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Dear Dr Hothorn,

Thank you very much for submitting your Research Article entitled 'Tnositol pyrophosphate catabolism
by three families of phosphatases controls plant growth and development' to PLOS Genetics.

The manuscript was fully evaluated at the editorial level and by independent peer reviewers. The
reviewers appreciated the attention to an important problem, but raised some concerns about the current
manuscript. Based on the reviews, we will not be able to accept this version of the manuscript, but we
would be willing to review a revised version. We cannot, of course, promise publication at that time.

Should you decide to revise the manuscript for further consideration here, your revisions should
address the specific points made by each reviewer, especially the first major comment of reviewer #1
and #3 and a more detailed analysis of cell-wall changes (reviewer #3). In our view testing enzymes
emerging from the RNAseq analysis is not necessary. We will also require a detailed list of your
responses to the review comments and a description of the changes you have made in the manuscript.

### author response ####
Dear editor, dear Caroline, dear Claudia,

we have revised our manuscript according to your and to the reviewers suggestions (changes in the text
are highlighted in red). In brief,

(1) we have performed additional in vitro enzyme assays that further substantiate that our enzymes are
specific inositol pyrophosphate phosphatases (reviewer #1 major point #1, reviewer #3 major point
#1).

(2) we have quantified other inositol phosphate and polyphosphate levels in response to reviewer #1
major point #3.

(3) we have performed additional histological analyses for our different Marchantia mutants in
response to reviewer #3 major point #3.

(4) we have experimentally tested if nitrate starvation affects cell wall architecture in Marchantia (it
does) and if these changes are signaled via PP-InsP pool changes (not consistently) in response to
reviewer #3 major point #4.

(5) We have revised the text to make our findings more accessible in response to reviewer #2.

(6) We have corrected several references and a statement regarding auxin signaling in response to
comments on our preprint. The revised discussion statement reads (line 418-421): “AtTIR1 has recently
been shown to interact with AtI'TPK1, and thus may bind the AtITPK1 reaction product 5-InsP- in
planta (Laha et al, 2022). Notably, 5-InsP; levels are increased in our Mppfa-dsp1% and Mpvip1%
plants, which in turn may alter TIR1-mediated auxin responses (Figure 3G).”

We hope that you will find our revised manuscript to be suitable for further consideration at Plos
Genetics.

On behalf of the authors, Michael
i



Please be aware that our data availability policy requires that all numerical data underlying graphs or
summary statistics are included with the submission, and you will need to provide this upon
resubmission if not already present. In addition, we do not permit the inclusion of phrases such as "data
not shown" or "unpublished results" in manuscripts. All points should be backed up by data provided
with the submission.

### author response ####

We now include all raw data as .xls files and have added Supplementary table 1 reporting all primer
sequences in the revised submission.

HHH
Reviewer's Responses to Questions
Comments to the Authors:

Reviewer #1: This manuscript describes a substantial body of work, employing a variety of approaches

that are executed with great skill. The premise of
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of the inositol phosphate content of plant tissues.
How much so, is illustrated by the ratioing of inositol pyrophosphate content to InsP6 in (for example)
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Reviewer #1 major point #1:


http://journals.plos.org/plosgenetics/s/data-availability

This reviewer thinks it likely that among the many inositol phosphates identified in plants, but not
measured in this manuscript, that there might be other candidate substrates. This reviewer suggests that
the authors test their enzymes against InsP6 (1mM would be less than 100-fold physiological).

### author response ###

We used [*C¢]-labeled substrates in NMR pseudo-2D spin-echo difference phosphatase assays, which
allow us to directly monitor PFA-DSP1 or NUDT-meditated conversion of PP-InsP substrates into
specific PP-InsP or inositol (poly)phosphate reaction products. Thus, also hydrolysis of InsP¢ would be
readily detected, but was not observed in the presence of either AtPFA-DSP1, AtNUDT17, MpPFA-
DSP1 or MpNUDT1 (Figure 1A,B, Supplementary Fig 2; Figure 3A,B, Supplementary Figure 6).
Based on the reviewer’s suggestion, we have repeated the assay with a very high enzyme concentration
of 1uM AtPFA-DSP1 and in the presence of 1 mM InsPg substrate in a time course experiment at 37 °C.
No InsPs hydrolysis was observed even with a high excess of substrate (reviewer Figure 1A,B). These
findings are consistent with earlier reports that have characterized fungal and plant PFA-DSP enzymes
as specific inositol 5-pyrophosphate phosphatases (Steidle et al, 2016, 2020; Wang et al, 2018, 2022;
Gaugler et al, 2022; Sanchez et al, 2023). As outlined in the introduction, members of the diadenosine
and diphosphoinositol polyphosphate phosphohydrolase subfamily of NUDIX hydrolases have
somewhat broader substrate specificities. Yet all known enzymes act on pyrophosphate-moiety
containing substrates (Ingram et al, 1999; Safrany et al, 1999; Garza et al, 2009; Lonetti et al, 2011;
Kilari et al, 2013; Marquez-Mofiino et al, 2021; Zong et al, 2021) in line with our NMR enzyme
assays, which do not show any AtNUDT17, AtNUDT13 or MpNUDT1-catalyzed conversion of InsPs
to lower phosphorylated inositol phosphates.

Ciares
Reviewer #1 major point #2:

Where measurements of effect of molecular genetic intervention on inositol pyrophosphates are shown
(Figure 1, 3) it would be less confusing to the reader to show data for InsP6 content (in uM per g fresh
wt) beside the data for inositol pyrophosphates (in the same units), rather than ratioing to InsP6 values
that are shown (with different units) in Supplementary figures.

### author response ###

Thank you for this suggestion. We have replotted all inositol phosphate and poly/pyrophosphate levels
in uM per g FW as requested, and have included the levels for InsPs in revised Figures 1F and 3F. The
corresponding statements in the result section now read (lines 189-194, changes in red): ”We found
InsPg levels in AtPFA-DSP2 OX and AtNUDT17 OX to be similar to wild type, while nudt17/18/21
plants had two times as much InsPs (Figure 1F). AtPFA-DSP2 OX lines showed reduced levels of 5-
InsP; and 1,5-InsPs, in agreement with the inositol 5-pyrophosphate phosphatase activity of this
enzyme in vitro (Figure 1A, B, F). Consistent with our biochemical assays, AtNUDT17 OX lines also
showed reduced 5-InsP7 and 1,5-InsPs levels (Figure 1A, B, F). Higher levels of 1-InsP; were observed
in nudt17/18/21 plants (Figure 1F).”

and line 271: “All mutants contained somewhat reduced levels of InsP¢ (Figure 3G).”



Dl
Reviewer #1 major point #3:

Is there a reason why measurements of inositol phosphates/pyrophosphates are restricted to the limited
set of species shown in Figures 1 and 3)? Have the authors looked at other species?

### author response ###

Our initial analysis focused on the known inositol pyrophosphate species in plants, which represent the
substrates and reaction products of the inositol pyrophosphate phosphatases under investigation
(compare point #1 above). As per the reviewer’s suggestion, we now report the cellular levels of
additional inositol phosphates, namely inositol trisphosphate (InsP3), inositol tetrakisphosphate (InsP.)
and inositol pentakisphosphate (InsPs) in our revised Supplementary Figures 5A and 8A. We have
added the following statements to the results section (lines 195-197): ”With the exception of inositol
trisphosphate (InsP;), which was higher in AtPFA-DSP2 OX and AtNUDT17 OX compared to wild
type, the pools of other inositol phosphates were largely unchanged in our different genotypes
(Supplementary Figure 5).”

and lines (272-273):”InsP; levels were reduced in Mppfa-dsp1%, while the pools of other inositol
phosphates were similar to Tak-1 (Supplementary Figure 8A).”

The method section and figure panels / legends for Supplementary Figs 5A, 5B and 8A have been
updated accordingly.

In line with our observations, increased InsP; levels have been previously reported in AtPFA-DSP1 ox

lines, by SAX-HPLC analysis of [*H]-myo-inositol labeled seedlings (compare Figure 6A in (Gaugler
et al, 2022). We have revised the statement in our discussion accordingly (lines 398-400): “Consistent
with our study, overexpression of AtPFA-DSP1 in tobacco and in Arabidopsis resulted in reduced InsP;
and increased InsP; pools (Gaugler et al, 2022). (Figure 1F, Supplementary Figure 5A).”

Notably, the growth phenotypes observed in both Arabidopsis and in Marchantia do not correlate with
changes in InsP; pools: InsP; levels are 3-fold elevated in AtNUDT17 OX plants (Supplementary
Figure 5A), which do not exhibit the stunted growth phenotypes observed in AtPFA-DSP2 OX or vihl
vih2 phr1 phll plants, which have either slightly elevated or wild type-like InsP; pools, respectively
(Figure 1C). Likewise, in M. polymorpha the vertical thallus growth phenotype is observed in both
Mppfa-dsp1% and Mpvip1% mutants (Figure 3A), but InsP; levels are reduced only in Mppfa-dsp1%,
while Mpvip1% plants are similar to Tak-1 (Supplementary Figure 8A). Based on these experiments,
our conclusion remains that the observed gain and loss-of-function growth phenotypes in Arabidopsis
and Marchantia correlate with changes in PP-InsP levels (and with the biochemical activities of the
enzymes used in this study, see above), and not with changes in InsPs.

Why certain genotypes contain altered levels of InsP; (and InsPs, see next point below) remains to be
investigated: AtPFA-DSP2 OX and AtNUDT17 OX have reduced 5-InsP; and 1,5 InsPg pools, and
higher InsP; levels. Mppfa-dsp1% plants had higher levels of 5-InsP7, wild type-like levels of 1,5-InsPs
and reduced InsP; pools. It thus seems possible that reduction in 5-InsP; may result in larger InsP;
pools and vice versa. We find several PLCs to be differentially expressed in our AtPFA-DSP2 OX,



AtNUDT17 OX and Mppfa-dsp1?° RNAseq experiments, but we feel that it goes beyond the scope of
this study to attempt to dissect the molecular connections between inositol pyrophosphate and inositol
phosphate metabolism and signaling.

Cigresd
Reviewer #1 major point #4:

The changes in InsPs measured are much greater (100's of uM) than those for inositol pyrophosphates
(fractions of uM), this needs discussing.

### author response ###

Indeed, using the CE-ESI-MS method to quantify TiO, bead-extracted InsPs/PP-InsPs, we find InsPs
pools to be 2fold increased in tissue from nudt17/18/21 plants in Arabidopsis (revised Figure 1F). In
Marchantia, we find that InsPs levels are moderately reduced in all genotypes when compared to the
Tak-1 wild type. We have added the following statements to the results section (lines 189-191): *We
found InsPs levels in AtPFA-DSP2 OX and AtNUDT17 OX to be similar to wild type, while
nudt17/18/21 plants had two times as much InsPs (Figure 1F).

and (line 271): “ All mutants contained somewhat reduced levels of InsP¢ (Figure 3G).”

Why the overexpression or deletion of different inositol kinases and pyrophosphatases alters the
cellular InsPs pools in both Arabidopsis and Marchantia we currently find difficult to rationalize: In
Marchantia, the inositol polyphosphate biosynthesis and storage pathways have not been characterized
at the genetic or biochemical level. Neither the SAX-HPLC nor the CE-ESI-MS method allows to
distinguish between the cytoplasmic and vacuolar pools of InsPs. In Arabidopsis, alterations in PP-InsP
levels may affect InsPgs biosynthesis, InsPs transport/vacuolar storage, or InsPs remobilization /
degradation. It was previously shown that atipk1-1 atipk2-1 double mutants contain very low levels of
InsPs (Stevenson-Paulik et al, 2005). However, our RNAseq analysis of nudt17/18/21 plants, which
have twice as much InsP¢ compare to wild-type (Figure 1F), shows no expression differences for either
AtIPK1, AtIPK2f or any other inositol phosphate kinase. This suggests that changes in PP-InsP levels
do not transcriptionally regulate key InsP¢ biosynthetic genes. Regarding InsPg transport/storage, it has
been reported previously that deletion of the putative InsPg transporter MRP5 reduces InsPg levels in
seeds and in other tissues (Nagy et al, 2009; Colombo et al, 2020). Notably, Arabidopsis mrp5 mutants
contain elevated levels of both InsP; and InsPs (Desai et al, 2014; Riemer et al, 2021). It has been
speculated that higher cytosolic levels of InsPs in mrp5 mutants may favor 5-InsP; (and thereby 1,5-
InsPs) synthesis by ITPKs and PPIKSKs, but this has not been experimentally tested (Riemer et al,
2021). One could envision scenarios in which changing PP-InsP levels likewise impact InsPs pools, but
this is difficult to test. Very recently, MRP5 was identified in a suppressor screen based on the atitpk4
mutant, which has elevated levels of InsP; and reduced levels of InsPs, InsP; and InsPs (Ren et al, 2024;
Whitfield et al, 2023). This finding suggests that InsPs transport, or homeostasis and inositol
polyphosphate metabolism are somehow linked, but the mechanism remains elusive (Ren et al, 2024).
To this end, we are currently characterizing mutants identified in a genetic screen for PP-InsP function
that seem to suggest a link between PP-InsP metabolism and inositol transport. For lack of robust
experimental evidence we however feel that it is beyond the scope of this study to speculate about such



interactions. We have added the following paragraph to the discussion section (lines 428-433): “It is
noteworthy, that not only PP-InsP levels, but also InsPs pools are affected in some of our genotypes
(Figures 1F,3G; Supplementary Figures 5,8). The overaccumulation of InsPs in nudt17/18/21 plants
(Figure 1F), or the reduced InsP¢ levels in Mpvip1% (Figure 3G), cannot be explained by altered PP-
InsP catabolism or biosynthesis in these mutants alone, given the much higher levels of InsPs compared
to 1-InsP;, 5-InsP; or 1,5-InsPs. How PP-InsP may affect InsPs biosynthesis, transport or vacuolar
storage remains to be investigated.

HH#

Minor points: can the authors make direct comparison between the kinetic parameters of the 'catabolic'
activities measured here with the 'synthetic’ activities of the enzymes reported elsewhere (and shown in
Supplementary Figure 1.

### author response ###

Thank you for this suggestion. To the best of our knowledge, no kinetic parameters have been reported
for the putative ITPK and PPIP5K enzymes in Marchantia. Expression of the MpVIP1 kinase and
phosphatase domains in baculovirus-infected insect cells resulted in severely aggregated protein
samples in our hands, which could not be used in enzyme assays. The InsPs kinase activity of AtITKP1
has been estimated to be ~20 nmol min™ mg™ (Riemer et al, 2021). The 5-InsP; kinase activity of
AtVIH2 is similar to the human HsPPIPSK?2 enzyme, which is ~ 400 nmol min™ mg™ (Wang et al,
2012; Zhu et al, 2019). We have added the following statement to the discussion session (lines 377-
383): “The specific activities are ~1400 nmol min™ mg™ and ~2600 nmol min™ mg™ for AtPFA-DSP1
and MpPFA-DSP1, respectively (Figures 1B and 3B). The specific activities for the phosphorylation of
5-InsP; to 1,5-InsPg by AtVIH2 and HsPPIKP2 were estimated to be ~ 400 nmol min™ mg™ (Wang et
al, 2012; Zhu et al, 2019). ITPK1 generates 5-InsP; from InsPs with a specific activity of ~20 nmol
min™ mg" (Riemer et al, 2021). This suggests that in tissues expressing AtPFA-DSP1, or AtPFA-
DSP2/4 (Figure 2A), 5-InsP; catabolism may impact 1,5-InsPg biosynthesis.”

Otherwise, this is a very thorough study - executed with great skill.
### author response ###

Thank you.

HitH

Reviewer #2: « This manuscript describes enzymes that are involved in the metabolism of inositol
pyrophosphates.
* The demonstrate that PFA-SSP and NUDT proteins catalyze react ions in IP-PP metabolism.

* Plants that over express PFA-SSP and NUDT develop defective phenotypes. However, In Arabidopsis
no defects were observed in loss of function mutants an higher order mutants were impossible to make.
The authors concluded that gene redundancy may make it difficult to observe defective phenotypes in
single mutants. Consequently, they generated lines carrying loss of function mutations in the
homologous genes in Marchantia.



* PFA-SSP and NUDT mutants in Marchantia develop defective phenotypes. The morphology of the
thallus is defective. The phenotype resembles phenotypes of plants with defective auxin signaling,
however, not clear relationship to auxin could be found. This is not a problem, because many signaling
pathways probably mutate to similar phenotypes.

* Given the role of IP-PPs in phosphate nutrition, the authors also examined phosphate nutrient
responses in the mutants and found them to be defective. This suggests that the role of PFA-SSP and
NUDT and by extension IP-PP is likely to be conserved among land plants.

* This is a detailed paper with valuable data.

One minor comment: the paper is difficult to read. While the language quality is fine, it is turgid
reading. They authors could increase the impact of their paper but making the writing more accessible.

### author response ###

We have revised the abstract, results and discussion section to make our finding more accessible.
HH#

Reviewer #3: PGENETICS-D-24-00432 Laurent et al.

SUMMARY: This manuscript defines the relative contributions of three different inositol
pyrophosphate phosphatase families to plant PP-InsP catabolism and nutrient signaling using
Arabidopsis and Marchantia as model systems. The approaches employed include biochemical
characterization, overexpression and LOF phenotypic analyses, and assessments of altered function on
PP-InsP levels Focus is trained on the Marchantia system where changes in cellular PP-InsP levels
consistently result in phenotypes that include roles in phosphate signaling, nitrate homeostasis and cell
wall biogenesis. Simultaneous removal of two phosphatase activities enhances the observed growth
phenotypes. The authors conclude PPIP5K, PFA-DSP and NUDT inositol pyrophosphate phosphatases
control these biological outcomes via modulation of plant PP-InsP pools.

GENERAL COMMENTS: This manuscript combines affinity purification approaches and biochemical
and biological readouts to assess the roles of three different inositol pyrophosphate phosphatase
families to plant PP-InsP homeostasis and nutrient signaling using Arabidopsis and Marchantia as
model systems. The study solidly trods a rather standard formula of overexpression and LOF analyses
to guage effects on Ins-PP pools, and associate those perturbations to biological function by phenotypic
analyses and RNA-seq transcriptomics. The strengths of the MS are the general consistencies of the
biochemical and Ins-PP pool data, and the fact that phenotypes are observed. The weaknesses are the
authors do not go beyond rather phenomenological analyses to figure out the basis of any of the new
phenotypes they describe. Given the wealth of data that already exist re Ins-PP biochemistry/biology in
plants, it is the opinion of this reviewer that an opportunity to make a strong new contribution is
missed.

SPECIFIC COMMENTS:

Reviewer #3 major point #1:



(i) Regarding phosphatase overexpression, and the Arabidopsis data in particular... What is the
evidence that OE phenotypes are solely associated with the documented changes in Ins-PP pools? No
other sugar pyrophosphate levels are effected by overexpression?

### author response ###

Changes in PP-InsP levels result in altered phosphate starvation responses and phosphate starvation-
induced gene expression (PSI) in Arabidopsis (Zhu et al, 2019; Dong et al, 2019; Riemer et al, 2021;
Freed et al, 2022), which in turn leads to changes in nucleotide diphosphate, nucleotide triphosphate
and carbohydrate levels, in order to redirect metabolism to reactions that do not require Pi or adenylates
(Karthikeyan et al, 2007; Hammond & White, 2011; Zhu et al, 2019). Among the PSI genes there are
acid phosphatases that remobilize P from phosphorylated or pyrophosphorylated cellular metabolites
(Bustos et al, 2010; Zhu et al, 2019). Another PSI gene is UDP glucose phosphorylase (Ciereszko et al,
2005). These genes are differentially expressed comparing our different PFA-DSP and NUDT OX lines
with the Col-0 wild-type control. Therefore, we did not attempt to quantify the levels of nucleotide
phosphate or sugar phosphates, as they are likely to change in response to changes in the PP-InsP pool
independent of the their putative role as alternative substrates as suggested by the reviewer. However,
we have now quantified the levels of other inositol phosphates and polyphosphates (compare reviewer
#1 major points #2 and #3) in revised Figures 1F, 3G and Supplementary Figs. 5A, 8A. In response to
reviewer #1 (reviewer #1 major point #1) we provide additional experimental evidence that our PFA-
DSP and NUDT enzymes are specific inositol pyrophosphate phosphatases.

However, we agree with reviewer #3 that it is difficult to mechanistically link in vitro enzyme activities
to changes in cellular metabolite levels and associated phenotypes in planta. We have revised the
following statements in the text accordingly (lines 56-57, changes in red) “...Loss-of-function mutants
of the different enzymes show altered nitrate levels and changes in cell wall architecture, suggesting
that inositol pyrophosphates may regulate cellular processes beyond phosphate homeostasis™

(lines 273-275) “Combined, Marchantia VIP1, PFA-DSP1 and NUDT1 are bona fide PP-InsP
metabolizing enzymes in vitro and their genetic deletion alters PP-InsP pools in planta.”

(lines 405-408) “Although no loss-of-function phenotypes for NUDT enzymes were observed, their
induction under Pi starvation conditions suggests that these PP-InsP phosphatases may contribute to Pi
homeostasis in Arabidopsis (Figure 2A, B)..”

HH#
Reviewer #3 major point #2:

(ii) The authors rely on RNA-seq transcriptomics to gain insight but no attempts are made to validate
those data independently by assessing levels or activities of key proteins of interest.

### author response ###

There are no commercially available antibodies for the differentially expressed genes in our Col-0 +Pi
vs -Pi, AtPFA-DSP2 OX, AtNUDT17 OX, nudt17/18/21 or Mppfa-dsp1¥, Mpnudt1%, Mpvip1®
RNAseq experiments. We have previously validated the changes in protein accumulation for AtVIH1,
AtVIH2 and SPX3 in response to changes in external Pi (Zhu et al, 2019) (compare Figure 2A,B,E).



Given the very large amount of time and resources it would take to validate our RNAseq experiments
with custom made antibodies and recombinant enzyme preparations, we decided to follow the editor’s
recommendation to not explore this further (see editorial comments above).

Cigresd
Reviewer #3 major point #3:

(iii) The authors rely on RNA-seq data to implicate cell wall biogenesis as target of Ins-PP signaling
but make little effort (other than rather crude histological stains) to investigate cell wall perturbations
directly. This is a weakness.

### author response ###

There are few reports that have investigated the composition and structure of wild-type Marchantia
polymorpha cell wall using proteomics (Kolkas et al, 2022), histological stains (Kolkas et al, 2023), in
vitro polysaccharide assays (Kolkas et al, 2023), immunogold labeling (Henry et al, 2020) and atomic
force microscopy (Bonfanti et al, 2023). The histology method used in routine in our department’s
plant imaging unit is the sectioning of paraffin-embedded samples. However, this yielded insufficient
preservation of Marchantia tissues (in particular, cell shrinking and poor preservation of the dorsal and
ventral epidermis). As a result, for this study we developed and optimized Technovit preparations in the
facility, which gave us far superior results regarding the quality of the preparation (Reviewer Figure 2).

One consequence of this change of
embedding medium was that we had
to optimize the different stainings
conditions for Technovit-embedded
samples. This took considerable
amounts of time. We did not engage
with more advanced techniques such
as immunogold labeling because of
the long time this technique takes to A= F o SRR
set up, and because of the lack of Reviewer Figure 2

suitable cell wall mutants in cros setions of Marchaniapolymorpha plants embeddec i wax o esin, bt stined by toidine bue

Marchantia, which would be needed to control such experiments. We have however extended our
histological analysis to additionally include nile red staining for suberin and putative lipid bodies
(Piccinini et al, 2024) (revised Figure 5C and D ) The revised statement in the text reads (lines 318-322
, changes in red):”Fluorol yellow staining for lipidic compounds such as suberin or cutin also showed
strong signals in the dorsal and ventral epidermal layers, while nile red staining showed a reduced
signal in the parenchymatous cells (Figure 5E), suggesting that the Mppfa-dsp1% and Mpvip1% mutants
may contain higher levels of polyester cell wall polymers in the epidermis.”

The method section and the Figure 5 figure legend have been updated accordingly.
Tt

Reviewer #3 major point #4:



(iv) The authors themselves state: ‘...alterations in nitrogen supply affect cell wall organization and
composition in several plant species (Fernandes et al., 2013; Rivai et al., 2021; Glazowska et al., 2019),
providing an alternative rationale for the cell wall defects observed in our Mppfa-dsplge and Mpviplge
mutants (Figure 5).” Why not test this directly?

### author response ###

Thank you for suggesting this experiment. For the revision of this manuscript, we grew plants
derived from single gemma on plates containing B5 medium for one week, and an additional week in
either B5 medium, or in B5 where KNOj3 was replaced by KCI. We found increased ruthenium red
(overall) and fluorol yellow (epidermis) staining in Tak-1 wild-type plants grown in nitrate starvation
when compared to the untreated control (Reviewer Figure 3 A,B). Renaissance SR2200 staining was
reduced in nitrate-starved Tak-1 plants (overall) when compared to the nitrate sufficient control
(Reviewer Figure 3C). This suggests that changes in cell wall composition occur in Marchantia plants
experiencing nitrate limitation. However, also our Mppfa-dsp1% and Mpvip1% mutants show increased
ruthenium red staining (overall) very
similar to the Tak-1 wild type Tt Mppfa-dsp1* Mpvip1*

(Reviewer Figure 3A). In the case of
fluorol yellow, there seems to be a
stronger staining of the epidermides in
different Mppfa-dsp1® plants, but
overall less staining in Mpvip1®
mutant plants (Reviewer Figure 3B).
However, there is significant variation
among different the samples tested.
We conclude from these pilot
experiments that nitrogen starvation
induced changes in cell wall
composition could be altered in our
mutants. However, given that there are
no consistent changes in the different

+KNO;

-KNO,

Mppfa-dsp19® Mpvip19¢

mutants this issue will need to be
investigated in much more detail in
future studies.

Mppfa-dsp19° Mpvip19®

Reviewer Figure 3 Nitrate starvation is altering the cell wall composition of Marchantia.

(A-C) 2-week-old Tak-1, Mppfa-dspI* and Mpvip1” plants were grown from gemmae on either no nitrate (-KNO, media was supplemented with 24 mM
KCl) or in 24 mM KNO, (+KNO,). (A) Ruthenium red-stained cross-sections of Tak-1, Mppfa-dsp1* and Mpvip1* plants (scale bar= 50 ym). (B) Enlarged
view of fluorol yellow-stained cross-sections of Tak-1, Mppfa-dsp1* and Mpvip1* plants (scale bar= 40 pm). (C) Enlarged view of Renaissance SR2200-

stained cross-sections of Tak-1, Mppfa-dsp1* and Mpvip1* plants (scale bar= 50 um),
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