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Abstract

In this study, two Nepeta species, Nepeta visddlanuda subsp. nuda, and their
putative hybrids Nx tmolea were investigated for their trichome struetand density.
For this purpose, fresh or herbarium specimens wesed. SEM photographs were
taken with the standard techniques in Balikesir v@rsity. While N.x tmolea
individuals are similar to N. nuda subsp. nuda am® respects (for example, absence
long glandular trichomes on the stem, the absefiggamdular hairs on the corolla), it
shows some transition between N. viscida and Na sutdp. nuda in some respects (for
example, while the corolla of N. viscida does raitain long glandular hair, presence
in a high density in N. nuda subsp. nuda and lomsig in N.x tmolea individuals).

Keywords:Nepeta viscida, Nepeta nuda,\tmolea, Trichome, Turkey.

Nepeta viscidaN. nudasubspnudave muhtemel hibritlerN. x
tmolednin mikromorfolojik olarak kagilastiriimasi

Ozet

Bu calymada, iki Nepeta turt, Nepeta viscida, N. nuda gubsida ve bunlarin
muhtemel hibritleri Nx tmolea, ty yapilari ve yaonluklari acisindan incelengtir.

Bu amacla taze veya herbaryum oOrnekleri kullaryimi Tay tipleri ve dgilislari
istatistiki olarak dgerlendirilmistir. N. x tmolea bireyleri bazi agidan N. nuda subsp.
nuda’ya benzerlik gosterirken (Orgie; gévdede uzun salgi tiyl olmamasi, korollada
sapsiz salgi tuylerinin (peltat) bulunmasi), bazidan ise N. viscida ile N. nuda subp.
nuda arasinda gegiozelligi gostermektedir (Orngn; N. viscida korollasi uzun salgi
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tuyl icermezken, N. nuda subsp. nuda turingerygekilde bulunmasi ve M tmolea
bireylerinde digik ygsunlukta olmasi).

Anahtar kelimeler:Nepeta viscida, Nepeta nuda,>N\Ntmolea, Tly, Turkiye.

1. Introduction

Lamiaceae has significant medicinal and aromatiantgsl for the pharmaceutical
industry. The genuNepetaconsists of approximately 250 species all oveMttogld in
the various climatic-geographical zones: Europestfta Siberia, Far East, and North
Asia. Also, some species of this genus are cudtvan Western Europe, America, CIS
countries as an aromatic plant [1-3]. It is reprgsd in Turkey by 44 species, 22 of
them endemic [4-6].

Nepeta nudd.. is one of the most well-known and widespreadcggs of the genus
Nepetain Turkey. N. nudais divided into four distinct subspecies mainljfeting in
their morphology and geographic distribution: subspdg subsp.albiflora (Boiss.)
Gams, subspglandulifera Hub.-Mor. & P.H.Davis, and subspydiae P.H.Davis.
According to the Flora of Turkey. nudasubspnudg which was studied in this paper,
is distinguished from the other subspecies with viiglet-blue calyx and corolla.
However, according to [6], some specimens of submmla had some variation
especially regarding calyx and corolla color. Aldd. nuda subsp.nuda is a
cosmopolitan subspeciesf nudain Turkey [4].

N. viscidaBoiss. belongs to Group A just lilké nudasubspnuda[4, 6]. N. viscidahas
very characteristic and viscous glandular indummntbat allows to stick leaves and
stems each other when it was gripped. Accordinglaoa of Turkey, its stem is villous
with non-glandular and glandular trichomes, its/é=saand calyces are glandular-villous
with many sessile glands. There is no informaéibout corolla indumentum. Also, it is
mentioned that this species hybridizes withnuda in describingN. x tmoleaBoiss.
which is an endemic taxon for Turkey[4].

According to previous studies, the type and derditiyichomes vary in different taxa,
and the trichomes have significant taxonomic valaed could be considered for
identification of species [7]. On the other hatstthomes type and density may differ
on organs of the same plant [8-15].

Essentially all Lamiaceae species bear glanduiehdmes on their surfaces. These
trichomes have many important roles in plants [If. According to a hypothesis,
glandular hairs produce active agents, which aea® to photoperiodic induction of
flowering, and are involved in the synthesis of@t# hormones and gibberellins [18,
19]. The essential oil produced by glandular witles may act to protect the aerial
parts of the plant against herbivores and pathof0is and the biological activity of
the secondary metabolites in the secreted prodscisf interest to the pesticide,
pharmaceutical, flavouring, and fragrance industf9-22]. Moreover, several studies
[21, 23] have shown that these hairs are also aeddo pollinator animals’ attraction
or accumulation of salt. Also, non-glandular hairs also thought to decrease the heat
load of plants, maximize freezing tolerance, pgtite in seed dispersal, hold the
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balance of water in plant leaves, deflect inteaskation of the sun, and offer protection
from herbivores [24].

This research aimed to study the trichomeblepeta viscidaN. nudasubspnudaand
their hybrids to determine whether there are affgr@inces in trichome types.

2. Material and methods

2.1. Plant materials

Samples were picked during the flowering stage §22018) from natural habitats in
Balikesir (Dursunbey-Camlikjzmir (Odem§-Bozdas) and Mula (Fethiye-Babadg.
N. x tmoleaandN. nudasubspnudawere collected from Camlik and BozdaAlso, N.
viscida was collected from all the given locations abov&oucher specimens are
deposited in the Herbarium of Necatibey Educatiacuity of Balikesir University in
Balikeir, Turkey.

2.2. Scanning electron microscopy (SEM)

In this study, scanning electron microscopy (SEMaswused to determine the
morphology and distribution of the glandular andh4gtandular trichomes depeta
viscidg N. nudasubsp.nuda and their putative hybridsl. x tmolea Stems, leaves,
calyces, corollas, and nutlets were investigatedl @imotographed using a NeoScope
JCM. SEM studies took place in the Basic ScienceseRrch and Applied Center of
Balikesir University.

2.3. Statistical analyses

In order to simplify the data and make it easievisualize, we used PCA analysis. We
created 36 characters using the density of triclsoamel presence/absence of trichomes
types. All analyses were carried out with PAle@atistics (PAST) [25]. Data were
standardized (absence=0, presence=1) for analyses.

3. Results

Investigations into the trichome features (steraayés, calyx, and corolla) dfepeta
viscida N. nudasubsp.nuda and N. x tmoleawere carried out using SEM analysis.
Diacytic type stomata are present on the epideohitie stem, on both surfaces leaf
(amphistomatic leaves) and calyx. All the specisnkave characteristics indumentum
with sessile glands, glandular and non-glanduiehdémes. We found these types of
glandular trichomes on the three species: Capgtedular trichomes were of two
types: made up of a short stalk cell with the h@&l) and made up of a long stalk with
several cells with the head (A2). Sessile glanddutachomes (B) and capitate
trichomes. The non-glandular trichomes were of twmes: Fingerlike trichome, 1-3
celled with the verrucose surface (Cl1), and simmielticellular trichome, long,
uniseriate, hooked, straight or cranked with palrtezminal cell and verrucose surface
(C2) (Table 1).

N. viscidahas some characteristics differing it frdda nudasubsp.nuda and N. x

tmolea(Figure 1). These followings are some observetufea ofN. viscida stems
villous with rarely non-glandular and intensely rgdalar trichomes. Glandular ones
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consist of short and long capitate trichomes, daddylar trichomes are more intense
than non-glandular ones (Table 1, Figure 3A, Daveés amphistomatic, glandular-
villous and with many sessile glands (peltate) eapitate glandular trichomes are on
both sides of the leaves, indumentum of the abaxil# is denser than the adaxial side,
and short glandular trichomes are denser on theiabside, non-glandular trichomes
are very rare on both sides (Figure 4A, D), it app#y gives a viscous feeling when
touched (Figure 2C, F, 1); calyx glandular-villow$iort glandular trichomes are denser
than long ones (Figure 5A); corolla pale violewthite, indumentum of the corolla lips
are denser than the corolla tube, the most frequeais A2 type of glandular trichomes
(Table 1; Figure 5D); nutlets are glabrous andveasucate structure, 2.0-2.2 x 0.9-1.1
(Table 1; Figure 6A, D, G).

Table 1.Detailed trichome types and intensity Mf viscida N. x tmoleaand Nepeta
nudasubspnuda

Leaves

Taxa Type Stem Adaxial Abaxial Calyx Corolla Nutlet

Al ++ + +++ +++ +

A2 ++ ++ ++ ++ ++ 2.0-2.2 X
Nepeta 0.9-1.1
viscida |-B * + + - - glabrous

C1 very very rare - - Type Il

rare

Cc2 ++ very rare - -

Al + - - + +

A2 - - - _ + 1.6x1.0
Nepetax g ¥ ¥ ¥ — — glabrous
tmolea C1 ++ n n n " Type llI

Cc2 +++ ++ ++ +++ +

Al + - - + +

A2 - - - + - 19x1.2
Nepeta [ g T+ + T+ T T+ glabrous
nuda Cl + + + + ++ Type “I
subsp. C2 ++ + + ++ +
nuda

A. Capitate trichomes. Al: head unicellular, staticellular; A2: head unicellular, stalk bicellular multicellular;
B. Peltate trichomes: short stalk cell and four sieey cells;

C. Non-glandular trichomes. C1: short; C2: long;

Symbols: (=) absence of hairs, (+) few hairs, (#+#+) increasing the presence of hairs.

N. nudasubsp.nuda has a pilose stem. Any A2 type capitate trichomiglsnot be
observed on the stem. On the other hand, shottataprichomes are lower than the
other trichomes. Because of the lackness of lagtate trichomes, there were no
viscoid structure (Table 1; Figure 2G; Figure 3¢ ,Brtype peltate glandular and C2
type non-glandular trichomes are the most intem&ss;o leaves amphistomatic, sparsely
pilose with many sessile glands; non-glandulartgpeland capitate glandular trichomes
are on both sides of the leaves, indumentum ofatbexial side is denser than the
adaxial side, and peltate trichomes are densehemltaxial side (Table 1; Figure 4C,
F); calyx sparsely villous, indumentum consistsAdf, B, C1 and C2 trichomes, C2
trichomes are denser than C1 type, and B trichoanesthe lowest ratio, C1 ve C2
trichomes are obviously papillate (Figure 5C); dlaravhite, indumentum of the corolla
lips are longer than the tube, Al type glandul@htrmes have the minimum density, B
type peltate trichomes as almost dense as C2 tgpgylandular trichomes, C2 type
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trichomes are denser on the lips and C1 type tndsoare denser on the tube, (Figure

5F); nutlets are glabrous and has verrucate stejciu7-1.9 x 1.0-1.2 (Table 1; Figure
6C, F, I).

Figure 1. Mixed populations ®f. viscida N. x tmoleaandN. nudasubspnuda
(Dursunbey)
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Figure 2. Morphological comparison of the generdditus:N. nudasubspnuda(A, D,
G), N. x tmolea(B, E, H),N. viscida(C, F, I)

N. x tmolea has a sparsely villous stem. Al and B type glardtrichomes were
observed on the stem, the stem has not a viscoidtste, C2 type non-glandular
trichomes are the most intense trichomes (Tableidure 2H; Figure 3B, E); leaves
amphistomatic, sparsely hairy with rare peltatendldar, non-glandular and peltate
glandular trichomes are on both sides of the lea@€@stype non-glandular trichomes
are the most intense ones (Table 1; Figure 4B,c&lyx non-glandular villous with
sparse B type trichomes; C2 trichomes are denser Btype (Figure 5B); corolla
bluish, corolla bears A1 and B type glandular, &M and C2 type non-glandular
trichomes, indumentum of the corolla lips are lantpan the tube, C2 type trichomes
are denser on the lips, and C1 type trichomes emsat on the tube, density of B type
trichomes almost equals Al type trichomes (Figugg Hiutlets are glabrous and has
verrucate structure, 1.7-1.9 x 1.0-1.2 (Table guFe 6B, E, H).
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Figure 3. Comparison of the stem indumenttimviscida(A, D), N. x tmolea(B, E),
N. nudasubspnuda(C, F)
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Figure 4. Comparison of the leaf indumentum of @la-C) and abaxial sides (D-F):
N. viscida(A, D), N. x tmolea(B, E),N. nudasubspnuda(C, F)
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Figure 5. Comparison of the calyx (A-C) and cor@¢aF) indumentalN. viscida(A,
D), N. x tmolea(B, E),N. nudasubspnuda(C, F)
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Figure 6. Comparison of the nutlet structudeviscida(A, D, G),N. x tmolea(B, E,
H), N. nudasubspnuda(C, F, I)
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According to our micromorphological statistical bs#s, N. x tmolea is entirely
different from its putative parents, and it is memailar toN. nudasubspnudathanN.
viscida(Figure 7).

Mepeta viscida

epeta x tmolea

Figure 7. Neighbour-Joining Cluster Graphic (abgige) and PCoA graphic (below
side) of three specimens

4. Discussion

In the field trips during this study, we found soMenudasubspnudaandN. viscida
individuals that reflect their typical characterblowever, some individuals had some
intermediate morphological characters. These sp&ts looked likeN. viscida as
general, but they were not viscid, and their stbraf and corolla colors were quite
different fromN. nudasubspnudaandN. viscida So, we detected these specimens as
N. x tmolea TheseN. x tmoleahybrid individuals were more similar td. viscida
regarding general habitus, calyx and leaf charscten the other hand, the same
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samples were more similar fd. nuda subsp.nuda regarding bluish color on the
verticillasters and having no sticky glandulariiomes (Figure 1 and 2).

According to previous studies, glandular and namdular trichomes have some
special roles in plant living and their interacsowith biotic and abiotic factors.
Trichome types and their density vary among théeht populations due to climate,
altitude, etc. change, and trichome variety camp lgants to better adapt to various
environmental conditions. Some valuable invesigat about the interspecific
variations in trichomes type and densities werensieethe genusNepeta These
following studies were some of thei: cataria[26], N. heliotropifolia[27], N. nuda
[28], N. congestavar. congestg29], N. catarig N. nudasubspnuda N. parviflora N.
ucranicasubspucranica[30], and nutlets of sonTdepetaspecies [31].

While the stem oN. viscidabears long capitate glandular trichomes (AR)x tmolea
andN. nudasubspnudahave not A2 type trichomes on their stem. Onaifer hand,
Al type glandular trichomes were sparsely seerNor tmoleaand N. nudasubsp.
nudastems. Because of thi¥, viscidahas a viscoid structure, but the others are not.
While N. viscidararely has B type glands on its stdwh,nudasubsp.nudahas denser
than N. x tmolea All three species bear C1 type non-glandulathttimes. C2 type
non-glandular trichomes are the most intense ostémas oN. x tmolea(Figure 3). N.
viscida, N. nudasubsp.nuda and N. x tmolea bear stomata on both surfaces of the
leaves. Generally, stomata occur in a higher nurabehe abaxial leaf surface than on
the adaxial one. Leaves of these species alsorumaerous epidermal non-glandular
and glandular trichomes. Non-glandular ones arestimod-7-celled multicellular
trichomes with the apical cell acute. Non-glandufechomes are almost equal on the
adaxial and abaxial leaf surfaceshofnudasubspnudaandN. x tmolea On the other
hand,N. viscidahas intensive glandular trichomes on both surfaaed they are much
denser on the abaxial leaf surface than the adsixial Peltate trichomes are present on
the leaf surfaces of three species, but capitatiecimes cannot be observedMnnuda
subsp.nudaandN. x tmolea Peltate trichomes are numerous on both leabesesf of

N. viscida(Figure 4). N. viscidahas glandular-villous calyces aNdx tmoleahas non-
glandular-villous calyces. Nevertheled§, viscidahas not non-glandular and B type
peltate trichomes anltl. x tmoleahas not A2 type long capitate trichomes on their
calyces, calyces df.. nudasubspnudahave all trichome types mentioned in this study
(Figure 5). Corolla indumenta df. x tmoleaandN. nudasubspnudais quite different
from N. viscida N. viscidahas densely A2 and sparsely Al type glandulahdrites,
but B type glandular and C1, C2 type non-glandtd@homes were not seen on the
corollas ofN. viscida On the other hand. x tmoleaandN. nudasubspnudadensely
have B and C1 types trichomes, afhdhudasubspnudahas not any A2 type trichomes
on their corollas (Figure 5). All the nutlets dirée species are glabrous and have a
verrucate structure on their surfaces (Figure 6).

Although micromorphological characters are impdrtand distinctive among species,
there are no significant intermediate characterdistnguishN. x tmoleaas a hybrid
from its putative parents. According to some hybstudies [32-38], especially
morphological and molecular give some valuablermegliate information about the
hybrid nature of some species. For example, soybeds have polymorphic loci in
their DNA sequences, and some have intermediateeshand sizes on their leaves,
calyces, corollas or stems. On the other hand, migromorphological results
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distinguished the three species, but we could bete intermediate trichome size or
shape on these species.
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