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ABSTRACT

Ray florets ofChrysanthemum x grandiflorum (Ramat.) Kitam. were
cultured in vitro on Murashige and Skoog (MS) medium containing \exio
combinations and concentrations of BA and 2,4-De MiS medium supplemented
with 13.3 uM BA and 0.5 pM 2, 4-D vyielded the higheefficiency of callus
formation after 1 month of culture. The calluseffedentiated into adventitious
shoots. The highest number of regenerated sho&®®%} was obtained on MS
medium supplemented with 9.3 uM kinetin and 4.9 |BA while the rooting of
shoots reached 100% in all experiments. However,nM8ium containing 12.3 uM
IBA induced the highest number of roots per shd@t ). Histological observation
showed that shoot formation originated from a sngieristematic cell that had a
dense cytoplasm and a well stained nucleus.

The one-month-old calluses ofhrysanthemum x grandiflorum
(Ramat.) Kitam. on MS medium supplemented with 18\B BA and 0.5 pM 2, 4-D
were acute irradiated with 0, 5, 10, 15, 20, 2% a6 Gy gamma rays. The survival
percentage of the calluses decreased with an siogearadiation dose. The untreated
calluses produced a 100% of the survival whilestinevival percentage of the calluses
at 30 Gy was the lowest. The half lethal doses(L.bf acute gamma ray was found to
be 26 Gy. The irradiation dose negatively affeategeneration rate of the calluses.

With a gradual increase of irradiation doses thees a gradual decrease in the

vil



percentage of shoot regeneration. The optimal pe&age of adventitious shoot
regenerated from the irradiated calluses was 453&y. However, the mean number
of shoots per callus was significantly highest atQ@y (< 0.05). In addition, the
irradiated calluses in all experiments providedtitgher numbers of shoots per callus
than the untreated control.

The nuclear DNA content of treated, untreated sabuand natural
plants was analyzed by flow cytometry. The nucl&€NA content in plants
regenerated from untreated calluses and plantsaiarad condition was 24.98 pg
while the nuclear DNA content in plants regenerdteth the irradiated calluses was
lower in all treatments. Plantlets derived from treataliuses with 15, 20 and 25 Gy
have the nuclear DNA content of 10.99, 18.80 an@1.@g in concomitant with the
somatic chromosome numbers of 27, 37, and 34, cégply while the natural plants
was 54.

Variations in the morphological characteristic dfosts and leaves
were found in the plants from the irradiated cadbid eaf chimera was evidenced in
plantlets regenerated from calluses treated witlsg0While with 15 Gy treatment,
short compact shoots, fasciations, rosette leafvéritication were observed.

Thirteen random primers were screened for theiitahbo amplify the
genomic DNA of theChrysanthemum x grandiflorum (Ramat) Kitam. and its
mutants, five informative RAPD prime®©PAB-09, OPA-03, OPAB-14, OPB-08,
OPB-18 gave reproducible polymorphic bands to distingussime of the mutants
from their parents. These five primer combinatiogenerated a total of 97
reproducible amplification fragments across allisatutants and parent cultivars,
among which 31 bands were polymorphic. The numlbeanoplified RAPD bands
varied from a minimum of 6 to a maximum of 28 degieg on the primer and the
DNA sample with a mean value of 19.4 bands per @rinihe size of fragments
ranged from 300 to 3,000 bp. PCR amplification viathmer OPB-18 clearly revealed
that in plant regenerated from irradiated calluae20, 25, and 30 Gy a highly

specific band500 and 700 bypis absent in comparison to the plants in other slose
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and the plants in natural conditions indicating tih@y are highly polymorphic when
compared to other mutants. Moreover, a band of 3®as noticed only in plants
regenerated from irradiated calluses at 30 Gy whergenomic DNA was amplified
with primer OPB-08, indicating that the plants negiated from irradiated calluses at
30 Gy is polymorphic when compared to plants deriyeom other conditions.
Similarly, a polymorphic band of 900 bp is absemtnatural plants and plants
regenerated from untreated calludest present in all plants regenerated from
irradiated calluses when RAPD marker OPB-08 wagl.u$&is result showed that
their cultivars are highly polymorphic comparedptants regenerated from irradiated
calluses. The analysis of RAPD result showed tleaegc variation of regenerated
plantlet was proportional to the dosage of gamma wathin a certain range.
However, the primers used in the present study dcaubt discriminate the
radiomutants derived from 15 Gy gamma irradiatioont the other radiomutants,
although this radiomutants seemed to be the maatacteristically different from
other accessions of mutafd change in morphologyw decreasing in chromosome

numberand also in the nuclear DNA contgnt
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Chrysanthemum@hrysanthemum x grandiflorum (Ramat) Kitam.],
also known as florist’s chrysanthemum has becomeagr floriculture crop in the
word. It has inflorescence in the form of calattwm. It is cultivated both as a cut-
flower and as a potted plagbot mums$. The first cultivated species originated in
China over 2000 years ago (Teixeira 2003 a). Caimweal breeding techniques, such
as hybridization breeding, play an important role the development of
chrysanthemum cultivars. However, with cross bregdit takes long period of time
to breed a satisfactory cultivar, on the other hathére are limitations to this
technique as follows:

Firstly, there is the limited gene pool of any spsce.g., no plant
species possesses the genes required for produairegies with the full spectrum of
colors(Mol et al., 1989.

Secondly, distant crosses may be limited by incdibiiy or
differences in ploidy level between putative pas¢hbwe et al., 1993.

Thirdly, characteristics such as uniform growth asyghchronous
flowering are polygenic. Hence, sexual crossing ralgr the delicate balance of
factors determining plant growth and shéjgel et al., 1989.

As the demand for novel, high quality cultivarsingreasing, cross
breeding alone can no longer meet this demand.oVMarialternative breeding
techniqgues have been used to produce new chrysamthecultivars. Of all the
alternative methods, mutation techniques, espgciallvitro mutation technique,

might be more suitable for chrysanthemum breedBrgertjeset al., 1976; Mandakt



al., 2000 a; Cheret al., 2003. This is because most chrysanthemum cultivars are
polyploids belonging to a hexaploid species withaaerage chromosome number of
54, possess complex genetic background, and arelympropagated asexually
(Dowrick, 1953; Li, 1993 resulting in a readily genetic variation whan vitro
mutation is conducted.

In the mutation breeding program, breeders usubbipe to get
plantlets with greater genetic variation comparétth the parents. Mutation breeding
by radiation, an agricultural application of nuclgachnology, has been widely
utilized to upgrade the well-adapted plant vargebg one or two major traits and also
develop new varieties with improved agriculturabicteristics. Breeding programs
have focused on important characteristics of ormaah@alue, including flower color,
size and form, production quality and reactionhe environmentBroertjeset al.,
1980. Many techniques and sources of variability inysanthemum breeding are
currently in use. Mutation induction is an impottaomol for breeding new cultivars,
and many cultivars have been produced using speots(sporty and induced
mutation. Gamma rays and X-rays are widely used rMfatation induction in
chrysanthemum. However, radiation treatment inddegsage, such as chromosomal
aberrations, in plants. Dose of radiation is onpdrtant factor of radiation treatment
and its effect has been investigated by evaluatargpus traits, including lethality
(Broertijes, 1968; Killion and Constantin, 197$ripichit et al., 1988, growth
(Yamashita, 1964; Killion and Constantin, 1971; il et al., 1971; Bottinoet al.,
1975, and fertility (Yamashita, 1964; Killion and Constantin, 19.7Therefore, it is

believed that the dose of radiation also influerda®age in chrysanthemum.

1.2 Literature Review

1.2.1 Review of chrysanthemum in vitro culture
Chrysanthemum is usually cultivated by vegetativitirngs or suckers.

This method has a low multiplication rate and oftie& plants are low quality. Since
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cuttings are obtained repeatedly from mother plathisre may be subjected to any
virus infection and degeneration, thereby increagmduction costgHahn et al.,
1998; Kim et al.,, 2003. These problems have been solved by applying
micropropagation methods, which are routinely agaplio the clonal propagation of a
variety of horticultural plants including chrysaathum (Ben-Jacov and Langhans,
1972. The large-scale propagation of disease-free playin vitro disease-free shoot
proliferation would be costly. However, the prodactof mother stock plants by
micropropagationPreviati et al., 2008, starting from disease-free shoots could be
effective and would guarantee a production of lgatuttings. An alternative way to
defend against pathogens, but also insect pesikl be breeding resistant genotypes.

A decade ago, the protocols for rapid true to typesease-free
propagation has been developed in chrysanthemuoughrbud/shoot proliferation
(Grewal et al., 1996). Murashige (1990) stated that clonal pfaopagation is the
most extensive and visible application of tissudtuca. Rapid clonal plant
propagatiorin vitro can be obtained through bud or shoot proliferatiierik, 1990).
Cell and tissue culture propagation has been readewm chrysanthemum (Horst,
1990). Widiastoety (1987) cultured three typesexplant (shoot tips, axillary buds
and leaf pieces) in a modified MS medium. Callus fia@med by 81% of the shoot
tips in 11-12 days, 86% of the axillary buds inI3 days, and 50% of the leaf pieces
in 13-14 days.

Many workers in the past have reported micropropaga of
Chrysanthemum morifolium Ramat. (nowDendranthema grandiflora Tzvel.) from
shoot tips and axillary buds (Ben and Langhans21®best and Bokelmann, 1973;
Earle and Langhans, 1974 b; Buglal., 1976; Grewal and Sharma, 1978; Wang and
Ma, 1978; Leeet al., 1979; Lazaret al., 1981; Lazar and Cachita, 1982; de Donato
and Perucco, 1984; Gertsson and Andersson, 198&edh 1986; Ahmed and
Andrea, 1987; Sun and Li, 1987; Widiastoety, 198 and Kim, 1988; Prasad and
Chaturvedi, 1988; Bhattacharghal., 1990; Endoet al., 1991; Dikshitet al., 1997;
Deruiter, 1997; Radojeviet al., 2000 and Wankhedet al., 2000), callus derived
from stem and leaf explants (Hill, 1968; Earle &mshghans 1974 b) and floral parts
(Bush et al., 1976; Roest and Bokelmann, 1975; Leteal., 1979; Sutter and
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Langhans, 1981; Lazast al., 1981; Lazar and Cachita, 1982; Chetnal., 1985;
Prasad and Chaturvedi, 1988; Ohishi and Sakur8B;1Rhalidet al., 1989; Luet al.,
1990; Kaulet al., 1990; Bhattacharyat al., 1990; Corneanu and Corneanu, 1992;
Kumar and Kumar, 1995 and Kumari and Varghese, 2063f explant (Jarzinat

al., 1982; Endcet al., 1990; Ledgekt al., 1991 ; Dejonget al.,1993; Pavingerovat

al., 1994; Leeet al., 1997; Shermaret al., 1998; Okaet al., 1999 and Parlet al.,
2002).

Liu et al. (1994) achieved the highest production frequency of
adventitious buds from shoot tip explantD&hdranthema grandiflora. Dejonget al.
(1993) reported that explants from leaves iaof vitro grown chrysanthemum
(Dendranthema grandiflora Tzvel.) cultivars regenerated adventitious shoathoumt
an intermediate callus phase. Chenal. (1985) cultured young leaves from 8
chrysanthemum cultivars on Murashige and Skoog (M8&Jlium supplemented with
BAP at 3-5 mg/l + NAA at 2 mg/l and found it best fud induction. Urbaset al.
(1994) reported the regeneration of shoots fromeéhesegments of Iridon and Helka
cultivars of chrysanthemum. Mityushkingt al. (1995) regenerated adventitious
shoots from leaf explants of 32 of @brysanthemum morifolium cultivars. Okeet al.
(1999) reported that adventitious buds were mdmigned at the cut ends of primary
leaves of garland chrysanthemum after 6-9 daysieutin MS medium supplemented
with 0.1 mg/l BAP and 0.1 mg/l NAA. Lazar and Cos(i883) used buds of the cv.
‘Super Yellow’ and reported that good bud and shdifferentiation was obtained
with 1AA at 0.1 mg/l and BA at 10 mg/l.

Kaul et al. (1990) regenerated adventitious shoots from ledfstam
explants of 11 chrysanthemum cultivars on MS basadium supplemented with BA
and NAA 5uM each. Regeneration of chrysanthemum plants Isaskeden reported
from florets (Lizukaet al., 1973; Roest and Bokelmann, 1975; Buehal., 1976;
Singhet al., 1996; Enjooet al., 1998; Annadanat al., 2000). Kim and Kim (1988)
regenerated shoots directly from internodes andl $egments ofDendranthema
indicum and Dendranthema zawadskii on basal media supplemented with 3.0 mg/l
BAP and 0.2 mg/l IAA. Dattat al. (2002) stated that leaf explants of chrysanthemum
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differentiated shoot buds in the presence of BA Al while the flower head and
receptacle differentiated in the presence of BA HAA.

Khalid et al. (1989) reported that florets of chrysanthemum deali
explants for inducing somaclonal variations. Plamaised through florets produced
more variation than those rose through leaf anch €eplants. Mizutani and Tanaka
(1994) cultured florets and corollas of 15 cultvaf chrysanthemunbDendranthema
morifolium) in vitro and reported that for floret and corollas the stalvrate ranged
32-100 and 0-100%, respectively, whilst regenenatite ranged 0-52 and 0-64%,
respectively.

Lu et al. (1990) achieved direct plant regeneration usinghfre
Chrysanthemum morifolium Ramat. cv. ‘Royal Purple’ stem segments cultured/A&
mediasupplemented with BA at 0.5-2.0 mg/l and NAA at-2.2 mg/l.

Yang et al. (1995) reported that the regeneration of shoots had
occurred directly from internode explantsinfvitro grown plants oDendranthema
grandiflora.

Hoque and Fatema (1995) reported that shoot tipswesth
comparatively better response to multiple shootmegation than the nodal segments,
whereas in contrast, Hoquet al. (1998) obtained best response towards multiple
shoot regeneration from the nodal explants on M8iuame containing 1.0 mg/l BAP
and 0.5 mg/l NAA. The response of node and yoursf Explants was better
compared with inter-nodal explant in terms of callinduction and growth.
Regeneration was best in nodal explant followedybyng leaves and internodes
(Kumariet al., 2001).

Gaoet al. (2001) confirmed that stem explants were supenoleaf
explants. It appears from the literature that therestill a need to study the
regeneration of chrysanthemumvitro culture using different explants sources.

The potential for micropropagation and rapid conuiar
multiplication of chrysanthemum has been signifisanincreased by several
researcher workers using different sources of explancluding petals segments
(Jesminet al., 2007; Nahicet al., 2007; Barakaét al., 2010).



1.2.2 Callusformation and itsculture

In nature, callus develops by infection of micraamgms from wounds
due to stimulation by endogenous growth hormonks, duxins and cytokinins.
However, it has been artificially developed by atluptissue culture techniques. This
technique has a great potential particularly irating genetic variability. Callus has
been successfully induced from numerous explantsveier, the success of callus
initiation is dependent on the explants source #ed composition of the culture
medium. Especially, culture medium which suppleradnivith auxins induces
quickly cell division. The size of the explants anda few cases the mode of culture
or polarity of the explants in the medium affeciicadevelopment. Smaller explants
are more likely to form callus while the larger srmeaintain greater morphogenetic
potential(David et al., 1981). A callus is an amorphous mass of loosely arrariged
walled parenchyma cells developing from prolifergticells of the parent tissue
(Dodds and Roberts, 1985). The unique feature lbdisces that the abnormal growth
has biological potential to develop normal rootpats and embryoids ultimately
forming a plant. Callus is formed through 3 devebteptal stages: induction, cell
division and differentiation. During induction mbtdic rate of cells is stimulated,
duration of which depends on physiological statul nutritional and environmental
factors. Owing to increased metabolic rate, cetlsuenulate high contents and finally
divide to form many number of cells. Cellular dréatiation and expression of
certain metabolic pathways start in the third phieseling to secondary products.
Sometimes callus appears of different colors, faneple, yellow, white, green or
red. Within the cell population of callus, the genénstability results in variations in
phenotypes which may be attributed to developmepefailgenetic) or genetic basis.
Epigenetic changes involve selecting gene expnesSitey are stable and heritable at
cellular level. When callus has grown on nutriedimm after a long time it becomes
essential to subculture it within 28 days on aHregedium. Otherwise there develops
nutrient depletion in original medium which resulis paucity of water and
accumulation of toxic metaboliteshttp://www.eplantscience.com/index_
(files/biotechnology/Plant%20biotechnology/In%20¥#20Culture%20Techniques/

biotech_organogenesis.php




1.2.3 Regeneration

The ability to regenerate whole plants from tissudture is a
prerequisite for most transformation systems esfiggolant regenerated from callus
that is important for an integral part of genetransformation and selection via
somaclonal variations. In chrysanthemum, petalsaacther candidate as a source for
organogenesis and plant regenerat{@ush et al., 1976. A plant regeneration
protocol mediated from petals callus is not onlgrarequisite for the exploitation of
improvements to this plant but also important felestion of somaclonal variations.
In addition, the ability to regenerate plants fransingle cell of florets is a useful
approach to establish a mutant in pure form anditide the production of a wide
range of new flower cultivars as stated by Manetabl., (2000. Previously, the
isolation of a new flower color mutant through diréoret regeneration and isolation
of a flower-shape mutant for the first time throughnagement of a chimera has been
reported by Dattat al., 2001b; Misraet al., 2003 ; Datta and Chakrabarty, 2009.
Plant regeneration has been achieved in chrysantineoy a number of groups using
various species and cultivars, basal media, diftgpéant growth regulator (PGR) and
media additive combinations and concentrationsjvelér organogenesis from a
number of explants sources including: stems (nautk iaternode), axillary buds,
leaves, shoot tips or apical meristem, protoplastss, pedicels and florets. On stem
explants, shoots originate from cortical cells, fom individual epidermal cells in
flower pedicels. Indirect regeneration via calluasweported from stem, petal and
shoot tips, but adventitious shoot regenerationiveddrfrom an initial callus phase
may result in somaclonal variation and in chimerishile direct shoot regeneration
from leaf or stem explants may eliminate such umdekes. Generally stem material
results in a greater shoot regeneration capady lkaf (Gact al., 2001).

Chrysanthemum is traditionally micropropagated garasolid-based,
sugar-supplemented media, but has also been pregaghotoautotrophically or
photomixotrophically under CQOenrichment, with reduced contamination levels and
production costs (Mitrat al., 1998), and tissue-cultured plants perform jusiel as
hydroponic systems (Halet al., 1998). A mixed organogenic response (i.e. shoots,

roots, callus and embryos forming together) or ipldtorgan formation (Rout and
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Das, 1997) is as a result of the cellular heteredgrpresent in the initial explants
source (Tanakat al., 2000) but this can be overcome by the use of ¢elhlayers
(TCLs) in conjunction with a single PGR applicatifyhut et al., 2003a,b; Teixeira
da Silva, 2003a,c) In most studies on chrysanthentibenshoot regeneration capacity
is reported as the number of surviving explantasothe number of shoots formed per
explant, and in transformation experiments, thisganally on a selective (antibiotic
containing) medium.

Propagation and plant regeneration through calas dready been
reported in chrysanthemum. Hill (1968) establisbatlus from shoot tip explant of
chrysanthemum on a medium containing 2 mg/l NAA @r&mg/l Kinetin. Roest and
Bokelmann (1975) investigated the role of growtgutators, explant length, sugar,
vitamins and minerals on adventitious shoot foromatvia callus from pedicle
explant. They also confirmed that a combinatioBAP and IAA was most favorable
for shoot bud regeneration. In the absence of witamand minerals, or in the presence
of the macro and micro elements (devoid of KNDd NHNO3), adventitious shoot
formation was completely suppressed.

Lee et al. (1979) cultured shoot apices of chrysanthemum*Skin
Dong Ah’ on a Murashige and Skoog medium suppleetemtith 0.5 mg/l Kinetin
and 1.0 mg/l NAA which produced the greatest fresight of callus. Bhattacharyh
al. (1990) reported the influence of auxins on cafpusduction and obtained good
green calluses from both leaf and stem segmenidSbasal salts supplemented with
2 mg/l 2, 4-D within 2 weeks of culture. They aleported that a combination of 0.1
mg/l 1AA and 0.2 mg/l BAP was most appropriate &allus formation from nodal
segments, shoot apices and leaf, for the regeaerati shoots from callus. An
average shoots height of 3-4 cm after 4 weeks gérreration of shoots from each
explant was achieved. Kaet al. (1990) regenerated adventitious shoots from leaf
and stem explants of 11 chrysanthemum cultivarg dptimum medium for both
explant types contained Murashige and Skoog basdium supplemented withy gV
BA and 5uM NAA. Generally, stem explants were superior taflexplants. The
morphogenic development was noted 4-6 days after itfitiation of cultures

depending upon the explant type.
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The highest percentage of shoot formation (100%) aneatest
average number of shoots per explant (14.6) wesergbd on stem segments taken
from the apical portion of the stem. Organogeneéipacity decreased in the more
mature stem (Liet al., 1990). A high concentration (5.0 mg/l) of BAP andA
promoted callus induction and formation of shoatsnf achenes and petals of
Chrysanthemum coccineum but a high concentration (5.0 mg/l) of 2, 4-D inited
shoot formation (Fuji and Shimizu, 1990). Callusinsps (1 mm diameter) were
transferred to shoot regeneration medium 21 daigs afolation. After a further 33
days leaves became visible (Lindsay and Ledger3)1¥Rallus age was an important
factor for shoot bud regeneration. The regeneradiniity decreased when calluses
were stored at low temperatures for long periodghtcultivars were tested for their
regeneration ability using different types of expgaon the same media. Cultivar and
explant type had a greater effect on regeneratian the type of medium (Rademaker
and de Jong, 1990). Sutter and Langhans (1981) a@u® years old leaf callus of
Chrysanthemum morifolium with those of 1 month old callus derived from leaf
explants to assess the regeneration ability of leargy cultures. Aberrant forms,
variable leaf shapes and stunted growth were obdeitv 15% of them while the
remaining 85% were characterized by excessive groiateral shoots.

Aribaud et al. (1994) reported that BA plus 2, 4-D caused callus
formation and proliferation in leaf explant of ckanthemum. Kumari and Varghese
(2003) determined the effects of 2, 4-D (1 or 2Im&AA (1 or 2 mg/l) and Kinetin
(0.5 and 1 mg/l) on callus of node, young leaves amer-nodal explant of
chrysanthemum. Amongst the various explants usedalnexplants showed the
highest fresh weight in two combinations and therimode and young leaf in one
combination. Dry matter accumulation was highemadal explant followed by young
leaves and inter-node in both cultivars. Out ofedént media combinations, MS
supplemented with 2.0 mg/l 2, 4-D and 1.0 mg/l Kimevas superior in terms of
fresh weight and dry matter accumulation in alllarfs.

Shermaret al. (1998) reported that the leaf explants when cuitune
an embryogenesis-type medium containing a high exanation of 2, 4-D promoted

callus formation. Chakrabartst al. (2000) cultured yellow florets on MS medium
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supplemented with 0.2 mg/l NAA, 1 mg/l BAP and 3#4cmse. Callus formed on
82% of the explants. Wankhedet al. (2000) studied callus induction in
chrysanthemum cv. ‘Zipri’ and ‘Shyamal Dark PinlCultivar ‘Zipri’ exhibited
greater callus induction than cv. ‘Shyamal DarkkRiallus induction and growth
were most pronounced in cv. ‘Zipri’ grown in the Migedium containing either 1
mg/l 2, 4-D, 0.2 mg/l BAP plus 0.2 mg/l NAA, or Omdg/l BAP, and in cv. ‘Shyamal
Dark Pink’ grown in the MS medium containing eitf®mg/l 2, 4-D, 0.1 mg/l BAP
plus 0.1 mg/l NAA, or 0.25 mg/l BAP. In both culéirs, leaf disc explants produced
more calluses than stem disc explants. Gul (200dyded callus on the medium
supplemented with BAP plus 2, 4-D. Callus was atadifrom stem nodal segments
as well as shoot tips. Up to 60 plantlets wereiobthfrom a single flask containing
callus. The plantlet grew rapidly on plain ¥2 MS dasedium and up to 20 cm long
shoots and 50 cm long roots were recorded. SariekiShaheen (2001) observed the
best response for callus induction and consequevéldpment of shoots when 1.5-
2.0 cm long leaf explants were cultured on MS medaontaining 5.0 mg/l BAP and
0.5 mg/l Kinetin, in chrysanthemum. The maximum iemof shoots from the callus
developed along the entire surface of the leaf.o&halso regenerated from midrib
callus on MS medium fortified with the similar hoomal supplements but

comparatively with a less frequency.

1.2.4. In vitro root induction

Chrysanthemums are usually propagated as vegetatittengs by
dipping cut stems into formulated auxin-containipgwder for adventitious root
induction, the rooted plantlets being resilientdisiccation, resulting in ca. 100%
acclimatization (Nishio and Fukuda, 1998). Cellelpéug-saturated liquid medium is
one way of increasing survival and rooting iof vitro developed plantlets once
transferredex vitro (Roberts and Smith, 1990)n vitro adventitious roots can be
established easily by placing vitro-formed adventitious shoots onto a PGR-free
medium, albeit with a lower than ideal acclimatiaat percentage. Thén vitro

induction of shoots from both stem and leaf ex@amas been well documented.
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Despite adventitious root formation (or rhizogesgsiof shoots being well
documented in chrysanthemum, there is only onertepothede novo formation of
roots (Teixeira da Silva, 2003a), which may alldwstprocedure to be used for
cryopreservation, artificial seed production (swds), secondary metabolite
production (root-specific) and improvement of tlemgs through genetic engineering.
The effect of different plant hormones is a magpit in the study of
root formation. Several hormones are known to arilte root architecture, usually
through the inhibition or induction of lateral reoAuxin is a major player in shaping
root systems by regulating growth of primary anigral roots. Specifically, normal
auxin transport and signaling are indispensablgHerinitiation and development of
lateral root(Reedet al., 1998; Fukakiet al., 2002). Interplay between auxin and
ethylene in root growth was described in pea in 18&0s(Chadwick and Burg,
1970. Recently, this interaction has been studied imemaetail. It includes low
concentrations of the ethylene precursor, 1l-amiclopyopane-1-carboxylic acid
(ACC), which induce auxin biosynthesis, while high corcations were thought to
increase auxin concentrations up to levels inhipifor root growth and lateral root
development (lvanchenko, 2008 Furthermore, high ACC concentrations also
increased the capacity of auxin transport by rdggathe transcription of auxin
transport components. Cytokinin and auxin have gamstic effects on root
formation. By influencing auxin transport and homstagis, cytokinin inhibits lateral
root formation(Laplazeet al., 2007. Auxin can, in turn, directly down regulate
cytokinin biosynthesigNordstromet al., 2006. In rice, cytokinin was also shown to
inhibit lateral root initiation, but stimulate la# root elongationRani Debiet al.,
2005. Recently, abscisic acidhBA) was also identified to play a role during root
development. Although its exact role during late@dt initiation is not clear, it has
been suggested that auxin and ABA act antagonlistidaring lateral root initiation
(De Smetet al., 2006. In later stages during lateral root formation,ABan inhibit
the growth of primordial prior to the activationtbie lateral root primordial or shortly
after emergenc¢De Smetet al., 2003. Jasmonic acid has been shown to induce
lateral root formation in rice, but knowledge ha&sb limited on the mechanisms. As

there is no correlation between the number andiloligion of lateral roots induced by
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auxin and jasmonic acid, both hormones are thotalaict independentij)WWang et

al., 2002. Nevertheless, results of these studies indidaeivotal role of hormonal
cross-talk in controlling the final architecture tbke root systems. Future research in
this area will be essential to disentangle the tlyithg mechanisms.

Root development (Yt al., 2003; Panfilova and Andrianov, 1996) or
callus induction (Yiyacet al., 2002) was enhanced by sound wave treatment while
electro stimulation at low field intensity (10 kViimy resulted in an increase in the
number of roots, while higher field intensity (40/knin) resulted in a higher average
number and total length of roots. The use of reti@t urea was sufficient to ensure
the induction and formation of roots wof vitro Chrysanthemum morifolium axillary
shoots (de Argoll@t al., 1998).

Moreover, the induction of roots in regeneratedoshaepends on the
composition of mineral nutrients and growth reguiatin the medium. Hill (1968)
reported rooting of shoots on filter-paper bridgebquid medium without sugar and
growth substances. Ben-Jaacov and Langhans (191&) that the development of
roots only occurred after some elongation of theosh on MS medium containing
BAP and IAA. They also reported that roots werelgasduced when the cultures
were still in the rotating flask by increasing tb@ncentration of IAA to 1.0 ppm in
the medium. Rooting, however, was not desirablihiatstage since it was easier to
transfer without roots. Roest and Bokelmann (1%tgcessfully induced roots in the
adventitious shoots o€hrysanthemum morifolium Ramt cv. ‘Super Yellow and
'Bravo’' on liquid MS nutrient media supplementedhwi0’ g/ml IAA. Similarly,
Sangwaret al. (1987) transferred well-developed shoots (4-5 amd root-inducing
medium (MS medium with 1% sucrose and 0.1 mg/l IABhrysanthemum shoots
readily rooted when transferred to a half strengt8 medium containing 1AA
(Bhattacharyaet al., 1990; Aribaudet al., 1994; Gul, 2001). Guaet al. (1981)
reported that rooting was induced in MS medium dlusg/l I1AA, or MS medium
plus 2 mg/l 2, 4-D in chrysanthemum. Chrysanthemghoots rose from tissue
culture, developed roots within 4-5 days on ¥2 M& .25 mg/l IBA (Kharet al.,
1994; Karimet al., 2002). Singh and Arora (1995) reported rootingitro raised

from shoots of chrysanthemum cv. ‘Riot’ on halfesigth MS semi-solid and liquid



13

media (on filter paper bridges) containing 1 mdAl as well as undern vivo
conditions. A total of 505 plants were raised arahdferred under field conditions.
These plants exhibited uniform growth and flowere@-to-type.

Various concentrations of IBA used for root indoati showed
maximum response (100%) on MS medium containingrdg2l IBA (Hoque and
Fatima, 1995; Hoquet al., 1998; Sarker and Shaheen, 2001). The regenerabetssh
with well-developed roots were successfully tramsfé into small pots; and after
proper hardening they were established into clag.@imilarly, Soodkt al. (1999)
recorded in chrysanthemum, the longest root intplanreated with 2 ppm IBA (12.76
cm), whereas, paclobutrazol reduced the root lewgjthincreased concentration.

Ahmed (1986) reported that half of the chrysanthensioots rooted
on a medium containing MS salts, with or without tiddition of NAA at 0.1 mg/l.
Root growth was best on half strength MS mediunpkmented with 0.1 mg/l NAA
in Dendranthema grandiflora (Ohishi and Sakurai, 1988; Liwet al., 1994;
Chakrabartyet al., 2000). Transplantation from test tube to soil wasstsuccessful
when plantlets were 3-4 cm high with 5 to 7 roatlef 0.5 to 1.0 cm (Liet al.,
1994).

Faisal and Amin (2000) reported that in chrysantlemin vitro
regenerated shoots developed roots on all medidications; the maximumumber
being found in both cv. ‘Super Yellow’' and ‘Lightidlet’ in half strength of MS
medium supplemented with 0.2 mg/1 IBA and 0.2 mg/1l IAAspectively. Good
rooting ofcv. ‘Deep Pink’ was achieved on half strength b&salsalts supplemented
with 0.25 mg/l IBA or IAA (Routet al., 1996). The maximum percentage of rooting
was obtained on Y2 strength basal MS salts suppkechevith 0.25 mg/l IBAand 2%
(w/v) sucrose. The performance of rooting was bettahe liquid medium than on
the solid medium after 7-8 days of culture. Rootiwgs delayed inMS media
supplemented with IAA (0.1 - 0.5 mg/l) with the fiaation of callus athe basal end.
Chlorosis of the leaves occurred when the shoots maintained for a longer period

on the rooting medium (Roet al., 1996).



14

Rooting depended on the age of the explant, betieting was
achieved when the shoots (1.5 - 2.0 cm) were tearesf to sterile pots containing ¥2
MS medium without growth regulators (Buatal., 1976).

The effects of different levels of salt and sucroeeroot development
in chrysanthemum were reported (Earle and Langhd®§4a, b; Roest and
Bokelmann. 1975; Sun and Li, 1987; Tianal., 1993). There have been very few
reports with regard to the role of the culture emwvment, such as temperature and
light, on rooting. Rooting was achieved in 90% lo¢ tcultures ofChrysanthemum
morifolium Ramat. cv. ‘Deep Pink’ rooted with about 2.0 Klok light, whereas
higher light intensities (3.0 Klux) gave a loweptimg percentage (Roet al., 1996).
Kumari and Varghese (2003) achieved rooting of shbg culturing on MS medium

supplemented with 1.0 mg/l NAA.

1.2.5 Organogenesis

In plant tissue culture, organogenesis is a proocesdferentiation by
which plant organs viz. roots, shoots, bud flowestem, etc. are formed while
adventitious refers to the development of orgaoets, buds, shoots, flowers, ¢tor
embryos (embryo-like structurgsfrom unusual points of origin of an organized
explant where a preformed meristem is lacking. Awiti®eus shoots or roots are
induced on tissues that normally do not producsdlmegans. Adventitious shoots are
stem and leaf structures that arise naturally antgissues located in sites other than
at the normal leaf axil regions. Plant developm#mwbugh organogenesis is the
formation of organs eithale novo or adventitious in origin. Whole plant regeneratio
via organogenesis is a monopolar structure. It ld@geprocambial strands which
establish a connection with the pre-existing vaactibsue dispersed within the callus
or cultured explant. This organogenesis processush more common than somatic
embryogenesis and has far more potential for massigpropagation of plants.

Plant production through organogenesis can be \aathicoy two
modes: (i) organogenesis through callus formation with novo origin and (ii)

emergence of adventitious organs directly frometkglant
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Organogenesis via callus formation

Plant regeneration from cultured explant involvesinitiation of basal
callus and then shoots bud differentiation. Esshibfient of callus growth with
subsequent organogenesis has been obtained from spanies of plants and from
numerous explants viz. cotyledon, hypocotyl, stésaf, shoot apex, root, young
inflorescenceflower petal, petiole, embryo, etc. culturgdvitro (Yanchevaet al.,
2003; Gahan and George, 2008)r any given species or variety, a particular anpl
may be necessaifpr successful plant regeneration. Explants frorthboature and
immature organs can be induced to form callus bad plant regeneration. Howeyer
explants with mitotically activeellsare generallgood for callus initiationlmmature
tissues and organs are invariably more morphogsailstiplasticin vitro than mature
tissues and organs. The size and shape of thengxplalso crucial. The increased
cell number present in bigger explants increasegptbbability of obtaining a viable
culture. It has been seen that only a small peagenbf cells in a given explant
contribute to the formation of callus. The sitarofiation of callus is generally at the
peripheral surfaces of the inoculum or at the edisurface. Callus is produced on
explantsin vitro as a result of wounding and in response to hormoagker
endogenous or exogenously supplied in the mediueristématic tissues or organs
like shoot tip, lateral bud, inflorescence, raclesf, petiole, root should be selected
in preference to other tissues because of thematlproperties, culture survival,
growth rates and totipotency vitro. Meristems, shoot tips, axillary buds, immature
leaf, and immature embryos in cereals are partiyukuited as good explants. The
explants like mature leaves, roots, stems, petialed flower parts from herbaceous
species can often be successfully cultured toateitplantlets through organogenesis
(David et al., 1981).

The season of the year, donor conditions of thatpldne age and
physiological state of the parent plant contribite¢he success of organogenesis in
cell cultures. Various culture media are used fganogenesis which include MS;,B
Whites mediumWhite, 1963 and SH(Schenk and Hildebrandit, 197 MS medium
contains a high concentration of nitrogen as amomoninlike other media. It may be

difficult to transfer cells from Whife, B; or SH medium to MS medium.
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Two modes of cell culture are generally used fgaoongenic path(i)
the cultivation of cell clusters on a solid mediwand (ii) the cultivation of cell
suspensions in liquid medium. A suspension cetucelis usually initiated by placing
friable callus into liquid culture medium. The saapion usually consists of free cells
and aggregates of 2-100 cells. Suspension culthasld be subcultured at least once
a week while callus culture should be subculturiéet 8-4 weeks.

Growth regulator concentration in the culture mediis critical for
morphogenesis. Skoog and Millet957) first indicated its role in morphogenesis.
Auxin at a moderate to high concentration is thenary hormone used to produce
callus. Often 2, 4-D a very potent auxin is useaghal to initiate callus. In some
species a high concentration of auxin and a lowcentration of cytokinin in the
medium promote abundant cell proliferation with fbemation of callus. Cytokinins,
if supplied are Kinetin or benzyl adenine. Calligsie comprises a wide range of cell
type and characteristically consists of irreguladiferentiated, vacuolated cells
interspersed with smaller more meristematic cellse nature of any callus will
depend on the explant tissue or tissues from witidims arisen and also on the
composition of medium used to induce and maintainCallus may be serially
subcultured and grown for extended periods, butaimposition and structure may
change with time as certain cells are favored l®yrttedium and come to dominate
the culture. Under conditions favouring unorganigealwvth, the meristems in a callus
are random and scattered. Transfer of callus picesnditions supporting organized
growth leads to the formation of meristemoids, akwned as growth centers. The
meristemoids are localized clusters of cambium-lgadls which may become
vascularized due to the appearance of tracheidlalinghe center. These are the sites
of organ formation in the callus and can form skawtrootgDavid et al., 1981).

By varying the growth regulator levels and typese @an determine
the route of morphogenesis vitro. As mentioned earlier, medium containing high
auxin levels will induce callus formation. Lowerirtge auxin and increasing the
cytokinin concentration is traditionally performteainduce shoot organogenesis from
callus. In tobacco, the presence of adenine or tiine the medium leads to the

promotion of bud differentiation and developmentxA&s inhibit bud formation. The
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next phase involves the induction of roots from sheots developed. I1AA or IBA
alone or in combination with a low concentrationogfokinin are important in the
induction of root primordia. Organogenesis can beluced from either cell
suspension or callus cultures. One needs to tnanosfg cells from callus medium to
regeneration medium and then continued subcultwimgegeneration medium. Thus
organ formation is determined by quantitative iat#ion, i.e. ratios rather than

absolute concentrations of substances participatiggowth and development.

Direct adventitious organ formation

The somatic tissues of higher plants are capablderurcertain
conditions, of regenerating adventitious plantsvéditious buds are those which
arise directly from a plant organ or a piece themehout an intervening callus
phase. Induction of adventitious shoots directlyauts, leaves, bulb scales and other
organs of intact plants is a common method of pyapan. In culture, this method is
particularly suitable to herbaceous species. Ttieealiure records numerous examples
throughout the plant kingdom of shoots arising atitieusly on many different
organs. InBegonia, for example, buds normally originate along thaf.leBut in a
medium containing BAP, the bud formation from the end of a leaf is so profuse
that the entire surface of the cutting becomes reavevith shoot buds. Promotion of
bud formation by cytokinin occurs in several plapecies. However, the requirement
for exogenous auxin and cytokinin in the procesdgesawith the tissue system,
apparently depending on the endogenous levelseohdihmones in the tissue. These
observations led to the concept of totipotency, thee capacity of all cells to
regenerate a complete new plant even after diffeteon within the somatic tissues
of the plant. Every cell in the plant is derivedrfr the original zygote through mitotic
divisions and should contain the complete genombusT the formation of
adventitious organs will depend on the reactivatadngenes concerned with the
embryonic phase of developmé@thawla, 2009

In conventional propagation, the main stimulus ddwentitious shoot

formation arises from the physical separation dfieg from the parent plant, causing
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changes in the production and distribution of emshagis hormones. The same applies
to explants used fain vitro procedures, and in some species shoot formation ma
occur spontaneously on a medium lacking any graegulators. But in most species
the addition of growth regulators to the mediumeiguired to initiate shoot formation.
Two main types of growth regulating substancesirauand cytokinins, are employed
at different concentrations with respect to onetlaeoand depending upon the explant
taken, age of the plant and growing conditions. éditiousin vitro regeneration may
give a much higher rate of shoot production thapassible by proliferating axillary
shoots. Adventitious shoot proliferation is the mbéequently used multiplication
technique in micropropagation systé@hawla, 2009

Organogenesign vitro consists of several factors, such as PGR
perception and transduction, redifferentiation rattedifferentiation of differentiated
cells, organization for specific organ primordiaidameristems, etc. The process
depends on external and internal factors, suchkxegeeously applied PGRs, and the
ability of plant tissue to perceive these PGRs.okding to the requirement for a
specific PGR balance, three phases of organogeassidistinguishable (Sugiyama,
1999):

1. Competence (dedifferentiation): cells becomee abl respond to
hormonal signals of organ induction (Howetllal. 2003). Dedifferentiation means the
acquisition of organogenic competence. Woundingllguriggers dedifferentiation
in tissue culture (Sugiyama, 1999).

2. Determination: the competent cells in explamts determined for
specific organ formation and this process is infltedl by a specific PGR balance.
From competent cells, adventitious shoot formatonld be induced by cytokinins
(Gahan and George, 2008).

3. Morphogenesis: this proceeds independently ofjemously added
PGRs (Sugiyama, 1999). However, Yancheval. (2003) found that the type of
auxin and the length and timing of its applicatame critical for both activation and
progression of the plant-cell developmental program

In apple regeneration systems, both regeneratidthwpags can be
detected depending on the genotype (Korbaal., 1992; Gerchevat al., 2000).
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Direct organogenesis was reported by Pawlicki aredavler (1994) in regeneration
experiments of apple rootstock cv. ‘Jork9’. Indirecganogenesis was detected by
Dufour (1990) on leaves of apple cv. ‘Gala’. Ineparate study, both regeneration
pathways were observed in cv. ‘Greensleaves’: reggeéneration occurred without a
callus phase in 2 weeks of culture and slow regsioer via a callus phase occurred
within 12 weeks (Jamea al., 1988). The origin of regenerants depends on speci
and explants type. Welander and Maheswaran (198#)oped that, in apple leaf
explants, the mesophyll parenchyma cells aroundwastissues are the main origin
of adventitious shoots. Yanchegiaal. (2003) distinguished two types of regenerants:
early shoots which appeared on the explant sunfdtteén 14 days and originated
from epidermal and subepidermal cell layers, amabththat regenerated later, which
originated from internal de novo formed meristemagnters.

In Malus sp., the most frequently used explantégieneration is thie
vitro developed and fully expanded young leaf. Weland®88), using different
explants for regeneration, found shoot developnwy on leaf explants and no
organogenesis was observed on stem segments. Iglgeaeration was higher on the
leaf lamina (22%) than on petioles (5%) (Rugini &haganu, 1998), and more shoots
developed on basal and middle segments closerette#t petiole than on segments
toward the leaf tip (Sriskandarajahal., 1990; Yepes and Aldwinckle, 1994; Caboni
etal., 1996).

In general plants, larger leaves were more prodei¢ian smaller ones
(Sriskandarajalet al., 1990). In addition, Leaves were cut into threensegts and the
middle segments were the most regenerative, pgssdause the middle segments
had two cut edges (the others had one) and theritgamf adventitious shoots
originated from cut areas (Sriskandaraghlal., 1990). Cut edges may provide a way
for nutrients and PGRs to be absorbed efficientbmf the medium (Sarwar and
Skirvin, 1997). Moreover, wounding in general cause stress-related response,
which results in the production of a whole seriesampounds that could also induce
callusing and may be even differentiation. The ajeleaves can also affect
regeneration ability. Young expanding leaves wheerhost suitable for regeneration
(Welander, 1988; Fasolet al., 1989; Famianet al., 1994). Leaves collected from
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rooted shoots were found to be more suitable fgemeration (Jamest al., 1988;
James and Dandekar, 1991). This might be becausstesfshoot competition for
light and nutrients of micropropagated cultures.aAsesult, the excised tissues from
rooted versus micropropagated plantlets could difietheir responses (James and
Dandekar, 1991). Another reason for using rootedbotshas a source of explant
material is a practical kind, in that the tissuemsre uniform and reproducible
between experiments (Bulley and James, 2004). Tiemtation of the leaf explant
significantly influenced the outcome of regenenatizvhen the abaxial surface was
uppermost, many more shoots regenerated than iadb&ial surface was oriented
upwards (Welander, 1988; Gamage and Nakanishi,)2000

Although leaf explants are used the most frequeritly shoot
regeneration, several attempts have been made weitier types of explants.
Regeneration was successful on cotyledons and emioryaxes of ‘Gloster
(Keulemans and de Witte, 1994), on etiolated irddah explants of ‘Royal Gala’ (Liu
et al., 1998), on cotyledons of ‘Golden Delicious’ (Banibi@nd Morini, 1987), and on
the roots of intact micropropagated plantlets (Maprunifolia Borkh. var. ringo
Asami) (Masudaet al,. 1988). Pawlicki-Jullianet al. (2002) examined the
regeneration ability of ‘Jork9’ rootstock and foutitht regeneration rate was much
lower on transformed roots (16.7%) than on nondi@med ones (77.8%).

Caboniet al. (2000) used vegetative shoot apices as explants, a
many shoots could be recovered for all tested gpest('Jork9’, ‘M26’, ‘Gala’, and
‘Mcintosh’). Within genotype differences could bbserved in regeneration capacity
of culture lines, which were maintained for diffetsubculture lengths (Standardi and
Houshmand, 1992).

Summarizing the results, as a general rule, yowlily fxpanded
leaves ofin vitro apple shoots are the best explants for regenerationng leaf
explants excised from rooted shoots generally plwnaterial that is more uniform
and reproducible in response (Bulley and James4)2@Xxplants should be oriented
on media with the abaxial surface uppermost, anditiadal wounding or
fragmentation of leaves can increase the regeparafipacity. Alternative explants

such as vegetative shoot apices could be alsormdsyed for especially recalcitrant
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varieties, but these require larger amounts ofistatissue and handling time, and so

are less convenient than leaves.

1.2.6 Mutation breeding

Plant breeding requires genetic variation of usdfaits for crop
improvement. Often, however, desired variatioracking. Mutagenic agents, such as
radiation and certain chemicals, then can be usadduce mutations and generate
genetic variations from which desired mutants magdélected.

Mutation induction has become a proven way of angavariation
within a crop variety. It offers the possibility ofducing desired attributes that either
cannot be found in nature or have been lost dwutdution. When no gene, or genes,
for resistance to a particular disease, or forrémlee to stress, can be found in the
available gene pool, plant breeders have no obvalternative but to attempt
mutation induction.

Gene mutations occur naturally as errors in debxyricleic acid
(DNA) replication. Most of these errors are repajrieut some may pass the next cell
division to become established in the plant offspis spontaneous mutations.

Although mutations observed in a particular gere rare, there are
probably 100,000 genes in a cell of a higher plahts means that every plant may
carry one or more spontaneous mutations into thx¢ generation. Gene mutations
without phenotypic (visible) expressions are usualbt recognized. Consequently,
genetic variation appears rather limited, and s$@Enhave to resort to mutation
induction. There are no other economic ways ofrialjegenes, except to wait a long
time for spontaneous mutations to occur.

Artificial induction of mutations by ionizing radian dates back to the
beginning of the 20 century. But it took about 30 years to prove thath changes
could be used in plant breeding. Initial attemptstluce mutations in plants
mostly used X-rays: later, at the dawn of the "AirAge", gamma and neutron
radiation were employed as these types of ioniziadiations became readily

available from newly established nuclear reseaecttres.
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Major efforts were devoted during this initial pkasf mutation
induction to define optimal treatment conditions feproducibility. Research focused
on changing "random" mutation induction into a momected mutagenesis to obtain
more desirable and economically useful mutationswéver, it did not lead to the
desired alterations in the mutant spectrum. Linategt were the concomitant increase
of plant injury with increasing radiation dose ahd low frequency of economically
useful mutations. This led scientists to searchpmtentially better mutagens. As a
result, new methods of radiation treatment, as aglthemical agents with mutagenic

properties, were foun@dNovak and Brunner, 1992

1.2.6.1 Mutation induction by gamma irradiation

Induced mutation has been reported to be an effidiechnique to
achieve the desirable characters in flowers andiroemtal plants (Maluszynski,
1995). The successful improvement of chrysanthertwough induced mutation and
in vitro culture have been demonstrated (Nagateal., 1996 ; Ahloowalia, 1992 ;
Datta and Banerji, 1993 ; Matsumoto and Onozaw8@( 13Neto and Latado,1996). In
the mutation breeding program, breeders usuallyehopget plantlets with greater
genetic variation compared with the parents, far thance of developing novel
cultivars might be greater if the mutants with la@glyenetic variation are selected
during early growth stage@roertjeset al., 1976; Li, 1993; Banerjet al., 1996;
Mandalet al., 2000.

Mutation induction by treatment with gamma or UWigdion is a
common practice in plant breeding programs. Théobgioal effect of gamma-rays is
based on the interaction with atoms or moleculethecell, particularly water, to
produce free radicals, which can damage diffenaportant compounds of plant cell.
The biological effect is due to these processesar@arays irradiation at high levels
can cause different effects on plant growth andelibggment such as: prevents seed

growth, disrupts stomata resistance, damages @#ist increases cell mutations, and
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reduces plant fertility.

Recently, using of gamma irradiation techniqueifalucing mutation
has been reported in chrysanthemum by severalrobsza.

Lamseejaret al., (2000 studied the effect of gamma radiation ion
vitro culture of chrysanthemunCkrysanthemum morifolium). They reported that
multiple shoots produced from ray-florets weredraded with gamma rays at 0, 10,
30, 50, 70, 90 and 110 Gy. Shoots irradiated aG$0and over died within 25-30
days. LD50 for this purple clone of chrysanthemuasw4 Gy. Only the controls and
treated plants at 10 Gy were able to survive ane gee to the full grown plants.
After transplanting into the greenhouse for 60 daymtrol plants and treated ones
were found to be different in four traits which weaverage height, average number
of leaves, average number of nodes and % floweRtants were trimmed twice at
three month intervals and allowed to produce flev&hanges in flower characters
were found in both controls and treated plants. i@, the treated plants had much
more variation than the controls and new flowerocalyellow tinge) was only
obtained from the treated ones.

Form their experiment on the effect of gamma im#dn onin vitro
culture of chrysanthemum, they found that irradiagboots at 50 Gy and over were
unable to produce shoots and soon die. This findingpnsistent with the precious
detailed study of Thinkt al. (2000). They reported that by irradiating nodallarfs
of two cultivars of chrysanthemum with gamma rayS@&Gy, none of nodal explants
were able to produce shoots. Then the useful désesnutation induction in
chrysanthemum have been suggested as 10-20 Gywiaro cultures and 10-25 Gy
for rooted cuttings (Thinlet al. 2000; Broerties and Van Harten, 1988). There are
numerous reports on alteration of flower colouroohamental plants arising after
mutagenic treatment. Schum and Preil (1998) regatiat 55% of the records on
induced mutation in ornamental plants concernecigbs in flower colour and 15%
in flower morphology. To create flower colour vdmigy by mutation in
chrysanthemum, selection of an appropriate genotymad be helpful. This would
be seen from many reports on induced mutationshigsanthemum. For example,

Nagatomi (2000) demonstrated that pink genotyp#étahas given rise to many



24

flower colour mutants ranging from white, light kjndark pink, orange, yellow,
bronze and striped. Moreover, pink genotypes geeeto several sports that included
most of the colours seen in chrysanthemum (SchuhPagil, 1998).

However, the emergence of new cultivars is closelynected with the
problem of identifying them and distinguishing beem them. Thus, it is very
necessary to quickly evaluate the degree of genatiation of plantlets in the early
stage of breeding. Traditionally, the identificatiof ornamental plant cultivars has
been based on morphological characters and, incplant, on the colour of the
inflorescence, but this method needs the plantsetseen in flower and it is very
subjective. A better method involves DNA analysg. édlow cytometry analysis and
random amplified polymorphic DNARAPD), utilizing polymerase chain reactions
(PCR. The fact that only small samples derived from ldeves are sufficient for
analysis also confirms greater applicability of thethod for identifying cultivars as

early as the cutting stage.

1.2.7 Flow cytometric investigation
Flow cytometry is a general method for rapidly smalg large

numbers of cells individually using light-scattayinfluorescence and absorbance
measurement. The power of this method lays botthé wide range of cellular
parameters that can be determined and in theyabilibbtain information on how
these parameters are distributed in the cell ptipulaFlow cytometric assays have
been developed to determine both cellular charnattey such as size, membrane
potential, and intracellular pH, and the levelsceflular components such as DNA,
protein, surface receptors, and calcium. Measur&sribat reveal the distribution of
these parameters in cell populations are impoffianplant biotechnology, because
they better describe the population than the aeevadues obtained from traditional
techniguegRiesebergt al., 200)).
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1.2.7.1 Principles of flow cytometry

A flow cytometry system consists of five main ogerg units: a light
source(mercury lamp or lasgrflow cell, optical filter units for specific walength
detection over a broad spectral range, photodiamtephotomultiplier tubes for
sensitive detection of the signals of interest, artthta processing and operating unit.
A cell suspension is injected into the flow cellewh the cells pass one after another
across a laser bear mercury lamp lightthat is orthogonal to the flow. This is
achieved by hydrodynamic focusing of the sampleastr, wherein the sample stream
is injected into the sheath stream inside the ft@eN. Using this technology, it is
possible to detect up to 10,000 cells/second. mesoytometers, the laser beam is
split to give both exact cell size determinatiom ¥tansmission measurement and
velocity determinatior(Eisert, 1981 When it impacts a cell, the excitation light is
scattered in both forward and sideways directioflBe forward-scattered light
provides information on the size of the cells ameh de detected without further
manipulation. The sideways-scattered light is a@ffidc by several parameters,
including granularity, cell size and cell morphojo@he resulting fluorescent light is
processed through the photomultiplier to the dat&gssing system, and the resulting

data are analyzed by the cytometer software.

1.2.7.2 DNA content analysis

Genome size or DNA conterf€-value is receiving more attention
during recent years. Diversification in genome slepends on accumulation of many
steps and can, therefore, be an important taxonohnaiacterize@Ohri, 1998. Major
interspecific variation in DNA amount often corrtela with cell size and generation
time (Bennett, 1972 Nuclear DNA content, which can conveniently beameed by
flow cytometry using propidium iodide, a stoichiame DNA stain that intercalates
in the double helix, is more and more used for maxwic purposes and ploidy
variation. This method has been used successfolipuvestigate ploidy in diploid,
triploid, tetraploid and chimera in many plant spe¢Palominoet al., 1999; Rouxet
al., 2001; Tuneet al., 2001; Royet al., 2001D.
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Actually, nuclear DNA content can be estimated uigio several
methods, such as chemical analysis, feulgen mioaenetry and flow cytometry.
The latest offers a quick and sensitive method doantifying DNA amounts
(Arumuganathan and Earle, 1991; Michaelsbral., 1997, but is still subject to
debate(Dolezel et al., 1992; Bennett and Leitch, 1995his might be attributed to
technical differences and differences in the stagrproperties of the fluorochromes.
Propidium iodide (Pl) and ethidium bromide are considered to be useful
fluorochromes for flow cytometric estimation of DNéontent. These compounds
intercalate with double-stranded nucleic acids am@ independent of base
composition(Le Pecq and Paoletti, 19670n the other hand, the staining with DNA
intercalators may be influenced by the spatial wgion of the DNA molecule
(Darzynkiewitzet al., 1975.

Plants show considerable variation in nuclear DNoAtent (Bennett
and Smith, 1976; Bennett and Leitch, 1995; )99%ariation in DNA content is
usually much smaller within species than betweemt(Bennett and Leitch, 1995
Dolezelet al. (1998 revealed that flow cytometry with DNA intercalatossa reliable
method for estimation of nuclear genome size inntgla However, the study
confirmed an urgent need for an agreement on stdsad&iven the small but
systematic differences between different typesl@k fcytometers, analysis of very
small differences in genome size should be madeersame laboratory and using the
same instrument.

DNA content analysis has already been reportetiigsanthemum.

Yamaguchiet al. (2008 used flow cytometer to analyze nuclear DNA
content in irradiated chrysanthemum. They confirrtteat the nuclear DNA content
was affected by gamma ray irradiation. The relatd®lA content in plants
regenerated from non-irradiated leaf ranged fro@&Y @o 1.03 pg while in the plants
regenerated from the irradiated leaf, there weaatplwhich had less than 97% of the
nuclear DNA content as compared to the controltpl@ine greatest decline was 10%
in some of the plants that received 60 Gy at theedate of 2 Gy/h. Variance in the
nuclear DNA content increased significantb<0.05Hartleys tesj among the doses
at dose rates of 0.5 and 2 Gy/h.
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Yamaguchiet al. (2010 reported that the relative nuclear DNA
content in chrysanthemum that were regenerated firomirradiated leaf segment
ranged from 0.98 to 1.30 pg, with an average dd pg. In contrast, some plants that
were regenerated from irradiated leaf segmentddvadelative nuclear DNA content.
The lowest relative nuclear DNA content was 0.92 that is, an 8% reduction
compared to the control plant, equivalent to a cida of approximately four of the
54 chromosomes o€hrysanthemum morifolium. Chrysanthemum has the basic
chromosome numbers throughout (x£Bpwrick, 1953. In all irradiation treatment
in their study, the number of plants with a relativuclear DNA content below 0.97
pg, which is below the range for plants regener&t@md non-irradiated leaf segments,
increased significantlychi-square test for independené¢®;0.01), and the average
nuclear DNA content was significantly low@€ruskal-Wallis testP<0.0] than that
of plants regenerated from non-irradiated leaf ssgm Thus, irradiation treatment

caused a reduction in the nuclear DNA content nysdmthemum.

1.2.7.3 Ploidy analysis
It has been known for long that the most accuradg W determine

chromosome number or ploidy level is the classithoe of counting chromosomes
but it is very laborious to use in large numbersafmples. Recently, flow cytometry
has been used as an efficient tool to estimate Ddlftent and ploidy in several plant
species such as banaiizolezelet al., 1994; Lysaket al., 1999, oil palm (Rival et
al., 1997, hop(Seseket al., 2000, and water yaniEgesiet al., 2002. It is utilized
routinely for ploidy analyses and is now regardedhe most accurate tool for ploidy
determination(Dolezelet al., 1994; Duraret al., 1996. The main advantages of flow
cytometry include its simplicity, speed, accuracgnvenience and ability to screen
large numbers of samples per day. In addition, tethod requires only a small
amount of tissue and is therefore non-destructind, has the ability to analyze large
populations of cells where the possibility of mixaidy or aneuploidy existdRoux et
al., 2001; 2003
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Some fluorochromes, such as DARI 6-diamidino-2-phenylindo)e
and mithramycin bind preferentially to adenine-tlyen(A-T) or guanine-cytosine
(G-C) rich regions(Manzini et al., 1983, leading to over or underestimation of the
nuclear DNA content. Although DAPI and mithramyfluorescence alone cannot be
used to estimate nuclear DNA content, it may gidditgonal information on the
arrangement of base pairs and chromatin struottiren compared with data obtained
by using DNA intercalator@olezelet al., 1992.

At present, flow cytometry has been applied toneste ploidy level in
several plant speciesBennett and Leitch, 1995; Dolezedt al., 1998. For
chrysanthemum, discrepancies are quite large agltroe attributable not only to the
difference among the techniques, but also to the tf standard used for estimation.
In ArecaceaePetunia hybrida (2C=2.85 was mostly used as a reference in flow
cytometric analysis such as that of date pghifjak-Yakovlevet al., 1996, oil palm
(Rival et al., 1997 and coconut. In banan&lycine max cv. Polanka was used as
internal reference markéLysak et al., 1999. The majority of previous works used
reference plants as an internal marker. Howeveernvthe references were used as an
internal marker, interference between the staiswigtion and the genome of the two
species resulted in poor reading in peak quéiimsellemet al., 200J). It is therefore
necessary to clearly define that the referencetplahould be used as internal
references in each plant.

1.2.8 Molecular marker

A molecular marker is a DNA sequence which is rgadietected and
whose inheritance can easily be monitored. Theotiseolecular markers is based on
naturally occurring DNA polymorphism, which formset basis for designing
strategies to exploit for applied purposes. A markest be polymorphic, that is, it
must exist in different from so that chromosomeryiag the mutant gene can be
distinguished from the chromosome with the nornedegby a marker it also carries.
Genetic polymorphism is defined as the simultanemgsirrence of a trait in the same

population of two or more discontinuous variantgenotypes.
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One of molecular markers is the PCR based techriRfitleD (Random
Amplified Polymorphic DNA. RAPD has been a powerful technique for genetic
analysis of plantgWilliams et al., 1990; Kisset al., 1993. This technique enables
one to show differences at the DNA sequence levai easy and fast way, even if
only small amounts of tissue are available. Wilkaehal. (1990 introduced the use
of general purpose ten-mer primers in the RAPDrtggle. With these single primers
arbitrary fragments were amplified and generalighhievels of polymorphism were
obtained, without any prior knowledge of the DNAgsences amplified. The first
study on the identification of chrysanthemums viité application of RAPD markers
was carried out by Wolff and Peters-Van R{093. Wolff et al. (1993, 199%
showed that with the RAPD technique reproduciblétepas were obtained in
chrysanthemum and that with these patterns cudticauld be distinguished. It was,
however, also demonstrated that cultivars from tamaily, differing for flower
colour, could not be distinguished with several DNéchniques. Furthermore,
sporting and chimerism of chrysanthemum also rexkalifferent DNA patterns
among cultivars in two families and among the layef one cultivar by RAPD
analysis(Wolff, 1996). Moreover, it has also been applied for identidyicultivar
characteristics and detecting genetic diversitghof/santhemuniWilde et al., 1992;
Martin et al., 2002; Sehrawat al., 2003; Lema-Ruminsket al., 2004; Barakaét al .,
2010, rosegMatsumoto and Fukui 199@ndAlstroemeria L. (Dubouzet et al., 1997,
1998.

1.2.8.1 Principles of RAPD

RAPD (Random Amplified Polymorphic DNAanalysis is a PCR
based molecular marker technique. Here, singletsblgonucleotide primer is
arbitrarily selected to amplify a set of DNA segnserdistributed randomly
throughout the genome. A number of closely relatechniques based on this
principle were developed almost at the same tinteaae collectively referred to as
Multiple Arbitrary Amplicon Profiling(MAAP). These techniques are:

Randomly Amplified Polymorphic DNARAPD)
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DNA Amplifying Fingerprinting(DAF)

Arbitrarily Primed Polymerase Chain React{@P-PCR

All these techniques refer to DNA amplification nggisingle random
primers and share the same principle with someidiffces in the experimental details
(Chawla, 2009 Of these, RAPD was the first to become availadohel is most
commonly and frequently used. Williarasal., (1990 showed that the differences as
polymorphisms in the pattern of bands amplifiedrfrgenetically distinct individuals
behaved as Mendelian genetic markers. Welsh andlédlagd (1990 showed that
the pattern of amplified bands so obtained couldd®ss for genomic fingerprinting.

RAPD amplification is performed in conditions reds#img those of
polymerase chain reaction using genomic DNA from $pecies of interest and a
single short oligonucleotid¢usually a 10-base primerThe DNA amplification
product is generated from a region which is flankga part of 10-bp priming sites in
the appropriate orientation. Genomic DNA from twofedent individuals often
produces different amplification patterfiandomly amplified polymorphi®NAs
(RAPD9]. A particular fragment generated for one individbat not for other
represents DNA polymorphism and can be used asmetiganarker. Using different
combinations of nucleotide, many random oligonuitEn primers have been
designed and are commercially available. Such pantan be synthesized in an
oligonucleotide synthesizing facility based on sawes chosen at random. No
separate information is required from the planbé&studied. The choice of single
primer(or RAPD primey to use is done operationally. Since each randomeurvill
anneal to a different region of the DNA, theordticanany different loci can be
analyzed Chawla, 2009

The PCR reaction typically requires cycling amomgé temperatures,
the first to denature the template DNA strands,dbeond to anneal the primer and
the third for extension at temperatures optimal Tag polymerase. This cycle is
usually repeated 35 to 45 tim@sg. ).
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DNA isolation
Taq DNA polymerase,
primer, dNTPs and buffer
Keep the tubes in PCR thermocycler
Denature DNA
(94°C, 1 min
DNA strands separated
Annealing of primer
! (36°C, 2 min

Primer annealed to template DNA strands

DNA synthesis
v (72°C, 1.5 min

Complementary strand synthesis

35 to 45 cycles

Amplified products separated by gel electrophoresis

Figure 1 An outline of RAPD analysis

It is usually sufficient to heat the reaction miewat 94C for 0.5 to
1min. However the initial denaturation step for gh@nt DNA should be for at least 3
min. Insufficient denaturation is a common problieading to the failure of the PCR
reaction.

The temperature for the annealing step will depnsome extent on
base composition and the length of primers. Gelyerah annealing temperature of
35-40°C is used in PCR reactions for RAPD analysis. Atinganay require only a

few minutes, but this will depend on a variety attbr such as interference from
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secondary structure and primary concentrationietin the range of 0.5 to 1 min is
usually sufficient.

The extension temperature depends on length anceotmation of the
target sequence, and in generaPZ2emperature is used. As a thumb rule 1 min per
kilo base is probably ample. After cycling, an exted extension period of 5-10 min
is included to ensure that all annealed template$udly polymerized.

Most genomes from bacteria to higher plants to hub®ings contain
enough perfect or imperfect binding sites for arslpoimer of arbitrary sequence.
These markers cover the entire genome, i.e. sioglepeated sequences. Binding of
primer to the complementary sequences allows theptamentary sequences allow
the amplification of several bands. A DNA sequediterence between individuals
in a primer binding site may result in the failwkthe primer to bind, and hence in
the absence of a particular band among amplifingtt@ducts. The reaction products
are conveniently analyzed on agarose gels, staaidethidium bromide and seen
under UV light(Chawla, 2009

The advantages of RAPD technique (Chawla, 2009

1. Need for a small amount of DNA5-25 ng makes it possible to work
with populations which are inaccessible for RFLRIgsIS.

2. lItinvolves nonradioactive assays.

3. It needs a simple experimental set up requiring arthermo cycler and
an agarose assembly.

4. It does not require species- specific probe liesrthus work can be
conducted on a large variety of species where pumbe libraries are not available.

5. It provides a quick and efficient screening for DNéguence based
polymorphism at many loci.

6. It does not involve blotting or hybridization steps
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The limitations of RAPD technique

1. RAPD polymorphisms are inherited as dominant-regessharacters. This
causes a loss of information relative to markergwshow codominance.

2. RAPD primers are relatively short, a mismatch cdrea single nucleotide
can often prevent the primer from annealing, heheee is loss of band.

3. The production of nonparental bands in the offgpahknown pedigrees
warrants its use with caution and extreme care.

4. RAPD is sensitive to changes in PCR conditiongyltieg) in changes to

some of the amplified fragments.

1.2.8.2 Review of using RAPD techniquefor identifying cultivar

characteristics and detecting genetic diversity in chrysanthemum

Previously, RAPD technique has been applied fontifieng cultivar
characteristics and detecting genetic diversitglafysanthemuniWild et al., 1992)
Huanget al. (2000 reported that forty-five random primers were soegkof which
twenty-two primers were selected to detect the owbée marker in three hybrid
combinations ofChrysanthemum by using random amplified polymorphic DNA
(RAPD). From this study, the patterns of DNA could bessified into seven type:
Type | markers shared bands in both parents, aisgrofg; Type Il markers shared
bands in male and female parents; Type Il markbesed bands in male parent and
offspring; Type IV marker shared bands in femaleept and offspring; Type V
markers were presented in the male parent onlye Mipmarkers were present in the
female parent only; Type VII markers were presenbffspring only. Of these, only
Type Il markers were suitable for identifying ttrae male parent. Different unique
markers of Type VII in offspring are quite suitalds identifying markers of new
hybrids to protect the rights of plant breedersthis study, 34.4% to 48.9% of the
RAPD markers were found to reveal additively ampagents and offspring in three
hybrid combinations o€hrysanthemum. However, 38% to 52.6% of markefBype
I, V, and VI) were absent in offspring, but 11.6% to 113.1% afue markergType
VII') were present in offspring. Moreover, there weredetnite rules as to whether
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markers in offspring were more similar to femaletormale parents by similarity
analysis. In two hybrid combinations, the parenésenmore similar to each other than
either was to the offspring. The above resultssitate that the genetics of
chrysanthemum are very complex. RAPD, however, igowerful tool to detect
different DNA patterns in hybrid populations of geanthemum cultivars.

Martin et al. (2002 also reported that characterization of fifteen
commercial varieties of chrysanthemum was carriat tbrough RAPD analysis.
Varieties could be distinguished from each othet @re level of similarity between
varieties seemed to be not very high.vitro cultures were establish from four
varieties and were subjected to different proliiera conditions. Five individuals
from each variety and treatment were analyzed uBIABD at the beginning of the
treatment and after a month of culture. Variatiomsvdetected at both stages of the
culture period. The rate of variation found showvdgterences between varieties, but
no significant difference was found between culorditions.

Lema-Ruminskaet al. (2004 stated that RAPDnarkers were used to
study the molecular characterization of 10 newaauitants of chrysanthemum. The
original cultivar “Richmond” differed in genetic stance from its Lady group
mutants. The analysis of genetic similarity indicesealed low diversity within the
radiomutants. The dendrogram obtained after cluatelysis separated the new
cultivars as a group that differed from the originaltivar “Richmond”. The Lady
group cultivars, derived from one original cultivhy radiomutation, could be
distinguished from each other by using RAPD markérsnly a single primer or sets
of two or three primer. Polymerase chain reactinalysis proved the efficiency of
the RAPD method for DNA fingerprinting of the omgil cv. “Richmond” and its new
radiomutants.

Kumar et al. (2006 reported that eleven radiomutants from two
chrysanthemum cultivars ‘Ajay’ and ‘Thai Chen Queegare characterized by RAPD
to understand the extent of diversity and relatesn®©ut of 40 random primers
screened, 21 gave reproducible polymorphic ban@R PBroduct of radiomutant
genome revealed a total of 156 bands, out of whié® were found to be

polymorphic. Cluster analysis of the radiomutanidicated that they were separated
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into three major groups. Yellow and Bright Orangatamts derived from cv. Thai

Chen Queen have been placed in a separate gradipating their high genetic

diversity from the rest of the mutants and parefte study revealed that RAPD
molecular markers can be used to assess polymor@msong the radiomutants and
can be a useful tool to supplement the distinctnesgormity and stability analysis

for plant variety protection in future.

Bhattacharyaet al. (2006 used RAPD analyses to understand the
molecular systematic and genetic differences betwE® original chrysanthemum
cultivars and 11 mutants. The similarity among¢hkivars and mutants varied from
0.17 to 0.90, a simple but efficient method to idgish cultivars and to assess
parentage. Two distinct groups were found. Twoivalls were present as a separate
group showing differences from all other cultivarutants with different flower
colour could be identified at the molecular levesing RAPD technique holding
promise to identify unique genes as SCAR markerbigh genetic distance among
the different chrysanthemums showed that thereerigossibility of introgressing
new and novel gene from the chrysanthemum gene pool

Teng et al. (2008 showed genetic variation of regenerated plantlets
following in vitro mutation was detected via RAPD in chrysanthemuAPR bands
produced from eighteen 10-mer arbitrary primersewvased to assess the genetic
variation of plantlets regenerated from floret-ded calluses treated with 0, 10, 15,
and 20 Gy gamma rays. These primers generatedlaofol67 reproducible RAPD
bands ranging in size from 0.3 to 2.0 kb, of wh&h7% were polymorphic and
38.3% monomorphic. The number of bands per priraeged from 4 to 14, with an
average of 9.3. The further analysis of RAPD reshtiwed that genetic variation of
generated plantlets was proportional to the dosdgamma ray, while the 15 and 20
Gy treatments were not significantly different, athiis consistent with the common
conception that genetic variation of radiomutastasually proportional to the dosage
of mutagen within a certain range.

Barakat et al. (2010 used five RAPD primers to amplify DNA

segments from the genomic DNA of chrysanthemum igmd.3 somaclones. The
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genetic similarity among the fourteen genotypesgeanfrom 0.43 to 0.95. The

chrysanthemum cultivar and its 13 somaclones wiessified in to five clusters.
Therefore, RAPD is a useful technique for the rapidd easy

assessment of genetic variation of mutants and lmeapme a potential tool for the

quick selection of mutants with great genetic waraduring early growth stages.

1.3 Objectives

1.3.1. To optimize the types and concermnatiof growth regulators in culture
media for callus induction, shoot and root regeti@na

1.3.2. To determine the origin, initiatioitesand development of adventitious
shoots from the ray floret callus of chrysanthemum.

1.3.3. To investigate the suitable gammaatemh dose for induction of mutation
in chrysanthemum(hrysanthemum x grandiflorum (Ramat) Kitam.] callus.

1.3.4. To investigate the effect of gammaedon nuclear DNA content, somatic
chromosome number, genetic variation and morphcébgicharacteristics of

regenerated plants derived from treated callusebrysanthemum.



CHAPTER 2
MATERIALSAND METHODS

Investigation of the effect of gamma radiation das® mutation
induction in regenerated plants derived from iradelil calluses, using a combined
method of gamma ray irradiation and tissue cultisredescribed. The research
consisted of two parts as the following:

Firstly, in vitro propagation through ray florets culture of
Chrysanthemum x grandiflorum (Ramat.) Kitam. This past was an attempt to omi
the suitable different plant growth regulators aheéir concentrations for callus
induction, adventitious shoot formation and roatuation. In addition, a histological
study observing the ontogenetic stages throughptbeess of adventitious shoots
formation is studied from callus. Moreover, regated plants from calluses cultures
and plants in natural condition were compared tdiom that no variation appearance
in all regenerated plants from calluses.

Secondly, the effect of gamma radiation dose on phmogical
mutation and nuclear DNA content using flow cytonoeand RAPD techniques were
studied. In addition, Somatic chromosome numbeegénerated plants derived from
treated, untreated calluses and plants in natoraditon (control) was determined.

2.1 Invitro propagation through ray florets culture

2.1.1 Plant materials and surface disinfection
One week old ray florets @@hrysanthemum x grandiflorum (Ramat)
Kitam. were collected from field grown plants. Tadkrets were first washed in tap

water with liquid detergenTeepol™), and then rinsed with tap water 2-3 times. The

37
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explants were surface sterilized with 70% ethapollf min, followed by immersion
for 15 min in a sterilization solution of 5% (v/@Qlorox™ containing 3-4 drops of
Tween-20 emulsifier per 100 ml solution. Ray flsretere then rinsed 3-4 times with

sterile distilled water.

2.1.2 Callusinduction
To investigate the suitable plant growth regulatfans induction of
callus, ray florets were cut transversely into 1lomg segments and cultured on MS
(Murashige and Skoog, 1962) medium containing 3%rase. N- benzyladenine
(BA) at concentrations of 0, 4.4, 8.9, 1314 and 2, 4-dichlorophenoxyacetic acid (2,
4-D) at concentrations of 0, 0.5, 2.2, 4/ were employed in various combinations.
The obtained light green compact calluses werewtured at 2-week-interval for 2

times to the same media.

2.1.3 Plant regeneration and root induction

The calluses were transferred to the adventitidumtsregeneration
MS medium supplemented with different combinatiohinetin (0, 4.6, 9.3, 13.9
uM) and indole-3-butyric acid (IBA; 0, 2.5, 4.9, 7.9.8 uM). All experiments
consisted of 30 calluses and 2 replications petrirent. The effects of Kinetin and
IBA for plant regeneration from calluses were deieed as percentage, and the total
number of shoots were evaluated and recorded&fteonths of culture.

Regenerated shoots obtained in the best conditene wansferred to
MS medium containing IBA at concentrations of @},7.2.3, 17.21M and chitosan at
concentrations of 0, 43.5, 931 in various combinations for 1 month to optimize
the type and concentration of growth regulatorsiiregl for rooting. All experiments
consisted of 2 replications and 30 shoots percatiin were used in each treatment

for the rooting experiments.
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2.1.4 Culture conditions
All kinds of the medium were solidified by 0.17% Ite™ and the
pH was adjusted to 5.7 prior to autoclaving at ©212.1 kPa pressure for 20 min.
The cultures were maintained at 25 + 1°C with 1@mwotoperiod cool white

fluorescent light at photon flux density of @6l s*m?, daily.

2.1.5 Histological studiesof callus
The calluses cultured on MS medium containing 18VBBA and 0.5
UM 2, 4-Dwere selected for histological analysis after 57,63, 9, 10, 11, 12, or 15
days of culture. The calluses were fixed in FAA (Bthanol: acetic acid :
formaldehyde = 90 : 5 : 5), (Johansen, 1940) foh2%hey were dehydrated through
an ethyl-butyl alcohol series, after which the usdls were infiltrated and embedded
in Paraplast-plugmelting point 56C) using Histo-embeddetmodel Jung, Leica,
Germany. Then serial sections of 10-12 pm thickness wat®g a rotary microtome
and stained with haematoxylin and safranin (RuZif99). Serial sections were

observed under a light microscope.

2.1.6 Statistical analysis
Each experiment consisted of 2 replications andegplants per
replication were used in each treatment. The pé&agenof callus induction and
efficiency of callus formation were monitored aswyth parameters. Shoot and root
regeneration were examined by analysis of variahle.differences among the mean
values of treatments were compared using Duncaualgpie range testDMRT) at
p < 0.05.
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2.2 Gammairradiation in chrysanthemum

2.2.1 Irradiation treatment
The calluses from ray florets of chrysanthemum weiteated on MS
medium supplemented with 13.3 uM BA and 0.5 uM B.4The one-month-old
calluses were irradiated with 0, 5, 10, 15, 20,8530 Gy gamma rays with Mark 1
irradiator at the Gamma Irradiation Service andIBarcTechnology Research Center
(GISO), Kasetsart University, Bangkok, Thailand. The dradéed calluses were
transferred to the MS medium containing 13.9 yuMeliim for shoot regeneration. All
experiments consisted of 80 calluses and 2 repasitper treatment. The irradiated
calluses were subcultured at 2-week-intervals. dffiects of gamma radiation doses
on the survival and plant regeneration from irreetiacalluses were determined as

percentages, and the sfwere evaluated and recorded after 3 months afieult

2.2.2 Flow cytometric analysis
Nuclear DNA content as an index of irradiation dgmain

chrysanthemum was measured by flow cytometric amalyfwo plants from each
treatment were measured using two leave from ekait pn two different days. The
plantlets regenerated from untreated calluses Emdspin natural condition were used
as control. For each sample, about 2 mg of leaf shapped with a razor blade in 1
ml of cystain UV ploidy extraction buffer contaignDAPI dye. After filtration
through a 30-um nylon mesh, the filtrate was arelyasing flow cytometeiPartec
PAIl, Partec, Munster, Germany.eaves of th&Zea mays cv. ‘CE-777’ were used as
an internal reference standard, and the nuclear RNAtent of the sample was
determined by comparing the peak positionZeh mays nuclei with that of the
sample.

The ratio of G peak means was taken as the basis for the catcutatthe 2C

nuclear DNA content of the each treatment, accgrtbrthe formula
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2C DNA content (pg) = Sample;Beak Mean x Standard 2C DNA content (pg)
Standard Peak Mean

2.2.3 Chromosome deter mination
Root tips approximately 0.5 cm in length of platslelerived from

irradiated calluses from each treatment were ctiab®.00 a.m. and pretreated in
saturated aqueous solution of paradichlorobenzeb®) for 4 h and then fixed in
Carnoys fluid (containing 3:1 95% ethanol and glacial acetic jpfnd at least 24 h at
room temperature. The root tips were rinsed 2-2sinm 95% ethanol before being
kept in 70% ethanol at 18C. To continue the processes, the root tips wersed
several times with distilled water and then hydzely for 8 min with 1M HCI at
60°C. After being soaked in distilled water for 30 miine fixed root tips were stained
with Carbol FuchsinLanhua and Jianxian, 200fbr 4h to stain the chromosomes,
and rinsed with de-ionized water several times astwout the stain from the root tips.
An Olympus BX40 microscop@apanwas used for chromosome determination. The
chromosome count of each treatment was repeatedhtfdeast 5 cells of each

irradiated plantlet.

2.2.4 Statistical analysis
Each experiment consisted of 2 replications ande&plants per
replication were used in each treatment. The pésgenof the survival and plant
regeneration from irradiated calluses were monitoas effect of radiated dose
parameters. Shoot regeneration was examined bysimaf variance. The differences

among the mean values of treatments were compareg DMRT atp < 0.05.

2.2.5Molecular marker analysis
DNA extraction
Total genomic DNA from the leaves of chrysanthemuas prepared
using an extraction technique modified from Doytel @oyle (1990. Young fresh
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leaves of plantlets regenerated from untreatedisdlirradiated calluses and plants
in natural condition(200 mg were ground to a powder with pestle and mortar in
liquid nitrogen supplemented with 10 mg Polyvinyimyidone 40(PVP-40Q. The
powder was poured into tubes, containing 750 pvafm (60°C) CTAB extracting
buffer supplemented with 2% R-mercaptoethanol. flibes were incubated at %D
for 45-60 min. An additive of 800 ul chloroform wased and tubes were shaken in
mixer for 10 min and centrifuged for 10 min at X®)0pm. The supernatants were
transferred to a new tube and 750 pl isopropanal adaled. The tube was inverted
periodically to collect precipitated DNA and finalivashed with 70% ethanol 2-3
times before pour off 70% ethanol and left overhighdry the pellets DNA. Finally,
the dried DNA was dissolved in TE BuffgpH 8.0 (10 mM Tris-HCI, pH
8.0+1.0mM EDTA, pH 8.0 (Sagahi-Maroofet al., 1984. DNA was quantified by
using agarose gel, and DNA samples were store2D4C- until use.

RAPD-PCR

Thirteen random 10-mer primeJable 1, obtained from Operon
Biotechnologies, Germany were tested in this expent to amplify the template
DNA. Amplification reaction volumes were 25 pul, Bacontaining 1X PCR buffer
with MgCl, [50 mM KCI, 10 mM tris = HC[pH=9.0, 2 mM MgCL and 1% Trition
X-100], 200 uM of each of dATP, dGTP, dCTP and dTTP, B0 gtimer, 50 ng
template DNA and 1.5 pl of Taq polymerase. Reaatnixtures were exposed to the
following conditions: 3 min at $€ for the first cycle, followed by 45 cycles at a
denaturation temperature of “@for 1min, annealing temperature 38 for 1 min,
and extension temperature °@2for 2 min. After the last cycle samples were
incubated for 7 min at 7.

Amplification products were visualized with DNA nkar on 1.5 %
agarose gel with 1X TBE buffer and were detectedstayning with an ethidium
bromide solution for 30 min. Gels were then dest@im deionized water for 10 min.
and photographed with Polaroid films under U.Vhtig
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Table 1. Primers used for the genetic analysis of irradiathrysanthemum

Primers Sequence (5/———> 3/)
OPAB-01 CCGTCGGTAG
OPAB-09 GGGCGACTAC
OPA-03 AGTCAGCCAC
OPAB-14 AAGTGCGACC
OPB-08 GTCCACACGG
OPR-11 GTAGCCGTCT
OPT-06 CAAGGGCAGA
OPN-15 CAGCGACTGT
OPB-04 GGACTGGAGT
OPB-18 GGGAATTCGG
OPA-05 AGGGGTCTTG
OPA-07 GAAACGGGTG
OPB-07 GGTGACGCAG

Data Analysis

Data were scored for computer analysis on the lmdgite presence of
the amplified products for each primer. If a pradwas present in a cultivar, it was
designated as ‘1’, if absent, it was designate®’ag\mbiguous bands that could not
be easily distinguished were not scof@dlliams et al., 1990. Pair wise comparisons
of cultivars, based on the presence or absencenigu@ and shared polymorphic
products, were used to determine percentage popmwmn in parent and mutant

cultivars of chrysanthemum.



CHAPTER 3
RESULTS

3.11n vitro propagation through ray florets culture

3.1.1 Callus induction
After 2 weeks of initial culture on MS medium supgmplented with

various concentrations of BA and 2, 4-D, the raydts became swollen and began to
change from a yellowish to green color and subssqoeallus development was
observed (Figure 2a, b). Differences in the abiigyform callus were observed. The
medium containing a combination of BA and 2, 4-Ddarced 100% callus, while no
callus initiation was observed on medium with BAra (Table 2). In addition, the
explants cultured on MS medium without growth regois did not produce any
callus. Moreover, with a gradual increasing coneiuns of 2, 4-D alone there was a
gradual increasing in the percentage of callus &bion. By successive subculture,
masses of proliferating callus cultures were eshbt. The callus induction in all
treatments resulted in developing in the beginnendight green compact callus
starting from the adaxial surface and the cut dritte@explants. Growth of the callus
was rather slow but after 40 days of culture theesdpof callus proliferation increased,
resulting in a callus clump that covered the ergiplants surface (Figure 2c).

44
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Table 2 Effect of BA and 2, 4-D on callus inductith) from the ray florets of

Chrysanthemum x grandiflorum (Ramat.) Kitam.

BA (uM) 2,4- D (uM) Callus formation (%)

(Mean + SE)

0.0 0.0 £0.0a

0.0 0.5 93.3+4.6b
2.2 96.0+0.0b,c

4.5 100 £ 0.0c

0.0 0.0 £0.0a

0.5 100 = 0.0c

4.4 2.2 100 £ 0.0c
4.5 100 £ 0.0c

0.0 0.0+ 0.0a

0.5 100 £ 0.0c

8.9 2.2 100 £ 0.0c
4.5 100 = 0.0c

0.0 0.0 £0.0a

0.5 100 £ 0.0c

13.3 2.2 100 = 0.0c
4.5 100 = 0.0c

The different letters within column indicate sigo#nt differences analyzed by
DMRT atp< 0.05.
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Figure 2 Plantlet regeneration from ray floret arétof chrysanthemum.
a) Ray floret, b) Callus formation on ray floret3 Shoot regenerated from
callus, d) Multiple shoots derived from callus, Elardened plantlets
established in the green house, f) Fully develdjmeder.



47

3.1.2 Plant regeneration and root induction

When the calluses were transferred to MS medupplemented with
9.3 uM Kinetin and 4.9uM IBA the results revealed that calluses formed the
maximum percentage of shoot regeneration (45.0%\ever, the highest number of
shoots per callus was found on MS medium supplemdentith either 13.9uM
Kinetin or 9.8uM IBA. The percentage of shoot regeneration and rtheber of
shoots per callus showed significant differencesragnthe treatments with < 0.05
(Table 3). Shoots elongated on these media (F2gdyand plantlets regenerated from
callus culture through organogenesis were allowedyrow for another 4 weeks.
Kinetin and its concentrations were the main deteamts of adventitious shoot
production, since the addition of IBA into the cu# media did not enhance shoot
regeneration.

The rooting required presence of either IBA or @étn in the medium.
With a gradual increase concentration of IBA altimere was a gradual increase in
the number of roots. Optimal number of roots pe&oshvas obtained on MS medium
supplemented with 12.8M IBA, while higher concentrations of IBA reduceket
number of roots per shoot (Table 4). It is intargsto note that when IBA was used
in combination with chitosan, theumber of roots per shoot declined compared to
IBA alone. All propagated plantlets showed trudytoe leaf form, shape, growth
pattern and the color of the ray florets of fulveloped flowers (Figure 2e, f).
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Table 3 Effect of different concentrations of Kimeand IBA on shoot regeneration
and number of shoots from ray floret calluses Gfrysanthemum x

grandiflorum (Ramat.) Kitam. after 3 months of culture on MS mad

Kinetin IBA Shoot regeneration Number of shoots/callus

(UM) (UM) % (Mean + SE) (Mean * SE)
0 0.0 0.0 £0.0a 0.0 £0.0a
2.5 17.6 £ 9.5bc 40+£1.9b
4.9 0.0 £0.0a 0.0 +£0.0a
7.4 0.0 £0.0a 0.0 £0.0a
9.8 4.3 +4.3ab 5.0+2.1b

4.6 0.0 12.5 +12.5bc 3.0+ 1.7ab
2.5 5.8 +5.8ab 1.0+ 1.0a

4.9 7.1+7.1ab 3.0+x1.7ab
7.4 0.0 £0.0a 0.0 +£0.0a
9.8 7.1+7.1ab 1.0+£1.0a

9.3 0.0 37.0 £ 9.4de 3.0+x1.7ab
2.5 28.5 + 12.5¢cd 1.0+ 1.0a

4.9 45.0+11.4e 3.0+x1.7ab

7.4 30.4 +9.8cd 3.0+1.7ab

9.8 10.5 + 7.2bc 1.0+1.0a

13.9 0.0 44.4 +12.0e 5.0+2.1b
2.5 35.2+11.9de 40+1.9b

4.9 39.1 +10.4de 3.0+x1.7ab
7.4 23.0+12.1cd 2.0+ 1.4a

9.8 43.7 +12.8e 1.0+ 1.0a

The different letters within column show signifitcatifference of shoot regeneration
(Mean = SE) analyzed by DMRT p 0.05.
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Table 4 Effect of different concentrations of IBAdachitosan on root induction from
shoots ofChrysanthemum x grandiflorum (Ramat.) Kitam. after 1 month of

culture on MS medium.

IBA Chitosan Root induction Number of roots/shoot
(uM) (uM) %(MeanzSE) (Mean + SE)
0 0.0 100 * 0.0a 15.0 £ 3.5a

43.5 100 = 0.0a 25.0 + 4.3bcd
93.2 100 = 0.0a 35.0 +4.7de

7.4 0.0 100 = 0.0a 28.0 £ 4.5cd
43.5 100 = 0.0a 19.0 + 3.9ab
93.2 100 = 0.0a 21.0 £ 4.0bc

12.3 0.0 100 = 0.0a 40.0 £ 4.9e
43.5 100 = 0.0a 12.0+3.2a
93.2 100 = 0.0a 13.0+3.3a

17.2 0.0 100 = 0.0a 33.0x4.7de
43.5 100 = 0.0a 13.0+3.3a
93.2 100 + 0.0a 13.0+3.3a

The different letters within column indicate sigo#nt differences analyzed by
DMRT atp < 0.05.

3.1.3 Histological studies of callus
The present study indicates that shoots prolifegafrom ray floret
were from a single origin. Microscopic examinatisimowed scattered meristematic
cells on the ray floret epidermis (Figure 3a). 8lesections of the 7-day-old light
green compact calluses revealed well-organized|stalié attached to each other. In
this instance, these shoots had originated fronmglesmeristematic cell that had a
dense cytoplasm with a well stained nucleus (FigBiog. Shortly after several

divisions of this single cell culture several shapex-like structures or meristemoids
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were observed (Figure 3c, d). Because of this obsien it could be assumed that a
shoot originated from a single cell since a showh & unicellular origin is widely

encountered.

Figure 3Histology of callus cultured on MS medium contagit8.3 uM BAand
0.5 uM 2, 4-D.
a) Scattered meristematic cells (@sjoon the ray floret epidermis,
b) A single meristematic cell withndely stained cytoplasm and nucleus
(arrow), c) Spherical globules or meristemoids dtgwed from meristematic

cell, d) Formation of individual meristemoids.
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3.2 Gammairradiation in chrysanthemum

3.2.1 Effect of gamma ray irradiation on survival @ irradiated calluses

The one-month-old calluses derived from ray floreitated on MS
medium supplemented with 13.3 uM BA and 0.5 uM -D) dvere irradiated with
different doses of gamma rays and then transféordite MS medium containing 13.9
UM Kinetin for shoot regeneration. The irradiatealuses were subcultured at 2-
week-intervals. After 3 months of culture, the teslearly indicated that the survival
percentage of the calluses was affected by thdiatian dosg¢Table 5. The survival
percentage of the calluses decreased with an siogearadiation dose. The untreated
calluses produced a 100% of the survival whileghevival percentage at 5 Gy was
75.0. At 10, 15, 20, 25 and 30 Gy of irradiatiorseldhe survival percentage was
significantly decreased to 72.5, 72.5, 65.0, 52 38.7 respectivelyMoreover,the
growth of treated calluses with 10, 15, 20, 25a0d@$8 of gamma rays was less than
that of the controls. Treatments at 20 Gy and caeisedyellow or green calluses to
become browning wither and died within 30 days.

In order to obtain the LE (50% lethal dose) the data in Table 5 were
plotted as shown ifigure 4. The L obtained from the Figure 4 was found at 26
Gy.
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Table 5 Survival rate of chrysanthemum calluses%asf control) grown on MS
medium containing 13.9 pM Kinetin after 3 months iohdiation with

different doses of gamma rays.

Gamma ray dosgsy) Survival rate of calluses
(% of control)
0.0 100.0
5.0 75.0
10.0 72.5
15.0 72.5
20.0 65.0
25.0 52.5
30.0 38.7
100
g 20
80 —— Survival rate of calluses (%
of control)
= 70 -
g iU (Survival rate of
:?3 60 calluses (% of control))
g 50
'E 40 /’ y=-8.442x+ 1018
7 LD ;= 26 Gy
“g 30
é 20
10
0
0 5 10 15 20 25 30

Gamma ray dosage (Gy)

Figure 4 LBy of 3 months old chrysanthemum calluses treated gatmma rays at

different doses.
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3.2.2 Effect of gamma ray doses on adventitious shtaregeneration from

irradiated calluses

The results of gamma ray doses on percent of aidieaist shoot
regeneration and number of shoots per respondiptaeixfrom irradiated calluses
evaluated after 3 months on the MS medium contgiri8.9 uM Kinetin are
presented in Table 6. The irradiation dose negatiatfected on regeneration rate of
the calluses. That is with a gradual increase rafliation doses there was a gradual
decrease in the percentage of shoot regeneratibe. Aighest percentage of
adventitious shoot regenerated from the irradiatlses was 42.3 at 5 Gy, which
was lower than that in the control treatm€@0%. When concentrations of gamma
ray dose at higher than 5 Gy were applied, the gmage of shoot regeneration
declined. The lowest percentage of adventitiou®stegeneration was 12.9 at 30 Gy.
However, numbers of shoots per callus varied frodtd@ 15.4 among the gamma ray
doses. The mean number of shoots per callus wasisamtly highest at 15 Gyp(<
0.05). In addition, the irradiated calluses in @dperiments provided the higher

numbers of shoots per callus than the controlrreat.
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Table 6 The effect of gamma ray doses on adveasitishoot regeneration from

irradiated calluses.

Gamma ray dosage Shoot regeneration Number of shoots/callug

(Gy) % (Mean * SE) (Mean £ SE)

0.0 100.0 £ 0.0d 5.0+2.1a

5.0 42.3 £6.9c 9.8+1.9b

10.0 39.6 + 6.4cC 11.2+1.7c

15.0 23.8 £ 6.6b 154 +1.7d

20.0 20.0 £5.2b 12.8 +1.5c

25.0 18.9+£5.1a,b 10.8 £ 1.4b,c
30.0 129 +6.1a 7.8.2b

The different letters within column show significathfference of shoot regeneration
(Mean + SE) analyzed by DMRT p£0.05.

3.2.3 DNA content analysis in irradiated plantlets

Two leaves of regenerated plantlets from irradiatatiuses in each
treatment were subjected to flow cytometric analydinuclear DNA content on two
different days. Chopping of young leaf tissues vdtisharp razor blade lead to the
release of high numbers of nuclei into the nucleffdr solution. Representative
histograms obtained during the analysis were showkigure 5. The histograms
obtained fronZea mays cv. ‘CE-777'(2C DNA content = 5.43 pgused as an internal
reference standard showed two peaks represefgamays nuclei in Gand G phase
of cell cycle approximately on channel 100 and 2@8pectively(Figure 5a, ). In
addition, when chrysanthemum leaves in each exeatirandZea mays nuclei were
isolated, stained and analyzed simultaneously, Histograms of fluorescence
distribution contained three large peaks in expents that plantlets derived from
natural condition, regeneration from untreatedusa$, and irradiated calluses (at 5,

10, and 30 Gy). Two peaks represed mays nuclei in Gand G phase of cell cycle



55

approximately on channel 100 and 200, respectieglg another peak represent
chrysanthemum nuclei at about channel @&@ure 5b, c, d, e)i

On the other hand, plantlets regenerated fromiated calluses at 15,
20 and 25 Gy, the histograms of fluorescence digion contained two large peaks
corresponding to one peak &¢a mays nuclei in G phaseat about channel 100 and
another peak of the irradiated plants nuclei inp@ase which was found to be the
same position with the peak @éa mays nuclei in G phase at around channel 200
(Figure 5f, g,

The average values of nuclear DNA content of eaeatrhent were
listed in Table 7. Results obtained from flow eytgtry analysis indicated that the
average values of nuclear DNA content in plantemegated from untreated calluses
was 24.28 pg which closely with plants in natwrahdition was 24.98 pg while the
nuclear DNA content in plants regenerated from thadiated calluses in all
treatmentswas significantly lower. The average values of eacIDNA content in
plants regenerated from the irradiated callusés 40, and 30 Gy was 23.68, 23.40,
and 21.03pg, respectively. In contrast, the avexadiges of nuclear DNA content in
plants regenerated from the irradiated callusd$aR0, and 25 Gy was 10.99, 18.80,
and 16.91pg, respectively. This result correspoitt the reduction of peak position
of the irradiated plantlets nuclei in; @hasefrom channel 400 to channel 200. The
greatest decline was 10.99 pg at 15 Gy which wa® tthan 50% reduction compared
to the control plants. Variance in the nuclear Ddthtent increased significantip <
0.05 among the doses at 10 and 15 Gy. However, a fldenwgtric measurement of
DNA content always shows small changes resultingmfrvariations in the

preparation, staining and measurement procedures.
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Figure 5 Nuclear DNA content histograms of irraééhtalluses at various doses

estimated by flow cytometry.

a and j)Zeamays cv. ‘CE-777'(2C DNA content = 5.43 pgused as an

internal reference standard, b) Plants in nattoatition ,c) Plantlets

regenerated from untreated calluses, d, e ffand i) Plantlets regenerated

from irradiated callusest 5, 10, 15, 20, 25, and 30 Gy of gamma ray,

respectively.
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Table 7 Comparison of the relative DNA content iopplations of the plants

regenerated from irradiated calluses, untreatddsesd and plants in natural

condition.
Gamma ray DNA content(pg) DNA content/DNA
dosaggGy) (Mean £ SE) content of control
Plants in natural
condition 2498 +0.30c 1.00
0 24.28+0.80c 0.97
5 23.68+0.60c 0.94
10 23.40+0.26 ¢ 0.93
15 10.99+1.18 a 0.43
20 18.80+6.19b 0.75
25 16.91+6.16 b 0.67
30 21.03+0.22c 0.84

The different letters within column show signifi¢adifference of the relative DNA
content (Mean + SE) analyzed by DMRTpat 0.05.
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3.2.4 Chromosome counting

Plantlets regenerated from the irradiated callusesibited highly
significant decrease in number of chromosomes cosdpto plantlets regenerated
from untreated calluses and plants in natural ¢mmdi Figure 6 showed
chromosomes of root tip of the plants regeneratexh firradiated calluses, untreated
calluses and plants in natural condition. In raptcells, plantlets regenerated from
untreated calluses and natural plants contain 2richsedmosomesFigure 6a while
root-tips squashed of plantlets regenerated franrtiadiated calluses at 15, 20, and

25 Gy revealed 2n= 27, 37, and 34 chromosomesgctgply (Figure 6b, c, d).

Figure 6 Mitosis metaphase chromosome of plantlietained from irradiated
calluses.
(a) Control natural plants, 2n=5dy) Treated plant with 15 Gy, 2n=27,
(c) Treated plant with 20 Gy, 2n=3{@) Treated plant with 25 Gy, 2n=34.
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3.2.5 Morphological observation
Three months old plants regenerated from callusa® wcreened for
the observation of any morphological abnormaliaéer treated with gamma ray at
different doses. The results revealed that withG0treatment, leaf chimera was
evidenced while with 15 Gy treatment, short compdctots, fasciations, rosette leaf

and vitrification were found (Figure 7).
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Figure 7 Variations in shoots and leaves of pl&ots the irradiated calluses.
(a) Untreatedplant (control)(b) Chimera leaves after treated with 30 Gy,
(c) Regenerated plaftom callus,(d) Rosettes and vitrificatioafter treated
with 15 Gy, (e) Short compact shoots and fasciations after treaiéd 15
Gy, (f) Stem with short nodes after treated with 15 Gy.
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3.2.6 Molecular marker analysis

In the present study, DNA extraction of the leastie gave good
yields (more than 80 ng DNAfor several RAPD reactiongigure §. The RAPD
reaction generally gave good reproducible resnlgli cases a polymorphic fragment
pattern was repeated to confirm the results. Backssion of polymorphic band was
scored for presenc€l) and for absenc€d). RAPD bands within accessions were
scored as missing if they were poorly resolvedtangel or if the template DNA did
not amplify well(Table §.

Moreover, thirteen primers were screened for thbitity to amplify
the genomic DNA of theChrysanthemum x grandiflorum (Ramat) Kitam. and its
mutants, five were selected on the basis of rolegstnof amplification,
reproducibility, scorability of banding patternsdamere employed for diversity
analysis. The percentage of polymorphism was fouaded from 14(OPAB-09,
OPA-03 to 66 (OPB-08 (Table 9. Five informative RAPD primer combinations
generated a total of 97 reproducible amplificatitagments across all radiomutants
and parent cultivars, among which 31 bands wergnpaiphic(Table 9. The number
of amplified RAPD bands varied from a minimum oft® a maximum of 28
depending on the primer and the DNA sample withemmvalue of 19.4 bands per
primer. The size of fragments ranged from 300 @93 ,bp.

However, Figure 9 shows the amplification profilggnerated by
primers OPB-18 across the chrysanthemum cultivad @8 somaclones. PCR
amplification with primer OPB-18 clearly revealdtat in plantlets regenerated from
irradiated calluses at 20, 25, and 30 (@ye6, 7, 8, a highly specific ban¢b00 and
700 bp is absent in comparison to the plantlets in otlusied and the plants in natural
conditions indicating that they are highly polymioigp when compared to other
mutants(indicated by arrow in Figure)9Moreover, a band of 3000 bp was noticed
only in plantlets regenerated from irradiated c@iiat 30 Gylane 13, 14when the
genomic DNA was amplified with primer OPB-08, ingimg that the plants
regenerated from irradiated calluses at 30 Gy ignporphic when compared to plants
derived from other conditiongindicated by arrow in Figure 0 Similarly, a
polymorphic band of 900 bp is absent in naturahglaand plants regenerated from
untreated callusedane 1, 2 but present in all plants regenerated from irradia
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calluseqindicated by arrow in the Figure 1@hen RAPD marker OPB-08 was used.
This result indicated that their cultivars are tygpolymorphic compared to plants

regenerated from irradiated calluses.

Figure 8 The quantity of DNA extracted from theflgéasue of parent and mutant of
chrysanthemum compared with lamda DNA DNA) digested with
EcoRI/Hindlll.

Lane 1, plants in natural condition; lane 2an$ regenerated from non-
irradiated calluses; lane 3-8, plants regenerateah frradiated calluses at
5, 10, 15, 20, 25 and 30 Gy, respectively; M1, i2d M3,. DNA at 40,
60, and 80 ng, respectively.
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Table 8 DNA fingerprinting of the origin&hrysanthemum x grandiflorum (Ramat)
Kitam. and its mutants using five primers: OPAB-@RA-03, OPAB-14,
OPB-08, and OPB-18.

Primer Size of Dose
fragment(bp) | plantsin 0 51 10| 15| 20, 25 30
natural
condition
OPAB-09 800 0 0 il 1 1 1} 1 1
600 1 1 1 1 1 1 1 1
500 1 1 1 1 1 1 1 0
OPA-03 3000 1 1 1 1 1 1 1 1
600 1 1 1 1 0 0 0 0
500 1 1 1 1 1 1 1 1
300 1 1 1 1 1 1 1 1
OPAB-14 400 1 1 0 1 1 1 1 0
OPB-08 3000 0 0 0 0 0 Q @ 1
900 0 0 1 1 1 1 1 1
800 1 1 1 1 0 0 0 0
700 1 1 1 1 1 0 0 0
400 1 1 1 1 1 1 1 1
OPB-18 700 1 1 1 1 1 0 0 0
500 1 1 1 1 1 0 0 0
400 1 1 1 1 1 1 1 1

The band: preseiil), absent0) or without product-).
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Table 9 Percentage polymorphism in parent and natativars of chrysanthemum

with reproducible random primer

Brimer Total no. of bands No. of Percentage
polymorphic bands polymorphism
OPAB-09 21 3 14.29
OPA-03 28 4 14.29
OPAB-14 6 2 33.33
OPB-08 24 16 66.67
OPB-18 18 6 33.33
Total 97 31 -
Average 194 6.2 -
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700 bp

500 bp

700 bp

500 bp

Figure 9 Amplification of parent and mutant cultisaf chrysanthemum using primer
OPB-18.
Lane 1, plants in natural condition; lane 2, plardggenerated from non-
irradiated calluses; lane 3-8, plants regeneratad frradiated calluses at 5,
10, 15, 20, 25 and 30 Gy, respectively. M, DNA ncalar weight markek
DNA digested withEcoRI/HindlIl.
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M12 3 45 6 7 896 1011 12 13 14

M12 3 456 7 891011121314

P . —

Figure 10 Amplification of parent and mutant cudtis of chrysanthemum using
primer OPB-08.
Lane 1, plants in natural condition; lane 2, pla®tgenerated from non-
irradiated calluses; lane 3-4, plants regeneratad frradiated calluses at
5 Gy; lane 5-6, plants regenerated from irradiatgtlses at 10 Gy; lane
7-8, plants regenerated from irradiated callusdbaby; lane 9-10, plants
regenerated from irradiated calluses at 20 Gy; lddel2, plants
regenerated from irradiated calluses at 25 Gy; [d3e14, plants
regenerated from irradiated calluses at 30 Gy,edsmly. M, DNA
molecular weight markeér DNA digested witrEcoRI/Hindlll.



CHAPTER 4
DISCUSSION

4.1 In vitro propagation through ray florets culture

4.1.1 Callusinduction

Callus formation from ray floret segments Ghrysanthemum x
grandiflorum (Ramat) Kitam. was studied. MSnedium was used throughout the
experiments. The medium containing a combinatioBAfand 2, 4-D gave 100%
callus production, while no callus initiation wasserved on medium with BA alone.
Moreover, with a gradual increasing concentratiohs2, 4-D alone there was a
gradual increasing in the percentage of callus &bon. From this and previous
studies(Smith and Krikorian, 1990, 1991; Chang and Char@§81 Ignacimuthuet
al., 1999 it is evident that exogenous auxin is the most irigmt growth regulator for
the induction of embryogenic callus in the majority angiosperms. Recently,
Obukosiaet al. (2005 also reported the influence of auxins on callugipotion from
both leaf and stem segments of chrysanthemum atdtivAmong the growth
regulators used, 2, 4-D was the most effective grawgulator for chrysanthemum
callus induction either when used alone or in corations with BA. Castilloet al.
(1998) reported that 2, 4-D by itself or in comhioa with cytokinins has been
widely used to enhance callus induction and maariee. Moreover, many
researchers observed 2, 4-D as the best auxinaftuscinduction in monocot and
even in dicot (Evanst al., 1981; Ho and Vasil, 1983; Jaiswal and Naryan, 1985
Chee, 1990; Mamust al., 1996). 2, 4-D acts as an auxin to induce cellsitmi and
enlargement at low concentration. Cell enlargenfeag been associated with an
increase in activities of synthesis of new wall enals (Cleland, 1971 Similar
results were found in achenes and petal<lufysanthemum coccineum (Fuji and
Shimizu, 1990

68
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However, as observed in the present study, only smeeies in this
result requires supplementary cytokinin along waitixin for optimum response and in
some cases to prevent necrosis of calltisang and Chang, 1998; Isktial., 1998;
Ignacimuthuet al., 1999. This requirement for exogenous cytokinin couldréated
to the maintenance of a proper balance betweemaamd cytokinin, which act
synergistically to regulate cell divisigdohri and Mitra, 200)] a process essential for
callus formation. Moreover, Rout and D@997) reported that appropriate auxin and
cytokinin levels are required for callus inductibom each species or variety. Our
results are also in agreement with those of Trewawa Cleland1983 who reported
that combination of BA and 2, 4-D evoked the besponse for induction of callus
and was probably due to the difference in endogeiexels of growth regulators in
this plant or to a difference in sensitivity.

Chai and Mariam (1998) reported that cytokininsghsas BA and
Kinetin, at low concentrations, in combination wahxins were often used in plant
species to promote callus initiation. Such effddBA and 2, 4-D on callus induction
agrees with the results of other experiments whttyganthemum (May and Trigiano
1991, Mandal and Datta 2005). Some other studieduzed different results using a
combination of BA and NAA (Lwet al., 1990; Mandakt al., 2000 b; Nahidet al.,
2007) because callus formation takes place underinfluence of exogenously
supplied growth regulators present in the nutrier@dium. The type of growth
regulator requirement and its concentration in rifedium depends strongly on the
genotype and endogenous hormone content of anrgxpla
Moreover, using a combination of BAP and NAA to ucd callus from
chrysanthemum nodal explants have been reportedlaby et al., (2007). They
reported that the most suitable hormonal combinafbo callus induction was found
to be 0.5 mg/l BAP, alongwith 0.1 mg/l NAA. Thessults are in agreement with
those of Chakrabartyet al., (2000. They also reported callus formation in
chrysanthemum on MS medium supplemented with 1.0 B#AP and 0.2 mg/l NAA.
Their findings are also in conformation to the teswbtained by Hussaigt al.,
(1994).
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However, the explants cultured on MS medium withguowth
regulators did not produce any callus. This resuih support of the results obtained
by Fiegertet al. (2000), Jayasree al. (2001) and Yasmigt al. (2003).

So, many other factors are important for callusniation: genotype,
composition of the nutrient medium, physical groebtors(light, temperature, egt.
The MS (1962 mineral medium or modifications of this are oftesed. Sucrose or
glucose(2-4%) is usually employed as the sugar source. The effielaght on callus
formation is dependent on the plant species; Igay be required in some cases and
darkness in other cases. A temperature of 2228s normally advantageous for

callus formation.

4.1.2 Plant regeneration and root induction

Present results indicate that Kinetin and its cotreéions were the
main determinants of adventitious shoot productsomge the addition of IBA into the
culture media did not enhance shoot regeneratiom.r€sults are in agreement with
the findings of Jesmiet al. (2007) who reported that Kinetin was the mostaive
agent for regenerating shoots from callus @irysanthemum morifolium. They
reported that 1 mg/l Kinetin combined with 0.1 mbIAA significantly promoted
shoot induction compared to those grown at higlwrcentration of BA(5 mg/l),
Kinetin (3 mg/l) or NAA (1 mg/l). Among the different treatments shoot regeneration
frequency could be improved by manipulating the position of Kinetin in culture
medium. The number of regenerated shoot buds dependthe composition of
culture medium, especially on level of plant growmggulatorqdPGR9 (Rout and Das,
1997).

Cytokinins especially Kinetin known as ethylenetinchg plant
hormones, play an essential role in various aspgbtant growth and development.
Plants that are wounded or exposed to environmettasses or pathogen attacks
usually exhibit an enhanced ethylene productionrddeer, ethylene also acts as an
endogenous regulator of various morphogenic presesscluding the determination
of the size of organ@leeckeret al., 1998, and inhibition is often associated with the
action of ethylene(Abeles et al., 1992. Our results are consistent with this
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observation, since shoot regeneration, and numibgnaot per explants significantly
increased on media containing Kinetin.

N®- benzyladenine (BA), a synthetic cytokinin, synergistically
enhanced ethylene production in the presence of IAAmungbean hypocotyls
(Yoshii and Imaseki, 1982Kinetin alone slightly stimulated ethylene protioc by
etiolated seedlings in several speciggea, mungbegnwhile the remarkable
synergistic effect of Kinetin on IAA-induced ethglke production has been observed
(Fuches and Lieberman, 1968

Based on the foregoing discussion, it can be cadeduhat Kinetin
plays a vital role in regeneration in relation tinyene production. Therefore the
effect of Kinetin was optimal on the regeneratiooni ray floret callus of
chrysanthemum. In addition, low concentrations &HA |l are good for shoot

regeneration.

Root induction

Generally,adventitious root formation has many practical icgtions
in horticulture and agronomy and there is a lot@ihmercial interest because of the
many plant species that are difficult to root (Revet al., 1994; Kovar and
Kuchenbuch, 1994). Differences in the ability tenfoadventitious roots have been
attributed to differences in auxin metabolism (Abaet al., 1989; Epstein and
Ludwig- Muller, 1993; Blazkoveet al., 1997). It was shown, for example, that a
difficulty-root cultivar of Prunus avium conjugated IBA more rapidly than an easy-to-
root cultivar (Epsteinet al., 1993). Only in the easy-to-root cultivar was the
appearance of free IBA observed after several dagighe authors concluded that the
difficult-to-root cultivar was not able to hydrolsIBA conjugates during the
appropriate time points of adventitious root depeatent. Interestingly, it was
possible to induce rooting of the difficult-to-roctltivar after application of an
inhibitor of conjugation (Epsteigt al., 1993). It has been shown that having IBA is
even more active than free IBA in the promotioradfentitious roots in mung bean,

possibly due to its higher stability during the ting process (Wiesmagt al., 1989).
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However, other differences such as uptake and goah€an also account for the
differences in rooting behaviour (Epstein and Lugiviuller, 1993).

In this study, we confirmed with root initiation tfe chrysanthemum
cutting that chitosan can function as a plant ghostimulator for root initiation in
chrysanthemum production or tissue culture. Thanwdtamount of 93.2 uM of
chitosan supplementation in MS IBA free solid medigave the highest root
formation per explant. This information is simikar the results of Nget al. (2006
who reported that the optimal concentration of adan for promoting growth of
Dendrobium orchid tissue was also 15 mg/l. Bardtaal. (2004 reported that 1.75%
(v/v) chitosan solution in culture medium enhancedt and shoot biomass of
grapevine plantlets vitro. However, in this study we found that chitosanptement
to solid medium promoted root formation but thisihaty can be inhibited from the
combination between chitosan and IBA. This indisdteat chitosan may regulate the
activity of IBA. Uthairatanakigt al. (2007 reported that chitosan may play a role in
enhancing growth and development by some signalatigway to auxin biosynthesis
via a tryptophan-independent pathway.

Recently chitosan has attracted considerable Bttedeie to its
biological activities such as antimicrobial, antitor and as a stimulant of plant
growth (Chibu and Shibayama, 2001; Kktral., 2006). From this result MS medium
supplemented with IBA and chitosan may bring allogh level of auxin which can
inhibit growth and kill the cutting. This informath was supported by Sopalenhal.
(2010 who reported that chitosan supplemented to agariumegromoted shoot
formation but not rooting. However, supplementatroo high a level, such as 100
mg/I can inhibit growth and killsrammatophyllum speciosum protocorm-like bodies.

In this study, the rooting required the presenceeitiier IBA or
chitosan in the medium. With a gradual increaséB#f alone there was a gradual
increase in the number of roots. Optimal numberoots per shoot was obtained on
MS medium supplemented with 12uB81 IBA, while higher concentrations of IBA
reduced the number of roots per shoot. This resditates that IBA is an important
factor for rooting. It is interesting to note thahen IBA was used in combination
with chitosan, the number of roots per shoot dedinompared to when it was used

alone.
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However, No further report exists on the effect admbination

between IBA and chitosan in root induction.

4.1.3 Histological studies of callus

The generation of genetic variation by induced mma or genetic
transformation occurs in a single cell within medfiular structures; therefore,
knowledge on organ formation and location of thenpetent cells is important
(Mendozaet al., 1993; Leeet al., 1997). Moreover, in order to understand the
organogenic process, observations of cellular leliahges and their correlation with
biochemical modifications are necessary (Apezzaedoria and Machado, 2004).
The present study describes the organogenesis gsrdoem ray floret callus of
Chrysanthemum x grandiflorum (Ramat) Kitam. cultured on 13.3 uM BAnd 0.5
UM 2, 4-D. In our experiments, a light microscopleservations revealed two
distinguishable groups of cells within the callusssmpetent organogenic cells and
non-organogenic cells. The former cells resemblasteenatic or embryogenic cells.
Studies using light microscopy in many plant specleave provided detailed
descriptions of the pluripotent cells within theoshand root meristems. These cells
are isodiametric and small with a dense cytoplaspmerical shaped nucleus and
prominent nucleolus and with a higher metabolicvagt(Verdeil et al., 2007).

In contrast, the non-organogenic cells were larghs owith small
nucleus, agreeing with the observations of Porskéaet al. (2006) who described
kiwi fruit non morphogenic cells as elongated amghly dissociated. Moreover, the
TEM observations of Mendea al. (2009 showed that organogenic competent cells
have abundant endoplasmatic reticulum and mitoati@mehich suggest high rates of
protein synthesis and cellular respiration in resgoto rapid cellular growth, as
reported inB. forficate and G. max (Apezzato-Da-Gloria and Machado, 2004). All
these events are essential for the cell divisioth@ organogenic callusésr shoot
and root formation. In general, these charactesshiave also been described in
embryogenic process of maize and are associatédhgih metabolic activity (Fransz
and Schel, 1991a, b).



74

From histological analysis in this study, it indes that shoots
proliferating from ray florets were from a singleigin. Microscopic examination
showed scattered meristematic cells on the ragtflepidermis similar to that of the
results obtained from Olat al. (1999) who reported that their embryoids were show
to form directly on the cut edges of garland chmfsamum leaf explants on medium
containing 0.1 mg/l BA and 1 mg/l NAA, and origiedtfrom epidermal and sub-
epidermal layers, but not from callus. Serial seiof our 7-day-old light green
compact calluses revealed well-organized smalkcailached to each other. In this
instance, these shoots had originated from a simgigéstematic cell that had a dense
cytoplasm with a well stained nucleus. Shortly mateveral divisions of this single
cell culture several shoot apex-like structures noeristemoids were observed.
Because of this observation we could assume thabat originated from a single cell
since a shoot with a unicellular origin is widelyceuntered, for example, in Guinea
grass (Lu and Vasil, 1985) and oil palm (Kanchawap and Domyoas, 1999).

Moreover, in other species there have been mangrtee@bout the
origin of callus. To illustrate, in the rice calas grew from vascular tissue of
mesocotyl and epithelium tissue of scutellum. Wtresy were reactivated, divisions
led to derivatives which became arranged in a pnéal strand zone which ensured
the growth of the callusg¥anvisadepakdeet al., 2000. Proliferation of calluses
from cells adjacent to the vascular bundles hasadlf been observed in various
monocotyledongSchwendimaret al., 1988. Previous reports on callus formation of
rice also indicated that mesocotgNishimura and Maeda, 19y7and scutellum
(Nishimura and Maeda, 1977; Maeda, 1p8&@re the origin of callus formation. In
other cereals such as rye and triticale callusiggnated from the scutellum, scutellar
node, and region of the radicle of cultured embifepen and Rao, 1982

In orchid tissue culture from meristem, infloresoerand leaf, the
calluses formed at first on explants and diffeietd into plantlets. In the culture of
buds ofVanda x Miss Joaquim reported by Kanchanapaatral. (1991 showed that
the single epidermal cells which retain meristemptitential develop indirectly in to
somatic embryogenesis with an intervening callagest Such indirect embryogenesis
has been described Ranunculus sceleratus (Konaret al., 1972 and Daucus carota
(Kato and Takeuchi, 1966In early stages of the regeneration of these plahte
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mode of epidermal cell division is quite similartt@at of embryogenesis from Vanda
leaf epidermis. In addition, Intuwong and Sagawk)73 reported that young
inflorescence of Sarcanthine orchid showed clustémeristematic activities in the
hypodermal layers of rachis, from which protocorkel bodies developed.
Vajrabahya and Vajrabhay@1970 noted that new tissues obendrobium

inflorescence derived from epidermis.

4.2 Gamma irradiation in chrysanthemum

4.2.1 Effect of gammaray irradiation on survival of irradiated

calluses

The basic requirement for an effective use of nmmatnduction in
plant breeding programmes is the analysis of raditsitivity of the explants material
(Walther and Sauer, 1986Predieri(2001) reported that one of the first steps in
mutagenic treatments is the estimation of the rapptopriate dose to apply. Laneri
et al. (1990 stated that in a mutation breeding experiment,dibge chosen for the
main experiment should result in the highest saivof irradiated explants and that a
low inhibition of the rate of production of new sits gives the highest efficiency in
recovering useful mutants. Several studies haven bmmnducted on the radio
sensitivity ofin vitro cultures of several crogsiell, 1983; Walther and Sauer, 1986;
Wanget al., 1988; Chengt al., 1990; Sheret al., 1990; Charbaji and Nabuls, 1999;
Predieri and Gatti, 2000 They studied the effect of gamma irradiationiorvitro
cultures in crop breeding application, with an abjee of developing suitablie vitro
mutagenic system for the induction and selectiodesirable mutants.

In this investigation, the effect of gamma radiation the survival
percentage of calluses was observed that diffedleses of radiation had different
effects on the survival percentage of calluseserAffamma ray irradiation, the
calluses were grown for 3 months and the resultsvetl that when concentration of
gamma ray increased, the survival percentage dfisesl decreased. Some calluses
died as a result of high dosage of gamma ray. fHsiglt was the same as Jala (2005)
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in the study of petunia that growth rate and rdtsuovival decreased when the plant
was exposed to high dosage of gamma ray. The atiall dose (LB of acute
gamma ray was 26 Gy. The effect of gamma radiatiorcalluses survival rate was
gradual decreased depending on the exposure dasmilar gradual reduction in the
survival rate has been observed in many speciegxmmple, X-ray irradiated wheat
(Kikuchi et al., 2009). Since, acute irradiation applied to aetumaterials at much
higher doses led to physiological damage and timatie death of cells.

4.2.2 Effect of gamma ray doses on adventitious shoot regeneration from
irradiated calluses

The irradiation dose negatively affected on regatem rate of the
calluses. The percentage of responded explantshancumber of regenerated shoots
per explant decreased with the increase in gamuhati@n dose. In contrast to the
findings of Chakravarty and Sef2001), where regeneration was enhanced by
increase in gamma radiation dose. However, low sladegamma irradiation were
used to enhance microtuber production in pofaAieSafadi et al., 2000. From this
experiment, the mean number of shoots per callsssigmificantly highest at 15 Gy.
When concentrations of gamma ray dose higher thaGy were applied, the mean
number of shoots per callus declined. Moreover, itnadiated calluses in all
experiments provided the higher numbers of shoats gallus than the control
treatment. These results agree on several stugihave been previously reported
that low dosage of gamma radiation induced acteleproliferation as also noted in
other speciegBatra and Arya, 1974; Liu, 1982The extent which the stimulatory
effects are results of increase in cell division aail-expansion has not been
ascertained. High doses resulted in inhibition efl division and depression of
growth rate. This is due to depression of DNA, Ral#l protein synthes{®oustafa
et al., 1989.

Decrease in mitotic index and increase in mitobaamalities with
increasing age in culture was observed in bothroband irradiated callus cells. This
may be due to accumulation of toxic metabolitethm system. This effect might be
further enhanced by irradiatigar and Sen, 1985; Kharkwal, 1998
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Simultaneous occurrence of altered and normal saligests that cells
may behave differently to the same dosage due dceffect at different stages of
nuclear cell cycle with certain stages being mascsptible to damage by irradiation
than othergEapen, 1976 In addition, primary cultures with less polyplade more
radio-sensitive than long-term cultures with moodyploids since polyploidy has a
protective effect on cellOpatrny, 1974 An optimum dose was beneficial for
improving regeneration from callus. This behaviéaund parallel in low doses of
gamma radiation which help in accelerating seedhgetion and also in improving
the seed quality in different systerdbo-Hegazi and Ragab, 1986; Prasadil.,
1986). This study has thus shown that irradiation wiéimgna radiation can be used to
increase regeneration capacity founditro in chrysanthemumThe genetic variants
produced can be utilized for generating tolerantesistant plants for commercial
uses(Spiegel-Roy and Kochba, 1973’ he extent to which variability in regenerants

can be transmitted to the next generation is ybetstudied.

4.2.3 DNA content analysisin irradiated plantlets

Mutagenic treatment may cause histogenic distudmn®t the
molecular level, mutagens cause random changd®inuclear DNA or cytoplasmic
organelles, resulting in gene, chromosomal or gemomutations that create
variability. The changes may be a result of alteret of the DNA sequence of gene
such as gain, loss or substitution of one baselyaanother. Therefore, monitoring of
mutagen-induced DNA damage is potentially usefuhirtation breeding studies.

The most reliable conventional method of ploidyeleanalysis is the
counting of chromosomes of metaphase plates froot tgps. However, the
preparation and microscopic analysis is time comsgmand indistinguishable and
frequently few cell divisions are visible in a d@goot tip. This has led to the
development of flow cytometric techniques for rapadtine ploidy determination in
chrysanthemuniDolezel et al., 1994). In addition, flow cytometry is recommended
for the accurate estimation of nuclear DNA cont@wbvak, 1992; Dolezekt al.
1989). Flow cytometry involves the analysis of attauclei, hence dividing cells are
not required, and the analysis is not limited taistematic tissues. Moreover, a small
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amount of fresh leaf tissue (5-50 mg) is sufficighat means this method could be
applied to plants at the early stage of developmidrg nuclear DNA content is easily
measured by flow cytometry. The gain or loss ofirggle chromosome can be
detected by this method, as showrMnosa (Roux et al., 2003, ryegrasgBarker et
al., 2001, and wheat-rye addition lingBashiret al., 1993; Pfossest al., 1995.
Analysis of the relative fluorescent intensity oAPI stained nuclei

yielded a histogram showing three dominant peakesponding to gand 62 nuclei

of Zea mays cv. ‘CE-777" and G nuclei of chrysanthemunrespectively. The
majority of cells in full-grown plants does not peaipate in cell division and reside in
a so-called @stage of the cell cycle. At this stage, the nucl2dA content reflects
the ploidy state of the plant. Cells, which areaived in divisions, start to from a

comparable so-called;Gtate and subsequently pass through S (DNA-sy'B)heE%

(an interphase nuclear stage with a doubled DNAerdrpreceding the actual nuclear
division). Accordingly, nuclear DNA content in als® units (genome size in
pictogram (pg) DNA) was adopted for all samplesdusBuch estimation requires
comparison with a reference standard having a knBWA content. In this study,
Zea mays cv. ‘CE-777" was used as an internal standard usxdts genome size is
relatively constant (Dolezet al., 1994; Vinderlovet al., 1983) and to avoid bias due
to staining and instrumental changes when estigaturclear DNA ploidy by flow
cytometric analysis. The precision of the ratiowssn the standard and the sample
(chrysanthemum) reflects the accuracy of DNA conte@asurements.

In this study, the nuclear DNA content in plantletgenerated from
untreated calluses and plants in natural conditvems 24.28 and 24.98 pg,
respectively while the nuclear DNA content in platg regenerated from the
irradiated calluses was lowir all treatments. The greatest decline was 10Pat[15
Gy which was more than 50% reduction comparedeaactntrol plants. One possible
reason that the 15 Gy treatment showed the gredgebhe in nuclear DNA content is
that most of the cells composing in the tissuesatitises reside in dividing cells stage
of cell cycle more than other treatments.

Generally, the cells composing in the tissues diisahave different
stage of cell cycle and each stage has differemdba sensitivity to radiation. For
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example, the dormant cells, less sensitivity toatah, obtain little radiation damage
on the nuclear DNA content, but the more sensitiisading cells obtain more
radiation damage resulting in more declines in @acDNA content.

The nuclear DNA content of irradiated chrysanthemudecreased
with increasing dose of gamma ray. The resultsrasgreement with Yamaguchi
al. (2008 on their report that nuclear DNA content of chrys@mums decreased
with increasing dose and dose rate of gamma ragg;dting that the nuclear DNA
content could be used as an index of radiation dema

A decrease in the nuclear DNA content is undesraloh
chrysanthemum, because it is correlated to reductianflorescence diameter as well
as the chromosome numbg@famaguchiet al., 200§. Consequently, radiation that
induces mutations at high frequency with littleliilgihce on the nuclear DNA content
is desirable for chrysanthemum breeding.

The results indicate that gamma ray has a dirdetteat the DNA
level of chrysanthemum and this variation can lecéively measured using the flow
cytometric techniqueThis technique has immediate application for selaciof
potentially useful mutants for chrysanthemum bnegdprogramme. It may be
expected that the number of practical applicatistls increase and plant breeders
will even more extensively use flow cytometry tojestion of mutants with
undesirable similar to Rougt al. (2003 who use flow cytometry to rejection of
mutants with undesirable agro morphological trais Musa. Moreover, flow
cytometry can be used to estimate radiation danraghrysanthemum and facilitate

the rejection of mutants with severe radiation dgenat results in smaller plants.

4.2.4 Chromosome counting
Although radiation treatment induces mutationscauses radiation
damage. Konzakt al. (1965 suggested that not only mutation induction effadt b
also the plant damage caused by irradiation treatmsuch as chromosomal
aberrations, should be considered for the useyfrartagen in plant breeding.
In this study, plantlets regenerated from the iatedl calluses
exhibited highly significant decrease in number adfromosomes compared to



80

plantlets regenerated from untreated calluses &mdspin natural condition. Plantlets
derived from treated calluses with 15, 20 and 25h@ye the somatic chromosome
numbers of 27, 37, and 34, respectively while thaural plants was 54 in
concomitant with thenuclear DNA content of 10.99, 18.80 and 16.91 pg.
Reduction in chromosome number was reported insamyemums
irradiated with gammaDowrick and El-Bayoumi, 1996) or X-rays (Ichikawal.,
1970. Reduction in chromosome number is generally uralde in the development
of commercial varieties of chrysanthemums becatuisecorrelated with reduction in
the diameter of inflorescendéchikawa et al., 1970. Therefore, it is necessary to
consider radiation damage to chromosomes in addiio mutation frequency in

chrysanthemum breeding.

4.2.5 Morphological observation

The relationship between morphological variants aigh doses of
irradiation was apparent. The majority of leaf carm short compact shoots,
fasciations, rosette leaf and vitrification weresetved from 15 and 30 Gy treatments
similar to those observed by Chutinthorn (1979)ckhieported in the study of many
ornamental plants. When concentration of gamma imgyeased, plant growth
decreased and abnormal characters occurred. S@aaslia result of high dosage of
gamma ray. This result was the same as Jala (20@5¢ study of petunia found that
growth rate and rate of survival decreased wherpldret was exposed to high dosage
of gamma ray. Plant height increased in responsa tmcrease of dosage of gamma
rays. This was the same @srcuma alismatifolia (Thohirahet al., 2009).

Moreover, these variants that were found in thiglgtalso showed
decrease in genomic DNA content ranging from 20%@&6, suggesting that the
variation in DNA content has phenotypic effects it& influence on cell size and
mitotic cycle time (van Harten, 1998).

The morphological changes observed at 15 Gy an@B@reatments
might be due to broken segments lost or transldoatenay originate from deletions
in the nucleotide sequences in structural genesgds in the promoter sequences,
deletions of the introns, regulating gene and 1&=g@es, which may either cause frame
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shift mutations or lead to the production of maatifigene expression. It is estimated
that at least 90% of the radiation-induced mutaticefers to deletions (van Harten,
1998).

4.2.6 Molecular marker analysis

Molecular marker-assisted selection techniques baea widely used
in plant breeding. Among those techniques, RAPD w&s most commonly used
(Williams et al., 1990. RAPD has been successfully used for screenirgamnd fruit
seedlings at the early stage since its invenim et al., 1999; Stefano, 2001In
chrysanthemum, it has been applied for identifyoudtivar and detecting genetic
diversity (Wilde et al., 1992; Wolffet al., 1995; Wolff, 1996; Shibatat al., 1998;
Trigiano et al., 1998; Martinet al., 2002; Sehrawadt al., 2003; Lema-Ruminsket
al., 2004. For example, Martinet al. (2002 successfully identified fifteen
commercial cultivars using RAPD and found that #osultivars could be
distinguished from each other. Similarly, when aactthg the analysis of genetic
diversity of chrysanthemum radiomutants, Lema-Rskeret al. (2004 also found
that 10 new radiomutants could be distinguishethfeach other using RAPD marker
and thus concluded that RAPD was an efficient neettow characterization of the
original cultivar and new radiomutants. TherefoRAPD has become a popular
useful tool in cultivar characterization of chrydamum.

When mutation breeding was performed, we alwaysehtip get
plantlets with greater genetic variation compardath whe parentBroertjeset al.,
1976; Li, 1993; Banerjet al., 1996; Mandalkt al., 2000; Cheret al., 2003. As a
result, the chance of developing novel cultivarghthibe greater. If the plantlets with
little genetic variation in comparison with the ear are selected at the early stage,
then the chance to get new cultivars will be slinus the efficiency of this breeding
program is low. Accordingly, a large amount of mankabor, time and money are
consumed. Therefore, the selection of mutants gessegreat genetic variation
relative to the parents at early growth stage usiat for developing new cultivars

with excellent ornamental characteristics in chmggamum mutation breeding.
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Given the link between genetic variation of mutaamd possibilities of
developing valuable cultivarsi, 1993; Banerjiet al., 1996; Mandakt al., 2000, it is
necessary to develop a method that can quickly@adily detect genetic variation of
regenerated plants in the early stage of breedimgiesponse to this, we have
tentatively used RAPD to evaluate genetic variabbthe mutants regenerated from
the calluses treated with different dosage of gamags, with a hope that RAPD can
detect the genetic variation. Interestingly, thalgsis of RAPD result showed that
genetic variation of regenerated plantlet was priograal to the dosage of gamma ray
within a certain range, although the 5 and 10 @attments were not significantly
different. In fact, it is commonly accepted thanggc variation of radiomutants is
well proportional to the dosage of mutagen withigeatain range, which is in line
with our RAPD results and confirms the applicapilaf the RAPD technique to
assess genetic variation of regenerated planflé¢isrefore, we hold a belief that
besides the characterization of cultivars and amlgf genetic diversity, RAPD can
be also applied in the rapid selection of regeeédratants with great genetic variation
during young stages in chrysanthemum mutation longed

In this present study out of 13 primers testedge fiesulted in
polymorphic bands which pointed to differenceshia genotypes studied. Two of the
primers, OPB-18 and OPB-08, made it possible tatiflethe genetic variation of
radiomutants. However, the primers used in thegotestudy could not discriminate
the radiomutants derived from 15 Gy gamma irradmafrom the other radiomutants,
although these radiomutants seemed to be the rhasaateristically different from
other accessions of mutafd change in morphology decreasing in chromosome
numberand also in the nuclear DNA contgnPossible causes of the lack of distinct
differences of RAPD patterns between the radiomstdarived from 15 Gy gamma
irradiation and other radiomutants could includat tpolymorphic RAPD markers
resulted from the amplification of both coding amzh-coding genome region, or the
number of primers used was insufficient to testwiwle genome in order to reveal
changes in DNA related to the phenotypic traitseobesd for the radiomutants derived
from 15 Gy irradiation.

According to Wolff and Peters-Van Rijf1993, the Dendranthema
genus has a high level of genetic variability. Hoare the same authors found only
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one polymorphic band for a group of cultivars ded\ifrom a single original cultivar,
but these cultivars were spontaneous mutants. Biyghia cultivars obtained as the
result of mutagenic factors, namely X- and gamnadigateon, the genome shows much
greater changes which are more easily found witliPBAnarkers than spontaneous
mutants. Wolff(1996 reported that out of nine cultivars obtained fronsiagle
original cultivar, two resulted from ionizing ratien and all the others were
spontaneous. The two artificially induced mutartevged polymorphic bands which
distinguished them from the others and suggesteatgr changes in the genome than
those in the spontaneous mutants. The changes au&concerned point mutations
in genes as well as greater chromosomal aberratogsa loss of a part or the entire
chromosomé&Wolff, 1996; Shibatat al., 1998.

In summary, we applied RAPD technique to inveséigdite genetic
variation of plantlets regenerated following vitro mutation treatment in
chrysanthemum. According to the results, we foumat (RAPD can satisfactorily
detect the genetic variation. Thus, it is belietteat RAPD-assisted mutant selection
of plantlets during early growth stages might bee@potentially useful technique in

mutation breeding of chrysanthemum and other orngathelants.



CHAPTERS
CONCLUSIONS

5.1 Mgjor findings of thethesis

The research was carried out to answer the questigarding the
effect of gamma radiation dose on mutation indurciio regenerated plants derived
from irradiated calluses of chrysanthemudiiysanthemum x grandiflorum (Ramat)
Kitam.]. A combined method of gamma ray irradiataond tissue culture was used for

the study. The main findings are briefly descrilbsdollows:

5.1.1 In vitro propagation

The combination of BA and 2, 4-D evoked the bespoase for
induction of callus from ray florets ofhrysanthemum x grandiflorum (Ramat.)
Kitam. The MS medium supplemented with 18N8 BA and 0.5uM 2, 4-D yielded
the highest efficiency of callus formation. The kxps cultured on MS medium
without growth regulators did not produce any callMoreover, with a gradual
increasing concentrations of 2, 4-D alone there wagradual increasing in the
percentage of callus formation. The callus staftech the adaxial surface and the cut

end of the explants.

5.1.2 Plant regeneration and root induction
Kinetin and its concentrations were the main deiamts of
adventitious shoot production from callus @hrysanthemum x grandiflorum
(Ramat.) Kitam. The highest number of regenerabets (45.0%) was obtained on
MS medium supplemented with u Kinetin and 4.9uM IBA. Present results also

84
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indicate that low concentrations of IBA are good $hoot regeneration while the
rooting required the presence of either IBA or a$eéin in the medium. With a gradual
increase of IBA alone there was a gradual incréagske number of roots. Optimal
number of roots per shoot was obtained on MS mediupplemented with 123V

IBA, while higher concentrations of IBA reduced tmember of roots per shoot. This
result indicates that IBA is an important factor footing. It is interesting to note that
when IBA was used in combination with chitosan, thember of roots per shoot

declined compared to IBA alone.

5.1.3 Histological studiesof callus
Shoots proliferating from ray floret callus wererfr a single origin.
Microscopic examination showed scattered meristemeglls on the ray floret
epidermis. Serial sections of the 7-day-old liglgesn compact calluses revealed well-
organized small cells attached to each other. Ia ihstance, these shoots had
originated from a single meristematic cell that lmdense cytoplasm with a well
stained nucleus. Shortly after several divisionthif single cell culture several shoot

apex-like structures or meristemoids were observed.

5.1.4 Effect of gammaray irradiation on survival of irradiated calluses

The effect of gamma irradiation on calluses suivigge depending on
the exposure dose. The survival percentage of Hikises decreased with an
increasing radiation dose. The untreated callussduged a 100% of the survival rate
while the survival percentage at 5 Gy was 75.0.18¢ 15, 20, 25 and 30 Gy of
irradiation dose the survival percentage was sicamtly decreased to 72.5, 72.5,
65.0, 52.5, and 38.7, respectivel\Moreover, the growth of treated calluses was
slower than that of the controls. Treatments aG2Gnd over causegellow or green
calluses to become browning wither and died witBindays.. The half lethal dose

(LDsg) of acute gamma ray was 26 Gy.
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5.1.5 Effect of gamma ray doses on adventitious shoot regeneration from

irradiated calluses

The radiation dose negatively affected on regemgratate of the
calluses. That is with a gradual increase of ramhatloses there was a gradual
decrease in the percentage of shoot regeneratibe. dptimal percentage of
adventitious shoot regenerated from the irradiattlses was 42.3 at 5 Gy, which
was lower than that in the control experimgh00%. When concentrations of
gamma ray dose higher than 5 Gy were added, tleemge of shoot regeneration
declined. However, low dosage of gamma radiatia@uced active cell proliferation
represent by the irradiated calluses in all expenits provided the higher numbers of

shoots per callus than the control treatment.

5.1.6 DNA content analysisin irradiated plantlets
Gamma ray has a direct effect at the DNA level lofysanthemum.

The nuclear DNA content was affected by gamma magiation. The nuclear DNA
content of irradiated chrysanthemums decreased ingtieasing dose of gamma ray.
The nuclear DNA content in plants regenerated ftormeated calluses and plants in
natural condition was 24.98 pg while the nuclearADdbntent in plants regenerated
from the irradiated calluses was lowarall treatments. Plants derived from treated
calluses with 15, 20 and 25 Gy has the nuclear DigAtent of 10.99, 18.80 and
16.91 pg in concomitant with the somatic chromosaemmber of 27, 37, and 34,
respectively while the natural plants was 54. Treagest decline was 10.99 pg at 15
Gy which was a more than 50% reduction compareddga@ontrol plants.

5.1.7 Morphological observation
Variations in the morphological characteristic dfosts and leaves
were found in the plants from the irradiated cakisPlants regenerated from calluses
revealed that with 30 Gy treatment, leaf chimera waidenced while with 15 Gy
treatment, short compact shoots, fasciations, toskiaf and vitrification were
observed. Furthermore, these variants also shoeease in genomic DNA content
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ranging from 20% to 60%, suggesting that the vamatin DNA content has

phenotypic effects via its influence on cell singl anitotic cycle time.

5.1.8 Molecular marker analysis

Thirteen primers were screened for their abilityatoplify the genomic
DNA of the Chrysanthemum x grandiflorum (Ramat) Kitam. and its mutants. Five
informative RAPD primer combinations generated #altoof 97 reproducible
amplification fragments across all radiomutants padent cultivars. Among which
31 bands were polymorphic. The number of amplife®dPD bands varied from a
minimum of 6 to a maximum of 28 depending on thipr and the DNA sample
with a mean value of 19.4 bands per primer. The gfZragments ranged from 300 to
3,000 bp. PCR amplification with primer OPB-18 clgaevealed that regenerated
plantlets from irradiated calluses at 20, 25, abdGy a highly specific ban@00 and
700 bp is absent in comparison with the plants in othesedaand the plants in natural
conditions indicating that they are highly polymioigp when compared to other
mutants. Moreover, a band of 3000 bp was noticdy ionplants regenerated from
irradiated calluses at 30 Gy when the genomic DN&& wmplified with primer OPB-
08, indicating that the plants regenerated fronadiated calluses at 30 Gy is
polymorphic when compared to plants derived fromeotconditions. Similarly, a
polymorphic band of 900 bp is absent in naturah{gaand plants regenerated from
untreated callusesut present in all plants regenerated from irradiatalluses when
RAPD marker OPB-08 was used. This result showetth®ar cultivated plants are
highly polymorphic compared to plantlets regenatdtem irradiated calluses. The
analysis of RAPD result showed that genetic vamaif regenerated plantlet was
proportional to the dosage of gamma ray within réage range. However, the primers
used in the present study could not discriminagerffdiomutants derived from 15 Gy
gamma irradiation from the other radiomutants,@lth this radiomutants seemed to
be the most characteristically different from othecessions of muta change in
morphology a decreasing in chromosome numiagid also in the nuclear DNA

conteni.
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APPENDIX 1
Composition of Murashige and Skoog (M S) medium (1962)

1liter

M acr oelements

Ammonium nitrate, NHsNO3 1,650 mg

Potassium nitrate, KNO3 1,900 mg

Calcium chloride, CaCl,.2H,0 440 mg

Potassium dihydrogen phosphate, KH,PO, 170 mg

Magnesium sulfate, MgSO,.7H,O 370 mg
Chelated iron

Disodium ethylene diaminetetraacetate, Na,-EDTA 37.3mg

Ferrous sulfate, FeSO,.7H,0 27.8 mg
Microelements

Boric acid, H3BO3 6.2 mg

Manganese sulfate, MnSO,.4H,0 16.9mg

Zinc sulfate, ZnS0O,4.7H,O 6.14 mg

Potassium iodide, Kl 0.83mg

Sodium molybdate, Na,M 00,4.2H,0 0.25 mg

Copper sulfate, CuSO,4.5H,0 0.025 mg

Cobalt chloride, CoCl,.6H,0 0.025mg
Growth factor

Myo-inositol 100 mg
Organic addenda

Glycine 2mg

Caseinhydrolysate (CH) 100 mg
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Vitamins
Thiamine HCI 0.1mg
Nicotinic acid 0.5mg

Pyridoxin HCI 0.5mg



APPENDI X 2

Hematoxylin staining solution

Composition

1.

o g b~ WD

Hematoxylin
Ammonium alum
Ethanol 95%

Potassium permanganate
Glycerin

Ditilled water
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89
169
250 mL
049
400 mL
800 mL
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