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Calcium-mediated rapid movements defend against

herbivorous insects in Mimosa pudica.



Reviewer #1 (Remarks to the Author): 

This article by Hagihara et al. has provided mechanistic insight into how the Mimosa pudica plant 

that moves its leaves in reaction to external stimuli, such as touch or injury, defends against 

herbivorous insects. Previously, it was known that touching a specific Mimosa pudica leaf 

generates an action potential that induces loss of turgor pressure, rapid movement, and leaf 

folding, a behavior that was speculated to startle insects. Hagihara et al. has now shown that such 

responses are generated by rapid changes in calcium concentration and electrical signals that 

propagate from the leaflet to the pulvinar cell. Further, Hagihara et al. has provided evidence that 

a remarkable reduction in calcium influx by pharmacological modulators, as well as CRISPR-Cas9 

genome editing technology, can block leaf movements and confer vulnerability to herbivorous 

insects. The experiments and conclusions are in favor of their proposed hypothesis. However, I 

have serious concerns regarding the pharmacological approaches used in this study. 

Major points: 

1) Ca2+ has been considered a long-distance defense signaling molecule. To determine if Ca2+ is 

required in plant-herbivore interactions, researchers often employ the Ca2+ signaling disruption 

approach. This strategy involves either restricting Ca2+ entrance or altering the quantity of 

accessible Ca2+. 

(A) Inhibition of Ca2+ entry can be achieved by using either 1) Non-Selective Ca2+ channel 

blockers such as Ca2+ channel blockers such as lanthanum (La3+), gadolinium (Gd3+) and 

Ruthenium Red or, 2) L-Type Calcium Channel Antagonists (verapamil, nifedipine, bepridil), 

iGluR/GLR Antagonists ((DNQX, CNQX, MNQX). 

In this study, Hagihara et al. have used La3+ to inhibit intracellular Ca2+ increase, electrical 

signaling, and rapid movement in M. pudica. While the results clearly supported the involvement of 

cytosolic Ca2+ in plant rapid movement, the use of La3+ is often associated with several side 

effects. La3+ has been known to induce phosphate deficiency; La3+ concentration greater than 

100 µM caused changes in root architecture in the Arabidopsis plant (Ruiz-Herrera et al., Plant Soil 

2012, 353, 231–247). When La3+ is exposed to low phosphate concentrations, it can create 

insoluble salts. Moreover, the activity of La3+ may be affected by the concentration of Ca2+ in the 

medium (Corzo et al., J. Gen. Microbiol. 1992, 138, 1791–1795). It has also been shown that 

whereas La3+ inhibits calcium influx in the short term in response to low K+, 25 µM La3+ 

amplifies the long-term secondary Ca2+ signal caused by K+ deprivation in Arabidopsis roots. 

(Behera et al., New Phytol. 2017, 213, 739–750). Hagihara et al. have used 50 mM La3+ without 

K+ to inhibit leaf movement, electrical signaling in their experiments. Based on the previous 

observation, the authors need to exclude these La3+ side effects from their data and how they 

may affect the results. The authors could test the effect of lower concentrations of La3+ and not 

just 50 mM concentration to determine if there is a threshold level for La3+ inhibitory action. 

(B) The alteration of the amount of available Ca2+ can be achieved by chelation with Ca2+ 

chelators, such as EGTA, EDTA, and BAPTA, which bind to Ca2+ ions with high affinity in a 

selective, reversible manner. In this study, the authors have used 50 mM EGTA to alter [Ca2+]cyt 

increase and movement in response to wounding in M. pudica. While EGTA is a strong Ca2+ 

chelator, it does have certain obvious drawbacks that should be considered while designing an 

experiment. One feature of Ca2+ chelators is that they are not only in equilibrium with Ca2+ ions, 

but also with H+, as Ca2+ binding to a chelator typically results in the release of H+ (reducing the 

pH). The converse is likewise true for pH-sensitive chelators such as EGTA, where a change in pH 

significantly decreases the Ca2+ buffering capacity. Thus, it is critical to utilize a pH buffer in 

conjunction with the Ca2+ chelator in order to minimize the adverse effects of pH variations on the 

chelator's capacity to buffer Ca2+ ions. Additionally, prolonged EGTA treatment may alter the cell 

wall characteristics by decreasing the amount of Ca2+-bound pectin (Patton et al. Cell Calcium 

2004, 35, 427–431). Notably, effective Ca2+ chelation with EGTA needs a pH of 8.0. Hagihara et 

al. have used 50 mM EGTA without any pH buffer for 5 hours. Therefore, it would be ideal to test 

the effect of EGTA prepared in a pH buffer, incubated for a shorter time period, and observe that 

the obtained result is still consistent. 

3) For the quantification of Ca2+ imaging experiments, the authors have used 3-5 sample N 

values in many experiments. To bolster the finding, it would be preferable to conduct these 



experiments with a more number of sample N values to ensure that the results are more 

repeatable. 

Minor points: 

1) Inconsistency in the depiction of the Y-axis "time after wounding" timing: several graphs 

missing the 0-time point, for example, 1e, 2g, Extended Data Fig. 4b, Fig.6e.f,g,h, Fig. 7e.f,g,h. 

2) Gap missing in the Figure legend: Fig 1,n=5, n=7 

3) Gap missing Line 77: n=10; Line 119: n= 14; line 132: n= 12 

Reviewer #2 (Remarks to the Author): 

The manuscript by Hagihara and co-workers deals with a fascinating topic, the underlying 

signalling processes leading to the extremely fast leaf(let) movements in Mimosa pudica upon 

touch and wounding, which is almost unique in plant kingdom. Further, they addressed the 

longstanding question of the ecological relevance of this movement. Using a combination of 

reporter gene-based (GCaMP6f) cytosolic Ca2+ imaging, electrophysiology, pharmacology, and 

CRISPR/Cas9 generated immotile mutants (elp1b1elp1b2) the authors provide a wide range of 

convincing results. 

The study shows the involvement of both electrical signalling, i.e. action potential and variation 

potential, and transient cytosolic Ca2+ level increase in the wound induced leaf movements. Both 

signals propagate fast (few mm/sec) along the veins acro- and basipetally. Employing 

grasshoppers and herbivorous lepidopteran larvae it was demonstrated that immotile M. pudica 

plants are more susceptible to insect feeding compared with WT plants. The authors suggest that 

the presentation of trichomes after leaflet movements or leaves touching the insect body are 

responsible for the protection. Maybe the sudden strong movement of the leaf surface scares the 

insects in addition? 

The MS text, all figures and videos are presented very well; conclusions are justified by the 

results. Remaining open questions such as the nature of the molecular mechanisms driving the 

Ca2+ transients and/or the electrical signals and the channels that may be involved have already 

been formulated in the conclusions. Expecting answers to these questions in the present work 

would go far beyond the aim of the study. 

To be honest, it was really fun to read this fantastic work. 

Reviewer #3 (Remarks to the Author): 

The Editor, Nature communications March 24, 2022 

Re: Reviewing the manuscript: Calcium-mediated rapid movements defend against herbivorous 

insects in Mimosa pudica. 

Dear Editor, 

I was very happy to review this manuscript, thanks for the opportunity. This paper is a class for itself. 

Very very well done. It was a great pleasure to carefully examine the videos and figures. With all my 

love to my original contribution to defensive plant movement, the paper you asked me to review is 

much better than anything published in this subject since Darwin's time! In general, there are only a 

few papers that showed actual defense from herbivory by plant movement.  

I have no conflict of interests, and I don't know the authors. 



(1) The most critical result of that paper is that the authors showed by blocking the leaflets 

movements that insects attacked the disabled leaves much more than the ones that can fold their 

leaflets. This is a wonderful demonstration of the defensive role of leaflet folding, arriving after 

many decades of theoretical discussions (including mine). 

(2) The use of CRISPER for disabling plant movement will show the way to many other scientists not 

only in arresting leaflet movement, but in many other types of functions. The use of chemical 

blockers to arrest leaflet movement is also impressive and very innovative concerning anti-herbivory 

defense. This paper opens new avenues. I hope that the authors will do the same with Desmodium 

motorium (the Indian telegraph plant) that I discussed theoretically. 

(3) From the above, it is clear that the paper is first class in originality. It is exciting to read it, and to 

think about many potential studies that can and will follow, and not only in defensive plant 

movements. They are the first, and I cannot compare it to other papers in defensive plant biology. 

(4) The work supports the conclusions. The methods are excellent/brilliant and can be reproduced. 

There is nothing that is not OK, and I have only several small suggestions about the wording that I 

will list below. 

(5) As usual, my name Simcha Lev-Yadun should be revealed to the authors. I suggest changing 

several words. 

(I) I suggest to change line 113 to: .....leaves that did not respond to wounding or touch..... 

(II) I suggest to change line 115 to: ....more than on the control leaves.....treated leaves lost 38.0%... 

(III) I suggest to change in line 133 the word Thus" with "Since" 

(IV) I suggest to change line 151 to: .....of the phytohormones ethylene and jasmonate..... 

Sincerely, 

Dr. Simcha Lev-Yadun, Professor 

Reviewer #4 (Remarks to the Author): 

The movements of M. Pudica continue to fascinate plant biologists. Much early literature has 

investigated the role of electrical signaling and Ca2+ in leaf movements in this plant. The current 

manuscript by Hagihara et al. applies (for the first time to my knowledge) the tools of molecular 

genetics to investigate the roles of stimulus-induced leaf movements in M. pudica. In these 

experiments, the authors generated M. pudica plants that lack functional pulvini and therefore lack 

the ability to move when touched or wounded. To do that they cleverly targeted and mutated LOB 

domain transcription factors known to be necessary for pulvinus formation in other members of 

the Fabaceae. This revealed that the leaves of these plants were eaten more quickly by insects 

than those of the wild type. This finding is perhaps the most innovative part of this manuscript. 

In other experiments Hagihara et al. investigated the role of Ca2+ signaling in leaf movement. To 

do this M. pudica was transformed (again for the first time to my knowledge) with GCaMP6f. The 

overall findings are that pulvinar Ca2+ increases occur prior to leaflet movements. The new Ca2+ 

data go well beyond what has been published previous with non-transgenic approaches since they 

have high temporal resolution. However, data from parallel pharmacological experiment seem to 

be over-interpreted. This leads to statements that imply causality rather than correlation. Also, 

some important background and methods details are lacking. Overall, the manuscript is clearly 



written, but it gives the impression of being a mixture of different objectives (defense, calcium 

signaling, wounding, cold treatments and pharmacological experiments) that are not always linked 

well in the text. The videos are spectacular and are a useful addition-especially those showing 

simultaneous Ca2+ and electrical recordings. 

Major points 

1. For each CRISPR-Cas9 line the authors show two mutated sequences (Extended data Figure 

10). The authors cite reference 26 in the Methods section, but are they sure (given the common 

diversity of ploidy levels in Mimosa species) that the plants they used were tetraploid? The authors 

should state clearly how many ELP1B genes there are in the plants they used and whether all 

copies of each gene were mutated. 

2. Key experiments use EGTA or La3+ treatments to block Ca2+ signaling. These treatments block 

leaf movements and cytosolic Ca2+ increases. The authors conclude (lines 66, 67) that cytosolic 

calcium increases in the pulvinus cause rapid movements. However, correlation is not causation. 

La3+ (50 mM) or EGTA treatments are expected to block much of a cell’s function. The authors 

can only conclude that blocking cytosolic calcium signaling correlates with inhibiting leaf 

movements. 

3. Lines 92-100. The cold treatments don’t seem to fit in with the rest of the paper which 

concentrates on wounding and herbivory. If the cold treatment data is left in it should be better 

integrated in the text. For example, ED Figure 3 uses cold water treatments to separate APs and 

VPs. Do leaf movements still take place under the authors conditions? I think this is already known 

and the authors should check reference 4. If not, they should relate their data for bimodal Ca2+ 

peaks and electrical signals seen after wounding (Figure 2) to the cold water experiments. Is only 

the AP necessary for leaf movement under their conditions? How are the cold treatments related to 

herbivory and defense? 

Other points 

Line 54 ‘To determine how’ … Here, since the authors do not generate mechanistic insights, it 

would be more realistic to write ‘To determine whether…’ 

Lines 96, 97. The text, which relates to Extended Data Figure 5c and 5d, is not clear to me. Figure 

5c implies that consecutive cold treatments on the same sample plant were used to estimate 

refractory periods. In Figure 5c, after an initial cold-induced AP the next event is produced after 2, 

plus 3 min, plus 4 min, plus 5.3 min (= 14.3 min). It is usual to establish refractory periods with a 

single time interval between the first and last could treatment. 

Lines 110, 111 The authors cite three references for the putative antiherbivore defense role of leaf 

movements in M. pudica. Please note that this idea greatly pre-dates the references cited. The 

authors should cite reference 2 (Bose, 1926) here. 

Fig. 2c The number of replicates should be given. There is no visible error envelope for the leaflet 

vein data. Is this because few replicates were used? 

Fig. 2d The number of replicates should be given. 

Extended data Fig. 10 The authors should give the exact positions of the mutations relative to the 

predicted transcription start sites. 

Extended data Fig. 13 This figure does not seem to fit in with any other results or observations and 

could be removed. Hairs on petioles seem irrelevant here since the authors look at damage to 

leaflet on rachillae. The elp1b mutants are still likely to be hairy and, in any case many other 

factors could determine the defenses of leaves. 

In the Methods section the text needs improvement: 

Line 337 ‘was a bit complicated’ should be removed 



Line 391 ‘threes’ 

Line 454 ‘were recovered in ECF’. What does ‘recovered’ mean here? 



IT_[h c^ ITeXTfTab

MT eTah \dRW cWP]Z cWT aTeXTfTab U^a cWTXa T]R^daPVX]V R^\\T]cb P]S cWT cW^dVWcUd[ aTeXTfb

cWPc WPeT WT[_TS db bXV]XUXRP]c[h X\_a^eT ^da \P]dbRaX_c+ MT WPeT PSSaTbbTS P[[ cWT _^X]cb

aPXbTS P]S cWT b_TRXUXR aT_[h U^a TPRW `dTah Xb STcPX[TS QT[^f7

Reviewer #1:

This article by Hagihara et al. has provided mechanistic insight into how the Mimosa pudica

plant that moves its leaves in reaction to external stimuli, such as touch or injury, defends

against herbivorous insects. Previously, it was known that touching a specific Mimosa pudica

leaf generates an action potential that induces loss of turgor pressure, rapid movement, and

leaf folding, a behavior that was speculated to startle insects. Hagihara et al. has now shown

that such responses are generated by rapid changes in calcium concentration and electrical

signals that propagate from the leaflet to the pulvinar cell. Further, Hagihara et al. has

provided evidence that a remarkable reduction in calcium influx by pharmacological

modulators, as well as CRISPR-Cas9 genome editing technology, can block leaf movements

and confer vulnerability to herbivorous insects. The experiments and conclusions are in favor

of their proposed hypothesis. However, I have serious concerns regarding the pharmacological

approaches used in this study.

Major points:

.' Ca2+ has been considered a long-distance defense signaling molecule. To determine if

Ca2+ is required in plant-herbivore interactions, researchers often employ the Ca2+ signaling

disruption approach. This strategy involves either restricting Ca2+ entrance or altering the

quantity of accessible Ca2+.

&:' Inhibition of Ca2+ entry can be achieved by using either 1) Non-Selective Ca2+ channel

blockers such as Ca2+ channel blockers such as lanthanum (La3+), gadolinium (Gd3+) and

Ruthenium Red or, 2) L-Type Calcium Channel Antagonists (verapamil, nifedipine, bepridil),

iGluR/GLR Antagonists (DNQX, CNQX, MNQX).

In this study, Hagihara et al. have used La3+ to inhibit intracellular Ca2+ increase, electrical

signaling, and rapid movement in M. pudica. While the results clearly supported the

involvement of cytosolic Ca2+ in plant rapid movement, the use of La3+ is often associated

with several side effects. La3+ has been known to induce phosphate deficiency; La3+

concentration greater than 100 µM caused changes in root architecture in the Arabidopsis

plant (Ruiz-Herrera et al., Plant Soil 2012, 353, 231–247). When La3+ is exposed to low

phosphate concentrations, it can create insoluble salts. Moreover, the activity of La3+ may be

affected by the concentration of Ca2+ in the medium (Corzo et al., J. Gen. Microbiol. 1992,



138, 1791–1795). It has also been shown that whereas La3+ inhibits calcium influx in the short

term in response to low K+, 25 µM La3+ amplifies the long-term secondary Ca2+ signal

caused by K+ deprivation in Arabidopsis roots. (Behera et al., New Phytol. 2017, 213, 739–

750). Hagihara et al. have used 50 mM La3+ without K+ to inhibit leaf movement, electrical

signaling in their experiments. Based on the previous observation, the authors need to exclude

these La3+ side effects from their data and how they may affect the results. The authors could

test the effect of lower concentrations of La3+ and not just 50 mM concentration to determine

if there is a threshold level for La3+ inhibitory action.

MT cWP]Z cWT aTeXTfTa U^a cWXb bdVVTbcX^]+ MT _TaU^a\TS PSSXcX^]P[ Tg_TaX\T]cb c^ PSSaTbb

cWXb RaXcXRP[ `dTbcX^] &]Tf >gcT]STS =PcP ?XV+ .0 P]S .1'+ MT _aT_PaTS DP0( b^[dcX^] fXcW

/- \E CFG0) .- \E <P&FG0'/) P]S . \E E>J &_A PSYdbcTS c^ 2+5 fXcW KaXb' P]S dbTS

Xc c^ caTPc M. pudica [TPeTb+ KWXb caTPc\T]c X]WXQXcTS cWT _a^_PVPcX^] ^U N<P/(ORhc P]S

T[TRcaXRP[ bXV]P[b P]S bd__aTbbTS [TPU[Tc \^eT\T]cb+ MT P[b^ R^]SdRcTS Tg_TaX\T]cb c^

STcTa\X]T cWT cWaTbW^[S [TeT[ U^a cWT X]WXQXc^ah PRcX^] ^U DP0( dbX]V cWT bP\T b^[dcX^] &B<2-

9 -+2/ \E'+ K^ TgR[dST cWT _^bbXQX[Xch cWPc _W^b_WPcT STUXRXT]Rh PUUTRcb <P/(,T[TRcaXRP[

bXV]P[X]V) fT _TaU^a\TS bX\X[Pa Tg_TaX\T]cb dbX]V eTaP_P\X[) P e^[cPVT*ST_T]ST]c <P/(

RWP]]T[ P]cPV^]Xbc+ LTaP_P\X[ aTcPaSTS cWT _a^_PVPcX^] ^U Q^cW <P/( P]S T[TRcaXRP[ bXV]P[b

X] aPRWX[[PT+ MT WPeT PSSTS cWTbT SPcP P]S aTeXbTS cWT cTgc Pb U^[[^fb+

Revised main text: Page 6: lGda \^ST[ Xb QPbTS ^] _WPa\PR^[^VXRP[ \TcW^Sb fXcW

_^bbXQ[T bXST TUUTRcb8 T+V+) DP0( P\_[XUXTb P bTR^]SPah <P/( X]RaTPbT X]SdRTS Qh - \E C(

\TSXd\ X] Arabidopsis thaliana a^^cb//) RPdbTb _[Pb\P \T\QaP]T ST_^[PaXiPcX^] cWPc Xb

aTSdRTS Qh aPXbX]V cWT TgcaPRT[[d[Pa <P/( R^]RT]caPcX^] X] Neurospora crassa/0) P]S

X]SdRTb _W^b_WPcT STUXRXT]Rh Qh _aTRX_XcPcX]V _W^b_WPcT) fWXRW \^Sd[PcTb cWT a^^c bhbcT\

PaRWXcTRcdaT X] A. thaliana/1+m

lK^ PSSaTbb cWTbT RaXcXRP[ `dTbcX^]b) fT R^]SdRcTS _WPa\PR^[^VXRP[ Tg_TaX\T]cb fXcW

SXUUTaT]c R^]RT]caPcX^]b P]S RWT\XRP[b+ : DP0( b^[dcX^] fXcW WXVW C( P]S <P/(

R^]RT]caPcX^]b X]WXQXcTS f^d]S*X]SdRTS N<P/(ORhc X]RaTPbTb Pc cWT f^d]S bXcTb) [TPU[Tc eTX]b)

_d[eX]X) P]S aPRWX[[PT P]S bdQbT`dT]c [TPU[Tc \^eT\T]cb &>gcT]STS =PcP ?XV+ .0PkR'+ KWT

S^bTkaTb_^]bT RdaeT X]SXRPcTS cWPc cWT WP[U \PgX\P[ X]WXQXc^ah R^]RT]caPcX^] &B<2-' ^U

DP0( fPb -+2/ \E &>gcT]STS =PcP ?XV+ .0S'+ KWTbT SPcP bdVVTbc cWPc cWT X]WXQXc^ah TUUTRcb

^] N<P/(ORhc Sh]P\XRb P]S [TPU[Tc \^eT\T]cb fTaT SdT c^ DP0( Qdc ]^c c^ cWT C( STUXRXT]Rh

P]S \T\QaP]T ST_^[PaXiPcX^]+ K^ TgR[dST cWT _^bbXQX[Xch cWPc DP0(*X]SdRTS _W^b_WPcT

STUXRXT]Rh WX]STaTS N<P/(ORhc P]S T[TRcaXRP[ bXV]P[b) fT dbTS eTaP_P\X[) P]^cWTa <P/(

RWP]]T[ P]cPV^]Xbc) fWXRW aTcPaSTS <P/(,T[TRcaXRP[ bXV]P[ _a^_PVPcX^] X] cWT aPRWX[[P

&>gcT]STS =PcP ?XV+ .1'+m



lKWTaTU^aT) cWT <P/(,T[TRcaXRP[ bXV]P[ P]S [TPU[Tc \^eT\T]cb PaT d][XZT[h c^ QT X]WXQXcTS

Qh cWT PSeTabT TUUTRcb ^U DP0( P]S >@K:+m

Revised Extended Data Fig. 13: lExtended Data Fig. 13 | La3+ solution with high K+

and Ca2+ concentrations inhibited long-distance Ca2+/electrical signal propagation

and leaflet movements. a) b N<P/(ORhc bXV]PcdaTb Pc cTacXPah _d[eX]X P]S [TPU[Tc P]V[T

RWP]VTb X] [TPeTb _aTcaTPcTS fXcW R^]ca^[ &a) n 9 3' P]S 2- \E DP0( b^[dcX^] &b) n 9 3'+ c

N<P/(ORhc RWP]VTb Pc cWT f^d]S bXcT &M') [TPU[Tc eTX] &L') _d[eX]db &H') P]S aPRWX[[P &I' &n

9 5 TPRW'+ ?^a IGB _^bXcX^]b) bTT ?XV+ /Q ^a >gcT]STS =PcP ?XV+ 0R+ d JXV\^XSP[ S^bTk

aTb_^]bT RdaeT &Q[PRZ [X]T'+ KWT _a^QPQX[Xch ^U cWT T[TRcaXRP[ aTb_^]bT Pc T. &bTT ?XV+ /W'

aT[PcXeT c^ cWT R^]ca^[ &aTS S^cb' fPb _[^ccTS PVPX]bc cWT DP0( R^]RT]caPcX^]) U^a fWXRW B<2-

fPb -+2/ \E+”

Revised Extended Data Fig. 14: lExtended Data Fig. 14 | Verapamil inhibits both

[Ca2+]cyt and electrical signals. a) b M^d]SX]V caXVVTaTS N<P/(ORhc P]S T[TRcaXRP[ bXV]P[b

QPbX_TcP[[h _a^_PVPcX]V X] P aPRWX[[P X] P R^]ca^[ [TPU &a' Qdc ]^c X] P [TPU caTPcTS fXcW /

\E eTaP_P\X[ &b'+ Kh_XRP[ SPcP PaT SXb_[PhTS &n 9 5 U^a a8 n 9 2 U^a b'+m

Revised Methods text: Page 20: lDP<[0t4A/G &MPZ^' fPb SXbb^[eTS X] ><? &>gcT]STS

=PcP ?XV+ 2' X] WXVW C( P]S <P/( b^[dcX^] N/- \E CFG0) .- \E <P&FG0'/) . \E E>J8

_A PSYdbcTS c^ 2+5 fXcW KaXb&WhSa^gh\TcWh['P\X]^\TcWP]T8 >gcT]STS =PcP ?XV+ .0O ^a X]

fPcTa U^a ^cWTa Tg_TaX\T]cb Pc P UX]P[ R^]RT]caPcX^] ^U -+.k2- \E+m

Revised Methods text: Pages 20–21: lLTaP_P\X[ WhSa^RW[^aXST &JXV\P' fPb SXbb^[eTS

X] ><? Pc P UX]P[ R^]RT]caPcX^] ^U / \E+ KWT _TcX^[Tb ^U cWT [TPU b_TRX\T]b fTaT SX__TS

X]c^ P]S caTPcTS fXcW cWTbT b^[dcX^]b X] .2*\D cdQTb U^a /k0 W U^a DP0( caTPc\T]c) 0k2 W U^a

>@K: caTPc\T]c) ^a 2 W U^a eTaP_P\X[ caTPc\T]c d]STa fWXcT D>= [XVWc+ KWT [TPeTb fTaT

cWT] SX__TS X] P R^]ca^[ b^[dcX^] ^a . \E C<[ U^a >@K:*caTPcTS [TPeTb &>gcT]STS =PcP

?XV+ 3' c^ bc^_ cWT _WPa\PR^[^VXRP[ caTPc\T]cb P]S fTaT P[[^fTS c^ aTR^eTa U^a Pc [TPbc . W

d]STa fWXcT D>= [XVWcm

Revised Methods text: Page 22: lB<2- U^a cWT X]WXQXc^ah TUUTRcb ^U DP0( fPb TbcX\PcTS Qh

UXccX]V P bXV\^XSP[ S^bT*aTb_^]bT RdaeT+m

&;' The alteration of the amount of available Ca2+ can be achieved by chelation with Ca2+

chelators, such as EGTA, EDTA, and BAPTA, which bind to Ca2+ ions with high affinity in a

selective, reversible manner. In this study, the authors have used 50 mM EGTA to alter



[Ca2+]cyt increase and movement in response to wounding in M. pudica. While EGTA is a

strong Ca2+ chelator, it does have certain obvious drawbacks that should be considered while

designing an experiment. One feature of Ca2+ chelators is that they are not only in equilibrium

with Ca2+ ions, but also with H+, as Ca2+ binding to a chelator typically results in the release

of H+ (reducing the pH). The converse is likewise true for pH-sensitive chelators such as EGTA,

where a change in pH significantly decreases the Ca2+ buffering capacity. Thus, it is critical

to utilize a pH buffer in conjunction with the Ca2+ chelator in order to minimize the adverse

effects of pH variations on the chelator's capacity to buffer Ca2+ ions. Additionally, prolonged

EGTA treatment may alter the cell wall characteristics by decreasing the amount of Ca2+-

bound pectin (Patton et al. Cell Calcium 2004, 35, 427–431). Notably, effective Ca2+ chelation

with EGTA needs a pH of 8.0. Hagihara et al. have used 50 mM EGTA without any pH buffer

for 5 hours. Therefore, it would be ideal to test the effect of EGTA prepared in a pH buffer,

incubated for a shorter time period, and observe that the obtained result is still consistent.

KWXb Xb P] TgcaT\T[h X\_^acP]c _^X]c+ ?Xabc) fT cTbcTS 2- \E >@K: b^[dcX^] Pc _A 5+- Pb

bdVVTbcTS) Qdc cWT R^]ca^[ b^[dcX^] fXcW^dc >@K: &_A 5+-' X]WXQXcTS <P/(,T[TRcaXRP[ bXV]P[

_a^_PVPcX^] X] M. pudica+ KWTaTU^aT) fT dbTS 2- \E >@K: b^[dcX^] QdUUTaTS fXcW .- \E

A>H>J &_A PSYdbcTS c^ 4+- fXcW CGA' P]S U^d]S cWPc cWT >@K: b^[dcX^] QdUUTaTS fXcW

A>H>J aTcPaSTS <P/(,T[TRcaXRP[ bXV]P[ caP]b\XbbX^]+ MT P[b^ aTSdRTS cWT _TaX^S ^U >@K:

caTPc\T]c Ua^\ 2 c^ 0 W+ KWT <P/(,T[TRcaXRP[ bXV]P[ fPb X]WXQXcTS X] cWT [TPeTb caTPcTS fXcW

>@K: P]S A>H>J U^a cWT bW^acTa _TaX^S+ MT WPeT PSSTS cWTbT SPcP P]S aTfaXccT] cWT cTgc

Pb U^[[^fb &]Tf >gcT]STS =PcP ?XV+ .2'+

Revised main text: Page 6: lB] PSSXcX^]) _a^[^]VTS >@K: caTPc\T]c P[cTab cWT \TRWP]XRP[

bcaT]VcW ^U X]U[^aTbRT]RT bcT\b X] Paeonia lactiflora bX]RT >@K: aT\^eTb <P/( Ua^\ cWT

RT[[ fP[[/2+m

lMT P[b^ aTSdRTS cWT _TaX^S ^U >@K: caTPc\T]c P]S \XcXVPcTS cWT aTSdRcX^] X] cWT <P/(

QdUUTaX]V RP_PRXch ^U >@K: fXcW cWT _A QdUUTa A>H>J/3+ KWT N<P/(ORhc X]RaTPbT fPb

[X\XcTS fXcWX] cWT f^d]STS [TPU[Tcb &>gcT]STS =PcP ?XV+ .2P) Q') P]S cWT [^]V*SXbcP]RT

<P/(,T[TRcaXRP[ bXV]P[ fPb X]WXQXcTS X] cWT aPRWX[[PT ^U [TPeTb caTPcTS fXcW >@K: P]S

A>H>J U^a P bW^acTa _TaX^S &>gcT]STS =PcP ?XV+ .2RkU'+m

Revised Extended Data Fig. 15: lExtended Data Fig. 15 | The long-distance

[Ca2+]cyt/electrical signal was inhibited by buffered EGTA solution. a) b N<P/(ORhc

RWP]VTb Pc cWT f^d]S bXcTb &M') [TPU[Tc eTX]b &L') _d[eX]X &H') P]S aPRWX[[PT &I' X] [TPeTb

caTPcTS fXcW 2- \E >@K: U^a 2 &a) n 9 3' ^a 0 W &b) n 9 3'+ ?^a IGB _^bXcX^]b) bTT ?XV+ /Q

^a >gcT]STS =PcP ?XV+ 0R+ c) d <P/( P]S T[TRcaXRP[ bXV]P[b fTaT ^QbTaeTS X] cWT aPRWX[[P ^U



P [TPU caTPcTS fXcW R^]ca^[ b^[dcX^] U^a 2 W &c' Qdc ]^c X] P [TPU caTPcTS fXcW 2- \E >@K:

b^[dcX^] U^a 2 W &d'+ KWT QPbX_TcP[ _a^_PVPcX^] ^U cWTbT bXV]P[b fPb \^]Xc^aTS+ e) f JX\X[Pa

aTbd[cb fTaT ^QcPX]TS fWT] cWT caTPc\T]c _TaX^S fPb aTSdRTS Ua^\ 2 c^ 0 W &e) R^]ca^[8 f)

>@K:'+ IT_aTbT]cPcXeT SPcP PaT SXb_[PhTS &c P]S e) n 9 28 d P]S f) n 9 5'+m

Revised Methods text: Page 20: l>@K: &=^YX]S^ DPQ^aPc^aXTb' fPb SXbb^[eTS X] fPcTa

&>gcT]STS =PcP ?XV+ 0QkU) >gcT]STS =PcP ?XV+ 3' ^a .- \E A>H>J &>gcT]STS =PcP ?XV+

.2' c^ \PZT P 2-*\E b^[dcX^]) P]S cWT _A fPb PSYdbcTS c^ 4+- fXcW CGA P]S A<[+m

lKWT _TcX^[Tb ^U cWT [TPU b_TRX\T]b fTaT SX__TS X]c^ P]S caTPcTS fXcW cWTbT b^[dcX^]b X]

.2*\D cdQTb U^a /k0 W U^a DP0( caTPc\T]c) 0k2 W U^a >@K: caTPc\T]c) ^a 2 W U^a eTaP_P\X[

caTPc\T]c d]STa fWXcT D>= [XVWc+ KWT [TPeTb fTaT cWT] SX__TS X] P R^]ca^[ b^[dcX^] ^a .

\E C<[ U^a >@K:*caTPcTS [TPeTb &>gcT]STS =PcP ?XV+ 3' c^ bc^_ cWT _WPa\PR^[^VXRP[

caTPc\T]cb P]S fTaT P[[^fTS c^ aTR^eTa U^a Pc [TPbc . W d]STa fWXcT D>= [XVWc+m

0' For the quantification of Ca2+ imaging experiments, the authors have used 3-5 sample N

values in many experiments. To bolster the finding, it would be preferable to conduct these

experiments with a more number of sample N values to ensure that the results are more

repeatable.

MT eTah \dRW cWP]Z cWT aTeXTfTa U^a cWXb bdVVTbcX^]+ MT aT_TPcTS bTeTaP[ Tg_TaX\T]cb Pb

\dRW Pb _^bbXQ[T P]S aTeXbTS cWT SPcP P]S cTgc Pb U^[[^fb &>gcT]STS =PcP ?XV+ /) 0) 2) 3

P]S ..) P]S >gcT]STS =PcP KPQ[T.'+ B] PSSXcX^]) fT PR`dXaTS cWT SPcP U^a >gcT]STS =PcP

?XV+ / PVPX] QTRPdbT cWT ^aXVX]P[ SPcP X]R[dSTS ^][h UXeT bP\_[Tb P]S cWT VaP_W fPb ]^c

R[TPa+ KWT R^]R[dbX^] fPb ]^c RWP]VTS Qh aT_TPcX]V cWT Tg_TaX\T]c+ MT aT_[PRTS cWT SPcP

P]S cPQ[T P]S aTfa^cT cWT UXVdaT [TVT]S Pb X]SXRPcTS QT[^f+

Revised main text: Pages 3–4: lM^d]SX]V Qh bRXbb^ab X\\TSXPcT[h T[XRXcTS P N<P/(ORhc

X]RaTPbT Pc cWT f^d]S bXcT) fWXRW bdQbT`dT]c[h _a^_PVPcTS X] P [TPU[Tc eTX] Pc .+0. j -+.4

\\,b &n 9 38 ?XV+ /PkR) Jd__[T\T]cPah E^eXT 2'+m

Revised Extended Data Fig. 2: lDTPU[Tc P]V[T RWP]VTb fTaT caXVVTaTS Qh f^d]SX]V

[TPU[Tcb P]S \^]Xc^aTS ^eTa cX\T X] cWT MK &Q[PRZ) n 9 .-' P]S @<PEH3U [TPeTb &aTS) n 9

.-'+ KWT cWXaS [TPU Ua^\ cWT c^_ ^U cWT bcT\ fPb Rdc Ua^\ /*\^]cW*^[S _[P]cb P]S dbTS U^a

cWXb Tg_TaX\T]c+m

Revised Extended Data Fig. 3: ld–g M^d]S*X]SdRTS N<P/(ORhc RWP]VTb Pc cWT f^d]S bXcT

&d') [TPU[Tc eTX] &e') cTacXPah _d[eX]db &f') P]S aPRWX[[P &g' X] [TPeTb caTPcTS fXcW 2- \E DP0(



P]S 2- \E >@K: &n 9 4 TPRW'+m

Revised Extended Data Fig. 5: “Kh_XRP[ SPcP PaT SXb_[PhTS &n 9 2 U^a a) b) e) P]S f8 n 9 3

U^a d P]S h8 P]S n 9 5 U^a c P]S g'+m

Revised Extended Data Fig. 6: lKh_XRP[ SPcP PaT SXb_[PhTS &n 9 1 U^a a P]S e8 n 9 2 U^a b

P]S f8 P]S n 9 3 U^a c) d) g) P]S h'+m

Revised Extended Data Fig. 11: lIT_aTbT]cPcXeT SPcP PaT SXb_[PhTS &n 9 .- U^a a8 n 9 3

U^a b8 n 9 .3 U^a c8 P]S n 9 ./ U^a d'+m

Minor points:

.' Inconsistency in the depiction of the Y-axis "time after wounding" timing: several graphs

missing the 0-time point, for example, 1e, 2g, Extended Data Fig. 4b, Fig.6e.f,g,h, Fig. 7e.f,g,h.

/' Gap missing in the Figure legend: Fig 1,n=5, n=7

0' Gap missing Line 77: n=10; Line 119: n= 14; line 132: n= 12

MT P_^[^VXiT U^a cWTbT ^eTabXVWcb+ MT WPeT TSXcTS VaP_Wb cWPc [PRZTS cWT -*cX\T _^X]cb

&?XV+ .T) ?XV+ /Y) >gcT]STS =PcP ?XV+ 1Q) >gcT]STS =PcP ?XV+ 2T) U) V) W) >gcT]STS =PcP ?XV+

3T) U) V) W) >gcT]STS =PcP ?XV+ 4) P]S >gcT]STS =PcP ?XV+ ./Q) S' Pb bdVVTbcTS+ MT WPeT

P[b^ aTeXbTS VP_ \XbbX]V X] cWT cTgc Pb U^[[^fb+

Revised main text: Pages 3–4: lM^d]SX]V Qh bRXbb^ab X\\TSXPcT[h T[XRXcTS P N<P/(ORhc

X]RaTPbT Pc cWT f^d]S bXcT) fWXRW bdQbT`dT]c[h _a^_PVPcTS X] P [TPU[Tc eTX] Pc .+0. j -+.4

\\,b &n 9 38 ?XV+ /PkR) Jd__[T\T]cPah E^eXT 2'+m

lKWT N<P/(ORhc bXV]PcdaT ^] cWT aPRWX[[P fPb QX\^SP[ &?XV+ /S') fXcW cWT UXabc N<P/(ORhc _TPZ

_a^_PVPcX]V QPbX_TcP[[h Pc 0+.. j -+1. P]S PRa^_TcP[[h Pc /+32 j -+05 \\,b &n 9 .- TPRW'+m

Revised main text: Pages 4–5: l@aPbbW^__Ta WTaQXe^aTb bcPhTS P]S UTS ^] cWT DP0(*

caTPcTS [TPeTb \^aT cWP] ^] cWT R^]ca^[ [TPeTb &?XV+ 0S'+ DP0(*caTPcTS [TPeTb [^bc 05+-% X]

fTXVWc PUcTa cWXb UTTSX]V PbbPh) fWXRW fPb /*U^[S WXVWTa R^]bd\_cX^] cWP] cWPc ^U cWT

R^]ca^[ [TPeTb N.6+-% &n 9 .1 TPRW'8 ?XV+ 0UO+ <^]bXbcT]c fXcW cWXb aTbd[c) cWT c^cP[ aTbXST]RT

cX\T ^U VaPbbW^__Tab fPb 42+0 j ..+0 \X] ^] cWT R^]ca^[ [TPeTb P]S .3.+/ j /0+. \X] ^]

cWT DP0(*caTPcTS [TPeTb &n 9 .1 TPRW8 ?XV+ 0W'+m

Revised main text: Page 5: l:b bTT] X] cWT X\\^QX[T DP0(*caTPcTS [TPeTb) cWT X\\^cX[T

elp1b1elp1b2 [TPeTb [^bc 0-+0% X] fTXVWc Qh VaPbbW^__Ta PccPRZb) fWXRW fPb



P__a^gX\PcT[h S^dQ[T cWPc ^U fX[S*ch_T &MK' [TPeTb N.2+0% &n 9 ./ TPRW'8 ?XV+ 0T) VO) P]S

cWT c^cP[ aTbXST]RT cX\T ^U VaPbbW^__Tab fPb 5-+/ j ./+1 \X] ^] cWT MK [TPeTb P]S .1/+3

j //+0 \X] ^] elp1b1elp1b2 [TPeTb &n 9 ./ TPRW8 ?XV+ 0X'+m

Revised Fig. 1: le) f N<P/(ORhc bXV]PcdaTb Pc cWT cTacXPah _d[eX]db P]S [TPU[Tc P]V[T X] [TPeTb

_aTcaTPcTS fXcW A/G &e) n 9 2' P]S 2- \E DP0( &f) n 9 4'+ JRP[T QPab) 2 \\ &a P]S b' ^a .

\\ &c P]S d'+m

Reviewer #2:

The manuscript by Hagihara and co-workers deals with a fascinating topic, the underlying

signalling processes leading to the extremely fast leaf(let) movements in Mimosa pudica upon

touch and wounding, which is almost unique in plant kingdom. Further, they addressed the

longstanding question of the ecological relevance of this movement. Using a combination of

reporter gene-based (GCaMP6f) cytosolic Ca2+ imaging, electrophysiology, pharmacology,

and CRISPR/Cas9 generated immotile mutants (elp1b1elp1b2) the authors provide a wide

range of convincing results.

The study shows the involvement of both electrical signalling, i.e. action potential and variation

potential, and transient cytosolic Ca2+ level increase in the wound induced leaf movements.

Both signals propagate fast (few mm/sec) along the veins acro- and basipetally. Employing

grasshoppers and herbivorous lepidopteran larvae it was demonstrated that immotile M.

pudica plants are more susceptible to insect feeding compared with WT plants. The authors

suggest that the presentation of trichomes after leaflet movements or leaves touching the insect

body are responsible for the protection. Maybe the sudden strong movement of the leaf surface

scares the insects in addition?

The MS text, all figures and videos are presented very well; conclusions are justified by the

results. Remaining open questions such as the nature of the molecular mechanisms driving the

Ca2+ transients and/or the electrical signals and the channels that may be involved have

already been formulated in the conclusions. Expecting answers to these questions in the present

work would go far beyond the aim of the study.

To be honest, it was really fun to read this fantastic work.

MT eTah \dRW cWP]Z cWT aTeXTfTa U^a cWT T]R^daPVX]V R^\\T]cb+ B] cWXb aTeXbX^]) fT

ST[TcTS cWT SXbRdbbX^] aTVPaSX]V cWT _^bbXQ[T a^[Tb ^U WPXab &caXRW^\Tb' X] STUT]bT

aTb_^]bTb bX]RT cWT T[_.Q \dcP]cb PaT bcX[[ WPXah P]S) X] P]h RPbT \P]h ^cWTa UPRc^ab R^d[S



STcTa\X]T cWT STUT]bTb ^U [TPeTb Pb bdVVTbcTS Qh cWT ^cWTa aTeXTfTa+ A^fTeTa) fT _[P] c^

RaTPcT WPXa*[Tbb ^a b[^f*\^eX]V E+ _dSXRP dbX]V <IBJHI,<Pb6 P]S fX[[ X]eTbcXVPcT

fWTcWTa cWT _aTbT]cPcX^] ^U caXRW^\Tb PUcTa [TPU[Tc \^eT\T]cb) [TPeTb c^dRWX]V cWT X]bTRc

Q^Sh P]S lcWT bdSST] bca^]V \^eT\T]c ^U cWT [TPU bdaUPRTm PaT aTb_^]bXQ[T U^a cWT

_a^cTRcX^]+

Reviewer #3:

The Editor, Nature communications March 24, 2022

Re: Reviewing the manuscript: Calcium-mediated rapid movements defend against

herbivorous insects in Mimosa pudica.

Dear Editor,

I was very happy to review this manuscript, thanks for the opportunity. This paper is a class

for itself. Very very well done. It was a great pleasure to carefully examine the videos and

figures. With all my love to my original contribution to defensive plant movement, the paper

you asked me to review is much better than anything published in this subject since Darwin's

time! In general, there are only a few papers that showed actual defense from herbivory by

plant movement.

I have no conflict of interests, and I don't know the authors.

(1) The most critical result of that paper is that the authors showed by blocking the leaflets

movements that insects attacked the disabled leaves much more than the ones that can fold

their leaflets. This is a wonderful demonstration of the defensive role of leaflet folding, arriving

after many decades of theoretical discussions (including mine).

(2) The use of CRISPER for disabling plant movement will show the way to many other

scientists not only in arresting leaflet movement, but in many other types of functions. The use

of chemical blockers to arrest leaflet movement is also impressive and very innovative

concerning anti-herbivory defense. This paper opens new avenues. I hope that the authors will

do the same with Desmodium motorium (the Indian telegraph plant) that I discussed

theoretically.

(3) From the above, it is clear that the paper is first class in originality. It is exciting to read it,

and to think about many potential studies that can and will follow, and not only in defensive

plant movements. They are the first, and I cannot compare it to other papers in defensive plant

biology.

(4) The work supports the conclusions. The methods are excellent/brilliant and can be

reproduced. There is nothing that is not OK, and I have only several small suggestions about

the wording that I will list below.



(5) As usual, my name Simcha Lev-Yadun should be revealed to the authors.

I suggest changing several words.

&B' I suggest to change line 113 to: .....leaves that did not respond to wounding or touch.....

MT eTah \dRW cWP]Z cWT aTeXTfTa U^a cWXb bdVVTbcX^]+ MT WPeT R^aaTRcTS cWT \PX] cTgc Pb

bdVVTbcTS+

Revised main text: Page 4: lK^ PbZ XU cWTbT aP_XS \^eT\T]cb S^ X]STTS bTaeT Pb P STUT]bT

aTb_^]bT c^ f^d]SX]V Qh X]bTRc WTaQXe^ah) fT dbTS DP0(*caTPcTS [TPeTb cWPc SXS ]^c aTb_^]S

c^ f^d]SX]V ^a c^dRW &?XV+ 0P) Q) >gcT]STS =PcP ?XV+ 4) >gcT]STS =PcP ?XV+ 5P) Q'+m

&BB' I suggest to change line 115 to: ....more than on the control leaves.....treated leaves lost

38.0%...

:VPX]) fT cWP]Z cWT aTeXTfTa U^a cWXb bdVVTbcX^]+ MT WPeT aTeXbTS cWT \PX] cTgc Pb

bdVVTbcTS+

Revised main text: Pages 4–5: l@aPbbW^__Ta WTaQXe^aTb bcPhTS P]S UTS ^] cWT DP0(*

caTPcTS [TPeTb \^aT cWP] ^] cWT R^]ca^[ [TPeTb &?XV+ 0S'+ DP0(*caTPcTS [TPeTb [^bc 05+-% X]

fTXVWc PUcTa cWXb UTTSX]V PbbPh) fWXRW fPb /*U^[S WXVWTa R^]bd\_cX^] cWP] cWPc ^U cWT

R^]ca^[ [TPeTb N.6+-% &n 9 .1 TPRW'8 ?XV+ 0UO+m

&BBB' I suggest to change in line 133 the word Thus" with "Since"

MT WPeT aTeXbTS cWT \PX] cTgc Pb U^[[^fb+

Revised main text: Page 5: lKWXb TUUTRc fPb ]^c [X\XcTS c^ VaPbbW^__Tab bX]RT fT P[b^

dbTS P VT]TaP[Xbc RPcTa_X[[Pa P]S ^QcPX]TS bX\X[Pa aTbd[cb &>gcT]STS =PcP ?XV+ ./QkT'+m

&BL' I suggest to change line 151 to: .....of the phytohormones ethylene and jasmonate.....

MT cWP]Z cWT aTeXTfTa U^a cWXb bdVVTbcX^]+ MT WPeT aTeXbTS cWT \PX] cTgc PRR^aSX]V[h P]S

RXcTS aT[TeP]c aTUTaT]RTb+

Revised main text: Page 5: lH[P]cb PRcXePcT [^RP[ P]S bhbcT\XR STUT]bT aTb_^]bTb fXcWX]

\X]dcTb c^ W^dab ^U X]bTRc R^]cPRc) f^d]SX]V) ^a WTaQXe^ah) T+V+) cWa^dVW _a^SdRcX^] ^U cWT

_Whc^W^a\^]Tb TcWh[T]T P]S YPb\^]PcT) _aX\X]V ]^]*SP\PVTS aTVX^]b c^ \^d]c _aT*



T\_cXeT STUT]bTb.5*/.+m

Sincerely,

Dr. Simcha Lev-Yadun, Professor

Department of Biology & Environment, Faculty of Natural Sciences, University of Haifa-

Oranim, Tivon 36006, Israel

Reviewer #4:

The movements of M. Pudica continue to fascinate plant biologists. Much early literature has

investigated the role of electrical signaling and Ca2+ in leaf movements in this plant. The

current manuscript by Hagihara et al. applies (for the first time to my knowledge) the tools of

molecular genetics to investigate the roles of stimulus-induced leaf movements in M. pudica.

In these experiments, the authors generated M. pudica plants that lack functional pulvini and

therefore lack the ability to move when touched or wounded. To do that they cleverly targeted

and mutated LOB domain transcription factors known to be necessary for pulvinus formation

in other members of the Fabaceae. This revealed that the leaves of these plants were eaten

more quickly by insects than those of the wild type. This finding is perhaps the most innovative

part of this manuscript.

In other experiments Hagihara et al. investigated the role of Ca2+ signaling in leaf movement.

To do this M. pudica was transformed (again for the first time to my knowledge) with GCaMP6f.

The overall findings are that pulvinar Ca2+ increases occur prior to leaflet movements. The

new Ca2+ data go well beyond what has been published previous with non-transgenic

approaches since they have high temporal resolution. However, data from parallel

pharmacological experiment seem to be over-interpreted. This leads to statements that imply

causality rather than correlation. Also, some important background and methods details are

lacking. Overall, the manuscript is clearly written, but it gives the impression of being a mixture

of different objectives (defense, calcium signaling, wounding, cold treatments and

pharmacological experiments) that are not always linked well in the text. The videos are

spectacular and are a useful addition-especially those showing simultaneous Ca2+ and

electrical recordings.

Major points

.+ For each CRISPR-Cas9 line the authors show two mutated sequences (Extended data Figure

10). The authors cite reference 26 in the Methods section, but are they sure (given the common

diversity of ploidy levels in Mimosa species) that the plants they used were tetraploid? The



authors should state clearly how many ELP1B genes there are in the plants they used and

whether all copies of each gene were mutated.

MT eTah \dRW cWP]Z cWT aTeXTfTa U^a cWXb bdVVTbcX^]+ JT`dT]RX]V aTbd[cb ^U ELP1B1 P]S

ELP1B2 bW^fTS SdP[ _TPZ _a^UX[Tb) bdVVTbcX]V cWPc TPRW VT]T WPb cf^ P[[T[Tb+ KWT SPcP

SXb_[PhTS X] ]Tf >gcT]STS =PcP ?XV+ 6 P]S .- PaT R^]bXbcT]c fXcW cWT XSTP cWPc M. pudica

Xb cTcaP_[^XS/3+ MT WPeT PSSTS cWT bT`dT]RX]V SPcP U^a ELP1B VT]Tb &new >gcT]STS =PcP

?XV+ 6' P]S \^SXUXTS cWT >gcT]STS =PcP ?XV+ .- c^ P]bfTa cWTbT `dTbcX^]b+

Revised Extended Data Fig. 9: lExtended Data Fig. 9 | Sequencing chromatograms

of ELP1B1 and ELP1B2 genes. @T]^\XR =F:b fTaT ^QcPX]TS Ua^\ fX[S*ch_T M. pudica

&MK' ^a K- U^d]STab ^U cWT <IBJHI,<Pb6 caP]bVT]XR [X]Tb ^U 5 X]ST_T]ST]c ^aXVX]b &$.k3

P]S $5k6'+ =PbWTS [X]Tb X]SXRPcT cWT _^bXcX^] ^U <Pb6 R[TPePVT+ :aa^fWTPSb X]SXRPcT P

SXbRaX\X]PcXeT ]dR[T^cXST QTcfTT] ELP1B1 P]S ELP1B2 VT]Tb) fWXRW T]bdaTS b_TRXUXR

H<I P\_[XUXRPcX^] ^U TPRW bX]V[T VT]T+ =dP[ _TPZ _a^UX[Tb STcTRcTS X] caP]bVT]XR U^d]STab

bdVVTbc cWT _aTbT]RT ^U cf^ P[[T[Tb U^a TPRW VT]T+ JXV]TS ]d\QTab X] cWT d__Ta aXVWc ^U

TPRW RWa^\Pc^VaP\ X]SXRPcT cWT bXiTb ^U X]ST[b+ Bc R^d[S ]^c QT SXbcX]VdXbWTS fWTcWTa cWT

P__PaT]c bX]V[T _a^UX[T) U^a TgP\_[T X] ELP1B1 ^U $.) Xb PbRaXQTS c^ cWT bP\T \dcPcX^] X]

cWT cf^ P[[T[Tb ^a c^ P _^bbXQ[T UPX[daT ^U H<I P\_[XUXRPcX^] RPdbTS Qh P [PaVT VT]^\XR

ST[TcX^]+m

/+ Key experiments use EGTA or La3+ treatments to block Ca2+ signaling. These treatments

block leaf movements and cytosolic Ca2+ increases. The authors conclude (lines 66, 67) that

cytosolic calcium increases in the pulvinus cause rapid movements. However, correlation is not

causation. La3+ (50 mM) or EGTA treatments are expected to block much of a cell’s function.

The authors can only conclude that blocking cytosolic calcium signaling correlates with

inhibiting leaf movements.

MT cWP]Z cWT aTeXTfTa U^a cWXb bdVVTbcX^]+ MT WPeT aTeXbTS cWT cTgc PRR^aSX]V[h+

Revised main text: Page 3: lKWTaTU^aT) P N<P/(ORhc X]RaTPbT X] cWT _d[eX]db Xb R^aaT[PcTS

fXcW aP_XS [TPU \^eT\T]c+m

0+ Lines 92-100. The cold treatments don’t seem to fit in with the rest of the paper which

concentrates on wounding and herbivory. If the cold treatment data is left in it should be better

integrated in the text. For example, ED Figure 3 uses cold water treatments to separate APs

and VPs. Do leaf movements still take place under the authors conditions? I think this is already

known and the authors should check reference 4. If not, they should relate their data for



bimodal Ca2+ peaks and electrical signals seen after wounding (Figure 2) to the cold water

experiments. Is only the AP necessary for leaf movement under their conditions? How are the

cold treatments related to herbivory and defense?

MT cWP]Z cWT aTeXTfTa U^a aPXbX]V cWXb X\_^acP]c _^X]c+ MT WPeT aT\^eTS bT]cT]RTb P]S

SPcP Pbb^RXPcTS fXcW R^[S caTPc\T]c P]S cWT aTUaPRc^ah _TaX^S QTRPdbT cWTbT SPcP SXS ]^c

P[XV] fXcW cWT \P]dbRaX_c+ K^ VPX] STT_ X]bXVWcb X]c^ cWT SXbcX]Rc T[TRcaXRP[ bXV]P[b :H P]S

LH) fT _TaU^a\TS PSSXcX^]P[ Tg_TaX\T]cb ^] cWT c^dRW aTb_^]bT &]Tf ?XV /' Pb _aTbT]cTS

X] cWT B]ca^SdRcX^] bTRcX^] P]S ?XV+ .P+ MT P[b^ SXbRdbbTS cWT _^cT]cXP[ SXUUTaT]c a^[Tb ^U

c^dRW P]S f^d]S*X]SdRTS <P/(,T[TRcaXRP[ bXV]P[X]V X] \^cX^]*QPbTS STUT]bT c^ QTccTa

X]cTVaPcT cWT c^dRW aTb_^]bT SPcP X]c^ cWT \P]dbRaX_c+

Revised main text: Page 4: lJX]RT ]^]*f^d]SX]V bcX\d[X caXVVTa ^][h P] :H4 P]S

\TRWP]XRP[ f^d]SX]V VT]TaPcTb Q^cW P] :H P]S LH _a^_PVPcX]V X] P aPRWX[[P c^fPaS cWT

_d[eX]db2) fT X]eTbcXVPcTS cWT b_PcX^cT\_^aP[ aT[PcX^]bWX_ QTcfTT] N<P/(ORhc caP]b\XbbX^]

P]S cWT T[TRcaXRP[ bXV]P[b+ K^dRWX]V P _X]]P cX_ Te^ZTS bX]V[T*_TPZ N<P/(ORhc bXV]P[ P]S :H

fXcW [TPU[Tc \^eT\T]cb X] P aPRWX[[P &?XV+ /T) V) X) >gcT]STS =PcP KPQ[T .'+ M^d]SX]V P

[TPU[Tc caXVVTaTS _a^_PVPcX^] ^U QX\^SP[ N<P/(ORhc P]S T[TRcaXRP[ bXV]P[b R^]bXbcX]V ^U P] :H

P]S LH &cWT UXabc P]S bTR^]S _TPZb) aTb_TRcXeT[h' X] P aPRWX[[P &?XV+ /U) W) Y) >gcT]STS =PcP

?XV+ 1) Jd__[T\T]cPah E^eXT 5'+ KWT c^dRW*X]SdRTS N<P/(ORhc bXV]P[ P]S :H _a^_PVPcTS ^]

cWT aPRWX[[P Pc 2+54 j -+42 P]S 2+2/ j -+10 \\,b) aTb_TRcXeT[h &>gcT]STS =PcP KPQ[T .'+

KWT f^d]S*X]SdRTS N<P/(ORhc bXV]P[ P]S :H caP]b\XccTS ^] cWT aPRWX[[P Pc 1+.0 j -+12 P]S

1+/4 j -+1. \\,b) aTb_TRcXeT[h &>gcT]STS =PcP KPQ[T .'+m

lE^aT^eTa) X] R^]caPbc c^ cWT R^]ca^[ Tg_TaX\T]cb &>gcT]STS =PcP ?XV+ 2P) Q) T) U) >gcT]STS

=PcP ?XV+ 3P) Q) T) U) Jd__[T\T]cPah E^eXTb 6) .-) .0) .1') DP0( P]S >@K: _aTcaTPc\T]cb

X]WXQXcTS cWT QXSXaTRcX^]P[ _a^_PVPcX^] ^U cWT N<P/(ORhc X]RaTPbTb P]S :Hb,LHb &>gcT]STS

=PcP ?XV+ 2R) S) V) W) >gcT]STS =PcP ?XV+ 3R) S) V) W) Jd__[T\T]cPah E^eXTb ..) ./) .2) .3')

bdVVTbcX]V cWPc cWT [^]V*SXbcP]RT caP]b\XbbX^] ^U <P/( RWP]VTb Xb b_PcX^cT\_^aP[[h R^d_[TS

fXcW cWT :H P]S LH) caXVVTaX]V aP_XS [TPU \^eT\T]cb X] c^dRWTS ^a f^d]STS M. pudica+m

Revised main text: Pages 5–6: lK^dRW caXVVTaTS P bX]V[T*_TPZ N<P/(ORhc RWP]VT P]S :H X]

cWT aPRWX[[P) bT`dT]cXP[[h X]SdRX]V N<P/(ORhc X]RaTPbTb Pc _d[eX]X P]S bdQbT`dT]c [TPU[Tc

\^eT\T]cb &?XV+ .P) R) T) ?XV+ /T) X'+ KWdb) M. pudica \XVWc bT]bT WTaQXe^aT R^]cPRcb c^

PRcXePcT \^cX^]*QPbTS STUT]bTb QTU^aT [TPeTb PaT SP\PVTS) Qdc [TPU[Tc \^eT\T]cb PaT

aTbcaXRcTS fXcWX] cWT c^dRWTS _X]]P QTRPdbT cWT :H RP]]^c _a^_PVPcT ^eTa cWT bTR^]SPah

_d[eX]db c^fPaS SXbcP]c _X]]PT4+ M^d]SX]V T[XRXcb P LH cWPc RP] _Pbb cWa^dVW _aX\Pah P]S

bTR^]SPah _d[eX]X2)4) caXVVTaX]V STUT]bTb X] Q^cW cWT [^RP[ P]S bhbcT\XR [TPeTb+m



Revised Fig. 2: le) f JX\d[cP]T^db aTR^aSX]V ^U N<P/(ORhc X]RaTPbTb &hT[[^f Paa^fWTPS' P]S

T[TRcaXRP[ bXV]P[b P]S [TPU[Tc \^eT\T]cb &aTS Paa^fWTPS' RPdbTS Qh c^dRW &e' ^a f^d]SX]V

&f' Pb X]SXRPcTS Qh fWXcT Paa^fb &- b'+ g) h >[TRca^STb &T. P]S T/) Q[dT aTRcP]V[Tb' P]S IGBb

&aTS Paa^fb) . \\ Ua^\ cWT T[TRca^STb' fTaT bTc ^] cWT aPRWX[[P U^a bdaUPRT _^cT]cXP[

\TPbdaT\T]c P]S N<P/(ORhc P]P[hbXb) aTb_TRcXeT[h+ : _PXa ^U [TPU[Tcb fPb ]d\QTaTS Ua^\ cWT

QPbT ^U P _X]]P+ KWT cX_ ^U P [TPU _X]]P fPb c^dRWTS Qh U^aRT_b &g') ^a [TPU[Tc ]d\QTa ./

fPb f^d]STS fXcW SXbbTRcX]V bRXbb^ab &h) M'+ i) j <WP]VTb X] N<P/(ORhc P]S bdaUPRT _^cT]cXP[

X] aTb_^]bT c^ c^dRW &i' ^a f^d]SX]V &j' &R^[^ab Pb ST_XRcTS X] g ^a h'+m

Other points

Line 54 ‘To determine how’… Here, since the authors do not generate mechanistic insights, it

would be more realistic to write ‘To determine whether…’

MT cWP]Z cWT aTeXTfTa U^a cWXb bdVVTbcX^]+ MT WPeT aTeXbTS cWT \PX] cTgc PRR^aSX]V[h+

Revised main text: Page 3: lK^ STcTa\X]T fWTcWTa aP_XS \^eT\T]cb \XVWc QT aTVd[PcTS

Qh <P/( P]S T[TRcaXRP[ bXV]P[b) fT RaTPcTS caP]bVT]XR M. pudica Tg_aTbbX]V cWT VT]TcXRP[[h

T]R^STS <P/( X]SXRPc^a @<PEH3U.3 P]S eXbdP[XiTS cWT b_PcX^cT\_^aP[ Sh]P\XRb ^U cWT

Rhc^b^[XR <P/( R^]RT]caPcX^] &N<P/(ORhc' X] aTP[ cX\T+m

Lines 96, 97. The text, which relates to Extended Data Figure 5c and 5d, is not clear to me.

Figure 5c implies that consecutive cold treatments on the same sample plant were used to

estimate refractory periods. In Figure 5c, after an initial cold-induced AP the next event is

produced after 2, plus 3 min, plus 4 min, plus 5.3 min (= 14.3 min). It is usual to establish

refractory periods with a single time interval between the first and last could treatment.

:b bcPcTS X] cWT aTb_^]bT c^ _^X]c 0) fT WPeT aT\^eTS bT]cT]RTb P]S SPcP aT[PcTS c^ R^[S

caTPc\T]c P]S cWT aTUaPRc^ah _TaX^S+

Lines 110, 111 The authors cite three references for the putative antiherbivore defense role of

leaf movements in M. pudica. Please note that this idea greatly pre-dates the references cited.

The authors should cite reference 2 (Bose, 1926) here.

MT P_^[^VXiT U^a cWXb ^eTabXVWc+ MT WPeT R^aaTRcTS cWT cTgc PRR^aSX]V[h+

Revised main text: Page 3: l:[cW^dVW ]d\Ta^db bcdSXTb WPeT Pbbd\TS _WhbX^[^VXRP[



a^[Tb ^U cWTbT aP_XS \^eT\T]cb) T+V+) QTX]V d]]^cXRTS PVPX]bc cWT SPaZ Va^d]S/) bcPac[X]V

X]bTRcb..) Tg_^bX]V cW^a]b./) P]S VXeX]V cWT P__TPaP]RT ^U P [Tbb e^[d\X]^db \TP[.0) R[TPa

TeXST]RT bd__^acX]V cWTbT cWT^aXTb cWdb UPa S^Tb ]^c TgXbc+m

Fig. 2c The number of replicates should be given. There is no visible error envelope for the

leaflet vein data. Is this because few replicates were used?

MT P_^[^VXiT U^a cWT ^eTabXVWc+ :b P[b^ Tg_[PX]TS c^ ITeXTfTa $.) cWT ]d\QTa ^U aT_[XRPcTb

fPb b\P[[+ KWTaTU^aT) fT aT_TPcTS cWT Tg_TaX\T]cb P]S d_SPcTS cWT SPcP &?XV+ /) >gcT]STS

=PcP ?XV+ /) 0) 2) 3 P]S ..) P]S >gcT]STS =PcP KPQ[T.'+ MT WPeT X]R[dSTS cWT ]d\QTa ^U

aT_[XRPcTb X] cWT UXVdaT [TVT]S+ MT WPeT P[b^ PSSTS P] Tg_[P]PcX^] U^a fWh cWT u?,?- RdaeTb

fTaT cTa\X]PcTS Pc cWT cX\T _^X]cb QTU^aT cWT T]S ^U cWT VaP_W+

Revised Fig. 2: lc) d N<P/(ORhc RWP]VTb \^]Xc^aTS X] cWT M) L) H &c) n 9 3') P]S I aTVX^]b

&d) n 9 .-'+ KWT u?,?- RdaeTb fTaT cTa\X]PcTS Pc cWT cX\T _^X]cb Pc fWXRW IGBb ^] M ^a L

R^d[S ]^c QT caPRTS QTRPdbT ^U [TPU[Tc \^eT\T]cb+m

Fig. 2d The number of replicates should be given.

MT P_^[^VXiT U^a cWXb ^eTabXVWc+ MT WPeT PSSTS cWT ]d\QTa ^U aT_[XRPcTb X] cWT UXVdaT

[TVT]S Pb _aTeX^db[h X]SXRPcTS+

Extended data Fig. 10 The authors should give the exact positions of the mutations relative to

the predicted transcription start sites.

MT P_^[^VXiT U^a cWXb ^eTabXVWc+ MT WPeT PSSTS cWT TgPRc _^bXcX^]b ^U cWT \dcPcX^]b

aT[PcXeT c^ cWT caP]b[PcX^] bcPac bXcTb &>gcT]STS =PcP ?XV+ .-' QTRPdbT Xc Xb SXUUXRd[c c^

STcTa\X]T cWT caP]bRaX_cX^] bcPac bXcTb _aTRXbT[h+ MT WPeT P[b^ PSSTS cWT STSdRTS P\X]^

PRXS bT`dT]RTb ^U cWT aT\]P]c >DH.; _a^cTX]b X] >gcT]STS =PcP ?XV+ .-+

Revised Extended Data Fig. 10: lb HPXafXbT P[XV]\T]c ^U >DH.;. P]S >DH.;/ _a^cTX]b+

:\X]^ PRXS aTbXSdTb R^]bTaeTS QTcfTT] cWT bT`dT]RTb PaT WXVW[XVWcTS fXcW P Q[PRZ

QPRZVa^d]S+ c =TSdRTS P\X]^ PRXS bT`dT]RTb ^U aT\]P]c >DH.; _a^cTX]b X] elp1b1elp1b2

S^dQ[T \dcP]cb+ B] K- U^d]STa $.) P[[ STcTRcTS \dcPcX^]b fTaT Tg_TRcTS c^ RPdbT UaP\TbWXUc

P]S cad]RPcX^] ^U cWT VT]T _a^SdRcb+ B] K- U^d]STa $5) 0 ^U 1 P[[T[Tb WPS P 0*Q_ ST[TcX^])

fWXRW S^Tb ]^c RPdbT UaP\TbWXUc P]S ^][h PUUTRcb . ^a / R^S^]b Pa^d]S cWT \dcPcX^]+m

Extended data Fig. 13 This figure does not seem to fit in with any other results or observations



and could be removed. Hairs on petioles seem irrelevant here since the authors look at damage

to leaflet on rachillae. The elp1b mutants are still likely to be hairy and, in any case many other

factors could determine the defenses of leaves.

MT cWP]Z cWT aTeXTfTa U^a cWXb bdVVTbcX^]+ MT WPeT aT\^eTS cWT bT]cT]RTb) SPcP) P]S P

aTUTaT]RT Pbb^RXPcTS fXcW WPXab Pb bdVVTbcTS+

In the Methods section the text needs improvement:

Line 337 ‘was a bit complicated’ should be removed

Line 391 ‘threes’

Line 454 ‘were recovered in ECF’. What does ‘recovered’mean here?

MT P_^[^VXiT U^a cWTbT ^eTabXVWcb+ MT WPeT aTeXbTS cWTbT bT]cT]RTb PRR^aSX]V[h+

Revised Methods text: Pages 16–17: lKWT T]cXaT R^]bcadRcX^] _a^RTSdaT ^U cWXb eTRc^a

aTU[TRcb P bTaXTb ^U \^SXUXRPcX^]b U^a Ud]RcX^]P[ X\_a^eT\T]c+m

Revised Methods text: Page 18: lKWTbT cWaTT UaPV\T]cb fTaT X]R^a_^aPcTS X]c^ cWT AgeBk

NheB bXcT ^U _J;..<:J..*>DH.: c^ aT_[PRT cWT VdXST IF: RPbbTccT+m

Revised Methods text: Page 20: lKWT [TPU b_TRX\T]b fTaT caTPcTS Pb STbRaXQTS X] cWT

<P/( X\PVX]V bTRcX^] dbX]V ><? X]bcTPS ^U fPcTa+m



Reviewer #1 (Remarks to the Author): 

I'd like to thank the Authors for their time in responding to my queries and considering my 

feedback. All of my concerns and suggestions (as well as the other reviewers) have been 

satisfactorily addressed by the authors. Additional material and a full description of the 

experiments have been added to the text by the authors, which has improved the clarity of the 

paper. This is an important addition to the "in vivo" calcium signaling research in plants and it will 

be beneficial to plant physiology and plant-herbivore interaction research. However, I do have one 

concern that needs clarification. 

This paper shows the involvement of cytosolic Ca2+ in M. pudica plant rapid movement in 

response to herbivory. By using EGTA to chelate Ca2+ ions, the authors show that the suppression 

of cytosolic Ca2+ affects the process. However, EGTA is not membrane permeable, and the 

charges in EGTA prevent the chelator from entering the cytoplasm and chelating cytosolic Ca2+. 

Thus, the reduction of Ca2+ propagation in M. pudica leaves by EGTA implies that extracellular 

Ca2+ is involved in rapid movement and the plant's defensive responses. However, prior research 

has demonstrated that the interaction of plasma membrane and vacuolar ion channels causes 

rapid increases in cytosolic calcium in response to herivory (Vincent et al. Plant Cell. 2017 6:1460-

1479). Therefore the author needs to justify whether EGTA effectively chelates both cytosolic and 

apoplastic Ca2+. This is especially important since the author used 5 hours with 50 mM EGTA, and 

this long incubation time might induce off-target effects. 

To address this issue, the authors could use acetoxymethyl ester forms of the chelators EGTA-AM 

to completely chelate both cytosolic and apoplastic Ca2+. Using this membrane-permeable EGTA-

AM version would reduce the incubation time and improve the reliability of this experimental 

design. 

Apart from this concern, the author's work provides a great deal of interesting information and 

insight into plant defense development. 

Reviewer #4 (Remarks to the Author): 

My comments on the first submission, including those concerning replication and the number of 

ELPB1 genes in Mimosa pudica have been addressed. The authors have produced an original and 

innovative paper on leaf movements in this plant. Hagihara et al. show that cytosolic Ca2+ levels 

increase in and near pulvini in response to touch, wounding and insect damage and that this is 

coupled to electrical signaling. By generating plants lacking pulvini, Hagihara et al. demonstrate 

the role of leaf movements in plant defense. The videos that accompany the manuscript are 

spectacular. 

Minor point that should be corrected 

Concerning lines 183-184: formally, GLRs are not Ca2+ channels. 

Instead of '...ligand-gated Ca2+ channels..' it would be more correct to write '...ligand-gated ion 

channels..'



COZVc ^Y CO`SOaO\]

HO K\O Q\K^OP_V ^Y ^RO \O`SOaO\] PY\ ^ROS\ OXMY_\KQSXQ MYWWOX^] KXN ^RY_QR^P_V \O`SOa] ^RK^

ROVZON _] ]SQXSPSMKX^Vc SWZ\Y`O Y_\ WKX_]M\SZ^) HO RK`O KNN\O]]ON KVV ^RO ZYSX^] \KS]ON' KXN

]ZOMSPSM \O]ZYX]O] PY\ OKMR [_O\c K\O NO^KSVON LOVYa2

Reviewer #1 (Remarks to the Author):

I'd like to thank the Authors for their time in responding to my queries and considering my

feedback. All of my concerns and suggestions (as well as the other reviewers) have been

satisfactorily addressed by the authors. Additional material and a full description of the

experiments have been added to the text by the authors, which has improved the clarity of the

paper. This is an important addition to the "in vivo" calcium signaling research in plants and

it will be beneficial to plant physiology and plant-herbivore interaction research. However, I

do have one concern that needs clarification.

This paper shows the involvement of cytosolic Ca2+ in M. pudica plant rapid movement in

response to herbivory. By using EGTA to chelate Ca2+ ions, the authors show that the

suppression of cytosolic Ca2+ affects the process. However, EGTA is not membrane permeable,

and the charges in EGTA prevent the chelator from entering the cytoplasm and chelating

cytosolic Ca2+. Thus, the reduction of Ca2+ propagation in M. pudica leaves by EGTA implies

that extracellular Ca2+ is involved in rapid movement and the plant's defensive responses.

However, prior research has demonstrated that the interaction of plasma membrane and

vacuolar ion channels causes rapid increases in cytosolic calcium in response to herivory

(Vincent et al. Plant Cell. 2017 6:1460-1479). Therefore the author needs to justify whether

EGTA effectively chelates both cytosolic and apoplastic Ca2+. This is especially important

since the author used 5 hours with 50 mM EGTA, and this long incubation time might induce

off-target effects.

To address this issue, the authors could use acetoxymethyl ester forms of the chelators EGTA-

AM to completely chelate both cytosolic and apoplastic Ca2+. Using this membrane-

permeable EGTA-AM version would reduce the incubation time and improve the reliability of

this experimental design.

Apart from this concern, the author's work provides a great deal of interesting information and

insight into plant defense development.

HO ^RKXU ^RO \O`SOaO\ PY\ ^RS] ]_QQO]^SYX) HO ZO\PY\WON KNNS^SYXKV ObZO\SWOX^] ^Y KNN\O]]

^RS] M\S^SMKV [_O]^SYX) ;S`OX ^RK^ ]_PPSMSOX^ 9;E5(5@ aK] _XK`KSVKLVO' aO _]ON 65BE5(



5@' ^YQO^RO\ aS^R 9;E5' ^Y MROVK^O LY^R Mc^Y]YVSM KXN KZYZVK]^SM 7K-&) EY \ON_MO ^RO

SXM_LK^SYX ^SWO' aO ^\OK^ON ^RO]O MROVK^Y\] ^Y ^RO \KMRSVVKO KXN ]RY\^OXON ^RO SXM_LK^SYX

^SWO ^Y +)/ R) =X ^RS] XOa MYXNS^SYX' ^RO VYXQ(NS]^KXMO ^\KX]WS]]SYX YP 7K-& KXN OVOM^\SMKV

]SQXKV] SX \KMRSVVKO aK] XY^ ^\SQQO\ON Lc aY_XNSXQ3 RYaO`O\' ^RO]O ]SQXKV] aO\O PY_XN SX

MYX^\YV) ERO]O NK^K ]_ZZY\^ Y_\ WYNOV ^RK^ ^RO I7K-&JMc^ MRKXQO] MY_ZVON aS^R OVOM^\SMKV

]SQXKV] KM^ K] ^RO VYXQ(NS]^KXMO ]SQXKV ^\SQQO\SXQ VOKP WY`OWOX^]) HO RK`O KNNON ^RO]O

NK^K SX XOa 9b^OXNON 8K^K :SQ) ,0 KXN \O`S]ON ^RO ^Ob^] K] PYVVYa])

Revised main text: Page 6: f:_\^RO\WY\O' aO ^\OK^ON WOWL\KXO(ZO\WOKLVO Mc^Y]YVSM

7K-& MROVK^Y\ $65BE5 ^O^\KKMO^YbcWO^RcV O]^O\% ^YQO^RO\ aS^R 9;E5 ^Y ^RO \KMRSVVKO)

8O]ZS^O ^RO ]RY\^OXSXQ YP ^RO SXM_LK^SYX ZO\SYN ^Y +)/ R' aY_XNSXQ NSN XY^ SXN_MO ^RO VYXQ(

NS]^KXMO Z\YZKQK^SYX YP ^RO 7K-& KXN OVOM^\SMKV ]SQXKV] SX ^RO \KMRSVVKO $9b^OXNON 8K^K :SQ)

,0%) ERO\OPY\O' ^RO 7K-&*OVOM^\SMKV ]SQXKV KXN VOKPVO^ WY`OWOX^] K\O _XVSUOVc ^Y LO SXRSLS^ON

Lc ^RO KN`O\]O OPPOM^] YP ?K.& KXN 9;E5' ]_ZZY\^SXQ Y_\ WYNOV ^RK^ ^RO I7K-&JMc^ MRKXQO]

MY_ZVON aS^R ^RO OVOM^\SMKV ]SQXKV] KM^ K] ^RO VYXQ(NS]^KXMO ]SQXKV ^\SQQO\SXQ VOKP

WY`OWOX^])g

Revised Methods text: Page 21: f65BE5 ^O^\KKMO^YbcWO^RcV O]^O\ $65BE5(5@'

EYUcY 7ROWSMKV =XN_]^\c% aK] NS]]YV`ON SX 8@DA ^Y WKUO K ,++(W@ ]^YMU ]YV_^SYX)

ERO ]^YMU ]YV_^SYX aK] NSV_^ON ,++ ^SWO] _]SXQ ,+ W@ <9B9D ]YV_^SYX aS^R /+ W@

9;E5' KXN ^RO Z< aK] KNT_]^ON ^Y 1)+ _]SXQ >A< KXN <7V) BSXXKO aO\O S]YVK^ON P\YW

^RO VOK`O]' KXN LK]KV 1 VOKPVO^ ZKS\] aO\O \OWY`ON P\YW ^RO LK]O YP ^RO S]YVK^ON ZSXXKO ^Y

SX]O\^ ^RO ZSXXKO SX^Y ^RO ]YV_^SYX) ERO S]YVK^ON ZSXXKO aO\O SX]O\^ON SX^Y ,)/(W? ^_LO]

PSVVON aS^R aK^O\ ^R\Y_QR RYVO] YX ^RO VSN]' PSbON aS^R BK\KPSVW ^Y ^RO ^_LO]' KXN ZVKMON SX

KX SXM_LK^Y\ $?F(,,.' 9DB97% K^ -/µ Y`O\XSQR^) ERO ZSXXKO aO\O ^\KX]PO\\ON SX^Y B7C

^_LO] aS^R +). W? YP 9;E5 KXN 65BE5(5@' PSbON ^Y ^RO ^_LO] aS^R BK\KPSVW' KXN

^\OK^ON aS^R ^RO MROVK^Y\] _XNO\ aRS^O ?98 VSQR^ SX ^RO SXM_LK^Y\ K^ -/µ PY\ +)/ R) ERO

^\OK^ON ZSXXKO aO\O ^ROX Z_^ `SK RYVO] SX ^RO VSN] SX^Y ,)/(W? ^_LO] PSVVON aS^R ,+ W@

<9B9D $Z< aK] KNT_]^ON ^Y 1)+ aS^R >A< KXN <7V%' PSbON ^Y ^RO ^_LO] aS^R BK\KPSVW'

KXN WKSX^KSXON K^ KZZ\YbSWK^OVc -/µ PY\ WY\O ^RKX , R _XNO\ aRS^O ?98 SVV_WSXK^SYX)

D_L]O[_OX^Vc' ^RO 7K-& KXN OVOM^\SMKV ]SQXKV] aO\O WOK]_\ON $PY\ ZY]S^SYX] YP CA=] KXN

\OMY\NSXQ OVOM^\YNO]' ]OO 9b^OXNON 8K^K :SQ) ,0K%)g

Revised Extended Data Fig. 16: fExtended Data Fig. 16 | Co-treatment of EGTA and

BAPTA-AM to rachillae. a 9VOM^\YNO] $O, KXN O-' LV_O \OM^KXQVO]% KXN CA=] $\ON K\\Ya]'

, WW P\YW ^RO OVOM^\YNO]% aO\O ]O^ YX K \KMRSVVK PY\ ]_\PKMO ZY^OX^SKV WOK]_\OWOX^] KXN

I7K-&JMc^ KXKVc]S]' \O]ZOM^S`OVc) 5 ZKS\ YP VOKPVO^] aK] X_WLO\ON P\YW ^RO LK]O YP K ZSXXK)

H' aY_XNSXQ) b' c HY_XNSXQ ^\SQQO\] 7K-& KXN OVOM^\SMKV ]SQXKV] SX ^RO \KMRSVVK ^\OK^ON aS^R



MYX^\YV ]YV_^SYX PY\ +)/ R $b%' L_^ XY^ SX ^RO \KMRSVVK ^\OK^ON aS^R /+ W@ 9;E5 KXN e, W@

65BE5(5@ PY\ +)/ R $c%) COZ\O]OX^K^S`O NK^K K\O NS]ZVKcON $b' n 4 /3 c' n 4 0%)g

Reviewer #4 (Remarks to the Author):

My comments on the first submission, including those concerning replication and the number

of ELPB1 genes in Mimosa pudica have been addressed. The authors have produced an

original and innovative paper on leaf movements in this plant. Hagihara et al. show that

cytosolic Ca2+ levels increase in and near pulvini in response to touch, wounding and insect

damage and that this is coupled to electrical signaling. By generating plants lacking pulvini,

Hagihara et al. demonstrate the role of leaf movements in plant defense. The videos that

accompany the manuscript are spectacular.

Minor point that should be corrected

Concerning lines 183-184: formally, GLRs are not Ca2+ channels.

Instead of '...ligand-gated Ca2+ channels..' it would be more correct to write '...ligand-gated

ion channels..'

HO KZYVYQSdO PY\ ^RS] Y`O\]SQR^) HO RK`O \O`S]ON ^RO WKSX ^Ob^ K] ]_QQO]^ON)

Revised main text: Page 7: fDSXMO GB] K\O \OVK^ON ^Y ^RO MROWSMKV] \OVOK]ON _ZYX

aY_XNSXQ KXN ^\KX]ZY\^ON ^R\Y_QR ^RO bcVOW,'.+' VSQKXN(QK^ON SYX MRKXXOV]' O)Q)'

GLUTAMATE RECEPTOR-LIKE PKWSVc' WSQR^ LO SX`YV`ON SX M. pudicah] GB.,)g



Reviewer #1 (Remarks to the Author): 

All of my concerns are addressed satisfactorily by the authors. This study will have a significant 

impact on the field, and provides an insightful perspective on how mimosa pudica uses calcium in 

addition to electral signalling to mediate responses to stimuli.


