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Abstract
In the present study, the leaf and scape anatomical features of ten Androsace taxa distributed in Türkiye were defined to 
contribute to plant identification. Hand sections from both the scape and leaf examined 43 anatomical characters. Principal 
component analysis (PCA) and hierarchical cluster analysis (HCA) were performed for the first time for Androsace. The 
results show that there are differences as well as similarities between Androsace species. It is noteworthy that Androsace 
artvinensis forms a separate main group with HCA. In addition, the fact that two of the five basic components are represented 
by a single variable according to the PCA results suggests that the anatomical characters examined are determinative for 
Androsace taxa.). In PCA, eigenvalues of PC1 (2.435), PC2 (1.749), PC3 (1.369), PC4 (1.223), and PC5 (1.006) were greater 
than 1.0. Cortex width, aerenchyma, arrangement of vascular bundles, and four-branched non-glandular hairs are among the 
important anatomical characteristics of the scape. Leaf cross-sectional shape, epidermis dimensions, glandular hair types, 
presence of five branched non-glandular hairs, stoma sizes, presence of crystals in the mesophyll, and types are among the 
qualitative and quantitative anatomical characteristics that attract attention in the leaf. This study examined almost all taxa 
of the genus Androsace distributed in Türkiye. The results will be important in finding new species among the examined 
taxa and revealing the anatomical features of the taxa for the first time. They will contribute to other studies on the genus.
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1  Introduction

The family Primulaceae consists of about 22 genera with 
approximately 1000 species and is mainly distributed in the 
high mountains of the northern temperate zone (Boucher 
et al. 2016; Bai 2020). The family is among the world’s three 
most critical horticultural plants (Richards 2014; Tütüncü 
2020). The family has two large genera, Primula (1753: 142) 
and Androsace Linnaeus (1753: 141) (Roquet et al. 2013; 
Baasanmunkh 2020). Androsace is distinguished from the 
genus Primula by having a corolla future (narrowed-annular 
throat and a short corolla tube) (Xu et al. 2016).

The genus Androsace is encountered with many well-
known alpine plant members through studies, such as cli-
mate change and plant ecology (Schönswetter et al. 2003a, 
2003b; Grabherr et al. 2010; Dentant et al. 2018; Bonelli 
et al. 2021; Eustacchio et al. 2023). The genus consists of 
about 158 taxa distributed in the northern hemisphere's 
extratropical mountain ranges (Mabberley 2008; Jacque-
moud and Jordan 2020; Sefalı 2021; Sefalı and Yapar 2022). 
The ancestor of the genus is thought to have come from Asia, 
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in terms of biogeography, 35 million years ago (Boucher 
et al. 2016). This ancestral species from Asia spread through 
the mountain ranges of the Northern Hemisphere, first reach-
ing Europe and then North America (Schönswetter et al. 
2003b; Roquet et al. 2013). Adaptation of the Androsace 
to the harsh environmental conditions, especially the cold 
climate, in the mountains increased the diversity (Boucher et 
al. 2012; Roquet et al. 2013). The recent discoveries of 
new Androsace taxa in the Eurasian mountains show that 
we know little about plant diversity on mountain summits 
(Dentant 2018).

The genus Androsace has been consisting of six distinct 
sections (Chamaejasme Koch, Douglasia (Gray) Wendelbo, 
Androsace (syn. sect. Andraspis (Duby) Koch), Pseudoprim-
ula Pax., Aretia (L.) Duby, and Aizoidium Hand.-Mazz.) 
(Smith and Lowe 1997). Xu et al. (2016), whose research 
shows that these sections are changeable, added Samuelia 
Schlechtd., Mirabiles (Hand.-Mazz.) Yang & Huang, and 
Orthocaulon Hand.-Mazz. sections. Throughout the history 
of plant taxonomy, the classification of plants is constantly 
changing and is a matter of discussion (Talebi et al. 2015). 
Türkiye has nine species, and two subspecies of Androsace 
belong to Androsace (syn. sect. Andraspis (Duby) Koch) and 
Chamaejasme Koch sect. (Davis 1980; Davis et al. 1988; 
Smith and Lowe 1997; Sefalı 2021; Sefalı and Yapar 2022). 
The sect. Chamaejasme includes Androsace villosa L. and A. 
caduca Ovcz, while the sect. Androsace includes Androsace 
albana Steven, A. maxima L., A. armeniaca Duby, A. inter-
media Ledeb, A. azizsancarii Sefalı, A. artvinensis Sefalı 
& Yapar, and A. multiscapa Duby (Sefalı 2021; Sefalı and 
Yapar 2022).

The comparative study of plant structure, morphology, 
and anatomy has always been the backbone of plant system-
atics, which seeks to elucidate plant diversity, phylogeny, 
and evolution. The second half of the twentieth century has 
been a fascinating period in which systematic and structural 
studies benefited greatly from new techniques and methods 
(Boonprajan et al. 2023; Villalva et al. 2023). Although 
morphological features are one of the main factors in iden-
tifying plants, morphological features may be insufficient 
occasionally. In cases where morphological characters are 
insufficient, anatomical features are used (Birjees et al. 
2022; Marzinek et al. 2022; Raza et al. 2022). Plant anatomy 
reveals phylogenetically important features (Glos et al. 2022; 
Boonprajan et al. 2023).

Anatomical studies on Androsace taxa are very limited 
and scarce. This research aimed to determine the anatomical 
features of 10 Androsace taxa distributed in Türkiye. The 
anatomical features of the species belonging to the genus 
will be brought to the literature for the first time. In addition, 
this study aims to use anatomical characters in the diagnosis 
of taxa belonging to the Androsace, which is a taxonomi-
cally problematic genus, and to reveal the similarities and 

differences of taxa through statistical analysis of anatomical 
features.

2 � Materials and methods

Plant samples of 10 taxa naturally distributed in Türkiye 
were collected, their photographs were taken in nature 
(Canon EOS 60D), and locality and habitat information were 
given (Fig. 1). During the diagnosis, “Flora of Turkey and 
the East Aegean Islands 6, 10 and 11” (Davis 1978; Davis 
et al. 1988) was used as the main source, and in addition to 
this work, species discovered in Türkiye in recent years A 
literature review was conducted for (Sefalı 2021; Sefalı and 
Yapar 2022). The Plant List (2010) and International Plant 
Name Index (2008) websites were used to determine the cur-
rent names of taxa. The locality information and herbarium 
voucher numbers of the plant samples that are the subject of 
the research are presented in Table 1.

2.1 � Anatomical methods

The collected fresh samples were fixed in 70% ethanol. 
Cross sections were taken by hand from the stem and leaves 
of the fixed specimens. Glycerin was used as the examina-
tion medium in the sections. The preparations were made 
semi-permanent with the glycerin–gelatin method (Vardar 
1987). In addition, superficial sections were taken from the 
lower and upper surfaces of the leaves. Analyses were made 
on 25 measurements. Photographs were taken with the SOIF 
BK500-L microscope and the AmScope FMA050 camera 
system from the transverse and superficial sections (Figs. 2, 
3).

2.2 � Statistical analysis

The statistical analysis of this study was performed using the 
SPSS 26.0 software program. This study applied principal 
component analysis (PCA) to determine the main compo-
nents and hierarchical cluster analysis (HCA) to determine 
the relationship between Androsace spp. Hierarchical clus-
ter analysis (HCA) is a clustering method that explores the 
organization of samples. Furthermore, it allows for deter-
mining similarities and differences within and between 
groups by depicting a hierarchy (Lee and Yang 2009).

3 � Results

3.1 � Stem anatomy

Twenty qualitative (Table 2) and quantitative anatomical fea-
tures (Table 3) of the handle are investigated. According to 
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the cross-sectional width, some species' scapes were polygo-
nal (undulate-edged), and some were circular (Table 2). The 
epidermis cells in the outermost part of the stem are usually 

polygonal in shape and have a single row. In all species, 
there is a cuticle layer on the epidermis cells. The epicu-
ticular part, which forms the outermost part of the cuticle, 

Fig. 1   Androsace species of Türkiye: A A. villosa, B A. caduca, C A. maxima, D A. armeniaca var. macrantha, E A. armeniaca var. armeniaca, 
F A. artvinensis, G A. albana, H A. multiscapa, I A. azizsancarii and J A. intermedia 
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differed in species. The epicuticle layer has flat, highly wavy, 
slightly wavy margin shapes (Table 2). The stem surface was 
glabrous in A. intermedia. Indumentum density is the high-
est taxon A. armeniaca var. armeniaca.

Papillae have been identified in species, such as A. art-
vinensis, A. multiscape, and A. azizsancari. A. armeniaca 
var. armeniaca, and A. villosa. Non-glandular cover hair 
types also differ among taxa. Taxa such as A. armeniaca 
var. macrantha, A. intermedia, A. caduca, A. albana, and 
A. armeniaca var. armeniaca do not have simple, non-
glandular hairs. Separately from the simple non-glandular 
hair, branched non-glandular hair is also noteworthy. In non-
glandular hairs, the number of branches is 2–3. Only in A. 
artvinensis were 4 branched non-glandular hairs found. The 
richest species in terms of glandular hairs is A. armeniaca 
var. armeniaca. No glandular hairs are found in A. interme-
dia. Goblet-shaped glandular hairs are found only in taxa, 
such as A. artvinensis and A. multiscapa. In scape cross sec-
tions, the cortex parenchyma cells are circular or polygo-
nal in shape. In particular, the presence of idioblasts in the 
cortex of A. intermedia is remarkable. Secretory spaces are 
formed between these parenchymatous cells. The cortex of 
taxa is usually narrowed, while only the cortex of A. caduca 
covers a large area. Aerenchyma is observed in A. caduca. 
The sclerenchyma consists of multi-row cells and is in the 
form of a continuous ring (except for A. maxima and A. vil-
losa). There is no sclerenchyma in the A. caduca; a row of 

collenchyma cells is formed just below the epidermis. The 
pith region is usually filled with parenchymatous cells. In 
taxa, vascular bundles are usually spaced apart (except A. 
caduca). The phloem is 5–10 layered and prominent. The 
most phloem layer was formed in A. artvinensis (10 layered). 
The cambium is prominent in some species and is in 1–4 
rows (A. multiscapa, A. albana, A. armeniaca var. armeni-
aca, and A. armeniaca var. macrantha).

3.2 � Leaf anatomy

When investigating leaf anatomy, 22 qualitative and quanti-
tative anatomical features of the studied taxa are determined 
(Tables 2, 3). The leaves reveal different shapes accord-
ing to the midrib cross sections taken from the examined 
taxa: shuttle elliptical, linear, oblong, two-knuckle shuttle, 
or pointed shuttle. The midrib region is not prominent in 
species, such as A. azizsancari, A. caduca, A. armeniaca 
var. macrantha, and A. maxima. The epidermis cells in the 
outermost part of the leaf are generally circular and polygo-
nal in shape. The anticlinal walls of the epidermis cells dif-
fer between taxa and are flat, slightly curved, curved, and 
highly curved. Very thick anticline cell walls are formed 
in A. armeniaca var. macrantha and A. villosa. Simple, 
2–5-branched cover hairs are formed on the epidermis. No 
non-glandular cover hairs are found on A. intermedia and A. 
villosa. Again, glandular hairs were determined in all taxa. 

Table 1   Locality and herbarium voucher numbers of the studied taxa

Taxa Locality Voucher number

Section Chamaejasme Koch
Androsace villosa L Bayburt, Kop Mountains, Bahtlı Mountain, stony places, 2800 m, 20 Jun 2018, A. Sefalı 

394
BIN

A. caduca Ovcz Van, Başkale, İspiriz Mountain, stony places, 3600 m, 13 Jun 2021, A. Sefalı 727 BIN
Section Androsace (syn. sect. Andraspis (Duby) Koch)
Androsace albana Steven, Bayburt; south side of Anzer Mountain, 2860 m, 5 Jul 2020, A. Sefali 494

Ardahan: Artvin to Ardahan, Sahara Pass, on the cap of the hills, 2300 m, 10 June 2021, 
A. Sefalı 691

Giresun: Karagöl Mountain, 2700 m, 18 June 2021, A. Sefalı 702
Kastamonu: Ilgaz Mountain, 2300 m, 30 June 2021, A. Sefalı 721

ISTE 117268
BIN
BIN
BIN

A. maxima L., Bayburt; Aslandede Village, about 1700 m, 18 May 2021, A. Sefali 639 BIN
A. armeniaca Duby var. armeniaca Ardahan; Artvin to Ardahan, Sahara Pass, on the cap of the hills, 2300 m, 10 June 2021, 

A. Sefalı 688
VANF 165226

A. armeniaca Duby var. macrantha 
(Boiss. & A.Huet) Martelli

Bayburt; Kop pass, sandy places, 2200 m, 02 June 2021, A. Sefalı 661 VANF 165227

A. intermedia Ledeb Artvin; Yusufeli, Sarıgöl, Taşkıran Village, rout of the Rindiker Highland, 1650 m, 09 
June 2021, A. Sefalı 686

BIN

A. azizsancarii Sefalı Bayburt; Soganlı Mountains, south of Anzer Mountain, on moraines, 2831 m, 1 July 
2020, A. Sefalı 507

BIN 9405

A. artvinensis Sefalı & Yapar Artvin: southern foothills of the Kackar Mountains, Yaylalar Village, forest side, 
2129 m, 40°51′N, 41°16′E, 09 June 2021, A.Sefalı 686

BIN 10099

A. multiscapa Duby Niğde, Ulukışla, Horoz Village, volcanic gravel, 2750–2900 m a.s.l., 14 June 2021, A. 
Sefalı 694

VANF 165224
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Fig. 2   Scape cross sections of taxa. A, B A. albana, C, D A. armeni-
aca var. armeniaca, E, F A. armeniaca var. macrantha, G, H A. art-
vinensis, I A. azizsancarii, J, K A. intermedia, L, M A. maxima, N, O 
A. multiscapa, O, P A. caduca, R, S A. villosa. ae—brh—branched 
non-glandular hair, ca cambium, co cortex, cu cuticle, e epidermis, 

gh glandular hair, goh goblet-shaped glandular hair, ngh non-glandu-
lar hair, sc sclerenchyma, scv secretory cavity, sih simple non-glan-
dular hair, pa parenchyma, ph phloem, pi pith, xy xylem, vb vascular 
bundles
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Fig. 3   Leaf cross sections and superficial sections of taxa. A, B, C 
A. albana, D, E, F, G, H A. armeniaca var. armeniaca, I, J, K A. 
armeniaca var. macrantha, L, M, N A. artvinensis, O, P, R A. aziz-
sancarii, S, T, U A. intermedia, V, W, X A. maxima, Y, Z, AB A. 
multiscapa, AC, AD, AE A. caduca, AF, AG, AH A. villosa. AI 

glandular hair, AJ–AL goblet-shaped glandular hair, AM mushroom-
shaped hairs, e epidermis, le lower epidermis, dr druse crystal, pa 
parenchyma, ph phloem, pp palisade parenchyma, rp raphide crystal, 
s stomata, sp spongy parenchyma, xy xylem, ue upper epidermis, vb 
vascular bundles
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In particular, goblet and mushroom-shaped hairs are deter-
mined only in taxa, such as A. artvinensis and A. caduca. In 
A. villosa, the cuticle is noticeably thicker than in other taxa. 
The mesophyll of taxa has two different structures. While 
the mesophyll of taxa such as A. artvinensis, A. albana, and 
A. armeniaca var. macrantha is of bifacial type, unifacial 
mesophyll formation was determined in other taxa (Fig. 3).

The palisade cells are in 1–4 layers in the bifacial meso-
phyll. Spongy parenchyma cells in all taxa are circular. In 
species, such as A. multiscapa and A. villosa, one vascular 
bundle is formed in the midrib region, while the number 
of vascular bundles varies between 6 and 14 in other taxa. 
Raphides and druse crystals (A. armeniaca var. armeniaca) 
were formed in mesophyll parenchyma cells. There are sto-
mata on both the lower and upper surfaces of the leaves, and 
they are of the amphistomatic leaf type. The anomocytic 
stoma is determined in all taxa. In addition, anisocytic sto-
mata are found in taxa, such as A. azizsancari, A. intermedia, 
and A. maxima.

3.3 � Statistical results

Principal component analysis (PCA) is known as a method 
that reveals the variance structure of the original p variable 
with fewer new variables that are the linear components 
of the variables. Principal components were determined 
for morphological features of Androsace spp. Eigenvalues 

and variance percentages of PCA analysis are provided in 
Table 4. The graph is provided in Fig. 4.

The HCA results show that the two main groups are fur-
ther subdivided within themselves. While it is seen that the 
first main group is divided into more subgroups, it is note-
worthy that only A. azizsancarii is in the second main group. 
This situation shows that A. azizsancarii is differentiated 
from other species regarding anatomical features. The num-
ber for clusters graphic of Androsace spp. is shown in Fig. 5.

The results of HCA are generally presented in a dendro-
gram, a plot that shows the organization of Androsace spp. 
and their relationships in tree form. There are two common 
approaches to resolving the grouping problem in HCA. They 
are divisive and agglomerative (Fig. 6).

The Kaiser–Meyer–Olkin (KMO) test was utilized for 
Principal Component Analysis to assess sample adequacy. 
Kaiser (1960) asserts that the KMO coefficient is unaccep-
table between 0 and 0.5, that 0.5 is the least, that 0.5 and 
0.7 are the middle, that 0.7 and 0.8 are fine, that 0.8 and 0.9 
are very good, and that 0.9 and above are great. Accord-
ingly, principal components (PC) consisted of PC1—lower 
epidermis height and lower epidermis width; PC2—upper 
epidermis size and upper epidermis width; PC3—upper 
stomata width, upper stomata size, and lower stomata size; 
PC4—scape cortex general and PC5—width of lower sto-
mata, respectively. This shows that there is a very important 
grouping. The width of the lower stomata and scape cortex 

Fig. 3   (continued)
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generally constituted single basic components, which have 
shown that they are important for separating Androsace taxa. 
According to Kaiser rules, eigenvalues greater than 1.0 are 
accepted as the principal component and descriptor of the 
variance (Kaiser 1960). In PCA, eigenvalues of PC1 (2.435), 
PC2 (1.749), PC3 (1.369), PC4 (1.223), and PC5 (1.006) 
were greater than 1.0.

4 � Discussion

Environmental conditions highly influence most morpholog-
ical features (Caferri and Bassi 2022). Although morpholog-
ical features are one of the main factors in diagnosing plants, 
anatomical features are used in cases, where they are insuf-
ficient (Hameed et al. 2020; Gissi et al. 2022). In addition, 
although some anatomical characters are affected by envi-
ronmental factors, these characters can make important con-
tributions to plant taxonomy and biosystemic studies (Ozcan 
and Akinci 2019; Ulcay 2022a, 2023). Some morphological 
characters may be insufficient in distinguishing the genera 
belonging to the Primulaceae family (Xu et al. 2020). There 
are also problems in naming species in the genus Androsace, 
which belongs to the same family (Schneeweiss et al. 2004; 
Xu et al. 2020). In cases where morphological characters are 
missing or insufficient, anatomical features gain importance 
to facilitate diagnosis. This study determined some qualita-
tive and quantitative anatomical features of 10 Androsace 
taxa distributed in Türkiye. The determined features will be 
useful in distinguishing taxa from a systematic point of view.

Scape anatomies of taxa are similar to each other. In gen-
eral, a narrow cortex area is seen just below the single-row 
epidermis cells. Aerenchyma was observed only in the cor-
tex of the A. caduca, which is wider than in other taxa. Scape 
structure can be considered an important distinguishing fea-
ture in distinguishing the A. caduca. The pith region of the 
taxa is usually filled with parenchymatic cells. According 
to the numerical and statistical analysis results, the scape 
widths are different between taxa.

Scape anatomies of taxa are similar to each other. In gen-
eral, a narrow cortex area is seen just below the single-row 
epidermis cells. Notably, A. artviensis, a new species, has 4 
branched non-glandular and goblet-shaped glandular hairs in 
its epidermis. Aerenchyma was observed only in the cortex 
of A. caduca, which is wider than in other taxa. Scape struc-
ture can be considered an important distinguishing feature 
in distinguishing A. caduca. The pith region of the taxa is 
usually filled with parenchymatic cells. According to the 
numerical and statistical analysis results, the scape widths 
are different between taxa.

The leaf shapes of some taxa of Androsace are grouped 
into five groups (shuttle, elliptical, linear, oblong, dioec-
ious, ridged shuttle) (Table 2). A. albana, A. azizsancari, A. Ta
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armenia var. macrantha, and A. villosa taxa show a distribu-
tion under similar ecological conditions (Table 1). Among 
these taxa, goblet and mushroom-shaped glandular hairs 
were found only in A. villosa. There are stomata on the taxa's 
lower and upper surfaces, and the general stomata type is 
anomocytic. The stomata sizes of the taxa are different from 
each other. The features of stomata are generally affected 
by environmental factors. However, some researchers have 
reported that stomatal sizes can be a distinguishing feature, 
especially in taxa with the same ecological and climatic 
characteristics (Ulcay 2022a, 2023). In addition, stomata 
sizes were used to diagnose some taxa, although they could 
not be in the same ecological conditions. For example, sto-
matal size was used as a distinguishing feature in the differ-
entiation of Anagallis taxa (Davis 1978; Ulcay 2022b). In 
taxa leaf anatomies, the presence of goblet and mushroom-
shaped glandular hairs, five-branched non-glandular hairs, 
and crystals in the mesophyll can be used as distinguishing 
features. Simpson (2019) states that trichomes may be valu-
able in plant systematics and may have important anatomical 
characters.

As a result of the statistical analysis, the stomatal width 
on the upper surface of the leaves and the stoma size on Ta
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Table 4   Eigenvalues and percentage of variance for investigated 
parameters of PCA analysis

Eigenvalue Variability (%) Cumulative (%)

PC1 2.435 18.733 18.733
PC2 1.749 13.451 32.184
PC3 1.369 10.530 42.714
PC4 1.223 9.408 52.123
PC5 1.006 7.739 59.862

Fig. 4   PCA score plot bases on the anatomical features of Androsace 
species. A upper stoma width, B upper stoma size, C lower stoma 
size, D width of lower stoma, E upper epidermis size, F upper epi-
dermis width, G lower epidermis height, H lower epidermis width, I 
scape cortex general, J scape cortex parenchyma diameter, K scape 
self-parenchyma, L caliper cylinder overall diameter, M spongy 
parenchyma
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Fig. 5   Number of clusters 
graphic of Androsace spp.

Fig. 6   HCA dendrogram 
according to the anatomical 
characters of Androsace spp.
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the lower surface differ from each other in Andrasace. It 
was determined to be a new species by A. azizsancarii. 
Again, HCA and PCA analysis results show this species 
can be considered new.

5 � Conclusions

In this study, Androsace species were evaluated regarding 
their anatomical characters and analyzed with PCA and 
HCA analyses. The results show that there are differences 
as well as similarities between Androsace species. It is note-
worthy that A. azizsancarii forms a separate main group with 
HCA. The HCA results show that the two main groups are 
further subdivided within themselves. While it is seen that 
the first main group is divided into more subgroups, it is 
noteworthy that only A. azizsancarii is in the second main 
group. This situation shows that A. azizsancarii is differen-
tiated from other species regarding anatomical features. In 
addition, the fact that two of the five basic components are 
represented by a single variable according to the PCA results 
suggests that the anatomical characters examined are deter-
minative for Androsace taxa. In PCA, eigenvalues of PC1 
(2.435), PC2 (1.749), PC3 (1.369), PC4 (1.223), and PC5 
(1.006) were greater than 1.0. Again, the analysis results 
suggest that anatomical characteristics such as lower epi-
dermis width, upper epidermis width, upper surface stoma-
tal width, dimensions of stomata on the lower surface, and 
scape cortex width can be used as distinguishing features 
among taxa. The cross-sectional shape of the leaf, the pres-
ence of goblet and mushroom-shaped glandular hairs on the 
leaves, the presence of five branched non-glandular hairs, 
the presence and types of crystals in the mesophyll, the pres-
ence of aerenchyma in the scape, the scape indumentum 
density, the presence of four branched non-glandular hairs, 
and the arrangement of the bundles in the scape are among 
the important qualitative features.
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