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Supplementary Fig. 1. Domain and mutation annotation of ABACUS sensors.

A) Sequence annotation of nlISABACUS1-2u, nlSABACUS2-400n (mutations: edCitrineT9, PPP-linker, PYL1:
A190V, S112A, R143S, P-linker, T7edCerulean) and nlsSABACUS2-100n (mutations: edCitrineT9, PPP-linker,
PYL1: A190V, S112A, E141D, P-linker, T7edCerulean)

B) ABACUS cartoon representation in apo and holo forms. Upon ABA binding, there is a conformational change
in the sensory domain (PYL1 and ABI1aid). The resultant change in fluorescent protein position means that
more energy is transferred from the donor (edCERULEAN) to the acceptor (edCITRINE) via FRET. PPP and P
linkers (green). L52 linker (black).
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Supplementary Fig. 2. ColabFold: AlphaFold2 using MMseqs2 predictions of nlSABACUS2-100n
structure

A) Highest ranked Colabfold structural prediction (magenta) of nlsABACUS2-100n aligned to PYL1-ABA-ABI1
structure 3KDJ?® (green). Residues absent in ABACUS2 are hidden. RMSD 0.447A (1106 to 1106 atoms).

B) Multiple sequence alignment (MSA) coverage of nlsABACUS2-100n. Black line indicates the number of aligned
sequences, where very low numbers of known structures (such as in the L52 linker) give low predictive power.
Coloured horizontal lines indicate the aligned sequences and their identity to the query.

C) Predicted aligned error (PAE) of the highest ranked structural prediction of nlsABACUS2-100n. Low values
correspond to a high confidence in the positions of two amino acid relative to each other, making this a useful
tool to determine the confidence in the relative positions between domains.

D) Predicted local distance difference test (pLDDT) plot, which uses atom positions and bond lengths to determine
the confidence of local structure, shows high confidence for much of the nlsABACUS2-100n prediction.

E) pLDDT mapped onto the structural prediction, with low confidence in the nuclear localisation signal (positions O-
15), L52 spring linker (positions 296-348), the T7edCerulean C-terminus and myc-tag (791-811). Yellow: low
pLDDT, Blue: high pLDDT.
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Supplementary Fig. 3. ColabFold: AlphaFold2 using MMseqs2 predictions of nlsSABACUS2-400n
structure

A) nlIsABACUS2-400n Colabfold structural prediction (magenta) with the best Predicted aligned error (PAE) scores of
the PYL1 and ABIl1aid region, aligned to PYL1-ABA-ABI1 structure 3kdj (green). Residues absent in ABACUS?2 are
hidden. RMSD 0.464A (1105 to 1105 atoms).

B) Multiple sequence alignment (MSA) coverage of nlsABACUS2-400n. Black line indicates the number of aligned
sequences, where very low numbers of known structures (such as in the L52 linker) give low predictive power.
Coloured horizontal lines indicate the aligned sequences and their identity to the query.

C) Predicted aligned error (PAE) of the same nIsABACUS2-400n prediction. Low values correspond to a high
confidence in the positions of two amino acid relative to each other, making this a useful tool to determine the
confidence in the relative positions between domains.

D) Predicted local distance difference test (pLDDT) plot, which uses atom positions and bond lengths to determine
the confidence of local structure, shows high confidence for much of the nlsABACUS2-400n prediction.

E) pLDDT mapped onto the structural prediction, with low confidence in the nuclear localisation signal (positions 0-
15), L52 spring linker (positions 296-348), the T7edCerulean C-terminus and myc-tag (791-811). Yellow: low
pLDDT, Blue: high pLDDT.
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Supplementary Fig. 4. ABACUS2-100n displays high specificity to ABA and ABA signalling agonists

A) Normalised emission ratio of purified ABACUS2-100n treated with various hormones. n=4 extractions from
biologically independent cultures. One-way ANOVA (F = 295.4 p<0.0001).

B) Normalised emission ratio of purified ABACUS2-100n treated with various salts. n=4 extractions from biologically
independent cultures. One-way ANOVA (F = 0.1392 p=0.93).

C) Normalised emission ratio of purified ABACUS2-100n treated with ABA, the ABA biosynthesis inhibitor Fluridone,
the ABA agonist Pyrabactin or the hormone Epibrassinolide. n=2 extractions from biologically independent
cultures. One-way ANOVA (F = 167.6 p<0.0001).

D) Normalised emission ratio of purified ABACUS2-100n treated with Salicylic acid or hydrogen peroxide. n=2
extractions from biologically independent cultures. One-way ANOVA (F = 0.1577.6 p=0.86).

Bars indicate the mean. Asterisks indicate statistical significance with a Dunnett’s post doc test. *:p<0.05, **:p<0.01,

***:p<0.001, ****:p<0.0001.
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Supplementary Fig. 5. UBQ10pro and p16 give good transient expression of intermediate ABACUS
variant nlsABACUS1-iii
A) G1090pro::nlsABACUSI-iii::NosT (n=1 infiltration) and UBQ10pro::nlsABACUSI-iii::NosT (n=2
independent infiltrations, repeated subsequently 3 times) both express in Nicotiana benthamiana
transient assays, 3 days after inoculation’?.
B) pl16::nlsABACUSI-iii::NosT gives good expression in Nicotiana benthamiana transient assays, 3

days after inoculation. (n=3 independent infiltrations).
Scale bars indicate 250 um.
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Supplementary Fig. 6. nIsABACUS2 ABA treatments.

nIsABACUS?2 sensors respond to low concentrations of (+)-ABA and display a large emission ratio change in 4DAG
Arabidopsis roots. AR/RO is calculated as follows: (Ratiow-Ratiow)/Ratiow, where Ratio is the emission ratio of a
given timepoint and Ratioy is the emission ratio for the timepoint immediately preceding treatment. Points indicate

median, shaded area indicates 95% confidence interval.

—* nlIsABACUS2-400n
—* nIsABACUS2-100n



100%
90% nIsABACUS1-2y
0,

3 80% nisABACUS2-400n 1

= 70%

.5 60% Azygous (400n 1)

T 50% e NISABACUS2-400n 7

E 4% |  F£L/ /4 a Azygous (400n 7)

G 30% ISABACUS2-100n 7
20% e een
10% ssss+s Azygous (100n 7)

0% : . . . — nlsABACUS2-100n 18
24 ) 48 7 - ?6 120 Azygous (100n 18)
Time after stratification (h)
B 1uM ABA
100%
90% nisABACUS1-2
0, "o

) 80% nIsABACUS2-400n 1

= 70%

.5 6o% | 00 et T e Azygous (400n 1)

T 50% e NISABACUS2-400n 7

E 0% S S Azygous (400n 7)

8 30%

© ’ nisABACUS2-100n 7
20%

10% | M e seeees Azygous (100n 7)
0% L—==

T T T — nlsABACUS2-100n 18
2 ) 48 2 . 96 120 Azygous (100n 18)
Time after stratification (h)

Supplementary Fig. 7 nlsABACUS2-400n and -100n display ABA hypersensitivity during germination

A) Proportion germinated (radicle/cotyledon emergence) on 1/2MS +MES plates at 24hr intervals after placing
in a growth chamber. Azygous segregants from the same transformation event were grown side by side and
used as wildtype controls

B) Proportion germinated (radicle/cotyledon emergence) on 1/2MS +MES 1uM ABA plates at 24hr intervals

after placing in a growth chamber. Azygous segregants from the same transformation event were grown side
by side and used as wildtype controls.

n= 231 (nlsSABACUS1-2u mock), 173 (nlsABACUS1-2u ABA),151 (nIsABACUS2-400n-1 azygous mock), 197
(nlsABACUS2-400n-1 azygous ABA), 134 (nIsABACUS2-400n-1 mock),155 (nIsABACUS2-400n-1 ABA), 124
(nlsABACUS2-400n-7 azygous mock), 131 (nlsABACUS2-400n-7 azygous ABA), 219 (nISABACUS2-400n-7 mock),
152 (nIlsABACUS2-400n-7 ABA), 183 (nIlsABACUS2-100n-7 azygous mock), 164 (nlSABACUS2-100n-7 azygous
ABA), 99 (nlsABACUS2-100n-7 mock), 116 (nlsABACUS2-100n-7 ABA), 204 (nIsABACUS2-100n-18 azygous mock),
175 (nIsABACUS2-100n-18 azygous ABA), 187 (nISABACUS2-100n-18 mock), 206 (nIsABACUS2-100n-18 ABA).
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Supplementary Fig. 8. ABACUS2-100n and ABACUS2-400n are reversible in in vitro purified protein

assays
In vitro reversibility testing of yeast expressed, purified ABACUS2-400n and ABACUS2-100n sensors, determined by
fluorescent spectroscopy. Prewash treatments were performed by applying the appropriate buffer to ABACUS2
immobilised on Zeba Spin Desalting Columns. Two washes were then performed before elution. Postwash treatment
was performed after elution, in plates loaded into the fluorescence plate reader. 2-way ANOVA (Sensor: p=0.077,
DF=1, F=4.115; Treatment: p<0.0001, DF=3, F=3242, Interaction: p=0.0004, DF=3, F=20.7). Letters indicate
significance groups from within sensor group Holm-Sidak multiple comparison tests.
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Supplementary Fig. 9. Inhibiting ABA biosynthesis reduces nlsABACUS2 emission ratios

Representative nearest point emission ratios images of nIsABACUS expressing Arabidopsis roots after 24hr of 0.4 uM

fluridone or mock treatment. Scale bar indicates 100um.
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Supplementary Fig. 10. Inducing ABA catabolism reduces nlsABACUS2 emission ratios.
Representative maximum z-projection images of emission ratios in nIsABACUS2 expressing roots after 24hr mock or
10uM B-estradiol UBQ10pro:XVE>>CYP707A3 induction. Corresponds to graph of multiple roots in Fig. 2D. Scale bar
indicates 100um.
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Supplementary Fig. 11. Inducing ABA biosynthesis increases nIsABACUS2 emission ratios.
Representative images of emission ratio changes in nlSABACUS2 expressing roots after 24hr mock or 10 uM B-

estradiol UBQ10pro:XVE>>NCED3 induction. Corresponds to graph of multiple roots in Fig. 2E. Scale bars represent
100 um.
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Supplementary Fig. 12. nIsABACUS2s can be used to map ABA patterns in planta.

nlsABACUS2 expressing Arabidopsis seedlings display high emission ratios in the internal tissues of the cotyledons,
the vasculature and the root elongation zone/meristem/differentiation zones. Note: Nuclei have been dilated (size
increased) after analysis to allow easier visual discrimination at this magnification. Scale bar indicates 250 um.
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Supplementary Fig. 13 Internal tissues of the cotyledon have high ABA levels.

a) Max-Z projections of emission ratios taken from EZ-Peeler generated abaxial surface and internal segmentations
of ABACUS2-400n cotyledons. Scale bar indicates 100um. b) Quantification emission ratios for surface and internal
segmentations. Note: This analysis was performed on cotyledons cropped from the same dataset of the whole plant
imaging used in Extended Data Fig. 6. Two tailed T-Test (t=18.71, df=14), n=8 (2 cotyledons from 4 biologically
independent plants) *:p<0.05, **:p<0.01, ***:p<0.001, ****:p<0.0001. For boxplots, centre line indicates median;
box limits indicate upper and lower quartiles; whiskers indicate the upper/lower adjacent values.
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Supplementary Fig. 14. The central axis (endodermis and stele) of the root differentiation zone have

high ABA levels.

A) Sum-Z projection of root nlsSABACUS2-400n differentiation zone. Scale bar indicates 100pm.
Green: nlsABACUS2-400n acceptor excited acceptor emission, Magenta: Propidium iodide.

B) Max-Z projection of ROI labels for different tissue types.
C) Turbo LUT and D) Colour vision deficiency compatible Viridis LU
ratios.

T max-Z projection of emission

E) Graph of emission ratios by tissue type. One-way ANOVA (F =79.86 p<0.0001). n=5 biologically
independent roots. A Tukey post hoc test was used for multiple comparisons. Asterisks indicate
statistical significance *:p<0.05, **:p<0.01, ***:p<0.001, ****:p<0.0001. Note: This analysis was
performed on roots cropped from the same dataset of the whole plant imaging used in Extended Data
Fig. 6. For boxplots, centre line indicates median; box limits indicate upper and lower quartiles;

whiskers indicate the upper/lower adjacent values
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Supplementary Fig. 15. Foliar loaded ABA accumulation in the primary root.

Max Z projection of entire image and a Max Y projection of elongation zone emission ratios, captured using SPIM
microscopy of nlsSABACUS2-400n primary root elongation and differentiation zone during a 5uM ABA treatment to
the foliar tissues. Roots are isolated from the foliar tissues indicating emission ratio increases result from ABA
transport. Scale bars indicate 100um.
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Supplementary Fig. 16. nIsABACUS2s demonstrate that cyp707alcyp707a3 hyperaccumulates ABA
in roots.

A) and B) nISABACUS2-100n and plants display higher emission ratios in the catabolism double mutant
cyp707alcyp707a3 implying that these genes are essential in unstressed conditions to prevent ABA
overaccumulation. An unpaired two-tailed Welsh’s T test was used (t=2.276, df=9.433, p=0.046, n=5,7
biologically independent roots respectively).

C) and D) nlsABACUS2-400n and plants display higher emission ratios in the catabolism double mutant
cyp707alcyp707a3 implying that these genes are essential in unstressed conditions to prevent ABA
overaccumulation. A Brown Forsythe ANOVA was used (p=0.0053, F=7.9, DF=11.58) and a two-tailed
Dunnett’s T3 test was used to compare groups to Col-0. (line 106: p=0.0037, t=3.959, DF=11.67; line
112: p=0.0108 t=3.518, DF=9.549; n=9,8,9 biologically independent roots respectively)

Scale bars indicate 100um. For boxplots, centre line indicates median; box limits indicate upper and lower quartiles;

whiskers indicate the upper/lower adjacent values. *:p<0.05, **:p<0.01, ***:p<0.001, ****:p<0.0001.
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Supplementary Fig. 17. Aerial humidity treatments with hydrated roots for root growth assays and
imaging assays.

A) Root growth assay where plates are opened and a piece of folded acetate sheet (thick black line) is used to
cover all or part of the agar (blue). Mock plates are resealed and all plates are placed back in a growth
chamber set to 40% RH.

B) Root imaging assay, where chambered coverglasses are opened and a piece of folded acetate sheet is used
to cover all or part of the agar. Mock chambered coverglasses are resealed and all chambered coverglasses
are placed back in a growth chamber set to 40% RH.

C) 50 uM B-estradiol treatment regime 24hr before humidity treatment for root growth assays.
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Supplementary Fig. 18. FRETENATOR segment and ratio 1.5 user interface.

The user interface of FRETENATOR-Segment and ratio 1.5 FlJI plugin. Various dropdowns, sliders and checkboxes on
the plugin window (right) can be used to alter the segmentation settings, which will update the segmentation
preview (bottom left). The Plugin window also allows channel selection for ratio calculations.
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Extract segmentation channel
(Copy channel to segment on,
without altering original image)
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and noise removal)
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Thresholding of C
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default, other algorithms and
manual are options)

» Threshold map
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find and remove connected objects)
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(Split touching objects)
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(Removes gaps introduced by watershed)
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(Optional removal of objects

outside user defined range)

Label map

Supplementary Fig. 19. FRETENATOR segment and ratio 1.5 segmentation pipeline.
Segmentation steps used in the FRETENATOR-Segment and ratio 1.5 FlI plugin. Letters indicate intermediate images
used in downstream processing. Arrows indicate processing steps.
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Supplementary Fig. 20. Original image and FRETENATOR-Segment and ratio 1.5 outputs

A) Typical import image stack, with at least two channels to calculate ratios.

B) 3D/4D stack of the thresholded image FRETENATOR output where foreground is assigned 1 and background
is assigned 0

C) 3D/4D ‘Label map’ FRETENATOR output where each nucleus is given a unique identifier value (Displayed
with the Glasbey on Dark LUT)

D) 3D/4D emission ratio map FRETENATOR output where each nucleus is assigned the calculated emission
ratio X1000. FRETENATOR will also output a maximum Z-projection and outlined nearest point Z-projection
of the emission ratio stack. NB: To halve the file size of exported images, emission ratio values are
multiplied by 1000 in exported image files, allowing the files to be saved as 16-bit images (instead of 32-bit
float images).

E) A new results table FRETENATOR output which can be saved as a .csv. This details the measurements of
each nucleus (centroid position, size, DxDm, DxAm, AxAm, pixel count, image frame, file name, ROI
identifiers).
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Supplementary Fig. 21. User interface of FRETENATOR-ROI labeller.

Imagel selection tools (e.g. box, ellipses, line etc.) can be used to select parts of the label preview (top left) and then
assign them specific labels by clicking the appropriate button on the user plugin menu panel (right). This will
automatically update the preview windows.
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Supplementary Fig. 22. FRETENATOR 1.5 and Imaris 8.2 give similar segmentation and results

A) Quantification of emission ratios of FRETENATOR 1.5 and IMARIS 8.2 shows the same trend when
quantifying an nlsSABACUS2-100n ABA treatment. Line indicates median, shaded area indicates 95%

confidence interval.

B) FRETENATOR 1.5 and IMARIS 8.2 show similar segmentation and emission ratio patterns when quantifying

an nlsABACUS2-100n ABA treatment.

Note this experiment is a software validation, and so uses the same dataset as Supplementary Fig. 6.
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Tables

Supplemental Table 1. Emission ratios of selected purified ABACUS variants in vitro.

Sensor AVERAGE | SDKp | AVERAGE | SDRC | n
Kb (uM) (M) RC (%)
ABACUS1-2n PYL1 H87P 1.143 0.499 43.0 5.0 6

Linkers: attB1-L52-attB2
FP: edCit, edCer
ABACUS1-2p-i 0911 0.047 30.3 4.7 3
PYL1 H87P, A190V
Linkers: attB1-L52-attB2
FP: edCit, edCer
ABACUS1-2p-ii 0.948 0.460 63.3 14.7 12
PYL1 H87P, A190V
Linkers: PPP-L52-P
FP: edCit, edCer
ABACUS1-2p -iii 0.578 0.300 68.9 15.5 5
PYL1 H87P, A190V, S112A
Linkers: PPP-L52-P

FP: edCit, edCer
ABACUS1-2p-iv 0.472 0.231 52.3 10.4 15
PYL1 H87P, A190V, S112A
Linkers: PPP-L52-P;

FP: edCitT9, T7edCer
ABACUS2-400n 0.445 0.222 71.0 19.2 16
PYL1 H87P, A190V, S112A, R143S
Linkers: PPP-L52-P

FP: edCitT9, T7edCer
ABACUS2-100n 0.098 0.037 67.6 25.8 13
PYL1 H87P, A190V, S112A, E141D
Linkers: PPP-L52-P

FP: edCitT9, T7edCer
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Supplemental Table 2. Additional ABACUS variant screening
(Attached as an Excel file)
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Supplemental Table 3. Arabidopsis germplasm used in this study

Line Background Creation | Origin | Selection Approx % NASC
method homozygous | ID

seed batches

that are

fluorescent *
Col-0 NASC
UBQI10pro::nlsABACUS2- Col-0 Floral This FAST-RED | ND TBD
400n line 1 dip study
UBQI10pro::nlsABACUS2- Col-0 Floral This FAST-RED | ~38 TBD
400n line 7 dip study
UBQI10pro::nlsABACUS2- Col-0 Floral This FAST-RED | ~17 TBD
100n line 7 dip study
UBQ10pro::nlsABACUS2- Col-0 Floral This FAST-RED | ND TBD
100n line 18 dip study
P16pro::nlsABACUS1-2p Col-0 Floral This ~70 TBD

dip study

UBQI10pro:XVE>>NCED3 Col-0 Floral This Hygromycin | N/A TBD
line 33 dip study
UBQ10pro:XVE>>CYP707A3 | Col-0 Floral This Hygromycin | N/A TBD
line 99 dip study
SUC2pro:XVE>> CYP707A3 | Col-0 Floral This Hygromycin | N/A TBD
line 194 dip study
UBQ10pro:XVE>>NCED3 UBQ10pro: XVE>>NCED3 Floral This Hygromycin, | Not TBD
UBQI10pro::nlsABACUS2- line 33 dip study FAST-RED | homozygous
100n line 1 for

ABACUS
UBQI10pro:XVE>>NCED3 UBQI10pro:XVE>>NCED3 Floral This Hygromycin, | Not TBD
UBQ10pro::nlsABACUS2- line 33 dip study FAST-RED | homozygous
400n line 6 for

ABACUS
UBQ10pro:XVE>>CYP707A3 | UBQ10pro:XVE>>CYP707A3 | Floral This Hygromycin, | Not TBD
UBQ10pro::nlsABACUS2- line 99 dip study FAST-RED | homozygous
100n line 1 for

ABACUS
UBQI10pro:XVE>> UBQ10pro:XVE>>CYP707A3 | Floral This Hygromycin, | Not TBD
CYP707A3 line 99 dip study FAST-RED | homozygous
UBQI10pro::nlsABACUS2- for
400n line 2 ABACUS
snrk2.2snrk2.3 Col-0 - 0 - N/A
snrk2.2snrk2.3 snrk2.2snrk2.3 - 30 - N/A
RCHIpro::SnRK2.2
snrk2.2snrk2.3 snrk2.2snvk2.3 - 30 - N/A
SnRK2.2pro::SnRK2.2
aba2-1 Col-0 - 7 - N/A N156
cyp707alcyp707a3 Col-0 - 3 - N/A
cyp707alcyp707a3 cyp707alcyp707a3 Floral This FAST-RED | Not TBD
UBQ10pro::nlsABACUS2- dip study homozygous
400n — line 106 for

ABACUS
cyp707alcyp707a3 cyp707alcyp707a3 Floral This FAST-RED | Not TBD
UBQ10pro::nlsABACUS2- dip study homozygous
400n - line 112 for

ABACUS
cyp707alcyp707a3 cyp707alcyp707a3 Floral This FAST-RED | Not TBD
UBQI10pro::nlsABACUS2- dip study homozygous
100n line 5 for

ABACUS

*Note on silencing: Newly germinated plants from an unsilenced parent express the sensor strongly in most seedlings. However,
silencing often occurs after seedling establishment and we encourage growers to bulk plants individually, expecting 10-40% of
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seed batches to have fluorescence. For genetic crosses, screening flowering ABACUS?2 plants for fluorescence at the point of
performing the cross consistently leads to fluorescent F1 seedlings.
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Supplemental Table 4. Primers used in this study
SDM primers for ABACUS variants:

PYL1 QuikChange Sequence
Primer
A190V Fw gattcaatctaataaccgtatcaacaaaacaatctcgtatcttcctec
A190V Rv ggaggaagatacgagttgtttgttgatacggttatagattgaatce
S112A Fw ccggtaatccagctatcacgttcacgtegegegt
S112A Rv acgcgegacgtgaacgtgatagetggattaccgg
E141D Fw gtttagtataaccggtggtgatcataggctgaggaattataaa
E141D Rv tttataattcctcagectatgatcaccaccggttatactaaac
R143S Fw accggtggtgaacatagectgaggaattataaatcg
R143S Rv cgatttataattcctcaggctatgttcaccaccggt
K90A Fw cacagatttacaaacccttcatcgcaagctgtaacgtgagtgaagatt
K90A Rv aatcttcactcacgttacagcttgcgatgaagggtttgtaaatctgtg
T1381 Fw gagagtgactgggtttagtataatcggtggtgaaca
T138I Rv tgttcaccaccgattatactaaacccagtcactcte
F189L Fw ggaggaagatacgagattgttagttgatacggttattagattg
F189L Rv caatctaataaccgtatcaactaacaatctcgtatcttcetee
189S Fw acagatttacaaacccttcagcaaaagctgtaacgtgagtg
189S Rv cactcacgttacagcttttgctgaagggtttgtaaatctgt
S182A Fw tgttgttgatgtaccggaaggtaatgcggaggaagatac
S182A Rv gtatcttcctccgeattaccttceggtacatcaacaaca
S136A Fw cggagagtgactgggtttgctataaccggtggtgaaca
S136A Rv tgttcaccaccggttatagcaaacccagtcactctceg
1194V Fw cgagattgtttgttgatacggttgttagattgaatcttcagaaactt
1194V Rv aagtttctgaagattcaatctaacaaccgtatcaacaaacaatctcg
I111K Fw acgcgcgacgtgaacgtgaaagecggatta
111K Rv taatccggctttcacgttcacgtcgegegt
F1351 Fw tcggagagtgactgggattagtataaccggtgg
F135IRv ccaccggttatactaatcccagtcactctecga
F1891 Fw cggaggaagatacgagattgattgttgatacggttattaga
F189I Rv tctaataaccgtatcaacaatcaatctegtatcttcctecg
K90R Fw gatttacaaacccttcatcagaagctgtaacgtgagtgaag
K90R Rv cttcactcacgttacagcttctgatgaagggtttgtaaatce
K90S Fw ggccacagatttacaaacccttcatcagecagcetgtaacgtgag
K90S Rv ctcacgttacagctgctgatgaagggtttgtaaatctgtggcc
111G Fw cgcgacgtgaacgtgggagctggattaccgge
111G Rv gceggtaatccagcetcecacgttcacgtegeg
V193L Fw gatacgagattgtttgttgatacgcttattagattgaatcttcagaaac
VI193L Rv gtttctgaagattcaatctaataagcgtatcaacaaacaatctcgtate
F189L Fw ggaggaagatacgagattgttagttgatacggttattagattg
F189L Rv caatctaataaccgtatcaactaacaatctcgtatcttcetee
E171Q Fw ggatctggaccgttgttttgcagtcttatgttgttgatgtace
E171Q Rv ggtacatcaacaacataagactgcaaaacaacggtccagatee
G113P Fw gacgtgaacgtgatagctccattaccggcegaatacgte
G113P Rv gacgtattcgccggtaatggagctatcacgttcacgte
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T1381 Fw

gagagtgactgggtttagtataatcggtggtgaaca

T138I Rv

tgttcaccaccgattatactaaacccagtcactcte

Linker swap, fluorescent protein truncation and Citrine codon diversification primers:

In-Fusion Primer

Sequence

Cit 3' ABIlaid 5' Fwd

ggacgagctgtacaagcataaaccggatagagaagatga

edCit 3' plus 1 proline ABIlaid 5' Fwd

ggacgagctgtacaagccacataaaccggatagagaagatga

edCit 3' plus 2 prolines ABIlaid 5' Fwd

ggacgagctgtacaagecacctcataaaccggatagagaagatga

edCit 3' plus 3 prolines ABIlaid 5' Fwd

ggacgagctgtacaagccacctccacataaaccggatagagaagatga

edCer 5' Rev PYL1 3' Rev

cctegeccttgeteacectaacctgagaagagttattat

edCer 5' Rev plus 1 proline PYL1 3' Rev

cctegeccttgetcacaggectaacctgagaagagttgttgt

edCer 5' Rev plus 2 prolines PYL1 3' Rev

cctegeccttgetcacaggtggcctaacctgagaagagttgttot

edCer 5' Rev plus 3 prolines PYL1 3' Rev

cctegeccttgetcacaggtggaggcctaacctgagaagagttgttgt

edCit Codon Diversified-T9 fw

ccacctccacataaaccgga

edCit Codon Diversified-T9 rv

tttatgtggaggtgotataccagcageagt

T7-edCer fw

tctcaggttaggcctitcaccggggtggta

T7-edCer rv

aggcctaacctgagaagagt

Primers to generate gateway constructs and replace codon diversified Citrine:

Name Sequence Amplifi | Description
ed with

NCED3 CDS F1 GGGG ACA AGT TTG TAC AAA AAA 2 Multisite gateway

attB1 GCA GGC TTT atg gct tct ttc acg gca ac

NCED3 CDS R1 GGGG AC CAC TTT GTA CAA GAA 1 Multisite gateway

attB2 AGC TGG GT tca cac gac ctg ctt cg

pDONR backbone | GATTTATAATAGACCCAGCTTTCTTG | 4 infusion cloning of ABACUS2 non

F TACAAAG codon diversified edCitrine

pDONR backbone | ACCTCGAGCCCTCCAACCTTTCTCTTC | 3 infusion cloning of ABACUS2 non

NLSR TTC codon diversified edCitrine

Start NLSedCit F TTGGAGGGCTCGAGGTGAGCAAGGG | 6 infusion cloning of ABACUS2 non

codon diversified edCitrine

edCIT R GGAGGTGGCTTGTACAGCTCGTCCAT | 5 infusion cloning of ABACUS2 non
GC codon diversified edCitrine

ABIlaid F TGTACAAGCCACCTCCACATAAACCG | 8 infusion cloning of ABACUS2 non
GATA codon diversified edCitrine

myc STOP R CTGGGTCTATTATAAATCTTCCTCACT | 7 infusion cloning of ABACUS2 non
TATC codon diversified edCitrine
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