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Summary. Aethionema semnanense is a rare, endemic, and endangered species of Iran, belonging to the earliest-
diverging lineage of the family Brassicaceae. This study provides an integrated analysis of the morphological,
anatomical, and micromorphological features of this species to clarify its taxonomic position and structural adaptations.
Macromorphological traits such as ovate to orbiculate leaves, bilocular boat-shaped silicules, and winged filaments
were documented. Anatomical observations revealed amphistomatic leaves with differentiated palisade and spongy
tissues, idioblastic crystal-bearing cells, and well-developed vascular bundles. Micromorphological examination of
seed surface patterns using scanning electron microscopy (SEM) demonstrated a distinct reticulate sculpturing that
clearly differs from closely related species, including A. arabicum and A. cordatum. These combined characteristics
reinforce the systematic distinctness of A. semnanense and contribute to understanding structural variation and
adaptive strategies among early-diverging Brassicaceae taxa. The results also provide valuable information for future
taxonomic, phylogenetic, and conservation-oriented studies on the genus Aethionema.
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Annomauus. Aethionema semnanense — pegKuil ¥ HAXOJSALIUIICS IO, YTPO30I MCIe3HOBEHNSA BIJ, SHAEMUYHbII
m1s1 VpaHa, npuHamIexamuii Kk Hanbomee paHO OMBEPrUpOBaBILeil Kiaje ceMelicTBa Brassicaceae. B mannoM nc-
CTIelOBaHNM [IPeACTaBIEHO KOMIIEKCHOE U3y4eHUe MOP(ONIOrNIeCKIX, aHATOMUYECKIX M MYKPOMOP(HOIOTHYeCKIX
IIPM3HAKOB BUJIA C 1[€/IbI0 YTOYHEHNA €T0 TAKCOHOMMYECKOTO TONIOKEHNA U CTPYKTYPHBIX aflanTauuit. Makpomop-
¢omorndeckme IPU3HAKN: TUCTbsI OBAIbHBIE IO OKPYIIBIX, ABYTHE3NHBIE TOTOYKOBUAHBIE CTPYIOUKM U KPbITAThIE
TBIYMHOYHBIE HUTM. AHaTOMIUYeCKNe HaOMIoneH sl BbISBIIN aMucToMaTdeckme MucThbs ¢ fuddepeHnpoBaHHbI-
MM TI/IMCAHOI U Ty0YaToll MapeHXuMaMy, UAN06IacTaMy C KPUCTA/IAMI U XOPOLIO PasBUTBIMU IIPOBOJSIIVIMU
nyukamu. MukpomMopdomorniecknii aHanm3 MoBEPXHOCTH CEMSH C MCIONIb30BaHMeM CKaHMPYIOLeil 3/IeKTPOHHO
mukpockonuy (COM) BBIABIII XapaKTePHBII CeTYATbII PUCYHOK, 3HAYUTEIBHO OT/INYAIOIINIICS OT 6/IM3KOPOSICTBEH-
HBIX BUJOB, TaKMX Kak A. arabicum u A. cordatum. Ilony4eHHble JaHHBIE TOATBEPXKAAIOT CUCTEMATUYECKYIO 060C0-
O7eHHOCTD A. semnanense U JAIOT IPefCTaBlIeHNE O CTPYKTYPHbIX aflalliTallMAX PAHO AUBEPTUPOBABIINX TAKCOHOB
Brassicaceae. Pe3ympraThl Tak)xe [PefCTABIAIOT [IEHHOCTD IS JA/IbHENIINX TAKCOHOMIYECKNUX, PUIOTEeHETUIECKIX

¥ IIPUPOJOOXPAHHBIX NCCIENOBaHMI pofia Aethionema.

Introduction

The genus Aethionema W. T. Aiton represents the
earliest-diverging lineage within the Brassicaceae
family and comprises approximately 60-70 species,
predominantly distributed in the Irano-Turanian
phytogeographical region (Moazzeni et al., 2018).
These species are characterized by a wide diversity
in morphology, including variations in leaf shape,
fruit type (dehiscent vs. indehiscent), and floral
structures. As the sister clade to the rest of the
Brassicaceae, Aethionema has garnered attention
for its phylogenetic importance and evolutionary
distinctiveness (Al-Shehbaz, 2012; Edger et al,
2018).

Recent taxonomic and ecological studies
have expanded the understanding of species
diversity in Aethionema. According to Moazzeni
et al. (2018), high-elevation habitats of Iran harbor
underestimated diversity, and subsequent studies
have led to the description of new species such as
A. alpinum Moazzeni et Noroozi and A. zagricum
Moazzeni et Mahmoodi. As noted by Moazzeni et
al. (2018), many species of Aethionema are adapted
to rocky and dry to alpine habitats, occurring from
500 to more than 3500 meters in elevation. These
findings highlight the importance of continued
floristic and systematic surveys in mountainous
regions of Iran (Moazzeni et al., 2018, 2023).

Micromorphological traits, such as seed coat
ornamentation and flower structure, have proven
particularly valuable for taxonomic resolution
within Aethionema (Pinar et al., 2007; Khosravi et
al., 2009; Atceken et al., 2016). Recent studies have
also demonstrated that anatomical characters of
stems, leaves, and reproductive organs can effectively
differentiate closely related taxa (Karaismailoglu,
2019; Tekin, 2022). These characteristics, observed
through techniques such as scanning electron

microscopy (SEM), provide diagnostic tools that
complement molecular data in resolving species
boundaries and evolutionary relationships.

In Iran, Aethionema is represented by at least
18 species, some of which are very common, e. g.,
A. grandiflorum Boiss. et Hohen. and A. carneum
(Banks et Sol.) B. Fedtsch., others are not so widely
distributed. Six Iranian species of Aethionema are
narrow endemics with distinct morphological
features (Hedge, 1968; Moazzeni et al., 2018, 2023).
These are A. cephalanthum Bornm., A. erinaceum
(Boiss.) Khosravi et Mumm., A. sabzevaricum
Khosravi et Joharchi, A. semnanense Mozaff,,
A. stenopterum Boiss., and A. umbellatum (Boiss.)
Bornm. Aethionema semnanense is an endemic
species of Iran that occurs on gravely slopes at
the elevation between 2200 and 2900 m a. s. I
(Moazzeni et al., 2018). The genus is characterized
by simple, entire leaves that are variable in shape
and size in Iranian Aethionema. Some species have
linear to narrowly oblong leaves 1-4 mm wide,
e. g., A. grandiflorum, A. transhyrcanum (Czerniak.)
N. Busch, and A. virgatum (Boiss.) Hedge,
whereas others such as A. cordatum (Desf.) Boiss.,
A. semnanense, and A. sabzevaricum have ovate,
elliptic, or cordate leaves 5-20 mm wide. All species
do not produce basal rosettes.

Aethionema semnanense is perennial herbaceous
plant 3 to 10 cm tall, without thorns, with broadly
ovate leaves, silicules entire at margins, bilocular,
cymbiform, 1-4-seeded, filaments  winged.
Aethionema semnanense, originally described by
Mozaffarian (1996), is a rare endemic endangered
perennial species confined to Semnan province
(Iran). Itis morphologically distinguished by its ovate
leaves, bilocular cymbiform silicules, and winged
filaments. Its anatomical and micromorphological
features have not been thoroughly investigated
yet, leaving a gap in understanding its taxonomic
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placement within the genus. The present study
aims to fill this gap by providing a comprehensive
description of the anatomical and morphological
structures of A. semnanense, including observations
of leaf, stem, flower, and seed characteristics. These
findings are expected to contribute to the taxonomy
of Aethionema and enhance the knowledge of
structural adaptations within early-diverging
lineages of Brassicaceae.

In anatomical studies of Brassicaceae, specific
structural traits such as idioblastic cells and
amphistomatic leaves are considered informative
for taxonomy and ecological interpretation.
Amphistomatic leaves, characterized by the presence
of stomata on both adaxial and abaxial surfaces, are
generally associated with plants growing in high light
or arid environments, as they enhance gas exchange
efficiency (Salisbury, 1992). These features not only
reflect adaptation to environmental pressures but
also provide valuable taxonomic markers in species
discrimination.

Materials and Methods

Based on the investigations conducted in the
province and using the experiences of the authors
of this article, based on different samplings in the
province, the only habitat of A. semnanense species
was identified around the villages of Eij and Javin of
Sorkheh city. These localities are situated in the west
of Semnan city. The type of the species was collected
in the locality with geographical coordinates of
35°28°9"N, 52°53°33”E, at elevation 1336 m:
“Semnan, Lastjerd, Eij to Javin, 1900 m, Taherian
and Maddah 850” (TARI; iso — Research Center
of Semnan). Some collected samples were dried,
according to standard herbarium techniques, and
stored in the Trakya University Faculty of Pharmacy
Herbarium. For morphological measurements,
herbarium and fresh plant samples were used, and at
least 20 measurements were taken for each character
from as many different individual plants as possible.
Gypsum and limestone plant communities are
especially visible in this area. However, the mining
and construction of factories in the region have led
to irreparable damage to the vegetation of the region
and the destruction of many habitats. The species
was sampled from rocky, gypsum-rich slopes in
Semnan province. The villages of Eij and Jovin have
beautiful natural landscapes, which are located on
the southern slope of Miantigh Mountain on the
southern edge of the Alborz Mountains (Fig. 1). Fresh
plant material of A. semnanense was collected during

the growing season from the natural population. For
morphological analyses, both herbarium and fresh
specimens were used. At least 20 measurements
were taken for each character (e. g., leaf, petal, fruit,
seed) from multiple individuals to ensure statistical
validity.

Anatomical studies were conducted on hand-
made cross sections of leaves and stems. Fifteen leaf
samples (five per individual from three individuals)
were fixed, stained with Carmen Zaji and Methylene
Blue (Sotoodehnia-Korani, 2020), and observed
using a light microscope (Leitz Wetzlar) equipped
with a Nikon Coolpix camera.

Trichome characteristics and seed surface
ornamentation were examined using scanning
electron microscopy (SEM; Tescan Vega-3 LMU).
Samples were mounted on aluminum stubs, sputter-
coated with a 25 nm gold layer, and analyzed at 15—
22 kV acceleration voltage at the SEM Laboratory of
Semnan University.

Anatomical traits (e.g., epidermis thickness,
stomatal length, palisade cell dimensions) were
measured using calibrated image analysis software.
Statistical analyses were conducted using SPSS
software (version 15.0). All morphological and
anatomical measurements were tested for normality
using the Shapiro-Wilk test. One-way Analysis
of Variance (ANOVA) was applied to evaluate
significant differences among measured traits (e. g.,
leaf thickness, stomatal length, seed size). When
significant differences were observed (p < 0.05), post
hoc comparisons were made using Tukey’s HSD test
to determine which groups differed significantly.
All data are presented as mean + standard deviation
(SD).

Results

Morphological Characteristics

Aethionema  semnanense is a perennial
herbaceous plant with a woody base and prostrate,
glabrous stems. Leaves are ovate to bicuculate,
coriaceous, sessile, entire-margined, exhibiting
a distinct greenish-blue coloration. Leaf apices
rounded; the surfaces may be slightly mucronulate
to emucronulate. Inflorescences densely spicate and
racemose, measuring approximately 8-9 mm in
length and 4-5.4 mm in width during flowering and
fruiting stages.

Petals are yellowish-purple, obdeltoid with a
truncate apex, and clawed at the base, 3.5-7 x 0.7-1.2
mm. Sepals are elliptic-obovate, with membranous
margins and a subacute apex, 2.0-2.5 x 1.1-1.3 mm.
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Fig. 1. The distribution of Aethionema semnanense.

Androecium is tetradynamous, consisting of
four long (2.4-3.1 mm) and two short (1.7-2.2 mm)
filaments, all winged. Anthers approximately 0.8-1.0
mm long and equal in both stamen types.

Ovary bilocular, with each locule containing two
ovules. Styles are short (0.2-0.3 mm), terminating
with a capitate stigma. Fruiting pedicels thin,
glabrous, 2-4 mm long, with an erect to recurved
orientation. Siliques are orbicular-elliptic, dehiscent,
greenish, with entire margins, 14.3-16.1 x 20-25.1
mm. Each fruit typically contains four ovoid seeds
2-2.5 mm long and 0.8-1.5 mm wide, exhibiting a
distinctive reticulate surface ornamentation.

The combination of coriaceous, orbicular leaves
and large, winged fruits makes A. semnanense easily
distinguishable from other species within the genus
Aethionema (Fig. 2, Table 1).

Anatomical Characteristics

Cross-sections of the stem reveal three types
of epidermal cells: square, rectangular, and
rectangular-oval. The cortex is composed of circular

56°30'0"E 62°0'0"E

to oval parenchymatous cells arranged in seven to
nine layers beneath the epidermis. A distinct layer of
cells is observed just beneath the phloem and above
the collateral vascular bundles. The regions between
these vascular bundles are reinforced by bands of
sclerenchyma fibers, and the central pith consists
of parenchymatous cells with circular to polygonal
shapes (Fig. 3A-C).

Leaf anatomy exhibits a well-defined upper and
lower epidermis, both composed of unicellular,
rectangular to oval cells devoid of trichomes. The
mesophyll is differentiated into palisade and spongy
parenchyma, arranged symmetrically, giving the
leaf a mesomorphic and amphistomatic structure.
Amphistomatic leaves, characterized by the presence
of stomata on both adaxial and abaxial surfaces,
are generally associated with plants growing in
high light or arid environments, as they enhance
gas exchange efficiency (Salisbury, 1992). The
palisade parenchyma, present on both adaxial and
abaxial surfaces, consists of 3-5 layers of primarily
cylindrical cells. The spongy parenchyma, located
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Fig. 2. Aethionema semnanense in its natural habitat at Eij and Javin (Semnan, Iran).

Table 1. Measurements of morphological organs of Aethionema semnanense

Morphological organ Mean

Plant height (cm) 20.13

leaf (mm) 19.35 (length) x 17.33 (width)
Inflorescence (cm) 8.5 (length) x 4.7 (width)
Petal (mm) 5.25 (length) x 0.95 (width)

Stamen filament (mm)
Ovule (mm)

1.95 short, 2.75 long
1.65 (length) x 1.1 (width)

Fruiting pedicel (mm) 3.14
Silicule (mm) 22.55 x 15.2
between the palisade layers, comprises 1-3 layers In stem cross-sections, epidermal cells

of oval to irregular cells. A prominent midvein is
centrally located within the mesophyll (Fig. 3E-F).
Idioblastic cells which are specialized plant cells
that often contain crystals or secondary metabolites
and may contribute to defense, mechanical strength,
or storage (Fahn, 1982), containing crystals are
observed in all examined tissues, including the
stem, leaf, and seed coat (Fig. 3F). The stomata
are anisocytic (cruciferous type), positioned flush
with the epidermis. Quantitative measurements of
anatomical tissues are summarized in Table 2.

measured approximately 24.3 +2.4 pm in length
and 21.4 £+ 54 um in width, while pith cells are
the largest, averaging 73.4+172um in length
and 66.3 + 12.2 um in width. Tracheary elements
exhibit diameters of 31.1 + 3.7 um by 53.3 + 2.1 um.
In leaf tissue, palisade parenchyma cells are
notably elongated, with average dimensions of
88.4+18.1 ym in length and 26.2+11.1um in
width, while spongy parenchyma cells are smaller
and more irregular (32.3+14.4um in length).
Epidermal cells of the leaf measured 26.5 + 2.1 pmin
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Fig. 3. Cross sections of Aethionema semnanense: A-C — stem sections; D-F - leaf sections.

Table 2. Measurements of anatomical tissues of Aethionema semnanense

Anatomical tissue Mean Width (um) + SD Mean Length (um) + SD
Stem

Epidermis cell 214+54 243+24
Trachea cell 533+ 2.1 31.1 £3.7
Pith cell 66.3 £12.2 734 +£17.2
Colenchyma 324+26 324+393
Leaf

Idioblast 88 +8.8

Palisade cell 262+ 11.1 88.4+18.1
Spongy cell 323+144

Epidermis cell 23.6 3.7 26.5+2.1
Stomatat cell 51+1.4 1142 +3.6

length and 23.6 + 3.7 um in width. Stomatal length
and width average 11.42 + 3.6 um and 5.1 + 1.4 pm,
respectively, with an interstomatal distance of
111.11 pm. These measurements provide a detailed
anatomical profile of A. semnanense and serve as
valuable diagnostic characters for comparison with
related species.

Idioblastic cells with distinctive morphology
are observed in all examined tissues of Aethionema
semnanense, including leaves, stems, and seeds (Fig.
3F). The stomata are of the anisocytic (cruciferous)

type and are located flush with the surrounding
epidermal cells. No epidermal hairs are detected on
either surface. Quantitative measurements indicate
that the average distance between stomata is 111.11
pm, with an average stomatal length of 11.42 pum and
width of 5.01 um (Fig. 4).

The combination of these anatomical features —
including epidermal cell types, idioblast distribution,
stomatal characteristics, and seed coat morphology -
provides valuable diagnostic traits for the taxonomic
delineation of Aethionema semnanense.
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Fig. 4. The abaxial leaf surface of Aethionema semnanense was examined using scanning electron microscopy
(SEM).
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Although the seed coat appears smooth under
the stereomicroscope and to the naked eye, SEM
reveals a distinct reticulate surface ornamentation.
The seeds are ovoid in shape and exhibit well-
defined sculpturing patterns characteristic of the
species (Fig. 5, Table 2).

SEM analysis of seed surface ornamentation
shows a well-defined reticulate pattern, with
ovoid seeds exhibiting a sculptured testa. These
micromorphological traits are clearly visible under
SEM imaging and contribute to species-level
identification (Fig. 5, Table 2).

Discussion

This study presents the first comprehensive
morphological and anatomical characterization
of Aethionema semnanense. The results provide
valuable insights into its diagnostic traits and
support its systematic placement within the genus
Aethionema.

Morphologically, A. semnanense is readily
distinguished by its coriaceous, orbicular leaves.
While large fruits are noted, the specific morphology
and dimensions of the wings, in conjunction with
other features, are significant taxonomic markers.
These traits, along with the floral morphology
including clawed petals, a bilocular ovary, and
winged filaments, further support the unique
identity of this species, differentiating it from closely
related species such as A. sabzevaricum, A. cordatum,
and A. saxatile, as documented by Moazzeni et al.

(2018, 2023).These characteristics align with traits
used in traditional Brassicaceae classifications,
reinforcing the taxonomic utility of reproductive
structures. A central highlight of this study is
the micromorphological analysis of seed surface
ornamentation via SEM. The reticulate sculpturing
observed in A. semnanense is pronounced and ovoid
in pattern, with deep brown coloration. Such features
are not only distinctive but also critical for species-
level delimitation in the genus. While reticulate
patterns have also been documented in species like
A. stylosum DC., A. eunomioides (Boiss.) Bornm.,
and A. dumanii Vural et Adigiizel (Pinar et al., 2007;
Atgeken et al, 2016), the specific characteristics
of A. semnanense — notably the depth, direction,
and density of the seed testa network — set it apart.
Compared to A. arabicum (L.) Andrz. ex Reichenb.
and A. cordatum, whose seeds often exhibit verrucate
or verrucate-reticulate patterns with lighter brown
coloration (Atgeken et al., 2016), A. semnanense
presents a more uniform and well-defined reticulate
sculpturing. These contrasts further emphasize
the value of seed micromorphology as a robust
tool for infrageneric classification in Aethionema
and more broadly in Brassicaceae (Kaya et al,
2011; Karaismailoglu, 2019). The seed surface
ornamentation of A. semnanense, as observed under
SEM, displays a well-defined and uniform reticulate
pattern with deeply impressed anticlinal walls and
smooth periclinalsurfaces. Thissculpturingis distinct
from that of A. arabicum, which typically exhibits a
verrucate-reticulate or papillate pattern with more

Fig. 5. The surface of Aethionema semnanense’s seed-coat as viewed by scanning electron microscopy (SEM).
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irregular and less continuous ridges (Atceken et
al., 2016). In contrast, A. cordatum tends to show
a lighter coloration and a less densely reticulate
testa, with occasional undulate cell boundaries
(Pinar et al, 2007). These micromorphological
distinctions — particularly in the uniformity, depth,
and directionality of the reticulate network - further
support the taxonomic uniqueness of A. semnanense
and highlight the diagnostic value of seed coat traits
within the genus.

Anatomically, several features observed in A. sem-
nanense are consistent with general Brassicaceae
characteristics. These include amphistomatic and
equifacial leaves, anisocytic (cruciferous) stomata,
and the presence of idioblastic cells. The stomata, level
with the epidermis, measured on average 11.42 um in
length and 5.01 pm in width, with an interstomatal
distance of 111.11 um. While such stomatal
configurations have been documented in many
Brassicaceae species (Metcalfe, Chalk, 1950), the
symmetrical palisade arrangement observed here -
with 3-5 layers of cylindrical cells on both adaxial and
abaxial surfaces — may represent a species-specific
adaptation, possibly related to the environmental
conditions of its high-altitude, sun-exposed habitats.

One particularly interesting finding is the
widespread presence of idioblastic cells in all organs
examined, including leaves, stems, and seeds.
These specialized cells, often containing crystals,
are believed to play roles in mechanical support,
detoxification, and defense (Tekin, 2022). In A. sem-
nanense, idioblasts were abundant and uniformly
distributed across tissues, suggesting their functional
significance may be heightened in this species. The
prevalence of idioblasts aligns with the structural
adaptations of other Brassicaceae taxa that inhabit
harsh or nutrient-limited environments, where
crystal storage or defensive function is advantageous.

In the stem cross-sections, the relatively reduced pith
diameter compared to other Aethionema species may
also be noteworthy. The proportionally thicker cortex
and sclerenchyma rings surrounding vascular bundles
indicate structural reinforcement, possibly supporting
the plant’s prostrate growth form in rocky slopes. Such
anatomical patterns, combined with its morphological
distinctiveness, underscore the evolutionary divergence
of A. semnanense within the genus.

Although A. semnanense was previously listed as
“Data Deficient (DD)” by Moazzeni et al. (2018), our
field observations suggest that the species may be
under increasing threat due to habitat degradation
caused by mining, overgrazing, and industrial
development in the Eij and Javin areas. Given that our

study was limited to a single known population, we
acknowledge that this assessment may not represent
the full range of the species. Therefore, while we
tentatively refer to it as “endangered” due to its narrow
distribution and observed environmental pressures, a
comprehensive conservation status assessment based
on broader sampling is urgently needed.

Altogether, the morphological and anatomical
findings presented here not only reinforce the
systematic distinctness of A. semnanense but also
contribute to a broader understanding of character
diversity in Aethionema. These results provide a
strong basis for future phylogenetic studies and could
assist in resolving taxonomic uncertainties within
this underexplored group. Given the endemic and
endangered status of A. semnanense, further studies
focusing on population variability, conservation
priorities, and potential phylogeographic patterns
are highly recommended.

Conclusion

This study provides the first comprehensive
analysis of the morphological, anatomical, and
micromorphological features of Aethionema
semnanense, a rare and endemic species in Iran.
Detailed examination of the stem, leaf, fruit, and
seed revealed a combination of distinctive traits,
including coriaceous ovate leaves, cymbiform and
winged fruits, and winged filaments of stamens. The
micromorphological characteristics of the seeds,
particularly their reticulate ornamentation and
ovoid shape observed under SEM, further support
the taxonomic distinctness of this species.

From a conservation perspective, this study
underscores the vulnerability of narrowly endemic
species to habitat disturbance. We recommend
extended field surveys across all known populations
and suggest ex-situ conservation strategies such as
seed banking and cultivation trials under controlled
conditions. Such actions would support long-
term preservation and potentially allow the use
of A. semnanense in rock gardens or alpine plant
collections, given its morphological appeal.
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