CZECH UNIVERSITY OF LIFE SCIENCES PRAGUE
Faculty of Tropical AgriSciences

Department of Crop Sciences and Agroforestry

/8 Faculty oi‘TropicaI
<§35 AgriSciences

Assessment of genetic fidelity of micropropagatkzh{s
and in vitro polyploidization in Monarda didyma L.
- A medicinal plant

Master Thesis

Prague 2014

Supervisor: Author:

doc. Dr. Ing. Eloy Fernandez C. Bc. Michaela Hrdkova



Declaration

I confirm, that | worked out this Master thesis %$&ssment of genetic fidelity
of micropropagated plants and in vitro polyploidiaa of Monarda didyma L. -

A medicinal plant” alone and that | have used ditgrature that is cited and mentioned
in references. | agree this work to be placed & library of CULS Prague and was

accessible to study purposes.

Prague April 2014

Hrdlickova Michaela



Acknowledgements

First, 1 would like to thank my supervisor doc. Ong. Eloy Fernandez C.
for professional help and supporting me in evegbfm, which occurred during writing
this thesis and during the work on practical pathe thesis.

| have to thank also to Ing. PaedDr. Jana Ziargv$kéD., which help me
in the molecular biology topics and for her supphnting work in Laboratory of molecular
biology at Slovak University of Agriculture in Nér Faculty of Agrobiology and Food
Resources, Department of Genetics and Plant Brgedin

My thanks also belong to Mgr. Ja@#kova, Ph.D. from Institute of Experimental

Botany ASCR in Olomouc for professional help with flow cytomeanalyses.
Also | have to thank to Faculty of Tropical AgriSoces for support by letting me work in
the Laboratory of plant tissue cultures of Facoltyropical AgriSciences at Czech
University of Life Sciences Prague (CULS).

Finally, I thank to my family for support during nsyudies.

Diploma thesis was financially supported by pragect
CULS Internal Grant No. 20115003
FTA Internal Grant No. 20135120



Abstract

Crimson beebalm Mlonarda didyma L.] is a medicinal plant belonging to family
Lamiaceae, native to North America. Crimson beebalm has a higbntent
of thymohydroquinone, dithymoquinone and thymoquesmoThe main objective of this
thesis was the development of an appropriate pobfoc propagation of Crimson beebalm
(Monarda didyma L.) in vitro by using nodal segments and to obtain tetraplo@htpl
(2n=64 chromozomes) from diploid plants (2n=32) by vitro induced mitotic
polyploidization. For micropropagation the nodabsients were cultured on basal MS
(Murashige and Skoog, 1962) medium supplementeld diifferent concentrations of 6-
benzylaminopurine (BAP), kinetin (KIN), indolyl-aite acid (IAA) and naphthalene acetic
acid (NAA) and with cytokinins/auxins combinatiohBAP with IAA and KIN with NAA

for shoot and root induction. For the polyploidieat nodal segments of Monarda were
exposed to 40, 60 and 8M oryzalin for 24 and 48 h. Genetic fidelity ingenerated
plants was assessed using RAPD (Randomly AmpliRetymorphic DNA) markers.
The highest multiplication rate was obtained fror8 Medium containing 0.5 mg/l of KIN
(1.90+0.31 shoots per plant) and 1.5 mg/l of KIN6(B2.16 new nodes on longer shoots).
The best root induction was achieved on medium lsapgnted with 1.0 mg/l IAA (6.70 £
4.84 roots per plant). Cultivation time was 60 dayse percentage of survival of plantlets
in ex vitro conditions was 30 %. Tetraploid plants were olgdim concentration 40 and
60 uM of oryzalin with treatment duration 24 h. Tripdoiplant was obtained
in concentration 60uM of oryzalin with treatment duration 48 h. In tota
the polyploidization efficiency was 1.92%. AnalysisSRAPD primers assessed the genetic

stability in micropropagated and polyploid plants.
Key words: Diploid - Flow cytometry- Genetic fidelity - In vitro - Lamiaceae -

Micropropagationr Monarda didyma L. - Oryzalin - Polyploidization- Root induction-

Shoot induction Tetraploid



Abstrakt

Zavinutka podvojnd Nlonarda didyma L.] je leciva rostlina pafci do celedi
Hluchavkovitych, kter4 poch&zi ze Severni Amerildavinutka podvojnd ma vysoky
obsah thymolhydrochinonu, dithymochinonu a obsalzajgné mnoZzstvi thymochinonu.
Hlavnim cilem této prace bylo stanoveni vhodnéhotgiolu pro mnoZzeni zavinutky
podvojné Monarda didyma L.) v in vitro podminkach za pouziti nodalnich segnient
a ziskani tetraploidnich rostlin (2n=64 chromo#pra diploidnich (2n=32) za pouzZiti
indukované mitotické polyploidien vitro. Pro mikropropagaci byly pouzity nodalni
segmenty, které byly kultivovany na MS (Murashig&lkoog, 1962) mediu doginém
raiznymi koncentracemi 6-benzylaminopurinu (BAP), kine (KIN), indolyl-3-octové
kyseliny (IAA) aa — naftyloctové kyseliny (NAA) a kombinaci cytokndi a auxiri, BAP

s IAA a KIN s NAA, pro indukci vyhoar a kaeni. Pro polyploidizaci byly nodalni
segmenty vystavenyipobeni roztoku oryzalinu a to v koncentracich 4Da80uM po
dobu 24 a 48hodin. Genetick& stabilita u regenerysta rostlin byla stanovena pouzitim
RAPD (Randomly Amplified Polymorphic DNA) markerNejlepSich vysledkpro tvorbu
vyhoni bylo dosazeno u MS meédia obsahujici 0,5 mg/l KIN9Q+0,31 vyhot
na rostlinu) a 1,5 mg/l KIN (5,60+2,16 nodalniclgsenti na delSim vyhonu). Nejvyssi
tvorba kdeni byla dosaZenaipkultivaci na MS médiu s 1,0 mg/l I1AA (6,70 + 4,84rem
na rostlinu). Doba kultivace byla 60 dni. Pod&itych sazenic ex vitro podminkach byl
30%. Tetraploidni rostliny byly ziskany v koncewich oryzalinu 40 a M po dobu 24
hodin. Triploidni rostlina byla ziskana v koncewotr&@0uM oryzalinu po dobu @sobeni
48hodin. Celkova usgnost polyploidizace byla 1,92%. Analyza RAPD pritngtanovila
genetickou stabilitu in vitro namnoZenych i u polyploidnich rostlin.

Kli¢ova slova: Diploid - Flow cytometrie - Genetickabdlita - In vitro - Indukce vyhodnu
- Lamiaceae - Korenova indukce - MikropropagaceMonarda didyma L. - Oryzalin -
Poplyploidizace -Tetraploid
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1. Introduction

Crimson beebalmMonarda didyma L.) is a perennial herb belonging to the family
Lamiaceae. It is native to eastern region of the USA (Mc@ick and Epling, 1942).
In the middle of 18th century, Crimson beebalm wasoduced as an ornamental plant
in to Europe (Small, 2006).

In this plant are used aboveground parts contgiagtive substances, thymochinon,
thymohydrochinon and dithymochinon with wide treatreffects (Taborsky et al., 2012).
In addition to medicinal use, Crimson beebalm igduss a tea called Oswego tea
and chilled beverages, also it is added to fo@da aupplement as a substitute of sage.
Essential oil, called bergamot is added as flagpmgredient for perfumes (Small, 2006).

It is reproducedn vivo mainly vegetatively by underground rhizomes, frasmich grow
new stems, after is well reproduce by stem cutt{Sgsall, 2006).

Another method of multiplication can be usedvitro method micropropagation,
which is one of the modern methods for plant pragiag, in which a very small part
of the parent plant derives a large number of iddials with same genetic information
(Pavlova, 1992). In the available literature theme not scientific researches about
micropropagation of this genus. Therefore we willastigate the most suitabie vitro
propagation protocol for the productionMbnarda didyma for production of this species.
Determination of the optimal protocol for micropegation of Crimson beebalm could
help in the propagation of this species and evenautivated varieties.

Literature about breeding of this species is BEhitSo we are interested in using
invitro technologies, like ann vitro introduction, micropropagation and conservation
of Monarda didyma, genomic stability or variability ofn vitro maintained plants have
not been assessed yet. Genetic stability of miomagated plants is desirable to obtain
true-to-type plants. To the breeding programs lydoalso polyploidization, which can
serve the plants with higher yield or plants whame increased content of substances, like
in this case for medicinal purposes.

However potential somaclonal variability obtaingdvitro cultivation can serve
as an important tool during breeding and seleatibobtained variable somaclones some
valuable traits such as resistance to pests apdsbs.

Tissue cultures of medicinal plants are used fdsg@roducing active compounds

for pharmaceutical industries (Sidhu, 2010).

1



This thesis is therefore focused on propagatioMadarda didyma plants by nodal
segments and assessment of genetic stability ienergtes using molecular RAPD

markers. Other goal is vitro polyploidizatin of this medicinal plant.



2. Literature Review

2.1. Taxonomy and relative species

Linnaeus (1753) described the genus Monarda with $pecies from Canada,
Virginia and Pennsylvania. Then the study of theugeMonarda was started around 1923
by Elizabeth McClintock and Carl Epling (McClintaad Epling 1942). Genus was named
after the Spanish botanist Nicholas de Monardesa(iS2006). McClintock and Epling
(1942) divided the genus into two subgenEwanonarda a Chelyctis. They are different
in the number of choromozoms. SubgeBusonarda has a basic chromosome number (n)
18 and subgenuShelyctis has 11 chromosomes (Scora, 1967). Bushnell (1938)rted
that chromosome number foMonarda didyma and M. clinopodia is (n) 16,
but McClintock (in Scora, 1967) reported (n) 18ahosomes in the subgenus Monarda.
Scora (1967) reported (n) 18 fbtonarda didyma andM. clinopodia, and (n) 16 for M.

x media. Eumonarda may comprise two, sometimes nodickwhorls. These include
M.didyma, M. media, M. clinipodia and varieties of the gent fistulosa (Scora, 1966).

The whole genus is widespread throughout North weae from the Rocky
Mountains to the Atlantic coast, from Canada to Mex(Prather et al., 2002),
from mountainous areas in height 2000 m to thetab&sbitats along the Atlantic coast
in the south United States. We will find her at thdge of the jungle in Veracruz
and Chihuahua Desert. In Texas, these plants suon\saline soils (Scora, 1967).

Monarda consists about 16 species and numeroggeatibs distributed throughout
much of North America (Whitten, 1981). Most speciage perennial, but there
are also annual species (Prather et al., 2002ddition, there are other species and their
hybrids which are grown for its ornamental purpa&sall, 2006).

In the mountains of eastern Tennessee and westath Carolina grow only three
speciesMonarda didyma L., M.clinopodia andM.fistulosa. Monarda x media Willdenow
also occurs in these mountains, but it is a natoyhlid resulting from the hybridization
and backcrossing the previous three species. Tthese parental species are different
in color and the size of the crown (Whitten, 19839r exampleM. clinopodia has small
white flowers andM. didyma has a large Damselfly flowers. This could be eslat
to the ploidy level (McClintock and Epling, 1942).

Monarda fistulosa comes from California and Mexico. Flowers are peignd have
a spicy flavor similar to thyme (Rausch and Lo202). It contains essential oil, which has

3



antibacterial activity, inhibiting the growth of mgplasma and fungi candida. It also
stimulates the antibiotic sensitivity of many Graegative bacteria. For its effects
is designed as an ingredient burdock oil, whichsed to treat ringworm called Seborrhea,
whose main symptom is a dysfunction of the sebacgtands in various areas of the skin.
Most are affected by this disease people aged lygavs.

Monarda punctata grows in North America from the eastern and cérthaited
States to northern Mexico (Small, 2006). Flowers spotted and yellow. Aroma of its
leaves is comparable with the scent of oreganogétaand Lotz, 2005).

In the twenties was cultivated for the extractidntloymol and also used for medical
purposes. Leaf extract was added to soft drinksmFRis plant is pressed medicinal oil
(Ottova, 2013).

Monarda austromontana is a slow growing annual from occurring in Mexidts
taste is similar to the taste of oregano. This Mdaawas used after many years
by indigenous peoples of northern Mexico and saatsi- USA spicing dishes and tea
calming the stomach (Ottov4, 2013).

Monarda citriodora contains fragrant essential oils which can be swibstfor true
bergamot oil, which is typical for taste of Earlyeg tea (Ottova, 2013).

Hybrids ofMonarda dydima andMonarda fistulosa are resistant to rusts (Ottova, 2013).
The cultivar “Marshalls Delight” is a triploid arttlerefore is sterile. It is therefore possible

to reproduce only vegetatively (Small, 2006).

2.1.1.Monarda didyma L.

Crimson Beebalm, otherwise known as Oswego-teaBergamot (Gleason
and Cronquist, 1991), is a perennial herb, belandm the mint family l(aminaceae).
McClintock and Epling (1942) put it in the subgeriitsnonarda. It comes from the eastern
region of the U.S.A. (Small, 2006). It is widesptem the area from New York
to the northern Georgia. It grows in all altitudesit most often in elevation from 1,000
to 2,000 meters above sea level, along the rivastcin seepage areas and in ditches along
roads (McClintock and Epling, 1942).

Typical for the plant growth is lush and often d@es invasive plants for weed
infestation of garden (Small, 2006). Usually begmglower in early June, in full flower
is about the third week in July and the end of #owg is approximately the third week
in August (Egler, 1973).



It exists also a number of garden varieties, flomge variety of many colors that
are created by crossing and breeding, but not sohnused for therapeutic purposes
or for tea preparation. These are the varietiesef@mple '‘Marshall's Delight' blooming
bright pink (Rausch and Lotz, 2005). However itriploid, thus is sterile. It is therefore
possible to reproduce it only vegetatively (Smab06). Another variety is the 'Beauty
of Cobham’, which blooms luminously purplish pikkowers 'Croftway Pink' are the color
of salmon, 'Schneewittchen' blooms white and dee@ flower varieties 'Adam'’
and 'Gardeview Scarlet’ ( Rausch and Lotz 2005).

Taborsky et al. (2012) state that two distinctydapons ofMonarda didyma to two
chemotypes, chemotype 1 and chemotype 2, diffecmgent of the main components,

which are carvacrol and thymol.

2.1.2. Origin and geographical distribution

Monarda comes from the eastern region of the WFg. 1.). You can find
it from the state Michigan to New York and from WofGeorgia to southern Tennessee. In
1754 was introduced as an ornamental plant in Eurbp half of 18th century, pioneer
colonists brought the seeds of the Crimson Beehbalrkngland and from there were
spread across Europe (Fig. 2.). Tentatively wasvgron Crimea for oil, which is used as
a flavoring ingredient in perfume (Small, 2006).the eastern parts of North America are
two forms of Crimson Beebalm, with narrow and bréealves. Both forms can be found
in New York and Pennsylvania, rarely to be found tme New England states
in the Northeast U.S. Maryland, New Jersey, Michigad Ohio. However, it seems that
only narrow leaved forms of Crimson Beebalm ocaurVirginia, North Carolina and

Tennessee (McClintock and Epling 1942).



Figure 1. Distribution of Monarda didyma in USA.
Source Restoring The Landscape With Native Plants (2011)

Figure 2. Distribution of Monarda spp. in the world

Source:Discove life (2014)




2.1.3. Botanical and morphological description

Crimson Beebalm is often found in thickets and glowerbanks. It forms clumps,
sometimes up to as much 1 m in diameter (Fig.8.8hé wild in North America (for
example, in the southern provinces Ontario and @clebis possible to find plants that

have escaped from cultivation (Small, 2006).

Roots: The root system of plants is flat, richly brancted breadth fast growing, soon
forming dense stands (Rausch and Lotz, 2005). Farmmailing perennial rhizomes,

from which spring grow new stems (McClintock andiggp, 1942).

Stem: The stem is about 70-150 cm high, usually branchetimay also be not branched,
often hairy at the nodes (Fig.4) (Gleason and Qumtg1991).

Leaves:Monarda leaves are thin, ovate or rhombic-ovdtepst lanceolate, 7-15 cm long
and 2.5-6 cm wide, pointed, at the edge serrabedyase nearly rounded (Gleason

and Cronquist, 1991) with long petioles about Isd(&McClintock and Epling, 1942).

The bracts are lanceolate, usually red dotted &leand Cronquist, 1991). The upper
leaves and bracts have often red or bronze cotoallS2006). Differences were observed
variation in the size and shape of leaves (FigTbgre are plants with broad leaves
3.5t0 8.5 cm long and 6-13.5 cm and plants witinavaleaves, wide range 3-5.5 cm long
and 8-14.5 cm (McClintock and Epling, 1942).



Figure 3. Whole plant Figure 4. Stem

Source: Landy (2007) Source: Baskauf (2004

A. On the left side are narrow leaves and on thd ggie are broad leaf forms bfonarda
didyma; Source McClintock and Epling (1942)

B. Leaf ofMonarda spp.;Source: Fenwick (2011)

C. Position of the leaveSource Theodora (1893)

Figure 5. A-C: Leaves




Flowers: Flowers are scentless and pollinated by birds. iflerescence consist cymes,
usually only one major with average 1.5-3 cm wi@emson Beebalm can also consist
of two cymes. The outer bracts are sessile or yeadsile (McClintock and Epling, 1942),
narrowly pointed, bent outwards (Whitten, 1981)eayr or colored in the same color
of the crown. They are hairy, with the same kindhafr as having leaves (McClintock
and Epling, 1942). Calyx is a large 10-14 mm, ghaisr or slightly pubescent, almost
in the esophagus glabrous, teeth 1-2 mm long, yfipelbescent, not glandular, above
the base triangular (Gleason and Cronquist, 19B¢. tubular corolla suddenly expands
upward

(Whitten, 1981), has a scarlet to crimson colorelsadeep red purple. It is 3-4 cm long
and extends in a straight upper lip and the tapésted lower lip (Whitten, 1981).
The upper lip is nearly straight, long about hdlfhe corolla tube (Gleason and Cronquist,
1991), is not densely hairy on the top and at tloaitin of the cup is bald (Fig.6) (Egler,
1973).

The rods are placed 3-6 mm deep (McClintock andngpll942). Threads are connected
to the crown near the mouth, with two anthers, Wlaoe connected and stand under upper
lip as the pistil. Adult flowers bloom from the ¢ento the periphery. In the sea level 1,200
m.n.m. this plant blooms between 30th June anduBO(Whitten, 1981). It was observed
correlation length and width of the crown of leavBsoad leaves form of Monarda has
a double crown 35 mm long in diameter and narroawvés form has it 39 mm long
in diamete. Small-flowered Monarda forms are exosal. Size of the crown is less than
35 mm and not sudden flare up crown (McClintock &pling, 1942). Cultivars have
a diverse coloration (Small, 2006). The most effecpollinator of this species is the Ruby
— Throated Hummingbird Afchilochus colubris), lured by the relatively big amount
of sweet nectar in the flowers, which contains nyasicrose, small amounts of fructose
and glucose (Whitten, 1981).



A. Flowers ofMonarda didyma.
Source: Ottova (2013)

B. Calyx ofMonarda spp.
Source: Fenwick (2011)

C. Crown of Crimson Beebalm
Source: Fenwick (2011)

Figure 6. A-C: Flowers
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2.2. The use and importance

Small (2006) reported that in the past people ufieel Monarda didyma
as a medicinal herbs for colds and sore throaerkss oils from the leaves have been used
to bronchial infections, colds, flu, flatulence,dkey problems, nausea, inflammation,
pneumonia and during the attack internal paraskessh tea prepared from the leaves
is considered as a tranquilizer. Indians from theerGkee tribe use®lonarda didyma
andMonarda fistulosa to treat "female problems”, colds, flatulence,dsne, colic, fever,
heart disease, weak stomach, indigestion, bleddong the nose, hysteria and insomnia.
Currently, this plant is used mainly for tea calledwego -tea (Prather et al., 2002).

Further, Small (2006) states that it is a good meiaves of crimson beebalm
with other herbs or possibly in preparation chilleevarage with lemon slices. Young
shoots and fresh leaves have a pungent citrus aaochditter taste. Very well it is suited
as a supplement drinks wine, soft drinks, juicelies and cheeses.

The leaves are best suited to pork and veal nibaly are also used as a substitute
for sage in the stuffing and meat dishes. Leavesimediate processing can be collected
at any time. The leaves and flowers are used tpwlhych should be harvested in mid-
summer. Essential oils, which are obtained froomSdn Beebalm, called bergamot oil,
are added as a flavoring ingredient in perfumeantBl for obtaining oil are harvested
in full bloom. The essential oil is obtained byastedistillation in which steam was passed

through fresh chopped pulp and oil, together withdteam condenses (Small, 2006).

2.3. Chemical composition

Crimson Beebalm contains substantial quantitieessiential oil. The essential oil
is obtained by steam distillation. The yield frometfresh leaves is around 0.3-1.0 %
of dried leaves about 2.7 to 3.1 % (Small, 2006).

It also contains a considerable amount of thymoope (TQ), where were detected
anticancer properties, anti-epileptic, antimicrébiaantioxidant, hepatoprotective
and immunomodulatory effects. Together with TQ fmend in essential oil compounds
thymohydroquinone (THQ) and dithymoquinone (DTQ)or FTHQ were detected
antibacterial, antifungal, anti-inflammatory and tiaxidant properties. DTQ shows
cytotoxicity to human tumor lines. These compounasre found in several genera
of theLamiaceae family such as Agastache, Coridothymus, Monardagga@um, Satureja,
Thymbra and Thymus. Chemotype 2 Monarda didyma exhibits more quantity TQ
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and THQ than chemotype 1, more often in flowersntha the leaves and stems
(Taborsky et al., 2012). Taborsky et.al. (2012)ortsd the results, whose showed
that detectable amounts of these compounds have foeed in three species of both
Monarda WM. didyma, M. media, and M.menthifolia) and Thymus T. pulegioides,

T. serpyllum, and T. vulgaris) genera, two Saturej&.(hortensis and S montana) species.
Nigela sativa seeds, which are generally considesedhe main natural source of both
of these compounds, contain THQ 530 mg.kgd TQ 1881 mg.ky ThereforeM. didyma
and M. media can be recommended as new prospective naturateowf THQ and TQ

for pharmaceutical industries.
2.4. Ecology

2.4.1. Cultivation

Monarda didyma grows in clusters. Underground shoots extend fthencenters
of clusters in all directions and soon new stenmnvgiit is characterized by lush growth.
After 3-4 years is able to expand by more thanraeter and often becomes invasive plant.
It is good if crimson beebalm grows in rich, molgght, granular (Page, 1980) and slightly
acid soils, with a pH of about 5.5-6.5 (Hayward83pPwith a high content of organic
matter. Roots do not grow deep. In hot days, itukhmot be dry and in winter, when
it is cultured in heavy soils tend to death (Pat@80). Each cluster should be spaced
atleast 25 cm between plants for enough air floMhe mulch is recommended
to use needles rather than grass (Small, 2008)otrsummer suits to them slight shadow
(Goode, 1984) and in the dry season should be énougsture (Kublick, 1990). Best
of bloom is in the sun with moist soil, but willayw well in dry or semi-shade. Plants
should be protected from the fierce midday sun gRhawand Lotz, 2005).

For its unpretentiousness, tall stature and Idogering period is well suited
to common perennial beds or before the trees. Miandikes a sunny position, but
Is satisfied even worse by exposure to or evengbatiadow. She is doing the best quality
and nutritious in drained soil. Winters are notafr is accustomed to the cold. If you start
with Monarda growing from seed sowing is done inyMad June, planting into the soil
in July-August (Ottova, 2013).
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2.4.2. Diseases

Monarda is susceptible to powdery mildew diseas=pecially when grown
in areas without good air circulation and rustsit Ifs attacked by rust it is better after
flowering cut the plant to 8 cm and the attacked parn to prevent the spread of infection.
There can be used a fungicides. It is importametoember that the parts of plants treated
by fungicides are not edible (Small, 2006). Lesli@992) writes that the genus Monarda
is prone the mold. It also states thatfistulosa a M. didyma are remarkably resistant.

Plants in the genuglonarda produce complex essential oils that contain angjél
compounds. Gwinn et al. (2010) had research weeeatifted selections oMonarda
that can reduceRhizoctonia damping-off of tomato. They reported théonarda
clinopodia, Monarda didyma and Monarda fistulosa have positive influence to reduction
of Rhizoctonia damping-off of tomato.

2.4.3. Propagation

2.4.3.1. Generative propagation

Reproduction by seeds is not so common, but jfossible, mainly for breeding.
Generative reproduction of the daughter cells, gméy sexual process. This means
the fusion of two gametes to form a zygote. Thiecpss prevents pollination (Novak
and Skalicky, 2008). Generative propagation metlso@ssential for breeding, because
in seminal generation affects the combination ofrep&l characteristics and
in underpinning the desired clones can be furthegetative reproduction, at which the
elimination heterozygosity and conservation of th& generation (Hotkova
a Domkdova, 2003).

2.4.3.2. Vegetative propagation

Plants form, especially in the autumn, creepingeunground rhizomes growing
to the width from which grow the stems on springnél, 2006). In this way, the plant
herself easiest and fastest multiplies. Therefibrele want multiply Monarda is the best
multiply it by dividing clumps in the spring by rsery plants. Separation should
be repeated after several years for restoratiats ofitality (Garland, 1979). The divisions
should be planted slightly deeper than growinggaeent plant (Lima, 1986). Also, these
plants can be propagated by stem cuttings. Cutirigeoung stems, removing in spring

or in summer, can be successfully used to propagdtiesli's, 1992). By using hormonal
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stimulants cuttings take root in 10-14 days. Fgraduction can be used also multiple
shoots growth peaks, which can take root in lightss During the first year, the plants
are well established and remain productive for yedrs. It is recommended in the first
year of growth the flowers top cut away before btos, for supporting vegetative growth
(Small, 2006).

2.5.1n vitro micropropagation

Micropropagation is one of the options vegetatplant propagationin vitro.
From the very small portion of the parent plantdl wioduce a large number of small
subsidiary cells (Altman and Loberant, 2010).

In vitro refers to a method of culturing plant materialisTmeans the cultivation
the cultures in glass under sterile conditions onug&ient media. Cultivation of plant
material in vitro is primarily used for micropropagation, but alsw ganitation plant
material, studying physiological processes, praggyigecondary metabolites and genetic
manipulation (Pavlova, 1992)n vitro cultures of plants represent sterile cultivation
of isolated parts of plants aseptically grown arfaee-sterilized. Then are stored in sterile
environment and cultured (Sakongo, 1997).

In the early 60's (1954) was conducted initial cessful regeneration of plants
from one cell (Pavlova, 1992). For many speciegropropagation is cost-effective way
to achieve high quality and large amounts of plaraterial compared to conventional
vegetative propagation (Altman and Loberant, 2010).

On the based of assumption of growth and developrmexplant cultures,
totipotency of plant cells, which is the ability plant somatic cells and tissues to develop
into whole new plant (Sidhu, 2010). These cells previded with complete genetic
information and structural and metabolic apparatiesefore, they have the ability to grow,
divide and differentiate. The growth and developmeiexplants in vitro are affected
by the genotype of the plant material, but alsah®/composition of the nutrient medium
and the physical conditions of cultivation. The qass of cultivation in vitro
can be optimized and there we can eliminate patis(faviova, 1992).

In the technological process, there are prefemaathl cultures, shoot tips and axial
buds. They are organized structures of the stemaendultivated for the formation of new
shoots. During using of nodal culture, nod is erf#d with close upper and lower portions
of stem, axial bud or a part or the whole petiolghwhe leaf blade. When is used

the culture of shoot tips, there is implanted shigqmtof shoot. These cultures are most
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demanding on the composition of media, but may mEemnfluenced by the content
of growth substances in medium (Pavlova, 1992).

The advantages ah vitro micropropagation are higher rate of multiplication
environment can be controlled, plants are availdoling whole year, production of clones
with desired characteristics. It is used also fonservation of threatened plant species
and preservation of genetic material (Sidhu, 20I)e objective of this technique
is to obtain a large number of genetically identmants, identical to the starting material.
Cloning conditiondn vitro culture (micropropagation) can already calculag ¢ommon

methods of clonal (vegetative) reproduction of gdaifNovak, 1990).

2.5.1.In vitro micropropagation in Lamiaceae
The plants fromLamiaceae family are commonly used as aromatic herbs

for flavouring foods, beverages, confectionary amddicinal products. Essential oils
produced by Thymus spp. are important for example in cosmetic progludbut
for the medicinal purposes too, due to their aptiseand antimicrobial properties.
Beneficial uses of tissue culture for the purposedraction of secondary metabolites
include evading of collection of endangered wilde@ps, production of secondary
metabolites irrespective of seasonal and climatbaddions, and rapid production
of secondary metabolites due to rapid growth ofurakin vitro (Arikat et al., 2004).

To meet increasing business demands, big rangaaoohatic plants is desirable
for the global pharmaceutical and aromatherapduticalustries (Lange, 2004).
The rapidness of tissue culture techniques can deardageous for the continuous
provision of a plantlet stock for field cultivatiofReddy et al., 2001) and may further
compliment breeding programmes. We will therefoneestigate the most suitablevitro
propagation protocol for the productionbnarda didyma for production of this species.
To our knowledge, there are no scientific reportshe micropropagation of this species.

In vitro initiation of plants inLamiaceae is a very useful tool for production
for Salvia officinalis (Gostin, 2008),Salvia fruticosa (Arikat et al., 2004),Lavandula
pedunculata (Zuzarte et al., 2010)Lavandula latifolia (Sanchez-Gras et al., 1996),
Ocimum basilicum (Dode et al., 2003).

2.5.2. Plant growth regulators (PGRS)
Growth hormones regulate physiological and morpdichl processes in plants

and are also known as phytohormones. PGRs areesyn¢ld by plants, thus many plant

species can grow without external medium supplesaétitytohormones can be added into

15



cultivation medium to improve plant growth and teetter metabolite synthesis.
Nevertheless, inadequate amount of growth hormonas cause morphological

and physioloical abnormalities (Sidhu, 2010). Ibléal are shown types of hormones

and their functions in plant.

Table 1.PGRs and their functions in plants

Types of )
Functions PGRs References
hormones
cell division, BAP Rout et al.,2000
o shoot formation, KIN Bhojwani et al.,
Cytokinins
development and 1966
. , ZEA
proliferation Rayns et al., 1993
o IAA Rout et al.,2000
cell division, o
. _ NAA Bhojwani et al.,
Auxins bud formation and
. . 1966
root differentiation IBA
Rayns et al., 1993
extension, Bhojwani et al.,
Gibberellins growth and GA3 1966
flowering

2.6. Plant breeding

Plant breeding is playing important role for themprovement
of the plant’s characteristics. The aim of plantdating is to get better quality, diversity
and production of important crops in agriculturehorticulture and also to develop plants
which are in better conformity to human needs.

It can be done by many different techniques fr@hection of plants with tempting
characteristics for propagation to more complexenalar techniques. Breeding of new
varieties is the process of crossbreeding and gubsé selection. This process can be
accomplished through remote hybridization, polygjoi (increasing number
of chromosomes), heterosis (increasing value oarpaters F1 hybrids), and mutation

induced by ionizing radiation or chemical compou(@adej and Drobnik, 2002).

16



2.6.1. Polyploidy

Changes in the number of chromosomes in plantg galaimportant role in their
evolution. It is reported that about 30 to 35% lué angiosperm plant species and about
70% of grass species are polyploid. The naturadn®meous) polyploidy, which occurs
freely acting natural influences in the plant kingdis quite popular. Polyploid species
are important agricultural crops in human nutritithe a potatoes, wheat, oilseed rape
or in animal nutrition like oats, alfalfa, etc.. 8%e polyploid species originated naturally
as a result of evolution. (Briggs, 1967; Chloupe¥92; Novak, 1990)

Polyploidy is defined as the property of three prore complete sets
of chromosomes. Most of eukaryotic species are odipl They have two sets
of chromosomes, one set inherited from each p&dRarhsey and Schemske, 1998).

Polyploidy is an important option of chromosomeolation in many eukaryote
species. Polyploids differ from their diploid omgitors in morphological, ecological,
physiological and cytological characteristics. Agesult, they have broader ecological
tolerances and have a different geographical Higion (Dewitte et al., 2009).

According to their origin, polyploids are classdi as autopolyploids
and allopolyploids (Stebbins, 1950, cit. Dhooghale2011). An autopolyploid originates
from the doubling of the chromosome number of a dipdoid species which concludes
intwo or more pairs of homologous chromosomes. allapolyploid is obtained after
hybridization between different species and coneegpolyploidization (Dhooghe et al.,
2011).Grant (1981) discussed multivalent frequency iraatotetraploid line of Zea mays
(x = 10). However, recent molecular investigatitvaa’e demonstrated that diploid corn
is itself a segmental allopolyploid (Gaut et a9T). At present, no autopolyploid genome
is under the genetic control enjoyed by allopolyblorops, such as cotton (Gossypium),
tobacco (Nicotiana), wheat (Triticum), BrassicaaBidopsis suecica, or corn (Zea mays),
a segmental allopolyploid (Gaut et al., 1997).

Polyploidy as a breeding method is mostly useaniyy cross-pollinated species.
It is particularly suitable for those species whitkve a smaller number of chromosomes
and are used for vegetative plant parts (tuberyedround mass, etc.) and which consist
a large number of seeds (Rod et al., 1982; Udall. e2006).

Polyploidy makes increased production capacityetatiye parts of plants (larger
cells, larger plant organs), but reduces seed ptamu(for disturbances in the formation
of gametes and zygotes). Polyploid species gegefiaiins less pollen and tend to be less
fertile (Chloupek, 1992; Udall et al., 2006).
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The consequences of polyploidy can be geneticrelisemore talents in the locus,
the result is more of the same chromosome pairllefea in gametes and in zygotes
and their sets can be homozygous and heterozy@&ersetic variability increases with
changed genetic background. Faults develop in gagiom and in dislocation
of chromosomes in meiosis, which leads to the ftionaof defects and sterile gametes.
Crossing tetraploids with diploids produce tripkidsterile or reduced fertility (Briggs
et al., 1967; Rod et al., 1982)

Other results are morphological changes. For poigpe is typical an increase
in volume of the cell nucleus, the cytoplasm and whole cell. The vegetative parts
of plants increase, but it is not proportional he degree of polyploidy. Polyploid plants
are characterized by changes in the number ofdiahata, the number of chloroplasts,
enlarged clamping cells, larger flowers, pollen afmdits. They have also bigger
and stronger trichomes (Chloupek, 1992). Pires let (2004) have generated 20
allopolyploid lines of Brassica napus that are geaBy identical. Yet, after just a few
generations, these lines show significant diffeesnan flowering time. Morphological
changes are used for preliminary identificatiompolfyploids in breeding.

Futhermore, there are changes in environmentaluinggents. Polyploids
have higher demands on the temperature during gation, higher moisture
requirements, lower transpiration rate and slovesinailation and respiration (Chloupek,
1992).

Increasing the chromosome numbers can sometimesease concentration
of certain secondary metabolites. This is espgciaieful to improve the production
of natural plant products (Dhawan et al., 1996). &mample inSalvia miltiorrhiza was
reported higher contents of tanshinones in tetrdpfdants than that in their diploid
counterparts (Gao et al., 1996).

Polyploids usually have a longer growing seasofieno greater endurance
and greater cold resistence, but often more seeagti leaf diseases (Chloupek, 1992; Rod
et al., 1982).

In polyploid species exist polyploid limit, whichs the optimal number
of chromosomes for a positive manifestation oftthé or feature (Briggs et al., 1967).

Ploidy is represented by the notation x, whereuelaus with two complete sets
of chromosomes is referred to as a diploid (2x)edhcomplete sets of chromosomes is a

triploid (3x), four complete sets a tetraploid (4ftye complete sets a pentaploid (5x). The
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highest level of ploidy nowadays known is in ang®sns an 80-ploid (8QxSedum
suaveolens Kimnach from familyCrassulaceae (Otto et al., 2000).

In plants, polyploidy represents a major mecharo$mdaptation and speciation. It
is estimated that a high percentage of angiosparmpolyploids and also many cultivated
agricultural crops, flowers and fruits are polygki Agronomic crops such as wheat
(Triticum aestivum L.) (Udall et al., 2006), potatdglanum tuberosum) (McGregor et al.,
2000), cotton Gossypium spp.) (Udall, 2006), alfalfaMedicago sativa) (Udall et al.,
2006) and sugar can&accharum spp.) (Cordeiro et al., 2000) may also be polydoi
Polyploids often have improved horticultural or @gomic traits such as larger fruit,
thicker leaves and robust stems (Kehr, 1996). Railypplants are also found in the
ornamental horticulture industry and they may hthieker flower petals that last longer
than their diploid counter-parts (Kehr, 1996). Coompolyploid bedding plants include
dahlia Dahlia spp. Cav.), pansies (Viola spp. L.) and chrysantiva Chrysanthemum
spp. L.). Polyploid plants frequently occur plaoted in the fruit industry. Polyploid fruit
crops include sour cherrieBr{unus cerasus), strawberriesKragaria spp.), kiwi @ctinidia
deliciosa), blueberries {accinium spp.) (Ahokas, 1999; Tavaud et al., 2004; Udaklet
2006).

There are two mechanisms used for production otyppmd. Mitotic
polyploidization, which is based on the doubling sématic tissues and meiotic

polyploidization which generates 2n gametes (Ragnakel Schemske, 1998).

2.6.1.1. Mitotic polyploidization

Mitotic polyploidization is based on the doublinfsomatic tissues and is created
by using of mitosis spindle inhibitors as colcha&sn oryzalin or trifluralin (Wan et al.,
1991).

The first applications of mitotic polyploidizatiomere induced on plants established
in soil in the 1930s (Blakeslee and Avery, 1937hew the colchicine was the most
commonly used mitotic inhibitor. Mitotic polyploiztion in vivo was successful induced
for sugar and fodder beet, ryegrass and red ci@®@@wvey, 1980, cit. Dhooghe et al, 2011).
Blakeslee (1939) reported the successful polyploidduction using colchicine
in 41 different species, 24 genera and 14 famibédlowering plants includedviola

tricolor, Petunia axillarisandDatura sp.
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The first in vitro chromosome doubling was in exyent with tobacco (Murashige
and Nakano, 1966).In vitro induction of polyploidy became more popular

with the development of plant tissue culture.

2.6.1.2. Meiotic polyploidization

Meiotic polyploidization generates 2n gametes (Bleayg and Schemske, 1998).
Nowadays, the interest of using 2n gametes in plaeeding is increasing, sexual
polyploids have been demonstrated to be very udefutrop improvement (Ramanna
and Jacobsen, 2003). Meiotic chromosome doublisglte in larger genetic variability
and heterozygosity than does mitotic chromosomebliduy (Carputo et al., 2003).
Doubling of chromosomes can go to results in migmd with different ploidy levels
in different plant cells or organs (Cohen and YE206).

2.6.1.3. Antimitotic agents

The change of the plant’s cell cycle can be thehotk of synthetic production
of doubled chromosomem vitro plants (Dhooghe et al., 2011), which can be done
by using antimitotic agents. The plant cell cydaivided in 4 phases to a G1-phase, an S-
phase, a G2-phase and an M-phase (mitosis) (Fré&ttf9). Individual phases of the cell
cycle can be affected by different chemical commsurThe most used mitotic inhibitors
are those that operate in metaphase. During metaphamitotic spindle of microtubules
appears from the microtubule organizing centres Bpindle is essential for correct polar
migration of chromosomes during the anaphase (Dihmegjal., 2011).

Antimitotic agents like colchicine, colcemid, aephthene, dinitroanilines
(oryzalin, trifluralin, benfluralin, dinitramin), lposphoroamidates, benzamides, benzoic
acid disturb the metaphase by connecting with lfaeasd beta dimmers, thus reducing the
attachment of new dimmers on the assembly sidéne@fmicrotubule, without reducing
degradation of the microtubule at the disassemitly(®evine el a., 1993; Vaughn, 2000).
The result is that disassembly is faster than alslseamd microtubules are depolymerized.
The most commonly used mitotic inhibitor is coleche Colchicine is an alkaloid
that effectively stops mitosis at the anaphaseestiags extracted from the seeds and bulbs
of Colchicum autumnale, a wild meadow saffron amdc@icum luteum (Eigsti and justin,
1955).

Nevertheless, colchicine causes effects such aslitgt abnormal growth,
chromosome losses and gene mutation in many @aetses (Luckett, 1989, cit. Dhooghe
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et al.,, 2011). Additionally, colchicine is very ioxto humans due to its high affinity
to microtubules of animal cells (Morejohn et al984). Many authors have reported the
successful use of colchicine to convert tetraplofdsm diploids in many plants:
Zantedeschia (Cohen and Yao, 199B)nica granatum (Shao et al., 2003)Gerbera
jamesonii (Gantait et al., 2011)Qcimum basilicum (Omidbaigi et al., 2010) etc.

Other usually used antimitotic agents are herbgidHerbicides have more affinity
for plant tubulin dimers than colchicine. Therefloey can be used in lower concentrations
then colchicine (Morejohn et al., 1987). Herbicidage not as toxic as colchicine.
A dinitroaniline herbicide (3.5-dinitro-N4, N4-dippylsulphate), Oryzalin, has a much
greater affinity for plant than animal microtubul€ryzalin has the important advantage,
because is less hazardous to human health (Moregoral.,, 1987). For these reasons
mitosis-inhibiting herbicides were considered likéternative for colchicine (Bartels
and Hilton, 1973, cit. Dhooghe et al., 2011). P@igs of many plants were achieved
through oryzalin treatment: Rosa (Kermani et 8003, Spathiphyllum (Eeckhaut et al.,
2004), Lilium (Takamura et al., 2002¥olanum L. (Chauvin et al., 2003)Pyrus L.
(Bouvier,2002).

Bouvier et al. (2002) reported that 20M — 300 uM concentrations of oryzalin
were required to induce polyploidy Ryrus L. In Solanum L. the most effective treatment
for producing tetraploids was a 24 hour treatmeitti @8.8uM oryzalin solution (Chauvin
et al., 2003). The optimal oryzalin concentratiord dreatment duration for polyploid

induction varies among species and must be detechiog the experiences.

2.6.1.4. Methods of polyploidy detection

Determination of polyploidy can be done by severathods. We can use flow
cytometry, chromosome counting and evaluation ofrpmological or anatomical
parameters.

Flow cytometry: In plant genomes studies, flow cytometry is a theddy quick,
convenience and dependable tool for various agpita ranging from basic research
to breeding uses. Flow cytometry can be used ®fdHowing purposes: nuclear genome
size determination, which can be achieved by maaguthe nuclei of sample in
comparison to a reference standard, after for tbk @ycle analysis to study cell
populations in G1, S and G2 phases and for plogshell determination after interploidy
crosses, haploidization and polyploidization treatin(Galbraith et al. 1997; Eeckhaut
et al. 2005).
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Flow cytometry is the most used method for detgcof polyploidy. The most
concrete method is combination of flow cytometrydamchromosome counting.
Morphological or anatomical parameters can be uasdprimary selection criteria
of polyploids (Dhooghe et al., 2010).

In case of flow cytometry, there is determinecatige DNA density in cell nuclei
and level of ploidy in tested samples (Greplovalet 2003). Analyses of nuclear DNA
are based on relative intensity fluorescence df rgtlei stained by DNA fluorochrome
(Fig.9). The final histogram shows the dominantkpbalonging to nuclei in G1 phases
of cell cycle.

Flow cytometry is a rapid method for ploidy testiagd permits the examination of large
amount samples in relatively very short time (Delegt al., 2007). Flow cytometry does
not involve roots or acclimatized plants so it issgible to analyze the samples
of polyploidized plants in very early stage of depeent which is very important to save
time (Vainoéla, 2000).

Chromosome counting: This is a concrete method for determination of tteal
chromosome number (Dolezel et al., 2007). For itieéshod, the best types of tissue parts
are root tips about 2 cm long, which are the mastakle source of mitotic cells for
counting of chromosome. Other suitable sources are young Hlmger buds, leaves
and callus. Chromozomes in root tips were obseruedUllucus tuberosus after
polyploidization of diploid plants to octaploidsigi7) (Viehmannova et al., 2011)
Evaluation of morphological or anatomical parametes: In indirect polyploidy detecting
methods are the morphological and anatomical etiahg (Viehmannova, 2009). They
are simple, but often inexact. The commonly useataitteristics are related to the stomata
and determination of stomata size (Cohen and Y&@6)1 In general, diploids have smaller
stomata than their tetraploid derivatives. Largtymgta of induced polyploids were
observed inZizyphus jujuba (Gu et al., 2005)Pyrus pyrifolia (Kadota and Niimi, 2002)
andNepenthes gracilis (Fig.8.) (Fong, 2008) and many others. Stomatasitig can be also
changed by induced polyploidization. Yang et aQ0@) reported lower density of stomata
in polyploids of Vitis vinifera. However, confirmation of polyploidy by flow cytatry

or by direct counting is necessary, when morphchlgparameters are used as primary
selection criteria (Zhang et al., 2010).
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Figure 7. Chromozomes of root tips idllucus tuberosus.a- diploid (2n = 2x = 24);
b- octoploid (2n = 8x = 96)

Source:Viehmannova et al. (2011)
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Figure 8. Stomata cells oNepenthes gracilis from abaxial leaf imprints of (A) diploids,
(B) tetraploids and (C) mixoploids (bar= pfh).
Source: Fong (2008)

(@) Sample flow Figure 9.FCM(a)A functional view of a
Sheath flow chamber in a flow cytometer. The
flow fluid sheath flowing through a large area
is forced under pressure into a much
smaller orifice. Placed at the center of
the flow cell, an injection tube injects
“ame | the sample (i.e. cells and other particles)
or - coersie jnto the centre of the flowing stream,
whereby forcing the cells to undergo
hydrodynamic focusing. A coaxial
Oliene cross-section of the sheath and core is
also shown(b) An alternative flow cell
based on an axial flow system typically
used in microscope based flow
Sheath cytometers. In these instruments the
diameter laminar stream flows across a coverglass
to a waste collector on the opposite side.
Of note is the dark field objective. The
central obscuration in the real focal
plane of the objective produces a dark cone irllmination field and since it extends above the
object plane contains only the fluorescence andtesed light signal in the absence of the
illumination signal. NAC numerical apertur8purce: DoleZal et al. (2007)

Sample injection
tube ——»

Dark spot
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2.7. Evaluation of genetic stability inin vitro regenerants using molecular
markers

Plant genetic techniques belong to the moleculatebhnology covering the range
of interest basic chromosome analysis. This fiettludes chromosome analysis,
mutagenesis techniques, recombinant DNA techniqd@$A sequencing, molecular
breeding, DNA purification and separation technguaolymerase chain reaction (PCR)
and its variation, genetic variability analysis, lymorphismus analysis and analyses
of gene functions. These techniques which are @e@lant identification are designed
to detect the presence of specific DNA sequencemihi et al., 2009).

The two aspects of genetic diversity which are irtgd in the study of plant
species, particularly those that are rare, areldtel of diversity and how the diversity
Is partitioned within and among populations. Theeleof genetic variation within
populations and species is of interest becausanitaffect the ability to adapt to changing
environmental conditions (Kimbal et al., 2001).

The use of molecular markers to evaluate neutraletye variation becomes
an important tool to study population genetics (fpees et al., 2013). Molecular marker
technologies are based on polymorphism in protdifondini et al., 2009).Gel
electrophoresis is used for separating fragmentqwafeic acid in the gel medium,
of different sizes and conformation. The size agfnents in a given experimental bands
are assessed comparison bands in the DNA laddeh#ve migrated at a similar rate
(Ziarovska et al., 2012).

Polyploidy is one of the dynamic processes in pératiution that lead to gene flow
and complex genome reorganization (Soltis and $ol1i995). Genome evolution
of polyploids is based on multiple genetic intei@ts, such as recombination, gene
conversion, concerted evolution, intergenomic closomal exchanges, cytonuclear
stabilization or gene silencing, for example (Wdn@©00). These major forces behind
genome reorganization generate novel gene expressiombinations that lead
to acquisition of new functions (Seehausen, 2004).

The Polymerase chain reaction method was develapedfirstly used in 1983
by Kary Mullis, which was then awarded for the NbBeéze in chemistry. Currently it is
very common technique used in biological and in icedresearch as well (Kumar

and Gurusubramanian, 2011). PCR is a method usetdlym@ copying specific sequences
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of nucleotides in DNA or in RNA sequences. It candopied up to kilobases in length.
PCR depends on the ability of a thermo stable DNAymerase to extend primers.
For carrying out of PCR it is needed template DMWcleoside tri-phosphates, primers
and Tag DNA polymerase. The template is the DNAusage, which we want to copy.

Primers select the region of the template by ammgalith their complementary sequences.
The Taq DNA polymerase is a temperature toleranyme, which catalyze the synthesis
of DNA (Ziarovska et al., 2012). According to Kumaand Gurusubramanian

(2011)the primers, which are short DNA fragmentsl &NA polymerase are the key
components to enable selective and repeated acapidn.

PCR method is based on thermal cycling, repeatingyoles of heating and cooling

of the reaction for DNA melting and enzymatic DN&plication.

The DNA sequencing is a process of determinatiornhefidentity and position
of each nucleotide in a molecule of DNA. This isypded for final information on a given
molecule, this information is needed for identifioa, characterization and for taxonomy.
Genetic technologies provide specific informatidrimportant agronomic traits and their
use in plant breeding (Ziarovska et al., 2012).

Advances in molecular biology technologies havevigled the basis for exposing
unlimited numbers of DNA markers. Over the last ye@ars, PCR became a widespread
technique for several unusual genetic chemicalyaigabased on selective amplification of
DNA. The popularity of PCR is primarily done by itpparent simplicity and high
probability of success, but needs DNA sequencernmdtion. The findings of PCR with
random primers can be used to increase a set dbmaly distributed loci in any genome,
which is facilitated the development of genetic keas for a variety of purposes (Kumar
and Gurusubramanian, 2011).

The DNA based markers are based on non PCR (Pdadgmechain reaction)
includes RFLP (restriction fragment length polyntogm) and on PCR includes RAPD
(Random amplified polymorphic deoxyribonucleic gcidhFLP (Amplified fragment
length polymorphism), ISSR (Inter simple sequenepeats), SSR (Simple sequence
repeat) (Kumar et al., 2009).

Randomly Amplified Polymorphic DNA (RAPD), is a typof PCR reaction.
The segments of DNA that are amplified are rand®he RAPD is a commonly used
molecular marker in genetic diversity studies. ThHreowledge about DNA sequence
for the targeted gene is not required, because ghmers will bind somewhere

in the sequence, but it is not known exactly whétas is the reason why is that method
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popular for comparing the DNA of biological systeitit have not had the attention
of the scientific community. The main reason fog #uccess is the achievement of a large
number of genetic markers that require small anoitDNA without the requirement
for cloning, sequencing or any other form of thelenolar characterisation of the genome
of the species in question (Kumar and Gurusubraama2011).

RAPD detects nucletide sequence polymorphisms ik D) using a single primer
of random nucleotid sequence. RAPDs are DNA segramplified by the PCR by using
short primer of random sequence. RAPD has few ddgas as high genomic abundance,
can be used for samples with less amount of DNAJaal for automation and is relatively
faster. It has also some disadvantages as dommariters, it cannot be used across
the species, no reproducible (Ziarovska et al. 2201

Inter Simple Sequence Repeats polymorphisms anedftnetween microsatellite
repeats. In this technique, primer will target nplét loci due to known abundance
of repeat sequences in the genom. The advantag8SBfk are for example: variation can
be found at several loci simultaneously, is mictellite sequence-specific and is reliable
DNA profiling, mainly for closely related specieshe disadvantages are possible non
homology of similar size fragments, reproducibilityd also dominant markers (Ziarovska
et al., 2012).

Among various molecular tools, ISSRs have gainenegsing interest, because
they have greater reliability and reproducibility banding patterns when compared
to RAPD primers (Culley and Wolfe, 2001), and & #ame time, the cost of the analyses
is relatively lower than that of some other marksush as AFLPs and microsatellites
(Rodrigues et al., 2013).

Nowadays, an IPBS (Inter-Primer Binding Site) methad appeared in genetics
journals. According to Radova (2012) in recent gjeseresearch, there was described
a retrotransposon-based molecular marker technighi&h is used to identify the plant
varieties. IPBS is a universal and efficient mettiain identification of polymorphism
(Kalendar et al, 2010). The same author describat the IPBS technique has proved
to be a powerful DNA fingerprinting technology.

In table 2 are showen exmaples of used molecularkenatechniques used
in Lamiaceae family.
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Table 2: The molecular marker techniques usetlamiaceae family.

Specie Used plant part Molecular Marker Technique
Ocimum L. spp fresh leaves RAPD (Vieira et al., 2003)
Mesona chinensis fresh leaves RAPD (Zhang et al., 2012)
Eremostachys _
dried leaves RAPD (Verma et al., 2006)

superba
Phlomislycia dried leaves RAPD (Yuzbasioglu et al., 2008)
Salvia

. fresh leaves RAPD (Skoula et al., 1999)
fruticosa

ISSR (Trindade et al., 2009)

Thymus caespititius  frozen leaves
ym =P RAPD (Trindade et al., 2009)

Cunila galioides dried leaves RAPD (Fracaro et al., 2005)

RAPD (Rathore et al., 2014)

Cleome gynandra fresh leaves
SCoT (Rathore et al., 2014)

Mentha cervina silica gel-dried leavesISSS(Rodrigues et al., 2013)
ThymusL spp. fresh leaves AFLP (Sostaric et al., 2012)
Monarda fistulosa freah leaves ISSR (Kimbal et al., 2001)
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3. Aim of the thesis

The main objective of this work was development af appropriate protocol for
micropropagation ofMonarda didyma and detection of genetic stability oh vitro
regenerants by molecular markers. Another objectigs to obtain polyploid (tetraploid)
plants ofMonarda didyma by mitotic polyploidizatiorin vitro.

Final result serves to confirm or refute followihgpotheses:

H%: Plant growth regulators (cytokins and auxins) icultivation medium

for micropropagation oMonarda didyma have influence to aboveground and underground
parts of plants.

H% Plant growth regulators in cultivation medium &avwot influence to genetic stability
of micropropagated plants dfonarda didyma.

H3 Oryzalin is effective antimitotic agent for polgjtlization ofLamiaceae.
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4. Materials and Methods

Micropropagation and polyploidization were carrmat in the Laboratory of plant
tissue culture of the Department of Crop Sciencd &groforestry in the Faculty
of tropical agriculture of the Czech Universitylofe Sciences in 2013 — 2014.

Molecular markers were carried out in Laboratofyrmlecular biology at Slovak
University of Agriculture in Nitra, Faculty of Aghiology and Food Resources,

Department of Genetics and Plant Breeding in 2014.

4.1. Plant material

The plant material for this thesis was obtainedmfr colection of Faculty
of AgriScience, which was established iim vitro conditions.Monarda didyma (n=16)
chemotype 1 was chosen for its big amount of T@ssential oil (Taborsky et al., 2012)
as it is mentioned before in capter 2.3. Chemioatmosition.Nodal segments d¥lonarda
didyma were cultivated on MS (Murashige and Skoog, 1962fium in cultivation box
under 16/8 h photoperiod with illumination 2500ad temperature 25/20°C.

Before starting the experiment, it was necessaryntidtiply the plant material by using

micropropagation using nodal segments.
4.2. Methodology of micropropagation

4.2.1. Preparation of aseptic condition

Before starting the experiment were preparechallnecessary tools for sterilization
and wrapping the petri dishes, scalpel and tweareatuminum foil and then placed into
all the hot air sterilizer for 3 hours at 160 °The medium was prepared in test tubes, size
15 x 2.5 cm were needed autoclaved for 20 min &t °LZ. All work was carried out
in a sterile flowbox, which was sterilized in thaléwing manner. Flowbox was cleaned
with 70% ethanol and the UV lamp was turned ondbleast 1h, before the experiment
was over 20 min turned on the fan without UV lanBefore starting the work had
to be properly washed everything put into the bo% #%thanol on the surface. To maintain
hygiene regulations lab were devoid of dirt and dsanSterilization of instruments

and follow-up firing was recommended for each useng) operations.
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4.2.2. Preparation of cultivation medium

For the multiplication of plants in vitro was us&S medium without growth
regulators. Composition of MS (Murashige and Skod§62) medium is shown
in Appendix Table 12. For multiplication was useasic MS medium without addition
of PGRs and for the actual experiment micropropagdias been used MS medium with
PGRs.

To prepare the MS medium was needed glass cylinmkaker, pH meter, microwave
ovens, and scales. The chemicals were neededaswubr media preparation A-V, then
1M KOH and ascorbic acid, which are used to adjustpH to 5.7. Furthermore, the need
distilled water, sucrose, myo-inositol and agare Téquired amount of solutions, sucrose,
myo-inositol and agar is also provided in the AnireAppendix Table 12.

All media components were weighed on scales orsared out in a graduated
cylinder and dissolved in water. Then the pH vales adjusted to 5.7. Subsequently,
to the mixture was added agar, supplemented witlerwta the final volume. Complete
medium was heated up to complete dissolution ofatie in medium. Still warm culture
medium was filled into the test tubes. They wereset with a plastic lid, and then

the tubes with the medium were autoclaved for 20 amnil20 ° C.

4.2.3. Micropropagation

After the successful propagation of healthy matesias started micropropagation,
where were used only nodal segments (Fig.10.) arduom long. Nodal segments were
cultivated on MS medium with additions cytocinir®BAP, KIN) to promote the growth
of shoots and auxins (IAA, NAA) to induce roots,thban six variants, and as a control
variant was used basal MS medium without PGRs.avitsiof cultivation media are placed
in Table 3. In each variant were cultivated 20 tdahNodal segments were placed into test
tubes and were cultured 60 days. The cultures wexgbated at 25/20 = 0,3 °C under
a 16/8 h light regime in cultivation box (POL-EKQW350/350 STD), with 2500 Ix light
intensity provided by cool white fluorescent lan(philips LT5 14 W/840). Plants were

measured every week and after 60 days were evdluat@nts of each other.
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Figure 10. The propagation of plant by nodal segments; A-lepdant, B- plant devided
into the nodes with leaves, C- nodal segments witleaves, D,E- detail of nodes (& 1cm)
Source: Author (2014)

Table 3. List of variants of the media

Treat- Type of Concentration Sucrose Agar

PGRs pH
ment medium of PGRs mg/l g/l g/l
Co MS e 30 8 5.7
Al MS BAP 0.5 30 8 5.7
A2 MS BAP 1.0 30 8 5.7
A3 MS BAP 15 30 8 5.7
A4 MS KIN 0.5 30 8 5.7
A5 MS KIN 1.0 30 8 5.7
A6 MS KIN 15 30 8 5.7
A7 MS IAA 0.5 30 8 5.7
A8 MS IAA 1.0 30 8 5.7
A9 MS IAA 15 30 8 5.7
Al10 MS NAA 0.5 30 8 5.7
All MS NAA 1.0 30 8 5.7
Al2 MS NAA 1.5 30 8 5.7
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Also we tried cultivation of nodal segment on M&dum supplemented with
combination of PGRs. Variants of cultivation medi@ placed in Table 4. As a control
variant was used basal MS medium without PGRs. dohevariant were cultivated
10 plants. Culture conditions were the same alsarvariants before.

Plants were measured after first month and afteors® month. These variants were
evaluated of each other.

Table 4. List of variants of cultivation media with combtiem of PGRs

Type of Concentration Sucrose  Agar
Treatment . PGRs pH
medium of PGRs mg/l g/l g/l
0 MS 30 8 5.7
IAA 0.5

1 MS 30 8 5.7
BAP 1.0
IAA 0.5

2 MS 30 8 5.7
BAP 15
NAA 1.0

3 MS 30 8 5.7
KIN 1.0
NAA 1.0

4 MS 30 8 5.7
KIN 15

4.2.4. Transfer toex vitro condition

After evaluation ofin vitro micropropagation, then vitro rooted plants (6-10 cm high)
were removed from the culture medium, roots wereshed for remove all agar
and transferred to plastic pots (5x5 cm). The lagbts contain sand:soil:peat moss:
vermiculite (1:1:1:1; v/v) mixture. This substratgas sterilized. The plants were
maintained in a greenhouse covered with polythexgs lunder high humidity, for 1 week
and slowly weaned to lower humidity. The percentafjex vitro survival was evaluated

after 5 weeks.
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4.3. Methodology of polyploidozation

As an antimitotic agent was used oryzalin. Stoclkutsmn of oryzalin (10mM) was
prepared as follows: weighed 0.0346 g of oryzaliraswdissolved in 10 ml

of dimethylsulfoxide (DMSO) in a sterile flask. DMIShas a sterile function therefore
no sterilization is necessary.

Nodal segments dilonarda didyma were tested in subsequent oryzalin concentrations:
40, 60 and 8QuM/I during 2 exposure times 24 and 48 hours. Naggllants on MS
medium in the flasks were completely immersed igzalin solution during whole
exposure time. After the exposure time, nodal segsneere removed, three times washed
in sterilized distilled water and cultivated on MBedium without growth regulators
in the test tubes (Fig. 11).

The percentage of survival of treated explantswesrded after 30 days.
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4.3.1. Methodology of detection of ploidy level

Flow-cytometry

DNA-ploidy levels were established using flow cyktny. Small pieces of leaf tissue were
chopped in a Petri dish containing 5000f Otto | buffer (0.1 M citric acid, 0.5% Tween
20). The crude suspension of isolated nuclei wigasréd through a 5@m nylon mesh.

1 mlof Otto Il buffer (0.4 M Na2HPO4.12H20), suepiented with AT-selective
fluorescent dye DAPI (4.6-diamidino-2-phenylindola final concentration of 2ug/ml,
was added. Relative fluorescence intensity of astl€,000 nuclei was recorded using
Partec PAS flow cytometer (Partec GmbH, Munsterin@@y) equipped with a high-
pressure mercury arc lamp. Data were analyzed u$iagFlowMax software (Partec,
GmbH, Minster, Germany). The gain of the instrume&at adjusted so that the peak
representing control plant GO/G1 nuclei appearednamnel 100.

Analyses were carried out in the Centre of Plamuc®iral and Functional Genomics

in Institute of Experimental Botany ASR in Olomouc.

Direct counting of chromosomes

For ploidy level detection was used also direcintimg of chromosoms in root tips.

Rooted plants were removed from the cultivation imeghd roots were washed under
the running water. The roots were soaked for 60 imia solution of paradichlorbenzen,
then were rinsed in water. Subsequently roots weaked for 30 minutes in glacial acetic
acid (98%). Then the roots were taken on a wataksghnd acetoorseine dye was added
and heated over a flame. Root tips were removed @acded on a microscope slide
and acetoorcein was added and covered with a ceMer There was put pressure
on the sample. Subsequently, the slide was obseweter light microscope Nikon
ECLIPSE 50i (Nikon, Tokyo, Japan), type magnifioatiL000 x. As an evaluation software
was used NIC Elements Advanced Research 3.10 froaboratory Imaging
(Prague, Czech Republic).

Stomata studies

Only one diploid (control plant) was used for stéanstudy. Leaves from each plant were

sampled. A small area on the underside of the keaudaces was smeared with nail polish.
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After the nail polish solution dried, the nail ki impression was removed using a strip
of transparent adhesive cellulose tape. The urdkergpidermis imprints was form

on the tape. The tape was placed on a microscope sind observed under light
microscope Nikon ECLIPSE 50i (Nikon, Tokyo, Japatype magnification 400x.

As an evaluation software was used NIC Elements aAded Research 3.10
from Laboratory Imaging (Prague, Czech Republic).

4.4. Methodology of establishment genetic stability

4.4.1. Isolation of DNA

Genomic DNA was isolated from the fresh leavesirofitro cultivated plants
of M. didyma, where were taken the samples about 100 mg weigintDNA extraction
was used optimized protocol of Rogers et al. (1994)

The samples were homogenized under liquid nitrogiém help of pestle and mortar.
Into the homogenized material was added2tkeCTAB solution (2 % CTAB; 100 mmol.din
Tris, pH 8; 20 mmol.dim EDTA, pH 8; 1.4 mol.di NaCl; 1 % PVP)and incubated at 65 °C
for 90 min. Into the sample was added chloroforisoamyl alcohol (24: 1) in a ratio
1: 1 for precipitation and centrifugated for 10 oties at 10,000 rpm. The supernatant was
transferred into the new 1.5 ml reaction tube &redd was added 1/5 amountsgi CTAB
(5 % CTAB, 0.35 mol.dM NacCl). Into the sample was added again chloroform / iséamy
alcohol (24: 1) in a ratio 1: 1 for second pre@pdn and centrifugated for 10 minutes
at 10,000 rpm. The supernatant was transferredtetmew 1.5 ml reaction tube and there
was added 2/3 amount of isopropanol. These tubes Wept in freezer at -20 °C for
12 hours. After freezing the tubes were centrifadafor 10 minutes at 10,000 rpm. We
removed the supernatant and dried the precipifatewed by addition of TE solution
(10 mmol.dm?® Tris, pH 8; 1 mmol.d EDTA, pH 8; 1 mol.dii NaCl) and it was incubated
at 65 °C for 20 min. For the other precipitationrgvadded 2 amounts of 96% of ethanol
and incubated in freezer at -20 °C for 12 hourkofeed by centrifugation for 10 minutes
at 10,000 rpm. The supernatant was removed anet pedls dried. Into the tubes with dried
pellet was added the 80 % cold ethanol, centrieay&r 5 minutes at 10,000 rpm. Drying
in a desiccator for 30 min. Into the tubes was dditbe TE solution(10 mmol.dri® Tris,
pH 8; 1 mmol.dri EDTA, pH 8) for rehydratation.
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4.4.2. Optimization of condition of polymerase chai reaction for RAPD analysis

In reaction mixture, there were optimized concditra of single components
to determine suitable conditions of polymerasertih@action for RAPD analysis.
Amount of DNA: To determine optimal DNA amount were used follogviamounts
of isolated DNA 50 and 100 ng in gbof reaction mixture.
Concentration of primers: To determine optimal primers concentration weredus
concentrations of the primers OPB-4 and OPB-14:1& 2 a 4imol.dmi®,
Concentration of MgCl,: To determine optimal concentration &gCl, were used
following concentration: 1.5; 2; 2.5 a 3 mmol.dm
Concentration of deoxyribonucleotide Tested concentrations were 0.1; 0.2; 0.3
mmol.dni®.
Amount of Taq polymerase:To determine optimal amount of Tag polymerase were
added following amounts 0.1; 0.2; 0.3 a .40 the reaction mixture with concentration
of Taq polymerase 5 W™
Temperaturefor primer establishment. To determine optimal temperature for primers
establishment were tested tree temperatures: 3% 336°C.

All optimization reactions were repeated three sne@ prove result repeatability
of RAPD analysis. In polymerase chain reactionregheere also tested the negative
control-samples without DNA to determine the effexdt components concentration

on primer multimers synthesis in reaction mixture.

4.4.3. RAPD anylysis
Conditions for RAPD analysis were determined on lthsis of the optimization

of polymerase chain reaction as mentioned herealfdreactions were realized in 25
reaction mixture containing: 1x Dream Taq PCR Mdadbe (Thermo Scientific);
3 mmol.dm® of MgCl,; 0.1mmol.dn?® of deoxyribonucleotide; gmol.dm® of primer
and 50ng od DNA.

A set of two RAPD primers were used for screeni@®B-4 (GGACTGGAGT)
and OPB-14 (TCCGCTCTGG) (Operon Technologies Wiameda,CA, USA).

Time and temperature profile was as follows: 2 rtesuat 94 °C for initial
denaturation, 45 cycles of 1 minute at at 94°C denaturation, 1 minute at 36°C
for primer establishment, 2 minutes at 72 °C folyp@rization and last step 7 minutes
at 72 °C for polymerization in MyCycler™ (Bioradgwce.
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Electrophoretic separation of amplified productswperformed on 2% agarose gel
in 1x TBE buffer. Gels were run for about 3 — 3dufs at 55 V and visualized with a UV
transilluminator. Gel pictures were recorded usitig CSL-MICRODOC System
(CLEAVER, Great Britain). Fragment size was detewai by comparsion with the DNA
standard 250 bp ladder. RAPD fragments were estai as a presence or absence

of bands in the gel profile.

4.5. Statistical analysis

All statistical analyses were pemied using the SPSS 20.0 statistical software
package (SPSS Inc, Chicago, IL, USA). Kolmogorow8av test and Levene’s test were
used to check data normality and homogeneity aduae, respectively. One-way ANOVA
test was used to compare groups. Tukey post-hbeveessapplied in case of homogeneity
of variance, otherwise Games-Howell post-hoc t8sime variables were not normally
distributed, even after square root or log tramefrons. Therefore, non-parametric test
(Kruskal-Wallis) was used to check for differenessong groups. For all tests, differences

were considered significant at P<0.05. Descripsiagistics were also calculated.
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5. Results and discussion

5.1. Micropropagation

Shoot proliferation

The effect of BAP and KIN on the morphogenetic oeses of the explants after
30 and 60 days of culture is summarized in theetakdnd 6.

In first month of cultivation, the shoot regenesatiin the MS medium with
addition of KIN was from 85 to 100% and in the waats with BAP from 65 to 95%,
but in the second month of cultivation the percgataf regeneration decreased in variants
of culture media with KIN, there was 75-100% andvariants with BAP was only 35-
90%.

The reduction of the percentage of regeneration duses to death or hyperhydricity
of explants. Higher percentage of hyperhydricityswaported in explants cultivated
in higher concentration of BAP 1.0 and 1.5 mg/l.

The reduce of the percentage of regeneration wawtesl also in control variant
(from 85 to 65%), which was done by methylationidaetion) of the explants, which
turned brown and died.

The main criterion of micropropagation by nodalreegts is the new shoots and
nodes induction per explant (coefficient of micmgpagation). Nodal segments
of Monarda didyma have two axial buds, from which regenerate two
shoots as a rule one is longer than the second ¢hRigpl12A). But
sometimes only one shoot regenerates (Fig.12B).

Figure 12 Shoots and nodes induction per
explant. A. two shoots regenerated, B. one
shoot regenerated

Source Author (2014)
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After the first month of culture in terms of themier of shoots the best option
appeared with the addition of 0.5 mg/l KIN in MSanen, where were induced in average
1.90+0.31 shoots per explantat, but it is not $igant difference with the other treatments
(1.25+0.91 — 1.75%0.55 shoots per explantat) inaolgithe control (1.65+0.75) at level P =
0.05. But after the second month of culture, therage number of shoots increased
in most variants (0.70+£0.98 — 1.90+0.31) and betwsome variant is a significant
difference.After the first and second month of erdt the low number of shoots was
produced in the higher concentration (1.0 and Ig8)rof both citokynins (KIN and BAP).

Higher number of new nodes on longer shoot, aftst month of culture, was
induced in the treatment containing 0.5 mg/l KIN1&t1.14) and after second month
of culture, in the treatment containing 1.5 mg/NK({5.60+2.16) and in both cases existed
a significant difference compared to most of treaita. In second month of cultivation
the number of new node and length of longer shakevincreased in some variants with
KIN by 80 and 160%, respectivly.

In explants influenced by BAP the largest numbeneiv nodes in longer shoots
was produced in the lowest concentration (0.5 Migquamely 3.75+2.38.

In general, plants regenerated in media supplerdeni¢h BAP, where were
shorter plants compared to the plants regeneratetdia supplemented with KIN.

Plants influenced by KIN had in average longerrmbeles, thin shoot and longer
leaves. Plants influenced by BAP were stronger, badller leaves and in the base
of shoot was formed callus.

Within each variant and between variants, there wagreat morphological
variability visually (Fig.15), so in all variant wamade the test of genetic stability of
regenerated plants by using RAPD makers (see ahd&pte Evaluation of genetic
stability).

According to available information, there are notya studies with
micropropagation oMonarda didyma, therefore the results of this study are compared
with the results obtained in other species the lfamiLaminaceae. The maximum
regeneration (93.88%) and maximum number of sh@®@® + 0.05) , with average length
3.83 £ 0.11 cm, was achieved with medium containin mg/l BA after 4 weeks
of culture in Ocimum kilimandscharicum Guerke (Saha et al., 2010). These authors
confirmed that at higher concentration of BA redudbe percentage of the number
of shoots. Mehta et al. (2012) Mentha piperita L. reporte better results in percentage
of regeneration (40-80%), number of shoots (2.283t42) and shoot length (3.31
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to 6.56 cm) in medium supplemented with BAP thaN K30-75% regeneration of shoots,
number 1.28 to 2.42 and from 4.92 to 6.47 cm). riamtal segments witBalvia fruticosa
Mill Arik et al. (2004 ) get better results in tesmf shooting percentage, number of shoots
and shoot height in medium with BA than with KINIsA Coelho et al. (2012) reported
that the best results proliferation were obtainedThymus lotocephalus G. Lépez &
R. Morale swith BA than KIN, but in explants was sebved high percentage
of hyperhidric shoots. The same results were aelielty Hembrom et al. (2006)
in Pogostemon heyneanus Benth. Explants on control medium in first monfitolture had
rapid regeneration capacity, but the explants on m&lium with cytokinins (mainly
containing KIN) showed intensive growth in the emfdsecond month of culture (Fig.
13,14). The most intensive growth of explants waglent in all cases in the seven
and eight weeks of culture except the explantsucedt in higher concentrations of BAP
(2 and 1.5 mg/l). KIN in higher and in lower contration spositively affects growth
and developmenvonarda didyma, but high concentration of BAP has a negativectffe

on shoot growth iMonarda didyma.
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Table 5. Influence of cytokynins to the shoot proliferatiafter 30 days of cultivation
Source:Author (2014)

PGRS Shoot Shoots
variant concentration  '€generation Longer shoot  Shorter shoot Nodes on longer  Nodes on shorter
p per explant (cm) * (cm) * shoot (No) * shoot (No) *
(mafh) (%) (No) *
Control - 85 1,65+0,78 3,10+2,61° 1,06+1,34 1,95+1 54° 1,05+1,15
0,5 100 1,90+0,3% 3,30+1,71° 1,19+1,15 3,15+1,14 1,40+1,35
KIN 1,0 85 1,60+0,75 2,98+2,1% 1,40+1,61% 2,45+1,61°° 1,60+1,43F
1,5 100 1,75+0,58 3,53+2,17° 1,23+1,39 3,10+1,12 1,45+1,47
0,5 95 1,60+0,68 1,93+1,35 0,89+0,8CG° 1,90+1,68" 0,95+0,8F
BAP 1,0 70 1,25+0,9% 1,78+3,00 0,63+0,79 1,20+1,47¢ 0,75+0,97
1,5 65 1,30+0,98 0,53+0,65° 0,36+0,38" 0,70+1,03 0,55+1,05"

* Numbers followed by the same letter are not sigaiftly different (Kruskal-Wallis test, p < 0.05)



Table 6. Influence of cytokynins to the shoot proliferatiafter 60 days of cultivation

Source:Author (2014)

PGRs Shoot Nodes on Nodes on
. : . Shoots per Longer shoot Shorter shoot
variant concentration regeneration (No)* (cm) * (cm) * longer shoot  shorter shoot
mg/| (%) P (No)* (No)*

Control - 65 1,30+0,9% 5,568+5,21%° 1,98+2,95% 3,15+2,83F° 1,60+1,69

0,5 100 1,90+0,3% 8,59+4,83 3,12+3,9¢0° 5,40+2,09¢ 2,45+2 33

KIN 1,0 75 1,50+0,88° 8,0245,73 3,43+3,63 4,35+2,96° 2,45+2 26°

1,5 100 1,80+0,4%° 8,12+4,47° 3,11+3,68 5,60+2,16™ 2,80+2,88

0,5 90 1,80+0,62 5,34+4,15° 2,24+2 4% 3,75+2,38¢ 2,00+1,3C¢%

BAP 1,0 50 0,95+0,99° 2,79+4,31%¢ 0,87+1,40° 2,20+2,80°¢ 1,05+1,43

1,5 35 0,70+0,98 0,83+2,16% 0,32+0,50° 1,00+1,95 0,55+0,89

* Numbers followed by the same letter are not sigaiftly different (Kruskal-Wallis test, p < 0.05)
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Number of nodes on longer shoot

—e— Control
—=— 0,5 mg/l KIN
1,0 mg/l KIN
—¢—1,5 mg/l KIN
—%— 0,5 mg/l BAP
—e— 1,0 mg/l BAP
—+—1,5 mg/l BAP

0 days 30 days 60 days

Figure 13.Graph of number of nodes produced on longer shoot
Source:Author (2014)

Length of longer shoot

—e— Control
—=— 0,5 mg/l KIN
1,0 mg/l KIN
—>¢—1,5 mg/l KIN
—%— 0,5 mg/l BAP
—e— 1,0 mg/l BAP
—+— 1,5 mg/l BAP

Length (cm)

0 days 30 days 60 days

Figure 14.Graph of the length of longer shoot
Source:Author (2014)

44




A. Control plant B. Influence of KIN after 60 days of cultivation

C. Influence of BAP after 60 days of cultivation

D. Differences in culture medium with 0.5 mg/l BAP

Figure 15. Influence of cytokinins on the growth and devel@minof shoots after 60 days
of cultivation, A-D.
Source:Author (2014)
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Roots induction

The explants cultured on basal MS medium spontatgadnduced roots, but
in the treatment additioned with auxins was shovwégher frequency and number of
rooting (Tab. 7, Fig. 16,17).

In the first month, the percentage of roots induttivas low (20-50%), beside
variant of MS medium supplemented with 1.0 mg/l |Aghere the frequency of rooting
was 70%. In the second month of cultivation, thecgetage of roots induction increased
by 15% in total frequency of rooting 65% in contvakiant. In variants of media with IAA
roots induction increased more then 55%, whereaiiamt supplemented with 1.5 md. |
IAA the frequency of rooting was up to 100%. In tneatment with addition of NAA,
the frequency of rooting increased up to 50%, wheréhe variant with 0.5 mg/l NAA
the frequency of rooting was 80%.

The explants in the treatment with lower concemrafl.0 mg/l of IAA induced
a larger number of roots per explant (5.10£5.02) hare exist a significant difference
compared to most variants, but after second mohtiultivation the number of roots per
explant increased in all variants. In control variancreased the number of roots much
as 74% (from 1.50 to 5.75 roots per plant), the Ibeimof roots increased by 78%
in variants with IAA (from 1.00 to 4.65 roots pdapt) and by 91% in variants with NAA
(from 0.55 to 6.00 roots per plant), but a sigmifit differences do not exist between all
treatmets containing PRGs for root induction. Hogrethe most of roots (6.70+4.84 roots
per plant) were induced in MS medium with 1.0 ngA.

Also the average of longest root was achieved #iesecond month of cultivation.
The longest roots (0.84+0.66 cm) were induced imawa with 0.5 mg/l IAA, significant
differences exist compared to other variants besdiants with 1AA.

The number and length of the roots per explanteeed several times after the
fifth and sixth week of culture (Fig. 16, 17). Thesults show that for root proliferation
in Monarda didyma is appropriate to add auxins to cultivation mediumainly in lower
doses and it is neccessary longer time of culova(60 days) then shorter time period (30
days).

In comparison between medium with IAA and NAA, exqils preferably produced
roots in a medium with 1AA (Fig.18).

Prakash and Staden (2007) reporteHasiundia opposita Vahl (Laminaceae) 68%
of rooting on MS medium supplemented with 3.6 uMIAA after 30 days of culture.
In the same variant were obtained 5.3 roots peotsiith verage length of root 3.6 cm.
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In Salvia fruticosa Mill. Arikat et al (2004) observed0% of rooting in 2.9 uM IAA a 30%
in 2.7 uM NAA. Same authors obtained 2.6 numberoafts and 1.43 cm root length
in concentration 2.9 uM IAA and 1 root with roobggh 0.25 cm in concentration 2.7 uM
NAA. In higher concentrations of IAA and NAA is iitfited induction of roots (Arikat
et al., 2004; Prakash and Staden, 2007). Thesésreminfirm the results gained in this
study.

In other works and other species of the farhdyniaceae for induction of roots was
used IBA instead IAA and NAA. Saha et all., 201@0cimum kilimandscharicum Guerke
reported 25% rooting in nodal explants in conceimnal.5 mg/l IBA with number of roots
0.8 and root length 0.40 cm. But in %2 MS (MS hdtlesgth) medium in the same
concentration of IBA obtained higher percentageoot induction (81%), a larger number
of roots (3.18) and longer roots (1.24 cm). Mehtale (2012), have also achieved better
results in concentration 2.0 mg/l IBA, 90% induatiof roots, 3.6 number of roots and root
length was 1.68 cm. In the same concentration Bect® and Ksiksi (2007) ifieucrium
stocksianum Boiss, other medicinal plant from familyamiaceae, achieved 65% rooting
with average number of roots 5.2 per explnat. Buthe same concentration in v MS
mediu root proliferation was 100% and number otsquer explant were 19.2.

It seems that the familiiamiaceae species respond better at lower concentrations
of salt (1/2 MS media). Figure 19 shows a diagrénioo micropropagationMonarda

didyma - phenotypic response of culturesirvitro conditions.
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Table 7.Influence of auxins to the frequency of rootingnrier of roots per explant and length of roots.

Source: Author (2014)

variant concI;De?]It?thion Frequency of eEOIZ;St ?I\el(r)) Length of roots | Frequency of Roots per Length of roots
(ma/l) rooting (%) P . (average cm)* | rooting (%) *  explant (No)* (average cm)*
First month Second month
Control - 50 1,50+2,1%° 0,24+0,30° 65 5,75+4,8% 0,730,694
0,5 35 1,00+1,4%°®  0,30+0,44" 80 4,65+3,20 0,84+0,66®
IAA 1,0 70 5,105,032 0,37+0,33 85 6,70+4,84 0,71+0,45¢
1,5 45 1,30+1,58%¢  0,14+0,17° 100 4,95+2 11 0,49+0,24°
0,5 30 0,55+1,28  0,11+0,2¢°® 80 6,00+4,48 0,49+0,31°%°
NAA 1,0 35 0,8+1,36° 0,11+0,16® 60 2,60+3,32 0,27+0,27¢
1,5 20 0,50+1,18¢ 0,07+0,15° 65 3,05+2,39 0,25+0,23

* Numbers followed by the same letter are not digaitly different (Games-Howell test, p < 0.05)
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Number of root per explant

—— Control
—&— 0,5 mg/l IAA
1,0 mg/l I1AA
1,5 mg/l IAA
—#—0,5 mg/l NAA
—e— 1,0 mg/l NAA
—+—1,5 mg/l NAA

0 — T T
0 days 30 days 60 days
Figure 16. Graph of number of root per explat
Source: Author (2014)
Length of root
09
0,8 /-

—+— Control
—8—0,5 mg/l IAA
1,0 mg/l IAA
1,5 mg/l IAA
—#+—0,5 mg/l NAA
—e— 1,0 mg/l NAA

0 days 30 days

60 days

—+—1,5 mg/l NAA

Figure 17.Graph of length of root
Source: Author (2014)
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A. Influence of NAA after 60 days of cultivation

B. Influence of IAA after 60 days of cultivation

Figure 18 Influence of auxins on the growth and developnwérghoots after 60 days of
cultivation. A-B.
Source: Author
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Figure 19. Diagram of for micropropagatidionarda didyma - phenotypic response of culturedrirvitro conditions, diploid (2n = 32) and
polyploid plants (2n = 64) after 60 days of culture

Source: Author (2014)
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Interaction of Cytokinins and Auxins

In the terms of all observed parameters (numbeotshiongert shoot, shoter shoot,
number of nodes per explants on longer and shbtatsnumber roots and length of roots)
after the first month of cultivation, there wastatistically significant differences among
some treatments (Tab. 8). But after second montultitzation there were not statistically
significant differences among all treatments (TabThough the statistically significant
differences does not exist between the varianfgdaess cultivated on MS medium without
PGRs (controle variant) achieved better resultghia most of observed (Fig.20,21).
In comparison of interaction efficiency of IAA ar®iAP or NAA and KIN, the better
results were obtained in combination of 0.5 mg/lAlAvith 1.5 mg/l BAP. In this
concentration the longest shoots were obtained4403 cm), the largest number of nodes
on longer shoot (3.80+3.36) and on the shorter tsfibd0+1.35) and the higer number
of roots per explant (3.80+5.61). Within each varabetween individual explants were
observed physiological and morphological variapitiuring cultivation. In some variants
or explants was observed formation of callus. Attee second month, the percentage
of regeneration and roots induction ranged fromt®®0% compared to variants with
the addition of PGRs alone, where the percentagevesgy ranged from 35-100%.

Interraction of cytokinins and auxins (IAA and BARAA and KIN) in MS
medium seems to be no appropriate for micropropagatf Monarda didyma, because
the better results were obtained from culturesivaitd on MS medium supplemented
by cytikinins and auxins alone.

In Thymus lotocephalus (other species in familfzamiaceae) Coelho et al., 2012
obtained better results ( number of new shootepplantat) in concentration 0.5 mg/l BA
with 0.2 mg/l 1AA, but in 79% explants observea thyperhydricity. To the same results
came Bouhouch and Ksiksi (2007) ifeucrium stocksanum Boiss. (amiaceae)
in concentration 0.5 mg/l IAA with 3.0 mg/l KIN imonitoring of effect of different
combinations of plant growth regulators on shoatdpction. On the medium containing
2.22 uM BA and 0.49 uM IBA, Hembrom et al. (200@ported a larger number of shoots
per node and 80% of explants inducing shootsPogostemon heyneanus Benth.
(Lamiaceae) compared to the variants with addition of cytakghalone (BA and KIN)
or in combination of cytokinins (BA with Kin). Theytokinins in combination with auxins

commonly induce callogenesis in explants (Niwal.e2802; Manyra et al., 2009).
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According to the results iMonarda didyma it is better cultivate the nodal explants
on medium with individual content of BAP, KIN, IAAnd NAA, where were getting

better results.
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Table 8. Interaction between cytokinins and auxins aftedays of cultivation

Source: Author (2014)

Variant -PGRs Shoot Shoots per Longer Nodes on Nodes on Frequency Roots per Length of
i ] Shorter shoot i
concentration regeneration  explant (No)  shoot (cm) . longer shoot shorter of rooting explant (No) roots (average
(mg/l) (%) * ok (cm) (No)*  shoot (No)* (%) * cm) *
Control 90 1,90+0,33  3,21+2,36™ 0,91+1,12% 2,20+1,55°  1,10+1,10° 50 2,30+2,54 0,28+0,26"
0,5|AA+1,0BAP 90 1,3040,6%  1,36+2,34°  0,19+0,25°  0,90+1,29"°  0,10+0,32" 20 0,40+0,97 0,17+0,38
0,5|AA+1,5BAP 80 1,50+0,88°° 1,90+1,73°  0,69+0,8F"  1,80+1,75° 0,800,927 40 1,10+1,92 0,26+0,35
1,0NAA+1,0KIN 90 1,50+0,85°  0,44+0,45 0,19+0,14° 0,30+0,67  0,00+0,00% 30 0,80+1,46 0,2610,46"
1,0NAA+1,5KIN 70 0,80+0,78°  0,52+0,6C° 0,07+0,16°  0,40+0,70°°  0,00+0,00% 40 1,702,758 0,37+0,49

* Numbers followed by the same letter are not sigaiftly different (Kruskal-Wallis test, p < 0.05); KNumbers followed by the same letter are not digantly different

(Games-Howell test, p < 0.05)

Table 9. Interaction between cytokinins and auxins afted@éys of cultivation

Source: Author (2014)

Variant -PGRs Shoot Shoots per Nodes on Nodes on Frequency Roots per Lenght of
. . Longer shoot  Shorter shoot :
concentration regeneration explant (cm) **+ (cm) ** longer shoot shorter of rooting explant (No) roots (average
(mgll) (%) (NO) *** (No) ** shoot (No)* (%) b cm)*
Control 70 1,40+0,97 5,36+4,86 1,61+2,2¢° 3,20+2,94 1,50+1,52% 65 6,80£5,27 0,61+0,51%
0,5IAA+1,0BAP 80 1,40+0,84 1,78+3,05° 0,48+0,61% 1,40+1,9G° 0,40+0,70% 30 1,40+2,37 0,28+0,46
0,51AA+1,5BAP 60 1,20+1,03 4,2+4,03° 1,13+1,18 3,80+3,36' 1,40+1,35° 50 3,8045,6F 0,83+0,95
1,0NAA+1,0KIN 70 1,20+1,08 1,12+1,44 0,53+0,77 1,20+1,23 0,70+1,25 40 3,7045,1G 0,46+0,70%
1,0NAA+1,5KIN 50 0,80+0,92 1,83+4,16 0,12+0,26" 1,10+1,73 0,20+0,42 30 3,4046,19 0,30+0,59

* Numbers followed by the same letter are not gigantly different (Kruskal-Wallis test, p < 0.05)% Numbers followed by the same letter are nohffigantly different
(Games-Howell test, p < 0.05); *** Numbers followbg the same letter are not significantly differ€fkey test, p < 0.05)
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Length of longer shoot

—<— Control

—8—0,5IAA + 1,0 BAP (mg/l)
0,5 1AA + 1,5 BAP (mg/l)

~—2¢—0,5 NAA +1,0 KIN (mg/l)

—¥—0,5 NAA +1,5 KIN (mg/l)

Length (cm)

0 days 30 days 60 days

Figure 20. Graph of interaction of cytokinins and auxinstie tength of longer shoot

Source: Author (2014)

Number of roots per explant

—<&— Control
—=8— 0,5 IAA + 1,0 BAP (mg/l)
0,5 I1AA +1,5 BAP (mg/l)

S
~——¢—0,5 NAA +1,0 KIN (mg/l)
—%— 0,5 NAA +1,5 KIN (mg/l)

0 days 30 days 60 days

Figure 21. Graph of interaction of cytokinins and auxinshe humber of roots per explnat

Source: Author (2014)




5.2. Transfer to ex vitro condition
In vitro rooted plants (76% average from all variants) veerdimatized irex vitro

conditions with the success rate30%. The plantsndidshow morphological differences.
From the all tested variant the best acclimatizéhtp were from variant of culture
medium supplemented with 1.0 and 1.5 mgkIN a 1.5 mgt IAA (Fig.22.).
The successful transfer depends on the vitalitge sof plants, humid condition
and temperature. Stronger plants had a better ropgfosurvival. Better results were
obtained in other species bhmiaceae family: Thymus lotocephalus (93.33%) (Coelho
et al., 2012),Salvia stenophylla (75%) (Masarurwa et al., 2010%alvia africana-lutea
(88%) (Mankunga et al., 2008). The results dematestthat the Crimson Beebalm is not
a plant resistant and very adaptable to changegosting conditions. There have to big
caution during transferring. It will be necessaoy drepare protocol for better transfer

invitro plants toex vitro conditions.
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Figure 22. The best transferred plants; A - plants from tresatt with IAA 1.5
mg/l; B - plants from treatment with KIN 1.5 mg/I
Source: Author (2014)
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5.3. Induction of polyploidy and detection of ploid level
Nodal segments exposed to 40, 60 anduB0of oryzalin for 24 and 48 h were

cultivated for 3 weeks on MS medium and the cutusere incubated at 25/20 + 0,3 °C
under a 16/8 h light regime in cultivation box wifROL-EKO ILW350/350 STD),
with 2500 lux light intensity provided by cool vi&ifluorescent lamps (Philips LT5 14
W/840). Then the viable explants were multiplicatedhe next generation by using nodal
segments. The percentage of viable plants was2/Bl % (Tab. 10).

The detection of ploidy level by using flow cytotmewas carried out 2 months
after the oryzalin treatment. 39 influenced ando8tmwl samples were analysed on flow
cytometer. Flow cytometric analysshowed the relative DNA content in histogram with
a peak corresponding to GO/G1 nuclei of the corgraht (diploid) (Fig. 23A.). From 39
influenced plants we obtained 1 tetraploid fromatneent of 4QM of oryzalin for 24h,

3 tetrapoids from tratment of 6M of oryzalin for 24h (Fig. 23B.) and triploid
from treatment of 60M of oryzalin for 48h (Fig. 23C). Polyploidizatioefficiency (%)
according to the variants ranged from 1.4 to 4.3%.

Morphological changes were observed in 2 sampbespared to control plants.
Both samples treated in @M of oryzalin for 24 and 48 hours had significanslyorter
internodes, more leaves per explant different shape of leaves (Fig. 24,25.) congpare
to the control plant (Fig. 26).

Changes were obtained also in the size of stommathe bottom part of leaves
of tetraploid plant (60/24) compared to diploid mgla(control plant) (Fig.27).
On the average, diploids and tetraploids have annf®amata) length of 31.42 + 1.5
and 45.39 + 2.74um, respectively.Average size of stomata of contaht was 349 8m?
and 425.09um? of tetraploid plant.

From direct counting of chromosomes we did notawbtany relevant figure
for processing. We achieved only reprezentativairigof chromosomes in the cell
of control plant (diploid) (Fig.28).

The purpose of polyploidization was to increaseteoh of substance and the
control samples ah vitro cultivated plants have a 0.742 mg of thymoquinpaegram of
material, but in polyploids has not yet been ddhevill be the subject of further study.
According preliminary results fronm vitro cultivated plants, content of substances is less
in comparison with plants cultivated vivo. It will be comparedn vitro plants (controle

and polyploid). Then the same will be done aftdinaatization of polyploids inn vivo.
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Table 10. Effect of in vitro oryzalin treatment on the survival rate and numbgr
polyploids inMonarda didyma

Concentration Treatment  No. of Survival  No.of  Polyploidization

Treatment duration explants 0 . A )
(M) (h) examined rate (%) polyploids efficiency (%)
24 70 11.4 1 1.4
40
24 70 24.3 3 4.3
Oryzalin 60
48 30 7.1 1 3.3
24 30 12.9 0 0
80
48 30 0 0 0
Total 260 5 1.92
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corresponding to GO/G1
nuclei of the control plant on
channel 100

B. Histogram of relative DNA
content with a peak
corresponding to GO/G1
nuclei of the plant sample 60
uM for 24 hours, likely
polyploid (tetraploid) plant on
channel 200

C. Histogram of relative DNA
content with a peak
corresponding to GO/G1
nuclei of the plant sample 60
uM for 48 hours, likely
polyploid (triploid) plant on
channel 150

Figure 23.Histograms of
ploidy level
Source: Author (2014




Figure 24.Polyploid plant - 6QLM/A8‘F1.0U - hole plant (8.5cm), B- roots. Caves
from the top and bottom side, D - leaf (1.6 cm)
Source: Author (2014)

Figure 25.Polyploid plant - 6QuM/24 hours; A- whole plant (10.2cm), B- roots. €aves
from the bottom side, D - leaf from the top side9(6m)
Source: Author (2014)
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Figure 26.Control plant; A- whole plant (11.3cm), B- roots, I€aves from the bottom
side, D - leaf from the top side (1.2 cm)

Figure 27. Comparision of stomata size in diploid plant éhd tetraploid plant 60/24 (B)
Source Autor (2014)

Figure 28. Chromosomes of
diploid plant

SourceAuthor (2014)
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There is no available information about inductainpolyploidy in Monarda spp.
orin Lamiaceae family by oryzalin treatment. From the same fgmilamiaceae
was induced polyploids in BasiD¢imum basilicum L.). Omidbaigi et al. (2010) used
for polyploids induction colchicine as an antimitodgent. Treatment of 0.5 % colchicine
showed the highest efficiency for tetraploid indmet by treatment of growing point
of seedlings, at the emergence of cotyledone lestagge. At induced tetraploids in basil
were showed larger stomatas and pollen grainseaser in chloroplast number in guard
cells and decrease in stomata density, compareéiplmd control plants.

The polyploidization efficiency oMonarda didyma in total was very low 1.92%.
Viehmannova et al. (2009) reachedSmnallanthus sonchifolius Robinson efficiency 3.33%
by using oryzalin treatment. In case Wffiucus tuberosus Caldas, there was polyploidy
efficiency only 2.5% (Viehmannova et al., (2012png (2008) reported the percentage
of tetraploid induction low: 1.39% in colchicine dan0.70% oryzalin treatments,
respectively.

From other familyApiaceae in medicinal planCentella asiatica L. was induced polyploids
by using in vitro-grown shoot-tips. The ploidy léveof regenerated plants ix vitro
conditions were determined by flow cytometry andd&termining chromosome counts.
Treating shoot-tips with colchicine concentratioasging from 0.05-0.20 % for 12 and 24
h promoted induction of tetraploids. Tetraploid mitademonstrated significantly longer
stomata and a higher stomatal index compared teetlud the diploid control plants
(Kaensaksiri et al., 2011).

Oryzalin as a antimitotic agent was used in stathallum et al. (2004), where
were also exposed to nodal segmentsRo$a rugosa Thunb.. Most successful was
treatment 5uM for 12 hours. Other Rosa species produced masipleids after same
oryzalin concentration as iRosa rugosa Thunb., indeed exposure time was longer (24 h)
(Kermani et al., 2003). Sakhanokho et al. (2009oreed successful use of oryzalin
treatment irHedychium muluense Smith (Zingiberaceae). The most efficient treatment was
that callus was exposed to M oryzalin for 72 h. Viehmannova et al. (2009) repd
successful oryzalin treatments, which were appbaednodal segments ddmallanthus
sonchifolius Robinsonfrom family Asteraceae. The treatment of 2hM oryzalin for 48 h
had a highest efficiency for tetraploid inductidtolyploidy inducing protocol according
was also used fddllucus tuberosus Caldas Basellaceae family, by using nodal segments.
The most efficient treatment was @M oryzalin for 24 h and to 2bM oryzalin for 48 h

(Viehmannova et al., 2012).
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Fong (2008) reported that the stomata size o&pédrds of Nepenthes gracilis
(Korth.) were significantly larger than stomatadploids, while the stomata frequency
was lower in tetraploids than diploids. On the ager, diploids and tetraploids have
a mean length of 31.42 + 1.8 and 45.39 * 2.74m, respectively. In the case Gbffea
canephora (Pierre ex A.Froehner) was noticed a significaatuction in stomatal
frequency from diploid to tetraploid level which svdue to larger epidermal cell size and
less stomatal differentiation at the tetraploidelefMishra, 1997). The stomata length and
width in Gerbera jamesonii (Bolus cv. Sciella) were significantly higher iatriaploids
(34.55 and 28.58m) over that of the diploids (27.41 and 26,46) (Saikat et al., 2011).
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5.4. Evaluation of genetic stability

The amplified DNA products were screened in tweghlants obtained from
each variant of micropropagtion (A1-A12), two pdhid (2n=4x) plants (P1-
2) and compared with DNA template of control plé@db). A set of 2 RAPD
primers were screened. In total, out of these trumgrs were produced a total
of 12 clear and distinct bands. Results of theymmal(Tab. 11) revealed that
there were not differences between treatments. @mmplified products
of primers OPB-4 and OPB-14 were monomorphic acrassregenerated
plants and were similar to the control. During imaltion the micropropagated
plants was no mutation. Primer OPT-4 produced 6afde bands in range 400-
1000 bp and primer OPB-14 produced also 6 scolzdels in range 250-750
bp. Figure 29 and 30 show monomorphic patterns iroddawith RAPD

primers.

Table 11 RAPD primers used for detecting the genetic &tghbn regenerants
of M.didyma and the bands generated (bp= base pairs)

Primer No. of scorable bands No. of Frequency of Approximate
code Primer sequence 5'- 3° per primer total monomorphic  size range
(total/polymorphic) bands band (bp)
OPB-4 GG ACTG GAGT 6/0 90 100 % 400-1000
OPB-14 TCCG CT CT GG 6/0 90 100 % 250-750
Total - 12 180 - -
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Figure 29. Monomorphic profile using primer OPB-4. bp: basergalL: 250bp DNA
ladder; Co: control; A1-P2: regenerants.
Source: Author (2014)
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Figure 30. Monomorphic profile using primer OPB-14. bp: basarg L: 250bp DNA
ladder; Co: control; A1-P2: regenerants.
Source: Author (2014)
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In literature, genetic stability or variability oplants propagated via direct
organogenesis is assessed by molecular markerndeeisn

Martins et al. (2004) established RAPD and ISSRilyas for evaluation
of somatoclonal variation. For analysis were usktfets obtaind from in vitro cultures
cultivated on MS medium with addition of PRGs - IBIAA. A total of 64 RAPD and 10
ISSR tested primers showed monomorphic amplificapoofiles. These results suggest
that the culture conditions used for branching ifedrtion are appropriate for clonal
propagation of almond plantlets.

RAPD markers were used to determined the gentlulisy of micropropagated
shoots ofPinus thunbergii Parl. During this analysis exhibited no deviationRAPD
banding patterns among the tested shoots. Thes#sshere cultivated on LP medium
with BAP. These results show that the regenetrémis1 our plant micropropagation
system are genetically stable (Goto et al., 1998).

Rout et al. (1998) used RAPD markers for detectibvariation inin vivo and
invitro cultivated plants. All RAPD profiles from microgagated plants were
monomorphic. No variation was detected within therapropagated plants. In vitro plants
were cultivated on MS medium supplemented with B&BE 1AA.

RAPD markers were also used for detection of dldility in microrhizomes
of Turmeric, which were cultivated on MS medium twBBA and NAA. RAPD profiles
revealed that all the bands produced by microrhzamiduced plants were monomorphic
and similar to the mother plant for all the primezsted (Archana et al., 2013).

In genus Monarda was applicated molecular markalg in Monarda fistulosa,
where were tested genetic variation betwéénfistulosa var. fitulosa and var. brevis.
Kimbal et al. (2001) tested ISSR markers for esthbient of diversity from the leaves,
which were kept fresh at 4°C. This study utilizi®5R markers indicated that these two
varieties are distinct.

Genetic fidelity of plants propagated via direcganogenesis have been proved
using ISSR and RAPD markers in following plant sescGerbera jamesonii Bolus
(Bhatia et al., 2011), Simmondsia chinensis (LiBkhneider (Kumar et al., 2011), Olea
europaea L. (Leva and Petruccelli, 2012), Guadgaistifolia Kunth (Nadha et al., 2011),
Aloe vera L. (Rathore et al., 2011) and in manyeath

In case of kiwifruit Actinidia deliciosa) were compared RAPD and SSR molecular
markers to detection of genetic variability. Therere analyzedn vivo andin vitro kept

plants. Both DNA based techniques were able to &yrgdl of the genotypes, but only SSR
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markers could detect genetic variation induced iaropropagated plants. Palombi et al.
(2002) conclude that when the tissue culture tephnis used, the analysis of somatoclonal
variability could require more than one DNA - basechnique.

Somaclonal variability obtained with multiplicatioof plants through direct
organogenesis can be influenced by rate of muiagbn, number of subcultures, plant
genotype, concentrations of PGRs and the rate ibaliexplants (with a large number
of multiplication cycles the final rate of variantsthe population will be very high (Bairu
et al., 2006; Skirvin et al., 1994).
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6. Conclusion

Monarda didyma L. is a very promising plant in terms @f vitro propagation,
it shows high ability to respond to PGR supplememns shoot proliferation and root
induction. Formation of shoots and new nodes at low conceotraif cytokinins was
found however treatments of higher concentrati@mstave a negative influendsl auxin
treatments were very effective in root inductiorpessally their higher concentrations
(2.0 mg/l I1AA).

RAPD molecular analysis demonstrated that the nexgeed plants from nodal
segments cultivated on MS medium with different gements of PGRs have genetic
stability, which is adequate for the multiplicatiohidentical plants imn vitro cultures.

The obtained results can be used for the rapidiphication newly gained varieties
in breeding programs. By using somatic polyploii@ain vitro were obtained triploid
(2n=48 chromosome) and tetraploid (2n=64) planteesé obtained polyploids will
be the subject of research in terms of contenthgmbhydroquinone, dithymoquinone
and thymoquinone.

Results fromin vitro micropropagation, the genetic stabilityiafvitro propagated

plants andn vitro polyploidy are primary in this species.
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8. Appendix

Table 12.The composition of the MS medium

Source:Murashige and Skoog (1962)

Medium Murashige — Skoog

Stock solutions for 1 liter of

Batch size to 1 liter of stock

On the 1 liter to

distilled water solution measure (pH 5,7

NH4NO3 16,59
KNO3 199

A |CaCl2 3,39 100 mi
MgS04 x 7TH20 3,79
KH2PO4 1,79
H3BO3 0,62 g

B |[MnSO4 x 4 H20 2,23 ¢ 10 mi
ZnS04 x 4 H20 0,86 g
Kl 0,083 g

C 10 mi
Na2MoO4 x 4H20 0,025¢g
CuS0O4 x 5 H20 0,0025 g

D 10 ml
CoCIx 6 20 0,0025 g
Na2EDTA 3,72 ¢

E 10 ml
FeSO4 x 7 H20 2,78 ¢
nicotin acid 0,059
pyridoxin 0,05¢

\% 10 mi
thiamin 0,01g
glycin 0,29

Direct batch size to the medium:

Myoinositol 0,19
Sucrose 3049
Agar 849
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