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Supplementary Note 1: Detailed Protocol to Print Bacterial Circuit Boards

Equipment
e Echo 550 Liquid Handler (Beckman Coulter Life Sciences, USA)

e 30°Cshaking incubator (ELMI DTS-4 Digital Thermo shaking incubator)
e 30°C static incubator (Fisher Scientific 750F Isotemp Oven)

e Imaging system (Bio-Rad ChemiDoc MP)

e Refrigerated Centrifuge (Eppendorf 5910R)

Materials

e Echo Qualified 384-Well Polypropylene Microplate (Beckman Coulter Life Sciences, USA)

e Nunc OmniTray plates (ThermoFisher 267060), Single-Well, 4-well, and 8-well plates

e Nunc MicroWell 96-well plate (Thermo Scientific 249662)

e LB-Miller broth (BD #244620). Autoclave to sterilize (121°C for 40 min).

e Bacteriological Agar (BD #214530)

e Kanamycin (GoldBio #25389-94-0) stock solution: 50 mg/mL in deionized water (store in freezer). Final
working concentration in plates: 50 ug/mL.

o Disposable sterile loop (Fisher Scientific, Cat. No. 22-363-600)

Step 1 — Design the print layout

The print layout is designed using the electronic circuit layout. The circuits in this paper are not
very large, therefore, both electronic and print layouts were designed by hand and are not unique.
Software packages (Synopsys, Cadence, etc.) can perform electronic circuit layout for larger circuit boards.

1. Obtain the electronic layout using established software, the following or a similar approach. Write the
desired logic function as a Boolean expression decomposed into sum-of-products. Implement each
product by one or multiple transistors and connect their output to the appropriate nodes. Draw the
layout on a 2D surface with no crossing wires, placing connected nodes as close to each other as
possible. Occasionally, a 2D layout may be possible by simplifying the sum-of-products using common
factors, this decreases the number of transistors required.

2. Obtain colony arrangement. Position Colony locations as similarly as possible to the electronic layout
with 5 mm as the characteristic distance for connected colonies. Ensure there is at least >10 mm
distance between non-connected colonies. Multiple layouts may be possible with the conditions
given, the layouts are not unique.

3. Open Adobe lllustrator and set the document to RGB color mode.

4. Create an artboard that represents the destination agar plate (size = 151 x 211 pixels). Each pixel
corresponds to one possible spot on the agar.

5. Use eight defined colors to specify each of the eight strains placed in odd column wells.

e  HFF0000 -> column 1, P. agglomerans S

e  H#AAB000 -> column 3, P. agglomerans G

e #FFFFOO -> column 5, P. agglomerans Ntype
e  HOOFFOO -> column 7, P. agglomerans Ptype
e  HOOFFFF -> column 9, P. agglomerans Rp,

e  #0000FF -> column 11, P. agglomerans Ris

e  HFFOOFF -> column 13, P. agglomerans Rig

e  #000000 -> column 15, P. agglomerans Null



2. Create a print layout by placing a pixel for each printed colony, of the strain’s corresponding color, in
the desired location.

6. Export the design as a .png file with the naming convention: “1_A_platename.png” where 1 specifies
the number of the destination plate (Nunc OmniTray plate) and A specifies the row of the source plate
(Echo-qualified 384-well plate) used.

7. Run the provided Python script (gen_picklist.py, https://github.com/VoigtLab/Living_circuit_boards),
converting .png into a layout .csv file. For smaller designs the .csv file with the following columns can
be created manually with one row for each colony printed. Column titles: Source Plate, Source Well,
Destination Plate, Destination Well, Transfer Volume.

8. Open Echo Cherry Picker software, in the tools menu under labware definitions, create and save a new
Plate Type named “omnitrayl51p”. Input the size specification of a single-well Nunc OmniTray plate
and 151 x 211 wells.

Step 2 — Grow strains

Day 1

1. Remove glycerol stocks from the —80°C freezer.

2. For each strain, using a sterile loop, scrape a small quantity of frozen bacteria and streak it onto an LB
agar plate containing 50 pg/mL Kanamycin.

3. Place plates in a 30°C static incubator for 16 to 24 hours until colonies are visible.

Day 2

4. For each strain, pick a single colony from the Day 1 plate using a sterile loop.

5. Inoculate into 200 puL LB medium with 50 ug/mL Kanamycin in a sterile Nunc MicroWell 96-well plate.

6. Place plate in an ELMI DTS-4 Digital Thermo shaking incubator at 30°C and 1000 rpm for 16 hrs.

7. Pour 60 mL of sterilized LB-Miller broth media with 1.5% agar with 50 ug/mL Kan in a single-well Nunc
OmniTray plate. For 4-well plates, pour 15 mL in each well and for 8-well plates, pour 7.5 mL in each
well in a hood. Leave plates to solidify for 30 min, then cover with a lid, remove from the hood and
keep at room temperature overnight.

Day 3

8. Dilute cultures by taking 1 pL of each culture and adding into 99 pL of fresh LB-Miller broth (1:100
dilution) in a sterile Nunc MicroWell 96-well plate.

9. Transfer 50 pL of the diluted cultures using a multi-channel pipette into the assigned wells (A1, A3, A5,
A7, A9, All, A13, A15) of the Echo Qualified 384-Well Plate.

10. Ensure there are no bubbles and that no droplets reside on the sides of the well, use a sterile pipette
tip to burst bubbles or move droplets into the liquid if needed. Ensure the liquid has a symmetric and
concave meniscus in all wells, gently tap the plate on all four sides. If needed, centrifuge plates at
250xg for 30 sec for liquid to form symmetric meniscus.

11. Open the Echo Cherry Picker software. In the Protocol window, select Echo Qualified 384-Well
Polypropylene Microplate as the source plate and omnitrayl51p as the destination plate. In the Pick
List window, load the layout.csv file generated in Step 1. Press run and in the Run Status window, press
Start.

12. Place the Echo Qualified 384-Well Plate containing the diluted cultures in the Echo when asked for the
Source Plate.

13. Place the Nunc OmniTray plate into the Echo when asked for the Destination Plate. It is important to
ensure there are no visible liquid droplets on the agar surface in this step to prevent spreading of the
printed colonies. If droplets are visible, the plate can be stored in a sterile environment to fully dry.

14. The Echo will transfer droplets (2.5 nL or the volume specified in the .csv file) from the source wells to
the positions on the agar plate.




For overlayed fluorescent images proceed to Step 14. For videos, proceed to Supplementary Note 2.

15.

16.

17.

Place a lid on the printed destination plate and place it upside down in a static incubator at 30 °C for
5 days. Place an empty Nunc OmniTray plate at the bottom and top of a stack of destination plates to
ensure uniform heat distribution across all the plates in the incubator.

Every 24 hr after printing, remove the plates from the static incubator and image using the Bio-Rad
ChemiDoc MP Imaging system. To image, open Image Lab 4.0 software and create a multi-channel
protocol with 3 channels: (a) with Epi-white illumination and a standard filter, (b) with Epi-blue (460 —
490 nm excitation) illumination and 530/28 nm filter, and (c) with Epi-green (520 — 545 nm excitation)
illumination and a 695/55 nm filter. Save images as .scn files and Export images using ‘for analysis’
option to obtain single channel images for quantification.

Overlayed images were created from the three individual images with false-coloring for each plate.
Images shown are after 72 hr of growth unless otherwise specified.



Supplementary Note 2: Imaging Setup

Time-lapse imaging of bacterial colonies was performed using a custom-built incubator and camera
system. Plates were imaged in situ under controlled illumination to capture both colony morphology and
fluorescence over time.

Illumination inside the incubator (Fisher Scientific 750F Isotemp Oven) was provided using an 80
CRI LED strip with 2835 SMD LEDs (Epistar Corp, Hsinchu, Taiwan) for natural white light and a green LED
strip with 3528 SMD LEDs, peak wavelength A = 515-535 nm (Epistar Corp, Hsinchu, Taiwan), for
fluorescent excitation of reporter proteins. The LED strips were affixed in a circular layout to the interior
of the incubator surrounding the camera to ensure uniform light distribution and minimize shadowing
artifacts across the plate surface.

A ZWO ASI178MM telescope camera (ZWO, Suzhou, China) equipped with a red-light emission
filter (A = 630 nm) was mounted in the center of the incubator, beneath the agar plates, to capture images
of plates placed inverted on a clear Plexiglas support (R6hm GmbH, Darmstadt, Germany). This
arrangement ensured consistent focal distance and minimized distortion across the plate. The optical path
is schematically represented showing LED placement, camera position, and plate orientation.

Both the LED strips and camera were connected to an Arduino microcontroller, programmed to
take four images at each 30 min interval (time_series_imager.py,
https://github.com/VoigtLab/Living_circuit_boards). One brightfield image was taken after activating the
white light LED strip, after which the LED strip was turned off. Three images under green LED illumination
were then taken with varying exposure times to capture fluorescent intensity without saturation. This
multi-exposure approach enabled clear images of both dim and bright colonies while minimizing
photobleaching. Captured images were timestamped and stored in a structured directory. Image analysis
pipelines were applied post-acquisition to extract colony metrics and fluorescence intensity profiles. The
temporal resolution allowed continuous monitoring of colony growth and reporter protein expression over
the experimental timeframe and the generation of videos (Supplementary Videos 1-4).

Printed agar plate

— Plexiglass™ screen

Red filter o

| —— Camera

Two LED light strips
(green, natural white)




Supplementary Note 3: Mathematical models and simulation details

We modeled multicellular communication using reaction—diffusion equations. Note that these simulations
were not performed as part of the design of the colony patterns; rather, they were used to analyze the
empirical data. Colonies of engineered bacteria produce, sense, and degrade signaling molecules OC12,
0C6, OHC14, and DAPG and perform computational operations dictated by their internal genetic circuits.
Intracellular transcription, translation, and repression events are combined into a single effective ordinary
differential equation (ODE) for enzyme expression (mRNA dynamics were implicit). Extracellular signaling
molecule (AHLs/DAPG) were produced at rate g and were proportional to enzyme concentration.
Intracellular regulation in each strain was modeled by Hill functions (from Equations 1-3). The hill function
was assumed to be at pseudo-steady state with respect to gene expression, signaling molecule production,
and diffusion.
There are five response functions for the five P. agglomerans strains. For N-type,

n, n,
fv(Cociz Coce) = fminy + (fmaxn — fminn) (&) o (&) e , (S.1)

Coc12+Koc12 CocetKoce

where C; is the local concentration of the small molecule j, fy is the promoter activity of cl434 (au), for
which fminnand fmax,n Were the minimum and maximum activity. The responses to the small molecules have
half-activation thresholds K; and cooperativities n;. For the P-type strain, it follows

n n,
fo(Coc12: Cocs) = frmine + (finaxp — fminp) (%) o (&) o : (5.2)

Coc12+Koc12 Cocet+Kocs

Then, for the RDI, RIS, and RIG relay strains:

C NoHC14
for(Conc1a) = fninor + (finaxp1 = fmin1) (%) . (S3)
oHc14+Konc14
C NDAPG
fIS(CDAPG) = fmin,IS + (fmax,lS - fmin,lS) (%) , and (5.4)
DAPG TKDAPG
[DAPG] MDAPG
fIG(CDAPG) = fmin,lG + (fmax,IG - fmin,IG) (—) (5-5)
Cparc+KpaprG

The parameters fmax, fmin, K, N were obtained empirically from best fits to flow cytometry data (Table 1).

The genes encoding enzymes E were controlled by promoters that respond to the signaling
molecules (Equations S.1 to S.5). £ was defined as the ratio of enzyme concentration E to the steady-state
enzyme concentration at maximal expression Eme. We assume the decay of enzyme concentration is
governed by cellular dilution. Then,

E=-E and (S.6)
Emax

dE _ ( f _ #2\h@

dt-(—fmax E)—td : (5.7)

where f and fmax are from Equations S.1 to S.5, and t4 is the doubling time which determines the enzyme
dilution rate. £ has a value between 0 and 1.
Each signaling molecule i was represented by a concentration field Ci(x, y, t) in 2-dimensional space



on the plate surface x,y and time t. Its evolution is modeled as

N ~
aci(xyt) N (1__Nmax)E
at Ldxdy

i+DVZCi - SiCi(x,y, t) ’ (58)

where a; is the signaling molecule production rate per cell at maximal enzyme expression (£ = 1), N is the
number of cells in the colony and is multiplied by the ratio of cells actively growing (1-N/Nmax), E is the ratio
of enzyme concentration to maximum enzyme concentration, L = 5.5 mm is the thickness of the agar layer,
i is the signaling molecule’s degradation rate, and D is the diffusion coefficient of the signaling molecules
on the plate. D was assumed to be the same for all the signaling molecules. a;, 6;, and D were estimated
from literature sources. For the simulations, these equations were discretized with the plate surface
defined as a lattice with widths dx = dy. “No flux” boundary conditions were enforced at the plate edges
and bottom:

9Ci(xy.t) =0 and (S.9)
ox x=0mm, 86mm
aci(x,y,t) =0 ) (510)

oy y=0mm, 128mm

where 86 mm and 128 mm are the measured width and length of the plate.
The number of cells in a colony on agar with limited nutrients was described with the logistic
growth function,

W (1) , (5.11)

dt max

where u is the intrinsic growth rate and Npqx is the carrying capacity (i.e., the maximum number of cells
reached with the current experimental conditions and nutrient availability).

To obtain the intrinsic growth rate u and carrying capacity Nmax, the cell number can be described
using the analytical solution to Equation S.11 with Ny as the initial number of cells at t = 0:

Nmax
N(t) = (Pt : (S.12)

No )e_“t
This equation assumes that signaling molecule concentrations do not significantly impact the colony

growth rate.
N can also be described as a function of colony radius:

N(t) = gnR(t)3p (5.13)

where p = 1 cell/um3 for a densely-packed colony on a solid surface. This equation assumes that the colony
is a densely packed hemisphere. Substituting Equation S.14 into Equation S.13 yields

R(t) = Rmaz : (5.14)

3 3
i)
Rp




Time-series images were obtained for the signal propagation circuit corresponding to Supplementary
Figure 4b and average colony size was measured at each time point. We fit Equation S.14 to average colony
radius data over time to obtain Ry = 0.3 mm, Rmax= 1.4 mm, and u = 0.075 hr!. The doubling time t;=9.3
hr was calculated from the intrinsic growth rate pu. Nyax= 5.7 x 10° was calculated from Equation S.13 using
Rmax. For simulations, we set Np = 2.5 x 10° at t = 0 corresponding to a 2.5 nL colony, assuming the time for
the droplet to become a densely-packed colony is negligible.
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Empirical measurement of p. The average colony sizes measured from time-series imaging of signal propagation circuit
(Supplementary Figure 4b) are shown as black dots. The best fit to Equation S.14 to the data is shown as a red line (R? = 0.93). The
parameters Rmax= 1400 um and growth rate u = 0.075 h™" were obtained from the fit. The data represent all colonies on one plate
imaged over six days as described in the Methods, with each black dot indicating the average colony radius across all colonies.
The grey bars are standard deviations of these data.

Parameters used for modeling computation performed by interacting colonies

Parameter Description Value Refs

ty Doubling time 9.3 hr This work

u Colony growth rate 0.075 hrt This work

Qociz 0C12 maximal production rate! 10° nmol/hr per cell 1

Qocs 0C6 maximal production rate! 10 nmol/hr per cell 1

QoHc14 OHC14 maximal production rate! 10 nmol/hr per cell 1

parG DAPG maximal production rate? 3 x 10 nmol/hr per cell 2

No Colony cell count at start of simulation 2.5x 108 This work

Nmax Colony cell count at end of simulation 5.7 x 10° This work

L Agar film depth 5.5 mm This work

D Signaling molecule diffusion coefficient? 0.5 mm?/hr 1

Soci2 0C12 degradation rate3* 0.12 hrt 3,4

Socs 0C6 degradation rate? 0.45 hr? 3

Sorcia OHC14 degradation rate? 0.07 hrt 3

bparG DAPG degradation rate® 0hrt 5
Simulations

Equations S.1 through S.11 were integrated using a forward Euler scheme with timestep At =0.01 hr for T
=120 hr. Diffusion was discretized using a 2D five-point Laplacian operator with lattice dimension dx = dy
= 0.6 mm. All variables were updated synchronously at each iteration. Colonies were represented as fixed
coordinates on a 2-D lattice of size (211,151). Extracellular signaling molecules diffuse between lattice sites
according to a finite-difference Laplacian, with reflecting (no-flux) boundary conditions for the agar plate.
(simulator.ipynb, github.com/VoigtLab/Living_circuit_boards). Simulation results for the signal
propagation circuit are shown in Supplementary Figure 15. Simulation results for the transistors,
demultiplexor, and half adder are shown in Supplementary Videos 4, 5, and 6, respectively.
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Supplementary Figure 1: Integration of landing pads and growth impact. (a) Left: Schematics of the genome sites used to

carry landing pads. Dashed lines show the location relative to neighboring annotated features. The numbers above are the
nucleotide positions. Right: ODgoo measurements of the wild-type strain grown in LB medium at 30 °Cin a 96-well plate (Methods).
The dashed lines indicate the exponential growth model during exponential phase growth from t =1 to 5 hr (Methods, Eq. 4). The
growth rate p resulting from these fits are shown on the graphs. R? = 0.81 for E. coli MG1655 (top) and 0.90 for P. agglomerans
(bottom). (b) Left: Schematics of the genomic landing pads. Dashed lines show integrated constructs relative to neighboring
annotated features. The attB sites mark where the payloads are inserted. Strain genotypes are described in Supplementary Table
1, genetic parts for the landing pads in Supplementary Table 2, and payloads in Supplementary Table 3. Right: ODeoo
measurements of engineered strains grown in LB medium at 30 °C in a 96-well plate (Methods). The same growth model was used
as in part a: R? = 0.97 for P. agglomerans sHD307, 0.99 for sHD382, and 0.98 for sHD400.
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Supplementary Figure 2: Fits to the models of the sensor and circuit response functions. The fit parameters are provided in

Table 1. (a) P agglomerans Ntype. Empirical values obtained with flow cytometry compared to a fit to Equation 1. The line is x =
y (R2=0.98). (b) P. agglomerans Ptype. Empirical values obtained with flow cytometry compared to a fit to Equation 2. The line is
x =y (R?=0.90). (c) Relay strains. Empirical values obtained with flow cytometry compared to a fit to Equation 3 with R =0.97 for
the drain relay (P. agglomerans Rp)), R? = 0.91 for the relay-to-source (P. agglomerans Rs), and R? = 0.85 for the relay-to-switch (P.
agglomerans Rp)).
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Supplementary Figure 3: Simulated signal propagation circuit using a single relay. (a) The layout of the circuits with a single
relay is shown. P. agglomerans S was printed as input to a P-type transistor in the center of a repeating pattern of P. agglomerans
Ptype and Rps. (b) Simulated output images of the signal propagation after 24, 48, 72, 96, and 120 hr from top to bottom,
respectively. Colony activation and signaling molecule concentrations across the plate are shown. (c) The layout of the circuits
with alternating relays with an input to an internal P-type transistor is shown. P. agglomerans S was printed as input. (d) Simulated
output images of the signal propagation after 24, 48, 72, 96, and 120 hr from top to bottom, respectively. Colony activation and
signaling molecule concentrations across the plate are shown.
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Supplementary Figure 4: Cytometry distributions for N-type and P-type Strains. These representative plots correspond to
Figure 1a and 1b.



Supplementary Figure 5: Replicates of signal propagation circuit plates. (a) Signal propagation circuit without borders.
(These images correspond to replicates of Figure 1). Images of three replicates printed on different days. (b) Signal propagation
circuit with a printed border of P. agglomerans Null colonies. Images in a and b were taken after 72 hr (Methods). From top to
bottom: overlayed false-colored, red fluorescence, green fluorescence, and white light images. Green colonies are P. agglomerans
Null and transistor/relay colonies are red if they are in the ON state (mCherry).
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Supplementary Figure 6: Signal propagation circuit control plates. These plates show relays do not self-activate in the
absence of an input strain. Signal propagation circuit plate imaged for three days (top to bottom): with a border without source
input, without border with source input, without border without source input, and with border with source input. The presence

of a source input activates relays and signal is propagated, however, no signal is observed in any relay colony when source input
is absent.
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Supplementary Figure 7: Time-course of the signal propagation circuit. (a) The layout of the circuit with (left) and without

(right) a border of P. agglomerans Null strains. P. agglomerans S was printed in position 1 followed by a repeating pattern of P.
agglomerans Ptype, Rp, and Rjs, respectively. (b) Time course imaging of the signal propagation (Methods). These images
correspond to Supplementary Videos 1 and 2. (c) Response times. The average colony pixel intensity of the red fluorescence
images is shown. Upside-down triangles represent the response time defined as the first time-point where pixel intensity reaches
15% above baseline. The propagation delay treported in the main text is the average difference in response times of two adjacent
colonies.

15



LAA A RS
o o
as
- - - - -
seepee L LT esesee LI

900000 LAEEEL Y 'Y (YITY L)
LI - o ° - . - e 0 -

. L e
L3 z - - - - bl .
ossen es2o00 . LA LA L] L X L

seseee edseee . escsee
- . - - -
3 . oo

. d o L - -~
seseee 0 » 0 esscece

S

Supplementary Figure 8: Transistor plate replicates. These images correspond to Figure 2. Images of three replicates printed
on different days. Images were taken after 72 hr (Methods). From top to bottom: overlayed false-colored, red fluorescence, green
fluorescence, and white light images. Green colonies are P. agglomerans Null and transistor/relay colonies are red if they are in
the ON state (mCherry).
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Supplementary Figure 9: Transistor flow cytometry distributions These images and data correspond to Figure 2. (a) Left:

colony layouts. These examples show the P. agglomerans S/G strains as the ON inputs. For different combinations of inputs, P.
agglomerans Null was used for the OFF state. Center: On-plate responses. The bright light and fluorescent images of the colonies
are shown. Green colonies were P. agglomerans Null and transistor/relay colonies are red if they were in the ON state (mCherry).
Scale bars are 1 cm. Colonies were scraped and analyzed by flow cytometry, distributions are shown below images. Right: The
truth tables of the circuits.
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Supplementary Figure 10:  Transistor response to inducers mixed in agar. Other experiments in this paper use cells in colonies
to produce the input molecules to the circuit; here, they are added to the agar to show that the system can respond to an
“environmental” signal. Four different combinations of OC12 and OC6 were mixed into the agar prior to printing the colonies on
the surface. Center: On-plate responses. The bright light and fluorescent images of the colonies are shown. Green colonies were
P. agglomerans Null and transistor/relay colonies are red if they were in the ON state (mCherry).
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Supplementary Figure 11:  Replicates of bi-directional switch plates. These images correspond to Figure 2. Images of three
replicates printed on different days. Images were taken after 72 hr (Methods). From top to bottom: overlayed false-colored, red
fluorescence, green fluorescence, and white light images. Green colonies are P. agglomerans Null and transistor/relay colonies
are red if they are in the ON state (mCherry).
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Supplementary Figure 12:  Replicates of 1-to-4 de-multiplexor plates. These images correspond to Figure 3. Images of three
replicates printed on different days. Images were taken after 72 hr (Methods). From top to bottom: overlayed false-colored, red
fluorescence, green fluorescence, and white light images. Green colonies are P. agglomerans Null and transistor/relay colonies
are red if they are in the ON state (mCherry). White light images are shown with automatically detected colonies circled in red.
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Supplementary Figure 13:  1-to-4 de-multiplexor flow cytometry distributions. These images and data correspond to Figure
3. (a) Colony layouts. These examples show the P. agglomerans S strain as the ON input S and P. agglomerans G strains as the
ON/ON inputs A/B. For different combinations of inputs, P. agglomerans Null was used for the OFF state. (b) The circuit diagram
for the de-multiplexor is shown. Inputs S/A/B and outputs 19/20/21/22 are shown as black tags. (c,d) On-plate responses. The
bright light (c) and fluorescent images (d) of the colonies are shown. Green colonies were P. agglomerans Null and transistor/relay
colonies are red if they were in the ON state (mCherry). Scale bars are 1 cm. (e) Colonies were scraped and analyzed by flow
cytometry, distributions are shown (f) The truth tables of the circuits.
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Supplementary Figure 14:  Replicates of half adder plates. These images correspond to Figure 4. Images of three replicates
printed on different days. Images were taken after 72 hr (Methods). From top to bottom: overlayed false-colored, red fluorescence,
green fluorescence, and white light images. Green colonies are P. agglomerans Null and transistor/relay colonies are red if they
are in the ON state (mCherry).
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Half-adder flow cytometry distributions. These images and data correspond to Figure 4. (a) Colony
layouts. These examples show the P. agglomerans S/G strains as the ON/ON inputs A/B. For different combinations of inputs, P.
agglomerans Null was used for the OFF state. (b) The circuit diagram for the half-adder is shown. Inputs A/B and outputs
Sum/Carry are shown as black tags. (c,d) On-plate responses. The bright light (c) and fluorescent images (d) of the colonies are
shown. Green colonies were P. agglomerans Null and transistor/relay colonies are red if they were in the ON state (mCherry).
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Scale bars are 1 cm. (e) Colonies were scraped and analyzed by flow cytometry. (f) The truth tables of the circuits.
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Supplementary Figure 16:  Replicates of full adder plates. These images correspond to Figure 5. Images of three replicates
printed on different days. Images were taken after 72 hr (Methods). From top to bottom: overlayed false-colored, red fluorescence,
green fluorescence, and white light images. Green colonies are P. agglomerans Null and transistor/relay colonies are red if they
are in the ON state (mCherry).
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Supplementary Figure 17:  Full adder flow cytometry distributions. These images and data correspond to Figure 5. (a) Colony
layouts. These examples show the P. agglomerans S/G strains as the ON/ON/ON inputs A/B/C. For different combinations of
inputs, P. agglomerans Null was used for the OFF state. (b) The circuit diagram for the full adder is shown. Inputs A/B/C and
outputs Sum/Carry are shown as black tags. (c) (left) On-plate responses. The fluorescent images of the colonies are shown. Green
colonies were P. agglomerans Null and transistor/relay colonies are red if they were in the ON state (mCherry). Scale bars are 1
cm. (right) Colonies were scraped and analyzed by flow cytometry. (d) The truth tables of the circuits.
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Supplementary Figure 18:  Plasmids and genetic constructs used for strain engineering. (a) Cloning plasmids used to move
DNA payloads into and out of landing pads, including regulatory elements and genes. (b) Schematic of genetic inserts integrated
into two chromosomal landing pads, LP7 (left) and LP5 (right), in P. agglomerans. Constructs show regulatory elements and genes
for cellular transistors (N-type and P-type), relays (drain relay, gate relay, and source relay), and input strains. For each strain x, a
pHD307 plasmid containing LP7_x as payload and a pHD305 plasmid containing LP5_x as payload were built. Full sequences of
the inserts are provided in Supplementary Table 3 and all genetic parts are in Supplementary Table 2.
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Supplementary Table 1: Strain genotypes

Strain name Genotype Notes

P. agglomerans sHD307 glmS-pstS::{DT60 FRT attB7 DT104}

P. agglomerans sHD382 glmS-pstS::{DT60 FRT attB7 DT104} rsd-thiC::{DT5 FRT attB5 DT101}

P. agglomerans sHD400 glmS-pstS::{DT60 FRT attB7 DT104} rsd-thiC::{DT5 FRT attB5 DT101} azuC::{DT54 FRT
attB2 DT3}

P. agglomerans S glmS-pstS::{DT60 FRT pJ23101-mCherry RSF-ori pAmp-KanR FRT pW®-Lasl DT104}

P. agglomerans G glmS-pstS::{DT60 FRT pJ23101-mCherry DT104} rsd-thiC::{DT5 FRT DT54 RSF-ori DT60
pAmp-KanR FRT pPhIF-luxl DT101}

P. agglomerans Ptype inv(azuC-glmS) mntP-pstS::{DT54 FRT RSF-ori pAmp-KanR FRT pW®-cl434 pCl434- a
mCherry pLux-W® pJ23100-LuxRAM DT104} rsd-thiC::{DT5 FRT pCl-cl434 pCl434-cinl
plas-cl pJ23100-LasR*M DT101} azuC::{DT60 FRT attB2 DT3}

P. agglomerans Ntype  inv(azuC-glmS) mntP-pstS::{DT54 FRT RSF-ori pAmp-KanR FRT pCl434-mCherry pLux- a
cl434 pJ23100-LuxRAM DT104} rsd-thiC::{DT5 FRT pCl-cl434 pCl434-cinl pLas-cl pJ23100-
LasRAM DT101} azuC::{DT60 FRT attB2 DT3}

P. agglomerans Rp, inv(azuC-glmS) mntP-pstS::{DT54 RSF-ori pAmp-KanR FRT pCin-mCherry pJ23100-CinRM  a
DT104} rsd-thiC::{DT5 pCin-phlIACBD DT101} azuC::{DT60 FRT attB2 DT3}

P. agglomerans Rys glmS-pstS::{DT60 FRT RSF-ori int7 pAmp-KanR FRT pPhIF-mCherry pJ23100-PhIFAM b

P. agglomerans Ric

P. agglomerans Null

P. agglomerans LasS

DT104} rsd-thiC::{DT5 FRT pPhlF-Lasl DT101} azuC::{DT54 FRT attB2 DT3}

inv(azuC-glmS) mntP-pstS::{DT54 pPhIF-mCherry pJ23100-phIFAM DT104} rsd-thiC::{DT5
FRT DT54 RSF-ori DT60 int5 pAmp-KanR FRT pPhlIF-luxl DT101} azuC::{DT60 FRT attB2
DT3}

glmS-pstS::{DT60 FRT attB7 DT104} rsd-thiC::{DT5 FRT DT54 RSF-ori DT60 pAmp-KanR
FRT pPhIF-sfGFP DT101} azuC::{DT54 FRT attB2 DT3}

glmS-pstS::{DT60 FRT RSF-ori pAmp-KanR FRT pLas-mCherry pJ23100-LasR*M DT104} rsd-
thiC::{DT5 FRT attB5 DT101}

Sequencing revealed inversion of the genomic sequence between azuC and glmS after strain construction

b. In this strain, pHD307 was modified to include int7 and used for integration
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Supplementary Table 2: Sequences of genetic parts

Name Sequence Reference
Promoters
P123100 TTGACGGCTAGCTCAGTCCTAGGTACAGTGCTAGC iGEM J23100
P13101 GATAAGTCCCTAACTTTTACAGCTAGCTCAGTCCTAGGTATTATGCTAGC 6
P 123105 GGCGCGCCTTTACGGCTAGCTCAGTCCTAGGTACTATGCTAGCAAGGT 6
P. aeruginosa
PampR TTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGA
genome
PcI TAACACCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAAT 7
Pd434 TTGACAAACAAGATACATTGTATGAAAATACAAGAAAGTTTGT 7
Escherichia phage
Pwo CATTTGACAGTAACCTATTGGTGACTTATATTCCCGTCAAAAGGTTGTGTATTGGTGACCTT phag
vB_EcoM-12474lll
Plux*H GCTACGGAACTCTTGTGCGTACCTGTAGGATCTTACAAGTTTACGCAAGAARATGGTTTGTTATTTTCGAATARA 8,9
Plas AACTAGCAAATGAGATAGATTTCGGTGAACCCGGACCCTTGCTAGGCTCGAAGAR 9
P GACATGCTCTGATCCCCCTCATCTGGGGGGGCCTATCTGAGGGAATTTCCGATCCGGCTCGCCTGAACCATTCTGCTTTCCACGAACTTGARAACGC jGEM ROO7S
cin T
Pohie CGACGTACGGTGGAATCTGATTCGTTACCAATTGACATGATACGAAACGTACCGTATCGTTAAGGT 10
Ribosome Binding Sites
BB0032 TCACACAGGAAAG IGEM B0032
RBS ch401 AGGTTCCAAAGACAGGTAATAAGGAGGTAGC This work
RBS ch402  ATATAATAATAACACTAAGGAGGT This work
RBS ch403  GAGCGATACTTATGCTAC This work
RBS ch003  TGGTTCCARAGCCAGATACTAAGGAGGTCCC This work
RBS ch501  GAGCGATACTTAGGCTACCAG This work
RBS ch502  CCTCTACARATAATTTTGTTTAAGGATAA This work
RBS ch503  ATATAATAATAACAATTAGGACGT This work
RBS ch504  ATATAATAATAACAATTAGGAGGTAGTT This work
RBS ribo CTCTACAAATAATTTTGTTTAA 11
Ribozymes
riboJ AGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACARATAATTTTGTTTAA 11
SCCJ AGATGCTGTAGTGGGATGTGTGTCTCACCTGAAGAGTACAAAAGTCCGAAACGGTATCCTCTACAAATAATTTTGTTTAA 11
plmvJ AGGAAGAGTCTGTGCTAAGCACACTGACGAGTCTCTGAGATGAGACGAAACTCTTCCCTCTACAAATAATTTTGTTTAA 11
Itsv) AGTACGTCTGAGCGTGATACCCGCTCACTGAAGATGGCCCGGTAGGGCCGARACGTACCTCTACAAATAATTTTGTTTAA 11
Genes
ATGGCCTTGGTTGACGGTTTTCTCGAGCTGGAACGCTCAAGTGGAAAATTGGAGTTGAGCGCCATCCTGCAGAAGATGGCGAGCGACCTCGGATTCT g
CGRAGATCCTGTTCGGCCTGTTGCCTARGGACAGCCAGGACTACGAGAACGCCTTCATCGTCAGCAACTACCCGGCCGCCTGGCGCGAGCATTACGA
CCGRACTGGCTACGCGCGGGTCGACCCGACGGTCAGTCACTGTACCCAGAGCGTACTGCCGATTTTCTGGGAACCGCCCATCTACCAGACGCGARAG
JasRAM CAGCACGAGTTCTTCGAGGAAGCCTTGGCCGCTGGCCTGGTGTATGGACTGACCATGCCGCTGCATGGTGCTCGCGGCGAACTCGGCGCGCTGAGCC
asR TCAGCGTGGAAGCGGAAAACCGGGCCGAGGCCAACCGTTTCATGGAGTCGGTCCTGCCGACCCTGTGGATGCTCARGGACTACGCACTGCAGAGCGG
TGTCGGAATGGCCTTCGAACATCCGATCAGCAAACCGGTGGTTCTGACCAGCCGAGAGAAGGAAGTGT TACAGTGGTGCGCCATCGGCAAGACCAGC
TGGGAGATATCGGTTATCTGCAACTGCTCGGAAGCCAATGTGAACTTCCATATGGGARATATTCGGCGGAAGTTCGGTGTGACCTCCCGCCGCGTAG
CGGCCATTATGGCCGTTAATTTGGGTCTTATTACTCTC
ATCGTTCAGATCGGTCGTCGTGAAGAGTTCGACAAAAAACTGCTGGGTGAAATGCACAAACTGCGTGCTCAGGTTTTCAAAGAACGTARAGGTTGGG 12
ACGTTTCCGTTATCGACGAAATGGAAATCGACGGTTACGACGCTCTGTCCCCGTACTACATGCTGATCCAGGAAGATACCCCGGAAGCTCAGGTTTT
CGGTTGCTGGCGTATCTTCGACACCACCGGTCCGTACATGCTGARAAACACCTTCCCGGAACTGCTGCACGGTARAGAAGCTCCGTGCTCCCCGCAC
las! ATCTGGGAACTGTCCCGTTTCGCTATCAACTCCGGTCAGARAGGTTCCCTGGGTTTCTCCGACTGCACCCTGGAAGCTATGCGTGCTCTGGCTCGTT
ACTCCTTGCAGAACGACATCCAGACCCTGGTTACCGTTACCACCGTTGGTGTTGAAAARATGATGATCCGTGCTGGTCTGGACGTTTCCCGTTTCGG
TCCGCACCTGARRATCGGTATCGAACGTGCTGTTGCTCTGCGTATCGAACTGAACGCTARAACCCAGATCGCTCTGTACGGTGGTGTTCTGGTTGAR
CAGCGTCTGGCTGTTTCC
ATGAAAAACATAAATGCCGACGACACATACAGAATAATTAATAAAATTAAAGCTTTTAGAAGCAATAATGATATTAATCAATGCTTATCTGATATGA 9
CTAAAATGGTACATTGTGAATATTATTTACTCGCGATCATTTATCCTCATTCTATGGTTARATCTGATATTTCAATCCTAGATAATTACCCTAAARA
ATGGAGGCAATATTATGATGACGCTAATTTAATAAAATATGATCCTATAGTAGATTATTCTAACTCCAATCATTCACCAATTAATTGGAATATATTT
GAAAACAATGCTGTAAATAAAAAATCTCCAAATGTAATTAAAGAAGCGAAAACATCAGGTCTTATCACTGGGTTTAGTTTCCCTATTCATATGGCTA
IUXRAN7 ACAATGGCTTCGGAATGCTTAGTTTTGCATATTCAGAAAAAGACAACTATATAGATAGTTTATTTTTACATGCGTGTATGAACATACCATTAATTGT
TCCTTCTCTAGTTGATAATTATCG. T. TATAGC TAAT. TCAAACAACGATTTAACCAAAAGAGAAAAAGAATGTTTAGCGTGGGCA
TGCGAAGGAAAAAGCTCTTGGGATATTTCAAARATATTAGGATGCAGTGAGCGTACTGTCACTTTCCATTTAACCAATGCGCAAATGARACTCAATA
CAACAAACCGCTGCCAAAGTATTTCTAARAGCAATTTTAACAGGAGCAATTGATTGCCCATACTTTAAAAAT
ATGACTATAATGATAAAAAAATCGGATTTTTTGGCAATTCCATCGGAGGAGTATAAAGGTATTCTAAGCCTTCGTTATCAAGTGTTTAAGCARAGAC g
TTGAGTGGGACTTAGTTGTAGAAAATAACCTTGAATCAGATGAGTATGATAACTCAAATGCAGAATATATTTATGCTTGTGATGATACTGAAAATGT
AAGTGGATGCTGGCGTTTATTACCTACAACAGGTGATTATATGCTGAAAAGTGTTTTTCCTGAATTGCTTGGTCAACAGAGTGCTCCCAAAGATCCT
IUXI AATATAGTCGAATTAAGTCGTTTTGCTGTAGGT. TAGCTC GAT. TAACTCTGCTAGTGAAATTACAATGAAACTATTTGAAGCTATAT
ATAAACACGCTGTTAGTCAAGGTATTACAGAATATGTAACAGTAACATCAACAGCAATAGAGCGATTTTTAAAGCGTATTAAAGTTCCTTGTCATCG
TATTGGAGACAAAGAAATTCATGTATTAGGTGATACTAAATCGGTTGTATTGTCTATGCCTATTAATGAACAGTTTAAAAAAGCAGTCTTAAATT
ATGATTGAGAATACCTATAGCGAAAAGTTCGAGTCCGCGTTCGAACAGATCAAAGCGGCGGCCAACGTGGATGCCGCCATCCGTATTCTCCAGGCGE g
AATATAACCTCGATTTCGTCACCTACCATCTCGCCCAGACAATCGCGAGCAAGATCGATTCGCCCTTCGTGCGCACCACCTATCCGGATGCCTGGGT
TTCCCGTTACCTCCTCAACTGCTATGTGAAGGTCGATCCGATCATCAAGCAGGGCTTCGAACGCCAGCTGCCCTTCGACTGGAGCGAGGTCGAACCG
cinRAM2 ACGCCGGAGGCCTATGCCATGCTGGTCGACGCCCAGAAACACGGCATCGATGACAATGGCTACTCCATCCCCGTCGCCGACAAGGCGCAGCGCCGCG

CCCTGCTGTCGCTGAATGCCCATATACCGGCCGACGAATGGACCGAGCTCGTGCGCCGCTACCGCAACGAGTGGATCGAGATCGCCCATCTGATCCA
CCGCAAGGCCGTATATGAGCTGCATGGCGARAACGATCCAGTGCCGGCATTGTCGCCGCGCGAGATCGAGTGTCTGCACTGGACCGCCCTCGGCAAG

28



GATTACAAGGATATTTCGGTCATCCTGGGCATATCAGAGCATACCACACGCGATTACCTGAAAACCGCCCGCTTCAGGCTCGGCTGCACCACGATCT
CGGCCGCCGCGTCGCGGGCTGTTCAATTGTGCATCATCAATCCCTATAGGATCCGCATGACGCGACGTAATTGG

cinl

TTCGTTATCATCCAGGCTCACGAATACCAGARATACGCTGCTGTTCTGGACCAGATGTTCCGTCTGCGTARAARAAGTTTTCGCTGACACCCTGTGCT
GGGACGTTCCGGTTATCGGTCCGTACGAACGTGACTCCTACGACTCCCTGGCTCCGGCTTACCTGGTTTGGTGCAACGACTCCCGTACCCGTCTGTA
CGGTGGTATGCGTCTGATGCCGACCACCGGTCCGACCCTGCTGTACGACGTTTTCCGTGARACCTTCCCGGACGCTGCTGACCTGATCGCTCCGGGT
ATCTGGGAAGGTACCCGTATGTGCATCGACGAAGAAGCTATCGCTAAAGACTTCCCGGARATCGACGCTGGTCGTGCTTTCTCCATGATGCTGCTGG
CTCTGTGCGAATGCGCTCTGGACCACGGTATCCACACCATGATCTCCAACTACGAACCGTACCTGAAACGTGTTTACAAACGTGCTGGTGCTGAAGT
TGAAGAACTGGGTCGTGCTGACGGTTACGGTAAATACCCGGTTTGCTGCGGTGCTTTCGAAGTTTCCGACCGTGTTCTGCGTAARAATGCGTGCTGCT
CTGGGTCTGACCCTGCCGCTGTACGTTCGTCACGTTCCGGCTCGTTCCGTTGTTACCCAGTTCCTGGAAATGGCTGCT

13

phiIF

GCACGTACCCCGAGCCGTAGCAGCATTGGTAGCCTGCGTAGTCCGCATACCCATAAAGCAATTCTGACCAGCACCATTGAAATCCTGARAGAATGTG
GTTATAGCGGTCTGAGCATTGAAAGCGTGGCACGTCGCGCCGGTGCAGGCAAACCGACCATTTATCGTTGGTGGACCAACAARAGCAGCACTGATTGC
CGAAGTGTATGAAAATGAAATCGAACAGGTACGTAAATTTCCGGATTTGGGTAGCTTTAAAGCCGATCTGGATTTTCTGCTGCATAATCTGTGGARAA
GTTTGGCGTGAAACCATTTGTGGTGAAGCATTTCGTTGTGTTATTGCAGAAGCACAGTTGGACCCTGTAACCCTGACCCAACTGAAAGATCAGTTTA
TGGAACGTCGTCGTGAGATACCGAAARAACTGGTTGAAGATGCCATTAGCAATGGTGAACTGCCGAAAGATATCAATCGTGAACTGCTGCTGGATAT
GATTTTTGGTTTTTGTTGGTATCGCCTGCTGACCGAACAGTTGACCGTTGAACAGGATATTGAAGAATTTACCTTCCTGCTGATTAATGGTGTTTGT
CCGGGTACACAGTGT

14

phiA

AACGTGAAAAAGATAGGTATTGTCAGCTATGGCGCGGGTATTCCGGTATGCCGCCTGAAAGTCCAGGAAGTGATCAACGTCTGGAARAACACCGACC
TCAAGCTGGTGGAGGAAAACCTCGGCGTCACGGAAAGAGCCGTGCTGCAACCGGATGAAGATGTCATCACCCTCGGGGTGCTGGCGGCGCAACGGGC
CCTGGATAAAGTCCCCGGTCATCAGATCGAAGCCCTGTACCTGGGCACCTGCACCAATCCCTATGACTCACGGGCCTCGGCTTCGATCATCCTGGAA
ATGCTCGGCAGCGGCTACGACGCCTATTGCGCCGACGTGCAGTTCGCCGGCAAGTCCGGAACTTCTGCCCTGCAGATCTGCCAGGCGCTGGTGGCTT
CCGGCATGACGGGCAGCGCCCTGGCCATCGGCGCCGACACCATCAACCGCAACACCGCGCCGGGCGACCTGACCGAATCCTATGCCGGGGCCGGAGC
CGCTGCGCTGCTGATCGGCAGCCAGGATGTCATCGCCGAATTCGACGCCAGCTTCTCCTGCGCCGCCGATGTCGCCGACAACATCCGCCCCCAGGGC
GATCGCTACATTCGTTCGGGCATGGGCCTGGGCTCGGACAAGAACAGCATCGGCCTGGARAGATCAGACCCGCCGCGCCGCCGARAGGCCTGATGGCCA
AGCTGCACACCAGCCCCGCCGACTATGACTATGTGGTGTTCCAGCAARACCTGGTGTCCACGCCCTACTCCCTGGCCAAGCACCTGGGCTTCAACCC
CAAGCAGGTGGAACCGGGCATCTATGCCGGCAACGTTGGCGATGCCGGATCGGCCAGCCCGCTGCTCGGCCTGATCAACGTACTGGACCAGGCACGC
CCGGGGCAGAAAATTCTTTTGGTGTCCTACGGTTTCGGCGCCGGCAGCGACGCCATCGCCCTGACCGTCACCGACGCCATCGAGCAGTACCAGAAGC
ACAACAAGCCTCTGCGCGAACTGCTGGAATCCAAGATCTACGTCGACTACGGCACGTCCATCAAGTACGAGTTCAAGTACCTGCGGGCTGACTACGC
CCTGACCGCCTATCTC

P. fluorescens
genome

phlC

ATGTGCGCACGTCGTGTTGCAATCGTTTCGGCCGCCTATACGCCGAAACCCGGAAGTTCACGAGTTCGGCAGACGTTCAAGGAARATGATCGTCGAGT
CCGCCTACAAGGCACTCAAGGACGCCAAGATGCACCCCCGGGAAATCCAGGCCGTGGCCTATGGTTATCACGGTGAAGGCATTTCCGAATATGGCGG
CCTGGGCCCGACCATTTCCGACGCCCTGGGCATCAGCCCGGCGCCGACCTTCATGAGCACCGCCAACTGCACCAGCAGCTCGGTGTCGTTCCAGATG
GGCCACCAGATGGTGGCGTCCGGGGAGTACGACATCGTCCTATGCGGCGGCTTCGAGAAGATGACCGATCACTTCAACTACGCCGAATACATCGGCT
CCAGCACTGAATGTGAATACGATTATTTCCTCGGCATTTCCCACACCGATGCCTTCGCCCTGGCCACCGCCGAGTACTTCCAGAAGTTCGGCTATGC
CGGTCGCGAGGCCGACGTACTGGCCACCTTCGGCCGGCAGATGCGCATCTACGCACAGAACACCCCCACCGCCACCCGTTATGGCCAGCCGATTCCA
TCCCTGGAAGTGTTGAAGAACAGCGAAGCCTGCGGCTCGATGCTGGCCTGGGGCGAAGCCAGTGGCTGCGCGATCCTGGTGGCCGAACACCTGGCCC
ACAAGTACACCGATAAACCGGTGTTCGTACGCGGTTGCGCCTATACCGGGGTTTCCCACTATTTCGGTACGCGCTTTCACAACCCGACCCTGCATCA
TCCGGGCCTGCCCAAGGATGTGGGCATGGCGGTTTCGGCCAACTCCATCGCCTGTGCGGAGATCGCCTACAAG GCCGGGATCACCGCCAAGGAC
ATCGACGTGGCCCAGGTCTACGACCTGCTCGGCGCCGGGCTGATCCAGATGGAGTCCATGGGCATCTGTGGCAAGGGCCAGGCCGGCGACTTCGTGC
TCGAAGGCGGCATCGCCCTGGATGGCCAGCTGCCGCTCAATACCGACGGCGGCAACATCGGCCGCGGCCATGCCTCCGGCTGCGACGGCATCCTGCA
CATCACCGAGCTGTTCCGGCAGCTGAGGGGTGAATCCGACAACCAGGTCAAGGGCGCGCGCATCGGCGTGTCGCAGAACCTTGGCGGTTACGCGGCG
CACAACTCAGTGATTGTCCTCTCGAACGAC

P. fluorescens
genome

phiB

ATGTCCATGTACCCAGAACAGATCCACAGAATGACCACCGCCAGCATGCTTCGCGAATGGCGCGAGCATGGCGGCARAGTACCGCCTCGAAGGCAGCC
AGTGCGAAGAATGCAACGAAATCTTCTTCCCCCGGCGCACCGTCTGCGGCGCTTGCAACTCCCTGAGTGTGAAGCCGTATCGCTGCGCGCGCAGTGG
CAAGATCGAGGTCATGGCCCCGGCCGAGAACCCGATCCTGGCCGCCATGGGCTATGGCGARAACCGTGCCGCGCATCATGGCCATGGTGCGCCTGGAC
GACGGCCTGGTGATCGCTTCGGARATCGTCGATGTGTGCGATCAGCAACAGCTGARAGTCGGTGCGCCGGTGCGCATGGTGATCCGCAAGCATGTGC
GCGARAGCAACCTGGCCTGGCAATACGCTTATAAGTTCGTACTCGATATA

P. fluorescens
genome

phID

ATGTCTACACTTTGCCTTCCACACGTCATGTTTCCGCAACACAAGATCACCCAGCAACAGATGGTCGATCACCTGGAAAACCTGCACGCCGACCATC
CACGCATGGCCCTGGCCAAGCGCATGATCGCCAACACCGAAGTCAACGAGCGCCACCTGGTGTTGCCGATCGACGAACTGGCAGTGCACACCGGTTT
CACCCACCGCAGCATCGTCTACGAGCGTGAAGCCCGGCAGATGTCGTCGGCCGCGGCGCGCCAGGCCATCGAGAATGCCGGGCTGCAGATCAGCGAC
ATTCGCATGGTGATCGTCACTTCCTGCACCGGCTTCATGATGCCGTCGCTGACCGCGCACCTGATCAACGACCTGGCCCTGCCAACCTCCACCGTGC
AGTTGCCGATCGCCCAGCTGGGCTGCGTGGCCGGTGCCGCGGCCATCARCCGCGCCAACGACTTCGCCCGGCTCGATGCCCGCAACCACGTACTGAT
CGTGTCCCTGGAATTCTCCTCGCTGTGCTACCAGCCGGACGACACCAAGCTGCACGCCTTCATCTCCGCGGCGCTGTTCGGCGATGCGGTATCCGCC
TGCGTGCTGCGCGCCGATGACCAGGCCGGCGGCTTCAAGATCAAGAAAACCGAGTCGTACTTCCTGCCCAAGAGCGAGCACTACATCAAGTACGACG
TGAAGGACACCGGCTTTCACTTCACCCTCGACAAGGCGGTGATGAACTCCATCAAGGACGTGGCACCGGTCATGGAGCGGCTCAACTACGAGAGCTT
CGAACAGAACTGTGCGCACAACGACTTCTTCATCTTCCACACCGGTGGTCGCAAGATCCTCGACGAGCTGGTGATGCACCTGGACCTGGCATCCAAC
CGGGTTTCGCAATCGCGCAGCAGCCTGTCGGAAGCCGGCAACATTGCCAGCGTGGTGGTGTTCGACGTACTCAAGCGGCAGTTCGATTCCAACCTCA
ATCGCGGCGACATCGGCCTGCTGGCAGCCTTCGGCCCGGGGTTCACCGCGGAAATGGCGGTGGGCGAGTGGACCGCC

P. fluorescens
genome

cl

AGCACAAAAAAGAAACCATTAACACAAGAGCAGCTTGAGGACGCACGTCGCCTTAAAGCAATTTATGAAAAAAAGAAAAATGAACTTGGCTTATCCC
AGGAATCTGTCGCAGACAAGATGGGGATGGGGCAGTCAGGCGTTGGTGCTTTATTTAATGGCATCAATGCATTARATGCTTATAACGCCGCATTGCT
TGCAAAAATTCTCAAAGTTAGCGTTGAAGAATTTAGCCCTTCAATCGCCAGAGAAATCTACGAGATGTATGAAGCGGTTAGTATGCAGCCGTCACTT
AGAAGTGAGTATGAGTACCCTGTTTTTTCTCATGTTCAGGCAGGGATGTTCTCACCTGAGCTTAGAACCTTTACCAAAGGTGATGCGGAGAGATGGG
TAAGCACAACCAAAAAAGCCAGTGATTCTGCATTCTGGCTTGAGGTTGAAGGTAATTCCATGACCGCACCAACAGGCTCCAAGCCAAGCTTTCCTGA
CGGAATGTTAATTCTCGTTGACCCTGAGCAGGCTGTTGAGCCAGGTGATTTCTGCATAGCCAGACTTGGGGGTGATGAGTTTACCTTCAAGAAACTG
ATCAGGGATAGCGGTCAGGTGTTTTTACAACCACTAAACCCACAGTACCCAATGATCCCATGCAATGAGAGTTGTTCCGTTGTGGGGAAAGTTATCG
CTAGTCAGTGGCCTGAAGAGACGTTTGGCTGA

cl434

ATGAGTATTTCGAGCCGTGTGAAAAGCAAACGCATTCAGCTTGGACTTAATCAAGCCGAACTGGCCCAAAAAGTCGGCACCACTCAGCAGAGCATCG
AGCAACTTGAAAACGGCAAAACAAAACGCCCCCGTTTTCTTCCGGAGTTAGCGAGCGCCTTGGGTGTATCAGTCGACTGGCTGCTTAACGGCACATC
GGACTCAAATGTGCGTTTTGTAGGTCATGTAGAGCCTARAGGTAAGTATCCGTTAATTAGCATGGTACGCGCTGGAAGTTGGTGCGAAGCGTGTGAG
CCCTATGATATTAAAGACATCGACGAATGGTATGATAGCGATGTGAACCTTCTTGGAAACGGCTTCTGGCTTAAAGTCGAGGGGGACTCAATGACGT
CGCCCGTTGGCCAGTCAATCCCTGAGGGTCACATGGTACTTGTAGATACGGGTCGTGAACCAGTCAATGGCTCTTTGGTTGTAGCCAAGCTGACAGA
TGCAAACGAAGCTACCTTTAAGAAACTGGTCATCGACGGGGGGCAGAAGTATTTARAAGGGTTAAATCCAAGCTGGCCTATGACCCCCATCAATGGC
AACTGTAAAATCATCGGAGTTGTGGTGGAAGCCCGCGTTAARATTCGTC

wo

CAGACATTCGAAAAACTGAAAGCGATTAGGAAAGCAGAAGGCTTAACACAGGCGAAATTCAGCGAAATTAGCGGGATAGCTCTAGGAACAGTCARAAA
ATTACGAAAGTGGGCATAAAGACCCTGGTCTGAGCATCGTTATGCGAGTCACAAATACGCCTTTATTTAARARATATACGCTCTGGTTAATGACTGG
TGATACGTCACCACAAGCTGGTCAGATCGCGCCGGCTCTCGCACACATTGGGCAAAAACCAACAGAATCAGACCACTCCGAAARAACAGACTGGTTA

Escherichia phage
vB_EcoM-12474l11

int5

ATGCCTGGTATGACCACCGAAACCGGTCCGGATCCTGCAGGTCTGATTGACCTGTTTTGTCGTAAAAGCAAAGCAGTTARAAAGCCGTGCAAATGGTG
CAGGTCAGCGTCGTAAACAAGAAATTAGCATTGCAGCACAAGAAACCCTGGGTCGTARAGTTGCAGCACTGCTGGGTATGCAGGTTCGTCATGTTTG
GAAAGAAGTTGGTAGCGCAAGCCGTTTTCGTAAAGGTAAAGCACGTGATGATCAGAGCAAAGCACTGAAAGCCCTGGAAAGCGGTGAAGTTGGTGCA
CTGTGGTGTTATCGTCTGGATCGTTGGGATCGTGGTGGTGCCGGTGCAATTCTGAAAATTATCGAACCGGAAGATGGTATGCCTCGTCGTCTGCTGT
TTGGTTGGGATGAAGATACCGGTCGTCCGGTTCTGGATAGCACCAATAAACGTGATCGCGGTGAACTGATTCGTCGTGCAGAAGAAGCACGCGAAGA
AGCAGAAAAACTGAGCGAACGTGTTCGTGATACCAAAGCACATCAGCGTGAAAATGGTGAATGGGTTAATGCCCGTGCACCGTATGGTCTGCGTGTT
GTTCTGGTTACCGTTAGTGATGAAGAGGGTGATGAATATGATGAACGTAAACTGGCAGCAGATGATGAAGATGCGGGTGGTCCTGATGGTCTGACCA
AAGCAGAAGCAGCCCGTCTGGTTTTTACCCTGCCGGTTACCGATCGTCTGAGCTATGCAGGCACCGCACATGCAATGAATACCCGTGARATTCCGAG
CCCGACCGGTGGTCCGTGGATTGCAGTTACCGTGCGTGATATGATTCAGAATCCGGCATATGCGGGTTGGCAGACCACAGGTCGTCAGGATGGTARA
CAGCGTCGTCTGACCTTTTATAACGGTGAAGGTAAACGTGTTAGCGTTATGCATGGTCCTCCGCTGGTGACCGATGAAGAACAAGAAGCCGC. G

6

29



CAGCCGTTAAAGGTGAAGATGGTGTTGGTGTTCCGCTGGATGGTAGCGATCATGATACCCGTCGCAAACATCTGCTGAGCGGTCGTATGCGTTGTCC
GGGTTGTGGTGGTAGCTGTAGCTATAGCGGTAATGGTTATCGTTGTTGGCGTAGCAGTGTGARAGGTGGTTGTCCGGCACCGACCTATGTTGCACGT
AAAAGCGTTGAAGAATATGTTGCATTTCGTTGGGCAGCAAARATTAGCAGCAAGCGAACCGGATGATCCGTTTGTTATTGCAGTTGCAGATCGCTGGG
CAGCACTGACCCATCCGCAGGCAAGCGAAGATGAARAGTATGCAARAGCCGCAGTTCGTGAAGCCGAAARAARATCTGGGTCGCCTGCTGCGTGATCG
TCAGAATGGTGTTTATGATGGTCCGGCAGAACAGTTTTTTGCCCCTGCATATCAAGAAGCACTGAGCACCCTGCAGGCAGCCAAAGATGCAGTTAGC
GAAAGCAGCGCAAGCGCAGCAGTTGATGTTAGCTGGATTGTTGATAGCAGCGATTATGAAGAACTGTGGCTGCGTGCAACCCCGACCATGCGTAATG
CAATTATTGATACCTGCATCGATGAAATTTGGGTTGCAAAAGGCCAGCGTGGTCGTCCGTTTGATGGTGATGAACGCGTTAAAATCAAATGGGCAGC
CCGTACC

Int7

ATGARAGTGGCCATTTATGTTCGTGTTAGCACCGATGAACAGGCCAAAGAAGGTTTTAGCATTCCGGCACAGCGTGAACGTCTGCGTGCATTTTGTG
CAAGCCAGGGTTGGGARATTGTGCAAGAATATATTGAAGAAGGTTGGAGCGCAAAAGATCTGGATCGTCCGCAGATGCAGCGTCTGCTGAAAGATAT
CAAAAAAGGCAACATTGATATTGTGCTGGTGTATCGTCTGGATCGCCTGACCCGTAGCGTTCTGGATCTGTATCTGCTGCTGCAGACCTTTGARARAA
TACAATGTGGCATTTCGTAGCGCCACCGAAGTTTATGATACCAGCACCGCAATGGGTCGTCTGTTTATTACCCTGGTTGCAGCACTGGCACAGTGGG
AACGTGAAAATCTGGCAGAACGTGTTAAATTTGGTATCGAGCAGATGATCGATGAAGGTAAAAAACCGGGTGGTCATAGCCCGTATGGTTACAAATT
TGATAAAGACTTCAATTGCACCATTATTGAGGAAGAAGCAGACGTTGTTCGTATGATCTATCGCATGTATTGTGATGGTTATGGCTATCGTAGCATT
GCAGATCGTCTGAATGAACTGATGGTTAAACCGCGTATTGCCAAAGAATGGAATCATAATAGCGTGCGTGATATCCTGACCAACGATATCTATATTG
GCACCTATCGTTGGGGTGATARAGTTGTTCCGAATAATCATCCGCCTATTATTAGCGAAACCCTGTTCARAAAAGCCCAGAARAGAAAAAGAAARACG
TGGCGTTGATCGTAAACGCGTTGGTAAATTTCTGTTTACCGGTCTGCTGCAGTGTGGTAATTGTGGTGGCCATARAATGCAGGGCCATTTTGATARA
CGTGAGCAGAAAACCTATTACCGTTGTACCAAATGTCACCGCATTACCAACGAARAAAAACATTCTGGAACCGCTGCTGGATGARATTCAGCTGCTGA
TTACCAGCAAAGAATACTTTATGAGCAAATTCAGCGACCGCTATGATCAGCAAGAGGTTGTTGATGTTAGCGCACTGACAAAAGAACTGGAAAARAT
CAAACGCCAGAAAGAGAAATGGTACGATCTGTATATGGATGATCGTAACCCGATTCCG. GAAGAACTGTTTGCC. TTAACGAACTGAACAAA
ARAGAAGAAGAARATCTATAGCAAGCTGAGCGAAGTGGAAGAAGATAAAGAACCGGTTGAAGAGAARATATAACCGCCTGAGCAAAATGATCGATTTTA
AACAGCAGTTTGAGCAGGCCAACGACTTTACCAAAARAAGAGCTGCTGTTCAGCATCTTCGAARAGATTGTGATTTATCGCGAGARAGGCAAGCTGAA
ARAAATCACCCTGGATTACACCCTGAAATAA

specR

ATGGCTTGTTATGACTGTTTTTTTGGGGTACAGTCTATGCCTCGGGCATCCAAGCAGCAAGCGCGTTACGCCGTGGGTCGATGTTTGATGTTATGGA
GCAGCAACGATGTTACGCAGCAGGGCAGTCGCCCTAAAACAAAGTTAAACATCATGAGGGAAGCGGTGATCGCCGAAGTATCGACTCAACTATCAGA
GGTAGTTGGCGTCATCGAGCGCCATCTCGAACCGACGTTGCTGGCCGTACATTTGTACGGCTCCGCAGTGGATGGCGGCCTGAAGCCACACAGTGAT
ATTGATTTGCTGGTTACGGTGACCGTAAGGCTTGATGARACAACGCGGCGAGCTTTGATCAACGACCTTTTGGARACTTCGGCTTCCCCTGGAGAGA
GCGAGATTCTCCGCGCTGTAGAAGTCACCATTGTTGTGCACGACGACATCATTCCGTGGCGTTATCCAGCTAAGCGCGAACTGCAATTTGGAGAATG
GCAGCGCAATGACATTCTTGCAGGTATCTTCGAGCCAGCCACGATCGACATTGATCTGGCTATCTTGCTGACAARAAGCAAGAGAACATAGCGTTGCC
TTGGTAGGTCCAGCGGCGGAGGAACTCTTTGATCCGGTTCCTGAACAGGATCTATTTGAGGCGCTAAATGAAACCTTAACGCTATGGAACTCGCCGC
CCGACTGGGCTGGCGATGAGCGAAATGTAGTGCTTACGTTGTCCCGCATTTGGTACAGCGCAGTAACCGGCAAAATCGCGCCGAAGGATGTCGCTGC
CGACTGGGCAATGGAGCGCCTGCCGGCCCAGTATCAGCCCGTCATACTTGAAGCTAGACAGGCTTATCTTGGACAAGAAGAAGATCGCTTGGCCTCG
CGCGCAGATCAGTTGGAAGAATTTGTCCACTACGTGAAAGGCGAGATCACCAAGGTAGTCGGCAAA

kanR

ATGAGCCATATTCAACGGGAAACGTCTTGCTCTAGGCCGCGATTARATTCCAACATGGATGCTGATTTATATGGGTATARAATGGGCTCGCGATAATG
TCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGCCCGATGCGCCAGAGTTGTTTCTGAAACATGGCARAGGTAGCGTTGCCAATGATGT
TACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTC
ACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAGAATATCCTGATTCAGGTGARAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCC
GGTTGCATTCGATTCCTGTTTGTAATTGTCCTTTTAACAGCGACCGCGTATTTCGTCTCGCTCAGGCGCAATCACGAATGAATAACGGTTTGGTTGA
TGCGAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCACCGGATTCAGTCGTC
ACTCATGGTGATTTCTCACTTGATAACCTTATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACC
AGGATCTTGCCATCCTATGGAACTGCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCARAAATATGGTATTGATAATCCTGATATGAA
TAAATTGCAGTTTCATTTGATGCTCGATGAGTTTTTC

mCherry

GTGAGCAAGGGCGAAGAAGATAACATGGCCATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATGGAGGGCTCCGTGAACGGCCACGAGTTCGAGA
TCGAGGGCGAGGGCGAGGGCCGCCCCTACGAGGGCACCCAGACCGCCAAGCTGAAGGTGACCAAGGGTGGCCCCCTGCCCTTCGCCTGGGACATCCT
GTCCCCTCAGTTCATGTACGGCTCCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGACTACTTGAAGCTGTCCTTCCCCGAGGGCTTCAAGTGG
GAGCGCGTGATGAACTTCGAGGACGGCGGCGTGGTGACCGTGACCCAGGACTCCTCCTTGCAGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCG
GCACCAACTTCCCCTCCGACGGCCCCGTAATGCAGAAG. CCATGGGCTGGGAGGCCTCCTCCGAGCGGATGTACCCCGAGGACGGCGCCCTGAA
GGGCGAGATCAAGCAGAGGCTGAAGCTGAAGGACGGCGGCCACTACGACGCTGAGGTCAAGACCACCTACAAGGCCAAGAAGCCCGTGCAGCTGCCC
GGCGCCTACAACGTCAACATCAAGTTGGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGCCGAGGGCCGCCACTCCA
CCGGCGGCATGGACGAGCTGTACAAG

sf-afp

AGCAAAGGAGAAGAACTTTTCACTGGAGTTGTCCCAATTCTTGTTGAATTAGATGGTGATGTTAATGGGCACAAATTTTCTGTCCGTGGAGAGGGTG
AAGGTGATGCTACAAACGGAAARACTCACCCTTAAATTTATTTGCACTACTGGARAACTACCTGTTCCGTGGCCAACACTTGTCACTACTCTGACCTA
TGGTGTTCAATGCTTTTCCCGTTATCCGGATCACATGAAACGGCATGACTTTTTCAAGAGTGCCATGCCCGAAGGTTATGTACAGGAACGCACTATA
TCTTTCAAAGATGACGGGACCTACAAGACGCGTGCTGAAGTCAAGTTTGAAGGTGATACCCTTGTTAATCGTATCGAGTTARAAGGGTATTGATTTTA
AAGAAGATGGAAACATTCTTGGACACAAACTCGAGTACAACTTTAACTCACACAATGTATACATCACGGCAGACAAACAAAAGAATGGAATCAAAGC
TAACTTCAAAATTCGCCACAACGTTGAAGATGGTTCCGTTCAACTAGCAGACCATTATCAACAAAATACTCCAATTGGCGATGGCCCTGTCCTTTTA
CCAGACAACCATTACCTGTCGACACAATCTGTCCTTTCGARAGATCCCAACGAAAAGCGTGACCACATGGTCCTTCTTGAGTTTGTAACTGCTGCTG
GGATTACACATGGCATGGATGAGCTCTACAAA

15

Terminators

L352P21

CTCGGTACCAAATTCCAG GAGGCCTCCCG GGGGGGCCTTTTTTCGTTTTGGTCC

DTS5

TCCGGCAATTARAAAAGCGGCTAACCACGCCGCTTTTTTTACGTCTGCACTCGGTACCAAATTCCAGAARAGAGGCCTCCCGAAAGGGGGGCCTT
TTTTCGTTTTGGTCC

DT101

TCTTTAAAAAGAAACCTCCGCATTGCGGAGGTTTCGCCTTTTGATACTCTGTCTGAAGTAATTCTTGCCGCAGTGAAAAATGGCGCCCATCGGCG
CCATTTTTTTATGCTTCCATTAG GC. GCCTGCTAG GCAGGCTTTTTTGAATTTGGCTCCTCTGAC

DT104

GCAGAC. TGGCGCACAATGTGCGCCATTTTTCACTTCACAGGTACTATTGTTTTGAATTGARAAGGGCGCTTCGGCGCCCTTTTTGCA
TTTGTTGACGGCATATATTTGTATATCGAAGCGCCCTGATGGGCGCTTTTTTTATTTAATCGATAACCAGA

DT54

GGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGGCTCGGTACCAAATTCCAGAAAAGACACCCGAAAGGGTG
TTTTTTCGTTTTGGTCC

DT60

ACATTTAAT. GGGCGGTCGCAAGATCGCCCTTTTTTACGTATGACACAGTGAAAAATGGCGCCCATCGGCGCCATTTTTTTATG

ECK120010850 AGTTAACCARAAAGGGGGGATTTTATCTCCCCTTTAATTTTTCCT

ECK120035133 ACTGATTTTTAAGGCGACTGATGAGTCGCCTTTTTTTTGTCT

16

lambda t0

GACTCCTGTTGATAGATCCAGTAATGACCTCAGAACTCCATCTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAAT

iGEM K3257021

B0015

CCAGGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCTACTAGAGTCACACT
GGCTCACCTTCGGGTGGGCCTTTCTGCGTTTATA

iGEM B0015

Primers

LP2_322F

CGAAGACTTGGAGTGAGACCGGCTGAGAAATGGTCAGAAAACGCTTTGC

LP2_322R

GAGACCTTATATTCCCCAGAACATCAGGCAGTATCCTGATCCCACAATTAAGCG

LP2_323F

GACAGGGCGGGGTTTTTTTTGACGTGTTCCGCGCTTACGTTG

LP2_323R

TTCCCGTTAACAGCGCAGAACTCGTTTAAAAATACGTTTCATGGAACACCTG

LP2_324F

GGTGTTCCATGAAACGTATTTTTAAACGAGTTCTGCGCTGTTAACGGGAAAC

30



LP2_324R GAACGTCTCAACGTAAGCGCGGAACACGTCAAAAAARACCCCGCCCTGTC
LP5_305F CGAAGACTTGGAGTGAGACCGGCTGTTTCCGTGGGGTARATCACCTTG
LP5_305R GAGACCTTATATTCCCCAGAACATCAGGCAGCAATACCTCACTGCGGATTCG
LP5_306F GGGGCATTTTTCTTCCTGTTATGTAGCCCTTTTATGCTGAACAGGTTCTG
LP5_306R TCCGCCCACACCCGCTTACGCAGGGCCGGGATAATCTCAACCCCTTTGCC
LP5_307F GGCAAAGGGGTTGAGATTATCCCGGCCCTGCGTAAGCGGGTGTG
LP5_307R CAGAACCTGTTCAGCATAAAAGGGCTACATAACAGGAAGAAAAATGCCCCG
LP7_296F TGATTTTTGCGGTATAAGAATATATACTGCCTCTACCAAAGCGTTCACCACCC
LP7_296R AGACCTTATATTCCCCAGAACATCAGGCTGGTGAAGACGAACGAGGTGCC

31



Supplementary Table 3: Plasmids and genomic insertions

Name Sequence?®

Plasmids
ATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGG! T 5GTGCG?
TTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTA. GGCTGACG
GATGATGCATGGTTACTCACCACTGCGATCCCCGGGAAAACAGCATTCCAGGTATTAGAAC
GAAACCGGTCCGGATCCTGCAGGTCTGATTGACCTGTTTTGTCGTAAAAGCAAAGCAGTT?
ACAAGAAACCCTGGGTCGTAAAGTTGCAGCACTGCTGGGTATGCAGGTTCGTCATGTTTGC
GCAAAGCACTGAAAGCCCTGGAAAGCGGTGAAGTTGGTGCACTGTGGTGTTATCGTCTGGATCGTTC

pHD305 TG 5 \GA” \ 5. \ VAGC CTGGTTTTTAC GCCG

. h GTTACCGATCGTCTGAGCTATGCAGC "CGCACATGCAATGAATACCCG N N
(Wlt OUt GGCATATGCGGGTTGGCAGACCACAGGTCGTCAGGATGGTAAACAGCGTCGTCTGAC
payload) ATGAAGE . \AAAG

( AGTTGATGTTAGCTGGATTGTTGATAC GCGATTATGAA
GCGTGCAA ATGCGTAATGCAATTATTGATACCTGCATCGATGAAATTTGGGTTC AGCGTGGTCGTCCGTTTGATGGTGATC GCGTT

“GA B ele}
GGGCAGCCCGTACCTAACATTACAGTTTATCGATGATAAGCTGTCAATCCGATTCGCCAGATGATAAGGAACCATAAAAAAATGGCGCCGATGGGCGCCATTTTTCACTGGTTGAT
TGCTTTGGTTGAGACGAGGTGTCATACGTAAAAAAGGGCGATCTTGCGACCGCCCTTTTTTTATTAAATGTTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTG
GTGAGAATCCAAGCACAAG

EEEGA T TTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTGGACCAAAACGAAAAAACAC
CCTTTCGGGTGTCTTTTCTGGAATTTGGTACCGAGCCTTTGGTCGAAAARAAAAGCCCGCACTGTCAGGTGCGGGCTTTTTTCTGTGTTTCCCAGATCAGGGTGCGCAAGTTGTCA
ACGCTCCCAGGAGAGTTATCGACTTGCGTATTAGGG

T CABGITCCTATACTTICTAGAGAATAGGAACTTCGGAATAGGAACTTCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACCATGCCTATTTGTTIATITTITCTAR

ATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAC ATATTCAACGGGAA. CTTGCTCTAC CGCG
ATTAAATTCCAACATGGATGCTGATTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCG! B CGA A 5 GATGCGCCAGAGTTGT
TTTTATCCGTACTCCT

GTGTTCCTGCGCCG

TTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTC

TACTAGCTCCGGCAAAAAAACGGGCAAGGTGTCACCACCCTGCCCTTTTTCTTTAAAACCGAAAAGA
TTACTTCGCGTTGAGATTTTGAGACACAAGGTCTCGCGCTGTACATCCTGCCCGCGTTTCTCTAGAGGGCGCGCCTTTACAGCTAGCTCAGTCCTAGGGACTCGTGCTAGCTACTAG

GTTAGCACCGATGAACAGGCCAAAGAAGGTTTTAGCATTCCGGCACAGCGTGAACGTCTGCGTGCATTTTGTGCAAGCCAGGGTTGGGAAATTGTGCAAGAATATATTGAAGAAGG

AAATTTCT

pHD307
(without
payload)
TTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTAAGCTGAACCTGCGTAAAAGTTAAGGTTAGGCATGTAAACTTAACTCTCACACAGGTTTATAACAC
AATGAAATAAGATCACTACCGGGCGTATTTTTTGAGTTATCGAGATTTTCAGGAGCTAAGGAAGCT.
CTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATAATTTTGTTTAATCACACAGGAAAGTACTAG.
TTGGAGCGCAAAAGATCTGGATCGTCCGCAGATGCAGCGTCTGCTGAAAGATATCAAAAAAG
GCTGCAGACCTTTGAAAAATACAATGTGGCAT N
CTGGC STGTTE \TTTGGTATCC
G. GCA GTTGTTCGTATGATCTA
pINT7

GTCACCGCATTACCAACGAAA
AAGAATACT
“TGTATATGGATGATCGT.
GTTC

AARTCCATCCTCACGATAATATCCGGGTAG
GCGCAATCACTTTCGTCTACTCCGTTACAAAGCGAGGCTGGGTATTTCCCGGCCTTTCTGTTATCCGAAATCCACTG GCACAGCGGAGATGTGTATAAGAGACAGCTGGACAG
TAAGACGGGTAAGCCTGTTGATGATACCGCTGCCTTACTGGGTGCATTAGCCAGTCTGAATGACCTGTCACGGGATAATCCGAAGTGGTCAGACTGG TCAGAGGGCAGGAAC
TGCTGAACAGCAAAAAGTCAGATAGCACCACATAGCAGACCCGCCATAAAACGCCCTGAGAAGCCCGTGACGGGCTTTTCTTGTATTATGGGTAGTTTCCTTGCATGAATCCATAA
AAGGCGCCTGTAGTGCCATTTACCCCCATTCACTGCCAGAGCCGTGAGCGCAGCGAACTGAATGTCACGAAAAAGACAGCGACTCAGGTGCCTGATGGTCGGAGACAAAAGGAATA
TTCAGCGATTTGCCCGAGCTTGCGAGGGTGCTACTTAAGCCTTTAGGGTTTTAAGGTCTGTTTTGTAGAGGAGCARAACAGCGTTTGCGACATCCTTTTGTAATACTGCGGAACTGA
CTAAAGTAGT)
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ATAACTACCATGAGTTTAAAAGGCTTAACCAATGGGTTTTGAAACCAATAAGTAAAGATTTA
ACGTTGATTTTCCAAGTTGAACTAGATAGACAAATGGATCTCGTAACCGAACTTGAGAAC TCAGATTCCTA
CCTACATAACGGACTAAGAAAAACACTACACGATGCTTTAACTGCAAAAATTCAGCTCACCAGTTTTGAGGCAAAATTTTTGAGTGACATGCAAAGTAAGTATGATCTCAATGGTT
CGTTCTCATGGCTCACGCAAAAACAACGAACCACACTAGAGAACATACTGGCTAAATACGGAAGGATCTGAGGTTCTTATGGCTCTTGGAATTCCGTGATACGCCTATTTTTATAG
GTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGGCACGTAAGAGGTTCCAACTTTCACCAT
TACTTTAGTCAGTTCCGCAGTATTACAAAAGGATGTCGCAAACGCTGTTTGCTCCTCTACAAAACAGACCTTAAAACCCTAAAGGCTTAAGTAGCACCCTCGCAAGCTCGGTTGCG
GCCGCAATCGGGCAAATCGCTGAATATTCCTTTTGTCTCCGACCATCAGGCACCTGAGTCGCTGTCTTTTTCGTGACATTCAGTTCGCTGCGCTCACGGCTCTGGCAGTGAATGGG
GGTAARATGGCACTACAGGCGCCTTTTATGGATTCATGCAAGG CTACCCATAATACAAG GCCCGTCACGGGCTTCTCAGGGCGTTTTATGGCGGGTCTGCTATGTGGTGC

CCCGACTGAT

TATCTGACTTTTTGCTGTTCAGCAGTTCCTGCCCTCTGATTTTCCAGTCTGACCACTTCGGATTATCCCGTGACAGGTCATTCAGACTGGCTAATGCACCCAGTAAGGCAGCGGTA
TCATCAACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAA
ATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTG

TTTAGCTTCCTTAGCTCCTGAAAATCTCGATAACTCAAAAAATACGCCCGGTAGTGATCTTATTTCATTATGGTGAA
AGTTGGAACCTCTTACGTGCCATTTCCCCGAARAGTGCCACCTGACGTCTAAGCTTATCGTGTTTGACATGGTGTTTAGATCTCAATAGTATTTAGTTTAGATGTAGATTGTTTAG
TGCTTGATGTACTAAGGAGGTTGTATGCCACAATTTGATATATTATGTAAAACACCACCTAAGGTGCTTGTTCGTC
AGCATTATGTGCTGCTGAACTAACCTATTTATGTTGGATGATTACACATAACGGAACAG

AAAAAAATG!
“AATTCCTCTTCC

AATT

pFLP

TTAGTAGGC
CAATTCTTCAAGCAATAAACAGGAATACCAATTATTAAAAGATAACTTAGTCAGATCGTA
CAAAATCTCACATTGGAAGACATTTGATGACCTCATTTCTTTCAATGAAGGGCCTAACG G 7
ACAACGTATACTCATCAGATAACAGCAATACCTGATCACTACTTCGCACTAGTTTCTC GCATATGATCCAATATCAAAGGAAATGATAGCATTGAAGGATGAGACTAA
AGCATATAGAACAGCTAAAGGGTAGTGCTGAAGGAAGCATACGATACCCCGCATGGAATGGGATAATATCACAGGAGGTACTAGACTACCTTTCATCCT
\( TAACCATGGCATGCATGGTATCGAGATGGCACATAGCCTTGCTCAAATTGGAATCAGGTTTGTGCCAATACCAGTAGARACAGACGAAGAATCCATGGG
TATGGACAGTTTTCCCTTTGATATGTAACGGTGAACAGTTGTTCTACTTTTGTTTGTTAGTCTTGATGCTTCACTGATAGATACAAGAGCCATAAGAACCTCAGATCCTTCCGTAT
T "TGGTGAG

AGTTGACTAATGTTGTGGG

AAGCGTGCTTCTGCCGTGGCCAGG

TTACTTATTGGTTTCAAAACCCATTGGTTAAGCCTTTTAAACTCATGGTAGTTATTTTCAAGCATTAACATGAACTTAAATTCATCAAGGCTAATCTCTATATTTGCCTTGTGAGT
§ b AGATTATATTTTATGAATTTTTTTAACTGGAARAAGAT

A AGGATTCCTGATTTC AGTT
AACGATACCGTCCGTTCTTTCCTTGT
"TAGTTCATTTGCTTTGA "TAATT

CAGACATACATCTCAATTGGTCTAGGTGATTTTAATCACTATACCAATTGAGAT]

C

LP7 sHD437 GGATCCGAATTCGGAGTGATAAGTCCCTAACTTTTACAGCTAGCTCAGTCCTAGGTATTATGCTAGCCTGAAGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGAC
- GAAACAGCCTCTACAAATAATTTTGTTTAATGGTTCCAAAGCCAGATACTAAGGAGGTCCCAATGGTC SGAGTTCATGCGC
GGTG! CCGTG. 5 CGAGTTCGA GGTG. GTGG
. GACTACTTGAAGCTGTCCTTCCCCGAGGGCT
AGGACGGCGAGTTCATCTACAAGGTGAAGCTGCGCGGCACCAACTTC
GATGTACCCCGAGGACGGCGCCCTGAAGGGCGAGATCAAGCAGAGGCTGAAGCTGAA
G GT AAGTTGG. CACCT AGG
ACTACACCATCGTGGAACAGTACGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGTAATAGACTGATTTTTAAGGCGACTGATGAGTCGCCTTTTTT

PUETCT SO T GUAGGTGTTATARACCTGTGTGAGAGT TAAGT TTACATGCCTAACCT TAACTTTTACGCAGGTTCAGCT T4

GGCCAGCARAAGGCCAGGAACCGTAA A OGO OO G OAGOOG NG CNCONCHGHOA0N
ICTTGTGCTTGGATTCTCACCAATAAAAAACGCCCGGCGGCAACCGAGCGTTCTGAACAAATCCAGATGGAGTT

CTGAGGTCATTACTGGATCTATCAACAGGAGTCCAAGCGACTAGTAGCTTTAC ACTCATCGAGCATC ATG. ATTTATTCATATCAGGATTATCAATAC AT
GCCGTTTCTGTAATGA SAG CCTAT

AAATAA T € €
ATCAAAA C GCGCCTGAGCGAGACGAAATACGC CGCTGTTAAAAGGACAATTACAAACAGGA
CAGGAACACT

AATACCTGGAATGCTGTTTTCCCGGGGATCGCAGTGGTGAGTAA

ATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGACCATCTC “AAC “TTTGC

CATGTTTCAGAAAC CTGGCGCATCGGGCTTCCCATACAATCGATAGATTGTCGCACCTGATTGCC ATTA' ATG

TTGGAATTTAATCGCGGCCTAGAGC. SACGTTTCCCGTTGAATATGGCTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACAT
ATTTGAATGTATTTAGAAAAATARACAAATAGGCATGGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGAAGTTCCTATTCCH

GGATCCGAATTCGGAGCATTTGACAGTAACCTATTGGTGACTTATATTCCCGTCAAAAGGTTGTGTATTGGTGACCTTTACTAGCTGTCACCGGATGTGCTTTC

CGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATAATTTTGTTAATGGTTCCAAAGCCAGATACTAAGGAGGTCCCAATGATCGTTCAGATCGGTCGTCGTGAAGAGTT

T TAAAGGTTGGGACGTTTCCGTTATCGACGAAATGGARAATCGACGGTTACGACGCTCTGT

CCCCGTACTACATG! 'C. TCGGTTGCTGGCGTATCTTC \ CGGTCCGTA CTTCCCGGAACTGCTG

C GT!? GTGC

TCTGGCTCGTT. B

TGAAAATCGGTATCGAACGTGCTGTTGCTCTGCGTATCGAACTGAACGCTAAARACCCAGATCGCTCTGTACGGTGGTGTTCTGGTTGAACAGCGTCTGGCTGTTTCCTAATAGCCA

GGCATCAAATAAAACGAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCTACTAGAGTCACACTGGCTCACCTTCGGGTGGGCCTTTC

TGCGTTTATAGCTTCTGCAG

LP7 sHD436 GGATCCGAATTCGGAGTGATAAGTCCCTAACTTTTACAGCTAGCTCAGTCCTAGGTATTATGCTAGCCTGAAGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGAC

- 5 \TGCGC

\GGGTGG

CCATGCATCATCAGGAGTACGGATAAAATGCT

CGACAAAAAACT

CAAAGAAC

AGCCCGTGCAGCTGCCCGGCGCCTACAACGTCAACATCAAGTTGGACATCACCTC

ACTACACCATCGTGGAACAGTACGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTA :TAATAGACTGATTTTTAAGGCGACTGATGAGTCGCCTTTTTT
GG LGOI I ECAGTGTTATARACCTGTGTGAGAGT TAAGT T TACATGGGCARAGT TGATGACCGGGTCGTCCGTT
"LP7 sHD4Q2 RGACGAGARACGITCCGICCGICTGGGTCAGITGCCTAACCTTAACTTTTACGCAGGTTCAGCTT: LGCGGTAATACGGTTATCCACAGARTCAGGGGATAACGCAGGARAGRACA.
LP7_sHD402

TGTGAGCARAA "~~~ .~ . - IGATTCGCACGGGCCCATGGCTAATTCCCATGICAGCCGTTAAGTGTTCCTGTGICACTCAAAATTGCTTTGAGAS
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LP7_sHD403 =

LP7_sHD424

CTTGTGCTTGGATTCTCACCAATAAAAAACGCCCGGCGGCAACCGAGCGTTCTGAACAAATCCAGATGGAGTTCTGAGGTCATTACTGGA
TCTATCAACAGGAGTCCAAGCGACTAGTAGCTTTAG \ GCAATTTATTCATATCAGGATTATCAATACCATATTTTTGA

CTGTAACATCATT

AT TA ATTTATA TATAAATCAGCATCC GGAATTTAATC
¢ ATACTCTTCCTTTTTCAATATTATTGAAGCATT TATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGA
AAAATAAACAAATAGGCATGGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGAAGTTCCTATTCCEAACTTCCTATTCTCTACAAACTATACGCAACTTCGGATC
CGAATTCGGAGCATTTGACAGTAACCTATTGGTGACTTATATTCCCGTCAAAAGGTTGTGTATTGGTGACCT TTACTAGTACGTCTGAGCGTGATACCCGCTCACTGAAGATGGCC

CGGTAGGGCCGAAACGTACCTCTACAAATAATTTTGTTTAAAATGAGTATTTCGAGCCGTGTG.

CAGCAGAGCATCG

AGCAAC

GAGGGT

GGGGG
AAAGGGTTAAATCCAAGCTGGCCTATGACCCCCATCAATGGCAACTGTAAAATCATCGGAGTTGTGGTGGAAGCCCGCGTT \TTCGTCTAATAGCCAGGCATCAAATAAAAC
GAAAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTGTTTGTCGGTGAACGCTCTCTACTAGAGTCACACTGGCTCACCTTCGGGTGGGCCTTTCTGCGTTTATAGCTTT
TGACAAACAAGATACATTGTATGAAAATACAAGAAAGTTTGTTACTAGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACARATAATTTTG

TTCAAARATATTAGGATGC

\ G ;
CAATTGATTGCCCATACTTTARAAAT AATAGAGTTAACCAAAAAGGGGGGATTTTATCTCCCCTTTAATTTTTCCTACTACTGCAG_

TGTGAGCARRA 5 .5 i i A i IGATTCGCACGERCCCATGECTARTICCCATGICAGCCGTTAAGTGT TCCTGTGTCACTCARRATTGCTTTGAGAG

CACCGAGGCAGT

GCCCATTTATACCCATATAAATC
\( ATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGA
AAAATAAACAAATAGGCATGGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGAAGTTCCTATTCCEARCTTCCTATTCTCTACARACTATACCAACTTCGGATC
CGAATTCGCTTTTGACAAACAAGATACATTGTATGAAAATACAAGAAAGTTTGT TACTAGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTA
CAAATAATTTTGTTTAATGGTTCCAAAGCCAGATACTAAGGAGGTCCCAATGGTC

STAATAGCTCGGTACCAAATTCCAG GAGGCCTCCCG GGGGGGCCTTTTT
TCGTTTTGGTCCCGCTGCTACGGAACTCTTGTGCGTACCTGTAGGATCTTACAAGTTTACGCAAGAAAATGGTTTGTTATTTTCGAATAAATACTAGGAAGAGTCTGTGCTAAGCA

“TGGTCA
ATGACCCCCE z \TC € GTGGTGG “GCG TCGTCTAATAGA

TAATAGAGTTAACCAAAAAGGGGGGATTTTATC TCCCCTTTAATTTTTCCTACTACTGCAG_

G
[EGTGAGEARRACGCCAGCAAAAGECCACGRACCCTAAR A IGATICGCACGEECCCATCECTARTICCCATGICAGCCETTARGTGTTCCTGTIGICACTCARAATIGCTITGACAS

GCTCTAAGGGCTTCTCAGTGCGTTACATCCCTGGCTTGTTGTCCACAACCGTTARACCT TAAAAGCT T TARAAGCCTTATATATTCTTTTTTTTCT TATAAAACTTARAACCTTAG
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LP7_sHD496

CTTGTGCTTGGATTCTCACCAATAAAAAACGCCCGGCGGCAACCGAGCGTTCTGAACAAATCCAGATGGAGTTCTGAGGTCATTACTGGA
TCTATCAACAGGAGTCCAAGCGACTAGTAGCGATTATTTCAGGGTGTAATCCAGGCTGATTTTTTTCAGC GATAAATCACAATCTTTT

_C ) ' TGCTCAGGCGGTTATATTTCTCTTCAACCGGTTCTTTATCTTCTTCCACTTCGCTC

TCTTTCGGAATCGGGTTACGATCATCCATATACAGATCGTACCATTTCTCTTTCTG

“TTTGCTGGT!?

TGGCCCTGC

GAACA

GCGTTTGATTTTTTCCAGTTCTTTTGTCAGTGCGCTAACATCAACAACCTCTTGCTGAT
TTTCATCCAGCAGCGGTTCCAGAATGTTTTTTTCGTTGGTAATGCGGTGACATTTGGTA
ACAATTACCACACTGCAG

ATGATTATTC

TCAATAATG

CGTCTGCTTCTT
C GATTTTC

TCTC

CAGTGCTGCAACCAGGGTAATAAACAGACG
GATCCAGAACGCTACGGGTCAGGCGATCCA
ACCTTCTTCAATATATTCTTGCACAATTTCCCAACCCTGGCTTGCA
"ACGAACATAAATGGCCACTTTCATCTAGTACTTTCCTGTGTGATTAG B ATTTATTCA ATAT
TTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTAT
GAGTGACGA SAA GGTGAGAATGGCAAAAGTTTATGCATTT GACTTGTTCAA!

GCT.

TGAGCGAGA CGCTGTTAAAAGGACAATTACAA,

CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTC TTGCCC \ .
TTGGAATTTAAT CTAGA ACGTTTC TCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACAT
ATTTGAATGTATTTAGAAAAATAAACAAATAGGCATGGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGAAGTTCCTATTCC]
GGATCCGAATTCCGCTGAATCGCACCAAGACAGGTTTGTCCACCCTTTGTGCGTCCAAACGGACGCACGGCGCTCTAAAGCGGGTCGCGATCTTTCAGATTCGC
TCCTCGCGCTTTCAGTCTTTGTTTTGGCGCATGTCGTTATCGCAARAACCGCTGCACACTTTTGCGCCACATGCTCTCGATCCCCCTCATCTGGGGEEGCCTATCTGAGGGAATTTCC
GATCCGGCTCGCCTGAACCATTCTGCTTTCCACGAACTTGAAAACGCTTACTAGCTGTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATA
ATTTTGTTTAATGGTTCCAAAGCCAGATACTAAGGAGGTCCCAATGGTGAGCAAGGG
GCTCCGTGAACGGCCACGAGTTCGAGATCGAGGGCGAGGGCGAGGGCCGC “TACGAGGGC
AGTTCATGTA ACATC

GTACGAAC GGCATGGACGAGCTGTAC PP(1TAATAGACTGATTTTTAAGGCGACTGATGAGTCGCCTTTTTTTTGTCTTGCCTTCA(,CC(,T
AGCTCAGTCCTAGGTACAGTGCTAGCTACTAGATGCTGTAGTGGGATGTGTGTCTCACCTGAAGAGTACAAAAGTCCGARACGGTATCCTCTACAAATAATTTTGTTTAAATATAA
TAATAACAATTAGGACGTAGTTATGATTGAGAATACCTATAGCGAAAAGTTCGAGTCCGCGTTCGAACAGATCARAAGCGG '
CGGAATATAACCTCGATTTCGTCACCTACCATCT ACAATC TCGATT TCGTG AC

“GCAACGAGTGG. B
CTGCACTGGACCGCCCTCGGCAAGGATTACAAGGATATTTCGGTCATCCTGGGCATATC.
GATCTCGGCCGCCGCGTCGCGGGCTGTTCAATTGTGCATCATCAATCCCTATAGGATCCGCATGA
CTTTAATTTTTCCTACTACTGCAG]

g
[GEAGERRAHGCCAGCARAAGGCCAGGAACCGTAAAA A IENNICEONOEEEECCATGEC A NICCCATGICAGCCC A AGTC eI GIGIOACTCAR AT IGONNCAGEY
GCTCTAAGGGCTTCTCAGTGCGTTACATCCCTGGCTTGTTGTCCACAACCGT TARACCTTARAAGCTTTAARAGCCTTATATATTCTTTTTTTTCTTATAAAACT TAAAACCTTAG
AGGCTATTTAAGTTGCTGATTTATATTAATTTTATTGT TCARACATGAGAGCTTAGTACGTGAAACATGAGAGCTTAGTACGTTAGCCATGAGAGCT TAGTACGTTAGCCATGAGG
GITTAGTTCGTTARACATGAGAGCTTAGTACGT TARACATGAGAGCTTAGTACGTGAAACATGAGAGCT TAGTACGTACTATCAACAGGTTGAACTGCTGATCTTCAGATCCTCTA

CTTGTGCTTGGATTCTCACCAATAAAAAACGCCCGGCGGCAACCGAGCGTTCTGAACAAATCCAGATGGAGTTCTGAGGTCATTACTGGA
TCTATCAACAGGAGTCCAAGCGACTAGTAGCGA”“A‘ AGGGTGTAATCCAGGGTGATTTTTTTCAGCTTGCCTTTCTCGCG! CTTTTCGA A
GCAGCTCTTTTTT
AGCTTGC
GCGTTTG?
TTTCATCCA

\CGCGA \TTGGTAATAGAGTTAACC GGGGGGATTTTATCTCCC

ATTTCTTCTTCTTTTTTGTT
TTTTT GTTCTTTTGTCAGTC

TTTTCTTTTTCTTTCTGGGC
ATATCACGCACGC TATGATTCCATTCTI
TTC
CACGTTCTGC

I'TTTTGAACAG

TTGCGGTGCTGGTATC
ATACACCAGCACAATAT

\\\\\\ SAAACTGCA TTATTCATATCAGGATTATCAATACCATAT
5G" CGATTCCGACTCGTCCAACATCAATACAACCTAT
T GCATTTCTT TTGTT .
“GCGGTCGCTGTTA

AGTTCCATAGGAT
TGAGTGACGA

TTC

TTGGAATTTAATCG 5CCTAGAGCAAGACG GCTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACAT

ATTTGAATGTATTTAGAAAAATAAACAAATAGGCATGGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGAAGTTCCTATTCC
GGATCCGAATTCCGCTACGATCGTTGGCTGCGACGTACGGTGGAATCTGATTCGTTACCAATTGACATGATACGAAACGTACCGTATCGTTAAGGTTACTAGCT

GTCACCGGATGTGCTTTCCGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATAATTTTGTTTAATGGTTCCAAAGCCAGATACTAAGGAGGTCCCAATGGT(

CTACAAG
GGCGCCCTGAAGGGCGAGATCAAGCA

C GTC TC TTGC TC CGTGC GT . “CGGCGGCATG CTGT.
AATAGACTGATTTTTAAGGCGACTGATGAGTCGCCTTTTTTTTGTCTTGCCTT(‘Z—\(‘(‘(‘(‘TA(‘(‘T(‘Z—\(‘T(‘(‘TA(‘(‘TA(‘A(‘T(‘(‘TA(‘(‘TACTAGATGCTGTAGTGGGATGTGTGTCTC
ACCTGAAGAGTACAAAAGTCCGAAACGGTATCCTCTACAAATAATTTTGTTTAAATATAATAATAACAATTAGGAGGTAGTTATGG
GCCTGCGTAGTCCGCATACCCATAAAGCAATTCTGACCAGCACCATTGAAATCCTGAAAGAATGTGGTTAT

ATCAGTTTATGGAACGTCGTCGTGAGATACCGAAAAAACTGGTTGAAGATGCCATTAGCAATGGTGHE 2 AACTGCTGCTGGATATGATTTTTGGT
TTTTGTTGGTATCGCCTGCTGACCGAACAGTTGACCGTTGAACAGGATATTGAAGAATTTACCTTCCTGCTG. TGETGTTTGTCCGGGTACACAGTGTTGATAGAGTTAACC

AAAAAGGGGGGATTTTATCTCCCCTTTAATTTTTCCTACTACTCC N OO

35



LP7 sHD430 GGATCCGAATTCCGCTACGATCGTTGGCTGCGACGTACGGTGGAATCTGATTCGTTACCAATTGAL CPTGPTACGAAACGTACCGTATCGTTAAGGTTACTZ—\GCTGTCZ—\CCGGZ—\TGT

GAAG

CAAAAGTCCGAAACGGTATCCTCTACAAATAATTTTGTTTAAAGGTTCCCAAGACAGATAATAAGGAGGCACCAATGGCAC
C CTGAGCATTGAA.

“TGGTTGAA GC AGC. G 5CCG? ATCAATCGTG. AT 7
GTTGAACAGGATATTGAAGAATTTACCTTCCTGCTGAT GGTGTTTGTCC GTGTTGATAGAGTTAACC GGG

AAC CGGG
GGGATmTcchccTTTAATTTTchTAcTAcTGcAG—
ey

LP7_sHD536

GATGGTCGGAAGAGGCATA?

. CATATAAATCAGCATCCATGTTGGAATTTAATCGCGG
“TAG CTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGA
AAAATAAACAAATAGGCATGGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGAAGTTCCTATTCC_GGATC
CGAATTCCGCTARTCACCTATGAACTGTCGAAACTAGCARATGAGATAGATTTCGETGAACCCEEACCCTTGCTAGGCTCGARGARACGT TACTAGCTGTCACCGGATGTGCTTTC
CGGTCTGATGAGTCCGTGAGGACGAAACAGCCTCTACAAATAATTTTGTTTAATGGTTCCAAAGCCAGATACTAAGGAGGTCCCAATGGT&A&,

CATCATCAAGGAGTTCATGCGCTTCAAGGTGCACATC

AAGGTGACCA?

CCGTGAACGGCC

AAGCT

GGACATCACCTCCCACAACGAGGACTACACCATCGTGGAACAGTACGAACGCGCCGAGGGCCGCCACTCCACCGGCGGCATGGACGAGCTGTACAAGTAATAGACTGATTTTTAAG
GCGACTGATGAGTCGCCTTTTTTTTGTCTTGCCTTGACG :LTA(:LTLA(:TLLTZAGGTZA(,24(:TGCTZAGCTACTAGATGCTGTAGTGGGATGTGTGTCTCACCTGAAGAGTACAAAAG
TCCGAAACGGTATCCTCTACAAATAATTTTGTTTAAATATAATAATAACACTAAGGAGGTAGTTATGGCCTTGGTT STTTTCTC CTG!

ACGAGAA!

TATGGGAAA!
TCTCCCCTTTAATTTTTCCTACTACTGCAG

LP5 sHD436 GCGTGACTGCAGAAGCTAT. CGCAG GGCCCACCCGAAGGTGAGCCAGTG

TGACTCTAGTAGAGAGCGTTCACCGAC CAACAGAT,

“TGTTCATTAATAGGCATAGACAAS

7
5
q
5
]

CGGCGGAAGTTCGGTGTGAC

TAATTCGACTAT!?

TATCATCACA?

TTTTACCTACAG

AAAC

GATTTTTTTATCATTATAGTCATTACTGTTACCCTAAGTATCG
CTTTTAAACAAAATTATTTGTAGAGGCTGTTTCGTCCTCACGGACTCATCAGACCGGAAAGCACATCCGGTGACAGCTAGTAACCTTAACGATACGGTACGTTTCGTATCATGTCA
ATTGGTAA(,GAATLAGATT(,(,A(,(,GTA(,GT(,GCAGCCAACGATCGTCTCCGAATTCGGATCC_GGAATAGGAACTTCTATTTT
TATAGGTTAATGTCATGATAATAATGGTTTCTTAGACCATGCCTATTTGTTTATTTTTCTAAATACATTCARATATGTATCCGCTCATGAGACAATAA

“GTCTTGCTCTA

“GTCGTAAACAA

GTTTGTTATTGCA

TGCGTG!?
TGGGTTGCAAAAGGCCAGC( > TG =G AJ GT? TAACATTACAGTTTATCGATGATAAGCTGTCAATCCGATT

CGCCAGATGATAAGGAACCATAAAAAAATGGCGCCGATGGGCGCCATTTTTCACTGGTTGATTGCTTTGGTTGAGACGAGGTGTCATACGTAAAAAAGGGCGATCTTGCGACCGCC
CTTTTTTTATTAAATGTTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAGCACAAG

GG G OO OO OGO RGNS NG OGN GGEOOOGNBRGRAON 7. GGTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTC
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CTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTGGACCAAAACGAAAAAACACCCTTTCGGGTGTCTTTTCTGGAATTTGGTACCGAGCCTTTGGTCGAAAAARAAA

GCCCGCACTGTCAGGTGCGGGCTTTTTTCTGTGTTTCC]
LP5 sHD402 GCGTGACTGCAGTAGTAGGAAAAATTAAAGGGGAGATAAAATCCCCCCTTTTTG

GTTAACTCTATCAGAGAGTAATAAGACCCAAATTAACGGCCATAATGGCCGCTACGCGGCGGGAGGTCACACCGAACTTCCGCCGAATATTTCCCATATGGAAGTTCACATTGGCT
TCCGAGCAGTTGCAGATAACCGATATCTCCCAGCTGGTCTTGCCGATGGCGCACCACTGTAACACTTCCTTCTCTCGGCTGGTCAGAACCA A A AR

GGATGGCGCTCAACTCCAATTTTCCACTTGAGC
GTTCCAGCTCGAGAAAACCGTCAACCAAGGCCATAACTACCTCCTTAGTGTTATTATTATATTTAAACAAAATTATTTGTAGAGGATACCGTTTCGGACTTTTGTACTCTTCAGGT
GAGACACACATCCCACTACAGCATCTAGTAGCTAGCACTGTACCTAGGACTGAGCTAGCCGTCAAGGCAAGACAAAAAAAAGGCGACTCATCAGTCGCCTTAAAAATCAGTCTA

A \ 7 \ \ AT T TCAACA TGCTCA TCAACGAGAATTA.
GCTTGGCTTGGAGCCTGTTGGTGCGGTCATGGAATTACCTTCAACCTCAAGCCAGAATGCAGAATCACTGGCTTTTTTGGTTGTGCTTACCCATCTCTCCGCATCACCTTTGGTA?
AGGTTCTAAGCTCAGGTGAGAACATCCCTGCCTGAACATGAGAAAAAACAGGGTACTCATACTCACTTCTAAGTGACGGCTGCATACTAACCGCTTCATACATCTCGTAGATTTCT
CTGGCGATTGAAGGGCTAAATTCTTCAACGCTAACTTTGAGAATTTTTGCAAGCAATGCGGCGTTATAAGCATTTAATGCATTGATGCCATTAAATAAAGCACCAACGCCTGACTG
CCCCATCCCCATCTTGTCTGCGACAGATTCCTGGGATAAGCCAAGTTCATTTTTCTTTTTTTCATAAATTGCTTTAAGGCGACGT

CATTTATCCTTAAACAAAATTATTTGTAGAGGGAAGAGTTTCGTCTCATCTCAGAGACTCGTCAGTGTGCTTAGCACAGACTCTTCCTAGTAACGTTTCTTCG
AGCCTAGCAAGGGTCCGGGTTCACCGAAATCTATCTCATTTGCTAGTTTCGACAGTTCATAGGTGATTAGCGGGACCAAAACGAAAAAAGGCCCCCCTTTCGGGAGGCCTCTTTTC
TGGAATTTGGTACCGAGCTATTAAGCAGCCATTTCCAGGAACTGGGTAACAACGGAACGAGCCGGAACGTGACGAACGTACAGCGGCAGGGTCAGAC GAC SCACGCATTTT
ACGCAGAACACGGTCGGAAACTTCGAAAGCACCGCAGCAAACCGGGTATTTACCGTAACCGTCAGCACGACCCAGTTCTTCAACTTCAGCACCAGCACGTTTGTAAACACGTTTCA
GGTACGGTTCGTAGTTGGAGATCATGGTGTGGATACCGTGGTCCAGAGCGCATTCGCACAGAGCCAGCAGCATCATGGAGAAAGCACGACCAGCGTCGATTTCCGGGAAGTCTTTA
GCGATAGCTTCTTCGTCGATGCACATACGGGTACCTTCCCAGATACCCGGAGCGATCAGGTCAGCAGCGTCCGGGAAGGTTTCACGGAARAACGTCGTACAGCAGGGTCGGACCGGT
GGTCGGCATCAGACGCATACCACCGTACAGACGGGTACGGGAGTCGTTGCACCAAACCAGGTAAGCCGGAGCCAGGGAGTCGTAGGAGTCACGTTCGTACGGACCGATAACCGGAA
CGTCCCAGCACAGGGTGTCAGCGAAAACTTTTTTACGCAGACGGAACATCTGGTCCAGAACAGCAGCGTATTTCTGGTATTCGTGAGCCTGGATGATAACGAACATTGGGACCTCC
TTAGTATCTGGCTTTGGAACCATTAAACAAAATTATTTGTAGAGGCTGTTTCGTCCTCACGGACTCATCAGACCGGAAAGCACATCCGGTGACAGCTAGTAACAAACTTTCTTGTA
TTTTCATACAATGTATCTTGTTTGTCAAAAGCTAT. CGCAG GGCCCACCCGAAGGTGAGCCAGTGTGACTCTAGTAGAGAGCGTTCACCGAC CAACAGAT. CGAA
AGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCTATTACACGAATTTAACGCGGGCTTCCACCACAACTCCGATGATTTTACAGTTGCCATTCGATGGGGGTCA
TAGGCCAGCTTGGATTTAACCCTTTTAAATACTTCTGCCCCCCGTCGATGACCAGTTTCTTAAAGGTAGCTTCGTTTGCATCTGTCAGCTTGGCTACAACCAAAGAGCCATTGACT
GGTTCACGACCCGTATCTACAAGTACCATGTGACCCTCAGGGATTGACTGGCCAACGGGCGACGTCATTGAGTCCCCCTCGACTTTAAGCCAGAAGCCGTTTCCAAGAAGGTTCAC
ATCGCTATCATACCATTCGTCGATGTCTTTAATATCATAGGGCTCACACGCTTCGCACCAACTTCCAG GTACCATGCTAATTAA ATACTTACCTTTAGGCTCTACATGAC
CTACAAAACGCACATTTGAGTCCGATGTGCCGTTAAGCAGCCAGTCGACTGATACACCCAAGGCGCTCGCTAACTCCGGAAGAAAACGGGGGCGTTTTGTTTTGCCGTTTTCAAGT
TGCTCGATGCTCTGCTGAGTGGTGCCGACTTTTTGGGCCAGTTCGGCTTGATTAAGTCCAAGCTGAATGCGTTTGCTTTTC GCTCGAAATACTCATTACTGGTAGCCTAAG
TATCGCTCTTAAACAAAATTATTTGTAGAGGTACGTTTCGGCCCTACCGGGCCATCTTCAGTGAGCGGGTATCACGCTCAGACGTACTAGTAATTATCACCGCCAGAGGTAAAATA
GTCAACACGCACGGTGTTACTCCGAATTCGGATCC

LP5 sHD403 GCGTGACTGCAGTAGTAGGAAAAATTAAAGGGGAGATAAAATCCCCCCTTTTTG
- GTTAACTCTATCAGAGAGTAATAAGA AAATTAACGGCCATAATGGCCGCTA! G GAGGTCACACCGAACTTCCGCCGAATATTTCCCATATGGAAGTTCACATTGGCT
TCCGAGCAGTTGCAGATAACCGATATCTCCCAGCTGGTCTTGCCGATGGCGCACCACTGTAACACTTCCTTCTCTCGGCTGGTCAGAACCA TTTGCTGAT ATGTT

ATGGCGCTCAACTCCAATTTTCCACTTGAGC
GTTCCAGCTCGAGAAAACCGTCAACCAAGGCCATAACTACCTCCTTAGTGTTATTATTATATTTAAACAAAATTATTTGTAGAGGATACCGTTTCGGACTTTTGTACTCTTCAGGT
GAGACACACATCCCACTACAGCATCTAGTAGCTAGCACTGTACCTAGGACTGAGCTAGCCGTCAAGGCAAGACAAAAAAAAGGCGACTCATCAGTCGCCTTAAAAATCAGTCTA

CAACAGCCTGCTCAGGGTCAACGAGAATTAACATTCCGTCAGGARA
GCTTGGCTTGGAGCCTGTTGGTGCGGTCATGGAATTACCTTCAACCTCAAGCCAGAATGCAGAATCACTGGCTTTTTTGGTTGTGCTTA TCCGCATCACCTTTGGTAA
AGGTTCTAAGCTCAGGTGAGAACATCCCTGCCTGAACATGAGAAAAAACAGGGTACTCATACTCACTTCTAAGTGACGGCTGCATACTAACCGCTTCATACATCTCGTAGATTTCT
CTGGCGATTGAAGGGCTAAATTCTTCAACGCTAACTTTGAGAATTTTTGCAAGCAATGCGGCGTTATAAGCATTTAATGCATTGATGCCATTAAATAAAGCACCAACGCCTGACTG
CCCCATCCCCATCTTGTCTGCGACAGATTCCTGGGATAAGCCAAGTTCATTTTTCTTTTTTTCATAAA

CATTTATCCTTAAACAAAATTATTTGTAGAGGGAAGAGTTTCGTCTCATCTCAGAGACTCGTCAGTGTGCTTAGCACAGACTCTTCCTAGTAACGTTTCTTCG
AGCCTAGCAAGGGTCCGGGTTCACCGARATCTATCTCATTTGCTAGTTTCGACAGTTCATAGGTGATTAGCGGGACCAAAACGAAAAAAGGCCCCCCTTTCGGGAGGCCTCTTTTC
TGGAATTTGGTACCGAGCTATTAAGCAGCCATTTCCAGGAACTGGGTAACAACGGAACGAGCCGGAACGTGACGAACGTACAGCGGCAGGGTCAGACCCAGAGCAGCACGCATTTT
ACGCAGAACACGGTCGGAAACTTCGAAAGCACCGCAGCAAACCGGGTATTTACCGTAACCGTCAGCACGACCCAGTTCTTCAACTTCAGCACCAGCACGTTTGTAAACACGTTTCA
GGTACGGTTCGTAGTTGGAGATCATGGTGTGGATACCGTGGTCCAGAGCGCATTCGCACAGAGCCAGCAGCATCATGGAGAAAGCACGACCAGCGTCGATTTCCGGGAAGTCTTTA
GCGATAGCTTCTTCGTCGATGCACATACGGGTACCTTCCCAGATACCCGGAGCGATCAGGTCAGCAGCGTCCGGGAAGGTTTCACGGAAAACGTCGTACAGCAGGGTCGGACCGGT
GGTCGGCATCAGACGCATACCACCGTACAGACGGGTACGGGAGTCGTTGCACCAAACCAGGTAAGCCGGAGCCAGGGAGTCGTAGGAGTCACGTTCGTACGGACCGATAACCGGAA
CGTCCCAGCACAGGGTGTCAGCGAAAACTTTTTTACGCAGACGGAACATCTGGTCCAGAACAGCAGCGTATTTCTGGTATTCGTGAGCCTGGATGAT!? AACATTGGGACCTCC
TTAGTATCTGGCTTTGGAACCATTAAACAAAATTATTTGTAGAGGCTGTTTCGTCCTCACGGACTCATCAGACCGGAAAGCACATCCGGTGACAGCTAGTAACAAACTTTCTTGTA
TTTTCATACAATGTATCTTGTTTGTCAAAAGCTATAAACGCAGAAAGGCCCACCCGAAGGTGAGCCAGTGTGACTCTAGTAGAGAGCGTTCACCGAC CAACAGAT, CGAA
AGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCTATTAGACGAATTTAACGCGGGCTTCCACCACAACTCCGATGATTTTACAGTTGCCATTGATGGGGETCA
TAGGCCAGCTTGGATTTAACCCTTTTAAATACTTCTGCCCCCCGTCGATGACCAGTTTCTTAAAGGTAGCTTCGTTTGCATCTGTCAGCTTGGCTACAACCAAAGAGCCATTGACT

ATCGCTATCATACCATTCGTCGATGTCTTTAATATCATAGGGCTCACACGCTTCGCACCAACTTCCAGCGCGTACCATGCTAATTAACGGATACTTACCTTTAGGCTCTACATGAC
CTACAAAACGCACATTTGAGTCCGATGTGCCGTTAAGCAGCCAGTCGACTGATACACCCAAGGCGCTCGCTAACTCCGGAAL ACGGGGGCGTTTTGTTTTGCCGTTTTCAAGT
TGCTCGATGCTCTGCTGAGTGGTGCCGACTTTTTGGGCCAGTTCGGCTTGATTAAGTCCAAGCTGAATGCGTTTGCTTTTCACACGGCTCGAAATACTCATTACTGGTAGCCTAAG
TATCGCTCTTAAACAAAATTATTTGTAGAGGTACGTTTCGGCCCTACCGGGCCATCTTCAGTGAGCGGGTATCACGCTCAGACGTACTAGTAATTATCACCGCCAGAGGTAAAATA
GTCAACACGCACGGTGTTACTCCGAATTCGGATCC
LP5 sHD424 GCGTGACTGCAGAAGCTAT. CGCAG GGCCCACCCGAAGGTGAGCCAGTG
- TGACTCTAGTAGAGAGCGTTCACCGAC CAACAGAT, CG GGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCTATCAGGCGGTCCACTCGCCCACT
GCCATTTCCGCGGTGAACCCCGGGCCGAAGGCTGCCAGCAGGCCGATGTCGCCGCGATTGAGGTTGGAATCGAACTGCCGCTTGAGTACGTCGAACACCACCACGCTGGCAATGTT
GCCGGCTTCCGACAGGCTGCTGCGCGATTGCGAAA! GGTTGGATGCCAGGTCCAGGTGCATCACCAGCTCGTCGAGGATCTTGCGAC 5GTGTGGAAGATGAAGAAGTCGT
TGTGCGCACAGTTCTGTTCGAAGCTCTCGTAGTTGAGCCGCTCCATGACCGGTGCCACGTCCTTGATGGAGTTCATCACCGCCTTGTCGAGGGTGAAGTGAAAGCCGGTGTCCTTC
ACGTCGTACTTGATGTAGTGCTCGCTCTTGGGCAGGAAGTACGACTCGGTTTTCTTGATCTTGAAGCCGCCGGCCTGGTCATCGGCGCGCAGCACGCAGGCGGATACCGCATCGCC
GAACAGCGCCGCGGAGATGAAGGCGTGCAGCTTGGTGTCGTCCGGCTGGTAGCACAGCGAGGAGAATTCCAGGGACACGATCAGTACGTGGTTGCGGGCATCGAGCCGGGCGAAGT
CGTTGGCGCGGTTGATGGCCGCGGCACCGGCCACGCAGCCCAGCTGGGCGATCGGCAACTGCACGGTGGAGGTTGGCAGGGCCAGGTCGTTGATCAGGTGCGCGGTCAGCGACGGL
ATCATGAAGCCGGTGCAGGAAGTGACGATCACCATGCGAATGTCGCTGATCTGCAGCCCGGCATTCTCGATGGCCTGGCGCGCCGCGGCCGACGACATCTGCCGGGCTTCACGCTC
GTAGACGATGCTGCGGTGGGTGAARACCGGTGTGCACTGCCAGTTCGTCGATCGGCAACACCAGGTGGCGCTCGTTGACTTCGGTGTTGGCGATCATGCGCTTGGCCAGGGCCATGC
GTGGATGGTCGGCGTGCAGGTTTTCCAGGTGATCGACCATCTGTTGCTGGGTGATCTTGTGTTGCGGAAACATGACGTGTGGAAGGCAAAGTGTAGACATGATGGGTCCTTGGCTT
TAAGTAAGCCAACAAGTTAAGGGGTGGGGATAGTCCCCGTTTATAGGCACAGGAATCTGTAGGCCCTAAAGGAAATCAGGGCCTTAAGGCAACTTCGGGGCGTGAAGTTGCCGTTG
ATGTAACTTTTAAGTTGGATTTTATTTTAATGGCTAACTTCAAGGTGCCTTATAT. GGCACCTTGAATAACAACTTATATATCGAGTACCGAACTTATAAGCGTATTGCCAGGCC
AGGTTGCTTTCGCGCACATGCTTGCGGATCACCATGCGCACCGGCGCACCGACTTTCAGCTGTTGCTGATCGCACACATCGACGATTTCCGAAGCGATCACCAGGCCGTCGTCCAG
GCGCACCATGGCCATGATGCGCGGCACGGTTTCGCCATAGCCCATGGCGGCCAGGATCGGGTTCTCGGCCGGGGCCATGACCTCGATCTTGCCACTGCGCGCGCAGCGATACGGCT
TCACACTCAGGGAGTTGCAAGCGCCGCAGACGGTGCGCCGGGGGAAGAAGATTTCGTTGCATTCTTCGCACTGGCTGCCTTCGAGGCGGTACTTGCCGCCATGCTCGCGCCATTCG
CGAAGCATGCTGGCGGTGGTCATTCTGTGGATCTGTTCTGGGTACATGGACATGGTCCGGGCTCCTTAGTCGTTCGAGAGGACAATCACTGAGTTGTGCGCCGCGTAACCGCCAAG
GTTCTGCGACACGCCGATGCGCGCGCCCTTGACCTGGTTGTCGGATTCACCCCTCAGCTGCCGGAACAGCTCGGTGATGTGCAGGATGCCGTCGCAGCCGGAGGCATGGCCGCGGL
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LP5_sHD496

LP5_sHD430

CGATGTTGCCGCCGTCGGTATTGAGCGGCAGCTGGCCATCCAGGGCGATGCCGCCTTCGAGCACGAAGTCGCCGGCCTGGCCCTTG
AGCCCGGCGCCGAGCAGGTCGTAGACCTGGGCCACGTCGATGTCCTTGGCGGTGATCCCGGCTTTCTTGTAGGCGA
CACATCCTTGGGCAGGCCCGGATGATGCAGGGTCGGGTTGTGAAAGCGCGTACCGAAATAGTGGGAAAC G
TGTGGGCCAGGTGTTCGGCCACCAGGATCGCGCAGCCACTGGCTTCGCCCCAGGCCAGCATCGAG!
TA TGGCGGT T 'GTGCGTA . § -C TGGCCAGTACGTCGGCCTCGCGACCGGCATAGCCG
'GGGAAATGCCGAGGARATAATCGTATTC

GGACGCCACCATCTGGTGGCCCATCTGC

SCCCATGGACTCCATCTGGATC
GGAGTTGGCCGAAACCGCCATGCC
GGTTTATCGGTGTACT
AGGGATGGAATCGGCTGGCCA

AACTTCTGGAAGTACTCGGCGGTGGC

ATAGGACGATGTCGTACTCC CGAC. AGCTGCTGGTGCAGTTGGCGGTGCTCH STCGGCGCCGGGCTGATGCC
GCGTCGGAAATGGTCGGGCCCAGGCCGCCATATTCGGARATGCCTTCACCGTGATAACCATAGGC “GGCCTGGATTTCCCGGGGGTG! CTTGGCGTCCTTGAGTGCCTTGTA
“GGGTTTCGGCGTATAGGCGGCCGAAACGATTGCAACACGACGTGCGCACATGTGCATGCTCCTTG

CGTAGACAGGCGTAATCAGAGATAG
GCAGAGGCTTGTTG TTCTGGTAC
G
CAGGGAGTAGGGCGTGGACAC
GGCCGATGCTGTTCTTGTCC
GCGATGACATCCTGGCTGCC
GCTGCCCGTCATGCCGGAA

TACTTGAACTCGTACTTGATGGACG >CG 5 ACGTAGATCTTGGATTCCAGCAGTTCGC

GATG! AAAGAATTTTC
GCTTGGGGTTGAA!
CCTTCGGC

AGGTTTTGCTGGAACACCACATAGTCATAGTCGGC
\GGCCCATGCCCGAACGAATGTAGCGATCGCCCTGGGGGCGGATGTTGTCGGC TCGGCGGCGC
“AGCGCAGCGGCTCCGGCCCCGGCATAGGATTCGGTCAGGTCGCCCGGCGCGGTGTTGCGGTT

“CTGGCAGATCTGCAGGGCA “GGACTTGCCGGCGAACTGCACGTCGGCGCAA

CCAGGATGATCGAAGCC “CCGTGAGTCATAGGGATTGGTGCAGGTGCCCAGGTACAGGGCTTCGATCTGATGACCGGGGACTTTATCCA! C GCCGCCAGCACC
\GGGTGATG \ GGTTGC GGC T TG GAGGTT GCTTGAGGTCGGTGTTTTT CGTTGATC TCCTGGACTTT
CGGC G TATCTT" CGTTCATTGGGACCTCCTTAGTATCTGGCTTTGGAACCATTAAACAAAATTATTTGTAGAGGC

TGTTTCGTCCTCACGGACTCATCAGACCGGAAAGCACATCCGGTGACAGCTAGTAAGCGTTTTCAAGTTCGTGGARAGCAGAATGGTTCAGGCGAGCCGGATCGGAAATTCCCTCA
GATAGGCCCCCCCAGATGAGGGGGATCAGAGCATGTCGCGCAAAAGTGTGCAGCGGTTTTGCGATAACGACATGCGCCAAAACAAAGACTGARAGCGCGAGGAGCGAATCTGARAAG
ATCGCGACCCGCTTTAGAGCGCCGTGCGTCCGTTTGGACGCACARAGGGTGGACAAACCTGTCTTGGTGCGATTCCTCCGAATTCGGATCC]

GCGTGACTGCAGAAGCTAT. CGCAG GGCCCACCCGAAGGTGAGCCAGTG
TGACTCTAGTAGAGAGCGTTCACCGAC. CAACAGATAAAACG GGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCTATTACCAAACAGCCAGACGCTGT
CGTACAGAGCGATCTGGGTTTTAGCGTTCAGTTCGATAC
ATTTTTTCAAC AACGGTGGTAACGGTAACCAGGGTCTGGATGTCGTTCTG
AAACGGGACAGTTCCCAGATGTGCGGGGAG GGTGTTTTTCAGC
ATGTAC cc GGTGTCGAAGATACGCCAGCAACCGAAAACCTGAGCTTCC TATCTTCCTGGAT “CGTCGATTTCCA!
TTCGTCGATAACGGAAACGTCCCAACCTTTACGTTCTTTGAARAACCTGAGCACGCAGTTTGTGCATTTCACCC ATCTGAACGA
TCATTGGGACCTCCTTAGTATCTGGCTTTGGAACCATTAAACAAAATTATTTGTAGAGGCTGTTTCGTCCTCACGGACTCATCAGACCGGAAAGCACATCCGGTGACAGCTAGTAA
CCTTAACGATACGGTACGTTTCGTATCATGTCAATTGGTAACGAATCAGATTCCACCGTACGTCGCAGCCAACGATCGTCTCCGAATTCGGATCC

GCGTGACTGCAGAAGCTATARACGCAGARAGGCCCACCCGAAGGTGAGCCAGTG
TGACTCTAGTAGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCTATTAAT TTAAGACTGCTTTITTA
AACTGTTCATTAATAGGCATAGACAATACAACCGATTTAGTATCACCTAATACATGAATTTCTTTGTCTCCAATACGATGACAAGGAACTTTAATACGCTTTAAAAATCGCTCTAT
TGCTGTTGATGTTACTGTTACATATTCTGTAATACCTTGACTAACAGCGTGTTTATATATAGCTTCAAATAGT TTCATTGTAATTTCACTAGCAGAGTTATTTATCTTTGAGCTAT
TTTTACCTACAGCAAAACGACTTAATTCGACTATATTAGGATCTTTGGGAGCACTCTGTTC CTTTTCAGCATA “TGTTGTAGGT.

AAACGCCAGCATCCACTTACATTTTCAGTATCATCACAAGCATAAATATATTCTGCATTTG! : SGTTATTTTC sTCC :
TCTTTGCTTAAACACTTGATAACGAAGGCTTAGAATACCTTTATACTCCTCCGATGGAATTGCC CGA ATCATTATAGTCATTGGGACCTCCTTAGTATCTG
GCTTTGGAACCATTAAACAAAATTATTTGTAGAGGCTGTTTCGTCCTCACGGACTCATCAGACCGGARAGCACATCCGGTGACAGCTAGTAACCTTAACGATACGGTACGTTTCGT
ATCATGTCAATTGGTAACGAATCAGATTCCACCGTACGTCGCAGCCAACGATCGTCTCCGAATTCGGATCCEARGETCCTATACTTTCTACAGAATAGCAACTTCGGAATAGGAAC
TTCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACCATGCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACARTAACCCTGATAR
ATGCTTCAATAATATTGAARAAGGAAGAGTATGAGCCATATTCA CGTCTTGCTCTAGGCCGCGATTAAATTCCAACATGGATGCTGATTTATATGGGTATARATGGGC
TCGCGATAATGTCGGGCAAT ACAATCTATCGATTGTATGGGA \TGGC G GTTC
TTTATGCCTCTTCC ATC GGT TG
AATATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTG GGTTGCA ATTCCTGTTTGTAATTGTCCTTTTAACAG
| T GAGTGATTTTGATGACGAGCGTAATGGCTGGCCTGTTGAACAAGTCTGGAAAGARAATGCATA
“TTATTTTTGACGAG GAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATC
TTTTC TT

A
A
A T
G

G
A
A
T

CTGCTGGGTATGCA
Al 5T GTTGGTG TGT
€ CGTCGTCTGCTGTTTGGTTGGGATGAAGATACCGGT
CGTCGTGCAGAAGAAGCACGCGAAGAAGCAGAAAAACTGAGCGAACGTGTTCGTGATACCARAGCACA
'GGGTTAATGCCCGTGCACCGTATGGTCTGCGTGTTGTTCTGGTT 5
“CTGATGGTCTGACCAAAGCAGAAGCAGCCCGTCTGGTTT

TTGAAG “"AGCAAAATTAGCAGCAAGCGAACC
GGATGATCCGTTTGTTATTGCAGTTGCAGATC CAAGCGAAGATGAAAAGTATGCAAAAGCCGCAGTTCGTGAAGCCGAAAAAAATCTGG
GTCGCCTGCTGCGTGATCGTCAGAATGGTGTTTATGATGGTCCGGCAGAACAG AGCACTGAGC SATGCAGTTAGC
GAAAGCAGCGCAAGCGCAGCAGTTGATGTTAGCTGGATTGTTGATAGCAGCGATTATG. 5 5C 5 5C TGA' “TG
CGATGARATTTGGGTTGC? GGCCAGCGTGGTCGTCCGTTTGATGGTGATGAZ GTTAAAATCAAATGG CCCGTACCTAACATTACAGTTTATCGATGATAAGCTGTC
AATCCGATTCGCCAGATGATAAGGAACCATAAAAAAATGGCGCCGATGGGCGCCATTTTTCACTGGTTGATTGCTTTGGTTGAGACGAGGTGTCATACGTAAAAAAGGGCGATCTT
GCGACCGCCCTTTTTTTATTAAATGTTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAGCACAAG

G OGO BOOOBBGGN . T GGCCTTTTGCTGGCCTTTTGCTCACA

TGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTGGACCAAAACGAAAARACACCCTTTCGGGTGTCTTTTCTGGAATTTGGTACCGAGCCTTTGGTCG

AAAARAAAAGCCCGCACTGTCAGGTGCGGGCTTTTTTCTGTGTTTCC]

LP5 sHD488 GCGTGACTGCAGAAGCTAT. CGCAG GGCCCACCCGAAGGTGAGCCAGTG

TGACTCTAGTAGAGAGCGTTCACCGACAAACAACAGATAAAACGAAAGGCCCAGTCTTTCGACTGAGCCTTTCGTTTTATTTGATGCCTGGCTATTAT TTCTACGACGCTCATCCATG
CCATGTGTAATCCCAGCAGCAGTTACAARACTCAAGAAGGACCATGTGGTCACGCTTTTCGTTGGGATCTTTC A G GGTTGTCTGGTAARAG
TTGGAGTATTTTGTTGATAATGGTCTGCTAGTTGAACGGAACCATCTT
ATTGTGTGAGTTAAAGTTGTACTCG.
GTCTTGTAGC €
GTGAT SATAAC AJ ATTGAACACCATAGGTC! GTAGTGACAAG \CAGGTAGTTTTC \TAAATTTA TTTTCCGT
TTGTAGCATCACCTTCACCCTCTCCACGGACAGAAAATTTGTGCCCATTAACATCACCATCTAATTCAACAAGAATTGGGACAACTCCAGTGARAAGTTCTTCTCCTTTGCTCATT
GGGACCTCCTTAGTATCTGGCTTTGGAACCATTAAACAAAATTATTTGTAGAGGCTGTTTCGTCCTCACGGACTCATCAGACCGGAAAGCACATCCGGTGACAGCTAGTAACCTTA
ACGATACGGTACGTTTCGTATCATGTCAATTGGTAACGAATCAGATTCCACCGTACGTCGCAGCCAACGATCGTCTCCGAATTCGGATCC
_GGAATAGGAACTTCTATTTTTATAGGTTAZ-\TGTCATGATAZ-\TAATGGTTTCTTAGACCATGCCTAT TTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCAT
GAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGCCATATTCAACGGGAAACGTCTTGCTCTAGGCCGCGATTAAATTCCAACATGGATGCTGATT
TATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGATTGTATGGGAAGC AGAGTTGTTTCTGAAACATGGCAAAGGTAGCGTT

CTTG

CGATGC
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a.

Promoters;

CAATTATTGATACCTGCATCGATGAAATTTGGGTTGCAAAAGGCCAGCGTGGTCGTCC SAACGCGTTA CCCGTACCTAACATTACAGT
TTATCGATGATAAGCTGTCAATCCGATTCGCCAGATGATAAGGAACCATAAAAAAATGGCGCCGATGGGCGCCATTTTTCACTGGTTGATTGCTTTGGTTGAGACGAGGTGTCATA

CGTAAAAAAGGGCGATCTTGCGACCGCCCTTTTTTTATTAAATGTTGGATTTGTTCAGAACGCTCGGTTGCCGCCGGGCGTTTTTTATTGGTGAGAATCCAAGCACAAG_
TTTTTACGGTTCCTGGCCTTT

TGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTGGACCAAAACGAAAAAACACCCTTTCGGGTGTCTTTTCTGGAATTT
GGTACCGAGCCTTTGGTCGAAAAAAAAAGCCCGCACTGTCAGGTGCGGGCTTTTTTCTGTGTTTCC]

Ribozymes; CDS; Terminatorrs; RBS; ANEAbIOCHCImarkers DNNGNNNGEINSE; PR Sitc; DNNNSNES
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