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ABSTRACT 20 

In the order Caryophyllales, plants synthesize betalains instead of anthocyanins, with only 21 

two exceptions, the Caryophyllaceae and Molluginaceae. Dionaea muscipula Ellis was 22 

included in the Caryophyllales order but recent research based on genetic studies 23 

proposed the consideration of the Droseraceae family into the Nepenthales order. In this 24 

work we face the dilemma of the phylogenetic classification of Dionaea from a 25 

phytochemical point of view. Dionaea’s pigments were analyzed by using techniques of 26 

structural analysis. Extracts from the leaves, mature stem and flowers of different 27 

specimens of Dionaea were analyzed, to find possible differences in the types of pigments 28 

or in their proportion in different parts of the plant. These extracts were analyzed by 29 

spectrophotometry, HPLC co-elution and ESI-MS/MS. In addition, digestive glands were 30 

extracted from the snap trap with minor sample manipulation and by reducing the non-31 

pigmented plant tissue. Considering only the digestive glands instead of whole snap traps, 32 

the analyses allowed to quantitate and elucidate the structure of the compounds 33 

responsible for the red coloration: delphinidin-3-O-glucoside (myrtillin), cyanidin-3-O-34 

glucoside (kuromanin) and a third compound, the aglycone cyanidin, detected in the 35 

species for the first time. The unambiguous results of the present work support the 36 

exclusion of Dionaea from the Caryophyllales. 37 
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1. Introduction 42 

Dionaea muscipula Ellis, commonly known as Venus flytrap, is a carnivorous and 43 

autotrophic plant. It commonly occupies relatively closed ecosystems where the soil is 44 

poor in nutrient substances, acid and wet, as in its natural habitat in North and South 45 

Carolina in the USA. These plants take in and absorb nutrients directly from small animal 46 

resources by means of carnivorous leaves [1,2]. The Venus flytrap was already described 47 

by Charles Darwin as “one of the most wonderful plants in the world” [3] and evolved 48 

from an ancestor that was already carnivorous. Although carnivory may seem an unusual 49 

feature for a plant, it has evolved independently at least six times in plants [4,5]. The 50 

world of carnivorous plants is diverse, with these plants found in different taxonomic 51 

groups [5].  52 

Dionaea muscipula Ellis is a small plant, consisting of a rosette of leaves [1]. It 53 

has snap traps consisting of two lobes and with spikes at the end of them. Springing from 54 

the upper surface of the two lobes are six slender, mechanosensitive hairs, three on each 55 

side in a triangular position. The rest of the surface is covered quite densely with digestive 56 

glands [6,7]. The attraction of insects is due to the combination of the shape and color of 57 

these traps, in addition to the emission of volatile organic compounds. These compounds 58 

might serve as a first signal to attract prey insects from distant locations and entice them 59 

towards the plant [8]. Currently, there are very few references about the pigment that this 60 

plant has in its lobes, although the red coloration they present is common in Drosera and 61 

Dionaea species [2]. 62 

Dionaea muscipula Ellis belongs to the Droseraceae family which only recently 63 

is considered part of the order Nepenthales [10]. Droseraceae was moved into the 64 

Nepenthales from the order Caryophyllales. The order Nepenthales, comprising a 65 

carnivorous and non-carnivorous clade, is characterized by the frequent presence of 66 
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acetogenic napthoquinones and by the lack of betalain pigments that characterize their 67 

sister group Caryophyllales [9,10]. In the Caryophyllales order, betalains substitute the 68 

otherwise ubiquitous anthocyanins [11,12], which are the dominant form of pigmentation 69 

across land plants [13,14]. Betalains and anthocyanins are two types of water soluble 70 

pigments with analogous coloration and similar functions [15]. Anthocyanins and 71 

betalains are mutually exclusive and have never been found together in the same plant 72 

[16,17]. The origin of this exclusion is unclear and only recently are investigations 73 

beginning to clarify how betalains could have arisen [14]. In the Caryophyllales, only the 74 

coloration of the Caryophylaceae and Molluginaceae is due to anthocyanins [18,19], and 75 

these are the only two exceptions identified to date [20]. Droseraceae is a family of 76 

carnivorous herbs in the Nepenthales considered as “non-core Caryophyllales” (APG IV 77 

2016) [9,21]. Dionaea is a monotypic genus, comprising the sole extant especies Dionaea 78 

muscipula. Complex evolution has recently been described for carnivorous plants. 79 

Contemporary researchers have used molecular systematics to demonstrate that carnivory 80 

evolved independently among flowering plants at least 10 times. However, carnivory 81 

likely arose once in the Nepenthales [10,22]. Unambiguous determination of pigments 82 

present in Dionaea may help in the taxonomic and evolution analysis of the plant.  83 

Betalains are water-soluble, nitrogen containing pigments. These are divided into 84 

two groups: the violet betacyanins and the yellow betaxanthins. Glycosylation and 85 

acylglycosilation of one or two hydroxyl groups are possible in betacyanins, and complex 86 

pigment structures can be obtained [23-25]. In contrast, betaxanthins are yellow and no 87 

glycosylation has ever been reported. Both groups share betalamic acid as the structural 88 

and chromophoric unit. It is condensed with amines and amino acids in betaxanthins and 89 

with cyclo-DOPA in betacyanins [26]. Anthocyanins are also water-soluble plant 90 

pigments, but have no biosynthetic or structural relationship with betalains. They are 91 
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responsible for the red, purple and blue tones of flowers and fruits of most of the plants. 92 

These pigments are flavonoids that are derived from the shikimic acid pathway [27]. 93 

Anthocyanins, like betacyanins, are constituted by an aglycone, which is anthocyanidin, 94 

to which a sugar is bound by a beta-glycosidic bond. The chromophoric aglycones 95 

(anthocyanidins) are red polyhydroxylated salts, which are seldom found in their free 96 

form in plant tissues [28]. Despite the structural and biosynthetic differences between 97 

betalains and anthocyanins [14], their distribution within the plant and their functions, 98 

both vegetative and reproductive, are essentially identical [16]. The two pigments are 99 

found in fruits, flowers, leaves, stems and roots [19,29]. In addition, the two pigments 100 

have a high antiradical capacity and are potent antioxidants in plants [19,30]. 101 

In spite of the abundant scientific literature on the pigments of betalains and 102 

anthocyanins, pigments of Dionaea muscipula Ellis have been poorly characterized, with 103 

limited references. A first article reports the analysis of its pigment (only one compound 104 

was found) through paper chromatography and absorption spectra, identifying a single 105 

colored compound with similar properties to cyanidin-3-glucoside [28]. The second, and 106 

last, study was carried out using plants grown in vitro in culture medium. It exhibited a 107 

second pigment, tentatively identified as delphinidin-3-O-glucoside [2]. This last article 108 

does not use plants under natural conditions and does not show structural evidence of the 109 

nature of the pigments. Furthermore, in both articles the red pigment was obtained from 110 

whole leaves, while it is known that the coloration is restricted to the digestive glands 111 

[31]. 112 

This paper aims to evaluate the existence of pigments, anthocyanins and betalains 113 

in the species Dionaea muscipula Ellis, through the use of modern and sensitive 114 

techniques like mass spectrometry and high resolution liquid chromatography (HPLC). 115 

Glands were extracted in order to give higher accuracy to the previous partial results. The 116 
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exclusion from its former phylogenetic order is considered in terms of precise pigments 117 

analysis and discussed in relation to anthocyanins pigmentation in the Nepenthales order. 118 

 119 

2. Materials and methods 120 

2.1. Chemicals 121 

Chemicals and reagents were purchased from Sigma (St. Louis, MO, USA). 122 

Solvents were from Merck Chemicals Ltd. (Dorset, England). HPLC-grade acetonitrile 123 

and methanol were purchased from Labscan Ltd. (Dublin, Ireland). Distilled water was 124 

purified using a Milli-Q system (Bedford, MA, USA). 125 

2.2. Plant material 126 

Dionaea muscipula Ellis plants were obtained from “Viveros Murcia” (Murcia, 127 

SE Spain), selecting those that had a deep red color inside the surface of the snap traps.  128 

2. 3. Glands extraction 129 

A new extraction system was honed to obtain the molecules responsible for the 130 

red color, confined in the glands. A scalpel was used and the inner surface of the leaf was 131 

scraped to obtain the glands containing the vegetable pigment. A Leica-Z6-APO 132 

macroscope was used to verity the success of the separation of the glands from the snap 133 

trap. Between 4 and 6 leaves of the plant were used for the collection of the glands by 134 

assay. After separation, glands were placed into eppendorf tubes and weighed, obtaining 135 

weights around 1.6 mg per assay. In addition to digestive gland extracts, samples of 136 

mature stem and flowers were obtained. Extracts of the flowers were made from petals 137 

and in the case of the mature stem, the reddish epidermis found at the base of the stem 138 
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was extracted. Mature stems were considered to be fully developed when holding open 139 

flowers. 140 

2.4. Preparation of extracts 141 

For the disaggregation of the samples (digestive glands, epidermis of the base of 142 

the mature stems and flower petals) and for the extraction of the pigments to be analyzed, 143 

a solution of methanol and hydrochloric acid in a 1000: 1 ratio was used, for 4 h [2,31]. 144 

A glass stirring rod was used to help the disaggregation and grinding of the glands. In this 145 

way pigments were extracted and kept stable. Preliminary analyses were also performed 146 

with acetate buffer pH 5.0, 20 mM containing 10 mM ascorbic acid. The samples were 147 

then centrifuged for 5 minutes at 14,000 rpm. The supernatant was used for further 148 

analysis by reversed phase chromatography (HPLC) and spectrophotometry. Extracts 149 

were repeated with 100% methanol [32] and equivalent results were found. 150 

2.5. Standard anthocyanins and betalains 151 

Cyanidin chloride, delphinidin chloride, kuromanin and myrtillin from Sigma-152 

Aldrich (St. Louis, EEUU) were used as standard anthocyanins. Known pigments 153 

extracted from characterized plant sources [33], were used as standard betacyanins. 154 

Betanin was obtained from roots of Beta vulgaris and betanidin was obtained from violet 155 

flowers of Lampranthus productus [34]. All compounds were characterized 156 

spectrophotometrically, chromatographically, and by electrospray ionization mass 157 

spectrometry (ESI-MS/MS). 158 

2.6. UV-Vis spectroscopy 159 

A V-630 spectrometer (Jasco Corporation, Tokyo, Japan) attached to a Tectron 160 

thermostatic bath (JP Selecta, Barcelona, Spain) was used for UV-vis spectroscopy. For 161 

quantitation of anthocyanins, pigment concentration was evaluated using molar extinction 162 

coefficients of ε = 34,000 M−1 cm−1 at 530 nm for cyanidin chloride, ε = 30,200 M−1 cm−1 163 
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at 530 nm for kuromanin, and ε = 29,000 M−1 cm−1 at 543 nm for myrtillin. The baseline 164 

was made with methanol and hydrochloric acid 1000: 1 solution. All measurements were 165 

performed at 25 °C. 166 

2.7. HPLC-DAD analysis 167 

A Shimadzu LC-20AD apparatus (Kyoto, Japan) equipped with a SPD-M20A 168 

photodiode array detector (DAD) was used for analytical HPLC separations. Reversed 169 

phase chromatography was performed with a 250 mm × 4.6 mm i.d., 5 μm, Kromasil 100 170 

C-18 column (Teknokroma, Barcelona, Spain) for identification of pigments [35]. 171 

Solvent A was water with 0.05% trifluoroacetic acid (TFA), and solvent B was composed 172 

of acetonitrile with 0.05% TFA. A linear gradient was performed for 25 min from 0% B 173 

to 35% B. The flow rate was 1 mL min-1, operated at 25 °C. Elutions were followed at λ 174 

= 530 nm (cyanidin chloride and kuromanin) and 540 nm (myrtillin). Injection volume 175 

was 50 μL. 176 

Quantitation of anthocyanins was carried out by calibration curves made with 177 

previously described pure anthocyanin standards. All experiments were performed in 178 

triplicate (n = 3), and the results were expressed as mean values and standard deviations 179 

(SD). Data analysis was carried out by linear regression adjustment by Sigma Plot 180 

Scientific Graphing for Windows version 10.0 (2006; Systat Sofware, San Jose, CA). 181 

2.8. Electrospray ionization mass spectrometry 182 

A VL 1100 apparatus with LC/MSD Trap (Agilent Technologies, Palo Alto, CA) 183 

was used for HPLC-ESI-MS/MS analyses. Elution conditions were as described above 184 

using the same column with a flow rate of 0.8 mL min-1. Vaporizer temperature was 350 185 

°C, and voltage was maintained at 3.5 kV. The sheath gas was nitrogen, operated at a 186 
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pressure of 45 psi. Samples were ionized in positive mode. Ion monitoring mode was full 187 

scan in the range m/z 50-1200. The electron multiplier voltage for detection was 1350 V. 188 

2.9. Color assessment 189 

Color determination of the surface of leaves of Dionaea muscipula Ellis was made 190 

at 25 ºC using a JASCO V-650 spectrophotometer equipped with an ISV-722 integrating 191 

sphere (Jasco Corporation, Tokyo, Japan). Untreated whole snap traps were directly 192 

placed in the sphere cell. Uniform CIELAB space parameters (L*, a*, b*, C* and hº) were 193 

obtained with the apparatus software Spectra Manager version 2.07 [36]. 194 

2. 10. Microscopy 195 

Brightfield microscopy images were performed in a Leica DM 2500 LED 196 

microscope fitted with a Leica DFC550 camera (Leica Microsystems, Wetzlar, Germany) 197 

with incident light beam. Glands macroscopic images were obtained in a Leica Z6 APO 198 

macroscope with incident light beam (Leica Microsystems, Wetzlar, Germany) attached 199 

to a Leica DC500 digital camera. 200 

2.11. Deglycosylation of anthocyanins 201 

To analyze the deglycosylation of the pigments of the digestive glands, the 202 

standard sample preparation procedure was modified, due to the optimal pH of the 203 

enzyme. A solution of 20 mM sodium acetate buffer pH 5.0, supplemented with 10 mM 204 

ascorbic acid, was used. After maintaining the glands in the buffer solution for 4 hours 205 

and helping to disaggregate the gland with a glass stirring rod a treatment was carried out 206 

with 14 units mL-1 of the enzyme β-glucosidase (Sigma-Aldrich) for 30 min at room 207 

temperature [35]. The result of the deglycosylation was then analysed by the HPLC 208 

method described above. Samples treated under the same conditions in the absence of 209 

enzyme were considered as controls. 210 
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 211 

3. Results and discussion 212 

3.1. Separation of digestive glands and preparation of samples 213 

A thorough analysis of the scientific literature regarding the coloration of Dionaea 214 

muscipula Ellis, shows only two articles [2,31] referring to the identity of the pigments 215 

responsible. As mentioned in the introduction, the former initially identifies a single 216 

compound in plants grown under natural conditions and the latter identifies two in plants 217 

grown in vitro. The lack of bibliographic data is in contrast to the importance of the 218 

pigments for attracting potential animal preys to the plant and their taxonomic 219 

significance, and it is probably indicative of the difficulties involved in working with this 220 

plant. It is widely known that red coloration in non-stressed plants is limited to the glands 221 

that produce the digestive enzymes, which represent only a small portion of the modified 222 

leaf. For this reason, in this work the analysis of Dionaea muscipula Ellis pigments has 223 

been carried out using the glands exclusively as starting material, and not the whole snap 224 

trap, in an attempt to obtain concentrated samples of pigments and avoid interferences 225 

from the rest of the trap. 226 

The visualization of the glands was addressed with a macroscope able to offer 227 

enough detail of the surface of the snap trap without coverslips. The section of the snap 228 

trap and its separation into two lobes was carefully performed with a scalpel, without 229 

activating the closing mechanism of the snap trap since it produced an instantaneous 230 

curvature by itself, making subsequent work difficult. Fig. 1A shows an image of the 231 

surface of the snap trap where the glands are clearly visible. It emphasizes its red 232 

coloration on the surface in which this color does not exist. The work with the macroscope 233 
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allowed the calibration of the equipment and an estimation of the size of the glands in 88 234 

μm diameter. 235 

Glands were separated to extract their pigments with a scalpel through careful 236 

passes, scraping the surface of the modified leaf and glands were dragged and deposited 237 

in a vial for later extraction. The rest of the lobe of the snap trap was not damaged, thus 238 

avoiding the contamination of the material with substances foreign to the gland. The 239 

surface of the leaf was intact and only the digestive glands were extracted, as can be seen 240 

in Fig. 1. This novel system of excision of the glands, where Dionaea muscipula Ellis 241 

accumulates the red pigments, avoids the extraction of the epidermis of the leaf and its 242 

contribution to the extract. Fig. 1C shows individual glands as removed from the trap. 243 

3.2. Extraction and color assessment 244 

The epidermis of the base of the mature stem of the plant, digestive glands and 245 

petals of open flowers were subjected to extraction with acid methanol. This is a standard 246 

procedure for anthocyanins [2]. In preliminary studies, 20 mM acetate buffer pH 5.0, 247 

supplemented with 10 mM ascorbic acid -the optimized procedure for betalains- [37] 248 

were also assayed for extraction. The spectrum of the sample containing the glands of 249 

Dionaea shows a maximum absorption at the 536 nm wavelength. This value is in the 250 

range of detection of both anthocyanins and betalains (520-540 nm) (Fig. 2A). Spectra in 251 

the same conditions were made with anthocyanin and betalain standards, observing an 252 

analogy of the shape of the spectrum of the extract with both types of pigments (Fig. 2B).  253 

The color of the surface of Dionaea muscipula Ellis snap traps was quantitated by 254 

the results of color measurements in a spectrophotometer equipped with an integrating 255 

sphere, and were analyzed in terms of the parameters corresponding to the uniform 256 

CIELAB color space. Whole snap traps that were not submitted to any extraction process 257 
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or treatment were placed directly in the sphere cell. Thus all the measurements 258 

corresponded to the colored outer layer of the snap trap as visible under normal 259 

physiological conditions.  The average CIELAB parameters of the measurements and the 260 

standard deviations of each are presented in Table 1. The value of the parameter b*, which 261 

measures the yellow color, is less than the value of a*, the parameter that measures the 262 

red color. This is due to the observed red coloration of Dionaea muscipula Ellis on the 263 

inner surface of the leaves that work like traps. The parameter L* indicates the luminosity, 264 

h* the hue and C* the intensity of color. It was observed that this last parameter is low, 265 

indicating a low coloration, probably related to the small size of the glands on the surface. 266 

3.3. Separation, identification and quantitation of compounds 267 

HPLC analyses were performed through reversed-phase partition chromatography 268 

for the identification of the pigments. Preliminary tests with retention times above 14 min 269 

and absorbance spectra in the equipment detector with maximum wavelengths of λmax = 270 

524 nm excluded the presence of red-violet betalains (betacyanins). Betacyanins elute 271 

with shorter retention times and their wavelength in this system is λmax = 536 nm [26]. 272 

Standards for the most common betacyanin in plants such as betanin and betanidin were 273 

injected, and their chromatograms did not coincide with the sample, showing retention 274 

times of Rt = 11.9 min and Rt = 13.7 min, respectively. 275 

Assuming the presence of only anthocyanins and discarding any contribution of 276 

betalains, the identification of the pigments was based on the comparison of the Rt and 277 

UV-Vis spectra of the samples with those corresponding to pure standards injected under 278 

the same conditions [29,38]. Three peaks appeared in the chromatogram after performing 279 

an analysis by HPLC of the gland sample, as shown in Fig. 3. Peaks exhibited retention 280 

times of Rt = 15.8 minutes, Rt = 16.8 minutes and Rt = 20.7 minutes. 281 
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Assuming the sole presence of anthocyanins, and taking into account the scarce 282 

existing bibliography, we proposed that the first peak corresponded to glycosylated 283 

delphinidin (myrtillin), the second peak to glycosylated cyanidin (kuromanin) and the 284 

third peak to an aglycone, possibly that of one of the two previous compounds, since its 285 

retention time is higher. The existence of this peak is a novelty, with respect to the 286 

previous data found in the bibliography. Its Rt coincided exactly with that of injected 287 

cyanidin chloride as standard. The aglycone nature of the novel pigment of the digestive 288 

glands was confirmed with an anthocyanin deglycosylation assay. In this way, the extract 289 

was repeated under aqueous conditions with a pH 5.0 value suitable for the action of the 290 

β-glucosidase enzyme, obtaining a HPLC profile as shown in Fig. 3. After the enzyme 291 

activity, the two main peaks that elute earlier experienced a remarkable decrease (85% 292 

and 70% respectively) while the third peak experienced an increase, tripling its initial 293 

value. Fig. 4 shows the change experienced graphically. This demonstrates that the third 294 

peak shown in the chromatogram as a result of deglycosylation is the aglycone, tentatively 295 

identified as cyanidin. Thus it can be proposed that peak 2 is a β-O-glucoside of cyanidin, 296 

highlighting that this is the first time that an anthocyanidin is identified as part of the red 297 

pigmentation in Dionaea muscipula Ellis. 298 

HPLC analysis of samples corresponding to different parts of the plant were also 299 

analyzed. Despite the evident white coloration of the flower, its petals were analyzed with 300 

the HPLC technique to confirm the absence of pigments. No peaks were found in the 301 

chromatogram in the visible region of the spectrum, and therefore it is considered that it 302 

does not present any anthocyanins [39]. However, we found two pigment peaks in the 303 

sample of the mature stem. The first with Rt = 15.8 minutes and the second with Rt = 304 

16.8 minutes. Both correspond to the same pigments identified in the glands identified as 305 

anthocyanidin glycosides. However, in this case, the third peak present in the digestive 306 
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glands and corresponding to cyanidin, was not found. In additon, the proportion of the 307 

pigments is different. As shown in Fig. 5, the amount of the anthocyanin that elutes first 308 

is significantly higher in the case of the stem. 309 

3.4. Structural analysis of pigments 310 

In the case of pigments of Dionaea muscipula Ellis, the first peak shown by the 311 

spectrum of Fig. A. 1A shows a molecular ion of m/z 465 and a main daughter ion of m/z 312 

303, corresponding to the expected mass for delphinidin, obtained through cleavage of 313 

the glucose unit at the level of the O-glucosidic bond (m/z [M+H]+ - 162). This mass 314 

pattern corresponds to that of delphinidin-3-O-glucoside (myrtillin) (Supplementary Fig. 315 

1) [40]. The second peak yielded a molecular ion of m/z 449 and the main daughter ion 316 

was m/z 287 (Fig. A. 1B), corresponding to the expected mass for cyanidin, obtained 317 

through the cleavage of the glucose unit at the level of the O-glucosidic bond (m/z [M+H]+ 318 

- 162). This pattern corresponds to that referenced for cyanidin-3-O-glucoside 319 

(kuromanin) [40]. Therefore, the two peaks of glycosylated pigments found can be 320 

unambiguously assigned to delfinifin-3-O-glucoside and cyanidin-3-O-glucoside, both in 321 

the sample of digestive glands and in the mature stem. No ionization signal was found for 322 

any other anthocyanin compound, confirming the presence of only the anthocyanins 323 

identified. 324 

In the case of the petal sample, no ionization compatible to possible anthocyanins 325 

was found, confirming together with the HPLC with absorbance detection, the absence 326 

of anthocyanins in the white petals. Thus, by HPLC-DAD and ESI-MS/MS and the use 327 

of real standards, the nature of the pigments present in Dionaea muscipula Ellis was 328 

determined by modern analytical and structural techniques for first time, together with a 329 

new method of extraction. In this way, glands separation (Fig. 1C) before extraction is 330 

effective in obtaining concentrated anthocyanins extracts suitable for quantification. 331 
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Among the glycosylated anthocyanins, the major pigment in glands is kuromanin (33.15 332 

μg g-1 of fresh weight) and the minor one is myrtillin (13.66 μg g-1 FW) (Table 2). In 333 

contrast, in the stem, the major pigment is myrtillin (0.407 μg g-1 FW) and the minor one 334 

is kuromanin (0.311 μg g-1 of sample). In gland, the major pigment is at least twice as 335 

concentrated as the minor pigment and in stem, the pigments are found in similar 336 

concentrations. On the other hand, cyanidin, the pigment without glycosylation only 337 

identified in the glands, is found in small quantities (5.67 μg g-1 FW). This may be the 338 

main reason why it had not been detected in previous studies without glands separation. 339 

From a physiological point of view, the presence of this cyanidin indicates an 340 

intermediate in the biosynthesis of the final pigment. The presence of glycosylated 341 

cyanidin is more favorable due to its superior stability compared to the labile aglycone. 342 

In this way cyanidin is protected and can, therefore, develop its coloring and biological 343 

functions. The set of modern techniques of HPLC, spectrophotometry and mass 344 

spectrometry, converge to the same results. The existence of the anthocyanins kuromanin, 345 

myrtillin and the anthocyanidin cyanidin is unambiguously established in the digestive 346 

glands. 347 

Dionaea muscipula Ellis belongs to the Droseraceae family. This family was 348 

considered part of the “non-core Caryophyllales” [22]. Caryophyllales plants synthesize 349 

betalains as pigments instead of the most common anthocyanins. Recent research has 350 

moved the family into the Nepenthales order based on genetic characterization. This has 351 

demonstrated the complexity of the evolution on carnivorous Caryophylalles, concluding 352 

that non-core families may have followed as yet undetermined specific speciation events 353 

that drove ecophysiological and morphological changes [9,21,22]. However, Dionaea is 354 

found in the Droseraceae family and also contains anthocyanins, with a lack of betalains, 355 

as demonstrated here. With the data of this work it can be proposed that the Droseraceae 356 
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should be considered outside the Caryophyllales also from a phytochemical point of view 357 

and not only an exception to the synthesis of betalains in the Caryophyllales together with 358 

the Caryophyllaceae and the Molluginaceae. The unambiguously established lack of 359 

betalains supports its inclusion in the Nepenthales order [10]. 360 
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FIGURE CAPTIONS 484 

Fig. 1. Images taken with a Leica-Z6-APO macroscope. (A) Surface of the snap trap of 485 

Dionaea muscipula Ellis before the separation of the digestive glands. (B) Same section 486 

of the snap trap of Dionaea muscipula Ellis after the separation of digestive glands. 487 

Arrows indicate the location of the sensitive hairs in the trap. (C) Microscopy image of 488 

isolated digestive glands excised from the surface of the snap trap of Dionaea muscipula 489 

Ellis  490 

Fig. 2. (A) Spectrum for an extract sample from digestive glands in acid methanol. (B) 491 

Normalized spectra for kuromanin (anthocyanin) and betanin (betalain) standards.  492 

Fig. 3. HPLC chromatogram belonging to the sample of digestive glands, showing the 493 

three peaks identified at the wavelength of 536 nm. Peaks correspond to pigments 494 

identified as myrtillin (1), kuromanin (2) and cyanidin (3). Injection volume was 50μl. 495 

Full scale is 100 mAU. 496 

Fig. 4. Cromatogram of the extract of digestive glands in a medium at pH 5.0 after 497 

treatment with the enzyme β-glucosidase (30 min at room temperature). Pigments shown 498 

are myrtillin (1), kuromanin (2) and cyanidin (3). Injection volume was 50μl and the 499 

signal was registered at λ = 536 nm. Full scale is 80 mAU. 500 

Fig. 5. Comparison of relative areas for pigments present in mature stems (A) and the 501 

snap trap (B). 502 

  503 
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TABLES 504 

Table 1. Color analysis parameters (CIELAB) for the untreated whole snap trap of 505 

Dionaea muscipula Ellis. 506 

Parameters L* C* h* a* b* 

Average ± SD 37.1 ± 0.34    6.60 ± 0,16    30.42 ± 2.99    5.69 ± 0.04    3.35 ± 0.38    

 507 

 508 

Table 2. Content of anthocyanins from samples of digestive glands and mature stems. 509 

Sample 

Pigments (μg g-1) (FW) 

Myrtillin Kuromanin Cyanidin 

Gland 13.66 ± 0.061 33.15 ± 1.52 5.677 ± 0.08 

Stem 0.40 ± 0.14 0.311 ± 0.075 nda 

and: not detected. 510 

 511 
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FIGURES 513 

FIGURE 1 514 

 515 
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FIGURE 2 518 
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FIGURE 3 521 
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FIGURE 4 525 
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FIGURE 5 529 
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