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Abstract

In this study, for the first time, the micromorphology of the dorsal and ventral surfaces of petals
in species of the genera Cleome and Rorida (family Cleomaceae) was investigated in Iran using
a scanning electron microscope (SEM). Epidermal cell traits of petals, including cell shape
(conical papillose or tabular-rugose), anticlinal wall shape (straight or curved), cuticular
ornamentation (striate or rugose), presence or absence of trichomes and their type, and the
presence or absence of stomata, were examined. After character coding and scoring, the data were
analyzed using cluster analysis, Principal Coordinate Analysis (PCoA), and Detrended
Correspondence Analysis (DCA) in PAST software. Ancestral state construction of petal
characters was also performed based on molecular data. The results showed that the dorsal and
ventral surfaces of petals in Rorida and some Cleome species (C. heratensis, C. foliolosa, and C.
turkmena) exhibited tabular-rugose epidermal cells. In contrast, other species demonstrated
conical papillose cells. Anticlinal wall shapes were straight or curved, or exclusively curved, and
trichomes were observed in simple or glandular forms (short or long); stomata were reported only
in some species. The inferred ancestral states included tabular-rugose cells, striate cuticular
ornamentation, and the absence of trichomes and stomata. The obtained results provided valuable
information on petal traits at the microscopic scale and successfully distinguished the two genera
under study.

Keywords: Ancestral characters, Cleomaceae family, Derived characters, Micromorphology,
Petal.

*Corresponding Author: atena.eslami@shirazu.ac.ir

3041-9603 © University of Isfahan
This is an open access article under the CC BY-NC-ND/4.0/ License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

doi: 10.22108/ijph.2026.148253.1436

gloisie


https://ijpb.ui.ac.ir/?lang=en
https://portal.issn.org/resource/ISSN/3041-9603
atena.eslami@shirazu.ac.ir
https://portal.issn.org/resource/ISSN/2322-2204
https://creativecommons.org/licenses/by-nc-nd/4.0/
10.22108/ijpb.2026.148213.1435
10.22108/ijpb.2026.148253.1436
https://orcid.org/0000-0003-2398-1238

42 Journal of Plant Biological Sciences, Vol. 18, Issue 1, No. 67, 2026

Introduction

The spider-flower family, Cleomaceae, comprises annual and perennial herbs, shrubs, and small trees. It is
mainly distributed in tropical, desert, and temperate regions and encompasses around 27 genera and 270
species worldwide (Bayat et al., 2018). Taxonomically, this family was treated as a subfamily of Capparaceae
(Pax & Hoffmann, 1936; Messina, 2020), while some taxonomists reassigned Cleomaceae as a distinct family
(Heywood et al., 2007; lltis & Cochrane, 2007). In a phylogenetic context, Cleomaceae is closely related to
Brassicaceae (Nikolov et al., 2019; Mabry et al., 2023). Some taxa within this family possess medicinal,
nutritional, and ornamental value (Hassan et al., 2022; Khuntia et al., 2022).

The genera Cleome and Rorida belong to the family Cleomaceae, and comprise approximately 203 and 15
species worldwide, respectively (POWO, 2026), and ca. 10 and 6 species in Iran, respectively. Although
Rorida is taxonomically assigned as a synonym of Cleome (POWO, 2026), recent taxonomic and phylogenetic
investigations supported its recognition as a distinct genus (Thulin & Roalson, 2017; Eslami-Farouji et al.,

2025).

While the petal micromorphology has been investigated in several plant families have been studied previously,
the micromorphology of petals within Cleomaceae has remained unexplored. Therefore, the present study
specifically aims to investigate the micromorphology, numerical taxonomy, and ancestral character
reconstruction of petals of Cleome and Rorida.

Materials and Methods

In this study, a total of 13 species from the genera Cleome and Rorida were investigated. The studied specimens
are preserved in the Herbarium of Shiraz University (HSHU). The information regarding the collected
specimens, including locality, date, altitude, geographical coordinates, and collector’s name, was recorded.
The mature flowers of each species were selected. Specimens were transferred to the Central Laboratory of
Shiraz University for further analyses using scanning electron microscopy (SEM). The dorsal and ventral
surfaces of the petals were placed on the aluminum stubs and fixed with double-sided carbon tape. The stubs
were then coated with a thin layer of gold for ten minutes. Microscopic examination was performed using a
TESCAN Vega-3 SEM at an accelerating voltage of 20 kV. Epidermal cell traits of petals, comprising cell
shape (conical papillose or tabular-rugose), anticlinal wall shape (straight or curved), cuticular ornamentation
(striate or rugose), presence or absence of trichomes and their type, and the presence or absence of stomata,
were recorded. Qualitative and quantitative micromorphological traits were examined. The latter
characteristics were measured using Digimizer software. After character state determination and scoring, the
data were analyzed using the unweighted pair group method with arithmetic mean (UPGMA), Principal
Coordinate Analysis (PCoA), and Detrended Correspondence Analysis (DCA) in PAST software. Ancestral
state reconstruction of petal characters was also conducted using Bayesian Binary MCMC in the RASP
software. Arivela viscosa was selected as the outgroup.

Results and Discussion

In this study, various images were captured and used to examine qualitative and quantitative characteristics.
One-way ANOVA and Welch F test show that all measured quantitative traits (petal length, width, epidermal
cell area) differed significantly among the studied species of two genera within Iran (p<0.05). Multivariate
statistical analyses of 13 Cleome and Rorida species using the Gower coefficient revealed three distinct
phenons. The first phenon comprises species related to Rorida, while the remaining two phenons belong to the
genus Cleome. Based on DCA analyses, the most diagnostic traits were identified in all three phenons. Box
plots were used to illustrate differences in cell area of the dorsal and ventral surfaces of each species.
Subsequently, the maximum and minimum variations were recorded. According to the Bayesian Binary
MCMC analyses, the graphical output of the petal character analyses showed the ancestral and derived traits,
respectively (Tabular-rugose with striation cells vs. Papillose conical cells with striation/ striate vs. non-striate/
glabrous vs. glandular trichome/ without stomata vs. with stomata).

Overall, numerous morphological and micromorphological investigations have been conducted by researchers
to establish the taxonomic delimitation of taxa. Indeed, selecting apomorphic traits within numerical taxonomy



Micromorphology, numerical taxonomy, and ancestral character reconstruction of .../ Atena Eslami Farouji 43

plays an important role in delineating taxa. Therefore, understanding the evolutionary trends of morphological
characters is crucial.

Conclusion

Due to the limited information on petal micromorphology in the two genera Rorida and Cleome, detailed
investigations are necessary. In this study, the micromorphology of the dorsal and ventral petal surfaces was
investigated for the first time. The results provided valuable information on petal characteristics and led to the
interpretation of ancestral and derived characters. Moreover, these traits enabled us to distinguish the two
genera based on the specimens studied. However, since the present findings are limited to Iran, comprehensive
worldwide plant sampling is necessary. These results support future research and highlight the utility of petal
traits in generic and specific delimitation, as well as in understanding the evolutionary history of this group.
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Table 1- List of the studied specimens, including locality, date, altitude above sea level, geographic longitude, latitude, collector, and
herbarium code, in the micromorphological study of the petals of the two genera Cleome and Rorida in Iran.

Species

Voucher

Arivela viscosa (Raf.) L.

Iran: Fars, Rostam, Kopen, 1393.01.17 (2014.08.06), 784 m, 30°19'38.3"N 51°17'09.2"E, P. Dashtian, HSHU: 208

C. noeana Boiss. (R. quinquenervia (DC.) Thulin and Roalson

Iran: Fars, Mamassani, Kuh-e Dakal, 1392.04.20 (2013.07.11), 1031 m, 30°08'22.5"N 51°32'31.3"E, Sahar Karami, HSHU:
221; Fars, Mamassani, road of Babamonir to Mishan, 2 km to Mishan, 1370.06.31 (1991.09.22), 800 m, 30°00'30.1"N
50°55'26.7"E, A.R. Khosravi, HSHU: 1724

C. rostrata Bobrov (R. rostrata (Bobrov) Thulin and Roalson)

Iran: Khorassan Razavi, Torbat-e jam, between Mohammadabad and Mallou, Tappe Gachi, Southwest of Pasgah-e Zakni,
1382.05.08 (2003.07.30), 1900 m, 35°09'50.2"N 60°57'11.9"E, Faghihnia & Zangooei, HSHU: 35042

Cleome dolichostyla Jafri (R. quinquenervia (DC.) Thulin and
Roalson)

Iran: Hormozgan, Gask, road of Davari to to Jaghdan, 1385.04.06 (2006.06.27), 284 m, 26°41'14.8"N 57°26'06.8"E, Z.
Yeganeh, HSHU: 33624; Fars, Mamassani, 10 km after Mishan to Khesht, 1370.06.31 (1991.09.22), 830 m, 29°51'27.0"N
51°00'45.2"E, A.R. Khosravi, HSHU: 1735

C. heratensis Bunge & Bien. ex Boiss.

Iran: Fars, 2 km after Abadeh Tashk to Khaje Jamali, 1382.07.23 (2003.10.15), 1500 m, 29°49'24.9"N 53°47'46.8"E, A.R.
Khosravi, A. Mousavi & M. Soltani, HSHU: 26175

C. foliolosa DC.,

Iran: Kerman, from Kerman to Sirjan, on gravely, limestone, 1354.05.29 (1975.08.20), 1600 m, 30°15'00.0"N 57°56'00.0"E,
M.H. Bokhari 1687, HSHU: 1687

C. turkmena Bobrov

Iran: Torbat-e Jam, between Mohammadabad and Mollou, Southwest of Tappe Gachi, Southwest of Pasgah-e Zakni,
1382.05.08, (2003.07.30), 900 m, 35°09'56.8"N 60°57'13.9"E, Faghihi & Zangooei, HSHU: 35041

C. khorassanica Bunge & Bien. ex Boiss.

Iran: Kerman, Baft, Naniz village, 1373.05.06 (1994.08.06), 745 m, 29°21'00.0"N 56°54'00.0"E, S. Hosseinkhani, HSHU:
22316

C. iberica DC.

Iran: Fars, Kuhmarreh Sorkhi, Kerach Mountain, 1369.03.23 (1990.06.13), 2150 m, 29°22'45.3"N 52°13'48.0"E, A.
Hatami, HSHU: 314; Fars, 10 km after Sepidan to Yasuj, 1370.04.18 (1991.07.09), 1803 m, 29°58'59.2"N 52°18'15.2"E,
A. Hatami, HSHU: 834

C. ornithopodioides L.

Iran: Kordestan, Sarvabad, Kuhsalan, Doroud, 1390.04.19 (2011.07.10), 1111 m, 35°17'59.7"N 46°21'29.8"E, A. Sajjadi,
HSHU: 520

C. glaucescens DC.

Iran: Fars, Mamassani, Kuh-e Dakal, 1392.04.20 (2013.07.11), 977 m, 30°08'22.8"N 51°32'28.3"E, S. Karami, HSHU:
235; Fars, Mamassani, Kuh-e Dakal, 1392.02.12 (2013.05.02), 977 m, 30°08'22.8"N 51°32'28.3"E, S. Karami, HSHU:
167

C. oxypetala Boiss.

Iran: Kerman, Faryab, Darreh Shur, 1399.06.17 (2020.09.07), 745 m, 28°1'52.94"N, 57°14'58.02"E, H. Salimi, HSHU:
122; Kerman, Faryab, Darreh Shur, 1398.12.17 (2020.03.07), 745 m, 28°1'52.94"N, 57°14'58.02"E, H. Salimi, HSHU:
125

C. coluteoides Boiss.

Iran: Khorasan Razavi: Mashhad, Amiriyeh, 1398.03.01 (2019.05.22), 1064 m, 36°22'49"N-59°29'05"E, A. Eslami-
Farouji, HSHU: 231; Khorasan-e Razavi, Ferdowsi University of Mashhad campus, 1398.02.25 (2019.05.15), 1029 m,
36°18'45"N-59°32'22"E, A. Eslami-Farouji, HSHU: 214

C. amblyocarpa Barratte & Murb.

Iran: Sistan & Baluchestan, Iranshahr, Korekalkali, 1398.02.05 (2019.04.25), 550 m, 27°10'17.4"N 60°39'33.2"E, N.
Kalkali, HSHU: 53; Sistan & Baluchestan, Iranshahr, Korekalkali, 1396.01.08 (2017.03.28), 548 m, 27°10'17.37"N
60°39'33.17"E, N. Kalkali, HSHU: 53

.R. quinquenervia (E-F

Figure 1. General view and habitat of selected species representing the genera Cleome and Rorida in Iran. A-B) C. coluteoides, C-D)

C. iberica, and E-F) R. quinquenervia.
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Table 2- General view of petal epidermal cells of the studied species of the genera Cleome and Rorida in Iran. The letters used in the table are defined as follows: smooth and folded, striated (TRS: Tabular-
rugose with striation), conical cells with small protuberances (PCS: Papillose conical cells with striation).

Ventral view Dorsal view
Lineage Species Anticlinal Cuticular - Stomata Anticlinal Cuticular - Stomata
Cell shape - Trichome Cell shape - Trichome
wall shape ornamentation presence wall shape ornamentation presence

Outgroup Avrivela viscosa 1;1%%'3; Stéiliglf;t(jor Striate - - Tri%:)l:er_ St;ilrg\;/f;tdor Slightly striate - +
Rorida quinquenervia Tabular- Straight or Striate Long glandular --- Tabular- Straight or Striate Long ---

rugose curved rugose curved glandular

. Tabular- Straight or . Tabular- Straight or . Long

Rorida R. rostrata rugose curved Striate Long glandular rugose curved Striate glandular +
R. dolichostyla Tabular- Straight or Striate Long glandular - Tabular- Straight or Striate Long -

rugose curved rugose curved glandular
Cleome heratensis Tabular- Straight or Non-striate Short glandular --- Tabular- Straight or None-striate Short ---

rugose curved rugose curved glandular
C. foliolosa Tabular- Straight or Non-striate Short glandular Tabular- Straight or None-striate Short

rugose curved rugose curved glandular

. . Long
Tabular- Straight or - Tabular- Straight or .

C. turkmena rugose curved Non-striate Short glandular rugose curved None-striate gl:ir:;igll:r,
Cleome C. khorassanica PCS curved striate --- -— PCS curved striate --- ---
C. iberica PCS curved striate - -— PCS curved striate
C. ornithopodioides PCS curved striate -— + PCS curved striate -— +
C. glaucescens PCS curved striate - -— PCS curved striate - -
C. oxypetala PCS curved striate -— + PCS curved striate - +
C. coluteoides PCS curved striate Short glandular + PCS curved striate Long +

glandular

C. amblyocarpa PCS curved striate - + PCS curved striate - -
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Table 3- Statistical parameters (petal length and width are measured in mm, and the areas of dorsal and ventral cells were measured in square micrometers) of the dorsal and ventral petal surfaces of
different species of the genera Cleome and Rorida in Iran. All numerical values are reported to two decimal places. The ANOVA and Welch F test results represent a significant difference among the
means, and can be observed outside and inside the parentheses, respectively.

Taxon N Petal length (mm) N Petal width (mm) N Dorsal cell surface area (um2) N Ventral cell surface area (um?)
Mean sD Min  Max Mean sD Min Max Mean SD Min Max Mean SD Min Max
Arivela viscosa 8 5.45 0.35 497 5.89 10 2.56 0.22 2.53 2.94 32 195.99 74.59 72.45 337.35 20  620.36 119.24 462.43 842.59

R. quinquenervia 9 5.88 018 561 6.30 7 2.52 0.12 2.64 2.98 32 36533 69.83 293.29 517.28 24 661.28 101.22 535.20 837.12

R. rostrata 2 2.48 073 197 3.00 2 1.30 0.38 1.03 1.58 28  399.56 95.96 299.23 573.92 8 125.61 1.49 123.36 127.87
R. dolichostyla 4 5.26 012 517 535 4 3.33 0.11 3.18 3.44 29 74145 142.2 458.21 949.13 16  451.87 72.67 287.22 527.13
C. heratensis 2 4.03 048 369 437 2 1.42 0.04 1.38 1.45 32 397.24 94.35 226.26 592.21 16 361.61 96.35 24453 629.17
C. foliolosa 2 3.40 030 362 319 2 1.20 0.04 117 1.24 44 82.04 25.09 39.31 139.07 28  177.96 72.62 71.45 385.61
C. turkmena 2 3.50 020 336 3.64 2 1.29 0.11 1.20 1.37 16  427.04  105.87 268.55 619.75 32 158.82 44.21 102.69 261.84
C. khorassanica 2 0.71 029 050 0.92 2 0.18 0.01 0.17 0.18 20 15111 29.36 110.13 186.38 40 82.16 10.86 62.82 96.61
C. iberica 6 2.27 002 225 232 5 171 0.09 1.62 1.85 20 44850 97.99 296.49 604.40 16 306.89 44.77 256.30 384.36

C. ornithopodioides 10 1.89 0.04 1.82 1.97 6 1.35 0.07 1.27 1.45 21 320.70 44.34 241.45 413.37 20 331.48 82.35 165.74 432.37

C. glaucescens 2 5.05 0.04 502 5.08 2 2.26 0.08 2.20 2.32 24 394.16 97.08 255.47 656.27 28 42853 81.23 277.00 638.85
C. oxypetala 12 7.94 031 754 834 12 2.1 0.05 2.03 2.20 40 820.85 144.62 644.04 1085.44 20 54356  138.67 407.43 919.86
C. coluteoides 12 5.61 010 552 580 12 3.47 0.34 2.98 3.95 30 327.68 72.78 207.67 458502 48 21381 39.02 135.30 262.57

C. amblyocarpa 12 2.35 006 223 241 8 1.15 0.005 1.14 1.15 36 254.22 59.51 157.246 359.58 24 261.74 48.99 184.15 418.89

p-value < 0.05 0.000006 (0.0000005314) 0.000001 (0.0000005113) 0.0000000015 (0.0000007) 0.0000000026 (0.000003126)
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Figure 2- Micromorphology of the dorsal and ventral petal surfaces of different species of the genera Cleome and Rorida in Iran. A-B)
Arivela viscosa; C-D) Rorida rostrata; E-F) R. dolichostyla; G-H) R. quinquenervia; I-J) Cleome turkmena; K-L) C. foliolosa; M-N)
C. heratensis; O-P) C. khorassanica; Q-R) C. amblyocarpa; S-T) C. ornithopodioides; U-V) C. glaucescens; W-X) C. iberica; Y-Z)
C. coluteoides; AA-BB) C. oxypetala; CC) glandular trichome; D) stomata.
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Figure 3- Phenogram (dendrogram) obtained from UPGMA clustering analysis (A) and species ordination based on Principal
Coordinate Analysis (PCoA) (B), using micromorphological characters of the dorsal and ventral petal surfaces in different species of
the genera Cleome and Rorida in Iran. Clusters 1-3 are shown in blue, red, and black, respectively. The studied characters are also
indicated separately on the phenogram. Cluster names follow the recent study by Eslami-Farouji et al., (2025).
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Figure 4- Detrended Correspondence Analysis (DCA) plot based on petal traits, showing the most significant characteristics
differentiating the studied species of the two genera, Cleome and Rorida, in Iran, represented as three distinct clusters.
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Figure 6- Graphical output of the ancestral state reconstruction analysis of cell shape (5A) and cuticular ornamentation (5B) on the
ventral and dorsal petal surfaces in the two genera Cleome and Rorida in Iran. The ancestral states of the nodes are shown as pie charts
with color codes alongside each tree. For the abbreviations, see Table 2.
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Figure 7- Graphical output of the ancestral state reconstruction analysis of trichome type on the ventral (6a) and dorsal (6b) petal
surfaces in the two genera Cleome and Rorida in Iran. The ancestral states of the nodes are shown as pie charts with color codes

alongside each tree. For the abbreviations, see Table 2.
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