTTAAGACTTARACGATTGGCCGACCGCATGAGCCCGARACGTCGTA
CCCAGGCAGAACGTGCAATGGAAACCCAGGGTAAACTGATTGCAGCAGCACTGGGTGTTCTGCGTGAAAAAGGTTATGCAGGTTTTCGTATTGCAGATGTTC
CGGGTGCAGCCGGTGTTAGCCGTGGTGCACAGAGCCATCATTTTCCGACCAAACTGGAACTGCTGCTGGCAACCTTTGAATGGCTGTATGAGCAGATTACCG
AACGTAGCCGTGCACGTCTGGCAARACTGAAACCGGAAGATGATGTTATTCAGCAGATGCTGGATGATGCAGCAGAATTTTTTCTGGATGATGATTTTAGCA
TCAGCCTGGATCTGATTGTTGCAGCAGATCGTGATCCGGCACTGCGTGAAGGTATTCAGCGTACCGTTGAACGTAATCGTTTTGTTGTTGAAGATATGTGGC
TGGGTGTGCTGGTGAGCCGTGGTCTGAGCCGTGATGATGCCGAAGATATTCTGTGGCTGATTTTTAACAGCGTTCGTGGTCTGGCAGTTCGTAGCCTGTGGC
AGAAAGATAARAGAACGTTTTGAACGTGTGCGTAATAGCACCCTGGAAATTGCACGTGAACGTTATGCAAAATTCAAACGTTGATAACTCGGTACCARAGAAA
T. GACGCTG GCGTCTTTTTATTTTTCGGTCCAATG

GGAGTCTATGATTGGTCCAGATTCGTTACCAATTGACAGCTAGCTCAGTCCTAGGTATATACATACATGCTTGTTTGTTTGTARACATAGCTTCTTACCGGA
CCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTTGTTATTTTCGAATAAAAGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAA
ACCGCCTCTACAAATAATTTTGTTTAACTTTACGAGGGCGATCCTATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCAT
ARAGCAATTCTGACCAGCACCATTGAAATCCTGAAAGAATGTGGTTATAGCGGTCTGAGCATTGAAAGCGTTGCACGTCGTGCCGGTGCAAGCAAACCGACC
ATTTATCGTTGGTGGACCAATAAAGCAGCACTGATTGCCGAAGTGTATGAAAATGAAAGCGAACAGGTGCGTAAATTTCCGGATCTGGGTAGCTTTAAAGCC
GATCTGGATTTTCTGCTGCGTAATCTGTGGAAAGTTTGGCGTGAAACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGCTGGACCCTGCA
ACCCTGACCCAGCTGAAAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGARAAAAACTGGTTGAAAATGCCATTAGCAATGGTGAACTGCCGAAAGATACC
AATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGCTGACCGTTGAACAGGATATTGAAGAATTTACCTTCCTG
CTGATTAATGGTGTTTGTCCGGGTACACAGCGTTAAGGAAACACAGAAAARAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTTCGACCAAAGGTACGACCA
GGAATCTGAACGATTCGTTACCAATTGCCATATTTAAAATTCTTGTTTAAAATGCTAGCTACTCCACCGTTGGCTTTTTTCCCTATCAGTGATAGAGATTGA
CATCCCTATCAGTGATAGAGATAATGAGCACAGCGCTCAACGGGTGTGCTTCCCGTTCTGATGAGTCCGTGAGGACGAAAGCGCCTCTACARATAATTTTGT
TTAACTATGGACTATGTTTTCACACAGGAAATACCAGGATGGCACGTAAAACCGCAGCAGAAGCAGAAGAAACCCGTCAGCGTATTATTGATGCAGCACTGG
AAGTTTTTGTTGCACAGGGTGTTAGTGATGCAACCCTGGATCAGATTGCACGTAAAGCCGGTGTTACCCGTGGTGCAGTTTATTGGCATTTTAATGGTAAAC
TGGAAGTTCTGCAGGCAGTTCTGGCAAGCCGTCAGCATCCGCTGGAACTGGATTTTACACCGGATCTGGGTATTGAACGTAGCTGGGAAGCAGTTGTTGTTG
CAATGCTGGATGCAGTTCATAGTCCGCAGAGCAAACAGTTTAGCGAAATTCTGATTTATCAGGGTCTGGATGAAAGCGGTCTGATTCATAATCGTATGGTTC
AGGCAAGCGATCGTTTTCTGCAGTATATTCATCAGGTTCTGCGTCATGCAGTTACCCAGGGTGAACTGCCGATTAATCTGGATCTGCAGACCAGCATTGGTG
TTTTTAAAGGTCTGATTACCGGTCTGCTGTATGAAGGTCTGCGTAGCAAAGATCAGCAGGCACAGATTATCAAAGTTGCACTGGGTAGCTTTTGGGCACTGC
TGCGTGAACCGCCTCGTTTTCTGCTGTGTGAAGAAGCACAGATTARACAGGTGAAATCCTTCGAATAATTCAGCCAAAAAACTTAAGACCGCCGGTCTTGTC
CACTACCTTGCAGTAATGCGGTGGACAGGATCGGCGGTTTTCTTTTCTCTTCTCAAAGGTCCCTTTGTGCGTCCAAACGGACGCACGGCGCTCTARAGCGGG
TCGCGATCTTTCAGATTCGCTCCTCGCGCTTTCAGTCTTTGTTTTGGCGCATGTCGTTATCGCARAACCGCTGCACACTTTTGCGCGACATGCTCTGATCCC
CCTCATCTGGGGGGGCCTATCTGAGGGAATTTCCGATCCGGCTCGCCTGAACCATTCTGCTTTCCACGAACTTGAAAACGCTAGTAGTCACCGGCTGTGCTT
GCCGGTCTGATGAGCCTGTGAAGGCGAAACTACCTCTACARATAATTTTGTTTAAACCCCCGAGATGAAATACATCCTGTTTGAGGTGTGCGARATGGGTAA
AAGCCGTGAACAGACCATGGAAAATATTCTGAAAGCAGCCAARAAAGAAATTCGGCGAACGTGGTTATGAAGGCACCAGCATTCAAGAAATTACCAAAGAAGC
CAAAGTTAACGTTGCAATGGCCAGCTATTACTTTAATGGCAAAGAGAACCTGTACTACGAGGTGTTCAAAAAATACGGTCTGGCAAATGAACTGCCGAACTT
TCTGGAAAAAAACCAGTTTAATCCGATTAATGCCCTGCGTGAATATCTGACCGTTTTTACCACCCACATTAAAGAAAATCCGGAAATTGGCACCCTGGCCTA
TGAAGAAATTATCAAAGAAAGCGCACGCCTGGAAAAAATCAAACCGTATTTTATCGGCAGCTTCGAACAGCTGARAAGAAATTCTGCAAGAGGGTGARARACA
GGGTGTGTTTCACTTTTTTAGCATCAACCATACCATCCATTGGATTACCAGCATTGTTCTGTTTCCGAAATTCARAAAATTCATCGATAGCCTGGGTCCGAA
TGAAACCAATGATACCAATCATGAATGGATGCCGGAAGATCTGGTTAGCCGTATTATTAGCGCACTGACCGATARACCGAACATTTAAGTTATGAGTCAGGA
AAAAAGGCGACAGAGTAATCTGTCGCCTTTTTTCTTTGCTTGCTTTAATG

GGAGAATCCGCGTGATAGGTCTGATTCGTTACCAATTGACGGAATGAACGTTCATTCCGATAATGCTAGCATAGCTTCTTACCGGACCTGTAGGATCGTACA
GGTTTACGCAAGAAAATGGTTTGTTATTTTCGAATAAAAGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATGTCGAARACCGCCTCTACAAATA
ATTTTGTTTAACTATGGACTATGTTTGAAAGGGAGAAATACTAGATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCATA
AAGCAATTCTGACCAGCACCATTGAAATCCTGARAGAATGTGGTTATAGCGGTCTGAGCATTGAARAGCGTTGCACGTCGTGCCGGTGCAAGCARACCGACCA
TTTATCGTTGGTGGACCAATAAAGCAGCACTGATTGCCGAAGTGTATGAARATGARAGCGAACAGGTGCGTAAATTTCCGGATCTGGGTAGCTTTARAGCCG
ATCTGGATTTTCTGCTGCGTAATCTGTGGARAGTTTGGCGTGAAACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGCTGGACCCTGCAA
CCCTGACCCAGCTGAAAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGAAAARAACTGGTTGARAATGCCATTAGCAATGGTGAACTGCCGAAAGATACCA
ATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGCTGACCGTTGAACAGGATATTGAAGAATTTACCTTCCTGC
TGATTAATGGTGTTTGTCCGGGTACACAGCGTTAAGGARACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTTCGACCAAAGGTACGCCCTT
TGTGCGTCCAAACGGACGCACGGCGCTCTARAGCGGGTCGCGATCTTTCAGATTCGCTCCTCGCGCTTTCAGTCTTTGTTTTGGCGCATGTCGTTATCGCAA
AACCGCTGCACACTTTTGCGCGACATGCTCTGATCCCCCTCATCTGGGGGGGCCTATCTGAGGGAATTTCCGATCCGGCTCGCCTGAACCATTCTGCTTTCC
ACGAACTTGAAAACGCTAGGGTGTCTCAAGGTGCGTACCTTGACTGATGAGTCCGAARAGGACGAAACACCCCTCTACAAATAATTTTGTTTAARATGTTCCC
TAATAATCAGCAAAGAGGTTACTAGATGGCAGGCGCAGTTGGTCGTCCGCGTCGTAGTGCACCGCGTCGTGCAGGTAARAATCCGCGTGAAGARATTCTGGA
TGCAAGCGCAGAACTGTTTACCCGTCAGGGTTTTGCAACCACCAGTACCCATCAGATTGCAGATGCAGTTGGTATTCGTCAGGCAAGCCTGTATTATCATTT
TCCGAGCAAAACCGAAATCTTTCTGACCCTGCTGAAAAGCACCGTTGAACCGAGCACCGTTCTGGCAGAAGATCTGAGCACCCTGGATGCAGGTCCGGARAT
GCGTCTGTGGGCAATTGTTGCAAGCGAAGTTCGTCTGCTGCTGAGCACCAAATGGAATGTTGGTCGTCTGTATCAGCTGCCGATTGTTGGTAGCGAAGAATT
TGCAGAATATCATAGCCAGCGTGAAGCACTGACCAATGTTTTTCGTGATCTGGCAACCGAAATTGTTGGTGATGATCCGCGTGCAGAACTGCCGTTTCATAT
TACCATGAGCGTTATTGAAATGCGTCGCAATGATGGTARAATTCCGAGTCCGCTGAGCGCAGATAGCCTGCCGGARACCGCAATTATGCTGGCAGATGCAAG
CCTGGCAGTTCTGGGTGCACCGCTGCCTGCAGATCGTGTTGAAAARAACCCTGGAACTGATTAAACAGGCAGATGC TAACTCGGTACC GACGAACA
ATAAGACGCTGAAAAGCGTCTTTTTTCGTTTTGGTCCAGGTCCCTTTGTGCGTCCAAACGGACGCACGGCGCTCTAAAGCGGGTCGCGATCTTTCAGATTCG
CTCCTCGCGCTTTCAGTCTTTGTTTTGGCGCATGTCGTTATCGCARAACCGCTGCACACTTTTGCGCGACATGCTCTGATCCCCCTCATCTGGGGGGGCCTA
TCTGAGGGAATTTCCGATCCGGCTCGCCTGAACCATTCTGCTTTCCACGAACTTGAAARACGCTAGCGCGGGTGAGAGGGATTCGTTACCAATAGACAATTGA
TTGGACGTTCAATATAATGCTAGCAGACTGTCGCCGGATGTGTATCCGACCTGACGATGGCCCARAAGGGCCGARACAGTCCTCTACARATAATTTTGTTTA
ACCAAACGAGGCCGGGAGGATGGAAAGCACCCCGACCAAACAGAAAGCAATTTTTAGCGCAAGCCTGCTGCTGTTTGCAGAACGTGGTTTTGATGCAACCAC
CATGCCGATGATTGCAGAAAATGCAAAAGTTGGTGCAGGCACCATTTATCGCTATTTCAAARACAAAGAAAGCCTGGTGAACGAACTGTTTCAGCAGCATGT
TAATGAATTTCTGCAGTGTATTGAAAGCGGTCTGGCAAATGAACGTGATGGTTATCGTGATGGCTTTCATCACATTTTTGAAGGTATGGTGACCTTTACCAA
AAATCATCCGCGTGCACTGGGTTTTATCAARACCCATAGCCAGGGCACCTTTCTGACCGAAGARAGCCGTCTGGCATATCAGAAACTGGTTGAATTTGTGTG
CACCTTTTTTCGTGAAGGTCAGAAACAGGGTGTGATTCGTAATCTGCCGGAAARATGCACTGATTGCAATTCTGTTTGGCAGCTTTATGGAAGTGTATGARAT
GATCGAGAACGATTATCTGAGCCTGACCGATGAACTGCTGACCGGTGTTGAAGARAAGCCTGTGGGCAGCACTGAGCCGTCAGAGCTAACTCGGTACCAAATT
CCAGAAAAGAGACGCTTTCGAGCGTCTTTTTTCGTTTTGGTCCGCTTCTTGTCCAACCAAATGATTCGTTACCCTTTGACAGTTTCTATCGATCTATAGATA
ATGCTAGCTACTCCACCGTTGGCTTTTTTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATAATGAGCACAGGAGTCAATTAATGTGCTT
TTAATTCTGATGAGACGGTGACGTCGAAACTCCCTCTACAAATAATTTTGTTTAATACGCTATGGACTATGTTTTCTGCTATGGACTATGTTTTCACACACG
AGATGCCTCGATGAGCTATGGTGATAGCCGTGARARAATTCTGAGCGCAGCAACCCGTCTGTTTCAGCTGCAGGGTTATTATGGCACCGGTCTGAATCAGAT
TATCAAAGAAAGCGGTGCACCGAAAGGTAGCCTGTATTATCATTTTCCGGGTGGTARAGAACAGCTGGCAATTGAAGCAGTGAACGAAATGAAAGAATATAT
CCGCCAGAAAATCGCCGATTGTATGGAAGCATGTACCGATCCGGCAGAAGGTATTCAGGCATTTCTGAAAGAACTGAGCTGTCAGTTTAGCTGTACCGAAGA
TATTGAAGGTCTGCCGGTTGGTCTGCTGGCAGCAGAAACCAGCCTGAAAAGCGAACCGCTGCGTGAAGCATGTCATGAAGCATATAAAGAATGGGCCAGCGT
GTATGAAGAAARACTGCGTCAGACCGGTTGTAGCGAAAGCCGTGCAAAAGAAGCAAGCACCGTTGTTAATGCAATGATTGAAGGTGGTATTCTGCTGAGCCT
GACCGCAAAAAATAGCACACCGCTGCTGCATATTAGCAGCTGTATTCCGGATCTGCTGAAACGTTAATAAGGTTGAAARAATAAAAACGGCGCTAAAAAGCGC
CGTTTTTTTTGACGGTGGTACGCTTCGTGTAAGTAGCGTAACAAACAGACAATCTGGTCTGTTTGTATTATGGARAATTTTTCTGTATAATAGATTCAACAA
ACAGACAATCTGGTCTGTTTGTATTATAGTAGTCACCGGCTGTGCTTGCCGGTCTGATGAGCCTGTGAAGGCGAAACTACCTCTACAAATAATTTTGTTTAA
ACCCCCGAGATGAAATACATCCTGTTTGAGGTGTGCGAAATGGGTAAAAGCCGTGAACAGACCATGGAAAATATTCTGAAAGCAGCCAAAAAGAAATTCGGC
GAACGTGGTTATGAAGGCACCAGCATTCAAGAAATTACCAAAGAAGCCAAAGTTAACGTTGCAATGGCCAGCTATTACTTTAATGGCARAGAGAACCTGTAC
TACGAGGTGTTCAAAARATACGGTCTGGCAAATGAACTGCCGAACTTTCTGGAARAARAACCAGTTTAATCCGATTAATGCCCTGCGTGAATATCTGACCGTT
TTTACCACCCACATTAAAGAAAATCCGGAAATTGGCACCCTGGCCTATGAAGAAATTATCAAAGAAAGCGCACGCCTGGAAAARAATCARAACCGTATTTTATC
GGCAGCTTCGAACAGCTGAAAGAAATTCTGCAAGAGGGTGAAAAACAGGGTGTGTTTCACTTTTTTAGCATCAACCATACCATCCATTGGATTACCAGCATT
GTTCTGTTTCCGAAATTCAAARAATTCATCGATAGCCTGGGTCCGAATGAARACCAATGATACCAATCATGAATGGATGCCGGAAGATCTGGTTAGCCGTATT
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ATTAGCGCACTGACCGATAAACCGAACATTTAAGTTATGAGTCAGGAAAAAAGGCGACAGAGTAATCTGTCGCCTTTTTTCTTTGCTTGCTTTTGTCTACTC
CACCGTTGGCTTTTTTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATAATGAGCACAGAAGTCAATTAATGTGCTTTTAATTCTGATGA
GTCGGTGACGACGAAACTTCCTCTACAAATAATTTTGTTTAACCCCCCGAGGAGTAGCACATGCCGAAACTGGGTATGCAGAGCATTCGTCGTCGTCAGCTG
ATTGATGCAACCCTGGAAGCAATTAATGAAGTTGGTATGCATGATGCAACCATTGCACAGATTGCACGTCGTGCCGGTGTTAGCACCGGTATTATTAGCCAT
TATTTCCGCGATAAAAACGGTCTGCTGGAAGCAACCATGCGTGATATTACCAGCCAGCTGCGTGATGCAGTTCTGAATCGTCTGCATGCACTGCCGCAGGGT
AGCGCAGAACAGCGTCTGCAGGCAATTGTTGGTGGTAATTTTGATGAAACCCAGGTTAGCAGCGCAGCAATGAAAGCATGGCTGGCATTTTGGGCARGCAGC
ATGCATCAGCCGATGCTGTATCGTCTGCAGCAGGTTAGCAGTCGTCGTCTGCTGAGCAATCTGGTTAGCGAATTTCGTCGTGAACTGCCTCGTGAACAGGCA
CAAGAGGCAGGTTATGGTCTGGCAGCACTGATTGATGGTCTGTGGCTGCGTGCAGCACTGAGCGGTAAACCGCTGGATAAAACCCGTGCAAATAGCCTGACC
CGTCATTTTATCACCCAGCATCTGCCGACCGATTAACCAATTATTGAACACCCTTCGGGGTGTTTTTTTGTTTCTGGTCTCCCTCTGAACGATCGTTGGCTG
TGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGCTCACAATTCGCTCATTCACTAGGTCTGATTCGTTACCAATTGACAGCTGGTGGT
CGAATCAAGATAATAGACCAGTCACTATATTTAGTACGTCTGAGCGTGATACCCGCTCACTGAAGATGGCCCGGTAGGGCCGAAACGTACCTCTACAAATAA
TTTTGTTTAAGACTTARACGATTGGCCGACCGCATGAGCCCGAAACGTCGTACCCAGGCAGAACGTGCAATGGARACCCAGGGTARACTGATTGCAGCAGCA
CTGGGTGTTCTGCGTGAAAAAGGTTATGCAGGTTTTCGTATTGCAGATGTTCCGGGTGCAGCCGGTGTTAGCCGTGGTGCACAGAGCCATCATTTTCCGACC
AAACTGGAACTGCTGCTGGCAACCTTTGAATGGCTGTATGAGCAGATTACCGAACGTAGCCGTGCACGTCTGGCAAAACTGAAACCGGAAGATGATGTTATT
CAGCAGATGCTGGATGATGCAGCAGAATTTTTTCTGGATGATGATTTTAGCATCAGCCTGGATCTGATTGTTGCAGCAGATCGTGATCCGGCACTGCGTGAA
GGTATTCAGCGTACCGTTGAACGTAATCGTTTTGTTGTTGAAGATATGTGGCTGGGTGTGCTGGTGAGCCGTGGTCTGAGCCGTGATGATGCCGAAGATATT
CTGTGGCTGATTTTTAACAGCGTTCGTGGTCTGGCAGTTCGTAGCCTGTGGCAGAAAGATAAAGAACGTTTTGAACGTGTGCGTAATAGCACCCTGGARAATT
GCACGTGAACGTTATGCAAAATTCAAACGTTGATAACTCGGTACCAAAGARAAATAAAAAGACGCTGAARAGCGTCTTTTTATTTTTCGGTCCAATG

GGAGT A 5 TGGT

T TACGTCGTGTAAGTAGCGTAACAAACAGACAATCTGGTCTGTTTGTATTA
TGGAAAATTTTTCTGTATAATAGATTCAACAAACAGACAATCTGGTCTGTTTGTATTATAGCGGTCAACGCATGTGCTTTGCGTTCTGATGAGACAGTGATG
TCGAAACCGCCTCTACAAATAATTTTGTTTAACTATGGACTATGTTTGAAAGGGAGARATACTAGATGGCACGTACCCCGAGCCGTAGCAGCATTGGTAGCC
TGCGTAGTCCGCATACCCATAAAGCAATTCTGACCAGCACCATTGAAATCCTGAAAGAATGTGGTTATAGCGGTCTGAGCATTGAAAGCGTTGCACGTCGTG
CCGGTGCAAGCAAACCGACCATTTATCGTTGGTGGACCAATAAAGCAGCACTGATTGCCGAAGTGTATGAAAATGAAAGCGAACAGGTGCGTAAATTTCCGG
ATCTGGGTAGCTTTAAAGCCGATCTGGATTTTCTGCTGCGTAATCTGTGGAAAGTTTGGCGTGAAACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAG
AAGCACAGCTGGACCCTGCAACCCTGACCCAGCTGARAGATCAGTTTATGGAACGTCGTCGTGAGATGCCGARAAAACTGGTTGAARAATGCCATTAGCAATG
GTGAACTGCCGAAAGATACCAATCGTGAACTGCTGCTGGATATGATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGCTGACCGTTGAACAGGATA
TTGAAGAATTTACCTTCCTGCTGATTAATGGTGTTTGTCCGGGTACACAGCGTTAAGGARACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTT
TTCGACCAAAGGAGGTATAGCTTCTTACCGGACCTGTAGGATCGTACAGGTTTACGCAAGAARATGGTTTGTTATTTTCGAATARAAGGGTGTCTCAAGGTG
CGTACCTTGACTGATGAGTCCGAARAGGACGARACACCCCTCTAC. TAATTTTGTTT. TGTTCCCTAATAATCAGC GAGGTTACTAGATGGCAGG
CGCAGTTGGTCGTCCGCGTCGTAGTGCACCGCGTCGTGCAGGTAAAAATCCGCGTGAAGAAATTCTGGATGCAAGCGCAGAACTGTTTACCCGTCAGGGTTT
TGCAACCACCAGTACCCATCAGATTGCAGATGCAGTTGGTATTCGTCAGGCAAGCCTGTATTATCATTTTCCGAGCAAAACCGAAATCTTTCTGACCCTGCT
GAARAGCACCGTTGAACCGAGCACCGTTCTGGCAGAAGATCTGAGCACCCTGGATGCAGGTCCGGARATGCGTCTGTGGGCAATTGTTGCAAGCGAAGTTCG
TCTGCTGCTGAGCACCAAATGGAATGTTGGTCGTCTGTATCAGCTGCCGATTGTTGGTAGCGAAGAATTTGCAGAATATCATAGCCAGCGTGAAGCACTGAC
CAATGTTTTTCGTGATCTGGCAACCGAARATTGTTGGTGATGATCCGCGTGCAGAACTGCCGTTTCATATTACCATGAGCGTTATTGARATGCGTCGCAATGA
TGGTARAATTCCGAGTCCGCTGAGCGCAGATAGCCTGCCGGAAACCGCAATTATGCTGGCAGATGCAAGCCTGGCAGTTCTGGGTGCACCGCTGCCTGCAGA
TCGTGTTGAAAAAACCCTGGAACTGATTAAACAGGCAGATGCAAAATAACTCGGTACCARAGACGAACAATAAGACGCTGARAAGCGTCTTTTTTCGTTTTG
GTCCGCTTTGTATAAAGTCCGCCATTGGATCCAATTGACAGCTAGCTCAGTCCTAGGTACCATTGGATCCAATCGCTCATTCACTAGGTCTGATTCGTTACC
AATTGACAGCTGGTGGTCGAATCAAGATAATAGACCAGTCACTATATTTAGACTGTCGCCGGATGTGTATCCGACCTGACGATGGCCCARAAGGGCCGARAC
AGTCCTCTACAAATAATTTTGTTTAACCAAACGAGGCCGGGAGGATGGAAAGCACCCCGACCAAACAGAAAGCAATTTTTAGCGCAAGCCTGCTGCTGTTTG
CAGAACGTGGTTTTGATGCAACCACCATGCCGATGATTGCAGAAAATGCARAAGTTGGTGCAGGCACCATTTATCGCTATTTCAAAAACARAGAAAGCCTGG
TGAACGAACTGTTTCAGCAGCATGTTAATGAATTTCTGCAGTGTATTGAAAGCGGTCTGGCARATGAACGTGATGGTTATCGTGATGGCTTTCATCACATTT
TTGAAGGTATGGTGACCTTTACCAAAAATCATCCGCGTGCACTGGGTTTTATCARAACCCATAGCCAGGGCACCTTTCTGACCGAAGARAGCCGTCTGGCAT
ATCAGAAACTGGTTGAATTTGTGTGCACCTTTTTTCGTGAAGGTCAGAAACAGGGTGTGATTCGTAATCTGCCGGAAAATGCACTGATTGCAATTCTGTTTG
GCAGCTTTATGGAAGTGTATGAARATGATCGAGAACGATTATCTGAGCCTGACCGATGAACTGCTGACCGGTGTTGAAGAAAGCCTGTGGGCAGCACTGAGCC
GTCAGAGCTAACTCGGTACCAAATTCCAGAAAAGAGACGCTTTCGAGCGTCTTTTTTCGTTTTGGTCCCGCTACCAGGAATCTGAACGATTCGTTACCAATT
GCCATATTTAAAATTCTTGTTTAAAATGCTAGCCTTGTCCAACCAAATGATTCGTTACCCTTTGACAGTTTCTATCGATCTATAGATAATGCTAGCAGGAGT
CAATTAATGTGCTTTTAATTCTGATGAGACGGTGACGTCGAAACTCCCTCTACAAATAATTTTGTTTAATACGCTATGGACTATGTTTTCTGCTATGGACTA
TGTTTTCACACACGAGATGCCTCGATGAGCTATGGTGATAGCCGTGARAARATTCTGAGCGCAGCAACCCGTCTGTTTCAGCTGCAGGGTTATTATGGCACC
GGTCTGAATCAGATTATCAAAGAAAGCGGTGCACCGAAAGGTAGCCTGTATTATCATTTTCCGGGTGGTAAAGAACAGCTGGCAATTGAAGCAGTGAACGAA
ATGAAAGAATATATCCGCCAGAAAATCGCCGATTGTATGGAAGCATGTACCGATCCGGCAGAAGGTATTCAGGCATTTCTGARAGAACTGAGCTGTCAGTTT
AGCTGTACCGAAGATATTGAAGGTCTGCCGGTTGGTCTGCTGGCAGCAGAAACCAGCCTGARAAGCGAACCGCTGCGTGAAGCATGTCATGAAGCATATARAA
GAATGGGCCAGCGTGTATGAAGAAARACTGCGTCAGACCGGTTGTAGCGAAAGCCGTGCAAAAGAAGCAAGCACCGTTGTTAATGCAATGATTGAAGGTGGT
ATTCTGCTGAGCCTGACCGCAAARAAATAGCACACCGCTGCTGCATATTAGCAGCTGTATTCCGGATCTGCTGAAACGTTAATAAGGTTGAAAAATARARACG
GCGCTAAAAAGCGCCGTTTTTTTTGACGGTGGTATGTCCCCTTTGTGCGTCCAAACGGACGCACGGCGCTCTARAGCGGGTCGCGATCTTTCAGATTCGCTC
CTCGCGCTTTCAGTCTTTGTTTTGGCGCATGTCGTTATCGCAAAACCGCTGCACACTTTTGCGCGACATGCTCTGATCCCCCTCATCTGGGGGGGCCTATCT
GAGGGAATTTCCGATCCGGCTCGCCTGAACCATTCTGCTTTCCACGAACTTGAAAACGCTAGTAGTCACCGGCTGTGCTTGCCGGTCTGATGAGCCTGTGAA
GGCGAAACTACCTCTACAAATAATTTTGTTTAAACCCCCGAGATGAAATACATCCTGTTTGAGGTGTGCGAAATGGGTAAARAGCCGTGAACAGACCATGGAA
AATATTCTGAAAGCAGCCAAAAAGAAATTCGGCGAACGTGGTTATGAAGGCACCAGCATTCAAGAAATTACCAAAGAAGCCAAAGTTAACGTTGCAATGGCC
AGCTATTACTTTAATGGCAAAGAGAACCTGTACTACGAGGTGTTCAARAAARATACGGTCTGGCAARATGAACTGCCGAACTTTCTGGAAARAAACCAGTTTAAT
CCGATTAATGCCCTGCGTGAATATCTGACCGTTTTTACCACCCACATTAAAGAARATCCGGARATTGGCACCCTGGCCTATGAAGAAATTATCARAGAAAGC
GCACGCCTGGAAAAAATCAAACCGTATTTTATCGGCAGCTTCGAACAGCTGAAAGAAATTCTGCAAGAGGGTGAAAAACAGGGTGTGTTTCACTTTTTTAGC
ATCAACCATACCATCCATTGGATTACCAGCATTGTTCTGTTTCCGAAATTCAAAAAATTCATCGATAGCCTGGGTCCGAATGAAACCAATGATACCAATCAT
GAATGGATGCCGGAAGATCTGGTTAGCCGTATTATTAGCGCACTGACCGATARACCGAACATTTAAGTTATGAGTCAGGAAAAAAGGCGACAGAGTAATCTG
TCGCCTTTTTTCTTTGCTTGCTTTTCTGACCAGGAATCTGAACGATTCGTTACCAATTGCCATATTTAAAATTCTTGTTTAAAATGCTAGCTACTCCACCGT
TGGCTTTTTTCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATAATGAGCACAGAAGTCAATTAATGTGCTTTTAATTCTGATGAGTCGGT
GACGACGAAACTTCCTCTACAAATAATTTTGTTTAACCCCCCGAGGAGTAGCACATGCCGARACTGGGTATGCAGAGCATTCGTCGTCGTCAGCTGATTGAT
GCAACCCTGGAAGCAATTAATGAAGTTGGTATGCATGATGCAACCATTGCACAGATTGCACGTCGTGCCGGTGTTAGCACCGGTATTATTAGCCATTATTTC
CGCGATAAAAACGGTCTGCTGGAAGCAACCATGCGTGATATTACCAGCCAGCTGCGTGATGCAGTTCTGAATCGTCTGCATGCACTGCCGCAGGGTAGCGCA
GAACAGCGTCTGCAGGCAATTGTTGGTGGTAATTTTGATGAARACCCAGGTTAGCAGCGCAGCAATGAAAGCATGGCTGGCATTTTGGGCAAGCAGCATGCAT
CAGCCGATGCTGTATCGTCTGCAGCAGGTTAGCAGTCGTCGTCTGCTGAGCAATCTGGTTAGCGAATTTCGTCGTGAACTGCCTCGTGAACAGGCACAAGAG
GCAGGTTATGGTCTGGCAGCACTGATTGATGGTCTGTGGCTGCGTGCAGCACTGAGCGGTAAACCGCTGGATARAACCCGTGCAAATAGCCTGACCCGTCAT
TTTATCACCCAGCATCTGCCGACCGATTAACCAATTATTGAACACCCTTCGGGGTGTTTTTTTGTTTCTGGTCTCCCGGGCAACGATCGTTGGCTGTGTTGA
CAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGCTCACAATTAGCGCGGGTGAGAGGGATTCGTTACCAATAGACAATTGATTGGACGTTCAAT
ATAATGCTAGCAGTACGTCTGAGCGTGATACCCGCTCACTGAAGATGGCCCGGTAGGGCCGAAACGTACCTCTACAAATAATTTTGTTTAAGACTTAAACGA
TTGGCCGACCGCATGAGCCCGAAACGTCGTACCCAGGCAGAACGTGCAATGGAAACCCAGGGTARACTGATTGCAGCAGCACTGGGTGTTCTGCGTGARARA
GGTTATGCAGGTTTTCGTATTGCAGATGTTCCGGGTGCAGCCGGTGTTAGCCGTGGTGCACAGAGCCATCATTTTCCGACCAAACTGGAACTGCTGCTGGCA
ACCTTTGAATGGCTGTATGAGCAGATTACCGAACGTAGCCGTGCACGTCTGGCAAAACTGAAACCGGAAGATGATGTTATTCAGCAGATGCTGGATGATGCA
GCAGAATTTTTTCTGGATGATGATTTTAGCATCAGCCTGGATCTGATTGTTGCAGCAGATCGTGATCCGGCACTGCGTGAAGGTATTCAGCGTACCGTTGAA
CGTAATCGTTTTGTTGTTGAAGATATGTGGCTGGGTGTGCTGGTGAGCCGTGGTCTGAGCCGTGATGATGCCGAAGATATTCTGTGGCTGATTTTTAACAGC
GTTCGTGGTCTGGCAGTTCGTAGCCTGTGGCAGAAAGATAAAGAACGTTTTGAACGTGTGCGTAATAGCACCCTGGAAATTGCACGTGAACGTTATGCAAAA
TTCAAACGTTGATAACTCGGTACCAAAGAAAAATAAAAAGACGCTGAAAAGCGTCTTTTTATTTTTCGGTCCAATG

a. DNA sequence colors: AmeR (light blue), AmtR (cyan), Betl (blue), BM3R1 (red), CymR (dark blue), HIylIR (green), LmrA (orange red), PhIF (orange), SrpR (dark

green), and VanR (light green).
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