Guven et al. BMC Plant Biology ~ (2026) 26:1241 BMC Plant B|o|ogy
https://doi.org/10.1186/512870-026-08939-3

N ®
Contribution to floral structure i
and palynological features of Turkish
Periplocoideae and Asclepiadoideae taxa

Seher Giiven'"®, Serdar Makbul'®, Eyiip Sarikaya®, Duygu Aydogmus'® and Kamil Coskuncelebi®

Abstract

Background The Apocynaceae are characterized by highly specialized flowers, including three derived structures,
corona, gynostegium and pollinarium, which play an important role in explaining the evolutionary relationships
among the major groups of the family. The floral morphology and microstructure of pollinaria in pollinia-bearing
subfamilies, Periplocoideae and Asclepiadoideae, are not well understood. In the present study, we examined the
detailed floral and pollen characters of six species from Turkiye—Asclepiadoideae: Araujia sericifera Brot., Cionura
erecta (L.) Griseb., Cynachum acutum L. and Gomphocarpus fruticosus (L) W.T.Aiton; Periplocoideae: Periploca gracilis
Boiss. and P, graeca L—using light and scanning electron microscopy for taxonomic insights.

Results Macro- and micromorphological observations were performed on both herbarium samples and fresh field
specimens preserved in 70% ethanol. Floral and pollen descriptions were amended, and a dichotomous identification
key was prepared for the studied taxa. Morphological and palynological traits were also analyzed numerically. Principal
components analysis revealed that length of pedicel, sepal, petal and corona segment, pubescence of anther (hairy/
glabrous), shape of stigma (unlobed/bifid), length of pistil, type of pollen aggregation (tetrad/pollinium), number of
tetrad mass or pollinium per pollen translator (single/in pairs), pollen translator structure (receptacle + stalk+adhesive
disc or corpusculum+caudicles), and pollen grain dimensions were diagnostically informative traits for distinguishing
taxa at both subfamily and genus levels.

Conclusions The dendrogram inferred from macro- and micromorphological floral and pollen traits generally
agrees with the traditional subfamilial classification of the Periplocoideae and Asclepiadoideae. These findings offer
insights into the evolution and diversification of pollinia-bearing Apocynaceae, and may reflect the role of key traits in
reproductive strategies and ecological interactions.
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Introduction

In the most recent classification, Apocynaceae sensu lato
is recognized as a combination of two previous fami-
lies: Apocynaceae sensu stricto and Asclepiadaceae. At
the recent circumscription, the family is divided into
five major groups: two non-monophyletic informally
recognized as rauvolfioids and apocynoids grades (lack-
ing pollinia), and three monophyletic, Periplocoideae,
Secamonoideae, and Asclepiadoideae subfamilies, known
as the pollinia-bearing subfamilies [1]. The enlarged
Apocynaceae is one of the largest 10 angiosperm fami-
lies containing approximately 5,350 species belonging to
378 genera in various habitats and growth forms. Mem-
bers of the family include large trees, shrubs, lianas, and
epiphytes in tropical rainforests, succulents in dry, open
landscapes, and perennial herbs in temperate grasslands
[1-3].

The Apocynaceae have attracted much interest from
plant taxonomists due to their highly specialized floral
construction. Flowers of the family are characterized by
3 derived structures: (I) corona, a sterile floral structure
belonging to the corolla or androecium, (II) gynostegium,
a reproductive structure formed by union of the gynoe-
cium and androecium, and (III) pollinarium, a func-
tional pollen dispersal unit consisting of tetrad masses
or pollinia joined to a specialized translator produced
by a hardened stylar exudate [1, 2, 4, 5]. In the current
classification of Apocynaceae, the reproductive features
of flower play a key role in delimiting the major groups
(grades and subfamilies). Of the two grades, rauvol-
fioids, considered to be the most early divergent group
of Apocynaceae, are almost always characterized by sin-
istrorse corolla lobe (rarely dextrorse) and anthers free
from style-head (lacking a gynostegium). In contrast, the
remaining taxa of the APSA clade (Apocynoids, Periplo-
coideae, Secamonoideae and Asclepiadoideae) typically
have dextrorse corolla lobe (rarely sinistrorse or valvate)
and anthers adnate to style head in the form of a gyno-
stegium [1]. Furthermore, pollen characteristics have
long been recognized as important evolutionary traits
for major groups in Apocynaceae. Both rauvolfioids
and apocynoids, which are, palynologically, the most
early divergent groups in Apocynaceae, commonly have
monad pollen grains without translator or rarely with tet-
rads shed on undifferentiated translators [2]. These two
groups have traditionally been differentiated from the
remaining pollinia-bearing subfamilies (Periplocoideae,
Secamonoideae, and Asclepiadoideae), which are char-
acterized by the aggregation of pollen grains into tetrad
masses or pollinia joined to quite specialized translators
(acellular bodies derived from style-head exudates) [2, 5].

In the Apocynaceae, highly characteristic floral struc-
tures, gynostegium and corona, have an important role in
pollinator attraction, reward, and/or positioning [6]. The
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complexity of floral structures varies depending on the
pollinator interactions within the Apocynaceae. Periplo-
coideae and Asclepiadoideae, the two subfamilies evalu-
ated in this study, have contrasting flowers, which have
led them to develop distinct pollination mechanisms. In
Periplocoideae, the pollination mechanism is defined as
open, because the pollinator can easily reach the sticky
translator carrying tetrads, which hangs directly above
the nectar trough (anthers lack lignified guide rails) on
the style-head. On the other hand, the pollination mech-
anism of the Asclepiadoideae is enclosed since the pol-
linia are attached to a clamp-shaped translator hidden
behind the guide rails of adjacent anthers. In this system,
the pollinator’s proboscis or leg is caught and guided
into the pollination unit [1, 2]. Among the advantages
of transportation of pollen grains in the form of tetrad
masses or pollina are the strengthening adaptation of
Apocynaceae representatives to drier climatic conditions
by delaying pollen desiccation. Additionally, this mecha-
nism increases pollination rates for small populations [7].

Revealing the floral structure and pollen morphol-
ogy in detail not only contributes to the differentiation
of Apocynaceae taxa but also provides valuable infor-
mation about the pollinators of these plants, their habi-
tats and ecological conditions. This is especially true for
members of Periplocoideae and Asclepiadoideae. Flower
morphology and palynological features, regarding Perip-
locoideae and Asclepiadoideae were generally outlined in
several studies [2, 4-6, 8]. These investigations showed
that morphological features on the shape, size and origin
of corona; shape and pubescence of anther and stigma;
palynological traits of the shape and size of pollen masses
(tetrad and pollinium) and translator structures (spoon
shaped translator, corpusculum and caudicle); surface
ornamentation of tetrad and pollinia were the most valu-
able traits in delimiting the genera of Periplocoideae and
Asclepiadoideae [1-5, 8—19].

Floral and palynological traits of Apocynaceae are cru-
cial for understanding evolutionary relationships. These
traits are similarly expressed in the Turkish taxa of Perip-
locoideae and Asclepiadoideae, providing a valuable
opportunity to examine their floral and palynological
variation within the local flora. The first taxonomic revi-
sion of Turkish Periplocoideae and Asclepiadoideae was
made by Browicz [20], who treated both of them under
the family Asclepiadaceae. Browicz [20] assumed that
more comprehensive studies, especially on reproductive
structures such as corona, gynostegium, and pollinium,
were needed to separate the members of Periplocoideae
and Asclepiadoideae in Tiirkiye. Guner [21] listed 11
genera, including Amsonia Walter, Araujia Brot., Cion-
ura Griseb., Cyprinia Browicz, Gomphocarpus R.Br.,
and Nerium L., each represented by a single species, as
well as Apocynum L. (2 subspecies), Cynanchum L. (2
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subspecies), Periploca L. (2 varieties), Vinca L. (3 species
and 2 subspecies) and Vincetoxicum Wolf (7 species and
4 subspecies) under the expanded Apocynaceae (Apocy-
naceae sensu stricto and Asclepiadaceae) in the vascular
plant checklist of Tiirkiye, without any taxonomic treat-
ment. Subsequent comprehensive taxonomic studies on
the Turkish Periplocoideae and Asclepiadoideae taxa
resulted in the description of V. coskuncelebiana S. Mak-
bul & S. Given (syn. V. anatolicum S. Given, S. Makbul
& Coskung.) as a new species [22]. Among the Periplo-
coideae taxa, Cyprinia was merged with Periploca, and
P. graeca var. vestita was reduced to synonymy under P.
graeca [23, 24]. Of the Asclepiadoideae taxa, V. raddea-
num Alboff was reduced to synonymy under V. tmoleum
Boiss., and V. hirundinaria Medik. was reclassified as V.
hirundinaria subsp. hirundinaria [22, 25]. In the pres-
ent study, this updated taxonomic treatment is followed
for the investigated taxa. According to the recent taxo-
nomic studies [22-25], the subfamilies Periplocoideae
and Asclepiadoideae are represented by 6 genera and
18 taxa, including infraspecific taxa in Tiirkiye. Periplo-
coideae is represented by two species, Periploca gracilis
Boiss. and P. graeca L., while Asclepiadoideae comprises
the remaining taxa, including Araujia sericifera Brot.,
Cionura erecta (L.) Griseb., C. acutum L. subsp. acutum,
C. acutum subsp. sibiricum (Willd.) Rech.f., Gomphocar-
pus fruticosus (L.) W.T.Aiton, and Vincetoxicum Wolf,
with 6 species and 5 subspecies. In the previous studies
based on the cytological and molecular data, Vincetoxi-
cum was recovered as monophyletic within the subfamily
[22, 25]. In addition, morphological [22, 26], anatomical
[27, 28] and palynological data [29] also provided valu-
able information for delimitation of the Turkish Vinc-
etoxicum at the species level. However, to date, limited
studies have been conducted in Tiirkiye on the genera
with pollinia-bearing subfamilies (Periplocoideae and
Asclepiadoideae), which have taxonomic deficiencies
and complexities in terms of morphology of reproductive
organs in the Flora of Tiirkiye [20]. Recently, morphologi-
cal and corological features of Periplocoideae [24], fruit
and seed micromorphology of Periplocoideae and Ascle-
piadoideae (excluding Vincetoxicum) [23], micromorpho-
logical and anatomical features of stem and leaf parts of
taxa of C. erecta. [30] and A. sericifera [31] from Tiirkiye
was examined from a taxonomic point of view. Despite
all these cited studies, there are still gaps in the biosyste-
matics properties of both subfamily members. The pres-
ent study aims to investigate the detailed floral and pollen
characteristics of the four Asclepiadoideae species (A.
sericifera., C. erecta, C. acutum and G. fruticosus and pol-
len features of the two Periplocoideae species (P. gracilis
and P, graeca), for the first time, will provide important
taxonomical contributions to systematics of the both
subfamilies.
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Taking into consideration the points raised so far, the
objective of the present study is (I) to document and
illustrate detailed descriptions of floral and pollen mor-
phology of 3 species and 2 subspecies of Asclepiadoideae
and pollen morphology of 2 species of Periplocoideae
from Tirkiye using light and Scanning Electron Micros-
copy (SEM), (II) to evaluate the taxonomic or diagnostic
importance of floral morphological and palynological
characteristics within the examined Periplocoideae and
Asclepiadoideae taxa.

Material and methods

Specimens

The examined plant material was collected from 13 dif-
ferent populations (p) in Tiirkiye belonging to seven
taxa of the two subfamilies: Periplocoideae, including
P gracilis (1p) and P. graeca (2p), and Asclepiadoideae,
comprising A. sericifera (1p), C. erecta (4p), C. acutum
subsp. acutum (3p), C. acutum subsp. sibiricum (1p)
and G. fruticosus (1p). Detailed locality information of
the examined specimens is given in Table 1. Plant mate-
rial comprising non-protected species was collected in
compliance with the national legislation of the Republic
of Tiirkiye within the framework of a project supported
by the Scientific and Technological Research Council of
Tiirkiye (TUBITAK, Project No: 1227547).

Floral and palynological data belonging to the four
Asclepiadoideae species and palynological data of the
two Periplocoideae species were observed and measured
for the first time in the present study. Data of floral fea-
tures related to the examined Turkish Periplocoideae
species (Appendix) were obtained from a previous study
performed by Giiven and Sarikaya [24]. Morphological
and palynological examinations were carried out on fresh
field plant specimens fixed in FAA (5 parts stock forma-
lin, 5 parts glacial acetic acid, 90 parts 70% ethanol) for
24 h and stored in 70% ethanol [32]. The dried herbarium
specimens were rehydrated in tap water at 75 °C for 2 h
and then stored in 70% ethanol [33]. All measurements
and observations related to pollen morphology of the
examined Periplocoideae taxa and both flower and pol-
len morphology of the studied Asclepiadoideae taxa were
made on mature flowers belonging to 10 different individ-
uals per population for seven taxa (a total of 130 individ-
uals were examined: P. gracilis (10 individuals), P. graeca
(20 individuals), A. sericifera (10 individuals), C. erecta
(40 individuals), C. acutum subsp. acutum (30 individu-
als), C. acutum subsp. sibiricum (10 individuals) and G.
fruticosus (10 individuals). Measurements obtained from
replicate observations of flowers and pollinia were aver-
aged per population, and these mean values were used in
subsequent multivariate analyses. All photographic mea-
surements were performed using scale-calibrated images,
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Table 1 Locality information of the examined taxa
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Taxon Taxon Locality

Coordinates

Collector’s no

Periplocoideae

Periploca gracilis CS Igel: Silifke, Ovacik Village, from

N 36.51, E 33.97

S. Giiven 177 & S. Makbul, RUB!

Boiss. Deveini to Keslitirkmenli, 831 m,
25.05.2021.

Periploca graeca L. A6 Ordu: From Ordu to Fatsa, 14 m, N 41.02, E 37.55 S. Giiven 100 & S. Makbul, RUB!
27.05.2014.
A8 Trabzon: Siirmene, Camburnu, 2 m, N 40.92, E 40.21 S. Giiven 178 & & S. Makbul, RUB!
25.06.2021.

Asclepiadoideae

Araujia sericifera Brot. A6 Ordu: Persembe, Medresednii, near

Bolaman, 20 m, 01.10.2021.

N 41.12, E 37.69

w

Giiven 185 & S. Makbul, RUB!

A1(E) Canakkale: Eceabat, Sahindere -
Behramli road, 100 m, 06.08.2021.

A3 Diizce: Golormani Village, Elmacik
Mountain, roadside, forest clearing,
162 m, 16.06.2013.

C2 Denizli: Honaz Mount road, around
Cankurtaran, 1166 m, 21.06.2013.

CS5 Nigde: Ulukisla, Ciftehan, Pozanti-
Ulukisla road, 1007 m, 24.05.2014

Cionura erecta (L.)
Griseb.

N 40.12, E 26.27

N 40.83, E 30.97

N 37.74, E29.21

N 37.50, E 34.72

w2

. Giiven 181 & S. Makbul, RUB!

192]

. Giiven 40 & S. Makbul, RUB!

w2

. Giiven 54 & S. Makbul, RUB!

w2

. Gliven 92 & S. Makbul, RUB!

Al(E) Canakkale: Eceabat,
Seddulbahir-Algitepe road, 06.08.2021.
B3 Afyon: Afyon—Eskisehir road, 930
m, 21.07.2021,

C2 Antalya: Aksu, 11 m, 31.07.2021.
Cynanchum B7 Erzincan: Erzincan-Sivas road,
acutum subsp. 1300 m, 16.08.2021.

sibiricum (Willd.)
Rech.f.
Gomphocarpus
Sfruticosus (L.)
W.T.Aiton

Cynanchum acutum L.
subsp. acutum

A2(A) Istanbul: Maltepe, 06.05.1972.

N 40.06, E 26.20
N 39.25,E 31.10

N 36.93, E 30.87
N 39.44, E 39.76

N 40.90, E 29.50

w2

. Giiven 183 & S. Makbul, RUB!

721

. Giiven 188 & S. Makbul, RUB!

172]

. Giiven 190 & Makbul, RUB!
Giiven 06 & S. Makbul, RUB!

2

>

. Baytop 23571, ISTE! (Cultivated plant)

and multiple replicates were taken for each trait to ensure
accuracy and minimize potential errors.

The formal identification was carried out by Dr. Seher
Giiven according to Flora of Tirkiye [20], Flora of Rus-
sia [34] and Flora of Europe [35], and then the identified
plant samples were stored as voucher specimens in the
Herbarium of Recep Tayyip Erdogan University, Depart-
ment of Biology (RUB)—a publicly accessible herbarium.
Specimens belonging to G. fruticosus were examined at
the Herbarium of Istanbul University, Faculty of Phar-
macy (ISTE). The collector numbers provided in Table
1 correspond to the voucher specimen numbers. Taxo-
nomic names were assigned according to Venter [36] and
Endress et al. [1], and cross-checked with the Plants of
the World Online Database (POWO) [37].

Morphological studies

Mature flowers of Asclepiadoideae were examined and
photographed using a Leica S6D digital camera attached
to the stereomicroscope. All measurements and obser-
vations were performed on the saved photographs. The
floral parts such as corolla, corona, stamen and pis-
til were illustrated by hand. The terminology of floral

characteristics follows that of Endress and Bruyns [4],
Endress [5], and Fishbein et al. [2].

Palynological studies

Polleniferous materials of both the examined Periplo-
coideae and Asclepiadoideae taxa were obtained from
mature flowers, following Giiven et al. [29]. For light
microscopy studies, pollinaria were directly dissected
from the fixed flowers and preserved in 100% ethanol,
then mounted with glycerine—gelatine in order to obtain
permanent slides. The obtained pollen grain slides were
photographed using a research light microscope BAB
Bs200 Pro Comet Image Process and Analysis Software.
For SEM studies, pollinaria, which were preserved in
100% ethanol, were dried outdoors and transferred to
aluminum stubs, coated with gold for 4 min in a sputter-
coater, and then examined and photographed using a
JEOL-JSM 6610 SEM microscope at the Central Research
Laboratories of Recep Tayyip Erdogan University [29].
Palynological measurements and observations were per-
formed on the saved photographs. The terminology of
pollen characteristics follows that of Endress and Bruyns
[4], Verhoeven and Venter [8], Fishbein et al. [2], and
Endress [5].
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Multivariate data analysis

In multivariate data analysis, data obtained from 22
morphological and 26 palynological traits (Table 2)
belonging to six species (seven taxa) (Table 1) were
evaluated numerically. Some of the most distinguishing
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characteristics were illustrated with drawings (Fig. 1). In
multivariate data analysis, mean values of each morpho-
logical and palynological character were evaluated sepa-
rately per population, for the seven taxa. Firstly, a raw
data matrix generated by the average measurements of 48

Table 2 List of characters examined comparatively for studied taxa (Characters used in numerical analyses are coded with X)

Corona segment length: more than twice as long as the gynostegium: 0, shorter than twice the length of the gynostegium: 1

No Code  Character

1 Peduncle length (mm)

2 Peduncle pubescence: glabrous: 0, hairy:1

3 Number of flowers in inflorescence (number)

4 X Pedicel length (mm)

5 X5 Pedicel pubescence: glabrous: 0, hairy:1

6 X3 Sepal width (mm)

7 X4 Sepal length (mm)

8 Xs Sepal abaxial surface pubescence: glabrous: 0, hairy:1

9 X Corolla type: rotate: 0, campanulate: 1

10 X5 Petal width (mm)

11 Xs Petal length (mm)

12 Xo Petal adaxial surface pubescence: glabrous: 0, hairy along the margins: 1
13 X0 Corona origin: corolline corona: 0, gynostegial corona: 1
14 Corona segments: free: 0, partly fused:1

15 X1 Corona inner segment: absent: 0, present: 1

16 X2 Corona segment shape: filiform: 0, laminaris: 1, fleshy: 2
17 Xi3

18 Xia Stamen width (mm)

19 Xis Stamen length (mm)

20 Xi6 Pubescence of the abaxial surface of the anther: hairy: 0, glabrous:1
21 X7 Stigma shape: unlobed: 0, bifid: 1

22 Xig Pistil length (mm)

23 X9 Pollen aggregation: tetrad: 0, pollinium:1

24 Xa0 Number of pollen aggregation (tetrad mass or pollinium) on a pollen translator: single: 0, in pairs: 1
25 Xo1 Pollen translator structure: receptacle+stalk+adhesive disc: 0; corpusculum-+caudicles: 1
26 X2 Pollen grain width (um)

27 X3 Pollen grain length (um)

28 Xos Pollen ornamentation: psilate or rough: 0, with crystals:1
29 Tetrad width (um)

30 Tetrad length (um)

31 Receptacle shape: spoon shaped:0; elliptical: 1

32 Receptacle width (um)

33 Receptacle length (um)

34 Stalk width (um)

35 Stalk length (um)

36 Adhesive disc width (um)

37 Adhesive disc length (um)

38 Pollinium position: erect: 0, pendulous: 1

39 Pollinium shape: ovate: 0, obovate:1

40 Pollinium width (um)

41 Pollinium length (um)

42 Corpusculum shape: ovate:0, oblong:1

43 Corpusculum width (um)

44 Corpusculum length (um)

45 Corpusculum wing: absent: 0, present: 1

46 Caudicle shape: flattened: 0, cylindrical: 1, conical:2

47 Caudicle width (um)

48 Caudicle length (um)
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1 mm 0.2 mm
po
ca
@ 1 mm @ 0.2 mm

Fig. 1 The distinguishing floral and palynological characteristics of (a-b) Periploca graeca (S. Glven 178 & S. Makbul), (c-d) Cynanchum acutum subsp. si-
biricum (S.Glven 06 & S. Makbul), (e—f) Cionura erecta (S. Glven 92 & S. Makbul), (@) Hairy anther, (b) Unlobed stigma with tetrads on receptacle + stalk +ad-
hesive disc, (c) Unlobed stigma and glabrous anther, (d) Pendulous pollinia attached to corpusculum+ caudicles, (e) Bifid stigma and glabrous anther,
(f) Erect pollinia attached to corpusculum+caudicles (ad: adhesive disc, ca: caudicle, co: corpusculum, gr: guide rail, hh: hispid hair, po: pollinium, r:

receptacle, sh: style-head, sta: stalk, stm: stamen)

traits was used for preliminary multivariate data analy-
sis in order to determine the most effective characters in
distinguishing the examined taxa. Based on these analy-
ses, 24 traits (Table 2 and Appendix) showing the highest

variance and taxonomic informativeness were selected
for subsequent Cluster Analysis (CA) and Principal Com-
ponents Analysis (PCA). Of the selected 24 characters,
14 characters were nominally scored (0, 1 or 2) and the
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remaining 10 characters were quantitative, including lin-
ear measurements and digit numbers. Missing data were
minimal and were accounted for by substituting popu-
lation mean values for the respective traits. For CA, a
pairwise matrix of resemblance values was calculated
from the raw standardized data matrix, using Gower’s
coefficient of resemblance designed for mixed data sets.
A dendrogram was generated by the Unweighted Pair-
Group Method (UPGMA) by using arithmetic averages.
For PCA, the raw mixed data (binary and continuous)
were used to create a correlation matrix. All analyses
were performed using Multivariate Statistical Package
(MVSP) ver. 3.22 computer programs for multivariate
data analysis in ecology and systematics [38].

Results

Floral properties

Asclepiadoideae

In the examined sub-family Asclepiadoideae of Apo-
cyanaceae, the floral characteristics are inflorescences
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terminal, lateral, axillar or extra-axillar, composed of
branched or umbellate cymes (rarely flowers solitary
axillary) (Fig. 2). Flowers are bisexual, pentamerous and
hypogynous. Corolla is rotate or campanulate, white,
yellowish or pinkish. Corona has five separate segments
inserted at inner base of the corolla tube, alternating
with the petals (corolline corona), or with five separate
or partially fused segments attached to the back of the
stamens (gynostegial corona); corona segments are lami-
naris or succulent, basally unsegmented or with an inner
lobe. Stamens are fused with the gynoecium to form
gynostegium. Filaments are very short, thick; anthers are
glabrous, 2-locular, with an apical appendage postgeni-
tally fused to the base of style-head or above its thickest
portion, margins are either narrowly lignified margins
along the both sides forming five guide rails between
the anthers, or membranous margins without guide
rails. Gynoecium, forming a central column, is apocar-
pous, semi-inferior; two ovaries and styli are joined to
the unlobed or apically bifid style-head, which includes

Fig. 2 Inflorescences types of (a) Araujia sericifera (S. Glven 185 & S. Makbul)-solitary axillary, (b) Cionura erecta (S. Glven 92 & S. Makbul)-terminal or
lateral erect branched cymes, (c) Cynanchum acutum subsp. acutum (S. Guven 188 & S. Makbul)-terminal or lateral, umbellate cymes, (d) Cynanchum
acutum subsp. sibiricum (S. GUven 06 & S. Makbul)-terminal or lateral, umbellate cymes, (e) Gomphocarpus fruticosus (A. Baytop 23571)-extra-axillary erect

nodding umbel
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five stigmatic zones located alternately with the anthers.
Translator parts, including corpusculum and caudicles,
are secreted in these zones (Figs. 3, 4, 5, 6, 7 and 8).

Araujia sericifera Brot. in Trans. Linn. Soc. London
12: 62 (1818) [39]: Flowers are solitary axillary (rarely
in inflorescences axillary of 2-5 flowers); pedicel is
17.6+3.4 mm long (Fig. 2a), with crisped indument.
Calyx segments are divided almost to the base; sepals are
7.48+1.03x15.02+1.68 mm, ovate or ovate-lanceolate,
acute at apex, abaxially with dense crisped indumenta.
Corolla is campanulate, swollen at the base, five-lobed
near the apex; petal lobes are 7.74+1.27x23.24+2.11
mm, white or yellowish, patent, ovate, obtuse at apex,
adaxially glabrous and abaxially with white minute hairs
(Fig. 3a—b). The corolline corona is white or yellowish;
corona segments are 2.67+0.21 mm long, succulent,
ligulate, slightly curved outwards at margins, obtuse at
apex (Fig. 3c—f). Stamens are 3.46+0.13 x4.10 £ 0.23 mm;
anthers have an apical appendage postgenitally fused to
the base of style-head, margins are narrowly lignified
along the both sides forming five guide rails between the
anthers (Fig. 3g—h). The style-head is rostrate and apically
bifid; pistil is 10.85 +0.52 mm long (Fig. 3i—j).

Cionura erecta (L.) Griseb. in Spic. Fl. Rumel. 2: 69
(1844) [40]: Inflorescences are terminal or lateral, erect,
with branched cymes bearing 22-58 flowers. Peduncle
is 26.6+9.8 mm and pedicel is 9.6+2.5 mm long (Fig.
2b); peduncle and pedicel with crisped indumenta.
Calyx segments are divided almost to the base; sepals
are 0.76+0.21x1.62+0.31 mm, ovate-lanceolate with
membranous margins, acute at apex, abaxially with
sparse crisped indumenta. Corolla is rotate, white or
cream-yellow; petals are 2.03+0.34x7.76+1.06 mm,
oblong-lanceolate, obtuse at apex, glabrous (Fig. 4a-b).
The gynostegial corona is white or cream-yellow; corona
segments are 1.08+0.19 mm long, laminaris, ovate-
lanceolate, erect, acute at apex (Fig. 4c—d). Stamens
are 0.51+0.18x0.94+0.1 mm; anthers have an apical
appendage postgenitally fused to the base of style-head,
margins are narrowly lignified along the both sides form-
ing five guide rails between the anthers (Fig. 4e—f). The
style-head is rostrate and apically bifid; pistil is 3.18 + 0.68
mm long (Fig. 4g-h).

Cynanchum acutum L. in Sp. Pl: 212 (1753) [41]:
Inflorescences are terminal or lateral, with umbellate
cymes bearing 8-35 flowers. Peduncle is 37.8+17.5
mm and pedicel is 9.1+2.3 mm long (Fig. 2c-d);
peduncle and pedicel with crisped indumenta. Calyx
segments are divided almost to the base; sepals are
0.84+0.18x2.07+0.31 mm, ovate, acute at apex, with
sparse crisped indumenta. Corolla is rotate, white or
pinkish; petals are 1.85+0.32x5.55+1.01 mm, oblong,
obtuse at apex, glabrous (Figs. 5a—b, 6a—b, 7a—b). The
gynostegial corona is pinkish, with five segments divided
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to the base (Fig. 5c—d), or fused up to 2/3 of their length
(Fig. 6c—d), indicating intrasubspecific variation in
corona structure within C. acutum subsp. acutum. In C.
acutum subsp. sibiricum, the corona is also determined as
pinkish, with five segments fused up to 2/3 of their length
(Fig. 7c—d). Corona segments are laminaris, composed of
an inner and an outer lobe united at the base; inner lobe
is ovate, rarely long linear, 1.94 + 0.30 mm long, outer lobe
is tridentate, triangular, 3.13+0.63 mm long (Figs. 5e—f,
6e—f, 7e—f). Stamens are 0.88+0.17x1.78+0.47 mm;
anthers have an apical appendage postgenitally fused to
style-head, margins are narrowly lignified along the both
sides forming five guide rails between the anthers (Figs.
5g-h, 6g—h, 7g-h). The style-head is unlobed, broad and
slightly convex; pistil is 2.74+0.46 mm long (Figs. 5i—j,
6ij, 7i-j).

Gomphocarpus fruticosus (L.) W.T.Aiton in Hortus
Kew., ed. 2. 2: 80 (1811) [42]: Inflorescences are extra-
axillary with 6-8 flowers in an erect nodding umbel.
Peduncle is 302 mm and pedicel is 19+1.6 mm long
(Fig. 2e); peduncle and pedicel with dense crisped indu-
menta. Calyx segments are divided almost to the base;
sepals are 0.55+0.07x1.90+0.14 mm, lanceolate, acu-
minate at apex, with dense crisped indumenta. Corolla is
rotate, white; petals are reflexed, 3.01 +0.20 x 6.50+0.30
mm, abaxially glabrous, adaxially with lanate indument
along right margins, ovate, acute at apex (Fig. 8a—b). The
gynostegial corona is greenish-yellow or purple toned,
with five separate segments inserted at 1-1.5 mm above
base of ginostegial column, the same length as the gyno-
stegium; corona segments are 4.43+0.22 mm long, suc-
culent, urceolately scaphoid, apically truncate with two
falcate recurved teeth on the inner side (Fig. 8c—d). Sta-
mens are 0.33+0.06x2.90+0.10 mm; anthers have an
apical appendage postgenitally fused to style-head, mem-
branous margins are not lignified along the both sides
(Fig. 8e—f). The style-head is unlobed, broad and slightly
convex; pistil is 4.67 +0.15 mm long (Fig. 8g—h).

Palynological properties
Periplocoideae
Pollen grains are arranged in tetrads which are derived
from two adjacent anther thecae, form a loosely con-
nected pollen mass at anthesis and shed onto the spoon-
shaped translators composed of a basal adhesive disc, a
stalk, and an apical receptacle (Figs. 9a—b, 10a—f).
Periploca gracilis Boiss. in Fl. Orient. 4: 50 (1875)
[43]: Pollen grains are 13.8+1.90x16.8+2.07 pm,
6-8 porate, arranged in rhomboidal or decus-
sate tetrads; tetrads are 28.1+2.31x33.3+2.69 pm
(rhomboidal), exine ornamentation is rough. Recep-
tacle is spoon shaped, 289.5+20.5x333.6+36.5 pm;
stalk is 75.8+6.91x145.8+8.92 um; adhesive disc is
135.4+20.1x158.1 +118.1 pm (Figs. 9a, 10a—c).
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7

Fig. 3 Floral structures of Araujia sericifera (S. Gtiven 185 & S. Makbul), (a-d) Corolla, (e-f) Corona, (g-h) Stamens, (i-j) Pistil, (a, c, e, g, i) Stereomicroscope

image, (b, d, f, h, j) Graphical representation (ae: anther edge, at: anther tip, crh: crisped hair, crs: corona segment, f: filament, icr: inner side of corona, ipe:
inner side of petal, ocr: outer side of corona, ov: ovary, pe: petal, se: sepal, sh: style-head, st: style)
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Fig. 4 Floral structures of Cionura erecta (S. GUven 92 & S. Makbul), (a-b) Corolla, (c-d) Corona, (e—f) Stamens, (g-h) Pistil, (a, ¢, e, g) Stereomicroscope
image, (b, d, f, h) Graphical representation (ae: anther edge, at: anther tip, crs: corona segment, f: filament, gl: glabrous, ov: ovary, pe: petal, se: sepal, sh:

style-head, st: style)
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1 mm

Fig. 5 Floral structures of Cynanchum acutum subsp. acutum (S. Glven 188 & S. Makbul), (a-b) Corolla, (c-d) Corona with free segments, (e—f) Corona
segment structure, (g-h) Stamens, (i-j) Pistil, (a, ¢, e, g, i) Stereomicroscope image, (b, d, f, h, j) Graphical representation (ae: anther edge, at: anther tip, crs:

corona segment, f: filament, icr: inner corona lobe, ocr: outer corona lobe, ov: ovary, pe: petal, sh: style-head, st: style)
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Fig. 6 Floral structures of Cynanchum acutum subsp. acutum (S. Glven 183 & S. Makbul), (a-b) Corolla, (c-d) Corona with united segments, (e—f) Corona
segment structure, (g-h) Stamens, (i-j) Pistil, (a, ¢, e, g, i) Stereomicroscope image; (b, d, f, h, j) Graphical representation (ae: anther edge, at: anther tip, crs:
corona segment, f: filament, icr: inner corona lobe, ocr: outer corona lobe, ov: ovary, pe: petal, sh: style-head, st: style)
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Fig. 7 Floral structures of Cynanchum acutum subsp. sibiricum (S. Glven 06 & S. Makbul), (@-b) Corolla, (c-d) Corona with united segments, (e-f) Corona
segment structure, (g-h) Stamens, (i-j) Pistil, (a, ¢, e, g, i) Stereomicroscope image, (b, d, f, h, j) Graphical representation (ae: anther edge, at: anther tip, crs:
corona segment, f: filament, icr: inner corona lobe, ocr: outer corona lobe, ov: ovary, pe: petal, sh: style-head, st: style)
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Fig. 8 Floral structures of Gomphocarpus fruticosus (A. Baytop 23571), (a-b) Corolla, (c-d) Corona, (e—f) Stamens, (g-h) Pistil, (a, ¢, e, g) Stereomicroscope
image, (b, d, f, h) Graphical representation (ae: anther edge, at: anther tip, crs: corona segment, f: filament, ft: falcate teeth, It: lanate hair, ov: ovary, pe:
petal, sh: style-head, st: style)
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Fig. 9 Pollen structures in light microscopy of (a) Periploca gracilis (S. Given 177 & S. Makbul), (b) Periploca graeca (S. Given 178 & S. Makbul), (c) Araujia
sericifera (S. GUven 185 & S. Makbul), (d) Cionura erecta (S. Glven 92 & S. Makbul), (e) Cynanchum acutum subsp. acutum (S. GUven 188 & S. Makbul), (f)
Cynanchum acutum subsp. sibiricum (S. Glven 06 & S. Makbul), (g) Gomphocarpus fruticosus (A. Baytop 23571) (ad: adhesive disc, ca: caudicle, co: corpus-

culum, pl: pollen grain, po: pollinium, r: receptacle, sta: stalk, t: tetrad, w: wing)

Periploca graeca L. in Sp. Pl: 211 (1753) [44]:
Pollen grains are 18.9+2.55x23.15+2.69 um,
6—8-porate, arranged in rhomboidal or decus-
sate tetrads; tetrads are 34.3+2,31x60.416.05 pm
(rhomboidal), exine ornamentation is rough. Recep-
tacle is elliptical, 580.1+35.2x648.5+36.9 um; stalk
is 167.5+8.76x219.6+18.35 pm; adhesive disc is
232.5+32.8 x 442.1+30.3 um (Figs. 9b, 10d—f).

Asclepiadoideae

Pollen grains in each anther lobe are united as a single sac

called pollinium and transported in the form of pollina-

rium, which consists of a pair of pollinia (devired from

two adjacent anther lobes) attached to a central corpus-

culum by two flexible arms (Figs. 9c—g, 10g-1, 11a—i).
Araujia sericifera: Pollinium is pendulous, ovate,

482.86+21.46x888.09+31.09 pum; pollen grains
are  35.45+4.84x55.72+7.63 pm,  inaperturate,
ornamentation is psilate. Corpusculum is ovate,

444.21 +18.86 x 746.30 £ 32.06 pum, winged at base, wings
are 410.10+11.74%x491.25+32.05 pm; caudicle is flat-
tened, attached to the corpusculum laterally and to the
pollinium basally, 298.32+18.34x784.41+15.18 pm
(Figs. 9¢c, 10g—i).

Cionura  erecta: Pollinium is
98.96+£9.65x255.01 £15.84 um; pollen grains are
22.25+535%x29.81+6.05 um, inaperturate, orna-
mentation is psilate. Corpusculum is oblong,
30.39+4.36x141.7+14.4 pm; caudicle is cylindrical,
attached to the corpusculum sub-apically and to the

erect, obovate,

pollinium sub-basally 16.1+2.1x98.5+9.6 (Figs. 9d,
10j-1).

Cynanchum acutum: Pollinium is pendulous, ovate,
205.61+11.21x314.80+14.56 um; pollen grains are
33.35+4.56x43.09+£5.02 pum, inaperturate, ornamenta-
tion is psilate or sparsely rough. Corpusculum is ovate,
146.72+13.83x228.68+11.88 um; caudicle is conical,
attached to the corpusculum sub-apically and to the pol-
linium sub-basally 74.33+6.99x111.85+7.57 um (Figs.
9e—f, 11a-f).

Gomphocarpus  fruticosus: Pollinium is pendu-
lous, obovate, 380.5+11.4x1414.3+31.7 um; pollen
grains are 60.1+7.63x84.7+9.75 pm, inaperturate,
with crystals on the surface. Corpusculum is ovate,
117.5+7.59 x 463.8 + 24.3; caudicle is cylindrical, attached
to the corpusculum sub-apically and to the pollinium
basally 173.1 +12.8 x 384.7 £ 5.47 um (Figs. 9g, 11g—i).

Numerical outputs

The dendrogram resulting from UPGMA is given in Fig.
12. This dendrogram showed that A. sericifera (labeled
a) was clearly separated from the remaining six taxa at a
48% similarity level. The remaining four Asclepiadoideae
taxa (labeled b) and two Periplocoideae taxa (labeled c)
were grouped under the same main cluster at approxi-
mately 55% similarity level. In cluster “b’, G. fruticosus
was positioned as a distinct lineage within this cluster at
a 72% similarity level, separating it from the C. acutum
and C. erecta groups. Individuals of C. acutum clustered
at the 94% similarity level, and individuals of C. erecta
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Fig. 10 Pollen structures in SEM of (a-c) Periploca gracilis (S. Glven 177 & S. Makbul), (d-f) Periploca graeca (S. Glven 178 & S. Makbul), (g-i) Araujia sericifera
(S. GUven 185 &S. Makbul), (j-1) Cionura erecta (S. GUven 92 &S. Makbul), (a, d, g, j) Pollen translator, (b, e) Rhomboidal tetrad, (h, k) Pollinium, (c, f, i, 1) Pollen
ornamentation (ad: adhesive disc, ca: caudicle, co: corpusculum, po: pollinium, r: receptacle, sta: stalk, w: wing, p: pore)

clustered at the 96% similarity level, both showing very
high within-group similarity. In cluster “c’; the two inves-
tigated Periploca species (Periplocoideae) were grouped
at an 81% similarity level, whereas the both P. graeca indi-
viduals, forming a highly cohesive group and separating
from P, gracilis at high similarity level (98%).

Principal components analysis of 13 taxa and 24 mor-
phological and palynological traits projected on the first
two components (PC-1 and PC-2) are given in Fig. 13a
and b, respectively. The eigenvalues of the first, second,
and third component in percentages are 97.74%, 1.86%,

0.24%, respectively (Table 3). The first three components
explain 99.84% of the total variation among the inves-
tigated taxa. These three components emphasize that
pedicel length (X,), pollen grain width (X,,), pollen grain
length (X,,), sepal length (X,), petal length (X;), and pis-
til length (X,g) are the most valuable traits contributing
to separation of the examined taxa (Table 3). The PCA
score and loading plots show a clear separation of A. ser-
icifera along the PC-2 axis, mainly driven by petal length
(Xg), while sepal length (X,) and pistil length (X,g) con-
tribute less. Along PC-1, pollen grain length (X,;) and
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Fig. 11 Pollen structures in SEM of (a-c) Cynanchum acutum subsp. acutum (S. Guven 188 & S. Makbul), (d-f) Cynanchum acutum subsp. sibiricum (S.
Glven 06 & S. Makbul), (g-i) Gomphocarpus fruticosus (A. Baytop 23571), (a, d, g) Pollen translator, (b, e, h) Pollinium, (¢, f, i) Pollen ornamentation. (ca:

caudicle, co: corpusculum, po: pollinium)

width (X,,) show strong contributions, particularly in the
separation of taxa such as G. fruticosus, whereas pedicel
length (X;) has a weaker effect.

Overall, both UPGMA and PCA analyses are in agree-
ment and support the separation of the investigated taxa,
particularly A. sericifera and G. fruticosus, based on the
studied floral and pollen characters.

Floral and palynological key to the investigated
Periplocoideae and Asclepiadoideae taxa of Tirkiye

This dichotomous key based on floral and palynologi-
cal data regarding the investigated Periplocoideae and
Asclepiadoideae taxa was developed mainly accord-
ing to the Flora of Tiirkiye [20], Flora of Russia [34], and
Flora of Europe [35]. The key reflects the main group-
ings observed in the dendrogram and the patterns of
variation highlighted by the PCA analysis, thus provid-
ing a practical tool for identifying the studied taxa in
accordance with their morphological and palynological
differentiation.

1. Corona corolline, segments filiform, basally tri-
segmented without an inner lobe (Fig. 12); anthers
abaxially with hispid indumenta (Fig. 1a), 4-locular;
pollen grains in tetrads, translators spoon-shaped,
composed of a basal adhesive disc, a stalk, and
an apical receptacle (Fig. 1b)... ... ... ... .o oo ...

....[Subfamily Periplocoideae] 2.

—Corona corolline with succulent segments, or
gynostegial with laminaris or succulent segments,
basally unsegmented, or with an inner lobe (Fig.
12); anthers glabrous (Fig. 1c, e), 2-locular; pollen
grains in pollinia, translators clip-like, composed
of a central corpusculum joined to two flexible
arms called caudicles (Fig. 1d, f) ... ... ... ... ...
....... Subfamily Asclepiadoideae] 3.
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a A. sericifera

(S. Giiven 185 & S. Makbul) }—W\
1

G. fruticosus
b (A. Baytop 23571) /

— C. acutum subsp. acutum
(S. Guven 188 & S. Makbul)

C. acutum subsp. acutum
(S. Given 190 & S. Makbul)

C. acutum subsp. sibiricum '
(S. Given 06 & S. Makbul) \
(
C. acutum subsp. acutum
(S. Guven 183 & S. Makbul)

C. erecta
(S. Giiven 54 & S. Makbul)

C. erecta
(S. Guven 181 & S. Makbul)

C. erecta
(S. Guiven 40 & S. Makbul)

C. erecta
(S. Guven 92 & S. Makbul)
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Gower General Similarity Coefficient

Fig. 12 Dendrogram resulting from cluster analysis-UPGMA of the investigated Periplocoideae and Asclepiadoideae taxa based on 24 floral and pollen
characters (Figures on the dendrogram represent the corolla, corona, stamen and pollinarium of the taxa, respectively)

2. Petals white or greenish yellow, glabrous; corona
segments apically bifid (Fig. 12); receptacle spoon
shaped (Flg 9a), 260—320 pum wide .. e

.1 Perzploca gmczlzs

—DPetals purple-violet, hairy along margins; corona
segments unsegmented (Fig. 12); receptacle elliptical
(Fig. 9b), 570—680 pm wide ... .cec cev vt vet e e o
.................... 2. Periploca graeca.

3. Corolla campanulate, petals 22—25 mm long; corona
corolline (Fig. 12); corpusculum winged (Fig. 9¢c) ...

.................... 3. Araujia sericifera

—Corolla rotate, petals 2—10 mm long; corona

gynostegial (Fig. 12); corpusculum wingless (Figs. 9j,

108, d, ) v vee it e e e e e e
A

4. Petal hairy; corona succulent (Fig. 8d); pollinium
lenght higher than 1mm ... ... ... ... ... ... ..
Gomphocarpus fruticosus

—Petal glabrous; corona laminaris (Figs. 4d, 5d, 6d,
7d); pollinium lenght less than 1 mm ... ..... 5

5. Corona segment without inner lobe (Fig 4d); stigma
bifid (Flg 4h); pollinia erect (Flg ) ..

4 Czonum erecta

—Corona segment with a basal inner lobe (Figs. 5f,

6f, 7f); stigma unsegmented (Figs. 5j, 6j, 7j); pollinia

pendulous (Fig. 9e-f) ... ... ... ..o
...5. Cynanchum acutum.

Discussion

Floral features

The inflorescence type of the studied Asclepiadoideae
taxa is basically a cyme developed mainly on axillary
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Fig. 13 Ordination resulting from principal components analysis (PCA) of the investigated Periplocoideae and Asclepiadoideae taxa based on 24 floral

and pollen characters, (a) PCA case scores, (b) PCA variable loadings
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Table 3 Eigenvalues of the characters on the first five principal components (PC1, PC2, PC3, PC4, PC5)

Sym. Axis 1 Axis 2 Axis 3 Axis 4 Axis 5
Xi 0.203 0.243 0.423 -0.596 -0.150
X 0.016 0.014 0.084 0.079 -0.108
X3 0.027 0.216 -0.222 0.138 -0.041
X4 0.059 0.407 -0.473 0.269 -0.119
Xs 0.016 0.014 0.084 0.079 -0.108
X 0.002 0.027 -0.056 0.000 -0.021
X7 0.049 0.214 -0.015 0.035 0.194
Xs 0.149 0.731 0.315 0.103 0.155
Xo 0.005 0.003 0.052 -0.043 0.271
Xio 0.013 -0.032 0.064 0.031 -0.275
Xi 0.006 -0.025 -0.007 0.254 -0.077
Xi2 0.019 0.007 -0.072 -0.061 -0.233
Xi3 0.015 -0.005 0.008 0.031 -0.295
Xi4 0.017 0.096 -0.059 0.176 -0.033
Xis 0.034 0.077 -0.019 0.124 0.203
Xi6 0.015 -0.005 0.008 0.031 -0.296
Xi7 0.006 0.036 0.039 -0.131 -0.302
Xis 0.069 0.254 -0.142 -0.036 -0.281
Xio 0.015 -0.005 0.008 0.031 -0.296
Xa0 0.015 -0.005 0.008 0.031 -0.296
X 0.015 -0.005 0.008 0.031 -0.296
X5 0.567 -0.224 0.445 0.540 -0.035
Xas 0.775 -0.121 -0.442 -0.298 0.095
Xo4 0.003 -0.016 -0.024 -0.091 0.083
Eigenvalues 3151.93 60.02 7.64 2.29 1.54
Percentage 97.74 1.86 0.24 0.07 0.05
Cum. Percentage 97.74 99.59 99.84 99.91 99.95

and/or terminal parts, except for A. sericifera with soli-
tary flower per node (Fig. 2). Floral features, commonly
used as key characters in many floras and revision stud-
ies, had always played an important role in explaining
the evolutionary relationships among the major groups
of Apocynaceae [4, 6]. Previous morphological studies
showed that Periplocoideae were characterized with the
type of inflorescence varying from terminal and/or axil-
lary branching thyrses to extra-axillary branching ones
with racemose, corymbose or sciadioidal inflorescences
[1, 24]. However, the Asclepiadoideae were reported to
exhibit mostly extra axillary, and less commonly axillary
inflorescences, which were rarely solitary (one inflores-
cence per node) or paired (two inflorescences per node)
[1], consistent with the observations of the present study.

Significant differences are determined within the
examined Asclepiadoideae taxa by means of corolla mor-
phology at genus level. In the examined Asclepiadoideae
taxa, white, yellowish or pinkish petals are glabrous (C.
erecta and C. acutum), or exhibite lanate indumenta
along right margins (G. fruticosus), and white minute
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hairs on the abaxial side (A. sericifera). Two corolla types
are observed in Asclepiadoideae such as rotate and cam-
panulate. A. sericifera clearly differentiates from the
remaining Asclepiadoideae taxa by its campanulate flow-
ers, but the given character (X;) is insignificant for mean-
ingful taxonomic discrimination from the studied taxa
(Table 3). Consistent with our findings, Fishbein et al. [2]
stated that corolla shape within the APSA clade is highly
labile due to the frequency of occurrence of campanulate,
rotate, and tubular corollas and rarity of funnelform and
salverform forms, than among the rauvolfioid lineages
with predominant salverform corollas. Similarly, it was
stated that type (campanulate/rotate), color (white, yel-
low, yellowish-green, blackish-purple, and brown), and
pubescence (glabrous or with hirsute, lanate, pilose, and
crisped indument) of corolla exhibited significant varia-
tion among the Turkish Vincetoxicum [22, 25] taxa at
species and even sub-species levels. In addition, of the
two examined Turkish Periploca taxa, P. gracilis with uni-
form white or greenish-yellow, and glabrous petals, could
easily be distinguished from P graeca in terms of petal
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color (purple-violet) and pubescence (with villous indu-
ment along margins). However, principal components
analysis showed that corolla type (X;) and pubescence of
petal inner surface (X,) were not among the most impor-
tant traits to distinguish the examined taxa in the present
study (Table 3).

In the present study, the observed variation in corona
structure supports its diagnostic value in distinguishing
closely related taxa. Among the examined Asclepiadoi-
deae taxa, only A. sericifera has corolline corona, while
the remaining four Asclepiadoideae taxa exhibit gynoste-
gial corona (Fig. 12). It has been observed that the two
Turkish Periplocoideae species, which are characterized
with filiform, basally tri-segmented corolline corona seg-
ments, are also quite different by means of corona shape.
P, gracilis has apically bifid corona segments, while those
of P. graeca are unsegmented. The significance of corona
is also demonstrated in previous studies on Turkish Vinc-
etoxicum taxa [22, 25]. Corona is a special floral structure
and plays a key role in pollination of the Apocynaceae
taxa by producing and storing nectar to attract pollina-
tors [45], and guiding body parts of insects for pollinia
removal and insertion [5, 6]. Two main types of corona
were defined for Apocynaceae taxa depending on their
location: (I) corolline corona arising from corolla, and
(II) gynostegial corona derived from androecium. There
is a great variety of corona forms as rings, scales, pads,
or cups, often with highly specialized components within
the Apocynaceae. Corolline coronas could be seen in the
form of free lobes, or fused to varying degrees into pet-
aloid structures, whereas gynostegial corona displayed
two basic forms composed of free staminal segments or
united staminal segments joined to eachother by smaller
interstaminal parts [2, 6, 46, 47]. Fishbein et al. [2] con-
firmed that the corolline corona was an ancestral char-
acter, indicating an evolutionary transition within the
family associated with increasing floral specialization
and pollination efficiency. However, no homogeneity
was determined in the corona morphology within the
large groups of the Apocynaceae family. In rauvolfioids,
apocynoids and Periplocoideae coronas were mostly
corolline, whereas the majority of the Asclepiadoideae
were chacterized by gynostegial coronas [1, 2], reflect-
ing a general evolutionary trend toward derived corona
forms in Asclepiadoideae. The examined Periplocoideae
taxa, representing a more basal group, are characterized
by the ancestral corolline corona. In contrast, the major-
ity of the examined Asclepiadoideae taxa, considered a
more derived lineage, predominantly exhibit the gynoste-
gial corona. This pattern indicates an evolutionary shift
from corolline to gynostegial corona within the family,
supporting the generally accepted view.

Significant differences in gynostegium morphology
were observed between the two studied subfamilies. In
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the Asclepiadoideae taxa examined, the gynostegium is
characterized by glabrous anthers with lignified guide
rails along both margins (except in G. fruticosus, where
guide rails are absent). The style-head is unlobed in C.
acutum and G. fruticosus, but bifid in A. sericifera and
C. erecta. Also, the gynostegia of the two Turkish Perip-
locoideae species are characterized by anthers with
non-lignified, membranous margins, abaxially hispid
indumentum, and an unlobed style-head. Principal com-
ponents analyses also revealed that pubescence of the
anther (X,¢), shape of style-head (X;,), and length of pis-
til (X,g) are among the partially effective characters in
delimiting the investigated taxa at both subfamily and
genus levels (Table 3). The gynostegium is a key evolu-
tionary feature in Apocynaceae, formed by the fusion of
anthers and the style-head. It is absent in basal groups
but becomes progressively more complex in Periplocoi-
deae, Secamonoideae, and Asclepiadoideae. This increas-
ing structural complexity is associated with enhanced
pollination efficiency and specialization, reflecting both
phylogenetic relationships and functional adaptation. The
patterns observed in the present study are in agreement
with this evolutionary trend and further support the role
of gynostegium morphology in distinguishing major lin-
eages within the family [1, 2, 5].

Palynological features

Style-head differentiation and pollen morphology con-
stitute the main pathways for the evolution of the major
groups in Apocynaceae [1]. The enlarged upper part of
the postgenitally fused region, the style-head, not only
performs as a stigma, but also produces adhesive compo-
nents forming the transporter parts of the pollen grains
in Periplocoideae and Asclepiadoideae [1, 2, 5]. The main
distinguishing characters of the investigated taxa, includ-
ing style-head differentiation and pollen morphology,
are illustrated in Fig. 1. Pollen grains are transported in
two quite specialized forms within the investigated taxa:
in the form of a large tetrad mass shed onto a transla-
tor composed of a receptacle, stalk, and adhesive disc
in Periplocoideae (Fig. 1b), and in the form of two pol-
linia linked to a central corpusculum via two caudicles
(pollinarium) in Asclepiadoideae (Fig. 1d, f). The pres-
ent principal components analyses revealed that pollen
aggregation (X,o), number of tetrad mass or pollinium
on a pollen translator (X,,), and pollen translator struc-
ture (X,;) were found to be partially effective characters
in delimiting the investigated taxa at the subfamily level
(Table 3).

Although the two examined Periploca species (P. graci-
lis and P. graeca) reflect the general palynological charac-
teristics of the subfamily, shape of receptacle and size of
translator parts differ from each other. In the investigated
P gracilis, receptacle is spoon shaped and receptacle,
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stalk and adhesive disc is smaller in size compared to the
examined P. graeca species with elliptical receptacle. At
anthesis, pollen grains, which are arranged in rhomboidal
or decussate tetrads, shed onto the receptacle from each
two adjacent anther theca, form a loosely connected pol-
len mass. The present findings related to tetrad morphol-
ogy of P. gracilis and P. graeca are compatible with those
of Verhoeven and Venter [48].

In the present study, two types of pollinium shape
are identified: ovate in A. sericifera and C. acutum; and
obovate in C. erecta and G. fruticosus. Among the exam-
ined taxa, A. sericifera and G. fruticosus species had the
largest pollinia, while C. erecta had the smallest pollin-
ium. Within the Asclepiadoideae members, the pollinium
shows great diversity in shape such as reniform, clavate,
circular, elliptical, square, lanceolate, ovate, obovate and
oblong, and this character contributes significantly to the
distinction of taxa at both generic and specific levels [8,
17, 29]. Feng et al. [14] reported pollinium shape as per-
prolate (width/length<0.5) for C. acutum subsp. sibiri-
cum, unlike our data (ovate and with the rate of width/
length 0.66). The data on pollinium width and length has
provided useful results in distinguishing Asclepiadoideae
members at both the genus and species levels as agreed
by Chang et al. [13], Feng et al. [14], and Giiven et al. [29].

In the current study, pollen grain surface is smooth
in A. sericifera and C. erecta, psilate and sparsely rough
in both subspecies of Cynanchum, and crystalized in G.
fruticosus. Pollen grain surface ornamentation is among
the widely used palynological characters to elucidate
the taxonomic problems in developed plant groups [49].
This character varies at both the genus and species levels
within the members of Asclepiadoideae [9, 11]. Mo et al.
[11] reported that pollen grain surface ornamentation of
some Asclepiadoideae taxa was rugose, papillose-smooth,
sinuous-striate, sinuous-smooth and sulcate-granulate.
Similar to our findings, pollen grain surface was reported
as psilate for C. acutum [14, 16, 17]. Glven et al. [22, 29]
reported that pollen grain surface of Vincetoxicum taxa
varied from rugulate to gemmate. In the present paper,
pollen grain width and length are important diagnostic
characters, whereas pollen grain ornamentation are neg-
ligible to distinguish the examined taxa.

Among the examined taxa, majority of the taxa has
pendulous pollinia with an exception to C. erecta with
erect pollinia (Fig. 12). Pollinia orientation within Ascle-
piadoideae varies from erect to horizontal, or pendulous
[6, 15]. This character was determined as stable at the
genus and species levels in the subfamily Asclepiadoi-
deae, but showed significant changes at the suprageneric
level [15, 16].

In the taxa examined (except for A. sericifera), caudi-
cles are connected to the corpusculum near the tip and
to the pollinia near the base. However, in A. sericifera,
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it is observed that the caudicles are attached to the pol-
linia at the base and to the corpusculum along the two
sides, and it is clearly distinguished from other examined
taxa by a winged corpusculum (Fig. 12). Many studies on
the Asclepiadoideae demonstrated that, in a pollinarium,
caudicles may be attached to the pollinia from the base,
near the base or in the middle, and to the corpusculum
from the tip, near the tip, from the base, near the base or
the middle [29, 43]. Shape of the caudicles, contributing
significantly to the distinction of the examined taxa, is
determined as flattened in A. sericifera, cylindrical in C.
erecta and G. fruticosus, and triangular in C. acutum (Fig.
12). Among the studied taxa, the largest caudicle is mea-
sured for A. sericifera and the smallest one for C. erecta.
Palynological studies on members of Asclepiadoideae
revealed that caudicles may be cylindrical, triangular,
flattened, straight or curved, and their sizes vary signifi-
cantly among taxa. These variations in caudicle attach-
ment shape and size provide useful diagnostic characters
for distinguishing both genera and species within the
taxa studied and reflect structural diversification associ-
ated with pollination mechanisms [10, 15, 29].

C. erecta with an oblong corpusculum was clearly
distinguished from the other examined taxa character-
ized with ovate corpusculum (Fig. 12). Among the taxa
examined, A. sericifera has the largest corpusculum and
C. erecta has the smallest one. It is known that the shape
of corpusculum in the Asclepiadoideae greatly varied
among the species such as ovate, oblong, circular, ellipti-
cal, rhombic and square. Similarly, differences in corpus-
culum shape and size contribute to the clear delimitation
of taxa at both genus and species levels and further sup-
port their taxonomic significance within Asclepiadoideae
[18, 29].

Pollen grains are traditionally considered conservative
structures with strong genetic control; however, accu-
mulating evidence demonstrates substantial intraspecific
variability in palynological traits driven by ecological
conditions [50]. To evaluate environmental effects, sam-
ples from different populations of some taxa were
included. Although habitat conditions may cause minor
variation in pollen traits, numerical analyses consistently
grouped individuals of the same species together, indicat-
ing that palynological characters are stable and reliable at
the species level.

A floral and palynological perspective on Periplocoideae
ve Asclepiadoideae

In some earlier classifications, Asclepiadaceae and Perip-
locoideae were treated as distinct families due to their
diverse flower and pollen grain characteristics [51-55].
In Periplocoideae, the style-head has five vertically ori-
ented grooves between anthers, where pollen translators
are secreted. Each translator consists of a basal adhesive
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disc, a stalk, and an apical receptacle, onto which tet-
rads are shed, forming a loosely connected pollen mass
at anthesis [4, 5]. On the other hand, Asclepiadoideae are
characterized with five pollinaria located alternately with
the anthers on each stigmatic zone near the lower edges
of the style-head, in which translator parts (corpusculum
and caudicles) are secreted. Each pollinarium consists of
a pair of pollinia attached to a central corpusculum by
two flexible arms [4, 5]. However, both Periplocoideae
and Asclepiadoideae are related at a lower level because
their flowers expose a similar synorganization between
androecium and gynoecium, forming a gynostegium. The
style-head produces specialized translators that are con-
nected to aggregated pollen grains or pollinia. These fea-
tures represent key synapomorphic characters shared by
both subfamilies. Such an anther—style synorganization is
required for formation and transport of aggregated pol-
len grains in both Periplocoideae and Asclepiadoideae.
The two subfamilies only develop distinct floral struc-
tures and pollination mechanisms in order to reach their
goals [1, 2, 5]. In contrast, differences in translator struc-
ture and pollinarium organization represent lineage-spe-
cific derived traits that distinguish the two subfamilies.
The examined taxa of Periplocoideae and Asclepiadoi-
deae were evaluated using cluster analysis and principal
components analysis based on the selected 24 morpho-
logical and palynological traits. Both analyses showed a
general grouping tendency rather than a complete sepa-
ration at subfamily and genus levels. In both the dendro-
gram derived from UPGMA (Fig. 12) and the ordination
resulting from PCA (Fig. 13), the members of Periplocoi-
deae grouped closely, taxa of Cynanchum and Cionura
positioned closer to this group, while taxa of A. sericifera
and G. fruticosus were distinctly aggregated in separated
locations away from the remaining Asclepiadoideae
taxa. However, the overall pattern indicated partial over-
lap between Periplocoideae and Asclepiadoideae, sug-
gesting that the separation is not completely distinct in
multivariate space. The investigated Periplocoideae and
Asclepiadoideae taxa exhibited quite different flower and
pollen morphology at the subfamily level. All the Periplo-
coideae taxa used in numerical analyses are characterised
by corolline coronas with filiform segments, 4-locular
anthers with abaxially a hispid indument, and pollen
grains in tetrads carried by spoon-shaped structures,
while those of Asclepiadoideae have corolline or gyno-
stegial coronas with laminaris or succulent segments,
glabrous, 2-locular anthers, and pollen grains in pollinia
carried by clip-like transporters (Fig. 12). Within the taxa
examined, several characters show different evolution-
ary significance. In Periplocoideae, tetrad-based pollen
structure and spoon-shaped pollen transport system and
in Asclepiadoideae, the presence of pollinia and a spe-
cialized pollinarium system consisting of corpusculum,
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caudicles, and pollinia is also regarded as synapomor-
phic features. In contrast, pedicel, sepal, petal and corona
segment lengths, stigma shape, pistil length, shape and
size of pollen translator, and pollen grain size, repre-
sent more variable and potentially derived (autapomor-
phic) features (Table 3). Similar to our results, Sarikaya
and Given [23] have recently identified important fruit
and seed morphological characteristics that contribute
to the distinction of the species constituting the subject
of the present study at both subfamily and genus levels.
They reported that the two Turkish Periploca taxa, which
were characterized by a pair of follicles, flattened, nar-
rowly oblong, and winged seeds with rugulate orneman-
tation, were clearly distinct within Periplocoideae based
on these fruit and seed traits. In contrast, taxa of Araujia,
Cionura, Cynanchum and Gomphocarpus (Asclepiadoi-
deae) were characterized by single follicles, and ovoid to
narrowly ovoid, winged or wingless seeds, with a distinct
convex raphae side and a concave hilar side, and smooth
to tuberculate or colliculate ornemantation [23].

Araujia sericifera and Gomphocarpus fruticosus were
positioned far from the other examined taxa in the pres-
ent numerical analysis (Fig. 12). Both A. sericifera, a
recently naturalized species for Tirkiye, and G. fruti-
cosus, an ornamental plant, are quite remarkable due to
their floral and pollen characteristics. We observed that
both species have specific succulent coronas and the
largest pollinia within the investigated Asclepiadoideae
taxa. Additionally, A. sericifera is the only Asclepiadoi-
deae taxon with individual flowers, campanulate corolla,
corolline corona, and winged corpusculum. Similarly,
these two species draw attention with their characteris-
tic large fruits, and wingless and warty seeds with tuber-
culate ornamentation. While follicles of A. sericifera are
oblong-ovoid and densely covered with short crisped
hairs, those of G. fruticosus are inflated-ovoid with a
short beak at apex, and echinate surface composed of soft
bristles up to 1 cm [23].

According to Browicz [20], Cynanchum acutum is rep-
resented by two subspecies in Tiirkiye, separated from
each other by leaf and fruit morphology. The first one,
C. acutum subsp. acutum, has leaves one to two times
as long as broad, broadly ovate-cordate or narrow linear
with basal lobes scarcely divergent, and 6-15 cm long
follicles. The second, C. acutum subsp. sibiricum, is char-
acterized by leaves one to three times as long as broad,
broadly cordate to hastate-cordate, or oblong-hastate,
basal lobes distinctly divergent, and follicles 12.5-16 cm
in length. However, Sarikaya and Giiven [23] determined
that the follicle length gave similar results within indi-
viduals collected from different populations of C. acutum
subsp. sibiricum (110-150 mm) and C. acutum subsp.
acutum (90-175 mm). Therefore, the follicle length was
found to be insufficient to distinguish the subspecies, as
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being the seed morphology [23]. The present morpho-
logical and palynological examinations showed that these
two subspecies exhibited very similar morphological and
palynological characteristics. However, the level of inter
connection of corona segments partly differs at the sub-
species level. While corona segments were fused up to
2/3 of their length in all the C. acutum subsp. sibiricum
(Fig. 7c—d) and the majority of C. acutum subsp. acu-
tum (Fig. 6¢—d), some taxa of C. acutum subsp. acutum
had distinct coronas with segments divided to the base
(Fig. 5¢c—d). Detailed examinations on samples collected
from different populations of C. acutum subsp. acutum,
demonstrated that corona segments were partially united
in some populations and were free in others. The cur-
rent results revealed two corona types (free and united)
for C. acutum subsp. acutum for the first time, and this
difference has been accepted as a variation within the
subspecies. In addition, as seen in Fig. 12, all the exam-
ined individuals belonging to two subspecies of C. acu-
tum from a total of four populations clustered under the
same branch at the 94% similarity level. However, speci-
mens of C. acutum subsp. acutum from two populations
(S. Gluven 190 & S. Makbul and S. Giiven 183 & S. Mak-
bul) clustered with C. acutum subsp. sibiricum, while the
third one, C. acutum subsp. acutum (S. Guven 188 & S.
Makbul), formed a separate branch. It can easily be seen
in Appendix that C. acutum subsp. acutum individuals
with S. Giiven 188 & S. Makbul collector no, have pedicel
(X,), sepal (X3, X,), petal (X;, Xg), stamen (X4, X;5), pistil
(X,4) and pollen grains (X5, X,3) in larger size compared
the remaining C. acutum individuals.

Conclusion

Consequently, in the present study four Asclepiadoi-
deae species (A. sericifera, C. erecta, C. acutum and G.
fruticosus), which have important deficiencies in their
descriptions in the flora of Tiirkiye (Browicz 1978), were
investigated by means of both flower and pollen mor-
phology, and two Periplocoideae species (P. gracilis and
P graeca) by means of pollen morphology, for the first
time. The results highlight that several reproductive char-
acters such as length of pedicel, sepal, petal and corona
segment, pubescence of outer surface of anther, shape
of stigma, length of pistil, type of pollen aggregation,
number of tetrad mass and pollinium per pollen transla-
tor, pollen translator structure, and width and length of
pollen grains were effective in distinguishing the exam-
ined taxa at subfamily and genus levels. These findings
emphasize the taxonomic value of combined floral and
palynological traits in distinguishing closely related taxa
and contribute to a better understanding of character
evolution within Apocynaceae. Additionally, despite the
relatively limited taxon sampling, this study is an impor-
tant breakthrough for the Turkish taxa of Periplocoideae
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and Asclepiadoideae by explaining the deficiencies in
flower and pollen morphology of the examined species
in the flora of Tiirkiye. Notably, the identification of two
corona types (free and united) within C. acutum subsp.
acutum provides additional evidence supporting infra-
specific distinction of the species C. acutum.

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512870-026-08939-3.

[ Supplementary Material 1. J

Acknowledgements

The authors thank the management of The Herbarium of the Faculty of
Pharmacy of Istanbul University (ISTE) for contributing to our study by
providing plant materials related to Gomphocarpus fruticosus.

Authors’ contributions

All listed authors meet the authorship criteria according to the editorial
policies of BMC, and contributed to the study conception and design. SG and
SM conceived and designed research, contributed to the field support and
sample collection processes, and supervised the overall work and critically
analyzed all the results. SG wrote the initial draft of the manuscript. SG, SM,
ES and DA conducted experiments and prepared figures. SG, SM and KC
prepared tables, analyzed the data and contributed to the interpretation of
the data. All authors read and approved the manuscript.

Funding

The authors thank to Scientific and Technological Research Council of Turkiye
(TUBITAK; Grant ID: 1227547), and the Recep Tayyip Erdogan University
Development Foundation (Grant number: 02026002004072) for supporting
our study.

Data availability
Data that support the findings of this study are openly available the
supplementary material of this article.

Declarations

Ethics approval and consent to participate

Not applicable. The collection of plant material was carried out in accordance
with the national legislation of the Republic of Turkiye and within the scope
of a project supported by the Scientific and Technological Research Council
of Turkiye (TUBITAK, Grant ID: 1227547). The investigated taxa are not
endangered or legally protected species. Voucher specimens were deposited
in publicly accessible herbaria as indicated in the Material and Methods
section.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 February 2026 / Accepted: 7 May 2026
Published online: 26 May 2026

References

1. Endress ME, Meve U, Middleton DJ, Liede-Schumann S. Apocynaceae. In:
Kadereit JW, Bittrich V, editors. Flowering plants. Eudicots, the families and
genera of vascular plants, vol. 15. Berlin: Springer Cham; 2018. pp. 207-411.
https://doi.org/10.1007/978-3-319-93605-5_3. ISBN 978-3-319-93604-8.

2. Fishbein M, Livshultz T, Straub SCK, Simdes AO, Boutte J, McDonnell A, et
al. Evolution on the backbone: Apocynaceae phylogenomics and new


https://doi.org/10.1186/s12870-026-08939-3
https://doi.org/10.1186/s12870-026-08939-3
https://doi.org/10.1007/978-3-319-93605-5_3

Gliven et al. BMC Plant Biology

20.

21.

22.

23.

24.

(2026) 26:1241

perspectives on growth forms, flowers, and fruits. Am J Bot. 2018;105(3):495—
513. https://doi.org/10.1002/ajb2.1067.

Bitencourt C, Nurk NM, Rapini A, Fishbein M, Simdes AO, Middleton DJ, et al.
Evolution of dispersal, habit, and pollination in Africa pushed Apocynaceae
diversification after the Eocene-Oligocene climate transition. Front Ecol Evol.
2021;9:719741. https://doi.org/10.3389/fevo.2021.719741.

Endress ME, Bruyns PV. A revised classification of the Apocynaceae s. |. Bot
Rev. 2000;66:1-56. https://doi.org/10.1007/BF02857781.

Endress PK. Development and evolution of extreme synorganization in
angiosperm flowers and diversity: a comparison of Apocynaceae and Orchi-
daceae. Ann Bot. 2016;117(5):749-67. https://doi.org/10.1093/aob/mcv119.
Fishbein M. Evolutionary innovation and diversification in the flowers of
Asclepiadaceae. Ann Mo Bot Gard. 2001;88(4):603-23. https://doi.org/10.2307
/3298636.

Livshultz T, Mead JV, Goyder DJ, Brannin M. Climate niches of milkweeds

with plesiomorphic traits (Secamonoideae; Apocynaceae) and the milkweed
sister group link ancient African climates and floral evolution. Am J Bot.
2011;98:1966-77. https://doi.org/10.3732/ajb.1100202.

Verhoeven RL, Venter HJT. Pollen morphology of the Periplocoideae,
Secamonoideae and Asclepiadoideae (Apocynaceae). Ann Mo Bot Gard.
2001,88:569-82. https://doi.org/10.2307/3298634.

Vinckier S, Smets E. Morphological and ultrastructural diversity of orbi-

cules in relation to evolutionary tendencies in Apocynaceae s.l. Ann Bot.
2002;90(5):647-62. https://doi.org/10.1093/aob/mcf243.

Wanntorp L. Pollinaria of Hoya (Marsdenieae, Apocynaceae) — shedding light
on molecular phylogenetics. Taxon. 2007;56:465-78. https://doi.org/10.1002/t
ax.562017.

Mo LJ, Zhuang XY, Huang JX, Li BT. Pollinarium morphology of seven Marsde-
nieae genera (Asclepiadaceae). J Wuhan Bot Res. 2010;28(5):529-35.

Sinha S, Mondal AK. The morphological diversification of pollinia of some
members of Asclepiadaceae. Afr J Biotechnol. 2011;10(41):7981-6. https://doi
.0rg/10.5897/AJB10.1002.

Chang YH, Tzeng HY, Tzeng YH. Pollinaria morphology of Cynanchum L.
(Asclepiadaceae) in Taiwan. Q J For Res. 2012;34(4):251-62. https://doi.org/10.
29898/SHBQ.201212.0001.

Feng Y, Qin X, Huang J, Hong W. Pollinarium morphology of 17 species and

1 subspecies of Cynanchum (Asclepiadaceae). Acta Bot Boreali-Occident Sin.
2012,32(9):1758-62.

Sreenath KP, Ramakrishna TM, Babu TP. Perspective on pollinial appara-

tus and carriers of Asclepiadaceae sensu lato. Glob J Bio-Sci Biotechnol.
2012;1(1):45-53.

Shah SA, Ahmad M. Reassessing palynological characters in the subfamilies
Periplocoideae and Asclepiadoideae (Apocynaceae): taxonomic and evolu-
tionary implications. Palynology. 2014;38(2):224-34. https://doi.org/10.1080/0
1916122.2014.893264.

Yaseen S, Perveen A. Pollinia morphology to some members of Asclepiada-
ceae of Pakistan. Bangladesh J Bot. 2014;43(3):249-53. https://doi.org/10.332
9/bjb.v43i3.21590.

Nam BM, Chung GY. Taxonomic implications of floral morphology in the
subfamily Asclepiadoideae (Apocynaceae s.l) in Korea. Korean J Plant Taxon.
2018;48(3):172-84. https://doi.org/10.11110/kjpt.201848.3.172.

Heneidak S, Naidoo Y. Floral function in relation to floral structure in two
Periploca species (Periplocoideae) Apocynaceae. Turk J Bot. 2015;39(4):653-
63. https://doi.org/10.3906/bot-1403-43.

Browicz K. Vincetoxicum Wolf. In: Davis PH, editor. Flora of Turkey and East
Aegean Islands, vol. 7. Edinburgh: Edinburgh University Press; 1978. p.
167-73.

GUner A. Apocynaceae. In: Glner A, Aslan S, Ekim T, Vural M, Babag MT,
editors. Tirkiye Bitkileri Listesi (Damarli Bitkiler), 1. Basim. istanbul: Nezahat
GOkyigit Botanik Bahgesi ve Flora Aragtirmalari Dernegi Yayini; 2012.

Guven S, Coskungelebi K, Makbul M. A new Vincetoxicum (Apocynaceae) spe-
cies from Eastern Anatolia and its relationship based on biosystematic prop-
erties. Nord J Bot. 2021;39(12):¢03405. https://doi.org/10.1111/njb.03405.
Sarikaya E, Gliven S. Contributions to the taxonomy of Periplocoideae and
Asclepiadoideae (Apocynaceae) in Turkiye based on fruit and seed morphol-
ogy. Plant Biosyst. 2024;158(5):963-77. https://doi.org/10.1080/11263504.202
4.2383449.

Glven S, Sarikaya E. Turkiye Periploca (Periplocoideae: Apocynaceae)
taksonlarinin morfolojik ve korolojik 6zellikleri. Artvin Coruh Univ Orman Fak
Derg. 2024;25(2):167-77. https://doi.org/10.17474/artvinofd.1526752.

25.

26.

27.

28.

29.

30.

31

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 25 of 26

Glven S, Makbul S, Coskuncelebi K. Contribution to chromosome numbers
and phylogeny of Turkish Vincetoxicum wolf (Apocynaceae, Asclepiadoideae).
Eur J Taxon. 2019;590:1-19. https://doi.org/10.5852/ejt.2019.590.

Glven S, Dogan SM. A scanning electron microscope study of vegetative
parts of the genus Vincetoxicum in Turkiye. Kahramanmaras Sutcu Imam Univ
Tarim Doga Derg. 2025;28(2):380-402. https://doi.org/10.18016/ksutarimdog
a.vi.1589750.

ilcim A, Ozay SG, Kokdil G. Exomorphic seed characters and anatomy of leaf
and stem of some Vincetoxicum (Asclepiadaceae/Apocynaceae) species from
Turkey. Ankara Univ Eczac Fak Derg. 2010;39(1):1-16. https://doi.org/10.1501/
Eczfak_0000000550.

Guiven S. Anatomical attributes of two endemic medicinal plant species, Vinc-
etoxicum albovianum and Vincetoxicum coskuncelebiana (Asclepiadoideae:
Apocynaceae). Kastamonu Univ J For Fac. 2025;25(3):464-75. https://doi.org/
10.17475/kastorman.1845765.

Glven S, Makbul S, Coskuncelebi K, Pinar NM. Pollinarium morphology of
the genus Vincetoxicum Wolf (Apocynaceae: Asclepiadoideae) in Turkey.
Phytotaxa. 2015,;230(1):22-38. https://doi.org/10.11646/phytotaxa.230.1.2.
Guven S. A comprehensive micromorphological and anatomical study on the
poisonous plant Cionura erecta (L.) Griseb. (Apocynaceae: Asclepiadoideae).
KSU J Agric Nat Sci. 2025;28(5):1159-72. https://doi.org/10.18016/ksutarimdo
ga.vi.1691710.

Guven S. Anatomical and micromorphological characteristics of Araujia
sericifera Broth. a naturalized exotic species for the flora of Turkiye. J Anatolian
Environ Anim Sci. 2026;11:1-10. https://doi.org/10.35229/jaes.1819095.
Johansen DA. Plant microtechnique. New York: McGraw Hill Book; 1940.
Masson D, Glidewell SM, Moller M, Mill RR, Williamson B, Bateman RM. Non-
destructive examination of herbarium material for taxonomic studies using
NMR imaging. Edinb J Bot. 2001;58(1):1-14. https://doi.org/10.1017/5096042
8601000439.

Pobedimova G. Antitoxicum. In: Shishkin BK, Bobrov EG, editors. Flora of
USSR, vol. 18. Leningrad, Moscow: Academy of Science of the USSR Press;
1952. p. 674-91.

Markgraf F. Vincetoxicum Wolf. In: Tutin TG, editor. Flora Europaea, vol. 3.
Cambridge: Cambridge University Press; 1972.p. 71-3.

Venter HJT. A revision of Periploca (Periplocaceae). S Afr J Bot. 1997,63(3):123-
8. https://doi.org/10.1016/50254-6299(15)30723-7.

Plants of the World Online Database (POWO). https.//powo.science kew.org/.
Accessed 6 Apr 2026.

Kovach WL. MVSP - A multi-variate statistical package, MVSP version 3.22
(computer software). Pentraeth, Wales: Kovach Computing Services; 2013.
Brotero FA. X. descriptions of a new genus of plants named Araujia, and of a
new species of Passiflora. Trans Linn Soc Lond. 1818;12:62-75. https://doi.org/
10.1111/j.1095-8339.1817.tb00222.x.

Grisebach AHR. Spicilegium florae Rumelicae et Bithynicae: exhibens synop-
sin plantarum, vol. 2. Braunschweig: Vieweg; 1844. p. 69.

Linnaeus C. Species Plantarum, vol. 2. Stockholm: Laurentius Salvius; 1753. p.
212.

Aiton WT. Hortus Kewensis, vol. 2. 2nd ed. London; 1811. p. 80. https://www.b
iodiversitylibrary.org/item/186410#page/90/mode/1up43.

Boissier E. Flora Orientalis, vol. 4. Geneva & Basel; 1875. p. 50. https://www.bio
diversitylibrary.org/item/60323#page/58/mode/Tup.

Linnaeus C. Species Plantarum, vol. 1. Stockholm: Laurentius Salvius; 1753. p.
211.

Monteiro MM, Demarco D. Corona development and floral nectaries of Ascle-
piadeae (Asclepiadoideae, Apocynaceae). Acta Bot Bras. 2017;31(3):420-32.
https://doi.org/10.1590/0102-33062016abb0424.

Kunze H. Morphology and evolution of the corona in Asclepiadaceae and
related families. Trop Subtrop Pflanzenwelt. 1990;76:1-51.

Liede S, Kunze H. A descriptive system for corona analysis in the Asclepiada-
ceae and Periplocaceae. Plant Syst Evol. 1993;185:275-84. https://doi.org/10.1
007/BF00937663.

Verhoeven RL, Venter HJT. Pollen morphology of Periploca (Periplocaceae). S
Afr J Bot. 1994;60:198-202. https://doi.org/10.1016/50254-6299(16)30613-5.
Hesse M. Orbicules and the ektexine are homologous sporopollenin concre-
tions in Spermatophyta. Plant Syst Evol. 1986;153:37-48. https://doi.org/10.10
07/BF00989416.

Wiatrowska B, Piechnik £, Lechowicz K, et al. The effect of soil physicochemi-
cal properties on intraspecific variability of pollen morphology in Staphylea
pinnata L. Sci Rep. 2025;15:2823. https://doi.org/10.1038/541598-025-14136-3


https://doi.org/10.1002/ajb2.1067
https://doi.org/10.3389/fevo.2021.719741
https://doi.org/10.1007/BF02857781
https://doi.org/10.1093/aob/mcv119
https://doi.org/10.2307/3298636
https://doi.org/10.2307/3298636
https://doi.org/10.3732/ajb.1100202
https://doi.org/10.2307/3298634
https://doi.org/10.1093/aob/mcf243
https://doi.org/10.1002/tax.562017
https://doi.org/10.1002/tax.562017
https://doi.org/10.5897/AJB10.1002
https://doi.org/10.5897/AJB10.1002
https://doi.org/10.29898/SHBQ.201212.0001
https://doi.org/10.29898/SHBQ.201212.0001
https://doi.org/10.1080/01916122.2014.893264
https://doi.org/10.1080/01916122.2014.893264
https://doi.org/10.3329/bjb.v43i3.21590
https://doi.org/10.3329/bjb.v43i3.21590
https://doi.org/10.11110/kjpt.2018.48.3.172
https://doi.org/10.3906/bot-1403-43
https://doi.org/10.1111/njb.03405
https://doi.org/10.1080/11263504.2024.2383449
https://doi.org/10.1080/11263504.2024.2383449
https://doi.org/10.17474/artvinofd.1526752
https://doi.org/10.5852/ejt.2019.590
https://doi.org/10.18016/ksutarimdoga.vi.1589750
https://doi.org/10.18016/ksutarimdoga.vi.1589750
https://doi.org/10.1501/Eczfak_0000000550
https://doi.org/10.1501/Eczfak_0000000550
https://doi.org/10.17475/kastorman.1845765
https://doi.org/10.17475/kastorman.1845765
https://doi.org/10.11646/phytotaxa.230.1.2
https://doi.org/10.18016/ksutarimdoga.vi.1691710
https://doi.org/10.18016/ksutarimdoga.vi.1691710
https://doi.org/10.35229/jaes.1819095
https://doi.org/10.1017/S0960428601000439
https://doi.org/10.1017/S0960428601000439
https://doi.org/10.1016/S0254-6299(15)30723-7
https://powo.science.kew.org/
https://doi.org/10.1111/j.1095-8339.1817.tb00222.x
https://doi.org/10.1111/j.1095-8339.1817.tb00222.x
https://www.biodiversitylibrary.org/item/186410#page/90/mode/1up43
https://www.biodiversitylibrary.org/item/186410#page/90/mode/1up43
https://www.biodiversitylibrary.org/item/60323#page/58/mode/1up
https://www.biodiversitylibrary.org/item/60323#page/58/mode/1up
https://doi.org/10.1590/0102-33062016abb0424
https://doi.org/10.1007/BF00937663
https://doi.org/10.1007/BF00937663
https://doi.org/10.1016/S0254-6299(16)30613-5
https://doi.org/10.1007/BF00989416
https://doi.org/10.1007/BF00989416
https://doi.org/10.1038/s41598-025-14136-3

Gliven et al. BMC Plant Biology (2026) 26:1241

52.

53.

54.

Swarupanandan K, Mangaly JK, Sonny TK, Kishorekumar K, Chand Basha S.
The subfamilial and tribal classification of the family Asclepiadaceae. Bot J
Linn Soc. 1996;120(4):327-69. https://doi.org/10.1111/j.1095-8339.1996.tb004
86.x.

Schlechter R. Nachtrége zur Flora der Deutschen Schutzgebiete in der
Sudsee. In: Schumann K, Lauterbach K, editors. Leipzig: Verlag von Gebrider
Borntraeger; 1905. pp. 351-369.

Bullock AA. Notes on African Asclepiadaceae: VIII. Kew Bull. 1956;11(3):503-22.
https://doi.org/10.2307/4109137.

Dyer RA. The genera of Southern African flowering plants: 1. dicotyledons.
Pretoria: Botanical Research Institute; 1975.

Page 26 of 26

55.  Nilsson S, Endress ME, Grafstrém E. On the relationship of the Apocynaceae
and Periplocaceae. Grana. 1993;32(2):3-20. https://doi.org/10.1080/00173139
309428973.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1111/j.1095-8339.1996.tb00486.x
https://doi.org/10.1111/j.1095-8339.1996.tb00486.x
https://doi.org/10.2307/4109137
https://doi.org/10.1080/00173139309428973
https://doi.org/10.1080/00173139309428973

	﻿Contribution to floral structure and palynological features of Turkish Periplocoideae and Asclepiadoideae taxa
	﻿Abstract
	﻿Introduction
	﻿Material and methods
	﻿Specimens
	﻿Morphological studies
	﻿Palynological studies
	﻿Multivariate data analysis

	﻿Results
	﻿Floral properties
	﻿Asclepiadoideae


	﻿Palynological properties
	﻿Periplocoideae



