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Chapter-1
INTRODUCTION

Apple is the most important temperate fruit crofNeirth Indian Himalayan
region with regard to production and economic valubelongs to family Rosaceae,
sub family Pomoidae and genkklus. The sub-family Pomoidae, to which apple
belongs is considered unusual because its memiaaes & haploid chromosome
number of 17. This is in contrast to the basic oldsome number in the Rosaceae
which is believed to be between 7 and 9. Consetyjyenhas been suggested that
the apple genome may have arisen through allopmbypl between primitive
sub-families of the Rosaceae (Stebbins, 1958). mamrity of modern cultivated
apples are diploid (2n=2x=34), although some trpl¢2n=3x=51), and even

tetraploid (2n=4x=68) cultivars are known (Brow®,/5).

Apple was introduced into the country by British Kullu valley of
Himachal Pradesh as far back as 1865. The comrhgnmduction of apple is
largely confined to states of Jammu and Kashmirmathal Pradesh and
Uttaranchal hills which together account for 99qeat of the total production. In
India, apple occupies an area of 312 ha with aywrtboh of 1915 Metric ton and is
extensively grown in J &K, in an area of 157.28vi#h a production of 1348.2
Metric ton, in HP in an area of 106.23 ha and potida is 412.4 Metric ton
(Anonymous, 2013).

Apple is one of the first woody plants to be susbdfy propagatedn vitro.
It was first micropropagated by Jones (1967). Sthem, a large number of apple
rootstocks and cultivars have been propagated ghrassue culture.

Apple trees are susceptible to a number of fungal Bacterial diseases.
Among fungus,Phytophthora cactorum (Lebert & cohn ) is a common, widely
distributed, soil borne fungus with a very wideshoange, attacking about 200
different species of plants in over 80 genera ancesponsible for tree deaths in
most apple-growing regions of the world (McIntodi875). It causes a disease

referred to as crown and collar rot in differenttpaf the world depending upon the



plant part infected. When the scion part is affécieis referred to as collar rot and
when root crown is affected, it is called as crawn It was first identified on cactus
in 1870 by Lebert & cohn. Collar rot is one of tm@st common disease of apple
(Jeffers and Aldwinckle, 1988) and is present thrmut the temperate regions of
the world. It was first noticed in apple orchardsMichigan state, USA in 1858
where rotting of bark tissues below the soil linesvobserved (Baines, 1935,1939).
This disease is universally present in all parteofild and very serious in European
and American continents (Gupta, 1986; Utkhede,1986ndia, it was reported by
Agarwal (1966) in H.P. Outbreaks of crown rot amedom and depend on excess
soil water, suitable temperatures, and host suigiggt(Sewell and Wilson, 1974).
The disease is often observed in low areas of cdshhaving heavy and poorly
drained soils, but may be found in all orchardssiterees are first infected in the
nursery.P. cactorum attacks apple trees at soil level and completdigg of stem
takes place which leads to death of plant (Bair@39)L

This disease is often observed on the trees tlkeabetmween three and eight
years of age and grown on Malling Merton. All tr@ronercial varieties of apple
are susceptible to collar rot but some of the toois are resistant. Marked
differences in the resistance of apple rootstookréovn rot have been noted (Barrit
et al., 1990; MciIntosh, 1975; Sewelland Wilson, 1959; Utkdlheand Quamme,
1988). For example, MM106 was found to be highlgcgptible rootstock, whereas
M2, M4, MM104, MM113 and MM114 were resistant (Gaipand Mir,1983;
Gupta,1994).

The most widely used rootstock of apple MM106 isisdwarf with height
ranges from 3-4m and produces a commercially pitodritree. It is well-anchored
and do not sucker, a problem with trees on M7. tFbaiaring starts early on
MM106. The tree gives good crop consistently (Kanw®87). It is resistant to
woolly aphids (Rai and Tripathi, 1984; Bhardwa] arefma, 1994) and seedling
blight (Sharma, 1984), but susceptible to powderldew and collar rot (Gupta,
1994). Because of its susceptibility Bo cactorum, efforts are being made to
develop resistance againist vivo as well asin vitro. Chemical and biological
control has been attempted in many areas (Gupta Mind983; Gupta and

Utkhede,1986), but its effectiveness is limited.osH resistance is very useful



method to control the disease. The production gfleapootstock lines that are
tolerant to this pathogenic fungus can increase piteeluctivity. Screening of
rootstocks against collar rot pathogen has beer dowarious parts of world. In
India, Gupta and Mir(1983) studied the reactiowarious rootstocks and found that
M2, M4, MM105 and MM114 are resistant. Susceptipitf rootstock varies from
region to region. It is attributed to variability ipathogen and testing season
(Mcintosh, 1975).

Resistance is a qualitative character and usingvesdional breeding
approaches and biotechnological interventions, ftassible to obtain more resistant
varieties. Conventional breeding programs includegensive intermating and
screening campaigns help breeders to improve awdt\however, this is limited by
inherent difficulties like open pollination, higkevel of heterozygosity and poor
fertility of F1 hybrids. Rootstock breedimg vitro significantly reduces the duration
and volume of traditional approaches. As an altereao conventional breeding,
one approach for obtaining useful genetic variatisnto select for somaclonal
variants generated by tissue culture techniquesrefbre, early and fast screening
techniques of biotechnology are needed to obtaiaadie resistant cultivars. As the
apple is known for its ability to produce sportsstrains at random (Brown,1975),
therefore, mutations in somatic tissues, whethieerent or induced, may be easily
uncovered during regeneration of cefis/itro. This offers a promising potential for
exploiting somaclonal variations in apple. vitro cultures of tissues, organs and
shoots were often used to test crop plants susddgtito infection with various
fungal pathogens (Agnokt al., 2003; Vidalet al., 2004).

Microbial toxins have been the objects of extensstedies as possible
pathogenecity or virulence factors for the produgethogens. Toxins are
considered to be the special weapons of the platfiogens to evade or overcome
the inherent resistance strategies of host pldfitayra et al., 2001). Mycotoxins
are secondary metabolites produced by microfungt #tre capable of causing
disease and death in humans, animals (Bennett beit, RO03) as well as in plants
(Schmelz et al., 2003; Trucksess, 2004). Plantaské/es have a broad spectrum of

defense barriers to protect themselves from invadirganisms. Pathosystems are



very diverse and there is neither a single modglarfit pathogen interactions nor a

sample and common resistant mechanism (Svabovhadretia, 2005).

During last twenty five years, many studies werufed on potential role of
phytotoxins in plant resistance mechanisms andiplesutilization for screening of
disease improved plant lines (Strobel, 1982; Harsolgag, 1984; Wenzel 198%h
vitro selection was considered as a supplementary dotblet classical selection in
breeding disease resistant cultivars based on aleadvantages as fast testing of
large number of individuals on a small place, easmanipulation of mutants,
somaclones and haploids with higher variability tire genome and precise
evaluation of quantitative differences by avoiditlge unfavorable weather
conditions. If the toxin is not purified and itgstture is not known, a partially
purified toxins or culture filtrates of the pathogecan be used as selective agents.
Comparing to a toxin alone, these selective ageawe an advantage, because they
contain a set of toxic compounds that may be ire@dhn the plant-pathogen

interactions.

In order to screen target characters, it is esaetatinave efficient selection
agents (Livet al., 2005). The use of pathogen toxins as selectjeats at the tissue
culture step might be a source of variability tltain lead to the selection of
individuals with suitable levels of resistance e toxin or to the pathogen among
the genetic material available (El Hadrami, 2005).

Phytotoxins and culture filtrates have been usedstdection of tolerant
protoplasts, cells and calli which are subsequeetignerated into putative resistant
plants (Huang, 2001; Thaket al., 2002; Svabova and Lebeda, 2005 and Kuehar
al., 2008).The general strategy is based on condsideevidence that there is a

correlation between tolerance/resistance to phytascand resistance to pathogen.

In vitro selection is advantageous on that it makes pesdil#ct selection of
novel phenotypes, under defined conditions, witimmted space and short period of
time. Previouslyjn vitro selection of cells/calli of apple rootstock MM106daM7
with FCF of P. cactorum (Goel et al. 2007) andD. necatrix (Modgil et al. 2012)
respectively was carried out and a few tolerarlusdines were obtained. But these

lines were unable to regenerate. On the other haheén adventitiously raised



shoots of M7 were attempted for selection agaist Bf D. necatrix (Modgil et al.
2012) causing white root rot, resistant plants warined. For the development of
disease resistant plants and accelerating the ibhgeegorocess, biotechnology
methods are useful.

Keeping in view the above points and the succebgewaed within vitro
shoot selection in apple rootstock Malling7, thelolwing objective has been

undertaken:
OBJECTIVE

To selectin vitro regenerated shoots of apple rootstock MM106 totei@fungal
culture filtrate of Phytophthora cactorum.



Chapter-2
REVIEW OF LITERATURE

2.1 SHOOT REGENERATION

The ability to produce plants via organogenesiseseas a method of
rapid micropropagation as well as increases brgedimd selection efforts. An
efficient regeneration system from somatic tissuecells via organogenesis
and/or embryogenesis is a prerequisite for theaissomaclonal variation for
selection of improved cultivars. In apple, orgaggsis was found to depend on
various factors such as genotype, explant souramber of subcultures of the
explant donors, excision time of leaves from pevhting shoots, nutrient
formulation and hormonal balance of the medium,laaxp type, temperature,
light quality and intensity, dark treatment, typecalture vessel and the amount
of medium used per regenerating explant (Prediexd aalavasi, 1989;
Ancherani et al., 1990; Theiler and Theiler, 199%%andardi and Houshmand,
1992; Caboni et al.,, 2000; D’ Angeli et al., 20@Mobranszki et al., 2002).
Regeneration of several scion and rootstock cultied apple has been reported
and proved to be efficient for some genotypes (€h&ind Theiler,1990,Yepes
and Aldwinckle,1994).

Jamestt al. (1984) attempted the regeneration of shoots fitee callus
of stem explants of the apple rootstocks (M 9, M 526, and M 27). Dufour
(1990) reportedn vitro adventitious regeneration in apple cultiv@&sanny
Smith’, ‘Mark’, ‘Novole’, ‘Lancep’ and ‘Cepilad’ through primary and
secondary calli originated from leaf explants aotlgh direct regeneration from
leaf explants. It was found that the regeneratioteqtial was highly influenced
by the genotype. In shoot regeneration viausallthe regeneration potential
varied from 5.4% in ‘Golden Delicious’ to 100% cultivar ‘Gala’. The
other cultivars did not show any organogenic respowmia callus formation.
Ancheraniet al. (1990) reported adventitious shoot formatiomfrihe leaves of

apple rootstock MM 106 via callus formation.



Factors influencingn vitro regeneration and development of shoots from
leaves of the cultivars ‘Golden Delicious Boveyuddfsold spur’ were studied by
Marn et al. (1999). 0.2mg/1 TDZ and 0.1mg/1 IBA induced thgheist number
of well developed healthy shoots. To determine aedugenetic variation, 39
regenerants of the cultivar ‘Golden Delicious Bdvayd 38 regenerants of the
cultivar ‘Gold spur’ were screened with 25 RAPDnpers. On the basis of the
estimated amount of genome screened, it can bductattthat the regeneration
technique induced relatively high genetic variativtodgil et al. (1999) obtained
direct organogenesis from vitro grown leaves of apple rootstock MM106 and

reported the influence of different BA concentras@mn regeneration frequency.

Gamageet al. (2000) reportedin vitro shoot regeneration from leaf tissue
of apple cultivar ‘Orine’ and high shoot prolifei@at using carry over effect of
TDZ. Gerchevat al. (2000) reported plant regeneration from leaf gsstiapple
cultivars ‘Granny Smith’, ‘Macspur Golden’ and ‘8damson’ by using MS
medium with 2.5uM IBA and 7.5uM TDZ. Leaf tissuellogenesis of apple
rootstock ‘M7’ was found with 5mM each of BAP andréhlorfenuron (Martins
et al., 2001). D-Angeli et al. (2001) studied the effect of macro and
microelements, BA concentration and the period aokim application on

adventitious shoot formation from apple rootstock.

Chandanet al. (2003) obtained high efficiency of shoot regeneratvith
half strength MS medium (1/2MS) fé&tyrus pyrlfolia, and Nitsch Nitsch (NN)
medium forPyrus communis. In both species, the basal region of the leaf was
found to be more suitable than the distal region dallus and shoot bud
formation. High concentration (5mg/1) of thidiazarefficiently induced callus
formation and shoot bud initiation in both specidggher frequencies of callus
production and rooting from regenerated shoots wserved with increasing

indole butyric acid concentration in rooting medium

Zhanget al. (2004) developed the protocol for the regenenasigstem of
tissue culture in ‘Granny Smith’ apple using MS med supplemented with BA
at 0.3-0.6 mg/l and NAA at 0.1-0.3 mg/l which praew the growth of

vegetative axillary buds and regeneration of |dteuas.



Effect of different growth regulators, dark/ligtreatment, time of leaf
excision, leaf age and repeated regeneration cypcieshoot regeneration from
vitro grown leaf explants was evaluated in clonal apptEstock MM 106 by
Modgil et al. (2005). Repeated regeneration cycles showed thhttlae increase
in number of cycles, regeneration percentage deedebut number of shoots per
explant and length of shoots were found to be am®d. Pathania (2006) studied
plant regeneration in apple rootstock MM111 anésssient of genetic variation
among regenerants. Both direct and indirect regeioer was obtained on MS
medium with BA (2, 3, 4 mg/l) and NAA (1 mg/l) ilght as well as in dark but

relatively higher regeneration was found in ex@agrown in light.

Regeneration of adventitious shoots from nativarfwootstock of apple
(Malus domestica Borkh cv ‘Gami Almasi’) was optimized for the firsme by
Rustaeeet al. (2007). Direct organogenesis from leafiofvitro grown shoots
was obtained from apple cv ‘Gami Almasi’. Two regetion mediums with MS,
N6 compounds and various combinations of BA and NA&e used. Leaf and
callus tissues were used for regeneration testghdst percentage of shoot

regeneration (93.75%) from leaf in MS medium wasieced.

Adventitious shoot regeneration was obtained by &wl. (2008), using
leaf explantsof in vitro cultured shoots oMalus baccata. Optimal regeneration
was obtained using Murashige and Skoog medium sappited with 4mg/l 6-
benzyladenine and 0.5 mg/l naphthalene-acetic 8adk incubation for 10 days
gave the best results and sorbitol was proved tahbemost suitable carbon
source for shoot regenerationh baccata. The highest regeneration frequency
was 97% and the greatest shoot number per regedeledf explant was 8.7.
Mitic et al. (2012) developed an efficieint vitro shoot regeneration method from
leaf explants of apple cultivars ‘Golden Delicioasid ‘Melrose’ by optimization
of regeneration medium, explant type and orientataark pre-treatment, and
gelling agent. Murashige and Skoog’'s medium caoittgi 22mM thidiazuron
(TDZ) and 1.5mM indole-3-butyric acid (IBA) was fod to be superior for
regeneration as well as for subsequent shoot niaétion in both cultivars,

providing regeneration frequency of 95%.



Zhang et al. (2014) developed a simple and efficient protoém
obtaining shoots from leaf explants by optimizidg tcombinations of plant
growth regulators, mode of wounding, and explan¢éraation on the culture
medium. Regeneration rates were found to be higl®886) when MS medium
was supplemented with 22M thidiazuron and 0;8M naphthalene acetic acid,
and cut-wounding explants before placing the abbaxigface in contact with the
medium. The best rooting percentage (80%) was mddaion MS medium
supplemented with 4.921 IBA.

A successful adventitious shoot regeneration podtfor apple rootstock
‘Pingyitiancha’ Malus hupehensis var.pinyiensis) was developed by Jiet al.
(2014). Leaves as explants were cultured on MS umnediontaining 2.0 mg/I
TDZ and 0.2 mg/l IBA with abaxial surface in corttagith the medium and
incubated for 14 d in the dark which showed tighést percentage (100%),
with an average of 3.6 shoots per regeneratinga@xpShoots regenerated from
leaves were rooted on half-strength MS medium coimig: 0.4 mg/l NAA. The

rooting percentage was 94.4%.
2.2 INVITRO SELECTION

Carlson (1973) demonstrated the feasibilityirofitro selection for disease
resistance. He suggested that if cells or tissuesegosed to a selection pressure
and that plant with an altered response to infactiy the pathogen, could be
regenerated from the selected cultured cells. Thesistant somaclonal variants

formed might be more resistant to the pathogen.

Plich and Rudnicki (1979) studied the effect okims of Phytophthora
cactorum, a pathogen to apple under vitro conditions It was observed that 14
days old culture oP. cactorum contained a toxin capable of inducing wilting in
cuttings of apple after 15-24 hrs. Utkhede (1986)eened the world apple
germplasm collection for resistance Rocactorum in vitro. Rootstocks M9, M26
and M4 were found less susceptiblét@actorumthan MM106.

Rosati et al. (1990) reported the regeneration of shoots fromé Mad
MM106 apple clonal rootstocks and tested on pnaifen media enriched with

10-25 per cenP. cactorum culture filtrate. They reported that some of thenels



showed higher resistance to culture filtrate aspamed to standard clonetn vitro
evaluation of strawberry (Fragaria x ananassa Hdoiy) somaclonal variants for
susceptibility toP. cactorum was carried out by Battistini and Rosati (1991).
Mezzettiet al. (1993) tested two methods for early screenindisgase resistance in
apple rootstocks and cultivars. The capacity?o€actorum culture filtrate (CF) to
act as selective agent was tested bothnovitro proliferation shoots and on cell
membrane polarization using optical probe (Meroayarb40). With assays, four
rootstocks (M26, MM106, MM111, Mark), five cultivar(‘Gala’, ‘Liberty’,
‘Mclintosh’, ‘Empire’, ‘Jonathan’) and some M26 amdM106 regenerants were
tested. Both methods were able to characterizerdifit tolerance to CF among the
rootstocks, which co-related with their known figkkistance. The second method
could be considered more efficient for genotypesrinination and also for host-
pathogen interaction studies. On the other handolanet al. (1994) studied the
somaclones in apple for resistance to fire bligithpgerErwinia amylovora and 21
per cent of them showed an increase in resistané&e amylovora compared with
the parental material.

Mutants resistant télternaria blotch disease in several cultivars of apple
were produced by Sait al. (2001) by irradiation with X-rays. An efficiei vitro
assay method was established using chemically ssizéedd AM-toxin 1 ofA.
alternata to screen for mutants resistantAldernaria blotch disease. Thakur et al.
(2002) used callus cultures derived from internaslgments of two cultivars of
carnation susceptible teusarium oxysporumf. sp.dianthi for in vitro selection for
resistance to this pathogenic fungus. Resistarit aaiained were used for plant
regeneration. About 32% of the plants regenerateth fthe resistant calli had
acquired considerable resistance against the pathogthe field. No phenotypic

variation was observed in the selected regenerates.

Resistant calli werein vitro selected from cucumber explants under
challenging stress of cucumber wilt pathogé&wisarium oxysporum f. sp.
cucumerinum culture filtrates (CF) (EL-Kazzaz and Ashour, 2008he progenies
of in vitro regenerated plants occurred under CF stress, shosgestance when
exposed to the pathogen infection. The resultgetethat resistance in cucumber to
wilt pathogen was controlled by one pair of gened segregated as 3 resistant : 1
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susceptible. They concluded that vitro selective regimevia tissue cultures is

advisable for selection of novel disease resigibanits.

Gayatriet al. (2005) developed root rot disease tolerant clorigsirmeric
variety ‘Suguna’ ofCurcuma longa L. by using continuousn vitro selection
technique against pure culture filtrate Bfthium graminicolum. Callus was
challenged with FCF oP. graminicolum and after three selection cycles, four cell
lines tolerant to CF were isolated. Compangiral. (2006) subjected the first report
on validating a method for differentiating banaasistance against the attack of the
Fusarium oxysporum f. sp. Cubense strain 1 fungus, based on applying fungus
culture filtrate on banana leaves. This method ities a useful tool for increasing
the selection efficiencgx vitro irrespective of environmental or seasonal condstion

for disease development.

Ganesan and Jayabalan (2006) repoitedvitro selection method for
isolation of Fusarium wilt and Alternaria leaf spot disease tolerant plantlets in
cotton Gossypium hirsutum). Somatic embryos tolerant to fungal culture ditér
(FCF) were isolated from the embryonic callus ogereration medium fortified
with 40 per cent FCFIn vivo testing was carried out on plantlets raised from
somatic embryos. Four out of 24 plants tested waszrant toF. oxysporium. The
selected plants showed an enhanced survival raberapared with control when
they were grown in earthen pots inoculated withQP>spores/ ml of. oxysporium,
Shoot clumps of gladiolus ‘Eurovision’ and ‘WinedaRose’ multiplied in vitro
were irradiated with different doses YCoso gamma rays by Pathania and Mishra
(2003). Survival of irradiated shoots decreaseth witreased dose 8%Cos;gamma
irradiation. In vitro selection by challenging witlasaric acid (1-1.5 mM) and
culture filtrate (20%) ofFusarium oxysporum f. sp. Gladioli, resulted ifrusarium

yellows insensitive mutants at the end of tfilse8ection cycle.

In vitro evaluation ofPhytophthora cactorum (Lebert and Cohn) culture
filtrate influence on apple rootstock MM106 wasrgat out by Goekt al. (2007).
Calli were subjected to different concentrations=afF (5-25%) and 5.35 percent
callus lines were selected at 20 percent levelGF.BBiochemical analysis revealed
that phenol content was three times higher in sstecallus lines. However, callus

lines were unable to regenerate.

11



Ali et al. (2007) induced mutations undervitro conditions for screening of
red rot Colletotrichum falcatum) resistance in sugarcane. They found regeneration
of plants at 0.5% toxin with maximum callus dedtleld screening was carried out
against two different isolates @f falcatum by using syringe method of inoculation
(Hussnain & Afghan; 2001). Out of 164 vitro selected resistant lines, after two

years field trials, only 8 were found to be resistgainst red rot disease.

Kumar et al. (2008) carried outin vitro selection and regeneration of
chrysanthemum against culture filtrate Sgptoria obesa. Resistant cell lines were
selected by culturing callus on growth medium cimmtg various concentration of
S. obese filtrate. About 30 percent of plants regenerateanf resistant calli and 70-
80 percent of plants raised acquired consideradstance against the pathogen in
the field.

Nasir et al. (2008) reportedn vitro selection forFusarium resistance in
gladiolus. Cormel pieces of fotusarium susceptible cultivars (‘Friendship’, ‘Peter
Pears’, ‘Victor Borge’ and ‘Novalux’) formed friabdlcallus which was used to
establish cell suspension. Plantlet regeneratia otgained from control as well as
in vitro selectedrusarium oxysporum. Cell suspensions of all four cultivars were
found to be highly sensitive to fusaric acid. Thadyal increase in the fusaric acid

concentrations to cell suspension reduced cell gr@ansiderably.

Saxenaet al. (2008) established a protocol for the inductadndisease
resistance in callus cultures of rose-scented gargrPelargonium graveolens cv.
‘Hemanti’ against leaf blight disease caused by finggal pathogerAlternaria
alternata. The calli were subjected to various concentratiohculture filtrate (0%,
4%, 8%, 12%, 16% and 20%) obtained frAnalternata. The regenerants from calli
were confirmed forA. alternate resistance by exposing their leaves to the same
concentrations of culture filtrate as used prevypug/hile the parental wild type
demonstrated typical susceptibility, the leavepuiative resistant clones remained
green and viable in the presence of toxin.

Ranade (2009) carried out work on cell line séectin carnation cv.

‘Master’ using fungal culture filtrate ofusarium oxysporum f. sp. dianthi as a
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selective agent. The selected plants showed resestdevelopment téusarium

oxysporum f. sp.dianthi in in vivo testing.

Singhet al. (2011) carried outn vitro selection of calli ofCitrus jambhiri
Lush. resistant to culture filtrate &hytophthora parasitica. Cotyledon derived
calli were cultured on selective MS medium suppletee with 5-100 % of culture
filtrate. The selected tolerant calli were transfdr to regeneration medium.
Regenerated shoots were transferred to rooting unmedi About 81 % of the
selected regenerants exhibited resistanc®.toparasitica, whereas none of the

control plants showed resistance.

A technique was developed for vitro screening of cells/shoots of apple
rootstock Malling7 againsDematophora necatrix culture filtrate (Modgilet al.
2012). Friable calli as well as regenerants weqgosed separately to selection
medium fortified with different levels (10-90%) fifngal culture filtrate (FCF) of
D. necatrix to isolate tolerant cells/regenerants. 5.18% sdlles and 40% shoots
survived on 70% FCF which were further subjectedhi@e cycles of treatment
using continuousgn vitro selection approach. Five resistant lines wereiobtaafter

doing pathogenicity.

Esmaielet al. (2012 cultured embryogenic calli derived from leaf base
explants of two carnation cultivars, ‘Lia’ and ‘WéiLiberty’, for resistance to toxic
metabolites produced biyusarium oxysporum f. sp. dianthi, using two selection
methods, the double layer culture and cultureafidt techniques. Results indicated
that the reduction of callus growth rate was highigh thein vitro selection method
using double layer than with the vitro selection method using culture filtrate.
Results also revealed that embryogenic callus pgage, shoot formation and root

induction percentages were affectedyitro selection methods.

Valenciaet al. (2014) carried ouin-vitro selection of pineapple cv. '‘Queen’
with resistance to culture filtrate ofPhytophthora cinnamomi Rands. The
inoculation of pineapple calli with different comtgations ofP. cinnamomi crude
filtrate showed that the toxic effects of the crufilerate on the treated calli

decreased with the reduction in filtrate concermdmt Calli resistant t®.
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cinnamomi crude filtrate were selected and regeneratedplaotlets after 3 cycles

of selection.

Kairatet al. (2013) studied the regeneration ability of eliéint genotypes
of sugar beet explants on selective media withctilure filtrate of the pathogen
fungusFusarium oxysporum var. orthoceras.  For regeneration vitro of the
sugar beet genotypes resistant to the pathodbe culture media was
optimized to the culture filtrate of the @us F. oxysporum. The frequency of
shoot regeneration, depending on the genotype1vias2.5 %. On these explants,

the multiple shoot formations were observed.

Zhanget al. (2014) used callus cultures derived fromvitro scales of
Oriental lily ‘Casa Blanca’ susceptible Fasarium oxysporum for in vitro selection
for developing resistance to this pathogenic fungessistant cell lines were
selected by culturing calli on MS medium suppleredniith growth regulators and
containing 80% concentrations of culture filtraté . oxysporum. 7.0% calli
regenerated shoots on MS medium supplemented witretht concentrations of
naphthalene acetic acid (NAA) and benzyl adenin®)(B'he selected clones were

moderately resistant feusarium bulb rot.
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Chapter-3
MATERIALS AND METHODS

The present investigation entitiedSélection ofin vitro shoots of apple

rootstock MM106 tolerant to fungal culture filtrate of collar rot pathogen’
was carried out in the Department of Biotechnolof§yDr Y S Parmar University of

Horticulture and Forestry, Solan.
3.1 CLEANING OF GLASSWARE

Superior quality borosilicate glassware was usedclrrying out the
experiments. All the glassware was soaked in chroaaid for 2-3 hours or
overnight followed by rinsing. The glassware wamsntlsoaked in a solution of 10
per cent (v/v) teepol in hot water for few hourslateaned by washing with the
help of a test tube brush. Finally rinsed with deudlistilled water and dried at

150C in a hot air oven for 2-3 hours.

The used glassware with spent up media and congedircultures were
firstly autoclaved to kill contaminating microorgam and molten media was
disposed off to empty the culture vessels. Theucallvessels were then treated
with 10 per cent (v/v) teepol solution (in hot watér one hour. These were
washed under running tap water and finally rinséith wistilled water followed
by drying in hot air oven at 150 for 2-3 hours.

The other plasticware such as measuring cylindexakers, petri dishes
etc. were washed with mild non abrasive detergemief cent teepol) and rinsed
with tap water followed by rinsing with distilled ater. The plasticware was
dried in hot air oven at temperature of 100 - T2€éor 1 hour.

3.2 MEDIA PREPARATION
3.2.1 MS medium

MS medium given by Murashige and Skoog’'s (1962) waed forin
vitro propagation experiments. Separate stock solutidngorganic nutrients,

vitamins, and plant growth regulators were prepaaad kept in refrigerator.



Each salt of stock solution was dissolved separatedistilled water to avoid
precipitation. Inorganic and organic stock solusiowere stored at 4°C for
maximum of one month. The stock solutions of vitesrwere prepared fresh
after every 15 days. The growth, differentiatiord azrganogenesis of tissues
depend on addition of one or more growth regulatdiisthe growth regulators
were prepared fresh after a week. The auxins wissmlded in minute quantity
of dilute HCI where as cytokinins were dissolveddiluted NaOH solution. The
desired volume was adjusted with distilled watehe Tgibberellic acid was
dissolved in distilled water. The chemicals usedtfe preparations of stocks

were of analytical reagent grade and obtained frelrable firms (Hi Media).

For medium preparation, each stock was added onenbyin required
guantity. After addition of sucrose (30.0 g/l),antins and growth regulators, pH
of the media was adjusted to 5.6-5.8 with 0.1N HCD.1N NaOH. Final volume
was adjusted with double distilled water. Thergatigar-agar (8.0g/l) was added

and homogenized by heating the medium.

The medium in a uniformly liquid state was pouredoithe desired
culture vessels such as culture tubes/100 or 156bmctal flasks (Borosil, India)
and then plugged with cotton plugs wrapped in musloth. The medium was
dispensed into the culture vessels occupying onby third volume of its space
and then autoclaved at a pressure of 15 Ibs paf atc12iC for 15 minutes for
proper sterilization of culture media. Finally, theedium was brought down to
room temperature and stored in dark at 25°& and used after 5-7 days of

preparation.
3.2.2 Potato Dextrose Broth

Potato dextrose broth was used for isolation afyl toxin. Potato was
peeled and cut into small pieces and boiled in wate10-15 min. The solution
was strained through clean muslin cloth. Then dsetand agar were added and
dissolved to make final volume. pH of the mediunswajusted to 7.0-7.2 with
0.1 N NaOH. Agar was added to the medium which Wwasogenized by
heating. The medium was prepared in the flask &BD-ml| flask) so that it
occupied only three fourth of the volume of the cgpdnside the vessel.
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The vessels containing the medium were autoclaved dbs per incfand 121.6° C

temperature for 15 minutes for proper sterilizatddthe media.
3.3 ASEPTIC MANIPULATIONS AND CULTURAL CONDITIONS

Maintenance of aseptic conditions is very importagpect duringn vitro
techniques to prevent any source of contaminafidre tools used for transfer of
cultures such as forceps, scalpels, needles atdlapavere wrapped in aluminum foil
and sterilized by autoclaving. During use, the rinsents were kept in glass bead

sterilizer, and then dipped in rectified spiritlfaved by frequent flame sterilization.

All the manipulations were carried out in laminar flow chamber fitted with

UV light (Klenzaids Bioclean, Devices (P) Ltd., M&ld1504). Before starting with
aseptic manipulations, the floor of chamber wasanghly wiped with rectified spirit.
Thereatfter, culture vessels containing medium,@ated culture equipments, rectified
spirit and spirit lamp were kept inside the chamdned UV light was switched on for
10-15 minutes. After switching off the UV lightrdiow was allowed to run for at least
10 minutes. Before starting the aseptic maniputatidhands were thoroughly washed
with soap and water. In order to make hygiene, samdre frequently wiped with
rectified spirit which was allowed to evaporateidgrculturing. The rims of tubes and
flasks were flame sterilized before and after inagons.

In all experiments, the cultures were incubated eundonditions of well
controlled temperature, humidity, illumination aad circulation. The cultures were
kept in culture room at 25 £@ under 16/8 photoperiod (16 hours of light ancb8rk
of dark) with 35uM /s photosynthetic photon flux (PPF), obtained frdnofescent
lights emitted by Phillips tubes with lamps. Wrappithe culture vessels with carbon
paper or keeping the culture vessel in closed candb box maintained dark
conditions, whenever required.

34 REGENERATION AND MICROPROPAGATION OF SHOOTS
(CONTROL EXPERIMENT )

3.4.1 Multiplication of shoots of apple rootstockviM106

Already maintainedn vitro shoots of MM106 were separated and transferred to
the fresh standard multiplication medium i.e. MSuflkhige and Skoog, 1962) basal
medium supplemented with 0.5 mg/l BA, 0.5 mg/l{£&kd 0.1 mg/l IBA,
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309/l sucrose, 8¢/l Difco Bacto agar. The shoottuce were incubated and

subcultured in culture room after every 4-5 weeks.
3.4.2 Invitroinduction of shoots from leaf explants

For shoot bud induction, two cytokinins with tvaoixins were used to
optimize the regeneration process. Subculturedipheiishoots of apple rootstock
MM106 of one month old (Fig 1) were used as sounegerial for leaf explants.
Fully expanded and healthy young leaves were exdieen apical portions ah
vitro shoots. A cut was made on tip edges and basabp&aves and wounded
the leaf tissue on veins and across the midrib feitbeps. Explants were placed
with their abaxial sides oriented downward on regation medium consisting of
MS supplemented with already standardized growtjuledor combinations i.e.
BA (2-5 mg/l) and NAA (0.5-1 mg/l) ( Modgit al., 1999). Secondly, different
combinations and concentrations of TDZ (0.4-0.6lyreydd IBA (1 mg/l); TDZ
(0.4 mg/l) and NAA (0.5-1 mg/l) were evaluated. Alhe media were
supplemented with 30 g/l sucrose and solidifiechvdg/l Difco-Bacto agar. A
total of 16 combinations of growth regulators wersed which are shown in
Tablel. Four or five leaf explants were culturetbaconical flaks of 100-150 ml
capacity with 35 ml medium. After 4 weeks of inctiba, percentage of
regenerating explants, average number of shootseggenerating explants and
length of shoots were recorded. Leaf explant/ salNith regenerated shoots were
subcultured in similar fresh medium to induce mounber of shoots in next

four weeks.

3.4.3 Multiplication of regenerated shoots

Best regeneration medium was determined and thHeregenerated, non
vitrified and healthy adventitious shoots (regentsawere separated/ excised from
leaves or callus and multiplied in above mentionedtiplication medium to get the

sufficient number of regenerants for selection expents.
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Fig.1. In vitro multiplied shoot cultures of apple rootstock MM106



Tablel: Different combinations of cytokinins and axins added to MS
medium for adventitious shoot induction in apple ootstock

MM106
- Addition to MS medium(mg/l)

Media code BA NAA TDZ IBA
MS; 2 0.5 - -
MS, 3 0.5 - -
MS; 4 0.5 - -
MS, 5 0.5 - -
MSs 2 1.0 - -
MS, 3 1.0 - -
MS, 4 1.0 - -
MSg 5 1.0 - -
MS, - 0.5 0.4 N
MS¢ - 0.5 0.6 -
MS,, - 1.0 0.4 -
MS;, - 1.0 0.6 -
MS1a - - 0.2 1.0
MS 14 - - 04 1.0
MSis - - 0.6 1.0
MS¢ - - 0.8 1.0

3.5 PREPARATION AND MAINTENANCE OF FUNGAL CULTURE
FILTRATE

3.5.1 Collection and of fungus

The fungal cultures of 3 isolates Bhytophthora cactorum were obtained

from the Department of Plant Pathology, UHF.
3.5.2 Multiplication and maintenance of pure cultues

The pure cultures of each isolateRofcactorum were maintained on Corn
meal agar on slants in test tubes. After inocutatibe cultures were incubated at
25°C for 15-20 days till the uniform growth was obtin Thereafter, the culture
tubes with pathogen were covered properly and predeat 4C in refrigerator to

stop further growth.
3.5.3 Preparation of fungal culture filtrate
3.5.3.1 Fungus cultivation

Three isolates of fungal pathogen were cultivadegarately in Potato

Dextrose liquid medium. Small bits of size 2.0 frohfungal mycelium were cut
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and inoculated in each 250 ml flask containing 200hmedium. The cultivated
flasks were incubated at ZBC for 23-25 days in stationary conditions for

isolation of fungal toxin, till the mycelial growthias seen.
3.5.3.2 Extraction of culture filtrate

The liquid fungal cultures were used for prepiaraof culture filtrate
which was obtained under aseptic conditions inldh@nar air flow cabinet. The

filtration was carried out in following phases:
1. Coarse filtration

First of all, the fungal cultures in liquid mediwwvere filtered by three
layers of sterilized muslin cloth, followed by fétion through previously

sterilized ordinary filter paper.
2. Centrifugation

Centrifugation was done at 10,000 rpm for 10 mieppendorf centrifuge
using sterile centrifuge tubes. Supernatants coingitoxin were taken and pellet

having fungal mycelium were discarded.
3. Filtration through Whatmann filter paper

Supernatants were then passed through Whatmater Pidper No. 42

under aseptic conditions.
4. Filtration through sintered glass filter

The final filtration was carried out by passing tbupernatant through a

Millipore filter, type G-5 (0.22 pm pore size) toopluce the culture filtrare.

After filter sterilization, the filtrate of threasolates were mixed in equal
guantities and kept in culture room for seven daysheck if there was any
spores left after the filtration as well as growtrany pathogen. After confirming
that there was no pathogen growth, the culturgatdt was used for the

preparation of selective media.
3.5.4 Testing the toxicity of the culture filtrate

To assess the toxicity of culture filtrate, thgemerants were incubated in

100% fungal culture filtrate. Potato Dextrose Britite medium which was used
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to grow the fungal culture) was used as controt had the same composition as
the culture filtrate except for the toxin. Obseiwas regarding effect of toxin on

control and treated regenerants were noted.
3.6 PREPARATION OF SELECTIVE MEDIUM

The selective media was prepared by pouring @iffeconcentrations (20-80
per cent v/v) of the sterilized culture filtrate @ingus into autoclaved shoot
multiplication medium. Equal quantities of distdlevater from MS multiplication
medium were replaced by the same amount of CF &pgoe 20-80 percent

concentrations of the selective agent.
3.7 INVITRO SELECTION OF REGENERANTS

The regenerants cultured/ exposed to selective umedwith various
concentration of FCF under laminar air flow chambk6 shoots were placed in
each flask and incubated for 4 weeks to see tteeimée of FCF concentrations on
regenerated shoots and estimate the critical coratiEm of the selective agent.
Cultures were visualized daily to see any brownimgnecrosis of stem/ leaves.
Growth of the shoots and survival percentage obthafter 1-4 weeks were also

noted.
3.7.1 Selection of tolerant regenerants

The critical concentration of the fungal cultuiérdte at which some shoots
survived was noted. Half of the survived/ toleraftoots under stress were
subcultured for second selection cycle on samecte¢ medium (continuous
cycle) to confirm their tolerance to FCF. The regramts survived here were further
subcultured on non selective multiplication mediWther half was transferred for
shoot growth and multiplication on non selective ltiplication medium

(discontinuous cycle).

A comparison was made between normal and seleetggherants to study
the growth behaviour and multiplication. Percenter@nce/ survival in second
selection cycle was recorded.
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3.8 INVITRO PATHOGENICITY TEST

Selected regenerants were subjected to pathogetast in multiplication
stage in order tdest for tolerance. For this experiment , regemsravith and
without selection pressure were dipped in fungatelig suspension for a minute
and cultured on non selective multiplication medi(FCF free), and incubated in
culture room as done before. Observations relaiegkdwth of fungus and shoots
were noted from3to 8" day.

3.9 INVITROROOTING

For induction of rooting, the regenerants of 1.B-cm length were
separated out and cultured on rooting medium whbaittained half strength of MS
medium supplemented with 0.3 mg/l IBA and 20g sserdn our previous study,
0.3 mg/l IBA was shown to give best rooting resmonsRooting frequency and

shoot growth were observed after four weeks.
3.10 HARDENING AND ACCLIMATIZATION

After in vitro development of roots inside the culture tubes,pllaatlets
were taken in such a way, so that no damage wagdda their root system. The
regenerated plantlets were washed gently undelingriap water to remove any
adhering medium and dipped in 0.5% carbendazim 3f@r minutes. These
plantlets were transferred to plastic cups of di@me5.0 cm containing
autoclaved cocopeat drenched with ¥sth MS medium8agittg biocontrol agent
Tricoderma harzianum (Tricho-HR™ to keep the mixture moist and nutritive so
that it can support the plant growth. Plantletseygliaced in the media in such a
way that roots just touched the surface of pottmgture. Hardening of potted
plantlets was accomplished in glasshouse at abOw22Z temperature to
maintain high humidity by covering with polyehtlebags ( having holes in them
for air circulation). Temperature was maintained rbiygting, cooling pads and
fans. The plants were acclimatized by decreasingidity gradually after 15
days by making bigger holes. Then, the daily expo$u plants was increased by
removing bags for short duration after further omeek till the bags were

completely removed.
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3.11 STATISTICAL ANALYSIS

The data recorded for the different parametersewsubjected to
completely randomized design (Cochran and Cox, EH®BGomez and Gomez,
1984). The statistical analysis based on mean sghge treatment was made

using analysis of variance technique for CRD.

23



Chapter-4
RESULTS AND DISCUSSION

The results obtained during the present investigain “Selection ofin
vitro shoots of apple rootstock MM106 tolerant to fungaktulture filtrate of

collar rot pathogen” have been presented under the following sections:
4.1 IN VITRO SHOOT REGENERATION
4.1.1 Induction of regeneration

This experiment was carried out to study the effe€ different
combinations of cytokinins and auxins on shoot atdun from leaf explants. In
all experiments, leaves showed increase in sizesamiling after one week of
culturing. Adventitious shoot induction was observedirectly (direct
organogenesis) along the basal and central portibleaves within 3-4 weeks of
culturing. Green and whitish callus was also obsgéren cut surfaces of the
explants. Some of the shoots appeared to induce tings callus which resulted
in indirect organogenesis. Though separate expeatsni® check the effect of
older leaf explants was not carried out, but it basen observed that first 3-4
apical leaves influenced the capacity to regeneardteentitious shoots and had
greater regeneration potential. Similar resultsenadso observed in other apple
rootstocks and cultivars (Swangz al., 1990; Welander and Maheswaran, 1992;
Pawlicki and Welander, 1994). Higher regeneratate of apical leaves might be
because the youngest leaves have less differehteted metabolically more
active cells, which with a suitable hormonal andritional situation could
improve organogenesis. It has been observed in MM@ét when leaf explants
along with developed shoots after 4 weeks were wdtiyed in the same fresh
medium, number of shoots were found to increaser résults agree with the
observations in other apple cultivar (Faselal., 1990) that number of shoots
increases with the increased induction period. &fiect of growth regulators
appears to be related not only to concentratiohalso to treatment length. It has
been reported previously that time in culture ig o the factors that increases

somaclonal variations (D’amato. 1983).



Table 2:

Effect of BA and NAA supplemented medium o adventitious shoot regeneration from leaf
explants of MM106.

MS medium Total Number of Percentage of | Number of Average Number of | Average
Medium with number of explants explants shoots per number of shoots per | number of
code BA NAA explants | regenerated regenerated explant after | shoots per explant shoots per
mgl/l mg/l cultured 4 weeks explant after 8 explant
weeks
MS; 2 0.5 50 5 10.1(18.5) 2-3 25 4-5 4.5
MS, 3 0.5 50 10 20.0(26.5) 2-3 25 4-5 4.5
MS; 4 0.5 50 16 32.0(34.4) 3-4 35 7-6 6.5
MS, 5 0.5 50 20 40.0(39.2) 4-5 4.5 7-6 6.5
MSs 2 1.0 50 10 20.0(26.5) 2-3 25 4-5 4.5
MSe 3 1.0 50 18 36.0(36.8) 2-3 2.5 4-5 4.5
MS, 4 1.0 50 15 30.0(33.1) 4-5 4.5 6-7 6.5
MSg 5 1.0 50 30 60.0(50.7) 4-5 4.5 8-9 8.5
C.Doos 0.48
SE+ 0.22

*Values expressed in parenthesis are arc sine traftsmed values
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4.1.2 Effect of growth regulators

The success of a culture is affected by the typ @ncentration of applied
cytokinins, because their uptake, transport anchbudsm differ between varieties and
they can interact with endogenous cytokinins ofeaplant (Strnacet al., 1997; van
Stadenret al., 2008). It has been seen that all the eight coatimins of BA (2-5mg/l)
and NAA (0.5-1mg/l) used in the present studiesilted in direct (without callus) as
well as indirect (through intermediate callus) regmtion of shoots from leaf explants.
As also found with other apple cultivars or root&® (Jamest al., 1998; Welander.,
1998), a combination of cytokinin and auxin was essary for regeneration of
adventitious shoots from leaf explants. Indirebbats were developed with the
formation of compact whitish callus from leavestetéd on four combinations of 2-5
mg/l BA and 0.5 mg/l NAA (Table 2, Figs. 2a,b; 3ayath the regeneration frequency
varied from 10-40%. All the shoots obtained weraltig, green and non vitrified. 2.5
to 4.5 average number of shoots per regeneratiptamixwere obtained after 4 weeks
which increased by two times after one subculturesame medium composition (Fig.
4a,b). When MS medium was supplemented with sameetirations of BA with 1
mg/l NAA, most of the shoots originated directlyprn basal and central portions of
leaves as well as through green and white caligs(5a,b; 6a,b; 7). The regeneration
percentage was found to be varied from 20-60%. tHgand well developed shoots
were obtained in each combination, the number athvhanged from 2-5 shoots per
leaf explant. However, the shoot number increasett@ with 8.5 average numbers of

shoots when subcultured on medium of same compogfig. 8).

Overall among 8 combinations of BA and NAA (TaBle it has been observed
that medium supplemented with 5 mg/l BA and 1 mdAA resulted in highest
regeneration frequency i.e. 60% with nine shootsepglants. Very few studies have
reported the use of IAA with BA. Ancheragtial. (1990) is one of them who reported
indirect organogenesis and 40-47% regeneratiouémecy on BA (11.0 uM) and IAA
(5.4 uM), with 25 days dark treatment to obtaineaditious shoots in MM106. In their
experiment shoot number per leaf ranged from 1.2.®owhich was very low in
comparison to ours. He further reported that tbgeneration frequency was difficult to
reproduce and appeared highly dependent on explaiadgy. But the results reported
in our studies were consistent with the findingeadly obtained by Modgit al.
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(1999) in the same rootstock which confirms theadpcibility of our previous results.
It has also been seen that frequency of regenerat&s observed to increase with the
increase in the concentration of BA (Table 2). Qasults also agree with the
observations made by Sharma (2003) in apple radw/, where 5 mg/l BA and 1

mg/l NAA resulted in maximum regeneration of shabt®ugh callus.

In the present studies, 1.0 mg/l NAA was found ensuitable in inducing
adventitious shoots from leaves when combined Wwigh concentration of BA. 0.5
mg/l NAA proved less efficient due to low regeneratfrequency and number of
shoots per explant. Although IBA and IAA (indoleaBetic acid) have been used to
regenerate several apple cultivars, NAA is thegrefl auxin (Malnoy, 2009). The
results were consistent with the findings obtaimgith other rootstocks (Fasok al.,
1989; Theiler and Theiler., 1990; Cabatial., 1996). However, Jamil and Khan
(2000) achieved adventitious shoot formation inlegoltivars by culturing leaves and
internodes with low NAA (0.2 and 0.5 mg/l) and IdBA (0.5- 2.0 mg/l). These
differences may be genotypic.

Among plant growth regulators, cytokinin plays ajon role in the process of
cell regeneration, and the physiological activityT®Z has the greatest influence on
plant regeneration (Huetteman and Preece, 1993je,HEDZ with auxins was
compared with BA on the regeneration capacity evés of MM106. MS medium
supplemented with four combinations of TDZ (0.4-n@/l) and NAA (0.5-1 mg/l)
resulted in indirect and direct regeneration, witbst of the shoots appeared as vitrified
and small. Formation of whitish compact callus aebihe wounded portions (Figs.
9&10) were also observed. Some of the shoots wemsette type. Regeneration
frequency varied from 13 to 23.3% where 0.4 mg/ZTanhd 0.5 mg/l NAA resulted in
highest (23.3%) with 3.5 average number of shoetsr@generating explants (Table 3
), followed by 13.3% in combinations of 0.4 and @ng/| TDZ with 1 mg/l NAA
(Table 3). While the highest number of shoots (&) regenerating explant was seen
on medium supplemented with 0.6 mg/l TDZ and 1 mgAA (Fig. 10b). Low
regeneration frequency (11%) was also reported dp&net al. (1992)in Malling?7,
when leaves were incubated in dark on medium sopgiéed with 5-20 uM TDZ in
the absence/presence of NAA, through 1-2 mm callusthe contrary, non-vitrified
and healthy shoots were obtained in apple rootsktigki11 (Pathania, 2006), with 1
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Fig. 2. Indirect shoot regeneration on 2 mg/l (a) and 3 myg/l (b) BA with
0.5 mg/l NAA respectively

Fig. 3. Indirect adventitious shoot induction on 0.5 mg/l NAA with
4 myg/l (a) and 5 mg/l {(b) BA

Fig. 4. 8 week old cultures showing increased number of shoots on
0.5 mg/l NAA with 5 myg/l (a) and 4 mg/l BA (b} respectively



Fig. 5: Indirect and direct shoot induction from margin of leaf explant
on 1 mg/l NAA with 2 mg/l (a) and 3 mg/l (b) BA

Fig. 6: Direct and Indirect shoot regeneration from basal and
center of leaf explants on 1 mg/l NAA and 4 mg/l BA (a)
with and 5mg/l BA

Fig. 7: Direct shoot regeneration Fig. 8: 8 week old culture showing
from hasal portion of leaf increased number of shoots
explant on 1 mg/l NAA and on 1 mg/l NAA and 5 mg/l BA

5 my/l BA



mg/l each TDZ and NAA, though the regenerationdergy was only 30% but number
of shoots reached to 24 after 6 weeks. Our respétsn contrast to high regeneration
rates (75%) with good shoot yield (15) obtained Merton793 on the same
concentration which we used in the present studajusha, 2014), whereas similar
to the findings that shoots formed were vitrifisdyall and difficult to separate. Zageg
al. (2013) reported 99% organogenetic potential foroshegeneration from leaf
explants of G.41 apple rootstock on medium comgit2.7 UM TDZ and 0.9 uM NAA

On the other hand, small bunch of vitrified angh@mal shoots (Fig. 11 ) were
observed on two combinations of TDZ and IBA (0.2%&b/I; 0.6&1 mg/l), and the
regeneration percentage was found to be very I@®.7 and 3.3%, but average number
of shoots (4.5) per regenerating explant obtainasg good in both (Table 3). Here also,
number of shoots increased with the increase ioudtuye (Figs. 12 a,b). Pawlicki and
Welander (1994) found the best results in dark.@2 éng/l TDZ and 0.1 mg/l IBA. In
regeneration experiments with premier UK appleicaitt‘Queen Cox’, increasing TDZ
above 1 mg/l gave rise to abnormal shoots, i.etstlshoots with a rosette habit that
did not develop further (Wilson and James., 20@2jt in the present studies, even
lower concentration of TDZ led to vitrification amdsette type of shoots. Very low
levels of TDZ (0.44 uM) proved to be the best #dlkmene’, ‘Greensleeves’, ‘Idared’
and 'M9’. As TDZ level increased more abundanticaimation was observed and
fewer shoots developed (Hankeal., 1991). Thus, it is clear that the optimal TDZ

concentration largely depends on genotype.

After analyzing the present results, best regeimeraesponse and number of
shoots were obtained on 5 mg/l BA and 1 mg/l NAAp@amented medium. The
shoots developed on TDZ combinations were of noinseur experiments. It was
already established that although the potentialrghnogenesis is common halus,
frequencyof regeneration is variable between genotypes (Satred., 1988; Fasolet
al., 1989).
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Table 3: Effect of TDZ, NAA or IBA on adventitious shoot regeneration from leaf explants of MM106

MS medium Total Number of Percentage of | Number of Average Number of Average
Medium with number of explants explants shoots per | number of | shoots per | number of
code TDZ NAA explants regenerated regenerated explant shoots per explant shoots per
mg/l mgl/l cultured after 4 explant after 8 explant
weeks weeks
MS, 0.4 0.5 30 7 23.30(4.92) 2-3 3.5 4-5 4.5
MSc 0.6 0.5 30 6 20.00(4.58) 3-4 3.5 5-6 5.5
MS1; 0.4 1.0 30 4 13.30(3.78) 2-3 2.5 4-5 4.5
MS;; 0.6 1.0 30 4 13.30(3.78) 4-5 4.5 5-6 55
C.D. 0.68(0.08)
SE+ 0.29(0.03)
TDZ IBA
mg/l mg/l
MSi3 0.2 1.0 30 2 6.70(2.77) 2-3 25 4-5 4.5
MS14 0.4 1.0 30 0 0.00(0.00) 0.0 0.0 0.0 0.0
MS;: 0.6 1.0 30 1 3.30(2.07) 4-5 4.5 6-7 6.5
MSe 0.8 1.0 30 0 0.00(0.00) 0.0 0.0 0.0 0.0
C.Do.o 0.47(0.09)
SE+ 0.20(0.03)

*Values expressed in parenthesis are arc sine traftsmed values.
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Fig. 9: Vitrified shoots regenerated indirectly and directly on 0.4
my/l (a) and 0.6 mg/l TDZ (b} with 0.5 mg/l NAA respectively

Fig. 10: Indirect shoot regeneration on 0.4 my/l (a) and 0.6 myg/l
{(b) TDZ with 1 mg/l NAA respectively

Fig. 11: Vitrified and abnormal bunch of shoots on 0.2 mg/l (a) and
0.6 mg/1 TDZ (b) with 1 mg/l IBA



Fig. 12: 8 week old cultures showing increased numbher of shoots on
0.6 myg/l TDZ with 0.5 mg/l NAA (a) and 1 mg/l IBA (b)

Fig. 13: Regenerated shoots growing on standard multiplication medium



4.1.3 Multiplication of regenerated shoots

All healthy, non vitrified regenerated shoots ai¢ad from leaves either
through callus or directly on BA and NAA supplenmehimedium were excised
and multiplied on already standardized multiplicatmedium (Fig. 13 ). It has
been observed that upto five times multiplicatiam ©e achieved with 3-3.4cm
shoot length (Table 4).

It appears that regenerants multiplied almost simals axillary shoots. On the
contrary, in the previous studies on apple rootstieid106 by Modgil et al.
(2005), double multiplication rate of regeneratbdas with longer shoots and

more number of leaves were found.

Table 4: Multiplication of regenerants on MS supplenented with 0.5 mg/I

BA, 0.5 mg/l GA; and 0.1 mg/l IBA
Sr. No. Regenerants from | Multiplication Average Number of
medium code rate length of cultures tested
shoots (cm)
1 MS; 1:3-4 3.25 5
2 MSs 1:2-5 3.1 6
3 MSs 1:4-5 3.14 8
4 MS; 1:4-5 3.10 7
5 MSs 1:4-5 3.40 8

4.2 MAINTENANCE OF PURE CULTURES AND PREPARATION OF
FUNGAL CULTURE FILTRATE

There are many factors like different cultural ditions, temperature, and
composition of medium and time of culture, whichymzhange the form of
pathogen i.e. from virulent to avirulent. For thegent work, pure culture &f.
Cactorum was maintained on corn meal agar medium becausstitted in good
growth of fungus (Fig. 14a). For isolation of toximngus was grown on potato
dextrose broth on which mycelial growth startecbar8® day and increased upto
20 days of inoculation (Fig. 14b), which has usedthe preparation of culture
filtrate after 25 days. However, Garg (1987) reporbatmeal agar and corn meal
agar the best media for growth Bf Cactorum. Different scientists have used

different liquid media for preparation of cultunérate such as Clark’s medium
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was used foFusarium oxysporum (Hartmanet al., 1984), Czapek Dox medium
(Arcioni et al., 1987; Mezzett, 1993 and Thakairal ., 2002) forF. oxysporum
andP. cactorum. After going through different stages of filtrati@iigs. 14c,d,e),

a clear, transparent filtrate was obtained (Fid) ®hich did not show any spore
of fungus or any other pathogen after incubationfémther 15 days. Culture
filtrates in several cases have shown the presehextracellular non-specific
phytotoxins that determine pathogenicity (Nachirataal., 1979; Penniset al.,
1988; Sestat al., 1990). Also, a correlation is must betweenitheitro andin
vivo responses of the host to the infection caused jpgtlaogen for the toxin to
be utilized for the selection of disease-resistganotypes. After testing the
toxicity of fungal culture filtrate (FCF), it wadeerved that regenerated shoots
started turning brown the next day and found taleéad within § days when
dipped in 100% FCF while shoots dipped in PD brethnained green and alive.
Therefore, 25 day old CF was considered as toxid ased for selection
experiments. It has been assumed that plant’'staese/tolerance to the fungal
toxins could reduce susceptibility to the colladwn rot pathogen. These studies
are supported (Gaumann, 1954; Wood, 1971) by tttetliat an important factor
in disease development is the production of a tdkat is released when the
fungus is grown on an appropriate liquid mediumc@iPland Rudnicki, 1979).
Our results are not in line with Plich and Rudni(k®79) who found 14 days old
CF highly toxic. The reason may be that they used Bfar medium for
maintenance of isolates whereas, we used corn agzal medium. Secondly,
fungal isolates used by us may be different frora osed by Plich and Rudnicki.
Toxic culture filtrate ofFusarium oxysporum andAlternaria carthami have been
used in various studies ah vitro selection of disease resistant plants of
carnation, pea, safflower ( Thakeral., 2002; Svabova and Lebeda, 2005 and
Kumaret al., 2008).

4.3 INVITRO SHOOT SELECTION

Selection through enhanced expression of pathogersdated (PR)
proteins, antifungal peptides or biosynthesis oftpalexins is an important tool
for desirable plant selection (Ganesan and Jayapa(06; Kumaset al., 2008).
This technology is easy and cost effective compéoetthe transgenic approach
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Fig. 14:

Pure culture of Phytopthora cactorum

Fungus growing on potato dextrose bhroth
Supernatant after centrifugation of Fungal suspension
Filtration through whatman filter paper

Filtration through sintered glass filter

Spore free colorless fungal culture filtrate
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for the improved disease tolerance (Jayashaskaf., 2000).In vitro selection for
resistance to a pathogen can be carried out usg@nogenic or embryogenic calli,
shoots, somatic embryos or cell suspensions bysexgdhem to toxins produced by
the pathogen, pathogen culture filtrate or to thipgen itself (Kumaet al., 2008).

A perusal of literature reveals that very littlonk has been done dn vitro
shoot selection in apple and other crops. Mosiitro disease resistance screening
techniques to date have concentrated on the eaptwit of somaclonal variations
(Daub, 1986; Hammerschlag al., 1995). While this is a useful technique for
maintaining beneficial gene combinations (Larkird é&cowcroft, 1981), the genetic
variability caused by sexual hybridization is lo§the major advantage of using tissue
culture techniques to screen for resistance instooks is that the resistant rootstocks
can be vegetatively propagated to maintain ber@fgpene combinations. Therefore,
adventitiously raised shoots were selecteditro against FCF ofP. cactorum by
exposing these regenerants to different conceatrsif FCF in order to determine the

critical dose.

When regenerants were subjected to 20-40% FCFdantdéhe regeneration
medium, it has been observed that shoots on 2080Fremained green initially but
tips of leaves showed browning after four weeksuwturing (Fig. 15a,b ). However, no
shoot was found dead at these concentrations (Hdd9#val), whereas in case of 40%
culture filtrate, 96.6% regenerants survived afteveeks of culturing (Figs. 16). The
survival and growth rate of shoots decreased treogsly with the increase in
concentration of culture filtrate (Table 5). On 5086d 60% FCF supplemented
medium, morphological changes like colour, textanel growth of shoots have been
observed i.e. leaves of most of the shoots becaownbwhile others remained green.
After four weeks, approximately 10-30% shoots wadyeerved to be dead and 86.6 and
77% shoots survived respectively (Table 5). Thetiplidation rate of surviving shoots
on 50% and 60% FCF containing medium was foundetcslower as compared to
control regenerants cultured on FCF free (contraljtiplication medium.

The regenerants cultured on selective medium awia% FCF, it was

observed that leaves started turning red brown aedrotic after 5 days of
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culturing (Fig. 17a) while basal portions of stestarted showing the same symptoms
in the 2nd week, which eventually died. 67.7% shmotival was observed aftel"4
week (Fig. 17b) which multiplied very slowly. Fa#i(1990) described that in collar
and crown rot, foliar symptoms are indicative odtror vascular dysfunction. Effected
trees exhibit poor terminal growth and become sintt has been observed in the
present study that gradual change of green colol@ages and shoots to reddish brown
then to necrosis after application of a culturgdte of fungus confirmed that there is
some factor present in the culture filtrate whishrésponsible for causing disease

symptoms similar to those caused by the pathogeatimral infection conditions.

Table 5: Effect of different concentrations of fumgal culture filtrate (FCF) of

Phytopthora cactorum on regenerated shoots of MM106.

Sr. No. Regeneration Number of Percentage of Percentage of
medium regenerants regenerants regenerants
supplemented with exposed survived after 2 survived after 4
FCF weeks weeks
1 control 30 100.00(90.00) 100.00(90.00)
2 20 30 100.00(90.00) 100.00(90.00)
3 30 30 100.00(90.00) 100.00(90.00)
4 40 30 100.00(90.00) 96.60(79.34)
5 50 30 93.30(74.97) 86.60(68.50)
6 60 30 83.30(65.85) 77.00(61.31)
7 70 35 77.10(61.38) 65.70(54.12)
8 72 45 62.20(52.04) 57.70(49.41)
9 74 45 55.60(48.19) 37.80(37.92)
10 76 20 15.00(22.77) 0.00(0.00)
11 78 20 0.00(0.00) 0.00(0.00)
12 80 20 0.00(0.00) 0.00(0.00)
C.Doos 0.82(0.62) 0.40(0.33)
SE+ 0.39(0.30) 0.19(0.16)

*Values expressed in parenthesis are arc sine transfmed values.

On medium with 72% FCF, leaves and stem basis ofesshoots started
turning brown after 4 day of culturing (Fig. 18a) which spread to uppertions upto
2" week (Fig. 18b ), as a result, these regeneragtanbe necrotic and could not
survive and eventually died after 4 weeks. It hasnbobserved further that 62.2%

shoots survived after two weeks, which reducedt@®% after 4 weeks (Table 5).
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Fig. 15: Regenerated shoots growing on selective medium with 20%
(a) and 30% (b) FCF

Fig. 16: Regenerated shoots showing hrowning of leaves on selective
medium with 40% FCF after 4 weeks

Fig. 17: Browning and survival of regenerated shoots [ 1 weak (a} and
4 week (b} old culture ] on selective medium with 70% FCF



Fig. 18: Dead and surviving regenerated shoots after 4 (a) and 15
{b) days on selective medium with 72% FCF

Fig. 19: Dead regenerants on 3" {a), 15" (b) days and emergence of new
shoots in 5" (¢} week on selective medium with 74% FCF



On the same selective medium, some of these shrbiisited emergence of new
shoot buds which increased in length but survivéigots did not multiply
further which indicated that cell growth or proldé¢ion of the resistant shoots is
maintained in the presence of FCF while organogensgestricted. This can
further be explained on the basis that each reganéiffer in its morphological
and physiological characters from one another aewcd respond differently

against FCF.

In case of selective medium containing 74% FCFiha shoots started
turning reddish  brown after®day of culturing (Fig. 19a), which resulted in
necrosis (Fig. 19b) and finally death. Similarlyiascase of 72% FCF, 55.6%
survival was obtained after 2 weeks on selectiveliome containing 74% FCF
whereas, after 4 weeks, shoot survival was redtwed¥.8%. However, it has
been observed that green buds started appearing/gierg from a few nodes
(Fig. 19¢) of brown shoots if"sveek which developed slowly to green shoot on
the same selective medium. It may be possible en large populations of
shoots are exposed to selection pressure, cerwicemtage of shoots could
become tolerant to that pressure. Another reasald de that the genes which
are responsible for resistance may become activelerin vitro conditions there

may be synthesis of phytoalexins which contribatéhe resistant population.

It has been seen that shoots started turning bawi" and %' day of
culturing (Fig. 20a,b) on 76% FCF containing mediu 15% shoots were
observed to survive after two weeks of culturing7@do, but 100% regenerants
turned necrotic and finally dead after 4 weeks,levbn 78% FCF supplemented
medium, all the shoots turned reddish brown andcatme dead within a week.
All the regenerated shoots cultured on selectivdiume with 80% FCF, resulted
in browning of whole shoots after second day whielscame necrotic and dead
after 3-4 days (Fig. 20c).

After exposing the regenerated shoots of apptestock MM106 to
different concentrations of FCF, it was found thaw concentration did not
affect much to shoots/ regenerants because sumadtalwas found more (Table
5). Our results indicate that there is strong datien between increased
concentration of FCF and shoot survival rate, andgél toxin may be
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responsible for the elicitation of disease symptamihie shoot tissues. From our
selection experiments, and as shown in Table 5icalridose for selection of
tolerant shoots was found to be 74%, where 37.8§émerants showed tolerance
after getting necrotic. In our previous studies elamin vitro cell selection of
MM106 (Goel, 2000), 5.35% callus lines were fouatbtant at 20% FCF d?.
cactorum while in the present studies, 74% FCF was founcritisal dose where
37.8% shoots survived. The difference may be dukfterent isolates of fungus
and different media used. The strain used prewoushy be more virulent,
because of the reason that for maintenance anduategn of FCF, oatmeal agar
medium and clark’s liquid medium respectively werged. Some researchers
have been successful in obtaining higher resistanseme of the somaclones of
apple rootstock MM106 to FCF d?. cactorum at shoot level (Rosatt al.,
1990). Different scientists have carried out sébdectt cell level at different
concentrations of FCF depending upon the toxicitgd #he nature of the test
material. McDonald and Ingram (1986) reported &b per cent was the lethal
dose of FCF ofAlternaria brassicola on Brassica napus. Arcioni et al. (1987)
carried out selection in alfa alfa plants again@tper cent FCF ofusarium
oxysporum. Thakur et al. (2002) reported that dose of FCF Bltisarium
oxysporum was 15 per cent in carnation. Rottietaal. (1987) and Ganeshan and
Jayabalan (2006) respectively, challenged egg phatit FCF of Verticillium
dahliae (Kleb.) and cotton with FCF ofFusarium oxysporum and Alternaira
macrospora and carried out selection at 40 per cent CF cdraigon. Rosatet
al. (1989) have used culture filtrate Bf cactorum to screen for resistance in
strawberry. Response varied with screening tecl@siqbased on shoot
proliferation in vitro or response of leaf disc tissues. In both caselsivar

behavior paralleled field reaction.

The surviving tolerant shoots which survived gi@sure to 72% and 74%
FCF were then subcultured for further selectionlofeing continuous and
discontinuous cycles. In discontinuous cycle (F&fe fmedium), shoots grew in
length and started multiplying further. At this ga these regenerants showed
100% survival (Table 6)However, the growth was very slow (Fig. 21). Slow
growth of the selected surviving calli on the tokiee medium was also reported
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Fig. 20: Dead regenerated shoots on selective medium with 76% (a),
78% (b), and B0% (c) after 7, 5 and 3 days respectively

Fig. 21: Tolerant shoots showing growth on FCF free medium (control)
in discontinuous cycle

Fig. 22: Tolerant regenerated shoots on 72% (a) and 74% (b} FCF in 2™
selection cycle (continuous)



previously (Linget al., 1985; Gayatarét al., 2005; Thakuet al., 2014) and the
degree of growth inhibition was found directly poofonal to the concentration
of culture filtrate added to the medium. The présgadies are not in line with
the previous report about the effects of cultuleate and homogenates of
Verticillium dahliae andPhytophthora cactorum onin vitro growth of strawberry
shoots, where Sowikt al. (2001) suggested that pathogenesis in strawbsrry i
not toxin mediated, but depends upon the direcbmcif fungal cells blocking
the plant’s vascular system. Such a hypothesisoidirmed by the fact that
shoots growing in close vicinity to, but not in &edt contact with mycelium,

developed normally

As far as the literature concerned, this study cauntstt the first report of
shoot selection in apple rootstock MM106 agaisCactorum culture filtrare.
On repeating experiment 4-5 times, the reprodutibdf results was found. A
number of the other investigators have also obthswecessful selections using
FCF to select resistant material agaidsytophthora (Behneke, 1979: Rosatt
al., 1990; Mezzettiet al., 1993), Fusarium (Hartmanet al., 1984; Shahin and
Spivey , 1986; Arcionit al. 1987), Helminthosporium (Rines and Luke, 1985;
Chawla and Wenzel, 198 Bhoma Lingam (Sacristan, 1982) etc. and few studies
on the use of bacterial CRanthomonas compestris pv. Pruni were also done
successfully to screen resistant clones in pead@m(herschlag, 1984, 1988;

Hammerschlag and Ognjanov, 1990).

Table 6: Effect of selection cycles on tolerant regperants

Sr. Selective medium| Percent survival Percent survival of selected
No. with percent FCF | of shoots in first | shoots in second selection cycle
selection cycle continuous Discontinuous
1 2 57.70(49.41) 50.00(45.03) 100
2 74 37.80(37.92) 33.30(35.23) 100
C.Doos 0.44(0.25) 1.42(0.82) 0.00
SE+ 0.15(0.09) 0.50(0.29) 0.00

*Values expressed in parenthesis are arc sine transfmed values.
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On the other hand, in continuous cycle, (FCF supplged medium),
some of the new green shoots which survived irfiteeselection cycle seemed
to turn brown in second selection cycle (Fig. 2Ralb has been found that
tolerant regenerants obtained under the influerdcé2& FCF resulted in 50%
tolerance when exposed to same concentration of Vi@IE shoot survival was
decreased to 33.3% on 74% FCF (Table 6). Our sesué supported to some
extent by Chawla and Wenzel (1987) who reporte@@eahse in survival from
28-15% in continuous method and from 29-17% in ahsicuous method in

wheat and barley.
4.4  TESTING THE PATHOGENICITY

In vitro pathogenicity test was done to check whether ttedsent shoots
were showing some resistanceRocactorum. It was found that seven out of
eight regenerated shoots (Table 6) selected urelect®n pressure exhibited
tolerance againd®. cactorum (Fig. 23) while shoots without selection pressure
could not survive (Fig. 24). Our results confirmogke of Hammerschlag al.
(1989) and Rosatt al. (1990) that new phenotypes less susceptible tades
can be found among somaclonal variants and careteeteéd early usingn vitro
screening technigues. Higher tolerance to cideactorum CF was found in a
few cultivars and regenerants of apple by growmgitro proliferating shoots
and monitoring cell membrane potential (Mezzettl., 1993). It has been seen
in the present studies that fungus was grown fullyseven days but the

regenerated shoots of MM106 with selection pressemained green.

Some researchers have been successful in obtalesiged variants by
screening unselected regenerants (Hartmtaal., 1984), whereas, other have
been unable to isolate resistant lines (Thanuteingl., 1983). Toyodeet al.
(1991) selected the resistant lines by transplgntiagenerated plants of
strawberry to a pathogen infested soil and sucelgsBolated two putative
resistant lines from 1, 225 regenerants.

Hundred per cent resistance or tolerance was ieatliby 30 per cent of
the guava plants selectéd vitro (Vos and Schoeman, 2000). Similar studies

were done in cerley by Heath-Paglile@l. (1988) and in tomato by Toyo@ha
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Fig. 23: Effect of fungal suspension on regenerated shoots with selection
pressure (tolerant shoots)

Fig. 24: Effect of fungal suspension on regenerated shoots without selection
pressure



Fig. 25: Regenerants showing in vitro  Fig. 26: Rooted plantlets bhefore

rooting on 'z strength MS hardening
medium supplemented with 0.3
myg/l IBA

Fig. 27: Plantlets kept for hardening



al. (1989). They directly inoculated the regeneranith the pathogen and obtained
successful isolation of plants resistant to sorRleodiseases caused [Bysarium

oxysporum f. sp.apii andPseudomonas solanacearum, respectively.

Table 7:1n vitro pathogenicity test

Sr. Number of Number of
No. Type of regenerants exposed regenerants Shoots
exposed survived
1 | Regenerants without selection pressure (confrol) 10 0
2 | Regenerants on 74% FCF(with selection 8 7
pressure)

45 INVITRO ROOTING

The regenerated shoots (control without selecpoessure) developed root
system (Fig. 25, 26) with approximately 75%oting. The plantlets were kept for
hardening at controlled temperature and humiditg. (7).
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Chapter-5
SUMMARY AND CONCLUSIONS

The present research entitleds€lection ofin vitro shoots of apple

rootstock MM106 tolerant to fungal culture filtrate of collar rot pathogen”

was carried out in the Department of Biotechnolddgiversity of Horticulture

and Forestry, Solan, H P. The results obtained/ettyestage of investigation are

being summarized here under

5.1IN VITRO REGENERATION

>

In the present studies, reproducibility of previgusstandardized
regeneration protocol of apple rootstock MM106 (Mgibét al, 1999) has

been found.

Regeneration from leaf explants in MM106 can beaiviatd through

direct and indirect organogenesis.

The highest shoot induction (60%) and shoot nun®€) was obtained
on MS medium supplemented with 5 mg/l BA and 1 nNflA. Shoots
were found to be healthy , non vitrified and green.

1.0mg/l NAA was found more suitable in inducing ediitious shoots
from leaves when combined with high concentratiérBé. 0.5 mg/I
NAA proved less efficient due to low regeneratiosguency and number

of shoots per explant.

Combinations of TDZ along with NAA and IBA also wited in both
direct, indirect and low rates of regeneration, thetshoots obtained were

vitrified and abnormal.

MS medium supplemented with 0.4 mg/l TDZ and 0.3I/N4\A resulted
in highest regeneration frequency(23.3%) having&.&rage number of
shoots per regenerating explant, followed by 13@%medium with 0.4
and 0.6 mg/l TDZ with 1 mg/l NAA respectively.



Average number of shoots (4.5) per regeneratindaetp obtained was
good on medium supplemented with 0.6 mg/l TDZ anddll IBA than
on 0.2% TDZ and 1 mg/l NAA, but regeneration petage was found to
be very low i.e 6.7 and 3.3% in both the cases.

The number of shoots increased with increase imdton period i.e.

when leaf explants were subcultured on fresh medium

Healthy, non vitrified regenerated shoots werdsedtand multiplied on
already standardized multiplication medium, to getod number of
regenerants for selection experiments. 2-5 foldtipiidation rate was
recorded with shoots ranging in length from 3.B#0. Regenerants were

rooted and transferred to pots and hardened.

5.2IN VITRO SHOOT SELECTION

>

Pure cultures ofPhytophthora cactorum were obtained from the
Department of Plant Pathology, UHF and maintainedCorn meal agar
medium by incubation at 28C for 15-20 days till the uniform growth
was obtained.

Fungal mycelium was inoculated in liquid Potato Dese medium and
incubated for 25 days for isolation of fungal taxin

Four stepped filtration was carried out i.e. codilgmtion, centrifugation,
filtration through Whatmann Filter Paper No. 42 afndal filtration
through a sintered glass filter, type G-5.

After filter sterilization, the filtrate of threesolates were mixed in equal
parts and incubated for 15 days to check if theerewany fungal/
pathogen spores left.

15 days old FCF was found free of any spore susp@ns

To test the toxicity, shoots were incubated in p@0 cent culture filtrate
which resulted in complete necrosis aft&rday.

Selective medium was prepared by pouring of varioascentrations
(20-80 per cent v/v) of the sterilized FCF into caldved shoot

multiplication medium.
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» When regenerated shoots were exposed to selectédtum containing
20-80% FCF, it was found that at 20-50% FCF, mdsthe shoots
remained green and alive while at 60% FCF, browrdhdeaves were
observed on tips.

> All the regenerants exposed to 76%, 78% and 80%, B@Eame red
brown, necrotic and dead within a week.

» Critical dose for selection of tolerant shoots i@snd to be 74% where
37.8 % regenerants showed tolerance after getangptic.

» Tolerant regenerants selected on 74% FCF showeb 1i0vival and
further growth when cultured on FCF free (contraBdium, while 33.3%
survival on selective medium in continuodé €election cycle.

» Tolerant regenerants selected on 72% FCF in disaenis cycle showed
50% tolerance on selective medium ifi Belection cycle, while in
discontinuous cycles, all shoots survived.

» For in vitro pathogenicity test, regenerants with and withouéct®n
pressure were dipped in fungal spore suspention catdred on non
selective multiplication medium (FCF free).

> In vitro pathogenicity test showed that seven out of eiglgemerated
shoots selected under selection pressure exhibaledance againsP.
cactorum.

» These tolerant shoots kept for further multiplicati

CONCLUSION

An efficient protocol, forin vitro shoot selection by using FCF, to raise
the tolerant plants again®. cactorum, causing collar/ crown rot in apple
rootstock MM106, has been standardized. It has Wegher concluded that
adventitious shoot regeneration can be a suitaletthad to uncover somaclonal
variants resistant to diseases. By following thistqcol, it will be possible to

develop more number of apple rootstock plants tasigo collar/ crown rot.
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APPENDIX-I

Composition of Murashige and Skoog'’s (1962) basaledium (MS medium)

Constituents Amount ()

A. INORGANIC CONSTITUENTS

(i) Macronutrients

NH;NO; (Ammonium nitrate, was already available in the &épent) 1650.000
KNG; (Potassium nitrate) 1900.000
CaC}.2H,0 (Calcium chloride) 440.000
MgSQ.7H,O (Magnesium sulphate) 370.000
KH,PQ, (Potassium dihydrogenrtho-phosphate) 170.000

(i) Micronutrients

H3BO; (Boric acid) 6.200
MnSQ.4H,0 (Manganese sulphate) 22.300
ZnSQ.7H,0 (Zinc sulphate) 8.600
Kl (Potassium iodide) 0.830
NaMo00,.2H,0 (Sodium molybdate) 0.250
CuSQ.5H,0 (Cupric sulphate) 0.025
CoC}.6H,0 (Cobalt chloride) 0.025
CiH12N,0sN&.2H,0 (Sodium EDTA) 37.300
FeSQ.7H,O (Ferrous sulphate) 27.800

B. ORGANIC NUTRIENTS

GeH1:NOs.HCI (Pyridoxine-HCI) 0.500
CHsNO; (Glycine) 2.000
CoH17CIN4,OS.HCI (Thiamine- HCI) 0.100
CsH1:05 (Inositol) 100.000

CsHsNO; (Nicotinic acid) 0.500



APPENDIX- Il

Composition of modified Murashige and Skoog (1962)asal medium (MS medium)

Constituents g/l

A. INORGANIC CONSTITUENTS
STOCK | {Major constituents (50 ml/l)}

NHsNOs 33.000
KNO; 38.000
CaCbh.2H,0 8.860
MgSOs. 7H,O 7.400
KH.PO, 3.400

STOCK Il {Minor constituents (1ml/l)}

H3BOs 6.200
MnSG,.4H,0O 22.300
ZnSQ.7H0 8.650
KI 0.800
NaM00O,.2H,0O 0.250
CuSQ.5H,0 0.025
CoCh.6H,O 0.025

STOCK I (5ml/l)

NaEDTA 7.460
FeSQ.7H20 5.560
STOCK IV {Organic constituents (5ml/l)}

Pyridoxine 0.020
Glycine 0.080
Thiamine 0.040

Nicotinic acid 0.020



APPENDIX -1l

COMPOSITION OF POTATO DEXTROSE AGAR (PDA) MEDIUM

CONSTITUENTS QUANTITY (g/l)
Peeled potato 200.0
Dextrose 20.0
Agar 20.0
APPENDIX-IV

COMPOSITION OF CORM MEAL AGAR (CMA) MEDIUM

CONSTITUENTS QUANTITY (g/l)
Corm meal 20.0
Dextrose 20.0
Peptone 20.0
Agar 15.0




APPENDIX-V
ANALYSIS OF VARIANCE

1. Effect of BA and NAA supplemented medium on adventious shoot regeneration from
leaf explants of MM106 (Table 2).

. Degree of Mean Squares
Source of Variation
Freedom Percentage of explants regenerated
Treatment 7 284.047
Error 16 0.077
Total 23

2. Effect of TDZ and NAA on adventitious shoot regenation from leaf explants of

MM106 (Table 3).

Source of Mean Squares
o Degree of Freedom
Variation Percentage of explants regenerated
Treatment 3 1.010
Error 8 0.002
Total 11

3. Effect of TDZ and IBA on adventitious shoot regeneation from leaf explants of

MM106 (Table 3).

Mean Squares

Source of Variation

Degree of Freedom

Percentage of explants

regenerated
Treatment 3 2.272
Error 8 0.002
Total 11

4. Effect of different concentrations of fungal culture filtrate (FCF) of Phytopthora
cactorum on regenerated shoots of MM106 (Table 5).

Source of Variation

Mean Squares

Degree of Freedon

Percentage of
regenerants survived
after 2 weeks

Percentage of
regenerants survived
after 4 weeks

Treatment 11 3,422.265 3,752.544
Error 24 0.135 0.039
Total 35




5. Effect of selection cycles on tolerant regeneran{3able 6).

Source of Variation

Degree of Freedom

Mean Squares

Percent survival of
shoots in first

Percent survival of
shoots in second

continuous selection continuous
cycle selection cycle
Treatment 1 197.899 144.337
Error 4 0.012 0.126
Total 5




Dr Y S Parmar University of Horticulture and Forestry,
Nauni, Solan-173 230 (HP)
Department of Biotechnology

Title of Thesis : Selection ofin vitro shoots of apple rootstock
MM106 tolerant to fungal culture filtrate of calla
rot pathogen

Name of the student : Shalini Verma
Admission No. : H-2013-39-M
Major Advisor : Dr (Mrs) Manju Modgil
Major field : Molecular Biology & Biotechnology
Minor field : Genetics and Plant breeding
Date of submission of
thesis
Degree Awarded : M.Sc. ( Molecular Biology and Biotechnology)
No. of pages in thesis : 53+V
Abstract

In the present investigatiom valuable plant regeneration aimmdvitro selection protocol
against collar rot pathogen was developed for appletstock MM106. Indirect and direct
organogenesis form leaf explants excised from 4ke/@édin vitro maintained cultures of MM106
was obtained. It has been seen that all the eigimbmations of BA (2-5 mg/l) and NAA (0.5-1
mg/l) resulted in both direct and indirect regetierafrom leaves. The regeneration percentage was
found to be varied from 20-60%. The highest regatien frequency i.e 60% was observed on MS
medium supplemented with 5mg/l BA and 1mg/l NAAwB-9 shoots per explants after 8 weeks.
Combinations of TDZ along with NAA and IBA also udgd in both direct and indirect regeneration
with low frequency, but the shoots obtained wetgfidd and abnormal. The regeneration frequency
varied from 13 to 23.3%. Fungal culture filtratesa@repared by mixing filtrates of 3 isolatesPof
cactorum, after four stepped filtration procedure, and &g the toxicity of filtration. Healthy, non
vitrified regenerants after multiplication were egpd to selective medium containing different
concentrations of fungal culture filtrate (20-80r ment v/v) for selection of tolerant shoots. The
critical concentration of fungal culture filtrateaw found to be 74 per cent, resulting in 37.8ceeat
survival of shoots after getting necrotic. Thereafthe selected/tolerant shoots were subjected to
continuous and discontinuous cycles. Regeneramésted on 74% and 72% FCihowed 100%
survival in discontinuous cycle while 33.3% and%Gurvival was observed on selective medium in
2" selection cycle respectivelyn vitro pathogenicity test showed that seven out of eighemerated
shoots selected under selection pressure exhibitietdance againsP. cactorum. These tolerant
shoots were kept for further multiplication.

Signature of Major Advisor Signature of he Student
Name: Name:
Date: Date:

Countersigned

Professor and Head
Department of Biotechnology
Dr Y S Parmar University of Horticulture and Forestry,
Nauni, Solan-173 230 (HP)

53



BREIF INFORMATION OF STUDENT

Name : Shalini Verma
Father's name : Sh. R. P. Verma
Date of Birth : 1% March, 1992
Sex : Female

Marital status : Unmarried
Nationality : Indian

Educational Qualifications:

Certificate/ Class/ Board/University Year
Degree Grade
10" First H.P. Board, Dharamshala 2007
120 First H.P. Board, Dharamshala 2009
B.Sc. First Guru Nanak Dev University, Amritsar 301
Whether sponsored by some state/ X No

Central Government/ University

Scholarship/ Stipend/ Fellowship or any : NA
other financial assistance
received during the study period

(Shalini Verma)



