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1st Editorial Decision 22nd Dec 2019

Dear Dr. Santelia,

Thank you for the submission of your research manuscript to our journal, which was now seen by
three referees, whose reports are copied below.

As you can see, the referees express interest in the analysis. However, they also raise a number of
concerns that need to be addressed to consider publication here. I find the reports informed and
constructive, and believe that addressing the concerns raised will significantly strengthen the
manuscript.

Given these constructive comments, we would like to invite you to revise your manuscript with the
understanding that the referee concerns (as in their reports) must be fully addressed and their
suggestions taken on board. Please address all referee concerns in a complete point-by-point
response. Acceptance of the manuscript will depend on a positive outcome of a second round of
review. It is EMBO reports policy to allow a single round of revision only and acceptance or rejection
of the manuscript will therefore depend on the completeness of your responses included in the
next, final version of the manuscript.

We generally allow three months as standard revision time. As a matter of policy, competing
manuscripts published during this period will not negatively impact on our assessment of the
conceptual advance presented by your study. However, we request that you contact the editor as
soon as possible upon publication of any related work, to discuss how to proceed. Should you
foresee a problem in meeting this three-month deadline, please let us know in advance and we may
be able to grant an extension.

IMPORTANT NOTE: we perform an initial quality control of all revised manuscripts before re-review.
Your manuscript will FAIL this control and the handling will be DELAYED if the following APPLIES:

1. A data availability section providing access to data deposited in public databases is missing
(where applicable).

2. Your manuscript contains statistics and error bars based on n=2 or on technical replicates.
Please use scatter plots in these cases.

Supplementary/additional data: The Expanded View format, which will be displayed in the main
HTML of the paper in a collapsible format, has replaced the Supplementary information. You can
submit up to 5 images as Expanded View. Please follow the nomenclature Figure EV1, Figure EV2
etc. The figure legend for these should be included in the main manuscript document file in a
section called Expanded View Figure Legends after the main Figure Legends section. Additional
Supplementary material should be supplied as a single pdf labeled Appendix. The Appendix includes
a table of content on the first page with page numbers, all figures and their legends. Please follow
the nomenclature Appendix Figure Sx throughout the text and also label the figures according to
this nomenclature. For more details please refer to our guide to authors.

When submitting your revised manuscript, please carefully review the instructions that follow below.
Failure to include requested items will delay the evaluation of your revision.

1) a docx formatted version of the manuscript text (including legends for main figures, EV figures
and tables). Please make sure that the changes are highlighted to be clearly visible.



2) individual production quality figure files as .eps, tif, jpg (one file per figure).

3) a .docx formatted letter INCLUDING the reviewers' reports and your detailed point-by-point
responses to their comments. As part of the EMBO Press transparent editorial process, the point-
by-point response is part of the Review Process File (RPF), which will be published alongside your
paper. For more details on our Transparent Editorial Process, please visit our website:
https//www.embopress.org/page/journal/14693178/authorguide#transparentprocess

You are able to opt out of this by letting the editorial office know (emboreports@embo.org). If you
do opt out, the Review Process File link will point to the following statement: “No Review Process
File is available with this article, as the authors have chosen not to make the review process public
in this case."

4) a complete author checklist, which you can download from our author guidelines (). Please insert
information in the checklist that is also reflected in the manuscript. The completed author checklist
will also be part of the RPF.

5) Please note that all corresponding authors are required to supply an ORCID ID for their name
upon submission of a revised manuscript (). Please find instructions on how to link your ORCID ID to
your account in our manuscript tracking system in our Author guidelines ().

6) We replaced Supplementary Information with Expanded View (EV) Figures and Tables that are
collapsible/expandable online. A maximum of 5 EV Figures can be typeset. EV Figures should be
cited as 'Figure EV1, Figure EV2" etc...in the text and their respective legends should be included in
the main text after the legends of regular figures.

- For the figures that you do NOT wish to display as Expanded View figures, they should be
bundled together with their legends in a single PDF file called *Appendix*, which should start with a
short Table of Content. Appendix figures should be referred to in the main text as: "Appendix Figure
S1, Appendix Figure S2" etc. See detailed instructions regarding expanded view here: .

- Additional Tables/Datasets should be labeled and referred to as Table EV1, Dataset EV1, etc.
Legends have to be provided in a separate tab in case of xIs files. Alternatively, the legend can be
supplied as a separate text file (README) and zipped together with the Table/Dataset file.

7) We would also encourage you to include the source data for figure panels that show essential
data.

Numerical data should be provided as individual xIs or .csv files (including a tab describing the data).
For blots or microscopy, uncropped images should be submitted (using a zip archive if multiple
images need to be supplied for one panel). Additional information on source data and instruction on
how to label the files are available .

8) Regarding data quantification, please ensure to specify the name of the statistical test used to
generate error bars and P values, the number (n) of independent experiments underlying each data
point (not replicate measures of one sample), and the test used to calculate p-values in each figure
legend. Discussion of statistical methodology can be reported in the materials and methods section,
but figure legends should contain a basic description of n, P and the test applied.

Please note that error bars and statistical comparisons may only be applied to data obtained from



at least three independent biological replicates.
Please also include scale bars in all microscopy images.

9) Our journal encourages inclusion of *data citations in the reference list* to directly cite datasets
that were re-used and obtained from public databases. Data citations in the article text are distinct
from normal bibliographical citations and should directly link to the database records from which the
data can be accessed. In the main text, data citations are formatted as follows: "Data ref: Smith et
al, 2001" or "Data ref: NCBI Sequence Read Archive PRINA342805, 2017". In the Reference list,
data citations must be labeled with "[DATASET]". A data reference must provide the database
name, accession number/identifiers and a resolvable link to the landing page from which the data
can be accessed at the end of the reference. Further instructions are available at .

We would also welcome the submission of cover suggestions, or motifs to be used by our Graphics
llustrator in designing a cover.

I look forward to seeing a revised version of your manuscript when it is ready. Please let me know if
you have questions or comments regarding the revision.

Kind regards,
Deniz Senyilmaz Tiebe

Deniz Senyilmaz Tiebe, PhD
Editor
EMBO Reports

Referee #1:

The manuscript "Glucose uptake to guard cells via STP transporters provides carbon sources for
stomatal opening and plant growth" by Flitsch et al. highlight the identification and
characterization of the monosaccharide/proton symporters Sugar Transport Protein 1 and 4 (STP1
and STP4) as major hexose sugar transporters in guard cells of Arabidopsis thaliana.

The authors provide strong evidence that STP1 and STP4 are required for the import of glucose
into guard cells to promote light-induced stomatal opening, starch accumulation in guard cells and
plant growth by employing a vast majority of genetic, biochemical and physiological approaches.
Flitsch et al. show that the stomatal phenotype of stpl stp4 lies in guard cell expression and
function and is independent from their function in roots by using elegant grafting experiments.

Major critical points:

Stomatal conductance and assimilation rate time courses figures show differential subtractive
responses (Figs. 1C, 1D, 3C, 3D, 4A, EV3). Graphs showing the data without subtraction should be
included in the manuscript figures, so that any effects of differences in steady state values are
easily visible.

Minor critical points:

1) Transcript level reduction of stp4 (Fig. EV2) lack strong evidence due to high error bars



2) Fig 1D: 1 recommend repeating this experiment to strengthen the data since n is only {greater
than or equal to}2.

3) A second allele of the stpl stp4 double mutant or complementation would be helpful and
support the present data.

4) Analysis of soluble sugars in Fig. 2A lacks data for single stpl and stp4 mutants, especially since
starch accumulation in guard cells was quantified for both single mutants in 2C.

5) Page 7, line 180-182:"In WT guard cells, the levels of Glc [..] decreased in response to the light
treatment”. This conclusion is not supported by the data shown in Fig. 2A (not a significant
difference).

6) Why does Figure 1B show normalized data only?

7) When reporting Ci data it should be made clear that Ciis calculated and not directly measured.

Referee #2:

Comments on the manuscript "Glucose uptake to guard cells via STP transporters provides carbon
sources for stomatal opening and plant growth by Flitsch et al.

Stomata at the leaf surface are built by a pair of specific epidermal cells, named guard cells. Due to
changes in the osmotic potential of guard cells stomata either open or close, and this process is
critical for control of water loss and CO2 uptake, required for photosynthesis.

Although guard cells are in the focus of scientific work for decades, our knowledge of their primary
metabolism is far from being sufficient. This, however, is important to analyze, since proper guard
cells function not only influence plant characteristics in general, but is also of importance for yield of
crop plants, especially under challenging environmental conditions.

In this manuscript (MS), the authors have identified that the plasma membrane located sugar
transporter proteins (STP) 1 and 4 are both involved in fueling guard cells with sugars required to
maintain metabolic integrity. In the course of this work it was shown that both genes are expressed
in guard cells, that corresponding single knock-out plants do not exhibit modified stomata
properties, while a double mutant (stplstp4) displays impaired opening of stomata (Fig. 1), leading
to a decreased overall growth rate. In stplstp4 double knock-out plants the guard cells contain
strongly decreased monosaccharide (Glc + Fru) and starch levels, while sucrose concentrations are
increased (Fig. 2). Interestingly, impaired growth of stplstp4 plants is gradually absent at increasing
external CO2 concentrations (Fig. 4) which confirms that limited entry of carbon dioxide into the leaf
of double mutants is causative for this growth defect. Reciprocal grafting experiments finally
confirmed that altered guard cell properties are specific and do not represent a pleiotropic effect
caused by unintended modifications in the roots (which easily could affect leaf properties).

This paper fully convinces me in terms of its scientific originality, the quality of the experiments
conducted, the scientific documentation coupled to a concise, but fully comprehensive discussion.

Accordingly, I have only minor comments which should be considered by the authors:
1. According to the sugar data provided in Fig. 2A, stplstp4 mutants contain low monosac-charides

but high sucrose in guard cells ("guard cell-enriched epidermal cells"). In addition, mutant stomata
hardly contain starch in guard cell chloroplasts (Fig. 2B). The authors speculate on the interaction



between sucrose and monosaccharides (Glc+Fru) in guard cells (pages 13-16) but did not mention
that this observation (high suc but low starch) indicates that the pathway from sucrose towards
starch seems to be (nearly) blocked in guard cells. The reason for such blocking is unclear and can
be due to specific properties of corresponding enzymes or due to sequestration of sucrose in the
vacuole. Latter organelles are known to be able to import sucrose via TST-type carriers (see e.g.
Schulz et al. 2011, Plant J.,,68:129-136 or Jung et al. 2015, Nat. Plants 1:14001). I think it is worth to
mention such hypothesis.

2. The data presented clearly document that decreased activity of both, STP1 and STP4 leads to
impaired stomatal opening. Given that sucrose to starch conversion seems to be "blocked" it
appears at least possible that low Glc+Fru levels in double mutant guard cells cause a decreased
energy status (low ATP/ADP ratio). When having in mind that stomatal opening is an energy
consuming process it might be that such low cellular energy status contributes to impaired
stomatal opening. The authors might integrate this possibility into the discussion.

3.Lines 131-133. Three sentences start with "STPs". Please, rephrase.

The MS reports novel findings on a physiological key process in plants, namely regulation of
stomatal aperture. This process is important from the point of basic research but also exerts
ecological- and economic impacts.

I have no doubt that these findings will be of interest for a broad readership.

Referee #3:

The manuscript "Glucose uptake to guard cells via STP transporters provides carbon sources for
stomatal opening and plant growth" by Flitsch et al, describe the role of sugar (glucose) transport
to guard cells and its impact on regulation of stomatal opening, photosynthesis and ultimately plant
growth.

I have a few major and minor comments.

Major comments:

1. Only single alleles for tDNA mutants are used throughout all experiments. As there are several
examples in the literature of mutant phenotypes not being linked to the tDNA insertion; have the
authors tested additional alleles or considered genetic complementation? This is especially relevant
for the double mutant stpl stp4.

2.1do not understand parts of the Discussion, especially lines 320-328. Here the authors claim that
double mutant stpl stp4 have the same phenotype as the single mutants stpl and stp4. This is
opposite to all data presented in the manuscript (for example Figs 1B, 1C, 2C, 3B, 3F, 3G, 3H, 3J),
where the double mutant is clearly much more impaired that the single mutants. | suggest re-writing
this paragraph, or to be more specific and refer to which experiment that would show the similar
phenotype between single and double mutants.

3.1do not understand the results related to table EV5 and lines 232-238. 1 agree with authors
about the results shown in the table: the double mutant stpl stp4 is strongly impaired in growth
and that the single mutants stpl, stp4 and stp13 are mildly impaired. But why are the double
mutants stpl stpl3 and stp4 stpl3 similar to wildtype? My expectation would have been see to
impaired growth in these double mutants. Two possible explanations for the lack of phenotype in



these double mutants: 1. Some sort of compensation mechanism when stp13 is knocked out? 2.
More alarmingly and related to major comment 1 above, if the mutant phenotype is not linked to the
tDNA insertion, then in these double mutants the unlinked mutation causing the phenotype in stpl
and stp4,is not present in the double mutants. Again, my question is whether the authors have
tested additional tDNA alleles or performed genetic complementation.

4. Figure EV9. The legend lacks information of what is shown in the figure. For example, the (B)
panel is not defined in the legend (or perhaps the A should be replaced with B?). The colored lines
in the B panel are not defined (which mutants is which?).

Minor comment:
5. Figure EV4. 1t is good practice to include negative (water) control in PCR genotyping.



1st Authors' Response to Reviewers 24th Mar 2020

EMBOR-2019-49719V2: point-by-point response to the referees

We are pleased that our manuscript was well-received by all reviewers. We have
taken the referees’ suggestions into full consideration and have integrated them in
our revised manuscript accordingly. We respond to their comments in detail below.

Referee #1:

The following major critical point was raised by referee #1.:

1.

Stomatal conductance and assimilation rate time courses figures show
differential subtractive responses (Figs. 1C, 1D, 3C, 3D, 4A, EV3). Graphs
showing the data without subtraction should be included in the manuscript
figures, so that any effects of differences in steady state values are easily
visible.

Response: We thank referee #1 for raising her/his concern about the
normalized gs and A data. Our reasoning behind normalizing gs and A data was
that we were interested to follow the absolute amplitude along with the speed of
increases in gs and A between genotypes. Normalized gs and A data allow a
more convenient comparison of these parameters, as there is an intrinsic
variability in gs responses within and between genotypes, especially in
Arabidopsis.

In the current revised version of our manuscript we have included the raw data
for gsand A with errors and statistics (one-way ANOVA) in the main figures
(Figs 1,3 and 4). We agree that they should be available for the readers. As we
are convinced of the benefit of the normalized data for fast comparisons of
absolute amplitudes and opening kinetics between genotypes, we have kept the
normalized data in the Expanded View Figures (Figs EV2 and EV4).

The following seven minor critical points were raised by referee #1:

1.

Transcript level reduction of stp4 (Fig. EV2) lack strong evidence due to high
error bars

Response: As recommended by referee #1 we have performed a repetition of
the gene expression analysis of STP4 in the leaves of the stp4-1 mutant
compared to WT leaves. With the addition of this experiment we were able to
reduce the error bars (fold change range) from 0.42 to 0.16. Referee #1 will find
the new data in Figure EV1C.

Fig 1D: | recommend repeating this experiment to strengthen the data since n is
only {greater than or equal to} 2.

Response: Based on the recommendation of referee #1, we set up a small-
scale grafting experiment for WT/stplstp4 and we managed to generate
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another true grafted plant. We repeated the gas exchange measurement with
this plant and added the data to the Figures 1D, 3D, EV2B and EV4E.

A second allele of the stpl stp4 double mutant or complementation would be
helpful and support the present data.

Response: We appreciate the suggestion of referees #1 and #3 to consider
using a second allele for the stplstp4 double mutant or complementation lines.
We agree that there have been cases where the T-DNA insertion was not linked
to the observed phenotype, but rather had pleiotropic effects. Given the limited
time for the revision of our manuscript (3 months), we have obtained second
mutant alleles for stpl and stp4, herein named stp1-2 and stp4-2. On these
newly isolated alleles, we repeated the gas exchange measurements. As
referees #land #3 will see in Figures EV2C, EV2D, EV4F and EV4G, the
second allele mutants behaved very similar to the primary mutants used in this
study. Specifically, like stp1-1 mutant plants, stp1-2 plants displayed reduced
overall stomatal conductance compared to WT. Furthermore, in the normalized
data we detect similarly reduced opening velocity for both mutant alleles of
STP1. Finally, the photosynthetic assimilation is affected to a similar extent in
both mutant alleles. Similar results were obtained for the additional allele of the
stp4 mutant. The overall stomatal conductance of stp4-2 plants was similarly
lower compared to WT as in stp4-1 mutants. In addition, stp1-4 plants show a
characteristic fast and strong increase in stomatal conductance during the first
hour of illumination compared to WT. We observed the same pattern in the
stp4-2 mutant. Consequently, the photosynthetic assimilation was mildly
elevated in comparison to WT plants in both mutant alleles of STP4.

Based on these data, we are confident that the observed phenotype in stplstp4
plants is a direct consequence of the insertion in the respective gene loci and
not caused by pleiotropic effects.

To complete the dataset for the second allele mutants, we further performed
gene expression analyses to confirm the downregulation of the respective gene
in leaves. Figure EV1D of the revised manuscript shows that stp1-2 mutants
contain only about 40% of STP1 transcripts and stp4-2 mutants about 60% of
STP4 transcripts. Furthermore, the second allele of the stp4 mutant has been
used for research previously and has been published in Truernit et al., 1996,
Plant Cell.

Analysis of soluble sugars in Fig. 2A lacks data for single stpl and stp4
mutants, especially since starch accumulation in guard cells was quantified for
both single mutants in 2C.

Response: Referee #1 is correct in stating that for consistency we should
include guard cell soluble sugar data for stp1-1 and stp4-1 single mutants. The
reasoning behind performing the guard cell sugar quantification only on WT and
stplstp4 plants was that we did not detect a strong phenotype in stomatal
function in the single mutants compared to WT plants. Furthermore, the
guantification of metabolites in guard cells of Arabidopsis is difficult and labor-



intensive. However, we agree with referee #1 that for completeness these data
are essential, so we performed the requested additional measurements.

Figure EV3B of the revised manuscript contains the results of the guard cell
soluble sugar measurements in the single mutants stp1-1 and stp4-1. In line
with the reduced guard cell starch content at the end of the night in stp1-1 guard
cells compared to WT, we found that stp1-1 guard cells contained reduced
levels of Glc at both time points, likely explaining the reduced stomatal opening
phenotype of these plants. However, the differences are not statistically
significant. Further, stp4-1 guard cells contained similar amounts of Glc as WT
guard cells at both time points, which goes well along with the guard cell starch
content measured in this mutant. In contrast, Fru and Suc contents were
comparable between all genotypes at both time points. Since both mutants
have mild stomatal phenotypes (e.g. guard cell starch, stomatal opening) this
likely explains why we did not detect an over-accumulation of Suc in these
mutants as it was the case for stplstp4.

These data further support our hypothesis that these transporters do not act
redundantly, but rather have a functional relationship for the coordinate import
of mainly Glc to guard cells.

Page 7, line 180-182: "In WT guard cells, the levels of Glc [...] decreased in
response to the light treatment”. This conclusion is not supported by the data
shown in Fig. 2A (not a significant difference).

Response: In the revised version of the manuscript we exchanged the
sentence “In WT guard cells, the levels of Glc [...] decreased in response to the
light treatment” with “In WT guard cells, the levels of Glc and Suc were
unaltered in response to the light treatment...”. Thank you for the suggestion.

Why does Figure 1B show normalized data only?

Response: In order to reduce the influence of the environmental variability and
the differences in the image acquisition timing among the individual plant trays
to a minimum, the raw temperature of each plant was normalized by the
average temperature of all plants present in the corresponding tray. However,
the readers will find the raw temperature in °C for day 0 and day 7 for each
genotype in Appendix Table S3.

When reporting Ci data it should be made clear that Ci is calculated and not
directly measured.

Response: We agree that Ci is not measured directly and that it is based on a
number of assumptions. We adjusted our wording in the manuscript including
figure legends. Thank you for pointing it out.



Referee #2:

The following three minor comments were raised by referee #2:

1.

According to the sugar data provided in Fig. 2A, stplstp4 mutants contain low
monosac-charides but high sucrose in guard cells ("guard cell-enriched
epidermal cells"). In addition, mutant stomata hardly contain starch in guard cell
chloroplasts (Fig. 2B). The authors speculate on the interaction between
sucrose and monosaccharides (Glc+Fru) in guard cells (pages 13-16) but did
not mention that this observation (high suc but low starch) indicates that the
pathway from sucrose towards starch seems to be (nearly) blocked in guard
cells. The reason for such blocking is unclear and can be due to specific
properties of corresponding enzymes or due to sequestration of sucrose in the
vacuole. Latter organelles are known to be able to import sucrose via TST-type
carriers (see e.g. Schulz et al. 2011, Plant J., 68: 129-136 or Jung et al. 2015,
Nat. Plants 1:14001). | think it is worth to mention such hypothesis.

Response: Referee #2 raised a very valuable point. We thank her/him for the
suggestion of including the hypothesis that Suc might be sequestrated in the
vacuole in our stplstp4 mutant, thus potentially explaining why it is not used to
make starch. We make reference to the research of Schulz et al. 2011 in the
discussion of our revised manuscript to take this hypothesis into account.

The data presented clearly document that decreased activity of both, STP1 and
STP4 leads to impaired stomatal opening. Given that sucrose to starch
conversion seems to be "blocked" it appears at least possible that low Glc+Fru
levels in double mutant guard cells cause a decreased energy status (low
ATP/ADP ratio). When having in mind that stomatal opening is an energy
consuming process it might be that such low cellular energy status contributes
to impaired stomatal opening. The authors might integrate this possibility into
the discussion.

Response: According to the suggestion of referee #2, we expanded the
discussion about the possible causes for the strongly affected stomatal opening
response of stplstp4 plants, including the possibility that an altered energetic
status of the double mutant guard cells might contribute to the observed
phenotype. Thank you for this suggestion.

Three sentences start with "STPs". Please, rephrase.

Response: We reworded the corresponding passage of the manuscript. Thank
you for drawing our attention to it.



Referee #3:

The following four major critical points were raised by referee #3:

1.

Only single alleles for tDNA mutants are used throughout all experiments. As
there are several examples in the literature of mutant phenotypes not being
linked to the tDNA insertion; have the authors tested additional alleles or
considered genetic complementation? This is especially relevant for the double
mutant stpl stp4.

Response: Please see our response 4 to referee #1 where we explain in detalil
the action we took to satisfy the request of both referee #1 and #3.

I do not understand parts of the Discussion, especially lines 320-328. Here the
authors claim that double mutant stpl stp4 have the same phenotype as the
single mutants stpl and stp4. This is opposite to all data presented in the
manuscript (for example Figs 1B, 1C, 2C, 3B, 3F, 3G, 3H, 3J), where the
double mutant is clearly much more impaired that the single mutants. | suggest
re-writing this paragraph, or to be more specific and refer to which experiment
that would show the similar phenotype between single and double mutants.

Response: We apologize for the confusing wording in the mentioned
paragraph. Our intention was not to claim that stplstp4 double mutants have a
similar phenotype as the stpl and stp4 single mutants. We agree with referee
#3 that the phenotype of the double mutant is consistently more pronounced
compared to the single mutants. We have adjusted our wording accordingly in
the discussion of the revised manuscript. Thank you for drawing our attention to
it.

| do not understand the results related to table EV5 and lines 232-238. | agree
with authors about the results shown in the table: the double mutant stpl stp4 is
strongly impaired in growth and that the single mutants stpl, stp4 and stpl3 are
mildly impaired. But why are the double mutants stpl stp13 and stp4 stpl13
similar to wildtype? My expectation would have been see to impaired growth in
these double mutants. Two possible explanations for the lack of phenotype in
these double mutants: 1. Some sort of compensation mechanism when stpl13 is
knocked out? 2. More alarmingly and related to major comment 1 above, if the
mutant phenotype is not linked to the tDNA insertion, then in these double
mutants the unlinked mutation causing the phenotype in stpl and stp4, is not
present in the double mutants. Again, my question is whether the authors have
tested additional tDNA alleles or performed genetic complementation.

Response: We thank referee #3 for raising her/his concern about the
phenotype of the stplstpl3 and stp4stpl3 double mutants. Since we do already
not see a pronounced phenotype in the single mutants stp4 and stp13, actually
in many experiments they performed better than WT plants (e.g guard cell
starch contents at the end of the night, metabolites in the leaves, stomatal
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conductance and photosynthetic assimilation), we started to look into a reason
behind the observed phenotypes. The most realistic scenario includes that other
STP isoforms partially take over the role of the missing STP. To investigate
such a possibility, we examined the transcript levels of STPs in stp mutant
backgrounds. To do so, we compared STP gene expression in guard cells of
WT with that one in guard cells of stp1-1, stp4-1 and stp13. As we show in
Appendix Figure S6 of the revised manuscript, STP13 is strongly upregulated in
stpl-1 guard cells, possibly partly compensating for the loss of STP1 and
contributing to the mild phenotypes of the stpl-1 mutant. Furthermore, we
demonstrate that STP1 is highly overexpressed in stp4-1 and stp13 guard cells.
Based on this dataset, it is likely that the phenotypes in stp4-1 and stp13 plants
are partially due to a compensation mechanism through STP1. Hence, we are
confident that the high gene expression levels of STP1 explain the lack of a
phenotype also in stplstpl3 and stp4stpl3 double mutants.

Figure EV9. The legend lacks information of what is shown in the figure. For
example, the (B) panel is not defined in the legend (or perhaps the A should be
replaced with B?). The colored lines in the B panel are not defined (which
mutants is which?).

Response: We apologize for the bad quality of Figure EV9 in the previous
version of the manuscript. All figures of the revised manuscript have been re-
edited and re-organized to meet the journals quality standard and the guidelines
of the Expanded View Figures. Figure EV9 is now integrated into Figure EV5,
including the legend for panel B. Furthermore, we corrected the wrong
explanation in the figure legend. Thank you for pointing it out.

Figure EVA4. It is good practice to include negative (water) control in PCR
genotyping.

Response: We fully agree with referee #3 that the inclusion of water controls in
molecular genotyping is standard. We have included water controls when we
originally genotyped the SALK lines for stp1-1 and stp4-1, but we do not show
this in our final PCR.



1st Revision - Editorial Decision 30th Apr 2020

Dear Diana,

Thank you for submitting the revised version of your manuscript. It has now been seen by two of
the original referees.

As you can see, the referees find that the study is significantly improved during revision and
recommend publication. Before | can accept the manuscript, | need you to address some minor
points below:

* Please address the remaining minor concerns of referee #1.

* We noted that there are 2 MTs in the Author Contributions section. Rather than using the full
surname, please use the 2nd initial of the surname as well.

* As per our guidelines, in the reference list, citations should be listed in alphabetical order and then
chronologically, with the authors' surnames and initials inverted; where there are more than 10
authors on a paper, 10 will be listed, followed by ‘et al.' Please see for further details:
https/iwww.embopress.org/page/journal/14693178/authorguide#referencesformat

» The Appendix figure is should be named 'Appendix Figure S1.

* Papers published in EMBO Reports include a 'Synopsis' to further enhance discoverability.
Synopses are displayed on the html version of the paper and are freely accessible to all readers.
The synopsis includes a short standfirst summarizing the study in 1 or 2 sentences that summarize
the key findings of the paper and are provided by the authors and streamlined by the handling
editor. lwould therefore ask you to include your synopsis blurb.

* In addition, please provide an image for the synopsis. T his image should provide a rapid overview
of the question addressed in the study but still needs to be kept fairly modest since the image size
cannot exceed 550x400 pixels.

» Our production/data editors have asked you to clarify several points in the figure legends (see
attached document). Please incorporate these changes in the attached word document and return
it with track changes activated.

Thank you again for giving us to consider your manuscript for EMBO Reports, I look forward to your
minor revision.

Kind regards,

Deniz

Deniz Senyilmaz Tiebe, PhD
Editor
EMBO Reports

Referee #1:

The authors have carefully revised the manuscript following the reviewer suggestions. The
additional analyses of independent T-DNA lines show that T-DNA insertions in stpl and stp4 are
responsible for the observed phenotypes. Analysis of soluble sugars has been expanded. The
efforts to generate more data with grafted plants strengthen the manuscript.

Some final minor suggestions for consideration by the authors could be:



1) Thank you for adding the raw temperature imaging data in Appendix Table S3. Although
differences between stplstp4 compared with WT were statistically different, the actual differences
are small. This could be indicated

2) Showing the absolute stomatal conductance data make clear that the steady state stomatal
conductance of stpl-1, stp4-1 and stplstp4 were reduced compared to wild-type plants (revised
Fig. 1C+D). This could be discussed in the revised manuscript. It's still clear that the light-induced
stomatal opening response was severely affected in stplstp4 plants.

Referee #3:

The authors have answered all of my previous comments. In the future | suggest that the authors
would consider making the additional double mutant stpl-2 stp4-2.



2nd Authors' Response to Reviewers 8th May 2020

Dear Dr. Senyilmaz Tiebe,

Herewith | resubmit our revised manuscript entitled “Glucose uptake to guard cells via STP
transporters provides carbon sources for stomatal opening and plant growth” for your
consideration.

| am pleased that our previous version was well-received by all referees. | am also grateful
to you and all the referees for the input on how to improve our work. As you will see in my
“Response to referees”, we have taken the referees’ suggestions into full consideration and
have integrated them in our revised manuscript accordingly. In particular:

1) As suggested by referee #1 and #3, we have performed additional experiments with
newly isolated allele mutants of stpl and stp4 (named stpl-2 and stp4-2) to further
demonstrate that the phenotype of stplstp4 double mutant is directly linked to the T-DNA
insertion in the corresponding loci. The data are presented in the new Figures EV1D, EV2C,
EV2D, EV4F and EV4G:

a. To confirm the downregulation of STP1 and STP4 in the second allele mutants (both
knockdown), we examined gene expression in leaves of stpl-2 and stp4-2 (Fig EV1D).
stpl-2 plants had 60% reduction in STP1 transcripts and stp4-2 had 40% reduction in STP4
transcripts compared to the levels of the respective genes in WT.

b. We have performed gas exchange measurements with stpl-2 and stp4-2 mutants under
the same experimental conditions as for the primary mutants. The newly isolated allele
mutants behaved nearly identical to the primary mutants used in the study. In particular, we
observed that stpl-2 mutants had reduced overall steady- state stomatal conductance
compared to WT, similar to the stpl-1 mutant (Fig EV2C and EV2D). Photosynthetic
assimilation was also affected in similar ways in these two allelic mutants (Fig EV4F and
EV4G). Similar results were obtained for the stp4-2 mutant; the overall stomatal
conductance was reduced to a similar extent as in stp4-1 plants compared to WT. In
addition, we observed that also stp4- 2 plants showed a characteristic fast and pronounced
increase in stomatal conductance during the first hour of illumination in comparison with WT
as we have previously seen for stp4-1. Consequently, the photosynthetic assimilation was
elevated in both mutant alleles of STP4. We extensively discuss these new data in the
revised manuscript.

With the presented data, we are confident that the phenotype observed in our stplstp4
mutant is directly linked to the T-DNA insertion in the respective STP1 and STP4 loci and
not due to pleiotropic effects.

2) As suggested by referee #1, we have quantified soluble sugars in guard cells of stpl and
stp4 plants for completeness of guard cell metabolite measurements. We have included the
resulting data in the new Figure EV3B. We observed that guard cells of stpl-1 plants had
reduced amounts of glucose at the end of the night and after 40 min of illumination
compared to WT and stp4-1. These data are in line with the guard cell starch quantification
showing that stpl-1 guard cells have less starch at the end of the night than WT, and may
also explain the slower opening phenotype of stpl mutant. Fructose and sucrose contents
were comparable to WT guard cells in both mutants at both time points. These new data
further support our conclusion that STP1 and STP4 do not act redundantly, but rather have
an intricate functional relationship coordinating the import of glucose to guard cells.



3) As recommended by the referees, we have included the raw data of stomatal
conductance and photosynthetic assimilation with errors and statistics in the main figures
of the revised manuscript, we have repeated gene expression analysis of STP4 in stp4-1
plants to strengthen the data, and we have performed an additional small-scale grafting
experiment to reach a sample size of n=3 for all grafted plants. Furthermore, we integrated
suggested hypotheses and publications in our revised discussion and corrected our
wording according to the individual suggestions of the referees. The specific changes we
made in the revised version are all listed in the “response to referees”.

Thanks to your input and that of the referees, | believe our manuscript is now much
improved.

| hope you will agree with me that with the included changes our revised manuscript may
now be suitable for publication in EMBO Reports.

| look forward to hearing from you soon.
Yours sincerely,
Diana Santelia



2nd Revision - Editorial Decision 13th May 2020

Dear Diana,

Thank you for submitting your revised manuscript. | have now looked at everything and all is fine.
Therefore lam very pleased to accept your manuscript for publication in EMBO Reports.

Congratulations on a nice study!
Kind regards,

Deniz

Deniz Senyilmaz Tiebe, PhD
Editor

EMBO Reports
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Reporting Checklist For Life Sciences Articles (Rev. June 2017)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures

1. Data

The data shown in figures should satisfy the following conditions:
the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful wav.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

2. Captions
Each figure caption should contain the following information, for each panel where they are relevant:

a specification of the experimental system investigated (eg cell line, species name).

the assay(s) and method(s) used to carry out the reported observations and measurements

an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

In the pink boxes below, please ensure that the answers to the following questions are reported in the manuscript itself.
Every question should be answered. If the question is not relevant to your research, please write NA (non applicable).

We encourage you to include a specific subsection in the methods section for statistics, reagents, animal models and human
subjects.

B- Statistics and general methods

Please fill

USEFUL LINKS FOR COMPLETING THIS FORM
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these boxes

(Do not worry if you cannot see all your text once you press retur!

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

We did not use statistical methods to define a pre-specified effect size or sample size.

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used. NA

established?

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre- NA

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g. No
randomization procedure)? If yes, please describe.

For animal studies, include a statement about randomization even if no randomization was used. NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results |No
(e.g. blinding of the investigator)? If yes please describe.

4.b. For animal studies, include a statement about blinding even if no blinding was done NA
5. For every figure, are statistical tests justified as appropriate? Yes
Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it. Yes

Is there an estimate of variation within each group of data? Yes, this is provided through standard errors of the means.




Is the variance similar between the groups that are being statistically compared?

C- Reagents

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,
Antibodypedia (see link list at top right), 1DegreeBio (see link list at top right).

NA

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for
mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

D- Animal Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a statement of compliance with ethical regulations and identify the
committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (see link list at top right) (PLoS Biol. 8(6), €1000412, 2010) to ensure
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting
Guidelines’. See also: NIH (see link list at top right) and MRC (see link list at top right) recommendations. Please confirm
compliance.

E- Human Subjects

11. Identify the committee(s) approving the study protocol.

NA

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

NA

13. For publication of patient photos, include a statement confirming that consent to publish was obtained.

NA

14. Report any restrictions on the availability (and/or on the use) of human data or samples.

NA

15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable.

NA

16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram (see link list at top right)
and submit the CONSORT checklist (see link list at top right) with your submission. See author guidelines, under ‘Reporting
Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines (see link list at
top right). See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

F- Data Accessibility

18: Provide a “Data Availability” section at the end of the Materials & Methods, listing the accession codes for data
generated in this study and deposited in a public database (e.g. RNA-Seq data: Gene Expression Omnibus GSE39462,
Proteomics data: PRIDE PXD000208 etc.) Please refer to our author guidelines for ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

e. Proteomics and molecular interactions

NA

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of datasets
in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in unstructured
repositories such as Dryad (see link list at top right) or Figshare (see link list at top right).

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while respecting
ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible with the
individual consent agreement used in the study, such data should be deposited in one of the major public access-
controlled repositories such as dbGAP (see link list at top right) or EGA (see link list at top right).

NA

21. Computational models that are central and integral to a study should be shared without restrictions and provided in a
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized format
(SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the MIRIAM
guidelines (see link list at top right) and deposit their model in a public database such as Biomodels (see link list at top
right) or JWS Online (see link list at top right). If computer source code is provided with the paper, it should be deposited
in a public repository or included in supplementary information.

G- Dual use research of concern

22. Could your study fall under dual use research restrictions? Please check biosecurity documents (see link list at top
right) and list of select agents and toxins (APHIS/CDC) (see link list at top right). According to our biosecurity guidelines,
provide a statement only if it could.

No
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