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Abstract

Puya berteroniangBromeliaceae) is a plant with very attractivegusise flowers
that have a great potential to be used for ornamhgnirposes in a large scale. The aim
of this thesis was optimization af vitro propagation and assessment of genetic fidelity
using molecular markers and flow cytometry. An@éfint protocol foiin vitro propagation
via direct morphogenesis was established. Benzylamirine (BAP) and zeatin alone
or in combination withn — naphthaleneacetic acid (NAA) were examined Heirteffects
onin vitro offsets induction. Media containing NAA or inddeacetic acid (IAA) did used
to optimize rooting. Fom vitro propagation, the most effective was medium enddhe
0.1 mg.I* BAP and for rooting medium containing 0.3 MigNAA. Genetic stability of the
regenerated plants was determined by inter simplguence repeat (ISSR) markers
and flow cytometry analysis. Out of 170 plantlet§, were used for screening. 11 ISSR
primers produced totally 19 clear and reproducli@ads resulting in a total of 253 bands
where the banding pattern per each primer was yighiform and identical to the mother
plant from which the tissue cultures had been éstedu. Flow cytometric analysis did not
reveal differences in ploidy levels. The occurreatsomaclonal variation did not detected
and thus, process ah vitro production can be used for mass production Pof

berteroniana

Keywords: direct morphogenesis - flow cytometry - genetidiBtg - molecular markers-
plant growth regulatorsRuya berteroniana

Vi



Abstrakt

Puya berteroniangBromeliaceae) je rostlina s atraktivnimi tyrkygou kveéty,
vyuzitelnymi pro okrasné dagly. Cilem této prace byla optimalizace proceésuvitro
mnozeni této rostliny a éteni genetické stability za pouziti molekularnichrkea.
Tvorba adventivnich odnozi byla testovana na kaidtiich médiich s fidavkem bd’
pouze 6-benzylaminopurinu (BAR) zeatinu, nebo v kombinaci s kys. naftyloctovou
(NAA). Pro zakd@enovani odnozi byla testovana médiariglavky NAA nebo kys. indolyl-
3-octové (IAA). Nejefektivisjsiho odnoZovani rostlin bylo dosaZeno na médiul sviy.I*
BAP a kdeny se nejlépe t¥idly na médiu s 0.3 mgl NAA. Geneticka stabilita
regenerovanych rostlin byla &ovana pomoci ISSR (inter simple sequence repeat)
markefi a pitokové cytometrie. Ze 170 rostlin bylo nahédrvybrano 10
regenerarit. 11 ISSR primer generovalo celkem 253 jasma dole reprodukovatelnych
bandi u vybranych regenerant Ziskany poéet band na jeden primer byl 19. Ziskané
spektrum pro dany primer bylo vzdy uniformni proeeSny testované vzorky a bylo
identické se spekterem migké rostliny, ktera byla pouZzita jako vychozi riosty
material pro tkAové kultury.

Kli ¢ova slova: geneticka stabilita - molekularni markery utpkova cytometrie - fiima

morfogeneze Puya berteroniana ristoveé regulatory rostlin
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1. Introduction

Blue Puya[Puya berteroniangMez)] from the Bromeliaceae family is a perennial
plant cultivated mainly in the Chilean region fbotisands of years. Plants are harvested
by local people mainly for ornamental purposes.sT¥pecies has a great potential to be
used also commercially in a larger scatowever, optimization of mass propagation
of plant material is needed.

Recently,P. berteronianais being propagated mainly by seeds. However, alexu
way of reproduction is slower and more difficultopess than asexual propagation.
Development of plants obtained from offsets is m@agid, but propagation coefficient
of vegetative propagation is very low. Thus,vitro technologies represent an effective
method for large-scale propagation of plants. DRinemrphogenesis tends to provide
genetically identical plants, necessary for flowmesiss production. Nevertheless, true-to
typness is necessary to asses and exclude there&woer of somaclonal variation
in regenerated plants.

Therefore, the objective of this study was to depedn appropriate method, which
could allow the regeneration of plants Bilya berteronianavia adventitious shoot
and evaluation of genetic stability of vitro regenerants using ISSR markers and flow

cytometry.



2. Literature review

2.1. Bromeliads

The Bromeliaceae is a monocot family contains gumiand the fascinating plants,
occur mainly in the world tropics and West Indexcépt one species, that occurs
in western AfricaPitcairnia feliciana (Givnish et al., 2004). Family contains over 3000
described plant in more than 56 genera, that am#amcal, morphological and ecological
variable (Mez, 1896; Padilla, 1973; Rauh, 1979)ydhitic bromeliads are very important
for nutritient cycle and supporting of animal conmities in the canopy (Lowman
and Ganesh, 2013). In general, Bromeliads are gesipe, it is easily to grown and the
requirements for care are very small. The Bromsliade mainly cultivated for their
fascinating long lasting blooms and ornamental afj$i. There is a wide range
of ornamental plants from miniatury to giant siBeifzing, 2000). Disjunct distribution is
a result of recent long range dispersal event (Ghvret al., 2004). Harvesting
of bromeliads is common in Neotropics (Haeckel, &0@specially for ornamental
purposes and religious decorations (Lowman and ssar#13).

Bromeliads were discovered before 500 years, bys@mher Columbus, whose
was introduced the pineappl@nanas comosyigo Spain during his second voyage to the
New World. Bromeliads needed some time for adaptatind addition into the cultivation
system. This period was until 1776, when the odycies was introduced to Europe
(Guzmania lingulaty followed by Vriesea spledensn 1840 (Benzing, 2000).

The systematic, history and functional biology ebBeliaceae allow to reconstruct
the adaptive radiation and to impute the conditimingild ancestors and habitats. Structure
of DNA provides the robust phylogeny within the f§mand phenotype is responsible
for current adaptive variety in each ecosystem ¢i®y) 2000).

During the last hundred years, Bromeliads becomeemopular and widely used
as a ornamental plant around the world, Bromelizats found in greenhouses, gardens
and also in the botanical gardens and in wild. @encial production began during

numerous Old World sites (Benzing, 2000).



2.2 Puya berteroniana

2.2.1. Taxonomy and relative species

Puya includes Puya berteronianpis a large genus of ornamental, terrestrial
bromeliads belongs to the Bromeliaceae or Pineafgptely and to the Pitcarnioideae
subfamily. Very often is called a ,sister* of thedBnelioidese subfamily (Givnisét al.,
2007, Givnishet al., 2004; Horreset al, 2000; Terryet al., 1997). Subfamily
Pitcarnioideee is characterized by ovary, fruit aadd characteristics (Harms, 1930; Smith
and Downs, 1974; Smith and Till, 1998). According Givnish et al. (2007)
the subfamiliar concept is divided into six mainmaphyletic groups: Brocchinioideae,
Linamanioideae, Navioideae, Hechtioideae, Pitcaleme and Puyoideae.

The genusPuya was firstly recognized by Ignacio Molina in hisd@jio sulla
storia naturale del Chili” in 1782. Since the fidgscription of the genus, every year
a knowledge abolwRuyaincessantly increases (Mez, 1896; Smith and Do®&4; Smith
and Till, 1998; Luther, 2010).

According to Luther (2004) the genuduya describes more than 200 species.
Georaphically isolated group ¢fuya species, which is restricted to the Chilean region
(Smith and Downs, 1974) represent a strange ceoitraliversity within a genus
(Varadarajan, 1990).

The genus was divided into two subgendtaya and Puyopsis(Smith, 1970).
There is one very important difference betweendhms#generaPuyashows the fertile
flowers along the branches of inflorescence BRuogopsisdoes not show fertile flowers
of inflorescence (Smith, 1970; Smith and Downs,4)9As shown in Figure 1, subgenus
Puyopsiscomprises more species thBaya because according Smith and Downs (1974)
the subgenudPuya comprises only eight specieRuya boliviensis, P. raimondii, P.
weddeliana, P. berteroniana, P. alpestris, P. algis, P. gilmartiniaeandP. castellanosii.
While the subgenuBuyopsisincludes 20 speciesP. laxa, P. westii, P. ferruginea, P.
nitida, P. floccosa, P. aequatorialis, P. spathacPacoerulea, P. venusta, P. medica, P.
venezuelana, P. pygmaea, P. aristequietae, P. ssint®. cuatrecacasii, P. trianae, P.
ferreyrae, P. nutants, P. dougotianadP. retrorsa

Puyarepresent an important part of phylogenetic treenffamily Bromeliaceae
(Schulte and Zizka, 2008).



— Puya laxa
—— Puya westii
— Fuya ferruginea
FPuya nitida 5
—— Puya loccosa u
Puya aequatonalis b
Puya spathacea 1
Puya coerulea c]
Puya venusta "
—— Puya medica o
— Puya venezuelana i
— Puya pygmaea ¥
— Puya arisleguielae o
7 Puya santosii L
Fuya cualrecasasi f
’ Puya trianae A
Fuya femeyrae
Puya nutants
— Puya goudotiana
— Puya relrorsa =i
—— Fuya chilensis by
[__: Fuya castelianosii b
Puya raimondif g
—— Puya gilmartiniag @
I FPuya boliviensis n
; Puya berleroniana e
_‘—E: Puya alpestris u
Puya weddelliana | ¥
B

Figure 1. Division of species into subgenePalya and Puyopsisaccording to Hornung-Leoni and Sosa
(2007).

2.2.2. Common names

Puya berteronianais also known adPitcairnia berteroniana In Great Britain
and Ireland is used name BlBaya(Weiliang, 1997) or Turquoideuya In Chile are used
these vernacular names in Spanish language: Chatgalis used Chagualillo, Cardon
(Gourlay, 1952), Maquey, Chagnalillo and Mapacheused in Costa Rica (Benzing,
2000).



2.2.3. Origin and geographical distribution

Plants from genudPuya come from the New World, native to southern parts
of South America. According to Jabaily and Sytg(2@12), Puya species are primarily
found from sea level > 4,500 m elevation, but mgjoof the species we can find
above 1,500 m a.s.l., this genus can occur in ddyadso in moist habitats. Therefore we
can find Puya species from Cordillera to Tucuman in Argentinab@ily and Sytsma,
2012) and trought Costa Rica (Schutel.,2010). Most oPuyaspecies are located along
to the range of Central America mountains and tnoogd and high elevations of Andean
mountain and also we can find the occurrence inétevations of Chile. Mediterranean
region represent the lowest elevation range Pofya (Jabaily and Sytsma, 2012).
This region is separated from the distribution diev Puya species in parts of Andes
(Jabaily and Systsma, 2010; Rundel and Dillon, 188ith and Downs, 1974). Majority
of ChileanPuyaspecies represent a very large area of distributidere the plants occur
along climatic and ecological gradient, accordimig tistribution the ChileaRuyacreates
the large morphological variation between spectehlteet al.,2010).

Puya species are one of the most important recognizadponents of high
elevation, paramo, subparamo, coastal Chilean mahtand puna vegetation (Luteyn,
1999). As shown in Figure 2, the considerable graiupeven specie®( berteroniana, P.
alpestris, P. venusta, P. boliviensis, P. chilenBisgilmartiniae, P. coeruejaare primarily
found above the sea level in Central Chile. Two ©mm species are found in the paramo
regions of Ecuador P. clava-berculisand P. bamata.P. berteroniana, P. chilensis, P.
gilmartiniae and P. alpestrisare originated and restricted to higher elevatiohsentral
Chile. P. boliviensiscan be found in north Chil®. wedellianamainly grow in southern
Bolivia, P. castellanosioccurs in Argentina an®. raimodii occurs in Peru and Bolivia
(Jabaily and Systsma, 2012).

The diversity of wet and dry habitats®fiyagenus is a huge. According to Jabaily
and Sytsma (2012) the vegetative and floral ditereif species shows noticeable

morphological variations, structure and color offers (see Figure 3).
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Figure 2. Distribution of PuyaandPuyopsisspecies based on the herbarium specimen (RundeDélon,
1998; Smith and Downs, 1974).
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Figure 3. Diversity of PuyaspeciesLeft gray box shows the members of subgeluga Species marked
by black line are originated from Chile (Jabailyeéytsma, 2012).



2.2.4. Ecology

Family Bromealiaceae represents group of plantgsiwisually grow in grave soll
and for their growth, low temperature is typicale(2ing, 2000).Puya berteroniana
normally requires extremely arid conditions butigtalso one of Bromeliaceae plant,
that can resist freezing temperatures, but isagletdnt to snow and it is growing in colder
climates usually about — 5 °C — typical morningstrof Central Chile (Benzing, 2000).
Nowadays these plants are mostly found from seal lelse to > 4,500n elevation
(Jabaily and Sytsma, 2012).

Growth ofPuyais restricted to several environmental conditidfiabitat is divided
according to the altitud€?uyaspecies can occur in medium altitude up to thédimine
and also in low altitude — mainly in valleys anccmastal mountains. As shown in Table 1,
Puya species can occur in different hardiness zones feoto 11 with different range
of temperature. Hardiness zones are geographichiided areas according to the
temperature and climatic conditions, where the ifipecategory of plant life is capable
of growing. These zones in South America include bility of growing of P.
berteroniana.This division plays very important role in abilitpy survive during the

minimal temperature of each hardiness zone (JabadySytsma, 2012).

Table 1.Hardiness zone showing the occurrencBwfa berteronianan different hardiness zones according
to, where the small index of letters means the easfgtemperature in certain region (Jabaily andsi@wgt,
2012)

Hardiness zone Temperature (°C)
9a to—-6.6
9 to—3.8
10a to-1.1
10b to 1.7
11 above 4.5

Puya berteronianas a drought - tolerant plant but in dry areaserehthe drought
occurs more than 3-5 months, the requirements dferware about 400-800 mm

of precipitations, usually concentrated in winteripd.



Dry and arid areas, where the drought period Igstabout 6-10 months,
requirements of water for plants are about 100300 of precipitations, concentrated
in winter period too. Plants require full sun expes(Benzing, 2000).

Typical kind of soil forPuyaspecies is gravel soil. Scale of soil pH is vdadiom
6.1 to 7.8. It can be grown in mildly acidic, alkaiand neutral soil. It can be also adapted

to the loam, loamy sand and sandy loam soils (BgnZ000).

2.2.5 Morphology and reproductive biology

Puya genus is effortlessly recognized from others gemdry the petal blades,
which are diverse from the claw and spiral togetifezr anthesis and by the appendaged
seeds, triangular leaf blades and superior ovarké£t al.,2013).

The color of petal is the most important sign fecagnition of species group.
The groups are divided into the four groups acecwydhe color of petals:

1) Greenish-yellow - P. chilensis group including P. boliviensis, P. chilensis,
P. gilmartiniag

2) Blue—green—P. alpestris group including . alpestri

3) Blue- P. coerulea group including . coerulea, P. venusta

4) Color is unknown (Zizkaet al.,2013)

From point of view of botanical characteristie. berteronianawas a very
problematic species in recognition in region of IESmMiIth and Looser, 1935; Gourlay,
1952), because the identity and taxonomy of thexigs was not clear (Smith and Looser,
1935). There was no similar species until the staflgpecimen by professor Benoist
(Smith and Looser, 1935) who declared, that Bheberteronianacan be synonymous
to the specieP. alpestris

After this, Smith and Downs (1974) declared accuydiheir study that the both
species are separate and keep intoPiinga subgenus. The nanie berteronianais used
now for the tropical plant with blue larger flowensth more branches in inflorescence
in the comparison with thie. alpestrigZizkaet al.,2013).



2.2.6. Habit

Puya berteronianais a large, evergreen, terrestrial, perennial sae@ plant.
It usually looks like as agave or grass clump agidtit is about 3—4.7 m and width is from
0.9 to 2 m. A low stem of plant bears giant rosetieleaves (Weiliang, 1997).

2.2.7. Foliage

As shown in Figure 4, the simple leaves are spirafld densely arranged into the
rosette. The color of leaves is variable from silieedeep gray. The vein is parallel. Base
is dilated. The margins are serrate and sharpwisthle spines. Spines play important role
in plant protection, because the plants use theespfor trapping of anything that can fall
into a rosettePuyasare a protocarnivorous plants, they are morphotdgdaptedto the
conditions mainly by spines or trichomes, whichuged for traping and killing insect
or animals. The animal can trapped and entangletth@ir spines. Spines are used also

for protection from graizing animals. Texture oé leaves is smooth (Zizks al.,2013).

L = " i, zimmerpflanzen.ws

Figure 4. Foliage ofP. berteronianaA — Arrangement of leaves into the rosettes, $pines on the leaves
(Photo: Natur-time Worldpress, Arboretum Santa CRA 3).
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2.2.8. Inflorescence

Typical for Puyagenus is presence of sterile apex. Basal partfloréscence from
(1.6 — 3.2 cm) is sterile. The shape of infloreseers usually wide and triangular, about
(19.5 — 28 cm) long. The rachis is protected bysdesover of trichomes. Bracts are brown,
membranous and the size is about (8.5 — 12.5 xc®)p Floral bracts can be elliptical
or sometimes can be ovate, floral bracts exceedsépeals (2 - 5 x 0.7 — 1.4 cm). Size
of pedicels is (5 — 12 x 1.5 — 2.5 mm). As showrFigure 5, the giant flower spike
produces clusters (Zizlet al.,2013).

Flower size can be different, but still is in tlEnge of (2.7 — 5.2 cm) long. Range
of flower color is extensive from metallic — turgse to green and blue-violeRuya
berteronianais in blossom during the late spring and early siem(April, May, June, July
and August). Flowers are clustered at the top sgere 5,C). The flower head is about
1m long and overflowed by racemes of thickset flmy¢he sterile tips of which stick out
(Zizka et al., 2013). The bright orange stamens play importaré fia attracting
of pollinators. Because exclude high quality nectdnich is very useful for the birdies,

who can perch on sterile horizontal stem (Hornuhgeniet al.,2013).

Figure 5. Blue Puya berteroniandlowers at the University of California— Santa €iirboretum. A — group
of flowers ofP. berteronianaB — detail of orange stamens in bloom, C — gfawer spike (photo: Natur-

time Worldpress, Santa Cruz Arboretum, 2013).
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Shape of sepals is rounded but sometimes we cagneze the acuminate shape
of sepals. Sepal size is (1.8 — 4 x 0.4 — 0.6 €a)als are (4.5 cm) long and filaments are
usually about (3 cm) long (Zizket al., 2013). Ovary size achieves about (6 x 3 mm).
In the case oPuyaspecies the style and stigma are not visible. @titmm of pollen is
yellow. This pollen is transferred mainly by humuibirds. In the case of this genus, the
plants are usually fertile trough the whole lifezlza et al.,2013).

Puya has developed the two flowering strategies. Tretsegies are important
for attracting of different pollinating birds. Onlyovering hummingbirds can reach the
nectar from tips of short branches from some sgeftosver. The other one, bloom close
to the stalk with the short branches for each éigwvhich is used for suck of nectar
by perching birds (see Figure @). berteronianauses the second flowering strategy
(Benzing, 2000).

5
T _"' "'J

Figure 6. Sucking of nectar frorR®. berteronianaby perching birds (photo:Natur-time Worldpressntda
Cruz Arboretum, 2013).
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2.2.9. Fruit, seeds and nectar

There is no study about fruit and seed up to krféeed are usually fertile and vital
and thanks to this fertility can be used mainly ¥egetative propagation (Zizket al.,
2013).Puyarepresent an excellent model of plant morpholagy @ncentration of hexose
rich nectar, which is very important for diversigf pollinators (Gonzales-Goméz
and Valdivia, 2005; Salinast al., 2007) thanks to high interspecific variation ofctae
characteristics (Benzing, 2000). The nectar traits different mainly in sugar type,
concentration and volume between plants, that alleated by special nectarivores birds
or plants, that are pollinated by generalists (3ohnand Nicolson, 2008; Browet al.,
2009; Brownet al, 2011). The volume of the nectar is higher in shbgenud?uyathan
in subgenusPuyopsis There are also some differences in amount ofaneottween
certain species (Hornung-Leost al., 2013). It theP. raimondii and P. chilensisexit
possibilities of limiting nectar evaporation or callow the movement of water into the
plant nectar (Johnson and Nicolson, 2008), buhe dase oP.coeruelaandP. venusta
there is a smaller volume of nectar and the tiit gresent evaporation too (Baker, 1978).

2.2.10. Root system

P. berteronianahas fully — functionally developed root system.oRocan uptake
nutrients from soil as opposed to air and water lbanobtain from deep water level
(Dallman, 1998). The roots are usually thick-walkded suberized, which is very important
for terrestrialPuyaspecies (Wart al., 1994). There are also possibilities of creating th
“rainy roots” such for agave, cacti and some desérubs, in which are developed
as following short pulses of rain events (Benzi2§00; Nobel, 2003; Schwinning
and Salas, 2004).
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2.2.11. Uses and properties

Species from family Bromeliaceae are mainly usedraamental plant (Kunte and
Zeleny, 2009) because of the interesting productain high number of flowers
per inflorescence (Foster, 1950).

In general,P. berteronianais mainly planted as an ornamental plant due go it
attractiveness of amazing aqua — blue flowers aad lme planted for its interesting
and stunning flower spik®. berteronianahas a great ornamental value. This plant can be
also cultivated as edible plant. It is also veritatle for landscape method xeriscarping,
which is developed for arid and semi-arid areaseretis applied the water conserving
techniques (Encyclopedia Britannica, 2014). It banplanted in rocks gardens as a bold
accent or in front of tall species from family Cax#aefor their contrast between them.
Main uses are architectural, can be use as contpliaiet, in greenhouses for their tropical
effect. Puyasare very popular in landscape of southwest desettin California (Benzing,
2000).

From common specid. chilensisare used the bases of young leaves for making
salads. In some part of Peru — Chumbivilcas, tlergscences dPuyaspecies are burned
and its ash is usually prepared with a sugar aga nalled “Tocra” or “lllipta”. This mix
is commonly consumed by the local people. In otlparts of Peru the centre
of inflorescence is dried and used as a powder. pidveder is usually used as a flavor
(Leivaet al.,1991). Beverage called “Chica” is prepared frorppof inflorescence, where
the pulp has to be roasted, and fermentated (Letval., 1991). Chica is consumed
in traditional occasions. Some specie®asaimondiican be use in traditional ceremonies
and festivals in Peru (Leiwet al.,1991).

Inflorescence of some species is used as foddearfonal and also can be used
as nature food for bears (Chung, 2004; Goldstemts $alas, 1993). Young leaves are
grazing by cattle and sheep (Venero, 1984). Thelestapex of Puya inflorescence
and erect stem are specific trait of this spechas,sterile apex can be also used as feeding
station for perching and humming birds (Baker arakd, 1990; Scogin and Freeman,
1984; Foster, 1950; Johow, 1898)

From dry parts of plants can be produced the glait(Venero, 1984). Leaves are
used in buildings — as a roof of houses also felteshand keep the cattle.
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Dry inflorescence with other components is usedctorstructing of walls or doors
(Villinger, 1981; Venero, 1984).

When the plants release the seeds, the giartteasaisually burnt and rachis must
be dried. Tool bases can be made from thin rootsyoplants in Checayani, Peru (Leietl
al., 1991). Wool hats are made from resins (Latal.,1991).

Fibres from the leaves &. chilensisare very often utilized for making fishing nets
(Mabbarley, 1975).

2.3. Plant husbandry

2.3.1. Cultivation

Cultivation of Puya species became very popular in last few yearseoeslpy
in countries and gardens of South and Central Acaew lot of Puyaspecies are found
in wild nature, not in cultivation. These plante aultivated mainly for their ornamental
value and purposeBuyasare perennial and sometimes rare species whichresgsunny
and sheltered position. These plants are usualltivated very similarly as other
ornamental plants from family Bromeliaceae and dils® plants from Cactaceae family
(Steens, 2011).

It is relatively easy to grow these plants. There also some possibilities
to use this plant in intercropping system with samber crops and cereals. For example,
P. raimondii is intercropped with cassavdnihot esculentaand different varieties
of maize Zea mayp in Colombia and Venezuela (Borsdorf and Stadé€)13.

In intercropping systenBuyahas one big disadvantage — its size. It is velficdit to find
the space for normal growing without some restittiAlso the spines and sharp edge

of leaves can be the barrier for managing (Borsdod Stadel, 2013).
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2.3.2. Propagation

In general, most of Bromeliads are usually easgrapagate. Majority of them is
propagated by offsets like &llandsia, Vrieseaor Aechmeaspecies. In the case &
berteronianathere are two methods of propagation.

The first way is an asexual reproduction by offseteere we can obtain clones.
The second method is sexual reproduction, wherpltdrgs are propagated by the seeds.

Propagation by seed is more common. However, sexagl of reproduction is
slower and more difficult process than asexualagpction (Zizkeet al.,2013).

Propagation by pups depends on a bract, which plays very importang rol
in asexual reproduction. When the bracts die, gathy mother plants can produce a large
amount of pups during flowering. The pups usualblgkl like as tiny version of mother
plants. The pups are removed from mother plant dlfteir developing of small rosette
of leaves similar to mother plant. After removitige pups grow separately.

For example, the vegetative propagatiof omirabiliscan be very useful. Its florel
can be used to provide of flowering, which can b#8uenced by ethylene. The use
of ethylene can lead to provide higher and easmdyztion (Pertuit, 1995).

Propagation by seedss slower process. It is a crossing of two plamtd aprout
of the seeds (Steens, 2011). Seeds are spreadrtodsstance by wind (Steens, 2011).
Seeds may be collected from mature mother plants tary can be sown directly
on surface of substrate — mainly in envelopes antaioers, where it is necessary
to maintain high volume of humidity and prevent iaga drying out. They are stored
in cool box or in cool room, refrigerate seeds uatibze for long — term storage. These
plants have no dormancy, which would be necessaty¢ak it. Fresh seed germinates
within 14 days after sowing, but time of germinati@an be different according
to conditions (Steens, 2011).

2.3.3. Planting

Puyaspecies are planted into big holes or beds, hsitnibt necessary to plant them

in deep. Appropriate soils are gravel soils, sasalis with organic matter.
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Keeping of root ball intact is very important. Spaaround roots must be filled
by lightly soil. Cover is spread over by leaf orlbanulch around 1-3 inches thick, but the

mulch can not reach of height of stem (Steens, 011

2.3.4. Fertilization

In general, highly flowering plants requires fer&gr with high content
of phosphorus. For production of leaves is usuafigd the fertilizer with high content
of nitrogen. An appropriate fertilizer is classi®#PK. ForP. berteronianacan be used the
water soluble or granulated fertilizer (Steens,1901

The granulated fertilizers in small amount are eggplnder plants from the stem
to beyond the outer spread of branches or foliigs. necessary to fertilize early in the

plant’s growing cycle (Steens, 2011).

2.3.5. Pests, diseases and human factors

In generalPuyagenus is mostly resilient to pests and diseasesgR2004). There
are no special types of disease, which occur inRbga genus. Scale insect can be
dangerous for growth of plant, especially when Huale insect sit on bottom site
of the leaves and exclude the honeydew. For exaRplaimondiishowed a little genetic
variability between population, therefore these oamities can became highly susceptible
to pest and disease (Dearringer, 2013).

Nowadays, there are also human factors, which ctmence the plants — mainly
the highest bromeliad . raimondii The largest threat for cultivation is a grazing

in highlands. Heavy cattle easily trample seedénd will make growth and germinating
impossible. The other big problem is also fire, ebhis usually used for maintaining

pasture land (Dearringer, 2013).
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2.4. Variability

2.4.1. Morphological variability

Puya’svariability is mainly recognized by the morpholagfivariation (Hornung-
Leoni and Sosa, 2004). There are groups of planided according to color of petals
(Zizkaet al.,2013).

Morphological characteristics are based on color pefals, different groups
of size of branches, the size of leaves, size @midls and according to inflorescence.
These characteristics are usually allometricalllatesl (White, 1983; Primarck, 1987;
Maintre and Midgley, 1991). Allometric growth ofguit is defined as different growth
of various parts of plant parts (Niklas, 1994) acdording to changes in the shape, which
Is connected with the changes in plant size (sgar€i7) (Booksteins, 1997).

In the present, we can find a lot of studies dealwith allometric relationship
among parts of plants. In allometric studies angallg used the correlation between the
size of plant and size of inflorescence, this datien is explicated and attributed
to pollinator visits (Donnellet al.,1998; Elle and Carnes, 2003).

Different pollinators have the contact with greatermber of flowers usually
in larger inflorescence than in small inflorescen®ilson and Price, 1977). Other
correlation is between number of seeds and thet @iae, which also depend on the
different pollinators (Robertson and Macnair, 199483 different pollinators means the
humming birds, perching birds, bees, bats and mathgh are typical foPuya genus
(Benzig, 2000; Varadarajan and Brown, 1988). Psiaé is connected with number
of pollinators. For example, when increase thetwisf pollinators, also the size of plant
increase (Delph, 1994). Variability of size andafs is closely connected with different
pollinator or breeding system (Ornduff, 1969; Faagd Von der Pijl, 1971). Some recent
studies suppose, that also exist the correlatidwdsn size of the plants and altitude
in some geographical areas (Hedberg, 18Téhbarley 1972; Hornung - Leoni and Sosa,
2004). As shown in Figure 7, there are a lot ofphotogical characteristics for allometric

studies.
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The morphological variation across the range ofrithistion is relatively huge.
Plant size also increases with higher elevatiomsek@mple we can mention the largest
bromeliad -P. raimondii (Foster, 1950) This species has lack sufficient variability
in genome than othé&uyaspecies (Foster, 1950).

In comparison oP. boliviensis which is quite similar td®. chilensis the plant is
smaller in all plant parts and inflorescence ugubdars less branches. The other example
iIs comparison ofP. berteronianaand P. alpestris where theP. berteronianahas
inflorescence with about 50 to 100 branches Bnalpestrishas inflorescence with 15
to 20 — 30 branches (Hornung —Leoni and Sosa, 2005)

The size of both plants is different td&. berteronianahas usually 2 — 5 m in heigh
andP. alpestrishas usually 1 — 2 (2.5) m in height. In this congmm, there is also big
difference in geographical range (Hornung-Leoni 8oda, 2005).

Figure 7. Characteristic of plant for allometric studies }léngth of leaves, B) height of plant with sten), C
total height of stem, D) length of inflorescencgdhgth of petals, F) length of sepals (Hornurigeeni and
Sosa, 2005).
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P. berteroniana is connected with more arid bioclimate types aneaa
with sclerophyllous shrubs am alpestrisis conned with humid seasonal bioclimate types
and ares with sclerophyllous forest of southerneCfiiuebert and Pliscoff, 2006; Zizkd
al., 2009). Other very variable group®s coeruelathat is restricted to the Mediterranean
climates and Matoral vegetation (Ziz&gal.,2009).

Different groups that are divided according to cobd flower occur in highly
variable taxon, but these groups are not taxondlyieacognized up to now.

P. coeruelas mainly restricted to the coastal Cordillerat the other are primarily
found on western parts of the Andes. On of the neastily recognized species s
chilensis which has the similar height Bs berteronianaP. boliviensiss only one species
geographically isolated from other species, maisljound in coast of Quebradas. Other
species with restricted distributionRs gilmartiniae(Varadarajan and Flores, 1990)

2.4.2. Phylogenetic variability

Group ofPuyaplant is classical example of rapid diversificatia Andes (Schulte
et al., 2010; Givnishet al., 2011). Puya genus is one from several genera from family
Bromeliaceae, which is very variable in the abildy different species to produce big
amount of offsets (Barbar&t al., 2009). Phylogenetic study according to Jabaily
and Sytsma (2010) show, thHatiyauncovered two major clades (CdPelyaand Puya)
which are supported by using a combination of maBiNA and nuclear single — copy
gene sequences (Jabaily and Sytsma, 2012). The impsttant phylogenetic issues
connected withPuya species are only two. The first one is an emergihglogenetic
records place the large genusRafya species with dehiscent fruits and the second sne i
that Puya shows a big species radiation, which includes imaliggical and ecological

variation.
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2.5.Use ofin vitro technologies

Plant tissue culture research is active for margades and leads to develop a lot
of techniquesn vitro. Possibility of plant cloning by using of vitro methods is probably
known from 1940 (Thorpe, 2006; White, 196B).vitro propagation of ornamental plants
by mass production of plant material — clonal poppes has been known since 1970 (De
Fossard, 1986; Knauss, 1976). Micropropagation pient tissue is main technique
for producing of plants called the clones.

There are three main ways, how to promote theseeslomicropropagation of
shoots or buds; following shoot morphogenesis amdlasic embryogenesis (White, 1963).
Plant species diversity dramatically increasedrduthe last centuries and nowadays we
can recognize over 500 millions of plant speciew/imch thein vitro techniques are used,
where from 50 to 70% of these plants are ornameiaints. Plant genetic resources are
mainly conserved for their future in improvemenbgnams for germplasm conservation
(Ashmore, 1998). Nowadays, these techniquesare eoomtly used for propagation
and improving a wide range of plants from commadirciased crops to ornamentals plants.
Human pressure permanently increases and climatngels provide production
constraints, for this reason is very important 8@ ylant tissue culture for developing
of sustainable production system, which should t@renmental stable and have to be
human health perspective (Altman and Meiri, 1998) most important task isn‘ vitro
propagation” (Pencet al., 2002), slow-growth storage, cryopreservation afirggasm
(Taylor et al., 2010), production of seeds and safety of germplé@emceet al., 2002).
These techniques are very important in plant img@noent and genetic engineering
(Altman and Meiri, 1998). Possibilities of genetengineering are in limit range
from pharmaceutical industry to agriculture. Acdogdto Altman and Meiri (1998)
in vitro tissue cultures have a lot of advantage aspeatspre of the most important is
mass propagation of plant material. These biotddgmal methods lead to maintain
and assessment of germplasm (Golmirzaie and Salk2@%).In vitro techniques are very
usefull tool in maintenance of the uniformity amaihg progeny, preservation of health
plant genotype and reduction of possible disealar(®aet al.,2007).
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2.5.1.In vitro technologies in Bromeliaceae

Bromeliads are of the bases of the ornamental tnguworldwide, being
commercialized according to the features and aoidhe foliage and fascinating flowers,
therefore is very important to keep the geneticaldlity and keep the population viable
for next several centuries (Jain and Ochatt, 2008¢. wide range oh vitro technologies
is used in the family Bromeliaceae.

Tissue culture techniques provide the valuablestdol the mass propagation
of many bromeliads that are rare or threateneth wxtinction (Pompelli and Guerra,
2004). Seeds of Bromeliads are used as explanishwhpresent the genetic structure
of target population for conservation (Mercier aKerbauy, 1997). Multiplication
of bromeliads by method of micropropagation is vefficient technique that providing
shoots growth from the axil (Fitchet, 1990; Hosakd Asahira, 1980). Use of regenerating
system, which is not associated with formation alfus structure is highly recommended
for germplasm conservation of bromeliads, where rtf&@n goal is minimize the risk
of potential genetic alternations (Villalobost al., 1991). Many bromeliads are
micropropagated by seeds, for providing of genatyariety (Soares dos Santesal.,
2010). As show in Table 2, the various plant bibteogies in Bromeliaceae applications

were used unden vitro conditions (Tab.2).

Table 2. Plant biotechnology applications for the conseoratand use of genetic resources of selected

bromeliads Puya santossi,Guzmania, Tillandsia cyamel Vriesea reitzii

Biotechnology Guzmania spp Puya santossi Tyllandsia cyanea Vriesea reitzi
application
Micropropagation Huanget al., Pedroza — Pierik, 1991 Alveset al.,2006
2011 Marique and
Tibocha, 2008
Organogenesis Huanget al., Pedroza —
2011 Marique and - -

Tibocha, 2008

Callus culture

Polyploidization

Cryopreservation

Transgenic plant

Merers, 1977

Soltiset al. 1987
Partonet al.,2002

Synkovaet al.,
2006

Alveset al.,2006

Rech Filhoet al.,
2005
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In vitro conservation of bromeliads at low temperature ten inexpensive
but at this point not without risk. Cryopreservatis still experimental for several years
therefore a few taxa have been tested after lomg-storage (Benzing 2000; Hamilton
1992). However, advances in the general procedamesmethodologies are improving
these techniques for the conservation of endang®ead species (Garliardi, 2003).

For Chilean bromeliads germplasm conservation aseduthe criterias
and categories of International Union for Consegvof Nature and Natural resources
(IUCN). In the case of Chilean bromeliads were nyaused these categories: critically
endangered (CE), endangered (EN), vulnerable (\gpr threatened (NT) and least
concern (LC) (Zizkaet al.,2009).

For Puya santossiwas cultivated on full strenght medium MS (Murgsghi
and Skoog, 1962) containing full of the salt, wattidition of 100 mg} myainositol, 15
g.I" sucrose and 8 @lagar as solidifying agent and pH of MS was adjfliste 5.7
by KOH and acetic acid.

In addition to its important role in genetic resmistoragein vitro technologies
play a major role in the international distributioh clonal genetic resources (Bortlova,
2012).

In vitro initiation of plantlets in bromeliads is a veryefid tool for mass production
mainly for Aechmea fasciatqVinterhalter and Vinterhalter, 1994Pyckia dystachya
(Pompelli and Guerra, 2005Qyckia macedoi(Mercier and Kerbauy, 1993Aechmea
fulgens (Pierik and Sprenkels, 1989Cryptanthus bromelioidegMatthews and Rao,
1982), andTillandsia cyanea(Pierik and Sprenkels, 1991). Propagation by tlirec
morphogenesis has been previously reported in mamgmental plants such Asthurium
(Preil, 2003),Dendrobium stronghylanturfKong et al.,2007),Aerides maculosurhindl.
(Murthy and Pyati, 2000). Some other bromeliad sgselsave been tissue cultured because
of their rare or endangered status, classical el@amPuya tuberosgVaradarajaret al.,
1993) andlylandsia dyeriangdRogers, 1984).
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2.5.2. Use ofn vitro technologies inPuya genus

In vitro techniques in bromeliads have been tested maialy germplasm
conservation and for using in commercial productiorvitro applications include planting
of genetic material as explants, mainly cultivafedm seeds and buds in test tubes
containing supporting medium for growth and deveiept of explants (Seminarit al.,
2003). Unfavorable conditions and occurrence ogakgs can cause the risk of losing of
germplasm in the field.

Plant biotechnology offers an alternative for comera production of bromeliads
troughin vitro technologies (Golmirzaie and Salazar, 1995). imegal, micropropagation
offers opportunities for commercial production ofamy true-to-type ofPuya species
and others genus in the short time period. Micrpagation was used in speciBs
santossiwhere the Pedroza-Manrique and Tibocha (200&péshed the full strength MS
medium as appropriate for cultivation. They tes¢aght different media with different
concentrations of indole-3-butyric acid (IBA) and-bénzylaminopurine (BAP)
for inducing of shoots and choose the most appeitgorone. The temperature for
cultivation was established at 23 °C and the phariod was established for 12 hours
under the fluorescent light FL — 20D/18, 20W, Chittactric Co., Taipei. For rooting was
used the 12 different media supplemented with NAA,— D (2,4-dichlorophenoxyacetic
acid) and kinetin (Pedroza — Manrique and Tibo20838).

2.6. Molecular markers

The use of molecular markers in the last few desadiy important role
in biotechnology and genetic studies. There isdevgicale of different types of molecular
markers. These types of molecular markers are elivithto three important groups:
morphological molecular markers, DNA — based mdecumarkers, biochemical
molecular markers (Kumaat al.,2009).

Molecular markers are divided into two groups: lbase non — PCR (Polymerase

chain reaction) includes:
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RFLP (restriction fragment length polymorphism) abased on PCR includes
RAPD (Random amplified polymorphic deoxyribonucleacid, AFLP (Amplified
fragment length polymorphism), ISSR (Inter simpkqueence repeats), SSR (Simple
sequence repeat), SNP (Single nucleotide polymsmphetc. (Weisingt al.,2005).

Nowadays, in plant breeding is mostly used a maaksisted selection (MAS)
(Henry, 1998). The germplasm characterization, yamaland identification of somatic
plant hybrids, purity of the seed and identity &t material in production (Henry, 1998)
are included in other applications.

On the other side we can use the molecular markergenetic populations,
in molecular taxonomy, in analysis of somatic rtiotes (Zietkiewicz et al., 1994)
and also in mapping of genome (Redxtyal., 2002; Zietkiewiczet al., 1994). Molecular
markers can be very useful in evolution and phyhaegies and in genetic diversity research
(FAO, 2005; Redd¥t al.,2002).

The DNA-based molecular markers are more relidid@ks to high polymorphic
character and heritable patterns (FAO, 2005; Cha#082). During the last few years,
application of molecular markers became more clagapsimple. Application of molecular
markers in plant biotechnologies of tropical andbtsapical ornamental species
permanently increases, for these plants are availably limited research resources
(Henry, 1998).

2.6.1. Use of molecular markers in Bromeliaceae

The wide range of genetic diversity was assessedh@se plants of family
Bromeliaceae by using of molecular market&chmea fulgengAlmeida et al., 2012),
Ananas comosugWohrmann and Weising, 2011lNeoregelia, Guzmaniand Vriesea
(Zhang et al., 2012), Aechmeagomosepala(Zhang et al., 2012), Vriesea cacuminis
(Ribeiro et al., 2013, Puya raimodii(Sgorbatiet al., 2004), Tillandsia califaniiand T.
tomasellii (De Castroet al., 2009), Vriesea giganteand Alcantarea imperialigPalma —
Silvaet al.,2007).

The microsatellites were used for assessment ofrdlee of clonal reproduction

in the Alcantarea geniculatandA. imperialis The data from this evaluation indicating,
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that the hybridization and reticulation involves thigh — altitude species in the parts
of co — occurrence (Barbagéal.,2009).

Zhang et al. (2012) investigated the genetic diversity in hgbriof Aechmea
gomosepalaand Aechmea recurvataFor this purposes were used the inflorescence
characteristics and SRAP. According this analyfis, putative hybrids of these plants
were intermediate between both of parental plarienz.

According to Ribeirroet al. (2013) theVriesea cacuminiss endemic species,
native to Brazil.V. cacuminigs designated as a “vulnerable” species accortting/CN.
They evaluated the genetic diversity of 70 indiabdspecies ol. cacuminisby using
of 16 ISSR molecular markers.

Puya raimodiiwas analyzed by (Sgorbatit al., 2004) by using of molecular
markers. This investigation team evaluated 14 ggrastout of 160 plants of this species.

A phylogenetic relationship between twidlandsia species —T. califanniandT.
tomaselliiwas evaluated by the nucleotide sequence frongiérie of chloroplast genome
(De Castreet al.,2009).

In the case ofVriesea giganteaand Alcantarea imperialiswere used 15
polymorphic microsatellites markers. For each lowws evaluated number of alleles
from 3 to 16 (Palma- Silvet al.,2007).

Ananas comosusas analyzed for simple sequence repeats. AcaptdiPCR was
expected, that the size range will be high and thiggained 36 primer pairs (Wohrmann
and Weising, 2011; Fergg al.,2013).

The primers used to amplification of microsatedliteci. Size range was from 110
to 450 base pairs (bp). The transferability of molar markers was estimated

in GuzmaniaPitcairnia andAechmeapecies (Almeidat al.,2012).
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2.6.2. Use of molecular markers ifPuya genus

Genetic diversity oP. berteronianahas not been described yet by using molecular
marker methods. Classical example and case stuétpns this genus . raimondii,
where were used the molecular markers for assessaofegenetic diversity. In this
evaluation was used the AFLP, where was used felectsve primer combinations
(Hornung-Leonket al.,2013).

It was evaluated for 60 individuals from differgpéirt of Peru. This case study
from Peru show, that the genetic variability fh raimondii is relatively high (0.935
and 0.977) (Hornung-Leoet al.,2013).

2.7. Evaluation of genetic stabilityin vitro regenerants by molecular markers

Genetic stability is a term, which is used for meamy of individual genotypes
in population. Evaluation of genetic stability ptathe most important role in detecting
of no differences among the tested regeneratedtsplander the sterile conditions
(Maritanoet al.,2010). The establishment of genetic fidelityirokitro regenerated plants
will be essential requisite for large scale muitiation of plants (Dast al., 2010).
The advantages of vitro propagation is in observing of genetic fidelity regenerants,
where is necessary to establish a functional systiest produce genetically stable
and identical plant to the mother plant (Deisal., 2010). The direct morphogenesis
is based on propagation, treating and storindasftpundet the specific conditions to keep
the genetic stability. Nowadays, we can find adbtifferent types of clonal propagation,
where the using of plant tissue culture with peddnmeristem significantly increases
the genetic stability oin vitro regenerated plants (Mall@t al., 2010). Several methods
can be used to evaluate the genetic stabilityno¥itro derived clones, but most have
limitations. Karyological analysis, for example,ncaot detect the alterations in specific

genes or small chromosomal rearrangements in ge(isateelet al.,1993)
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Using of different plant growth regulators such @gokinins in the growing
medium can promote the probability of mutations amadability in regenerated plants
(Bairu et al., 2006; Mallénet al.,2010), which is known as process called the somnatl
variation (Larkin and Scowcroft, 1981).

Possible occurrence of this somaclonal variatiolkesahe assessment of genetic
fidelity very important. The occurrence of genatafects in plants arising via somaclonal
variation can limit the utility of micropropagatiosystems (Salviet al., 2002).
As a somaclonal variation we can consider the diffe changes in plant karyotype,
in structure of chromosome, in gene mutations araear changes (Chawla, 2002).

In the plants, where the somaclonal variation isammnmon, these plants are free
from in — meristem tip cultures.

These types of meristem can stay stable duringrthatro cultivation (Chawla,
2002; Reecket al., 2004). In the plants, where the somaclonal vamats not common,
these plants are free from in — meristem tip calkuiThese types of meristem can stay
stable during the vitro cultivation (Chawla, 2002; Reed al.,2004).

In the plants, where the somaclonal variationasaommon, these plants are free
from in — meristem tip cultures. These types ofigtem can stay stable during timevitro
cultivation (Chawla, 2002; Reest al., 2004). Nowadays, for plant breeding programmes
is typical and desirable utilization of somaclonakiation. Somaclonal variation can be
used in many different breeding goals (Mrhaloval30 This variation can brings a lot
of aadvantages as: improving of plant developménproving of disease resistance
of plants but on the other side can offer sourcdifdérent insect, herbicides and abiotic
stress (Chawla, 2002). The most important is genaawrrangement during whole
cultivation, which can allow to providing new chascfor alien gene introgression
(Chawla, 2002; Karp, 1994). For this purposes ayblyrrecommended using of molecular
marker methods that provide information about uniity of genome (Sharmat al.,
2007).

The most reliable way how to evaluate the gendfbilty is use of molecular
markers. Molecular markers provide quick and reabtenway. Molecular markers provide

very effective tools and many applications (Shaetal.,2007).
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Most of studies about genetic stability include tkegaluation by using
of molecular markers as AFLP, ISSR and RAPD, orlmoation. ISSR markers are often
more reliable than fro example RAPD markers, beedhs former methods require more
stringent PCR conditions. The ISSR markers haveldbes specificity, whre the small-
sized bands exhibited in a single amplification @e et al.,2005).

Nowadays, there are a many studies in which makecublrkers have been tested
on in vitro propagated bromeliad plants (Sgorbatial, 2004; Almeidaet al., 2012;
Wohrmann and Weising, 2011). In many of these stidihe genetic stability was not
detected, but occurrence of polymorphic bands veamlu According to Sgorbagt al.
(2004)

In other imporatant species from Bromeliaceae famguch asGuzmania
Pitcairnia and Aechmeaspecies the assessment of polymorphic loci for S8R ISSR
molecular markers were from 80% to 90.3% (Almeatial.,2012). As shown in Table 3,
various molecular markers techniques were useddé&iermining of genetic stability

in plants.

Table 3.Various plant species with presence of genetiailtfaassessed by various molecular markers

Species Family Process Source ofDetection Stability References

explants  method

Ananas Bromeliaceae shoot leaves RAPD no Santogt
Ccomosus regeneration al, 2008
Asparagus  Asparagaceae callus culture lateral bud&FLP yes Pontaroli
officinalis and
Camadro,
2005
Bambusa Poaceae axillary shoot  nodal ISSR yes Negi and
nutans proliferation segments Saxena,
2011
Cannabis Cannabiaceae Shoot axillary ISSR yes Lateet al,
sativa regeneration buds 2010
Musa spp Musaceae Shoot pseudostem RAPD yes Bairuet
organogenesis al., 2006
Platanus Platanaceae Shoot axillary ISSR yes Huanget
acerifolia regeneration buds al, 2009
Simondsia Simmondsiaceae Shoot axillary ISSR yes Kumatet
chinensis regeneration buds al, 2011
Theobroma Malvaceae embryogenesis flower CAPS yes Lopézt
cacao buds al, 2010
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3. Objectives of this thesis

The main objectives of this thesis were developnwnan appropriate protocol
for the effectivein vitro micropropagation oPuya berteronianand detection of genetic

stability ofin vitro regenerants using of molecular markers ISSR.

The partial objectives followed the certain speciti goals:

» Establishment of plant materiaP.( berteroniana into the conditions

in vitro.

« Development of appropriate protocol for inductmindirect morphogenesis
in P. berteronianaby finding optimal concentrations and combination

of plant growth regulators in cultivation medium.

» Evaluation of genetic stability of regenerateanpé ofP. berteronianaising

inter simple sequence repeat (ISSR) markers amddjdometry.

For effective micropropagation is absolutely disggble to maintain the genetic
stability of multiplied plant materialln vitro propagation of plant material via direct
morphogenesis minimalizes the probability of ocence of somaclonal variability. However,
for this purposes the authentication of genetic bibty is necessary, mainly

for determination of an appropriate method of pgagen.
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4. Material and methods

4.1. Plant material
Seeds oP. berteronianavere used as an initial plant material.

4.2. Methods

4.2.1. Establishment ofn vitro culture

The establishment ah vitro culture of P. berteronianawas carried out in the
Laboratory of plant tissue culture of the DeparttnehCrop Science and Agroforestry
in the Faculty of Tropical Agriculture of the Czetimiversity of Life Sciences in 2013 —
2014.

For sterilization was used following protocol. Sgedere surface sterilized using
70% ethanol for 2 minutes. For disinfection of see@s tested an aqueous solution of 1%
NaClO applied for 10 and 20 min, respectively. Hadter, the seeds were three times
rinsed with sterile distilled water and sown on 8IS medium (Murashige and Skoog,
1962) with addition of 100 mg‘imycinositol, 30 g sucrose and 8 @lagar (pH was
adjusted to 5.7). Cultures were maintained at 2®&238nder a 16/8 h light/dark regime
with 36 umol nf.s* cool white fluorescent light.

4.2.2.In vitro propagation of plant material for experiment estatishment

Firstly, sufficient plant material was necessaryetasure for the establishment
of the experiment. In order to standardize the expnt, the plants for further experiment
were established only from one genotype (from @®sels0fP. berteronianaSincein vitro
plants did not produce shoots on medium without BGIcording to the primary study
focused on media testing, MS medium supplementéd &iL mg.! BAP has been used
for multiplication of plant material. Subcultivatiovas carried out every month and plants

were cultivated under conditions decribed above.

31



4.2.3. Testing of media foin vitro propagation

The plant rosettes were cultivated on %2MS mediunforbe transffering
into the multiplication media with PGR. For muligdtion experiment, plants about 1-2
cm high were used. The rosettes were cultivatetbbtd medium supplemented with 100
mg.l* myocinositol, 30 gt sucrose, 8 g1 agar and different PGRs at various
concentrations and combinations. BAP and ZEA atentrations 0.01 mg‘to 0.5 mg.t*
alone or in combination with NAA at concentrationl Omg.I* were used for the
experiment. Totally, sixteen different treatmentssén been tested (Tab. 4). As control,

.MS medium without plant growth regulators was used

Table 4. Treatments foin vitro propagation

Treatment BAP (mg.I") NAA (mg.I™) ZEA (mg.l™h)

1. 0.01

2. 0.1

3. 0.3

4. 0.5

5. 0.01 0.1

6. 0.1 0.1

7. 0.3 0.1

8. 0.5 0.1

9. 0.01
10. 0.1
11. 0.3
12. 0.5
13. 0.1 0.01
14. 0.1 0.1
15. 0.1 0.3
16. 0.1 0.5

Control plant 0 0 0

Cultures were maintained for 28 days at 25/23°Ceurad16/8 h light/dark regime
with 36 pmol nf.s® cool white fluorescent light. After 4 weeks, numiné offshoots

was evaluated by the statistical analysis.
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All in vitro experiments were arranged as a completely randomitesign
and repeated twice (10 repetitions were in eadtrtrent). Statistical analysis of data was
performed by analysis of variance (ANOVA) and tlgngicantly different means were
identified by using the Tukey’s HSD test (p = 0.[(ptSoft STATISTICA 12.0].

According to statistical analysis, the optimal tment has been selected
and chosen plants from this treatment were useddtaction of the genetic stability using

ISSR markers and flow cytometry.

4.2.4. Rooting andex vitro transfer

For induction of roots were tested ten differentdraébased on %2MS with addition
of different concencentration of auxines NAA andhlfTab. 5). Statistical analysis of data
showing in vitro rooting was performed by analysis of variance (ANQ
and the significantly different means were ideatfiby using the Tukey's HSD test
(p = 0.05) [StatSoft STATISTICA 12.0].

Table 5. Treatment used fan vitro rooting

Treatment NAA (mg.I™) IAA (mg. ™)
1. 0.1
2. 0.1 0.1
3. 0.1
4, 0.2
5. 0.3
6. 0.5
7. 0.2
8. 0.3
9 0.5
Control 0 0

After 28 days, number of roots have been evalutdtbr succesful rooting was

necessary to carry owx vitro transfer. Forex vitro transfer, only well rooted plants,
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at least 3 cm high were used. As the substratéhtotransfer of the explants was chosen
classicalgarden substrate mixed with perlite iroratl.

Garden substrate was mixed with perlite and pub e glass flask covered
by aluminium foil. The substrate was sterilized 1810 °C for 1 hour. Then vitro
developed plantlets were removed from the cultuessels and transplanted into the
sterilized substrate mixed with perlite and thottdygcovered with PE plastic films to
maintain high humidity. After couple of days, thiamgs were gradually uncovered. The
transplantation of explants took place in Botenfgatden of FTZ, and it was evaluated as

survival percentage after one month aéewitrotransfer.

4.2.5. DNA extraction

DNA extraction was carried out in the Laboratory mblecular biology of the
Department of Crop Sciences and Agroforestry inpila® and Subtropics of the Faculty
of Tropical AgriScience of CULS Prague in 2014. Eatraction of DNA were randomly
chosen ten samples from medium supplemented by@.I' BAP and one sample without
PGRs as a control plant.

For the extraction of DNA were used several tygesxtraction. Fisrtly, the CTAB
procedure was used (Doyle and Doyle, 1987). Froenftesh leaves were taken the
samples about 120 mg weight. The extraction wasedaancording to protocol
of extraction: the samples were homogenized undeidl nitrogen, into the homogenized
material was added the 500 pl (2x CTAB + 1% meltuagthanol) briefly vortex
and incubated at 65 °C for 45 min and centrifugdtedl0 minutes on maximum. The
solution was transferred into the new 1.5 ml reectube and for this supernatant was
added by 500 pul of chloroform — IAA and vortex fbd minutes. The water phase was
transferred into the new tubes and added by th&a%SCTAB and was mixed, followed
by addition of 500 pl chloroform — IAA and centmfated for 5 minutes on maximum.
Water phase was transferred into the new eppentdrés and was added by 2/3
of isopropanol. These tubes were kept during tghtnn freezer at -20 °C.

After freezing the tubes were centrifugated for Snutes at maximum.
We removed the supernatant and dried the pelldowied by addition of 300 pl 1x TE
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and keep in 37 °C, followed by addition of 20 ul 3®dium acetate and 600 ul 96% cold
ethanol, mixed 2-3 times.

For 20 minutes were kept in freezer, followed bytag&gation for 10 minutes
at 4°C, the supernatant was removed and pelletdwed. Into the tubes with dried pellet
was added 500 pl 70-80% cold ethanol and centtiégigat 4 °C for 10 minutes. The
supernatant was removed and the cleaning step epested with 500 pl 70-80% cold
ethanol followed by centrifugation at 4°C for 10nmies. The supernatant was removed
and pellet was dried and was dissolve in 50 pl todistilled water.

As the second method of genomic DNA extractiondodi® Spin Plant Mini Kit
(Invitek Company, Germany) was used. For extractiere taken fresh samples about 100
mg weight. The extraction was done according toptaocol instructions; the samples
were homogenized by a pestle under liquid nitroged transfered into a 1.5 ml reaction
tube with 400 pl Lysis Buffer P and 20 pl Protemd§ followed by briefly vortexing
and incubating at 65 °C for 30 min. The lysis solutwas transfered onto the Spin Filter
and reaction tubes were centrifuged for 1 min g0a@ x g. After removal of the Spin
Filter, the Binding Buffer was added in amount 602ul, vortexed and suspension was
removed onto a new Spin Filter in a 2.0 ml ReceiVabe, followed by incubation
for 1 min and centrifuged at 12,000 x g for 1 mAfiter the centrifugation the filtrate was
discarded. The phase of cleaning includes use @53 ash Buffer | or Wash Buffer 1.
After the addition of 550l Wash Buffer, the sanspieere centrifuged at 12,000 x g for 1
min and the filtrate part was discarded. The Splters with the samples were placed into
a 1.5 ml Receiver Tubes. The prewarmed Elution@Uif was added at volume of 100 pl,
followed by the incubation for 3 min and centriftiga for 1 min at 10000 x g.

For third method of extraction was used CTAB protoaccording to Doyle and
Doyle (1987) with the modification according to ¢Bai — Maroffet al., 1984). The
modification consisted from using of phenol useddoryfing to precipitate remaining the
polysaccharides).

DNA quality was determined by 2.0% agarose gel telpboresis
and using a Nanodrop Spectrophotometer (Thermo ntfaie USA). The final
concentration of all DNA samples was adjusted ta@fl for PCR, and stored at -20 °C.
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Gel was run at 55V for about 1 hour. It was vige on a gel with a UV
transilluminator and gel pictures were displayedngisCSL-MICRODOC System
(CLEAVER, Great Britain).

4.2.6. ISSR Analysis

A set of 6 ISSR primers (University of British Calbia, UBC, USA) were used
for screening. DNA amplifications using Polymer&3eain Reaction (PCR) were carried
out in a reaction volume of 20 with following composition: 1Qul of 2x PPP Master Mix
(150 mM Tris—HCI, pH 8.8 (25 °C), 40 mM (NH$O,, 0.02% Tween 20, 5 mM Mggl
400 pM dATP, 400 pM dCTP, 400 pM dGTP, 400 pM dTIB) U/ml Tag-Purple DNA
polymerase, monoclonal antibody anti-Taq (38 nMap#isers and additives; Tob-Bio,
Czech Republic), 7.8l of PCR HO (Top-Bio, Czech Republic), @ of template DNA,
0.5 ul of primer and 0.2u of BSA (Fermentas, Germany). The ISSR analysis earied
out by using of QB96 Server Gradient Thermal Cy(@uanta Biotech, United Kingdom).

Annealing temperatures in PCR were optimized fehgaimer (Tab.6).

Table 6. Conditions of PCR cycles for selected primers

Number of cycles Step Temperature  Duration of
(°C) cycle (min)
1 Initial denaturation 94 5
40 Denaturation 94 1
Annealing Specific 1
Primer 'UBC 812 47
'UBC 813 49.3
'UBC 814 47
'UBC 824 47
'UBC 834 47
'UBC 841" 47
Elongation 72 2
1 Extension 72
1 Final extension 72 10

After DNA amplification, amplified products wereeetrophoretically separated

on agarose gel, prepared from 2.0 g of agaroseldesin 100 ml of 1% TBE buffer.
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Staining capability of EtBr (Invitrogen, USA) wasenfied. To dye agarose gekd of each
stain was used. Gels were run at 55V for abouti2& 4 \icm™. Gels were stained
with SYBR® Safe DNA Gel Stain (Stratec Molecul@grmany) and the amplified
stained products were visualized on a gel wit attavisilluminator.

The gel pictures were displayed using CSLMICRODO®t&N (CLEAVER,
Great Britain). ISSR fragments were established peesence (1) or absence (0) of bands

in the gel profile.

4.2.7. Flow Cytometry

DNA ploidy levels were detected using flow cytonyeffhe two-step methodology
according to Dolezekt al. (2007) was usedGlycine maxcv. Polanka, 2C = 2.50 pg
(Dolezel et al. 1994) was used as internal standard. Approxinyatelicnf from each
sample ofP. berteronianaand an appropriate amount of internal standarde waopped
with razor blade in 0.5 ml of ice-cold Otto | buff@.1 M citric acid, 0.5% Tween 20).
The suspension was filtered through a 42 pum nylashmand incubated at room
temperature for at least 5 min. Thereatfter, it gt@amned with 1 ml of Otto Il buffer (0.4 M
NaoHPO,.12H,0) supplemented by AT-selective fluorescent dye D@P,6-diamidino-2-
phenylindole) and 2-mercaptoethanol in final comions of 4 pg.mt and 2 pl.mf,
respectively. After short incubation (2—-3 min) abm temperature, relative fluorescence
intensity of at least 3,000 nuclei was recordechgisa CyFlow Space flow cytometer
(Partec GmbH, Munster, Germany). Data were analyradg the FlowMax software
(Partec, GmbH, Munster, Germany). Data were andlyreng the FlowMax software
(Partec, GmbH, Minster, Germany). For each analgaetple, DNA ratios were counted
by dividing the mean of the GO/G1 peak of the stddplant by the mean of the GO/G1
peak of the internal standard.
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5. Results

5.1. Establishment ofin vitro cultures and multiplication of plant material

For sterilization of plant material (seeds), thetbesult was achived using 70%
ethanol for two minutes, followed by placing sead® solution of 1% NaClO for 10
minutes. This process was the most effective totrobrcontaminations inPuya seed
culture. Using this treatment, the contaminatiorte ravaried from 0-2% seeds.
The contamination was caused mainly by fungi. Afleccessful sterilization 90% of plant
material germinated. As shown in Figure 8, the segédrminated during 8-9 weeks.
In seeds, which were sterilized by 70% ethanoliar minutes and in 1% NaClO for 20

minutes, germination within 8 weeks of culture was achived.

Figure 8. Germination of. berteronianawithin 8-9 weeks after sowing. Source: author
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5.2. Direct morphogenesis

5.2.1. Evaluation of plant propagation experiment

Rosettes were transferred to different medium smpphted with PGRs (see Table
7). Sixteen different media with various concemtrad of BAP and ZEA were used
for in vitro propagation. After four weeks, explants were eatd for an average mean
shoot number per explant (see Table 7). As showrigare 9, A and Table 7, the most
appropriate medium for proliferation and quality Bf berteronianaexplants was the
treatmen®:MS supplemented only by cytokinin BAP at conceitre0.1 mg.F. The next
highest proliferation intensity was achieved inatment ¥2MS medium supplemented
with BAP in concentration 0.3 md.l In these treatments the average means shoot numbe
per plant was 5.46+0.90 and 4.03%£0.35, respectiy®®e Table 7). Between these two
media, no significant differences were detectedwvéiger plants on medium supplemented
by 0.1 mgT BAP were a little bit higher and darker green th#lants on medium
supplemented by 0.3 mg.BAP. In general, lower concentrations of cytokiprovided
much better results than higher concentrationssi#@vn in Figure 9, B, on on the full-
strength MS and ¥2MS proliferation of rosettes watsabserved.

The combination of cytokines and auxines createds#tondary effect in formation
of very well developedn vitro root. Some plant cultivated on medium with additio
of NAA showed formation of roots with hairs. On thewing medium 0.5 mg‘l BAP
with 0.1 mg." NAA and 0.01 mgt BAP the proliferation rate was 0%, but the quality
of the explants was still very good. Neverthelegjition of NAA in medium decreased
the shoot proliferation when compared to media omlth cytokinins (see Table 7).
Thus, they were not suitable fiorvitro propagation of plants.

In treatment supplemented by 0.01 rigkatin,P. berteronianafew explants had
necrosis. The othertreatments were without theasexr

Overall, response of plants to zeatin was lessngine than in case of BAP.

However, the plants grew up well and they were nage, without necrosis or vitrification.
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Figure 9. Explants cultivated on multiplication medium anGms free control medium. A — plantlets
on %MS supplemented by 0.1 mg.BAP.B — control plant on PGRs free %2 MS mediurrurBe: author

Table 7. Effects of cytokinins and auxines on multiple shimomation ofPuya berteroniana
Treatment BAP (mg.) NAAmg.l") ZEA(mg.")  Mean shoot number (+ S.D.) *

1. 0.01 0.00 +0.00
2. 0.1 546091 a
3. 0.3 4.03+0.35ab
4. 0.5 2.88 £0.49 bc
5. 0.01 0.1 1.40 + 0.30 cde
6. 0.1 0.1 2.64 +0.47 bed
7. 0.3 0.1 2.99 £ 0.55 bc
8. 0.5 0.1 0.00 +0.00
9. 0.01 0.19+0.09d
10. 0.1 2.40 £ 0.33 bede
11. 0.3 2.40 £ 0.48 bcde
12. 0.5 2.64 +0.77 bed
13. 0.1 0.01 0.96 + 0.18 abc
14. 0.1 0.1 0.54 +0.17 de
15. 0.1 0.3 2.04 +0.58 bcde
16. 0.1 0.5 0.80 £ 0.15 cde
Control 0 0 0 1.19 + 0.30 cde
plant

* Number of shoots recorded after 28 days of culiation
** |n the same column, numbers followed by the saméetter are not significantly different
(Tukey’s test, p < 0.05)
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5.2.2. Rootingin vitro and ex vitro transfer

During January 2014, the explants cultivated ontiplidation medium with the
highest shoot proliferation capacity, i.e. with @ng.I* BAP, were transferred onto media
supportingin vitro rooting (Tab. 4). After four weeks of cultivatian average number
of roots were evaluated (Tab. 8).

Medium supplemented by IAA did not promote the vitro rooting. Neither
concentration 0.1 and 0.2 m§.bf NAA did influence the rooting of explants. Theost
appropriate concentration of auxines for rooting Wa mg:f NAA, indicating that higher
concentrations of NAA are more effective for roobguction. The roots obtained on this
rooting medium rather shorter and light.

The roots of control plants were the shortest fralintreatments and without
branching, too (data not shown). In all treatmetitere was no occurrence of branching
of roots. Total appereance of explant after transfas good without visible changes

on plantlets or some necroses.

Table 8. Effects of various treatments on formation oftsoio Puya berteroniana

Treatment Concentration Concentration Concentration  Number of
of NAA (mg.I')  of IAA (mg.l™)  of ZEA (mg.I™) roots (+
S.D.)*
1. 0.1 0.84 +£0.23c
2. 0.1 0.1 0.46 £0.14 c
3. 0.1 1.13+0.26 ¢
4. 0.2 1.12+0.22 ¢
5. 0.3 10.0£0.95a
6. 0.5 6.7£0.80b
7. 0.2 0.95+0.33¢c
8. 0.3 0.47+£0.20c
9. 0.5 0.75+0.24 c
Control plant 0 0 0 5.20£0.64 b

* Number of roots recorded after 28 days of cultiation
** |In the same column, numbers followed by the samketter are not significantly different
(Tukey’s test, p < 0.05)
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After successful development of roots on mediumtaiong 0.3 mg:t NAA,
the explants were transferredew vitro conditions, especially into garden substrate mixed
with perlite in ratio 1:1. Only 1 explant from 3@d four weeks after transfer. The death
was probably caused by fungi from badly washed agatium.

The other plants grow normally without specialuiegments. A shown in Figure
10, six weeks after transfer, the 29 plants noynatow without any necroses

or vitrification, providing survival rate 97%.

Figure 10.Plantlets afteex vitrotransfer into garden substrate mixed with pe(litd). Source: author
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5.2.3. Flow cytometry

To evaluate the effect of regeneration via direotphogenesis on ploidy stability,
we chose 10 randomly selected plants from thefdregiagation treatment A and subjected
them to flow cytometry.

Linear histograms of relative nuclear DNA contewviheed in all cases two peaks,
the first corresponding to somatic nuclei arrestedhe GO/G1 phase of the cell cycle,
and belonging to the measured sample, and the dempresenting nuclei of internal
standard Glycine max in the GO/G1 phase (see Figure A;1B). The DNA-ratios ofP.
berteronianain vitro plantlets varied from 0.347 to 0.353, and theyemsot significantly
different to that of the control plant (0.349). Wi@ytometric analysis suggested that the
plants aftein vitro propagation had maintained stable ploidy level.

Absence of any alterations in ploidy level indicatieat in plants obtained by direct

morphogenesis not occur of somaclonal variatidghe@tgenomic level.
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Figure 11. Representative flow cytometric histograms docuime@nthe realite DNA content of vitro
plants ofP. berteronianaA — control plant; B- randomly selectéd vitro plantlets. The peak indicated as

“*” correspond to the internal reference standé@ity€ine max).
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5.2.4. DNA extraction

In our study we observed the problem with extractod DNA from fresh plant
samples oP. berteroniana

By using classical CTAB method it was not obtaitieel satisfactory concentration
of DNA in samples for further experiment. From samples, which had been extracted,
the concentration reached from 0.3 to max 3 nd.mMlepetition of extraction did not
provide satisfactory results.

The second method of extraction was the appliccattd the commercially
available kit Invisorb Spin Plant Mini Kit (INVITEKCompany, Germany). This kit
showed slightly better results in concentrationD¥A, which rised up to 19.9 ng.thl
The other samples showed the concentration of DNA érom 3 to 9 ng.mt. This
method can not be considered as sufficiently affect

According to our previous experiences, there weezlithe modification for CTAB
protocol by applications of phenol, which was usedan additional agent for purifing
to precipitate remaining the polysaccharides. Bg thethod, we obtained the higher
concentrations of DNA per ten samples than in jevitwo methods. The highest
concentration achieved was 72 ng'mbn the other side the lowest concentration was 8.
ng.mi*.These concentrations were used for assessmemnefling temperature for each
primer.

The isolated DNA using CTAB and fenol was electiaghically separated on 2%
agarose gel to test the capability of DNA for usimdurther experiments (Fig.12).

Figure 12. DNA samples screened for optimalization on 2% agmugel to verify the capability of DNA for

further experiment
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5.2.5ISSR

During this preliminary study a set of 6 ISSR pnim@ere screened. Each primer
produced average number of 19 clear and reprodectiplicons. The amplified products
of all 6 ISSR primers were monomorphic across thgenerated explants and were
identical to the mother plant (control plant). Dietd results are summarized below (see
Table 9).

Primer ‘UBC 812’ produced 3 scorable monomorphiedsain range 550 — 750 bp.
Primer ‘UBC 813’ produced 3 scorable monomorphiadsaper primer in range 800 —
1400 bp. Primer ‘UBC 814’ produced 4 scorable moogohic bands in range 450 — 700
bp. Per primer ‘UBC 824’ | detect 4 scorable mongohec bands in range 550 — 850 bp.
Primer ‘UBC 834’ showed 3 scorable monomorphic lsandange 550 — 750 bp.

The last primer ‘UBC 841’ detected only 1 scorailenomorphic band on 550 bp.
None of tested primers produced polymorphic baide example of monomorphic
patterns obtained by ISSR is expressed below (geed13; 14).

Table 9. ISSR primers used for detecting the genetic kabin regenerants ofP. berteroniana

and the amplicons generated (bp= base pairs).

No. Primers Annealing Total Number No. and Range of
code temperature  number of of frequency of amplification
(°C) bands scorable  polymorphic (bp)
amplified bands bands per
per primer
primer
1. ‘UBC812’ 47.0 33 3 0 550 - 750
2. ‘UBC813’ 49.3 33 3 0 880 - 1380
3. ‘UBC814’ 53.6 44 4 0 450 - 700
4. ‘UBC824’ 47.0 55 4 0 550 - 850
5. ‘UBC834’ 47.0 66 3 0 550 - 750
6. ‘UBC841 50.0 11 1 0 550
Total 253 19 0
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Figure 13 Monomorphic profile using primer UBC 824. bp: bgmirs; L: 100 bp DNA ladder; Cp: control

plant; A1-K3: regenerants from treatment with BARcbncentration 0.1 mg
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Figure 14: Monomorphic profile using primer UBC 834. bp: bgmirs; L: 100 bp DNA ladder; Cp: control

plant; A1-K3: regenerants regenerants from treatmith BAP in concentration 0.1 mg.l
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6. Discussion

6.1. Sterilization of plant material

During the surface sterilization &. berteronianaseeds, the use of NaClO proved
to be very effective agent in contamination contf@lr results on seed sterilization ff
berteroniana highly agreed with those of Galvanest al. (2007) for Aechmea
blanchetiana The fungal contamination, which was observed in ynamomeliad species
are very likely related to seed handling and sgatilon during inoculation. Fortest al.
(2004) present that, despite the losses causediryyi ih vitro, much important is the
occurrence of bacteria contamination. Preventiegftimgi and bacterial occurrence highly
depends on adjusting sterilization methods.

In this study, amount of contamination h berteronianawas minimal and the
plantlets did not show the damage of tissue. Bhoj{H80) and Neuner and Beiderbeck
(1993) founded NaClO is the most appropriate adentsurface sterilization ofalix
caprea(Salicaceae). Perét al. (2013) inHohenbergia pendulifloréBromeliaceae) used
for sterilization 20 min in 2% NaCIlO. However fouroplant species was proved to be
better was achived using the protocol of disinfectccording to study Pedroza — Marique
and Tibocha (2008). The most efficient treatmensterilization ofP. santosswas 1%
NaClO applied for 10 minutes. This treatment was thost appropriate also fd?.
berteroniana Using the same protocol for seeds obBrteronianaas theP. santossive
obtained very effective control of contaminationptdint material. The mortality rate after
sterilization in our plant was only 0—2%.

For other members of Bromeliaceae family, were iadpinore intensive method
of sterilization in comparison with our type of fage sterilization. Sterilization by NaCIO
was useful also for other bromeliads suciVasesea reitzii70% ethanol for 3 min and 2%
NaClO for 35 min were applied (Alves al, 2006).

The seeds dDyckia distachygBromeliaceae) were immersed in 70% ethanol for 3
min under aseptic conditions, and then in a 5% Ra&blution for 30 min (Pompelli
and Guerra, 2005). All these methods of surfaadigtgion provide small mortality ration
from 0 to max 10% of disinfected plant materiamsaas in our study &?. berteroniana
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It is possible to use the lower concentration oCNafor surface sterilization like
in Aechmea fasciatéBromeliaceae) (Vinterhalter and Vinterhalter, 19®%uanget al,
2010) where the florets were successfully surfasev@cted with 0.5 % NaClO for 15
minutes (Huanget al, 2010). The ratio of contamination mortality radgely from O to
5%.

6.2 In vitro propagation

Determination of the appropriate medium for the tiplitation of explants is the
basic indicator of economic frugality method in mjgropagation (Knitl, 2011).
Micropropagation offers a rapid means of productadnclonal plants for conservation
and commercial purposes (Bonga, 1982).

Mercier and Kerbauy (1997) optimized systems of rapoopagation in many
bromeliads and they indicated as the most impofRdBRs: BAP and NAA. With this
conclusion agree also Arrabat al. (2002), who stated that the several combinations
of BAP and NAA inducen vitro regenerations in bromeliads, i.e Gnypthantus sinuosus
These types of plant growth regulators are vergatiffe for providing adventitious buds
or axillary branching. On the other side, Karp @pand Hirimburegama and Wijesinghe
(1992) declared that the general addition of plgrawth regulators can cause the
inhibition of shoot multiplication or promote undable responses. Nevertheless, Ror
berteronianathis argument was not confirmed.

Pedroza-Manrique and Tibocha (2008) reported aci@ft in vitro propagation
protocol forPuya santossiThey tested the effect of five concentration$BA and BAP.
The medium supplemeted with BAP at concentatiom@gd™ produced in average 1.85
0.63 shoots per explant. This treatment in our exmEnt provided 2.88 + 0.49 shoots
per explant. This concentration of BAP was the ootynmon for both experiments.
In Puya santossihe best results were reported for medium enridhed.5 mg.f BAP,
which is different in comparison with our study BnberteronianaFor species under our
study, the highest number of adventitious offshawés provided by medium 0.1 mig.|
BAP.

48



Other treatments provided the plants with smallerght, lower proliferation
and regeneration rate. Thus, it can be concluded BAP is appropriate cytokine
for multiplication programs (Rodrigué al., 2003), but optimal concentration is genus
specific.

Galvanesiet al. (2007) obtained trought the direct morphogenesiféchmea
distichanthaan average mean shoot at maximum 138.71 on ligaidium with 5.0 mg1
NAA and 5.0 mg: BAP, supporting the positive effect of BAP and NAA propagation.
Similarly, Mendeset al. (2007) obtained 5.1 and 5.3 shoots per stem igazgration 0.3
mg.l* NAA + 1.1 mg.I* BAP and 0.5 mgi NAA + 1.1 mg.I' BAP, respectively. Similar
results were obtained by (Arrabat al., 2002) in Crypthantus sinuosusThese studies
clearly show that combination of BAP and NAA canbameficial for propagation of some
bromeliads.However, in our case addition of NAA decreased fitran of adventitious
shoots.

Surprisingly, zeatin did not provide satisfactoegults in our experiment. In many
species from different families, e.g. Ericacea®whideaceae the multiplication of shoots
was successful using of zeatin (Giridhar and Rarikhr, 2003; Debnath, 2005; Ciee
al., 2013; Sedlak and Paprstein, 2011).

The number of shoot tips dfanilla planifolia from family Orchideaceae was
maximal on medium with 0.5 md.lzeatin (Giridhar and Ravishankar, 2003). Debnath
(2005) reported irVaccinium vitis-idaea.. belonging to the family Ericaceae, that the
highest production of shoots per explant can béesel on medium containing 0.2 m.|
zeatin. Similarly, inVaccinium macrocarpothe highest amount of shoot was achieved

on meidum supplemented by m@.I"* zeatin (Sedlak and Paprstein, 2011).
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6.3.1n vitro rooting and ex vitro tranfer

Various autors reported the influence of NAA on trdormation in several
bromeliads. Mercier and Kerbauy (1995) and Drasdteal. (2005) stated that the most
appropriate auxine fan vitro rooting formation is NAA.

Garciaet al. (2009) also used NAA for root formation Meoglaziovia variegate
and recommended the concentration 0.1 TAA. In vitro rooting of Hohenbergia
penduliflora(Perézet al.,2013) was mainly influenced by NAA in concentrati®.6 mg.]

! Using this concentration, the highest percentafgeoots formation per explants was
achieved.

In our experiment, we found that intermediate em@tion of NAA (i.e. 0.3
mg.) is optimal; lower and higher concentrations ofAldecrease formation of roots.

The use of IAA for root formation . berteronianadid not show satisfactory
results, regardless of concentration used. Howawearther species from various families,
IAA showed better results than the use of NAA. Roptof mature clones icacia
mangiumbelonging to the family Fabaceae, showed the tgsstits on medium enriched
by 0.7 mg.tand 1.0 mg:t IAA (Monteuuis and Claude Bon, 2000). Debnattal. (2000)
and Bhuiyanet al. (2011) reported similar results with lower concatibn of IAA
in Colocasia esculentatom the family Araceae.

For ex vitrotransplantation o€rypthantus sinuosusell rooted plants higher than
1 cm were used (Arrabal al.,2002). The survival ratio of explants was simlike in P.
berteroniana These explants were transferred into the agtcellsubstrate mixed with
sand (1:1). This type of substrate was also useB.fberteronianaut instead of sand the
perlite was used.

Perézet al. (2013) reported foHohenbergia penduliflorgdBromeliaceae) the most
appropriate substrate for transplanting is 100%rfitake-sugarcane ashes. The percentage
of survival explants reached up to 100% after onenttm These results indicate
that already formed roots are functional even adtewitro transfer, and/or the plants are

able to produce new roots in the substrate.
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6.4. Flow cytometry

Ploidy level ofin vitro plantlets ofPuya berteronianafterin vitro propagation was
stable. Similar results i?. berteroniana were reported for various plants derived via
direct morphogenesis.

Where the flow cytometry was employed and plo&lyel homogeneity was found
in regenerants, i.e. in cott@ossypium hirsutur@linet al.,2008) andsentiana panonnica
(Fiuk et al.,2010).

The ploidy level stability was found also in threvitro derived plants of oil palm
Elaeis guineensifRival et al.,1997) and grapevinéitis vinifera(Yanget al.,2008).

On the contrary, the ploidy variations were detgdie plants obtained trough
somatic embryogenesis Ricea abiegFourréet al., 1997),Cucumis sativugKubalakova
et al, 1996) andCyclamen persicur(Borchertet al.,2007) afteiin vitro propagation.

Flow cytometry is an efficient method for routirsgde-scale studies of ploidy level
in many plants. Method of flow cytometry is appriape for many plants thanks to its
rapidity, reliability and cheapness (Orbéet al.,2008).

Flow cytometry has not been used only for ploidiedgon in plants aftein vitro
propagation but also for naturally occuring plaetg,. inPuya raimondiigenome size was
detected as 1.13 pg (Sgorbatial., 2004). The chromose number Bf raimondii was
detect by McWilliams (1974) as 2n = 2x = 50.

This type of analysis is very beneficial, as it nyused in furter for the breeding
effort in the genuPuya
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6.5. Extraction of DNA

Genomic DNA of bromeliads is mainly extracted frdnesh or dried leaves.
In various bromeliad species the isolation of DNAaswdone following of Cetyl
trimethylammonium bromide (CTAB) based procedureoyle and Doyle, 1987).
Extraction of DNA by using of CTAB protocol was ase Aechmeagenus (Wang et al.,
2012), Alcantareagenus (Versieux et al., 2012)\eoregeliagenus,Guzmaniagenus,
Vrieseagenus (Zhang et al., 2012). DNA concentrationsheké genuses were estimated
in 0.8% agarose gel. This method of DNA extractgalso popular in many other families
(Ge et al., 2012; Russel et al., 2010), etc.

Using of classical CTAB procedure, in the gerlgya did not provide the
sufficient amount and quality of DNA. Similar resulwere reported by Schulte et al.
(2010) who used for ChilaRAuyaspecies modificated CTAB protocol.

Described modification of CTAB procedure accordingWeising et al. (2005),
includes the purification step to precipitate remrag polysaccharides (Saghai—Marrrof,
1984). In previous research, commercial ready-®IDNA extraction kits did not always
result in sufficient amount of DNA isolates causwayious problems in the restriction
in subsequent PCR amplification, they were theeefoot further used (Schuliet al.,
2010).

Sgorbati et al. (2004) isolated the genomic DNAnfreeaf samples from of.
raimondii. Genomic DNA was performed in 0.5 g of fresh plawaiterial, but for extraction
of P. berteronianavas used only 100 — 120 mg of plant material.tirl of P. raimondii
samples were processed by CTAB buffer and the DN&&S wurified by using of. -
amylase and RNAse A. On the other hand Hornung eniLet al. (2013) extracted the
DNA from silica gel dried leaf tissue. Samples wiozen in liquid nitrogen similar like
in P. berteronianawith addition of mercaptoethanol and ground t@a/ger.

For the extraction, it was used CTAB method modifiey using of RNase
and incubated for 30 min to eliminate RNA in thengtes. DNA concentration was
adjusted to 200 ng per pL for each sample. Withiogitusing of RNAse was obtained the
sufficient amout of DNA for experiments.
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6.6. ISSR analysis

ISSR markers are consided to be reliable in dewctif somaclonal variation
or genetic stability in plants after micropropagatiln our experiment, ISSR markers did
not reveal any genetic changes suggesting that dona variation in regenerants after
in vitro propagation. Similarly, Latat al. (2010) applied ISSR markers @annabis sativa
in vitro plants, where genetic fidelity was detectidvitro regenerants dbchreinauclea
missionis(Rubiaceaemultiplied by nodal segmentgere also tested for genetic stability
using 32 ISSR primers. However, a total polymomphs73% was found (Chandrika and
Ravisharkan, 2009). Huargg al. (2009) applied the ISSR markers for detecton okete
stability in regenerants oPlatanus acerifolia from Platanaceae family. Screening
of 38 ISSR primers provided 16.5% total polymorphisdicating that genetic fidelity was
not maintained.

Use of other molecular markers or their combimatcan be also beneficial
for detection of genetic stability of variabilityn iregenerants of plants from various
families, as reported fo€entaurea ultreia¢Mallon et al., 2010)Pissum sativuniSmykal
et al., 2007)Phoenix dactylifergSaker et al., 2006) arflaeis guineensifMatthes et al.,
2001).

So far, in family Bromeliaceae, only RAPD has beeplied to reveal somaclonal
variation afteiin vitro propagation.

Santoset al. (2008) evaluated genetic variability in plantlefsAnanas comosus
var. bracteatususing RAPD markers. In total, 2.8% polymorphism weatected.

In our study, the use of ISSR seems to be suffigiereliable and it can be
recommended also for other scientific studies aatmt to genetic variability ilPuya

berteroniana.
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7. Conclusion

Thein vitro culture ofPuya berteronianavas successfully established using 70%
ethanol and 1% NacClO.

For in vitro propagation, 16 different combinations of PGRs \atrious
concentrations were used. As the most appropriadium for in vitro propagation
of P. berteronianawas %MS medium containing 0.1 mg'of BAP providing
approximately 5.46 £ 0.91 of new shoots per explant

Explants ofPuya berteronianasuccessfully rooted on different media. The most
successful treatment was ¥2:MS supplemented by 0.3'nof NAA. In this treatment,
plants created approximately 10.0 = 0.95 roots Hral percentage of survival plant

after transferring into thex vitroconditions was high (99 %).

To evaluate the effect of regeneration on ploidgb#ity, the flow cytometry
analysis was applied. Results indicated that plahBuya berteronianabtained by direct

morhpogenesis are not very susceptible to alteratigloidy level.

Genetic stability was verified in 11 plants prop&glavia direct morphogenesis in
order to exclude occurrence of somaclonal variatidgre amplified products from 6 ISSR

primers were monomorphic accross the plants and wlentical to the mother plant.

Optimized protocol for micropropagation Bf berteronianacan be used for large-

scale propagation of this species
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8. Recommendation

As the most problematic part of the thesis wasettteaction of genomic DNA from
the leaf tissue. The use of commercially availghlgfication kit should be tested in order

to obtain higher concentration of genomic DNA.

ISSR markers have been in this study optimized sfpeciesP. berteroniana

Application of other molecular markers should beaksted to confirm the results.
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