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Supplementary Figure 1. npf2.14 mutants display no root or shoot growth phenotypes. (A) Root 

lengths of 5-day-old Col-0 plants and npf2.14 T-DNA mutants germinated on ½ MS media for 3 days and 

moved to ½ MS media without sucrose. n > 10. Differences were not significant at p ≤ 0.05 by Student’s t-

test. (B) Rosette surface areas of 3-week-old Col-0 plants and npf2.14 mutant plants grown on soil. n ≥ 13. 

Differences were not significant at p ≤ 0.05 by Student’s t-test. (C Hypocotyl lengths of 6-day-old Col-0 

and npf2.14-mutant plants grown on ½ MS. n ≥ 10. Differences were not significant at p ≤ 0.05 by Student’s 

t-test. (D) Root lengths of Col plants and npf2.14-mutant plants grown for 5 days on MS media without 

nitrate, supplemented either with 0.01 mM (Low nitrate) or 10 mM (High nitrate) KNO3. n > 10. Differences 

between Col-0 and npf2.14-mutant plants were not significant under either condition at p ≤ 0.05 by 

Student’s t-test. 
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Supplementary Figure 2. NPF2.14 is expressed in the shoot vasculature and hypocotyl periderm. (A) 

Confocal imaging of a 5-day-old pNPF2.14:NLS-YFP root tip. Red indicates PI, yellow indicates YFP. In 

addition, NPF2.14 is expressed in the pericycle of the root mature zone, mainly in the phloem poles (Fig. 

2A). (B) Representative images of 5-day-old pNPF2.14:GUS seedling imaged for GUS (blue). (C) 

Confocal image of a 3-week-old pNPF2.14:NLS-YFP hypocotyl cross section. Blue indicates calcofluor, 

yellow indicates NLS-YFP. White arrows indicate pNPF2.14:NLS-YFP, Red arrows indicate background. 

 

 

 

 

Supplementary Figure 3. npf2.14 mutants accumulate less suberin in the endodermis compared to 

WT. Left: Images of 5-day-old Col-0 and npf2.14 mutant roots. Yellow indicates fluorol yellow. Right: 

Fluorescent intensity was quantified from a minimum of 5 roots per treatment, 5 endodermal cells per root, 

n > 25. Statistical significance was assessed using a Student t-test (** p = 0.001). 

3



 

Supplementary Figure 4. npf3.1 mutants accumulate less suberin in the endodermis compared to 

WT. Left: Images of 5-day-old Col-0 and npf3.1 mutant roots. Red indicates Nile red, blue indicates 

calcofluor. Right: Fluorescent intensity was quantified from a minimum of 10 roots per treatment, 5 

endodermal cells per root, n > 50. Statistical significance was assessed using a Student t-test (*** p < 

0.001). 

 

 

 

 

Supplementary Figure 5. GA treatment induces endodermal suberization in Col-0 roots. Left: Images 

of 5-day-old Col-0 roots treated with Mock or 5 µM GA3 for 5 days, stained with fluorol yellow. Right: 

Fluorescent intensity was quantified from a minimum of 6 roots per treatment, 5 endodermal cells per root, 

n > 30. Statistical significance was assessed using a Student t-test (*** p < 0.001).  
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Supplementary Figure 6. Phylogenetic tree of Arabidopsis thaliana NPF transporters. Shown is an 

amino acid-based aligned phylogenic tree. NPF2.12-14 proteins, studied in this work, are indicated in pink 

and cyan. 
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Supplementary Figure 7. NPF2.12 and NPF2.13 import various forms of GA and nitrate in a non-

competitive manner. (A) Hormone accumulation in control or NPF2.12- or NPF2.13-expressing Xenopus 

oocytes. Oocytes were exposed to 50 µM of the indicated GAs at pH 5 (n > 5). Oocytes were exposed for 

60 min at room temperature and analyzed by LC-MS/MS. Statistical significance was assessed using Holm 

Sidak one-way ANOVA (p = 0.05). (B) Assessment of competition between of nitrate and GA transport by 

NPF2.12 and NPF2.13. Oocytes were exposed to 5 mM nitrate, 50 µM GA3, or 5 mM nitrate and 50 µM 

GA3 at pH 4.5 for 60 min at room temperature and were analyzed by analytical anion chromatography for 

nitrate (3 replicates of 5 oocytes) or by LC-MS/MS for GA3 (n = 7). Statistical significance was assessed 

using Holm Sidak two-way ANOVA (p = 0.05). 
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Supplementary Figure 8. npf2.12 and npf2.13 mutants have no detectable developmentally defective 

phenotypes. (A) Root lengths of 5-day-old Col-0 and T-DNA mutant plants germinated on ½ MS media 

for 3 days and moved to ½ MS media without sucrose (n > 10). Significance was assessed using Dunnett’s 

multiple comparisons test; there was no difference at p ≤ 0.05. (B) Rosette surface areas of 3-week-old Col-

0 and T-DNA mutant plants grown on soil (n ≥ 13). Differences were not significant at p ≤ 0.05 by Dunnett’s 

multiple comparisons test. (C) Root lengths of Col-0 and T-DNA mutants grown for 5 days on MS media 

without nitrate, supplemented either with 0.01 mM (Low nitrate) or 10 mM (High nitrate) KNO3 (n > 10). 

Differences were not significant at p ≤ 0.05 by Dunnett’s multiple comparisons test.  
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Supplementary Figure 9. Reduction in GA3-Fl accumulation in the endodermis occurs due to on-

target mutations in npf2.12 or npf2.13. (A) Quantification of GA3-Fl fluorescence intensity in the 

endodermis of 6-day-old roots of two independent npf2.12 T-DNA knockout lines treated with 5 μM GA3-

Fl overnight. Mean ± S.E (5 endodermal cells were sampled from a minimum of 5 biological repeats, n ≥ 

25). Significance was assessed by Dunnett’s multiple comparisons test (*** p ≤ 0.001). (B) Quantification 

of GA3-Fl fluorescence intensity in the endodermis of 6-day-old roots of Col-0, npf2.13 mutant, and 

pNPF2.13:NPF2.13-Venus in the background of npf2.13 knockout treated with 5 μM GA3-Fl overnight. 

Mean ± S.E (5 endodermal cells were sampled from a minimum of 5 biological repeats, n ≥ 25). 

Significance was assessed by Dunnett’s multiple comparisons test (*** p ≤ 0.001).  
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Supplementary Figure 10. NPF2.12 is expressed in the seedling root meristematic zone and hypocotyl 

periderm at the mature stage. (A) Confocal imaging of a 5-day-old pNPF2.12:NLS-YFP root tip. Red 

indicates PI, yellow indicates NLS-YFP. In addition, NPF2.12 is expressed in the pericycle of the root 

mature zone, mainly in the phloem poles (Fig. 4A). (B) Confocal imaging of a 3-week-old pNPF2.12:NLS-

YFP hypocotyl. Blue signifies calcofluor, yellow indicates NLS-YFP. White arrows indicate 

pNPF2.12:NLS-YFP, Red arrows indicate background. 
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Supplementary Figure 11. npf2.12 and npf2.13 mutants display reduced endodermal suberization 

levels. Left: Images of 5-day-old Col-0 and npf mutant roots stained with fluorol yellow (Yellow). Right: 

Fluorescent intensity was quantified from a minimum of 7 roots per treatment, 5 endodermal cells per root, 

n > 35. Statistical significance was assessed using Dunnett’s multiple comparisons test (* p < 0.05, ** p < 

0.01 *** p < 0.001) 
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Supplementary Figure 12. Reduction in root suberization occurs specifically due to an on-target 

mutation in npf2.12 or npf2.13. Nile red suberin staining of npf2.12 and npf2.13 T-DNA insertion mutants. 

Red indicates Nile red, blue indicates calcofluor. Fluorescent intensity was quantified from a minimum of 

11 roots per treatment, 5 endodermal cells per root, n > 55. Statistical significance was assessed using 

Dunnett’s multiple comparisons test (*** p < 0.0001). 
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1 Multicellular modelling

The model set-up with the cellular representation and numerical methods follow those presented in the
Supplemental Methods section from ref.1 with some exceptions, which we address below:

• The hormone under consideration is GA, rather than auxin, but the mechanisms of transport are
similar.

• The geometry is radial, rather than longitudinal and represents a cross-section of the root, consid-
ering 5 tissues: epidermis, cortex, endodermis, pericycle, and stele.

• The cytoplasm importers are NPF2.12 and NPF3.1, localized in the pericycle and the endodermis,
respectively.

• We also model the effect of the cytoplasm importer, NPF2.13 (which contributes to long-distance
GA transport), by decreasing the rate of GA synthesis in the stele to represent the npf2.13 knock-
out.

• We incorporate a subcellular compartment, the vacuole, within each cell’s cytoplasm. The trans-
port of GA across its membrane (the tonoplast) is through passive diffusion and a tonoplast im-
porter NPF2.14, localized to the pericycle.

• We incorporate the effect of the Casparian strip that forms around the endodermis, by accounting
for a reduced diffusivity of GA in the apoplast in this region.

1.1 Governing equations

The governing equations have a similar form to those used for auxin transport (see, for example, Sec-
tion 2 in the Supplemental Methods from ref.1), except that we also need to account for the vacuole
compartment and the transport of GA across its membrane.

The flux of GA, Ji jk, from an apoplast compartment, k, between two neighbouring cells, i and j, into
cell i is given by

Ji jk = Ppass(A1[GA]ai jk−B1[GA]i)+PNPF2.12[NPF2.12]i jk(A2[GA]ai jk−B2[GA]i)

+PNPF3.1[NPF3.1]i jk(A2[GA]ai jk−B2[GA]i)+Peff(A3[GA]ai jk−B3[GA]i),
(1)

where [GA]ai jk is the concentration of GA in apoplast k between cells i and j, [GA]i is the concentration
of GA in the cytoplasm of cell i, Ppass,PNPF2.12,PNPF3.1,Peff are the corresponding passive and transporter
permeabilities, with Peff representing the permeability associated with as yet uncharacterised efflux car-
riers from the cytoplasm, [.]i jk can be either 1 or 0 depending on whether the corresponding transporter
is present on the boundary between apoplast k and cell i. The first term in (1) represents the passive
diffusion of protonated GA across the membrane, with constants A1 and B1 being the proportion of GA
that is protonated in the apoplast and cytoplasm, respectively. The remaining terms in (1) represent
carrier-mediated transport of anionic GA (see Appendix from ref.2 for a derivation). In particular, we
define

A1 =
1

1+10pHapo−pK , A2 = (1−A1)
φ

eφ −1
, A3 =−(1−A1)

φ

e−φ −1
,

B1 =
1

1+10pHcyt−pK , B2 =−(1−B1)
φ

e−φ −1
, B3 = (1−B1)

φ

eφ −1
,

(2)

where pHapo and pHcyt are the pH values of the apoplast and cytoplasm, respectively, pK is the equilib-
rium concentration value of protonated/anionic GA, and φ = FDV mem/RT , with FD being the Faraday
constant, V mem being the voltage across the cytoplasm membrane, R being the universal gas constant,
and T being the absolute temperature. The values of these parameters can be found in Sup. Table 4.
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Because of the presence of a vacuole within each cell, we also have a flux, Jti, across its membrane,
the tonoplast, given by

Jti = Ppass(B1[GA]i−C1[GA]ti)+PNPF2.14[NPF2.14]i(Bton
3 [GA]i−C3[GA]ti), (3)

where [GA]ti is the concentration of GA in the tonoplast in cell i, PNPF2.14 is the permeability of the
transporter, and C1, being the proportion of protonated GA in the vacuole, C3, and Bton

3 are given by

C1 =
1

1+10pHvac−pK , C3 =−(1−C1)
φ ton

e−φ ton−1
, Bton

3 = (1−B1)
φ ton

eφ ton−1
, (4)

where pHvac is the pH value of the vacuole, and φ ton = FDV ton/RT , with V ton being the voltage across
the tonoplast.

GA also diffuses between adjacent apoplast compartments (as defined for auxin in ref.1), where the
apoplastic diffusivity, Dapo, is given in Table 4.

We assume a constant synthesis rate, α , in the stele, mimicking a source of GA associated with
longitudinal shoot-to-root transport and no synthesis in the other tissues, and a linear degradation of GA
(of rate β ) within all cells.

1.2 Boundary and initial conditions

The boundary condition we prescribe along the outer walls of the root cross-section is zero flux indi-
cating that GA is not allowed to leave or enter the root. Initially, we assume zero concentration of GA
everywhere. In some of our simulations, we are interested in the dynamics of the system after synthesis
is set to zero, as might be the case in the mature zone above the phloem unloading zone.

1.3 Combined equations

The combined equations that form a system of ordinary differential equations for the concentration of
GA in the various compartments take the form

d[GA]i
dt

= α−β [GA]i +
1
Ri

∑
j∈Ci

Ni j

∑
k=1

Si jk(Ji jk + Jp
i j)−

Sti

Ri
Jti, (5)

d[GA]ti
dt

=
Sti

Rti
Jti, (6)

where Si jk is the length of the kth apoplast compartment between cells i and j, Ri is the area of the
cytoplasm of cell i, Ni j is the number of apoplast compartments between cells i and j, Ci denotes the
set of cells adjacent to cell i, and Sti and Rti are the length of the tonoplast and the area of the vacuole,
respectively. We note that ODEs of a similar form but with Sti = 0 are used for auxin transport, for
example, in ref.1. We show a microscope image and a schematic of the root cross-section in Sup. Fig.
13.

1.4 Vacuole geometry

We assume that the vacuole is centred in each cell with shape identical to the shape of the cell. This
allows us to calculate the length of the tonoplast boundary and the area of the vacuole using a single
parameter, V , defined to be the area (or volume in three dimensions) fraction of the vacuole within the
cell. With this assumption, the area of the vacuole is Rti = V Ri, the area of the cytoplasm is (1−V )Ri,
and the length of the tonoplast boundary is Sti =

√
V Si (or 3

√
V 2Si for area), where Si is the length of the

cytoplasmic boundary of cell i.
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1.5 Numerical results

In the main text, we present results without cytoplasmic exporters and with reduced diffusion in the
apoplast surrounding the endodermis to represent the Casparian strip. However, for completeness, we
now investigate the effects of these model assumptions.

In Sup. Figs. 14, 15, and 16, we show the numerical solutions for the case when there is a prescribed
background efflux of GA corresponding to the potential existence of GA cytoplasm exporters, which are
currently not discovered and are only hypothesized. We see that, with efflux transporters, the predicted
GA concentration in the endodermis is much higher than in the other cell layers; however, the endodermal
concentrations of GA in the wild type and in the npf2.14 knock-out are similar in magnitude in the
simulations after we set the synthesis rate to zero. We note, however, that there might be cytoplasmic
exporters only in specific cell types, which can significantly influence the overall distribution of GA.

We also explore the effect of the Casparian strip surrounding the endodermis, which effectively
blocks diffusion of GA in the endodermal apoplast. In Sup. Figs. 17, 18, and 19, we show the corre-
sponding plots for the case when the apoplastic diffusivity is constant throughout the root cross-section,
i.e., there is no Casparian strip in the endodermis. We see that, in this case, the results for the npf2.12 do
not match the experimental data (Fig. 3G), since they predict higher endodermal GA concentrations than
the wild type. This suggests that the Casparian strip provides a crucial mechanism for regulating the GA
transport within the root cross-section.

2 Modelling GA transport into oocytes to parametrise the multicellular
model

We use the oocyte experimental data (Fig. 1A and Fig. 3B from this manuscript and Fig. 4 from ref.3)
in a mathematical model of GA transport into an oocyte in order to estimate the permeabilities of GA
associated with the passive and carrier-mediated modes of transport through the membrane. In particular,
we are interested in estimating the passive permeability, Ppass, and the permeability of the NPF2.12,
NPF2.13, NPF3.1 (cytoplasm importers), and NPF2.14 (tonoplast importer) transporters, denoted by
PNPFx, where x stands for the corresponding transporter.

We model the GA transport using an ordinary differential equation for the GA concentration in the
oocyte, [GA]o, which has both a passive and a carrier-mediated component, namely,

d[GA]o
dt

=
PpassAo

Vo
( fout[GA]out− fo[GA]o)+

PNPFxAo

Vo
(gout(−zNPFxφ)[GA]out−go(zNPFxφ)[GA]o) , (7)

where Vo and Ao are the volume and surface area of the oocyte, respectively, [GA]out is the external
(prescribed) concentration of GA, and zNPFx is the valency associated with the corresponding transporter:
zNPFx is equal to 1 for the cytoplasm importers and is equal to -1 for the tonoplast importer (since it is
exporting GA out of the cytoplasm). Here, we have also defined fx, the fraction of protonated GA, to be

fx =
1

1+10pHx−pK , (8)

where pHx is the pH, pK is the pK equilibrium constant for GA, and x stands either for the outside
environment (out), or the oocyte (o). An analogous function, gx, has also been defined for the anionic
GA and also taking into account the electrochemical effects for facilitated diffusion

gx(φ) =
φ

eφ −1
(1− fx), (9)

where φ = FDV/(RT ), FD is the Faraday constant, V is the transmembrane voltage potential, R is the
universal gas constant, and T is the absolute temperature.

Integrating (7) (using separation of variables), we obtain

[GA]o = α

(
1− e−β t

)
, (10)
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where

α =
Ppass fout[GA]out +PNPFxgout(−zNPFxφ)[GA]out

Ppass fo +PNPFxgo(zNPFxφ)
, β =

Ao

Vo

(
Ppass fo +PNPFxgo(zNPFxφ)

)
. (11)

The model enables us to predict how the accumulation of GA within the oocyte depends on the per-
meabilities, pH, pK, and transmembrane voltage. The experimental data give the oocyte concentration
at t = 60 min for mock oocytes and oocytes containing NPF2.12, NPF2.13, and NPF2.14. Therefore,
prescribing relevant values of the other parameters (see Sup. Table 5), we can estimate values of the
permeabilities for which the model prediction at t = 60 min best agrees with the experimental measure-
ments.

We note that, when estimating the passive permeability alone, we set PNPFx = 0 and find Ppass by
solving the non-linear equation (10) for Ppass, where [GA]o is given by the experimental data at t = 60
min. After we find the value for Ppass, we add back the carrier-mediated term (with non-zero PNPFx) and
substitute the estimated value for Ppass in (10) to find PNPFx using the same procedure.

In Sup. Table 4, we summarise the results we obtained for the bioactive GA4.
To fully explore the model, in Sup. Fig. 20, we show the effect of varying the permeabilities of GA4

on the dynamic behaviour of the oocyte GA4 concentration. In Sup. Fig. 20(a), we see that increasing
the passive permeability increases the predicted oocyte concentration, which increases with time. In Sup.
Fig. 20(b), we see a similar behaviour when we vary in the same way the permeability of the cytoplasm
importers NPF2.12, NPF2.13, and NPF3.1. However, we note that the dynamic profile of the oocyte
concentration is more visibly curved and concave, indicating a slower increase of the concentration with
time. In Sup. Fig. 20(c), we vary the permeability of the tonoplast importer NPF2.14, and we see
how increasing the permeability decreases the predicted oocyte concentration. This is because NPF2.14,
being a tonoplast importer, exports GA out of the cytoplasm. Over the course of the same time as in the
other figures, in this one, we can clearly identify the saturation behaviour of the oocyte concentration due
to the exponential form of the solution (10). This is because the NPF2.14 permeability is the largest of
all considered permeabilities and more than an order of magnitude larger than the NPF2.12 permeability,
for example, and thus saturation is reached faster.

15



(a)

(b)

Supplementary Figure 13: (a) A microscope image of the cell geometry, (b) multicellular template of
the root cross-section used in the numerical simulations.
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(a) (b)

(c) (d)

(e)

Supplementary Figure 14: The predicted spatial distribution of the cytoplasmic GA concentration in
a root cross-section after 5 days with cytoplasmic efflux carriers for the (a) wild type, (b) npf3.1, (c)
npf2.12, (d) npf2.13, and (e) npf2.14. In all plots, we have used Peff = 0.1 µm/s.
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(a) (b)

(c) (d)

(e)

Supplementary Figure 15: The predicted spatial distribution of the vacuolar GA concentration in a root
cross-section after 5 days with cytoplasmic efflux carriers for the (a) wild type, (b) npf3.1, (c) npf2.12,
(d) npf2.13, and (e) npf2.14. In all plots, we have used Peff = 0.1 µm/s.
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(a) (b)

Supplementary Figure 16: Dynamic profile of the predicted GA concentration with cytoplasmic efflux
carriers in the wild type and the npf2.14 knock-out in the (a) endodermal cytoplasm and the (b) pericycle
vacuole. In all plots, we have used Peff = 0.1 µm/s.
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(a) (b)

(c) (d)

(e)

Supplementary Figure 17: The predicted spatial distribution of the cytoplasmic GA concentration in
a root cross-section after 5 days with constant apoplastic diffusivity (i.e., no Casparian strip) for the (a)
wild type, (b) npf3.1, (c) npf2.12, (d) npf2.13, and (e) npf2.14.
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(a) (b)

(c) (d)

(e)

Supplementary Figure 18: The predicted spatial distribution of the vacuolar GA concentration in a root
cross-section after 5 days with constant apoplastic diffusivity (i.e., no Casparian strip) for the (a) wild
type, (b) npf3.1, (c) npf2.12, (d) npf2.13, and (e) npf2.14.
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(a) (b)

Supplementary Figure 19: Dynamic profile of the predicted GA concentration with constant apoplastic
diffusivity (i.e., no Casparian strip) in the wild type and the npf2.14 knock-out in the (a) endodermal
cytoplasm and the (b) pericycle vacuole.
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Supplementary Figure 20: Plots of the temporal profile of the predicted oocyte GA4 concentration
varying (a) the passive permeability, Ppass, from 0.1 µm/s to 0.9 µm/s in increments of 0.2 µm/s, (b)
the permeability of NPF2.12, NPF2.13, and NPF3.1, PNPF2.12,2.13,3.1, from 0.01 µm/s to 0.09 µm/s in
increments of 0.02 µm/s, and (c) the permeability of NPF2.14, PNPF2.14, from 0.1 µm/s to 0.9 µm/s
in increments of 0.2 µm/s. We choose a different range of permeability values, based on the estimated
values from Sup. Table 5.
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Name Sequence 

NPF2.12 Fw (SALK_138987) CGAGACCGAGGAATAGAATCC 

NPF2.12 Rev (SALK_138987) TTCGACCGTTTCAAGTTTTTG 

NPF2.13 Fw (SALK_022429) ACGCTGGAGAGACTGGGATCG 

NPF2.13 Rev (SALK_022429) CGTAGACATAACGCTTCATTC  

NPF2.14 Fw (SALK_006282) TCCCATTAGTACTTGTTGCGG 

NPF2.14 Rev (SALK_006282) ACAGAACAACATCAGTTGGGG 

Supplementary Table 1: Primers used for T-DNA line genotyping. 

 

Name  Sequence 

NPF2.12 Fw ATGGGAGTTGTTGAGAATCG 

NPF2.12 Rev No stop ACTTGGAGATTGATCGTGTC 

NPF2.12 Rev Stop CTAACTTGGAGATTGATCGTGTC 

NPF2.14 Fw ATGGACAATGAGAAAGGGACAAG 

NPF2.14 Rev No stop TTGTTCATTACTATAGTTTCTGTAACG 

NPF2.14 Rev Stop TTATTGTTCATTACTATAGTTTCTGTAACG 

NPF2.12 promotor Fw TOPO caccGCTTTATTCGGACGTTAATCG 

NPF2.12 promotor Rev CTCCGGCAACGACGATG 

NPF2.14 promotor Fw TOPO caccAAGTTACTGATTCTTCTCTAGCC 

NPF2.14 promotor Rev GCTTTACTCAAGTCTTCTAGTAGACC 

NPF2.13 promoter Fw GCCTAAAAGGCGATAAAAGCC 

NPF2.13 promoter Rev CTCTAAGATATTACTACACTCG 

Supplementary Table 2: Primers used for cloning overexpression and reporter lines. 
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Analyte RT [min] Q1 [m/z] Q3 [m/z] CE [eV] 

GA1 [M-H]- 2.29 
347.16 259.1Q 16 

347.16 145.2 28 

GA3 [M-H]- 2.27 

345.2 243.1Q 25 

345.2 239.1 12 

345.2 221.1 21 

GA4 [M-H]- 2.62 

331.1 243.0Q 16 

331.1 225.1 15 

331.1 213.0 30 

331.1 287,1 19 

GA7 [M-H]- 2.64 

329.15 223.1Q 16 

329.15 211.1 21 

329.15 155.0 27 

GA9 [M-H]- 2.82 
315.2 271.1Q 16 

315.2 253.1 23 

GA12 [M-H]- 2.89 
331.2 313.1Q 24 

331.2 287.1 22 

GA19 [M-H]- 2.38 

331.2 273.0Q 24 

331.2 203.0 29 

331.2 317.0 22 

331.2 229.0 29 

GA24 [M-H]- 2.61 

345.1 257.0Q 25 

345.1 213.0 25 

345.1 301.0 16 

ABA [M-H]- 2.34 
263.0 153.1Q 7 

263.0 151.0 7 

Sinigrin [M-H]- (IS) 1.60 

358.0 97.0Q 22 

358.0 79.0 30 

358.0 259.0 20 

 

Supplementary Table 3. LC-MS/MS analyte detection. Multiple reaction monitoring transitions for 

analyte detection by LC-MS/MS. Superscript Q indicates the quantifier ion used for quantification of the 

respective analyte. Other transitions were used for compound identification together with retention times 

compared to those of standards. IS indicates internal standard. 
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Parameter Value Unit Reference
Ppass 0.333 µm/s

PNPF2.12 0.0097 µm/s
PNPF2.13 0.0167 µm/s
PNPF3.1 0.139 µm/s
PNPF2.14 0.556 µm/s

Peff 0.1 µm/s
α 0.001 mol/µm3s 1

β 0.000003 1/s 4

Dapo 32.0 µm2/s 5

pHapo 5.3 – 1

pHcyt 7.0 – 6

pHvac 5.5 – 7;6

pK 4.2 – 5

T 300 K 1

V mem -120 mV 1;6

V ton -30 mV 8;6

V 0.9 –
A1 0.074 –
A2 4.34 –
A3 0.042 –
B1 0.0016 –
B2 0.045 –
B3 1.69 –
C1 0.048 –
C3 0.50 –
FD 96485.33 C/mol 1

R 8.31 J/mol.K 1

Supplementary Table 4: Parameter values for the multicellular model. Note that the values for the
permeabilities are estimated from a separate mathematical model matching to oocyte experimental data,
presented in Section 2. We also note that the diffusivity, Dapo, is assumed to be zero in the endodermis
due to the formation of a Casparian strip.

Parameter Value Unit
Ao 4.52 mm2

[GA]out 50 µM
pHo 7.6 –

pHout 5 –
pK 4.2 –
T 293 K
V -40; -60 mV
Vo 0.90 mm3

Supplementary Table 5: Parameters specific to the oocyte experimental data. (NOTE: transmembrane
voltage value is taken to be the average from the admissible range during the corresponding experiments:
-60 mV for NPF2.12, NPF2.13, and NPF3.1, and -40 mV for NPF2.14.) Note that the value for the
surface area and volume of the oocyte are calculated by assuming that it is spherical with diameter of 1.2
mm.
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