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Abstract 47 

Calmodulin-like proteins (CaM-like; CML) are the largest family of calcium-binding proteins in 48 

plants, yet the functions of most CMLs are unknown. Arabidopsis CML13 and CML14 are 49 

closely related paralogs that interact with the isoleucine-glutamine (IQ) domains of myosins, 50 

IQ-domain (IQD) proteins, and CaM-activated transcription factors (CAMTAs). Here, we 51 

explored the physiological roles of CML13 and CML14 during development by using 52 

dexamethasone-inducible RNA silencing to suppress either CML13 or CML14 transcript 53 

levels. In the absence of inducible suppression, CML13- and CML14-RNA-interference lines 54 

were indistinguishable from WT plants throughout development. In contrast, induction of 55 

silencing treatment led to rapid increases in RNA-hairpin production that correlated with a 56 

targeted reduction in CML13 or CML14 transcript levels and a range of developmental and 57 

morphological effects. RNA suppression treatment did not impair the germination of CML13- 58 

or 14-RNA-interference lines, but these seedlings were chlorotic, displayed high mortality, 59 

and failed to achieve seedling establishment. Induced RNA suppression of mature plants led 60 

to reduced silique length, shorter roots, and rapid leaf senescence in CML13- and 14-RNA-61 

interference plants. Plants induced for RNA suppression at 2 weeks post-germination 62 

exhibited a much stronger phenotype than treatment of 3-, 4-, or 5-week-old plants. 63 

Collectively, our data indicate that both CML13 and CML14 are essential for normal 64 

development and function across a broad range of tissues and developmental stages.     65 

 66 
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Introduction 70 

The importance of calcium (Ca2+) ions as second messengers during information processing 71 

in plants is well established (Berridge et al., 2000; Clapham, 2007; Luan and Wang, 2021). 72 

Complex Ca2+ signals are evoked by a breadth of abiotic and biotic stimuli and participate in 73 

the regulation of downstream responses corresponding to a given stimulus. Such Ca2+ 74 

signals are interpreted by Ca2+ sensor proteins, including the evolutionary-conserved and 75 

ubiquitous sensor, calmodulin (CaM) (Zhu et al., 2015). Ca2+ sensors propagate signals via 76 

direct interaction with downstream targets and are thus essential components of signaling 77 

cascades. The three main classes of Ca2+ sensors in plants include calmodulin (CaM) and 78 

CaM-like (CML) proteins, calcium-dependent protein kinases (CDPKs), and calcineurin B-79 

like proteins (CBLs) that pair with CBL-interacting protein kinases (CIPKs) (Luan and Wang, 80 

2021). These families are unique to plants and certain protists, and in Arabidopsis alone 81 

represent about a hundred putative Ca2+ sensors (Zhu et al., 2015). CDPKs and CBL-CIPK 82 

pairs serve as catalytic responders whereas CaMs and CMLs lack any catalytic activity and 83 

are thus viewed as relay sensors (Bender and Snedden, 2013; Yip Delormel and Boudsocq, 84 

2019; Tang et al., 2020). Regardless, all of these Ca2+ sensors are thought to function as 85 

regulatory proteins, and thus their functional context is largely defined by the identity and 86 

roles of their downstream targets. 87 

CMLs represent the largest family of Ca2+ sensors in plants with Arabidopsis 88 

possessing 7 CaMs and 50 CMLs (McCormack and Braam, 2003; Zhu et al., 2015). This 89 

impressive diversification arose early in the evolution of terrestrial plants, perhaps in 90 

response to the challenges of coping with changing environmental conditions as sessile 91 

organisms (Edel and Kudla, 2015; Edel et al., 2017). Indeed, the expression of many CMLs 92 

are induced by abiotic or biotic stress (McCormack and Braam, 2003; DeFalco et al., 2009; 93 

Zhu et al., 2015). Although the majority of CMLs remain uncharacterized and their functions 94 

unknown, reports have linked several family members to important physiological processes. 95 

Some examples include roles for CML37 and CML38 in biotic and abiotic response 96 

(Vanderbeld and Snedden, 2007; Scholz et al., 2014; Lokdarshi et al., 2016), CML39 in 97 

seedling establishment and development (Bender et al., 2013; Midhat et al., 2018), CML42 98 

in trichome development and herbivory response (Dobney et al., 2009; Vadassery et al., 99 

2012), CML8 in pathogen response (Zhu et al., 2017), and CML36 in calcium homeostasis 100 

(Astegno et al., 2017). Although there appears to be some functional redundancy, the 101 

phylogenetic expansion of CMLs likely reflects subspecialization among family members, 102 

and the genetic studies noted above, alongside comparative biochemical studies, support 103 

this hypothesis (Dobney et al., 2009; Tsai et al., 2013; La Verde et al., 2018b). 104 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted September 1, 2023. ; https://doi.org/10.1101/2023.08.30.555572doi: bioRxiv preprint 

https://paperpile.com/c/CfPJU0/R33J+Z9El+VHJh
https://paperpile.com/c/CfPJU0/R33J+Z9El+VHJh
https://paperpile.com/c/CfPJU0/R33J+Z9El+VHJh
https://paperpile.com/c/CfPJU0/jGnp
https://paperpile.com/c/CfPJU0/jGnp
https://paperpile.com/c/CfPJU0/jGnp
https://paperpile.com/c/CfPJU0/jGnp
https://paperpile.com/c/CfPJU0/jGnp
https://paperpile.com/c/CfPJU0/jGnp
https://paperpile.com/c/CfPJU0/KnoG+jGnp
https://paperpile.com/c/CfPJU0/KnoG+jGnp
https://paperpile.com/c/CfPJU0/KnoG+jGnp
https://paperpile.com/c/CfPJU0/KnoG+nEcQ+jGnp
https://paperpile.com/c/CfPJU0/KnoG+nEcQ+jGnp
https://paperpile.com/c/CfPJU0/KnoG+nEcQ+jGnp
https://paperpile.com/c/CfPJU0/KnoG+nEcQ+jGnp
https://paperpile.com/c/CfPJU0/KnoG+nEcQ+jGnp
https://paperpile.com/c/CfPJU0/KnoG+nEcQ+jGnp
https://paperpile.com/c/CfPJU0/hd9x+plVB+VNHM
https://paperpile.com/c/CfPJU0/hd9x+plVB+VNHM
https://paperpile.com/c/CfPJU0/hd9x+plVB+VNHM
https://paperpile.com/c/CfPJU0/hd9x+plVB+VNHM
https://paperpile.com/c/CfPJU0/hd9x+plVB+VNHM
https://paperpile.com/c/CfPJU0/feMW+yEYD
https://paperpile.com/c/CfPJU0/feMW+yEYD
https://paperpile.com/c/CfPJU0/feMW+yEYD
https://paperpile.com/c/CfPJU0/feMW+yEYD
https://paperpile.com/c/CfPJU0/feMW+yEYD
https://paperpile.com/c/CfPJU0/a60w+Z5eE
https://paperpile.com/c/CfPJU0/a60w+Z5eE
https://paperpile.com/c/CfPJU0/a60w+Z5eE
https://paperpile.com/c/CfPJU0/a60w+Z5eE
https://paperpile.com/c/CfPJU0/a60w+Z5eE
https://paperpile.com/c/CfPJU0/a60w+Z5eE
https://paperpile.com/c/CfPJU0/vlAy
https://paperpile.com/c/CfPJU0/vlAy
https://paperpile.com/c/CfPJU0/vlAy
https://paperpile.com/c/CfPJU0/BJWt
https://paperpile.com/c/CfPJU0/BJWt
https://paperpile.com/c/CfPJU0/BJWt
https://paperpile.com/c/CfPJU0/a60w+4k20+DSpb
https://paperpile.com/c/CfPJU0/a60w+4k20+DSpb
https://paperpile.com/c/CfPJU0/a60w+4k20+DSpb
https://paperpile.com/c/CfPJU0/a60w+4k20+DSpb
https://paperpile.com/c/CfPJU0/a60w+4k20+DSpb
https://paperpile.com/c/CfPJU0/a60w+4k20+DSpb
https://paperpile.com/c/CfPJU0/a60w+4k20+DSpb
https://paperpile.com/c/CfPJU0/a60w+4k20+DSpb
https://paperpile.com/c/CfPJU0/a60w+4k20+DSpb
https://doi.org/10.1101/2023.08.30.555572
http://creativecommons.org/licenses/by-nc-nd/4.0/


Among the seven subfamilies of CMLs in Arabidopsis, CML13 and its close paralog 105 

CML14 (96% identity) represent the sole members of subfamily three (McCormack and 106 

Braam, 2003; Zhu et al., 2015). CML13 and CML14 are unique in that they do not undergo a 107 

major conformational change in response to calcium binding (Vallone et al., 2016; Teresinski 108 

et al., 2023), a hallmark structural feature of typical calcium sensors. In CaM, and other 109 

CMLs studied to date, this structural rearrangement exposes hydrophobic regions important 110 

in target recognition and binding (La Verde et al., 2018a). Moreover, public transcriptome 111 

and proteome databases indicate that both CML13 and CML14 are among the most 112 

ubiquitously expressed members of the family, suggesting they may play an important role in 113 

a variety of cell types and tissues (Teresinski et al., 2023). 114 

 A recent study identified CML13 and CML14 as interactors of tandem IQ (isoleucine, 115 

glutamine) domain-containing proteins including members from the IQ67-Domain 116 

cytoskeletal scaffold family (IQDs), CaM-binding transcriptional activators (CAMTAs), and 117 

myosin motor-protein families (Teresinski et al., 2023). In the latter case, CML13 and CML14 118 

function as myosin light chains, and thus directly contribute to actin-myosin activity 119 

(Symonds et al., 2023). Collectively, the IQD, CAMTA, and myosin families cover a 120 

remarkable breadth of cell functions and are unrelated except for one structural feature, the 121 

presence of tandem IQ domains. Thus, as putative regulators of protein families that function 122 

in cytoskeletal organization, cell motility, and gene transcription, CML 13 and CML14 likely 123 

have important functions in vivo. However, there is a lack of genetic studies on the roles of 124 

these CMLs. Here, we explored the impact of reduced CML13 or CML14 transcript levels on 125 

plant morphology, growth, and development using an established, inducible RNA-126 

suppression approach (Zhuang et al., 2013; Jeon et al., 2015; Liu and Yoder, 2016). Our 127 

data indicate that reduced transcript levels of either CML13 or CML14 resulted in strong, 128 

pleiotropic phenotypes including impaired seedling establishment, seedling mortality, 129 

reduced root and silique growth, and early senescence. Collectively, our findings show that 130 

both CML13 and CML14 play vital roles during various stages of plant development. 131 

 132 

 133 

 134 

Results 135 

 136 

Although 96% Identical, CML13 and CML14 Have Subtle Biochemical Differences  137 

 138 

Differing by only eight of 148 residues (Fig 1A), CML13 and CML14 share many expression, 139 

biochemical, and functional similarities, however, there are some differences (Vallone et al., 140 
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2016 ; Teresinski et al., 2023). A hallmark property of typical EF-hand calcium sensors, 141 

including most CMLs, is a conformational change induced by calcium binding that exposes 142 

hydrophobic residues that are often important for interaction with downstream targets 143 

(DeFalco et al., 2009; La Verde et al., 2018a). Although a previous report showed that 144 

CML14 undergoes very minimal hydrophobic exposure in response to calcium, CML13 was 145 

not tested (Vallone et al., 2016). Thus, we used the hydrophobic probe, ANS, and compared 146 

the degree of hydrophobic exposure of recombinant CML13, CML14, and CaM7 (a 147 

conserved CaM isoform) in the presence or absence of calcium (Fig. 1B-D). As expected, a 148 

strong hydrophobic signal was seen for CaM7 in response to calcium binding (Fig. 1D). In 149 

contrast, CML14 showed almost no change in hydrophobicity (Fig. 1B), consistent with a 150 

previous report (Vallone et al., 2016). Our data indicate that, in general, CML13 behaves 151 

similarly to CML14 although CML14 appears to have higher constitutive hydrophobic 152 

exposure and a more discernible response to magnesium in comparison to CML13 (Fig. 1B, 153 

C). Further, CML13 and CML14 had similar melting curves (i.e. denaturation profiles) in the 154 

presence of calcium, which were 54.7 +/- 0.5 and 53.1 +/- 0.2°C, respectively (Fig. 1E, F). 155 

However, the melting curves of CML13 and CML14 in the absence of calcium (EGTA) are 156 

different by approximately 4°C, 40.7 +/- 0.7°C for CML13, and 36.5 +/- 0.3°C for CML14, 157 

suggesting that CML13 may be slightly more heat stable.  158 

   159 

 160 

Dexamethasone-Induced RNAi-hp Reduces CML13 and CML14 Transcript in vivo 161 

 162 

Attempts to explore the role of CML13 and CML14 by reverse genetics using stock T-DNA 163 

insertional lines from the Arabidopsis Biological Resource Center (ABRC) were hindered as 164 

databases and/or genotyping analysis indicated that the reported T-DNA insertions were 165 

unlikely to fully disrupt expression (Supplementary Fig. S1). For example, the only line 166 

(Gabi-Kat line 314F02) with a T-DNA insertion within the CML13 ORF yielded a partial 167 

transcript that encoded the entire N-terminal lobe and most of the central linker region 168 

(Supplementary Fig. S1). CaM and some CaM-related proteins can function as single-lobe 169 

proteins (Khan and Zolman, 2010; Langelaan et al., 2016; Fischer et al., 2017). Indeed, we 170 

previously found that the isolated N-terminal lobe of CML13 can interact with the IQ region of 171 

IQD14 (Teresinski et al., 2023) and we deemed this line unsuitable for analysis in our study. 172 

Consequently, we adopted an RNA interference (RNAi-hp) strategy using the WRKY33 173 

intron to generate hairpins and small interfering RNAs to knock-down CML13 or CML14 174 

(Maekawa et al., 2008; Zhuang et al., 2013; Liu and Yoder, 2016). Given that CML13 and 175 

CML14 are highly homologous at the DNA and protein levels, the hpRNAi constructs were 176 
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designed to anneal to the 3’ UTR of the respective CML13 or CML14 mRNAs which are 177 

inherently less conserved (Fig. 2A). We opted to use the established dexamethasone (Dex)-178 

inducible plant expression system (Zhuang et al., 2013; Liu and Yoder, 2016) to drive the 179 

expression of hpRNAi constructs in case the full loss-of-function of CML13 or CML14 180 

resulted in lethality.  181 

 Dex-induction of hpRNAi expression and CML13 or CML14 transcript reduction was 182 

monitored by RT-qPCR of 7-day-old seedlings grown on half-strength MS media with or 183 

without 5 µM Dex. In the absence of Dex, baseline expression of the RNAi-hp transcripts 184 

was extremely low, however, exposure to Dex dramatically increased RNAi-hp expression 185 

by 10-25 fold above baseline (Fig. 2B). Interestingly, in the presence of Dex, wild-type Col-0 186 

(WT) Arabidopsis plants showed an increase in CML13 and CML14 transcript levels 187 

compared to untreated plants although this did not correlate with any change in discernible 188 

phenotype. This trend was also seen in the hpCML14-1 line which displayed elevated 189 

CML13 transcript levels when exposed to Dex. Whether this represents a yet unknown Dex-190 

responsive mechanism in plants is unclear. Importantly, the expression of the respective 191 

RNAi-hp caused a significant decrease of ~30-60% of the targeted CML13 (Fig. 2C) or 192 

CML14 (Fig. 2D) transcripts vs control levels and we did not observe cross-suppression 193 

between these paralogs, indicating that our RNAi strategy was successful and specific.  194 

 195 

CML13 and CML14 are Essential for Seedling Development 196 

 197 

To determine if CML13 and CML14 are involved in the early stages of Arabidopsis growth, 198 

WT, hpCML13, and hpCML14 lines were sown onto either half-strength MS media control 199 

plates or Dex-treatment plates containing 5 µM Dex to reduce CML13 or CML14 transcript 200 

levels. No differential germination rate was observed for the silencing lines compared to the 201 

WT on either the control or treated medium (Fig. 3A). However, the growth and development 202 

of the hpCML13 and hpCML14 RNAi lines stalled at the seedling establishment stage, 203 

displaying yellow cotyledons and a reduced ability to produce true leaves (Fig. 3). Compared 204 

to WT plants or untreated RNAi-line seedlings, RNAi lines treated with Dex at 1-weeks of 205 

age showed a markedly lower proportion of green cotyledons (Fig. 3B) and reduced 206 

chlorophyll content (Fig. 3C).  207 

To explore whether CML13 or 14 are also important for development post-seedling-208 

establishment, seedlings were grown vertically on control media for seven days before 209 

transferring to control or Dex-treated plates to measure their primary root growth rates. All 210 

plants moved to control plates grew normally (Fig. 4). Root growth of WT plants was 211 

unaffected by transfer to Dex-plates (Fig. 4A). In contrast, the hpCML13 and hpCML14 RNAi 212 
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lines transferred onto Dex plates displayed either a reduction or cessation of primary root 213 

growth (Fig. 4B-E). Notably, the primary root growth of line hpCML14-1 stopped after two 214 

days on Dex-containing plates, whereas the hpCML14-2 line only showed statistically 215 

reduced primary root length after four days on Dex plates. This may reflect the fact that the 216 

CML14 transcript level is not as strongly suppressed in the 14-2 line (Fig. 2D). Both of the 217 

hpCML13 lines showed reduced primary root length after two days on Dex-containing media. 218 

Qualitatively, the Dex-treated RNAi plants appeared chlorotic, had curled leaves, and 219 

reduced rosette sizes compared to WT and untreated plants of the same lines.   220 

 221 

Silencing of CML13 or CML14 Impairs Early Seedling Development and Induces Early 222 

Senescence  223 

 224 

To assess the impact of silencing CML13 or CML14 expression during different points of 225 

vegetative and reproductive development, WT and RNAi plants were sprayed with a Dex-226 

containing solution after one, two (Fig 5), three, four, or five weeks (Fig. 6) of growth on 227 

plates (Fig. 5A) or soil (Fig. 5C, 6). Similar to previous reports (Zhuang et al., 2013; Liu and 228 

Yoder, 2016), Dex application did not affect the phenotype or development of WT plants 229 

(Fig. 5, 6). One-week old hpCML13 and hpCML14 RNAi seedlings treated for one week with 230 

Dex on plates were chlorotic and displayed poor health (Fig. 5A). Similarly, hpCML13 and 231 

hpCML14 RNAi lines reared on soil for two weeks and then treated for one, two, or three 232 

weeks with Dex showed marked morphological defects, including inhibition of growth, 233 

yellowing and curling of leaves, and premature bolting and high rates of mortality (Fig. 5C). 234 

Although bolts appeared in RNAi lines, they never elongated or produced flowers and the 235 

plants continued to yellow before dying after three weeks of treatment (Fig. 5C).   236 

We also tested the response of mature hpCML13 and hpCML14 RNAi lines to Dex 237 

treatment (Fig. 6). When soil-grown three-, four-, and five-week-old WT, hpCML13, and 238 

hpCML14 RNAi plants were treated with Dex up until the age of seven weeks, the hpCML13 239 

and hpCML14 plants began to senesce prematurely and the rosettes were fully senesced 240 

after two weeks (Fig. 6, Supplementary Fig. S2). By seven weeks of development, the 241 

hpCML RNAi plants treated with Dex starting at either the three-, four-, or five-week stage, 242 

did manage to produce bolts and seeds, but displayed prematurely senesced and twisting 243 

rosette leaves (Fig. 6A-H). In general, the earlier in development that the hpCML13 and 244 

hpCML14 RNAi plants were treated with Dex, the more severe the observed phenotype, 245 

including reduced growth rate and shorter stature (Fig. 6C, D). More mature hpCML RNAi 246 

plants, sprayed with Dex from five through seven weeks of growth, showed little differences 247 

in shoot morphology compared to WT plants but had prematurely senescing rosettes similar 248 
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to the RNAi plants treated earlier in development (Fig. 6G, H). We quantitatively compared 249 

the number of senescing leaves at week 6 in plants treated with Dex or control solution at 250 

week 4. Consistent with our qualitative observations (Fig. 6A-H), senescent leaves were 251 

significantly more abundant in Dex-treated CML hpRNAi lines compared to control plants 252 

(Fig. 6I). However, starting Dex treatment of the hpRNAi lines at these later stages of 253 

development did not have a strong effect on plant height or the number of primary and 254 

secondary bolts compared to untreated plants of the same line (Fig. S6).  255 

 256 

RNAi of CML13 and CML14 transcripts During Reproductive Phase Reduces Silique 257 

Elongation  258 

 259 

In order to evaluate the impact of silenced CML13 or 14 expression on silique development, 260 

WT and hpCML RNAi plants were treated with Dex starting at four weeks of age and 261 

continued for two weeks of treatment prior to phenotyping. Thirty mature siliques from the 262 

primary inflorescences of treated and untreated plants of each line were measured for their 263 

length. Silique length can be used as an indirect marker for reproductive success in 264 

Arabidopsis (Boyes et al., 2001; Bac-Molenaar et al., 2015). Dex-treated hpCML13 and 265 

hpCML14 RNAi lines, but not WT plants, showed a modest but statistically-significant 266 

reduction in silique length compared to untreated plants (Fig. 7). Interestingly, seeds from 267 

the control and treated WT or hpCML RNAi plants did not show any difference in 268 

germination efficiency indicating that while a reduction in CML13 or CML14 transcript levels 269 

impairs growth and development, seed germination efficiency may be less dependent on 270 

CML13 or CML14.  271 

 272 

 273 

Discussion 274 

 275 

Although calcium signaling is important across a broad range of developmental processes 276 

and stress-response pathways, the roles of most plant calcium sensors remain 277 

uncharacterized (La Verde et al., 2018a). Indeed, genetic analysis has not been reported for 278 

the majority of the 50 CMLs in Arabidopsis, despite their representation as the largest family 279 

of calcium sensors. Here, using an RNA-silencing approach, we show that both CML13 and 280 

CML14 are critical for normal plant development from seedling establishment through the 281 

reproductive phase. 282 

Among the advantages of the Dex-inducible hpRNAi system is that it facilitates the 283 

controlled spatiotemporal suppression of transcripts as transgenic lines can be progressed 284 
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to homozygosity with low basal expression and good reproducibility (Zhuang et al., 2013; 285 

Schubert et al., 2022). This allows for the analysis of potentially essential genes where a 286 

complete loss-of-function would otherwise lead to lethality. Our genotyping of ABRC T-DNA 287 

lines (Supp. Fig 1) is circumstantial evidence that full loss-of-function of either CML13 or 288 

CML14 may indeed be lethal. The fact that very early treatment of hpCML13 and hpCML14 289 

lines with Dex resulted in arrested development (Fig. 3) or lethality (Fig. 5), strongly 290 

suggests that both of these genes are essential for Arabidopsis development. The level of 291 

transcript reduction that we observed for CML13 and CML14 (~30-60%, Fig. 2) is 292 

comparable to other studies on the silencing of essential genes in plants using this same 293 

technique (Zhuang et al., 2013; Liu and Yoder, 2016). For example, silencing the key 294 

metabolic enzyme, acetyl-CoA carboxylase, in Medicago truncatula roots by a Dex-induced 295 

RNA-hp resulted in a ~60% transcript reduction and a strong root phenotype (Liu and Yoder, 296 

2016). A similar strategy targeting an indispensable autophagy protein, SH3P2, also led to 297 

partial suppression but a strong, pleiotropic phenotype (Zhuang et al., 2013). However, Dex-298 

inducible RNAi is not without limitations, including the variable time in which silencing of the 299 

target mRNA may lead to decreased protein abundance after Dex treatment. For example, 300 

monitoring YFP fluorescence intensity after differential Dex applications showed that the 301 

extent of YFP protein loss was concentration-dependent, where levels continued to decline 302 

until four days after initial Dex treatment and then remained steady and correlated with Dex 303 

concentration (Liu and Yoder, 2016). Given that RNAi inhibits translation but has no effect on 304 

extant proteins, target reduction is reliant on protein turnover. Current reports on protein 305 

turnover in Arabidopsis suggest that the median degradation rate is ~11% of a given 306 

protein’s abundance decrease per day (Li et al., 2017). However, depending on the protein, 307 

tissue type, and a range of other factors, the degradation rate can vary markedly (Li et al., 308 

2017). Thus, it can be difficult to predict how long after Dex treatment it will take to see 309 

changes in protein abundance and any resulting phenotype. In addition, off-target gene 310 

suppression must be considered as a possible artefact when using RNAi-based approaches. 311 

However, several lines of evidence suggest that this is not the case in our study. We 312 

targeted the unique 3’ UTRs of CML13 or CML14 which have very little sequence identity 313 

and we did not observe any cross-silencing between these genes (Fig. 2). Second, BLAST 314 

analysis of our RNAi constructs did not indicate any likely off-target sequences within the 315 

Arabidopsis genome. Moreover, we observed nearly identical phenotypes in Dex-treated 316 

hpCML plants. It is highly unlikely, given the uniqueness of the respective 3’ UTRs for 317 

CML13 and CML14, that such a similar range of phenotypes would result from different off-318 

target genes being affected. The similarity in phenotypes observed in the RNAi analysis for 319 

both CML13 and CML14 are consistent with their near identity at the amino-acid level, 320 
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similarity in expression pattern, and overlapping profile of downstream targets (Teresinski et 321 

al., 2023). Thus, we are confident that the phenotypic effects we observed are directly due to 322 

the reduction of CML13 and CML14 transcript levels in Dex-treated plants. 323 

While our data indicate that CML13 and CML14 are essential for seedling 324 

establishment, it is noteworthy that sowing on Dex-containing plates did not affect the 325 

germination rate of hpCML13 or hpCML14 lines compared to WT plants (Fig. 3). However, 326 

given the delay in suppression that ensues upon Dex treatment, noted above, it remains 327 

unclear whether CML13 or CML14 protein abundance was affected in this short period from 328 

imbibition to radical emergence, and/or whether Dex is able to penetrate the seed coat. 329 

Thus, we cannot draw conclusions as to whether CML13 and CML14 function during 330 

germination. In contrast, our data clearly indicate that CML13 or CML14 are critical during 331 

seedling establishment given that Dex treatment resulted in chlorosis, seedling arrest, 332 

cessation of primary root growth, and mortality (Fig. 3-5). Moreover, our study demonstrated 333 

that these CMLs function throughout development, as Dex application initiated at different 334 

growth stages resulted in a range of aberrant phenotypes including reduced growth, organ 335 

twisting, premature senescence, and shorter siliques (Fig. 6, 7). In general, the earlier in 336 

development that we applied Dex to hpCML13 or hpCML14 lines, the stronger the 337 

phenotype we observed. In contrast, the growth and development of Dex-treated WT plants 338 

were not discernibly different from untreated plants, regardless of the time of application, 339 

consistent with other studies that have used exogenous Dex application (Zhuang et al., 340 

2013).  341 

It is perhaps not surprising that suppression of CML13 or CML14 leads to such a 342 

strong, pleiotropic phenotype given that a recent study identified members of the CAMTA, 343 

IQD, and myosin protein families as likely CML13 and/or CML14 targets (Teresinski et al., 344 

2023). These multigene families, comprised of 6, 33, and 17 members, respectively, function 345 

across a wide breadth of cellular processes. As key transcription factors, CAMTAs appear to 346 

be near the top of the signaling hierarchy in abiotic and biotic stress-response pathways as 347 

well as playing key roles in development (Finkler et al., 2007; Kim et al., 2009; Iqbal et al., 348 

2020). Myosins are essential motor proteins that function in concert with the actin 349 

cytoskeleton to control cell and nuclear shape, cargo transport, cell division, and overall 350 

growth (Golomb et al., 2008; Buschmann, 2018; Haraguchi et al., 2019; Brueggeman et al., 351 

2022). We recently provided evidence that CML13 and CML14 function as novel myosin light 352 

chains (Symonds et al., 2023), consistent with reports showing in vivo association of CML13 353 

and CML14 with myosins (Van Leene et al., 2022; Teresinski et al., 2023).  Although IQDs 354 

are not as well studied, they are thought to function as scaffolds on the cytoskeleton and 355 

have recently been implicated in cell morphology, organ and fruit shape, and cell division 356 
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(Mitra et al., 2019; Kumari et al., 2021). Thus, with CAMTAs, myosins, and IQDs as putative 357 

targets, the potential number of different pathways and cellular events that may be directly or 358 

indirectly under CML13 and CML14 regulation is expansive. As such, speculation as to the 359 

mechanisms underlying the phenotype of the hpCML lines must be approached cautiously, 360 

as it may be due to a combination of many processes being disrupted, from changes in gene 361 

expression via CAMTAs to impacts on the cytoskeleton that alter morphology and growth 362 

rate. It is also notable that relative to other CML family members, CML13 and CML14 display 363 

very broad, constitutive expression and are typically among the most abundant CMLs 364 

reported in global proteomic analyses (Wang et al., 2015; Teresinski et al., 2023), 365 

suggesting they likely play housekeeping roles across tissues and throughout development. 366 

Given the range of phenotypes observed, it is unlikely that comparative expression 367 

analysis (i.e. transcriptomics) would yield mechanistic insight into CML13/14 function, and 368 

thus moving forward, examining the effect of CML13 and CML14 on specific IQ-domain 369 

targets should be explored. Indeed, it is interesting to note that after Dex-treatment, our 370 

hpRNAi-CML plants appear to partially phenocopy some of the CAMTA, IQD, and myosin 371 

knockout mutants previously reported. For example, the reduced primary root length of the 372 

hpCML13 and hpCML14 lines is reminiscent of the reduced root length of the myosin XI-1, 2, 373 

and K triple knockout (Peremyslov et al., 2010). Further, the myosin XI-1, 2, K triple and XI-374 

B, C/E double knockout mutants both display reduced silique length similar to the hpCML13 375 

and hpCML14 lines after Dex treatment (Peremyslov et al., 2010; Madison et al., 2015; Tian 376 

et al., 2021). Moreover, both the camta2,3 double, and camta6 single knockouts senesce 377 

prematurely (Nie et al., 2012; Shkolnik et al., 2019), and resemble the hpCML13 and 378 

hpCML14 lines (Fig. 6). In addition, when the hpCML13 and hpCML14 lines were treated 379 

with Dex, they often exhibited twisted or curled rosettes (Fig. 6, Supplementary Figs S2-S5), 380 

similar to those reported for IQD5 knockout mutants (Mitra et al., 2019). While such 381 

correlations are noteworthy given the context of CAMTAs, IQDs, and myosins as putative 382 

CML13 and CML14 targets, further studies are needed before any mechanistic relationship 383 

can be confidently considered. 384 

Previous studies explored the biochemical properties of CML14 (Vallone et al., 2016) 385 

or CML13 and CML14 (Teresinski et al., 2023) and concluded that these paralogs possess 386 

similar characteristics but with subtle distinctions. Our DSF and ANS fluorescence spectra of 387 

CML13 and CML14 add to that body of data and indicate that the surface-exposed 388 

hydrophobicity of these CMLs differs drastically from CaM, yet only slightly from one another 389 

(Fig. 1B-F). Changes in hydrophobicity in response to calcium binding are essential for CaM-390 

target interaction, but whether this is also the case for CMLs is not yet known (La Verde et 391 

al., 2018a). However, we note that none of the primary sequence differences between 392 
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CML13 and CML14 are in hydrophobic residues (Fig. 1A). Interestingly, phospho-proteomic 393 

databases indicate that, among those eight residues that distinguish CML13 and CML14, at 394 

least two of these positions (Ser2, Ser48) are unique serines in CML14 that represent 395 

phospho-sites found via global phosphoproteomic analyses (Fig. 1A) (Willems et al., 2019).  396 

In addition, Ser2 in CML14 has been identified as an acetylation site (Willems et al., 2019). 397 

Although speculative, it is possible that differences in post-translational modification could 398 

contribute to the lack of redundancy between these CMLs, perhaps by altering target or IQ-399 

domain binding specificity or affinity in vivo.   400 

Although CML13 and CML14 are almost identical at the primary sequence level, 401 

differing by only eight residues, our data indicate that they are not fully redundant in vivo, as 402 

reduction of either transcript resulted in strong phenotypic consequences. There are several 403 

possible explanations that may account for this. If both CML13 and CML14 are required to 404 

interact with one or more identical targets in unison for proper function, the inhibition of either 405 

CML could lead to the same deleterious phenotype. For example, CML13 and CML14 may 406 

have different, specific targets among the various IQ-domain proteins that are involved in the 407 

same pathways, and/or they may bind to distinct IQ domains on some of their common 408 

targets and thus both CMLs may be required for full function of certain targets. It should be 409 

noted that CAMTAs, IQDs, and myosins, all possess between two and six IQ domains, and 410 

considerable sequence variation is found among the IQ domains of any given family 411 

member. An example of this can be seen for some myosins in other organisms, where CaM 412 

serves as the essential light chain on a specific IQ domain but other, CaM-related proteins 413 

function as a regulatory light chain on an adjacent IQ domain (Heissler and Sellers, 2014). 414 

For example, if a given myosin, with multiple IQ domains, simultaneously requires CaM, 415 

CML13, and CML14, as light chains for motility, loss on any of these interactors would be 416 

expected to yield a similar phenotype. This is consistent with the fact that in our study, 417 

comparable phenotypes were observed for either CML13 or CML14 hpRNAi lines. The 418 

simplest hypothesis is that CML13 and CML14 interact with the same (or overlapping) IQ-419 

domain targets as part of a larger complex. This is supported by binding assays showing that 420 

CML13 and CML14 have broadly overlapping targets among CAMTAs, IQDs, and myosins 421 

(Teresinski et al., 2023). Given that CaM also interacts with these same IQ-domain targets, 422 

an important area for future investigation will be to distinguish between the roles of CaM, 423 

CML13, and CML14 in the regulation of target function and, ultimately, how this activity 424 

contributes to plant development.  425 

 426 

 427 

  428 
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Materials and Methods 429 

 430 

Plasmid Construction 431 

The dexamethasone (Dex)-inducible RNA interference (RNAi) plasmids were generated 432 

using a golden gate assembly system (Binder et al., 2014; Chiasson et al., 2019). Level-III 433 

plant binary plasmids were built using pre-assembled LII transcription units. LII units 434 

consisted of a kanamycin selection cassette, an inducible RNAi hairpin (RNAi-hp) 435 

expression unit, and the artificial GR-LhG4 transcriptional activator. RNAi fragments from the 436 

3’UTRs of CML13 (At1g12310; 249 bp) and CML14 (At1g62820; 236 bp) were amplified by 437 

PCR to generate LI C-D entry clones (Supplementary Table S1). Each fragment was then 438 

combined with a LI AtWRKY33 intron part (Maekawa et al., 2008) in a custom LII backbone 439 

containing the pOp6 35Smin promoter (Craft et al., 2005) and the 35S terminator. GR-LhG4 440 

consists of the lac repressor DNA binding domain, a GAL4 activation domain, and the 441 

ligand-binding domain of the rat glucocorticoid receptor (Craft et al., 2005). Constitutive GR-442 

LhG4 expression was driven by the AtUBQ10 promoter. The pOp6 35Smin promoter and the 443 

GR-LhG4_BD transcriptional activator were amplified from pSW180a-pOp6 and pSW610-444 

GR-LhG4_BD respectively (Schürholz et al., 2018). 445 

 446 

Protein Expression and Purification 447 

Recombinant CML13, CML14, and CaM were purified as outlined previously (Teresinski et 448 

al., 2023). Briefly, the open-reading frames of CML13, CML14, or CaM7 (At3g43810, a 449 

conserved isoform of CaM) were subcloned into pET21a expression vectors (Novagen) as 450 

His-tagged fusion proteins and were expressed in BL21 CPRL E. coli cells (Novagen) as 451 

described (Dobney et al., 2009). Recombinant CML13 and CML14 were purified via Ni-NTA 452 

His60 (Takara Biosciences.) and CaM7 using phenyl-sepharose (Sigma Aldrich) as 453 

described (Ogunrinde et al., 2017). Protein purity was assessed by SDS-PAGE and 454 

concentrations were determined by the Bradford Assay and absorbance at 280 nm. 455 

 456 

Plant Material and Growth Conditions 457 

Arabidopsis thaliana (Arabidopsis) accession Columbia-0 (WT) seeds were sown into 458 

Sunshine mix #1 or 0.5X MS (Murashige and Skoog, 1962) basal salt media agar plates and 459 

stratified at 4°C for 3-5 days in the dark before transfer to a growth chamber under long-day 460 

conditions unless otherwise stated (Sun Gro Horticulture Canada Ltd., and Conviron MTR30; 461 

18h photoperiod, 22°C, ~150 μmol m-2 s-1). Plants were watered and fertilized as needed. 462 

Transgenic Arabidopsis were generated by the floral dip method (Zhang et al., 2006; 463 
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Mireault et al., 2014) and transformants were selected using kanamycin (50 µg/mL) and 464 

0.5X MS agar plates. Segregation analysis was conducted to select transgenic lines carrying 465 

a single-transgene insertion and these lines were progressed to homozygosity for RT-qPCR 466 

and phenotypic analyses. Seeds for WT plants were always sterilized, sown, and grown 467 

alongside transgenic lines and all genotypes were cultivated and maintained under identical 468 

conditions. 469 

 470 

Plant Phenotyping 471 

For plate assays, Arabidopsis seeds were sown or transplanted onto 0.5X MS agar medium 472 

with or without 5 µM dexamethasone as noted in the figure legends. Cotyledon greening was 473 

tabulated as a percentage of green:yellow cotyledons on a given plate (Liu et al., 2019) and 474 

root lengths were measured as the growth of the primary root per day after transplanting. 475 

Root lengths were marked on the petri dishes for four days before the plates were imaged 476 

and analyzed using ImageJ software (Schneider et al., 2012) for root length per day 477 

measured in cm. For survival assays, Arabidopsis Col-0 and mutant seeds were sown onto 478 

petri plates containing 25 mL of ½ MS + 0.8% Agar and allowed to grow for seven days after 479 

stratification. Plates were then supplemented with 5 mL of milliQ water or a 40 µM Dex 480 

solution for control or treatment groups, respectively and allowed to grow for another seven 481 

days. Percent survival was scored by the ratio of seedlings with:without yellowing or white 482 

tissue.  483 

 484 

Plants grown in soil were sprayed with a solution of 0.05% Silwett L-77 (Lehle Seeds Inc) 485 

with or without 20 µM dexamethasone every 72 hours for the extent of the treatment course 486 

as indicated in the figure legends. All phenotyping was performed according to the standard 487 

protocols of Boyes et al. (2001) unless otherwise stated.  488 

 489 

Chlorophyll Content 490 

Seedlings used in the percent greening assay were removed from the agar medium and 491 

weighed on an analytical balance to record their fresh weights before submerging them in 1 492 

mL of 80% acetone overnight in the dark. Tubes were then centrifuged, and the supernatant 493 

was decanted into a cuvette. Chlorophyll content was calculated as described (Remy and 494 

Duque, 2016) using the following equation: (18.71*Abs647nm+ 7.15*Abs660nm) / fresh weight.  495 

 496 

RT-qPCR 497 

Plants were sown onto 0.5X MS media as described above and grown for 7 days before 498 

harvesting tissue and flash freezing in liquid nitrogen. Frozen plant tissue was ground to a 499 
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powder and RNA was extracted using Monarch ® Total RNA Miniprep kits (NEB), RNA 500 

integrity and concentration were assessed by agarose gels and a Nanodrop 501 

spectrophotometer (Thermo Fisher Scientific). RT-qPCR was performed using a Luna ® 502 

Universal One-Step RT-qPCR kit (NEB) in a CFX96 qPCR thermocycler (BioRad). All data 503 

were normalized to the reference gene Actin2 as previously described (Graeber et al., 2011; 504 

Zhuang et al., 2013), Cq values (the cycle number at which the threshold fluorescence level 505 

was reached in a qPCR reaction) were extracted, and relative expression was calculated in 506 

Excel (Microsoft) before exporting to GraphPad Prism 9 for statistical analysis.  507 

 508 

Differential Scanning Fluorimetry 509 

Samples of pure, recombinant CML13 or CML14 at concentrations of 15, 20, and 25 µM 510 

were mixed with SYPRO Orange (Thermo Fisher Scientific) at 5X concentration and 511 

adjusted to 1 mM CaCl2 or EGTA as noted in the figure legends. The temperature ramp rate 512 

was 1°C/20 s and protein unfolding was monitored by the increase in RFUs produced every 513 

10 s in a CFX Opus 96 System (BioRad). The average trace of 6 replications (2 at each 514 

concentration) was plotted for each CML and condition. The Tm was determined by 515 

identifying the global minima of dRFU/dT of each rep. Data are presented as mean +/- SEM.  516 

 517 

Steady State ANS Fluorimetry 518 

The hydrophobic properties of recombinant CaM7, CML13, and CML14 were monitored 519 

using ANS (8-anilinonapthalene-1-sulfonic acid) fluorescence emission spectroscopy using 520 

an excitation wavelength of 380 nm, and scanning emission spectra 430–600 nm, as 521 

described (Ogunrinde et al., 2017). Purified, recombinant proteins were dialyzed overnight 522 

against one L of ANS buffer (10 mM Tris-Cl, pH 7.5, containing 1 mM DTT, and 100 mM 523 

KCl). The fluorescence emission of 20 μM CML13 and 20 μM CML14 was recorded using 524 

250 μM ANS in ANS buffer in the presence or absence of calcium as noted in figure 525 

legends. Background ANS fluorescence in each buffer was subtracted and the average trace 526 

of three replicates was plotted.   527 

 528 

Data Analysis 529 

Data graphs and statistical analysis were performed using GraphPad Prism 9. Unless 530 

otherwise stated a 2-way ANOVA with Sidak’s test for multiple comparisons was performed 531 

and, ns is not significantly different, p-value * < .1, ** < .01, *** < .001, **** < .0001. 532 

 533 

 534 

 535 
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Supplementary Data Information 536 

 537 

Supplementary Table S1. List of oligonucleotide primers used in PCR. 538 
 539 
Supplementary Figure S1. Schematic diagram showing CML13 and CML14 gene 540 
organization and PCR-based genotyping of SALK and GABI-Kat T-DNA lines. 541 
 542 
Supplementary Figure S2. Developmental time course of WT and hpCML RNAi lines under 543 
control conditions. 544 
 545 
Supplementary Figure S3. Developmental time course of WT and hpCML RNAi lines under 546 
Dex treatment starting at 3 weeks of age. 547 
 548 
Supplementary Figure S4. Developmental time course of WT and hpCML RNAi lines under 549 
Dex treatment starting at 4 weeks of age. 550 
 551 
Supplementary Figure S5. Developmental time course of WT and hpCML RNAi lines under 552 
Dex treatment starting at 5 weeks of age. 553 
 554 
Supplementary Figure S6. Quantitative analysis of plant height and primary and secondary 555 
bolt number in WT and hpCML RNAi lines under Dex treatment starting at 4 weeks of age. 556 
 557 

 558 

 559 

Data Availability 560 

All data supporting the findings of this study are available in this paper and in its 561 

supplementary data published online. 562 
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Figure legends 827 

 828 

Fig. 1. CML13 and CML14 are nearly identical proteins that differ biochemically from CaM. 829 

A) Protein sequence alignment of CML13 and CML14. Mismatched residues are highlighted 830 

in grey, phosphosites and acetylation sites, based on experimental data in public databases 831 

(PTMviewer and PhosPhAt 4.0), are represented by the arrowheads and asterisks, 832 

respectively. (B-D) Representative ANS fluorescence spectra of 20 µM CML13, CML14, and 833 

CaM7 with 1 mM CaCl2 (solid line), 1 mM MgCl2 (dotted line), 1 mM CaCl2 + 1 mM MgCl2 834 

(dash-dot line), or 1 mM EGTA + 1 mM EDTA (dashed line). (E, F) Representative 835 

differential scanning fluorimetry (DSF) temperature spectra of (E) CML13 or (F) CML14 in 836 

the presence (solid line) or absence (dashed line) of 1 mM CaCl2.  837 

 838 

Fig. 2. Validation of the dexamethasone (Dex)-Inducible RNA silencing of CML13 and 839 

CML14 transcripts. (A) Schematic diagram of the Dex-inducible RNA silencing transgene 840 

used in this study. Wild-type (Col-0) and two independent transgenic hpCML13- and 841 

hpCML14 RNAi-hp lines were sown on 0.5X MS media in the presence (treated) or absence 842 

(control) of 5 µM Dex, stratified as described in the Methods, and then grown for 7 days 843 

before harvesting for mRNA extraction and analysis. (B, C, D) RT-qPCR data showing the 844 

transcript levels, normalized to Actin2 expression, of (B) transgenic RNA hairpin transcript, 845 

(C) CML13 transcript, and (D) CML14 transcript in Dex-treated and control plants as 846 

indicated. All data are presented as the mean of three biological replicates with separate 847 

RNA preps of 25 - 30 plants each collected from three separate plates, and three technical 848 

reps for each RNA sample +/- SEM (2-way ANOVA with Sidak’s test for multiple 849 

comparisons, ns is not significantly different, p-value * < 0.1, ** < 0.01, *** < 0.001, **** < 850 

0.0001).  851 

 852 

Fig. 3. CML13 and CML14 are required for seedling establishment. (A) Representative 853 

images of wild-type (Col-0) and transgenic hpCML RNAi plants 10 days after stratification on 854 

control (0.5X MS) or dexamethasone (Dex)-treated (0.5X MS + 5 µM Dex) agar plates. (B) 855 

The relative number of seedlings with green cotyledons 10 days after stratification on control 856 

or Dex-treated agar plates. (C) Chlorophyll content measurements of seedlings 10 days after 857 

stratification on control or Dex-containing medium. The horizontal bar is the mean of three 858 

(B) or six (C) technical replicates each with a minimum of 50 (B) or 2 (C) seedlings (2-way 859 

ANOVA with Sidak’s test for multiple comparisons, ns is not significantly different, p-value * 860 

< .1, ** < .01, *** < .001, **** < .0001).  861 

 862 
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Fig. 4. RNA-silencing of CML13 or CML14 inhibits primary root elongation. (A, C, E, G, and 863 

I) Representative images of 7-day-old (A) wild-type (Col-0), (C) hpCML14-1, (E) hpCML14-2, 864 

(G) hpCML13-1, and (I) hpCML13-2 seedlings transferred onto control (0.5X MS) or 865 

dexamethasone (Dex)-treated (0.5X MS + 5 µM Dex) media and grown for another 7 days 866 

after the transfer. (B, D, F, H, and J) Total primary root length of wild-type and hpCMLRNAi 867 

transgenic lines measured per day for 4 days after transferring onto control or Dex-treated 868 

media. Points are the length of 10-16 primary roots (2-way ANOVA with Sidak’s test for 869 

multiple comparisons, ns is not significantly different, p-value * < .1, ** < .01, *** < .001, **** 870 

< .0001).  871 

 872 

Fig. 5. RNA-silencing of CML13 or CML14 early in seedling development leads to mortality. 873 

(A) Representative photos of 2-week-old Col-0 and RNAi on petri plates after one week of 874 

treatment with water or a 40 µM Dex (dexamethasone) solution. (B) Box plot showing the 875 

percent survival of either the control (water) or treatment (40 µM Dex) tabulated by the 876 

number of seedlings with yellowing/white tissue after 1 week of treatment. The horizontal bar 877 

is the mean of three technical replicates each with a minimum of 50 seedlings. (C) 878 

Representative photographs showing wild-type (Col-0), hpCML13-, and hpCML14 RNAi 879 

lines that were grown for 2 weeks in soil and then sprayed with 20 µM Dex + 0.01% Silwett 880 

L-77 once every 72 hours for 1, 2, or 3 weeks, as indicated above the panel. Single plants 881 

were treated with Dex and photographs were taken over a 3-week period. Some pots have 882 

been rotated but the same plant is shown over the time course for Col-0 or each transgenic 883 

hpCMLRNAi line. The experiment was conducted in triplicate and representative images 884 

from a single experiment are shown. (2-way ANOVA with Sidak’s test for multiple 885 

comparisons, ns is not significantly different, p-value * < .1, ** < .01, *** < .001, **** < .0001). 886 

 887 

Fig. 6. RNA-silencing CML13 or CML14 in mature Arabidopsis promotes early senescence. 888 

Representative side (A, C, E, G) and overhead (B, D, F, H) images of wild-type (Col-0), 889 

hpCML13, and hpCML14 lines that were either (A, B) never treated with 20 µM Dex or 890 

began treatment after (C, D) 3 weeks, (E, F) 4 weeks, or (G, H) 5 weeks of age. (I) Box plot 891 

indicating the number of senescing leaves on 6-week-old plants under control conditions or 892 

treatment with 20 µM Dex + 0.01% Silwett L-77 every 72h for 4 weeks (as in panels E, F). 893 

Data points are derived from four technical replicates each with three plants from either 894 

control or Dex-treated groups each. (2-way ANOVA with Sidak’s test for multiple 895 

comparisons, ns is not significantly different, p-value * < .1, ** < .01, *** < .001, **** < .0001).  896 

 897 
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Fig. 7. RNA-silencing of CML13 or CML14 reduces silique length. (A, B, C, D, and E) 898 

Representative images of mature siliques collected from (A) wild-type (Col-0), (B) hpCML14-899 

1, (C) hpCML14-2, (D) hpCML13-1, and (E) hpCML13-2 transgenic lines showing three 900 

siliques from untreated plants on the left and three siliques on the right from plants treated 901 

with 20 µM dexamethasone (Dex) every 72h starting at four weeks of age until harvesting at 902 

eight weeks of age  (bar represents 5 mm). (F) Box plot of silique length for control and Dex-903 

treated plants. Points are the lengths of 30 siliques in each control or 20 µM Dex-treated 904 

groups. (2-way ANOVA with Sidak’s test for multiple comparisons, ns is not significantly 905 

different, p-value * < .1, ** < .01, *** < .001, **** < .0001).  906 

 907 

 908 
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Wayne Snedden
Supplementary Figure 5. Developmental time-course showing representative side-view (A-D) and overhead (E-H) images of plant development of WT and hpCML RNAi plants sprayed with a solution of 20 uM Dex every 72h starting at 5 weeks of growth and imaged subsequently at (A, C) 6 weeks, (B, D) 7 weeks of growth. Genotypes are indicated on or below the panels. Each panel shows the identical group of plants over the 7-week period. Experiments were done in triplicate with a minimum of three technical replicates.
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Wayne Snedden
Supplementary Figure 6. Dex treatment at later stages of development does not have a strong impact on hpCML RNAi growth or morphology. Quantitative analysis of (A) number of primary bolts, (B) secondary bolts, and (C) plant height for WT (Col-0) and hpCML RNAi plants grown without Dex (control) or sprayed with 20 uM Dex every 72h starting at 4 weeks of growth (same plants as were used for the silique measurements). Box plot of silique length for control and Dex-treated plants. Points are the lengths of 30 siliques in each control or 20 µM Dex-treated groups. (2-way ANOVA with Sidak’s test for multiple comparisons, ns is not significantly different, p-value * < .1, ** < .01, *** < .001, **** < .0001).

https://doi.org/10.1101/2023.08.30.555572
http://creativecommons.org/licenses/by-nc-nd/4.0/



