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ABSTRACT

Objective: Polygonatum (Asparagaceae) is a rhizomatous monocotyledon genus that is distributed in the temperate regions
of the Northern Hemisphere. The genus is represented by 5 species in Turkey (P. glaberrimum, P. latifolium, P. multiflorum, P.
verticillatum and P. orientale). Karyological, palynological, phylogenic, chemotaxonomical and some anatomical studies of
Polygonatum species have been carried out previously. However, the detailed anatomical features of the scape, rhizome and
root of Polygonatum species grown in Turkey have not been examined before and so the aim of this study is to determine
their anatomical characteristics. Also, the study compares the species with each other according to obtained anatomical
characteristics and comparing them with previous anatomical studies.

Materials and Methods: Investigations were carried out on fresh material collected from wild habitats during July 2009-
2012 in Turkey. Cross-sections of scape, rhizome and roots were cut by hand, detailed photographs were taken under a light
microscope, and anatomical structures were drawn in detail with an isograph pen.

Results: The anatomical structures of Polygonatum species have monocotyledones features. Significant differences between
species were observed, such as the number of costas in the scape, number of xylem arms in the root and the types of vascular
bundle in the rhizome. Also, the anatomical characteristics of the species were compared with previous anatomical studies.

Conclusion: The anatomical features determined by this study will be useful at the species level as well as at the genus and
family level. Hence the obtained data will contribute to the literature.
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INTRODUCTION bracts are present or not and the chromosome bases
number; sect. Polygonatum, sect. Oppocitifolia and sect.

Pol)./gon(.Jtum Miller. species grow in warm temperate Verticillata (8-12). Also, sect. Verticillata has shouting
regions in the boreal zones of the northern hemisphere

and are represented by a total of 71 species and 4 vari-
eties (1-3) across the world and by 5 species in Turkey
(4). Polygonatum is a rhizomatous herb and the biggest
genus of the family Asparagaceae. Early on it was clas-
sified as a member of the Liliaceae family (or in some
countries the Convallariaceae family) and was later clas-
sified into the Asparagaceae family (5-7).

stamen filaments, perforated pollen exines, and most of
the pollen has opposite or vertical leaves with slender
type filaments (13).

Tamura (14) subdivided the genus into two sections,
sect. Polygonatum (Alternifolia) and sect. Verticillata
Baker., Sect. Polygonatum possesses alternate leaves,
stout staminal filaments, perforated pollen exines,
The genus Polygonatum is seperated into tree sections  x = 9, 10 or 11 as chromosome base number. Sect.
according to leaf sequences, size of perianth, whether  Verticillata has mostly opposite or verticillate leaves,
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slender filaments, mostly reticulate pollen exines, x = 14 or 15
as base chromosome number (14,15). Also, Tamura (14) divided
sect. Polygonatum into three series, ser. Bracteata L. Abramova,
ser. Polygonatum and ser. Inflata (Satake) M. N. Tamura based
on the karyological and micromorphological characters of the
staminal filaments.

The phylogenetic studies (16) have primarily focused on rela-
tionships at the tribal level. Meng and friends (13) studied the
phylogenetic analysis of the Polygonatum species using data
from two plastid coding regions, rbcL and trnK (matK), and two
non-coding regions, psbA-trnH and trnC-petN. They also, tested
the monophyly of Polygonatum, reconstruct phylogenetic rela-
tionships and examined the character evolution of phyllotaxis
in the genus. Moreover, a recent phylogenetic study provided
support for the recognition of Polygonatum, Disporopsis and
Heteropolygonatum within Polygonatum genus (17).

The leaf anatomy of Polygonatum species grown in China was
studied and it was noted that leaf thickness, the appearance
of raffite or other crystals and size of stoma are significant
features. Also, it has been noted that there is no sponge and
palisade parenchyma differentiation in the mesophyll tissue
(18-22). Foliar epidermal characteristics, such as, thickness
of cell wall, different types of stomata, and epidermis of the
Polygonatum species have been used for the classification of
the Asparagaceae taxa (23,24), additionally the micromorpho-
logical characteristics of the epidermis of six species of the
Polygonatum have been studied from different geographic
populations of China (25). The anatomical structure of Polygo-
natum Mill. species in the Precarpathian region were studied
recently (26), although the Polygonatum species is mentioned
in the article, only the features of P. multiflorum are shown with
photographs.

Also, the used parts of two medicinal Polygonatum species (P.
verticillatum and P. cirrhifolium) were studied, but mostly the
pharmacognostic properties of the species were indicated in
this study (27).

Kauff and friends (28) studied the root anatomy of several
taxa of Asparagales and certain taxa formerly included in
Asparagales described in a systematic context together with

a literature review. However, there is no detailed systematic
study on root, scape and rhizome anatomy of Polygonatum
species. This study aimed to investigate the scape, rhizome
and root anatomical features of Polygonatum species grown
in Turkey.

MATERIALS AND METHODS

The study materials were collected during the doctoral disser-
tation study ‘Pharmaceutic Botanical Investigation on Polygo-
natum Mill,, Paris L., Veratrum L. genera in Turkey" The studied
Polygonatum samples were gathered from different regions of
Turkey during July 2010 and July 2012. The herbarium num-
bers, locations and collection dates of the samples are given
in Table 1. The Latin name of species were verified by Kew’s
vascular plant database (3), Flora of Turkey (29), the Illustrated
Flora of Turkey database (30) and the Turkey Plant list (Vascular
Plants) (31). The voucher specimens were kept in the herbarium
of Istanbul University Faculty of Pharmacy (ISTE). The collected
specimens for anatomical study were stored in 70% ethyl alco-
hol in the field trips.

The transverse sections of the Polygonatum species were cut by
hand, the samples were investigated in Sartur reagent (a com-
pound reagent of Sudan lll, lactic acid, iodine, aniline, alcohol,
potassium iodide and water) (32). Photographs were taken with
the Canon Power shot A640.

The cross-sections of the rhizome were taken from the knuck-
le of the scapular and the knee of the previous year. The cross
sections of the root were taken from the root of the scapulae
and the roots of the previous year’s stranglehold. Observations
were made with a BH2 Olympus Light Microscope-Philips cam-
era and a Leica DFC 295 stereo microscope.

The anatomical investigations referred to were: “Applied Plant
Anatomy” (33), “Plant Anatomy Part 1-2” (34,35), “Anatomy of
Flowering Plant” (36) and “Bitki Anatomisi” (37).

RESULTS

The scape, rhizome and root anatomy of the Polygonatum spe-
cies were documented and represented in Figures.

Table 1. The list of studied species and some label information.

Species Herbarium Locations Collection date
Number

Polygonatum glaberrimum ISTE 97684 Ardahan: Cildir, 1405 m. 06 vii 2011

Polygonatum latifolium ISTE 97530 Kirklareli: Derekdy, 454 m. 10v 2011

Polygonatum multiflorum ISTE 97507 Artvin: Borcka, 426 m. 08 viii 2010

Polygonatum orientale ISTE 97464 Kastamonu: Taskopri, 1183 m 28 vii 2010

Polygonatum verticillatum ISTE 97486 Trabzon: Macka, 1534 m. 28iii 2010
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Scape Anatomy
The scape of the Polygonatum species show anatomical charac-
teristics of the stem (Figures 1-3).

Epidermis, epidermis cells are single layered, isodiametric and
have a thick cell wall. The cuticle is thick and stomata are present.
Papilla and small trichomes are present in P. verticillatum. 2-4
small trichomes or 1-2 (-3) scabride trichomes are present on
costas and papilla and small trichome and stomata are present
in between the costas of P. orientale. In the costas of P. [atifolium
there is unicellular trichome. P. glaberrimum does not have
trichomes (Figures 1A, 2A and 2B).

Cortex, P. multiflorum does not have costas and has 2 or 3 layers
of lignifiedcells under the epidermis. Parenchymatous tissue is
2 or 3 layered cells, in a rounded or polygonal shape and very
big. The species which have costas, have 2-5 layers of collenchy-
matous tissues under the epidermis cells (Figures 1 and 2).

Central cylinder, vascular bundles, and the tissue in which they
are contained are surrounded by 3-6 layers of sclerenchyma-

tous tissue. Vascular bundles are small in the sclerenchymaring, Figure 1. The illustrations of scape cross section of Polgonatum
but central vascular bundles are larger and rarely have scler- | Orientale (ISTE 97464); (A) detailed illustration, (B) schematic
illustration, cl: collenchyma, co: cortex, cu: cuticule, ep:
epidermis, ph: phloem, sc: sclerenchyma, t: trichome, vb:
vascular bundle, x: xylem.

enchymatous tissues. Also, the surrounded phloem are in the
form of a U or V shape in central vascular bundles xylem. Pith is

unspecified or parenchymatous (Figure 2).

Figure 2. Cross section of scape of Polygonatum glaberrimum; (A) general view, (B) cortex and vascular bundle, (C) marginal vascular
bundle, (D) central vascular bundle, cc: companion cell, co: cortex, col: collenchyma, cop: cortex parenchyma, cu: cuticule, ep: epidermis,
mx: metaxylem, ph: phloem, px: protoxylem, sc: sclerenchyma, ste: sieve tube element, x: xylem.
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(D) Polygonatum orientale, (E) Polygonatum verticillatum..

Figure 3. Cross section of scapes of the speceis; (A) Polygonatum glaberrimum, (B) Polygonatum latifolium, (C) Polygonatum multiflorum,

Although scape anatomy has the characteristics of a monocot-
yledon stem anatomy, the sclerenchyma tissue formed a circle
under the cortex as in a dicotyledon stem. Some vascular bun-
dles are also located at a distance in this tissue. Other vascular
bundles are irregular in the central cylinder. Central vascular
bundles are larger and less numerous than those close to the
cortex. Therefore, the scape shows typical monocotyledonous
stem anatomy. The bundles are collateral (Figures 1, 2A, and 3).

In addition, the presence of costas in the scapes of Polygonatum
species and, if any, the size of the costas differ according to the
species. P. glaberrium and P. latifolium species have big costas,
P. verticillatum and P. orientale species have smaller costas, P
multiflorum species do not have costas. In the central cylinder,
bands of raphide are rarely seen. Detailed examination results
are given below (Figure 3).

Rhizome Anatomy

The rhizomes of the Polygonatum species show characteristics
of monocotyledones rhizome anatomy. Raphides and starch
grains are present.

Epidermis cells are single layered, rectangular and have a thick
cell wall. The cuticle is very thick (Figures 4A and 5B).

Cortex, there are thick-walled, different-sized, polygonal, oval or
round parenchymal cells located here. Since there was no endo-
dermis, there was no definite boundary between the cortex and
the central cylinder (Figures 4 and 5).

Central cylinder, under the cortex, the vascular bundles are ar-
ranged in a circle (Figures 4B and 5A). Some xylem and phlo-
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Figure 4.The illustrations of rhizome cross section of Polgonatum
orientale (ISTE 97464); (A) detailed illustration, (B) schematic
illustration, co: coteks, cu: cuticule, ep: epidermis, ph: phloem,
phe: phellogen, r: raphide, rb: raphide bundle, vb: vascular
bundle, x: xylem.
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phloem, r: raphide, vb: vascular bundle, x: xylem.

Figure 5. The rhizome cross section of Polygonatum orentale (ISTE 97464); (A) general view of rhisome, (B) cortex and epidermis, (C) cen-
tral vascular bundle with U shaped xylem, (D) central vascular bundle with amfivasal xylem, co: coteks, cu: cuticule, ep: epidermis, ph:

em of vascular bundles in the circle are united at long distance.
These vascular bundles and close vascular bundles are collater-
al. But the vascular bundles which are bigger and diffused near
the center are amfivasal or the phloem is surrounded by xylem
U shaped and particularly amfivasal vascular bundles surround-
ed by a single layered bundle-sheath (Figures 4B, 5C and 5D).
The cell walls of xylem are reticulat. Pith is unspecified, paren-
chymatous (Figure 4A).

Root anatomy

The roots of Polygonatum species do not show characteristics of
monocotyledones root anatomy. Raphide crystals are present
(Figures 6-8).

Epidermis is replaced by the spongy tissue, the velamen. Ve-
lamen is single layered (Figures 6B and 7A).

Cortex has different cells in size and shapes. Endodermis is one
layered with 1-3 transition cells, endodermis cells with thick-
ened radial and inner tangential walls (Figures 6B, 7A, 7B and 8).

Central cylinder, pericycle cells are single layered, thin-walled,
in different sizes and shapes. Vascular bundles are radial and
xylem has 4-9 arm, metaxylem and protoxylem, metaxylem
vessels thick walled thickenings on lateral walls of vessels sca-
lariform perforation plates, of vessels simple or scalariform.
Phloem has polygonal small thin-walled cells. Pith is scleren-
chymatous (Figures 6B, 7 and 8).
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Figure 6.The llustrations of root cross section of Polgonatum orientale
(ISTE 97464); (A) schematic illustration, (B) detailed illustration,
cc: central cylinder, co: cortex, ex exodermis, en: endodermis, pe:
pericycle, ph: phloem, rb: raphide bundle, x: xylem, v: velamen.
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x: Xylem, v: velamen.

Figure 7. The root cross section of Polygonatum latifolium (ISTE 97530); (A) general view of root, (B) the central cylinder, co: cortex, ex:
exodermis, en: endodermis, mx: metaxylem, pe: pericycle, ph: phloem, px: protoxylem, tc: transition cell, scp: sclerenchymatious pith,

Figure 8. The cross section of root central cylinder of the species; (A) Polygonatum glaberrimum, (B) Polygonatum orientale, (C)
Polygonatum latifolium, (D) Polygonatum multiflorum, (E) Polygonatum verticillatum.

DISCUSSION

This study covers the scape, rhizome and root anatomical fea-
tures of Polygonatum species distributed in Turkey. The samples
of 5 species, collected from different regions of Turkey, were
studied in detail. An anatomical key was created in light of ob-
tained data and important anatomical features of the studied
species can be seen in Table 2.

There is a marked difference in the size of costas between
Polygonatum species in scape anatomy. Costas are few in number
but large in P. glaberrium and P. latifolium species, for this reason,
the cortex of these species are larger. Costas are many and small

in P. verticillatum and P. orientale, no costa was observed in P.
multiflorum species. Therefore, collenchyma tissue is denser in
species with large costa compared to species with small costa.
Also, the cortex consists of more parenchymatous layers.

When the study researching the anatomical structures of the
scapes and phylloclades of Bulgarian Ruscus species were in-
vestigated (38), the similarities of Polygonatum and Ruscus spe-
cies in scape anatomy were easily observed. These similarities
were the presence of costas, a single layer of the epidermis, a
well-developed sclerenchyma ring, and the distribution of vas-
cular bundles in central cylinder and type of vascular bundles.
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Table 2. Scape, rhizome and root characteristics of Polygonatum species.

Characteristics P. glaberrimum  P. latifolium P. multiflorum P. orientale P. verticillatum
Number of costas in scapes 3-4 6-7 - 10-17 25-35
Collenchyma layers in scapes 4-5 2-4 - 2-3 1-3

Xylem arms in roots 4-5 5-7 5-10 5-9 5-7

Starch grain in rhizomes + + + + ++

Types of vascular bundles in Collateral or Collateral type  Collateral or Collateral or Collateral or
rhizomes concentric- concentric- concentric- concentric-

amphivasal type

amphivasal type ampbhivasal type amphivasal type

Although these two genera are not completely similar in mor-
phology, the reason for their anatomical similarity may be that
they are in the same family (Asparagaceae).

Study of the rhizome revealed characteristics of monocotyle-
dones stem. The rhizome of P. verticillatum contains more starch
grains than the rhizome of other species. All species contain a
large number of raphide bundles. Vascular bundles are collater-
al or concentric-amphivasal type. Only the P. latifolium species
does not have amphivasal type vascular bundles.

The root generally has monocotyledones properties in
Polygonatum species. Endodermis are seen as horseshoe, but
not very distinct when compared to other monocotyledones.
Polygonatum species have different numbers of xylem arms in
the central cylinder, in particular P. multiflorum, P. orientale and
P. verticillatum species, where as many as 10 were detected.

This study supports the study of Kauf and friends (27) because
of the presence of raphide crystals, endodermis cells with thick-
ened radial and internal tangential walls and the presence of
sclerenchymatous tissue in the central pith of root. The epider-
mis layer can often be replaced by the velamen layer or layers
in the root. The species with velamentous roots are geophytes
and hemicryptophytes that grow in zones with a dry tropical
climate or Mediterranean climates. Velamen tissue protects the
root tissue and prevents water loss (39). The velamen tissue of
Polygonatum species growing in Turkey is one layered. Because
these species are not distributed in very dry areas, their habitats
are mixed forests or mixed needle-leaved forests.

The roots of Polygonatum and Sansevieria are very similar,
but while vascular bundles are absent in the central pith of
Polygonatum, collateral bundles and vascular bundles are
present in the central pith in roots of Sansevieria (40).

The types of calcium oxalate crystals were stated as differing
by species in a previous study (41). However, no difference in
the types of calcium oxalate crystals was observed between the
species in this study.

The rhizome and root anatomical features of Polygonatum
verticillatum have some overlaps with the Pandey and friends

study (27). However, in contrast to the study, the periscle was
easily observed in the root anatomy of Turkish P. veriticillatum
species, in addition the endoderma is indistinct in the rhizome,
the vascular bundles are particularly amphivasal and they are
surrounded by a single layered bundle-sheath.

It has been stated that the difference in the shapes of endoder-
mal cells in the leaves of Polygonatum species may be due to
temperature and geographical distribution (42). Similarly, In the
current study, whether the scapuses of Polygonatum species
had costas or not, the number or the size of the costs can be
explained by temperature and geographical variation.

Tamura (14) divided Polygonatum species into two groups - the
Alternifolia group and the Verticillata group - in his classification
based on chromosome numbers and filament surface proper-
ties. Another study based on numbers of chromosomes, kary-
ological structures and karyotypic constitution also confirmed
these results (2). When we evaluated the anatomical features
in this study in this scope, although there were differences be-
tween P, verticillatum, which is a verticillate leaved species, and
other species with alternate leaves, there was no significant
grouping in these species.

Key for anatomical determination of the investigated spe-
cies

1. Costas and collenchyma layers absent in scape ...............
P. multiflorum
1. Costasand collenchyma layers presentinscape................ 2

2. Numbers of costas more than 20, collenchyma layers 1-3...
............. P. verticillatum

2. Numbers of costas less than 20, collenchyma layers more

3. Numbers of costas atleast9....................v.n. P. orientale
3. Numbersofcostasmaximum7.........oovvvviriiiniiniiinnininnns 4

4. Vascular bundle only collateral in rhizome, xylem arms
=50 P. latifolium

4. Vascular bundle collateral or concentric-amphivasal in rhi-
zome, xylemarms <5............ P. glaberrimum

170



Eur J Biol 2021; 80(2): 164-172
Yesil and Ozhatay. Anatomical Investigations of Polygonatum Species from Turkey

CONCLUSION

Polygonatum species can be confused with each other when an-
alysed morphologically, especially P. orientale and P. multiflorum
or P. multiflorum and P. glaberrimum species if they don't have
parts such as flowers or fruit. However, the obtained anatomical
characteristics such as the size of the costas show noticeable
differences for distinguishing the species. Therefore, the ana-
tomical characteristics of these species play an important role
which may be the reference to use as an additional tool for the
correct identification.

The anatomical features determined by this study may be use-
ful at the genus level as well as at the species level. Thus, the
data obtained in this study may lead to different studies to be
conducted on both the Polygonatum genus and the genera in
the Asparagaceae family.
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