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INTRODUCTION

1.1.  History, Origin and Botany of Olive

The olive Qlea europaed..) is one of the most ancient domesticated fruit
trees and the most extensively cultivated fruipciro the world, covering an area of
about 7.5 million hectares (Fabbri 2009). The olwenative of the Mediterranean
region, tropical and central Asia and various paftafrica. O. europaeamay have
been cultivated independently in two places, Cratel Syria Archaeological
evidences suggest that olives were being grownr@tieCas long ago as 2,500 B.C.
From Crete and Syria, olives spread to Greece, Rant other parts of the
Mediterranean area (Figure.1). Olives are also ceruoially cultivated in California,
Australia and South Africa.
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Figure 1.1: Evolution through the millenniums oivettree production in the Near

East and the Mediterranean basin (Fontanazza 2005).

The true genetic origin of today’s cultivated oliv@lea europaea L.is not

known. Some scientists believe that the “Europealive is a hybrid between two



or more distinct species (Vossen 2007). Other sistsrconsider the gen@leaand
species europaeato represent just one group of widely diverse tdawith
“ecotypes” or “subspecies” that are locateddifferent geographic areas. In almost
every location where cultivated olives grow, wiltive trees and shrubbery called
oleasteror acebuchealso exist. These plants may be seedlings of atédd/ varieties
spread by birds and other wildlife feeding on thetf or they could be more native
forms of subspecies or ecotypes that already ekitiere before the introduction of
the cultivated olive. All the species belongingthe Olea genus have the same
chromosome number (2n = 46), and crosses betweery wlathem have been
successful. Most scientists now use the nomenelait®lea europaed.. sativato

distinguish it from the wild olive subspecieteaster(Lavee 1996).

Classification of olive:

Kingdom: Plantae

Division: Magnoliophyta-flowering plants
Class: Magnoliopsida-dicotyledons
Order: Lamines

Family: Oleaceae

Genus:Olea

SpeciesO. europaea

The olive tree has a wide range of adaptabilitg: wood resists decay, and
when the top of the tree is killed by mechanicahdge or environmental extremes,
new growth arises from the root system. Whethepagated by seed or cuttings, the
root system generally is shallow, spreading tod@.9.2 m even in deep soils. The
above-ground portion of the olive tree is recogbieaby the dense assembly of
limbs, the short internodes, and the compact natutiee foliage. If unpruned, olives
develop multiple branches with cascading limbs. Teaves are thick, leathery, and
oppositely arranged; each leaf grows over a 2-pedod. Leaves have stomata on
their lower surfaces only. Stomata are nestledeitape trichomes that restrict water
loss and make the olive relatively resistant taudtd (Martin 2009).



Figure 1.2: 19 century illustration of olive (Koehler 1887)

The flowers are born on the inflorescence and aralls yellow-white, and
inconspicuous. Each contains a short, 4-segmerdaot @nd a short-tube corolla
containing 4 lobes. The 2 stamens are oppositatbereside of the 2-loculed ovary
that bears a short style and capitate stigma. Test of flowers are present each
season: perfect flowers, containing stamen andil,pishd staminate flowers,
containing aborted pistils and functional stameRse proportion of perfect and

staminate flowers varies with inflorescence, caltjivand year. Large commercial
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crops occur when 1 or 2 perfect flowers are preaemdng the 15 to 30 flowers per
inflorescence. As a rule, more staminate floweesthistillate flowers are present.
The perfect flower is evidenced by its large pistihich nearly fills the space within
the floral tube. The pistil is green when immatarel deep green when open at full
bloom. Staminate flower pistils are tiny, barelsimg above the floral tube base. The
style is small and brown, greenish white, or whaed the stigma is large and
plumose as it is in a functioning pistil.

The olive fruit is a drupe, botanically similar &dmond, apricot, cherry,
nectarine, peach, and plum fruits. The olive faatsists of carpel, and the wall of
the ovary has both fleshy and dry portions. Tha gkiocarp) is free of hairs and
contains stomata. The flesh (mesocarp) is thedigaien, and the pit (endocarp)
encloses the seed (Martin, 2009).

Moraiolo is Tuscany cultivar, very popular in Itadynd other Mediterranean

countries (http://www.pruneti.it/olio/moraiolo/maodo cultivar.htm), also know as

Ruzzolino, Morinello, Morellino, Morello, Oriolo, @niolo, Cimignolo, Fosco,
Nostrale, Assisano, Anerina, Bucino and Carboncéle trees have medium-to-low
vigour with branches having a rising, spreadingitadihe crown is gathered and has
leaves, which are elliptical-lanceolate in shagenedium dimension and gray-dark
green colour. The fruit is rather small (1.5 to)2 @unded and spheroid in shape.
Fully mature, it is purple-black in colour, but #te correct picking time it is
generally purple-green. This variety has a rel&fiveigh and constant fruit
production. It is self-sterile and requires speciibllinators, which are Pendolino
and Maurino. It resists salty winds. The olive @htent in the fruit it's on average
between 17 and 20%, but can often be much highé&ad usually low acidity and
high quantity of poliphenols. The oil is highly eedged, generally fruity with a
slightly bitter aftertaste. Moraiolo is consider@dustic variety, ideal for planting in
hilly zones subject to winds. Because of the smiakk of its fruits together with its
tightly attached peduncles this cultivar is nottalie for mechanical harvest.
Sensitive to cold and peacock spBy€loconium oleaginun

Canino cultivar is especially widespread in Vitenrovince area, although
also present in other provinces. The olive oil frtms cultivar has fruity flavour

balanced between pleasantly bitter and pungent path green colour, and rather
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fluid. The plant is very strong, with foliage relegly dense. The rooting adventitious
is good. Leaves are medium sized, elliptical-lateteo light green in colour. The
inflorescences are small, with 13-14 flowers, amdnany cases, it has a high ovary
abortion percentage (40%). The drupes have sphehaide and they are very small
(1-1.5 g), maturation is delayed and yield in simedium-high (18-20%). The result
can be observed on a number of small Lenticels. @lévar is auto sterile,
therefore, it requires appropriate pollinators, lrss Rocket, Frantoio, Crucible,
Fosco, Leccino, and Moraiolo. The production is djocelatively constant, and
amounts to over 20,000 tons of olives. The plast dagyood tolerance to cold and
flies, while it is sensitive to peacock spd@ygloconium oleaginum(Lombardo
2003)

Transformation techniques have been developedlive plant, by using
somatic embryogenesis, and transgenic plants, seithe desirable agronomic traits,
have already been generated in one cultivar. Adgure field trials approved by the
Italian Health Minister are conducted on transgewi@dBC, and osmotin plants.
Transgenic olive plants, witholABC genes expected plants compact vegetative
habitus, smaller number of flowers per plant, afgh mooting ability of cuttings. In
plants over-expressingsmotin gene, higher tolerance to some fungi is expected
(Rugini and Gutiérrez Pesce 2006).

1.2  Social and economic importance of olive

The traditional area of olive cultivation and protian is the Mediterranean
basin, which accounts for 90% of the olive orchastishe world, mainly in Spain,
Italy, Portugal, Greece, Turkey, Tunisia and Mom¢Eigure 1. 3) and almost 94%
of the world’s olive oil are produced (I00OC 2008).

The most important reason for olive cultivationthe production of oil and
table olives, although the species have other itapbfunctions, like the traditional
landscape, typical of religious sites, it's suitabi difficult areas such as calcareous,
rocky and sloping soils. The importance was alse ttuother uses, such as lamp
fuel, wool treatment, medicine and cosmetic, andpsproduction (Fabbret al.

2009). Finally, its wood is of great value due t® matural durability and beauty;
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hence, in some areas (like Southern ltaly), itespnts a secondary source of profit
from olive orchards (Lambardi and Rugini 2003).

Parngd Turkey Moroceo
AN &
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Figure. 1.3: Main producing countries in 2005 (UNKD) left; Olive Producing
Area of Europe (Peedadt al. 2009) right.

In 2005, Italian olive production covered approxieta 1.700.000 ha, 80%
located in southern Italy. Puglia represents theatnraportant region for the olive
production, followed by the Calabria and Sicily.€Bl three regions account for
more than 60% of Italian olive production. In termisolive-oil production, Italy
ranks second in the world (after Spain), produ@ngaverage oil quantity over the
last four years of 550 000 tonnes, mainly reprexkby extra-virgin and virgin olive
oils. As regards olive-oil consumption, Italy istworld leader with a consumption
of 650 000 tonnes, corresponding to about 12 kdhpad of population (Fontanazza
2005).

The exportations of Italian olive-oil are directexvards different countries,
mainly the United States of America, Japan, Carauth Australia, where the oill
imported from Italy has gained a strong positiomanent years in comparison with

oil imported from Spain, Greece and Tunisia.
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1.3  Propagation of Olive

Olives are multiplied by seed to obtain rootstocktenial, or for breeding to
obtain new cultivars or new rootstock genotypeshwieeper and stronger root
systems. It has been proven that root systems gfoomn seeds are stronger and
more consistent than root systems derived fromingdiFaiello 2009). Propagation
of olive trees by seed is very frustrating, becahsejuvenile non-bearing phase is
long (10-15 years) and the progeny very often doeven resemble the original
mother tree (Vossen 2007).

Although in the past traditional propagation laygetilized a pool of rootable
organs and natural formations such as stump syckeos more-year old portions of
branches), at present the olive is almost entmgbtyoduced by cuttings and graftings
(Fabbriet al. 2004). Leafy cuttings are obtained from one-yddmgorous shoots.
Cuttings (about 15 cm long, and provided with 2a® jpf leaves in their upper part)
are treated with ethanol solutions or talcum disipeis of indol-3-butyric acid
(IBA), prior to being placed in a bottom-heated dderunder mist conditions.
Grafting propagation is a technique nowadays cedfito specific areas (mainly
Central and Southern Italy) where, traditionallyam olive farmers still prefer
grafted to self-rooted plants when establishingeobrchards, particularly in shallow
soils (Lambardi and Rugini 2003). The most commuat@dure makes use of scions
(4-5 cm long) from one-year old branches, whichspring, are bark grafted on
potted or in-field growing olive seedlings.

In spite of recent advances in nursery technolegyeral problems still affect
conventional vegetative propagation of olive, suthe olive cuttings root properly
only if collected in two specific periods of theowing season, i.e., before
blossoming (spring), and at the onset of autumrnwtirp adventitious rooting
capacity varies greatly among cultivars; olive isalts are made up of a combination
of clones (“cultivar-populations”); hence, they caerform very differently in
different nurseries, even when all the physiologiegronomic and propagation
conditions are similar; and grafting propagatios baen largely abandoned (except
in Italian nurseries) because of the high costsnahagement and to the lack of

specific clonal rootstocks (Lambardi and Rugini 200
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1.4. Invitro propagation

As a consequence of the condition on in vivo prapiag, the development of
micropropagation procedures give much hope to nmizker and to improve
propagation technology, to standardize the chaiatits of nursery olive plants, and
to enhance their performance when in field, thchieque also allows high quality
production and rapid growth of the plants, whick pathogen free on the surface
and in the vascular system.

Moreover,in vitro techniques allow (i) rapid propagation of cultsvavhich
are difficult to reproduce by traditional propagati (ii) production of disease-free
plants, (iii) application of bioengineering methpdsad (iv) conservation of valuable
germplasm. Micropropagation of olive has alreadgrbeeviewed in the past (Rugini
1984; Rugini 1987; Rugini and Fedeli 1990)

In the olive, it is possible to produce plants freither zygotic and mature
tissues from different cultivars under the threeropropagation techniques: a) by
axillary buds stimulation, b) by organogenesis, ahpdy somatic embryogenesis.
(Rugini and Gutiérrez-Pesce 2006).

Protocols forin vitro propagation of the olive cultivars were reportedny
years ago and the development of a specific olivgliom was formulated and
analysis of the main mineral elements of shootespfoom field plants, during their
rapid growth (Rugini 1984). Several problems imupetlee development of effective
protocols of micropropagation, among which: (i) treavy oxidation of tissues when
explants (shoot tips, meristems) were collectedhfin-field or greenhouse plants,
(if) the difficulty of getting sterile shoots whearodal explants were used, (iii) the
laboriousness of establishing shoot cultures wibmes cultivars. Over the last
decade, many advances have been made towardsldkiersof these problems and
the optimization of the various steps involved liveo micropropagation (Lambardi
and Rugini 2003). However, today many cultivars ehdween established and
propagatedn vitro also per commercial purposes.

1.5. Micropropagation and Mycorrhization

Tissue culture is one of the most important appbcs of modern

biotechnology in plant and has been extensively disethe rapid multiplication of
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many plant species. Micropropagation techniqueswaltapid production of high
quality, disease free (Raaman and Patharajan 20@b6uniform planting material in
relatively short periods of time. It offers sevedatinct advantages not possible with
conventional propagation techniques (RajasekhardrGaneshan 2002). Plant tissue
culture relies on growing plants on nutrient richowth substrates devoid of
microbes, which results in the production of platstl without any mutualistic
symbiosis (Dolcet-Sanjuaat al. 1996). Its more widespread use is restricted gk hi
percentage of lost or damaged plants when traesfeto ex vitro conditions
(greenhouse or field). After transfer from timevitro to theex vitro conditions the
plantlets have to correct the above-mentioned abalires. In greenhouse, and
especially in the field, irradiance is much highed air humidity much lower than in
the vessels. Even if the water potential of thestakbe is higher than the water
potential of media with sucharose, the plantlety maickly wilt as water loss of
their leaves is not restricted. In addition, watepply can be limiting because of low
hydraulic conductivity of roots and root-stem coctiens. Many plantlets die during
this period. Therefore, aftegx vitro transplantation plantlets usually need some
weeks of acclimatization with gradual lowering iin laumidity (Pospisilova 1999).
The transfer of plantlets cultivateid vitro to green house is one of the most
important steps in the structural and physiologaddptations during preparation of
plantlets. This acclimatization phase is the beiggof autotrophic existence of the
plant, with the initiation of physiological processnecessary for survival. During
acclimatization, the plantlets must increase aligmrf water and minerals as well
as the photosynthetic rate (Kapoor 2008).

Although, several techniques have been employedddrpast to improve the
growth and reduce the mortality rates of plantitising transplantation, most of
them basically aim at controlling environmental dwions, e.g., increasing light
intensity and altering the concentration of £(®ozai and Ilwanami 1988) and
Laforge et al 1990). It has been reported that biofarming oficrapropagated
plantlets with arbuscular mycorrhizal fungi (AMFhproves plant performance and
plays a significant role in ensuring the healttplaintlets (Rai 2001). Moreover, the
acclimatization period of micropropagated plantleés also be shortened by the

application of AMF (Salamanceat al. 1992). The transfer of plantlets cultivatied
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vitro to green house is one of the most important stepghe structural and
physiological adaptations during preparation ohpl&gs. This acclimatization phase
is the beginning of autotrophic existence of thanpl with the initiation of
physiological processes necessary for survivalirfiguacclimatization, the plantlets
must increase absorption of water and minerals ek a8 the photosynthetic rate
(Grattapaglia and Machado 1990). Arbuscular myéparfiungi are well known to
increase the vigor of plants by increasing absomptif water and mineral nutrients,
especially phosphorus. Moreover, AMF can protedt lppants from root pathogens
and mitigate the effects of extreme variationsamperature, pH and water stress.
Successful AMF inoculation at the beginning of amekization period has been
demonstrated (Branzandét al, 1992; Estrada-Luna and Davies 2003; Rai 2001).
Several examples exist to show the beneficial &ffeé AMF on improving the
growth and development of sevemalvitro micropropagated plant such as coffee,
pyrus and potato (Kapocet al. 2008), plum and apple (Forturet al. 1996),
artichoke (Morone Fortunato 2008) and oregano (Merd-ortunato and Avato
2008).

1.6. Mycorrhiza

The most important type of symbiotic plant-fungussaciations are
mycorrhizas, the statement that “90% of plants rageorrhiza” has been widely
presented in the literature, is not based on gfiekiata. The actual proportion of
angiosperms known to be mycorrhizal is somewhatetothan this, i.e. 82%
(Brundrett 2002). Mycorrhizal colonization of rootssults in an increase in root
surface area for nutrient acquisition. The extraivet fungal hyphae can extend
several cm into the soil and uptake large amouintsitsients to the host root.

The name mycorrhizas, which literally means fungust; was invented by
Frank (1885) for non-pathogenic symbiotic assooreti between roots and fungi.
Symbiotic associations are essential for both #rénpers: fungus which is specialised
for life in soils and plants, and root, or othebsiate-contacting organ of a living
plant, which is primarily responsible for nutrielnansfer. Mycorrhizas occur in a
specialised plant organ where intimate contact ltesuom synchronised plant-
fungus development (Brundrett 2004).
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Physically, there are several forms of mycorrhizash different forms of
hyphal arrangement or associated microscopic sitrest At least seven different
types of mycorrizhal associations have been reseghiinvolving different groups
of fungi and host plants and distinct morphologyttgras. The most common
associations are: arbuscular mycorrhiza fungi (AMR)which Zygomycete fungi
produce arbuscules, hyphae, and vescicles witlohaortex cells; Ectomycorrhizas
(ECM): where Basidiomycetes and other fungi fornmantle around roots and
Hartig net between root cells; Orchid mycorrizhagiere fungi produce coils of
hyphae within roots (or stems) of orchidaceous tglarkricoid mycorrhizas:
Involving hyphal coils in outer cells of the narrdhair roots” of plants in the plant
order Ericales and the last Ectendo-mycorrhizaswutewid and monotropoid
associations which are similar to ectomycorrhizsogiations, but have specialised
anatomical features (Brundrett 2004; Brundrett 3996

1.7. Arbuscular Mycorrhiza

Arbuscular mycorrhiza are a unique example of swsibi between two
eukaryotes, soil fungi and plants. This associatimuces important physiological
changes in each partner that lead to reciprocagfiisnmainly in nutrient supply
(Balestrini e Lanfranco 2006). The AMF are ubiqugcsoil microbes constituting an
integral component of terrestrial ecosystems fognéymbiotic associations with
plant root systems of over 80% of all terrestrighnp species, including many
horticultural important plants (Kapoast al,, 2008)

Mycorrhiza establishment is known to modify seveeaslpects of plant
physiology including mineral nutrient compositionormonal balance (Harley &
Smith, 1983; Azcon-Aguilar & Bago 1994; Baretal 2002, Taylor and Harrier
2003).

The life cycle of the AM fungus in this widespresgimbiosis has a single
phase in which the mycobiont is living independehits host. During that phase,
asexually produced chlamydospores are able to gateniin the soil under
appropriate water and temperature conditions. (Erger and Requena 2004)

After spore germination, establishment of the symisi includes hyphal

branching, appressorium development after contqdtie root, colonization of the
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root cortex, formation of intracellular arbusculesd concomitantly, production of
an extraradical mycelium from which spores are &ty formed (Smith and Read
1997).

Usually AM performs best in soils with low or mediufertility because
under such conditions it is beneficiary for the tholant to develop symbiosis with
the fungi. Due to the unique properties of AM irdihg their very thin and high
volume of hypha, which is much finer even than rbairs (this can be very
beneficial in a compacted soil), mycorrhizal plaman absorb higher rate of
nutrients, resulting in plant-enhanced growth. AMoaenhances soil aggregate
stability by its network of hypha, which may be yé&eneficiary in a compacted soil
where the soil structure reduces considerably.

AMF are members of th&lomeromycotekingdom fungi. Initial studies of
the Glomeromycotavere based on the morphology of soil-borne spopscépore
clusters) found in or near colonized plant rootstiDguishing features such as wall
morphologies, size, shape, color, hyphal attachnmamd reaction to staining
compounds allowed a phylogeny to be constructee dihssification based on a
consensus of morphological and molecular chara@sgsdivide to three families
GlomaceagAcaulosporaceaandGigasporacea€INVAM 2009).

Mycorrhiza fungi are relevant members of the rh@mse mutualistic
microsymbiont populations known to carry out mamiical ecosystem functions
such as improvement of plant establishment, enmaeceof plant nutrient uptake,
plant protection against cultural and environmestedsses and improvement of soil
structure (Smith and Read 1997).
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1.8  The objectives

The research described in the following pages waasec! out within the PhD
activity in Horticulture at Universita degli Studella Tuscia, cycle XXI.

The objective of this thesis was to improve planaldy and speed up the
production of micropropagated oliven order to increase the number of shoots
during the proliferation phase and to find the l@stironmental conditions to induce
rooting, and integrated AMF inoculation in an exigt micropropagation olive
plantlet.

The low percentage of plantlet survival is a prabléor expanding the
commercial planting of olive plants. The usefulnpstential of AMF for agricultural
production systems, in particular for the recovenyd growth of high-value
micropropagated plants, has been shown for sei@rglerate species.

Specifically, this thesis presents data regarding:

(1) the study of production of inoculum of AMF nativeorin
Indonesia,
(i) the evaluation of the genetic stability of trandgeaolive plant

grownin vitro,

(i) the identification of AMF by morphology and moleauktudies,
(iv) the improvement of micropropagion of olive, and
(V) the studies of the effect of AMF on micropropagatéde.
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Il. MATERIALS and METHODS

2.1  Production of arbuscular mycorrhiza
2.1.1 Production of arbuscular mycorrhiza in vitro by using hairy roots of
carrot

Unlike saprophytic fungi, the large-scale productad AMF fungi inoculum,
due to their obligate symbiotic status, have todpo® with host plants associated
(Brundrettet al. 1996; Dalpé and Monreal 2004; Smith and Read 1P@udset al.
2004) and are difficult to locate or separated fritn@ root tissue. This experiment
was conducted in an attempt to produce AMF by usiagsgenic roots (hairy roots)
with A. rhizogenesn vitro culture.

A local cultivar of carrot were purchased in locahrket and used in these
experiments. Carrots were cleaned, washed, peelddsarface sterilised in 5%
household bleach (Ace) for 10 min with stirred dgristerilization. Further the
carrots were washed three times with sterile watet than soaked for 3 min to
ethanol solution. Then, carrots were washed setienak and rinsed 2 times (5 min
each) with sterile distilled water. Each carrot eveut 2 cm from apical and base
part, and than was sliced with the disc thicknesared 5 mm.

Three isolates aAgrobacterium rhizogend#\4, 9402 and 1855) were used in
this experiment. The isolate 1855 and 9402 weogvgrusing media Yeast Manitol
Broth (mannitol 10 g/l; KHPO, 0.5 g/l; Yeast extract 0.4 g/l; MgQ@H.0 0.2 g/l
and NaCl 0.1 g/l), before adding agar the pH welpistied to 7, and the media
solidified with 15 g/l bacto-agar. The isolate Adasvgrown using media Manitol
Yeast Agar (mannitol 8 g/l; Casamino acids 0.5 gd#ast extract 5.0 g/l; amonium
sulfate 2.0 g/l and NaCl 4.0 g/l), before addiggrathe pH were adjusted to 6.6, and
the media solidified with 15 g/l bacto-agar.A@8 The plates were incubated at 25-
28°C in darkness for 36 hours before inoculatioramot discs.

For inoculation, a loop of 36 hour old bacteriaktare was inoculated on the
two side of carrot discs (each loop for each sideyl plant were put in to 1% water
and media with 10 mg/l AQNO3 agar media and incedbah dark at 25°C till the

callus appeared. The observation of root numbdrlangth were recorded every
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week for one-month period. The lateral transformeot were transferred to MS
media with Carbenicilin (500pg/ml) and than aften@nths were sub culture to the
same media, the root were inoculated by leanedstarilized spore AMF which

were washed and sterilized using 400 ppm of streptin sulphate.

2.1.2 Production arbuscular mycorrhiza in pots

The inoculums of AMF fungi from Indonesia M1, M2,3vand M4 (mixed
between othersyere produced in pots by usigprghum bicolor L.) Moench var.
sudanesé€Piper) A.S. Hitchc as host plant.

One type of agronomy soil from the field trial (p#940) was used in this
propagation method. The medium consisted of sall sand mixture (1:1), which
was autoclaved before its utilization at 21 for 40 minutes. The bottom holes of
pots were sealed with aluminium foil to preventagse of the medium and poke
small holes were made to allow drainage of water

Seeds ofShorghum bicoloi(l.) Moench varsudanenséPiper) A.S. Hitchc.
were surface disinfected for 10 min using a 10 %hofisehold bleach (Ace): 1
volume of household bleach containing 5% sodiumhbgplorite (NaOCI) plus 9
volumes of water. Then they were washed three timts sterilized distilled water
and transferred to a sterile plastic pot containstgyile sand. Pots were watered
everyday until germination occurred.

For AMF inoculation and plant growth, five holes rwamade in media per
each pot. Spores of AMF were put into the hole \8itlp inoculums per hole. Spores
were covered with soil and the sorghum seedling® \pat into the hole. The plants
were watered to 12.5% weight of medium and theyewgown in the glass house.
Once a week, all of the plants were fertilized watmutrient solution according to
Brundtretet al. (1996).

Plants were harvested after 16 weeks of growthadtest a stressing period
for stimulate spores of AMF. At harvest, shoots awdts of sorghum were
separated. The roots were used as inoculums watkdh, while the shoots were not

used or were discarded.
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Spore sieving is important to analyzed number ofep of inocula. Twenty-
five g of inoculums of AMF were extracted from theil samples by wet sieving
centrifuged method. The samples is mixed in a smfisi volume of tap water and
decanted through a series of sieves after folloviegvy soil particles to settle for
few seconds. The inoculums were soaked in 500 @mkdrewith water for 30 min
were transferred to 50 ml centrifuge tubes, 0,3%b@% sugar solution was added
into the tubes and mixed through and centrifugeat @600 rpm for 2 min.

The aquates part was decanted through a serigsvaiss(420um, 250um,
100 pm and 45um). In case to much debris in inoculums before dddecose
solution the soil sample were centrifuged firstseparated with the supernatant
which contains spore of AMF. The fractions from leacreen were colleted into 45
pm soil sieve, and they were washed with runningewséveral time and poured off
into a clean petridish. The number of spores fargtype of AMF was counted

under a dissecting microscope with scale petridish.

2.2 Evaluation of the stability of transgenic gene# olive plants grown in

vitro, used for the experiments

Transgenic shoot of the olive cultivar Canino brithg ecol5-5 fragment
(Canino plantlets were already transformed wAtjrobacterium tumefacienstrain
LBA 4404 containing theolABC gene; Rugini and Caricato 1995) and Canino
AT17-2, Canino AT17-3 and Canino AT17-10 (transgefur the osmotin gene
which was delivered through tumefacienstrain LBA 4404 containing the osmotin
gene pKYLX71 under 35S promoter; Rugini and GuéigrPesce 2006) were used
for this analysis. The plant material was maintdimevitro from several years at 24
+ 1 °C under a 16 h photoperiod (at 40 umdl & light intensity, provided by cool
white fluorescent lamps).

The DNA of transgenic olive frorm vitro cultures were extracted based on
Doyle and Doyle (1987) protocol. The clean fressue plant was grinded firmly
under liquid nitrogen with mortar and pestle, whigbre pre-cooled. The grinded
fine powder plant was put in pre-cooled 2 ml stedppendeorf tube. One millilitre
of extraction buffer, which consisting of 100 mMTafis/HCI pH 8.0, 20 mM EDTA
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pH 8.0, 1,4 M of NaCl, 2% w/v CTAB and 1% of polgyipyrrolidone were added
immediately and the tube were shaken for 10-15 tasiin room temperature.

Table 2.1: Primer sequence faslABC and npt Il genes, which were used for

evaluating the transgenic gene expression in teme@live

Primer |Gene Sequenze 5’ 3 Twm
rolA (F) |[rolA TCT AAG CTT GTT AGG CGT GCA .
rolA (R) | rolA CGT ATT AAT CCC GTAGGT CTG e
rol B (F) |rolB GCG ACA ACG ATT CAACCATAT CG .
rol B (R) | rolB TTT ACT GCA GCAGGC TTC ATG AC

rol C (F) | rolC CAG CCCATCGACTAACCATTA .
rol C (R) | rolC CCTGTTTCCTACTIT GTT AAC

npt I Osmotin gene AGAGGCGGCTATGACTGG .
npt Il Osmotin geng ATCGCCATGGGACGAGAT

The samples were incubated af@@or 30 min, and then were leaved to cool
for another 10 min at room temperature. An equaluwme (1 ml) of
chloroform:isoamyl alcohol 24:1 were added and dampvere shaken until an
emulsion was obtained. The samples were centrifaggethximal speed (14000 rpm)
for 15 min. The centrifuged made the samples ségxhia three different layers: the
chloroform (organic phase), the cellular debriggfiphase) and the diluted genetic
material (aqueous phase, which is in the top lay&he aqueous suspension,
containing the nucleic acids, was removed by usiigopipette into a new sterile 2
ml eppendorf tube. Ice cold isopropanol (0.7 v) wdded, and incubated for about 5
min in ice in order to obtain the precipitationtbé nucleic acids. A structure fiber of
DNA was seen after mixed thoroughly.

The plant DNA was collected by centrifuged for 5nat the maximal speed
(14000 rpm) and the supernatant were discard. €Hetpvas washed by adding 0.5
ml of ethanol 76% with 0.3 M Sodium acetate andvileg it for 20 min at room
temperature, then centrifuged for 1 min at maximapeed (14000 rpm): Then the
pellets were washed again using ethanol 76% withMOAmonium Acetate for 3

min. To collect the pellet, the samples were ctrgad at max speed (14000 rpm)
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for 2 min and the supernatant were carefully didedr The pellets were dried in the
heating block at 37°C in for about 10 min. A voluofed.2 to 0.4 ml of ddkD was
added and the DNA wasO0 re-suspended in the frisgengght.

For the RNA purification, 5ul of RNAse (stock solution 10 mg/ml) were
added for every 10Ql of DNA solution and incubated for 30 to 60 min 3°C.
Double distillated water was added to reach a velof00ul and than 1 volume of
phenol:chloroform:isoamyl alcohol (PCI 25:24:1) weiso was added: for 4@0 of
solution, a 200ul phenol (saturated with Tris/HCI pH 8) and a 2Q0D of
chloroform:isoamyl alcohol 24:1 . The samples wesmogenized by shaking gently
until an emulsion appeared, then they were cegidufor 10 minutes at maximum
speed (14000 rpm). The upper aqueous phase wesfdranto a new 1.5 ml sterile
eppendorf tube and 0.05 volume of 10 M of LiCl &8 volume of ice cold absolute
ethanol were added (for 4Q0 of solution and 2Qul 10 M of LiCl and 1 ml of
Ethanol) and then the DNA were leave to precipitdte at least 20 min at -20°C.
Precipitates were collected by centrifuging for mth at maximum speed (14000
rpm) and the pellet were washed with 0.5 volume T€@84cold ethanol. The washed
proceed were repeated for two times. The pellete weed at 37°C for 10 min in the
heating block after centrifuged for 10 min at maximspeed (14000 rpm) and the
liquid was discarded.

Pellets were re-suspended gently in an appropviaigme of sterile DNA
free water and the quality and concentration of EBWeA were checked with
spectrophotometer and electrophoresis. The readuegs taken at wavelengths of
260 nm and 280 nm using quartz cuvet.

The amplification reaction for osmotin gene expi@ssvas performed in a
total volume of 25ul containing of 30 ng template DNA, 216 PCR suitable buffer,
1.5ul of 2,5mM MgCh, 2.5ul of 2.5 mM dNTPs, 2.5l of nptll-forward, 2.5ul of
primer nptll-reverse, 0.g1 of TagDNA polymerase, and 13,8 of sterile distillate
water. Reactions were carried out in a thermal esyahachine, which was
programmed as follows: at first at 94°C for 4 n86,cycles 94°C for 45 s, 55°C for
30 s, 72°C for 30 s, and 72°C for 7 min (Figure)2.1
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35cycles

94°c | 94°c 7°c | 72°C

4:00 | 0:45 0:30| 7:00
55°C 4°C
0.30 -

Figure 2.1: Profile DNA amplification for the analg of gene transgenic expression
stability in olive Canino AT17-2, Canino AT17-3 a@@nino AT17-10

The reaction of RT-PCR forolA, rolB and rolC gene expression was
performed in a total volume of 28 containing of 1ul template DNA, 2.5ul PCR
suitable buffer 0.7%l of 2,5mM MgCh, 2.5ul of 2.5 mM dNTPs, 2.5l of primer-
forward, 2.5ul of primer -reverse, 0.21 of Tag DNA polymerase, and 13. 05ul of
sterile distillate water (Figure 2.2.)

30cycles

94°C | 94°C 7°C| 72°C

4:00 | 1:00 / 1:00| 7:00
mT 4°C
1:00 -

Figure 2.2: Profile DNA amplification for the analg of the expression of the alien
gene olA, rolB and rolG as detected in the transgenic Canino plantlets.
The value of melting temperature mT was adjustetioa basis of

sequencing of primers used, as reported in Tatltile 2.

Following amplification, 4ul of the PCR reaction mix was combined with 1

ul of loading buffer and loaded into the wells ofetlagarose 1.2% (w/v) gel
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electrophoresis, which stained with Ethidium BroeniO pl/ pl). The Thermal
Cycler was programmed as follows at first 94°C 4amin, 30 cycles at 94°C for 1
min, mTs °C for 1 min, 72°C for 1 min, and 72°C #bmin. The fragment of DNA
were seen and photographed under UV light.

2.3 Identification of arbuscular mycorrhiza

2.3.1 Morphological identification of arbuscular mycorrhiza

The arbuscular mycorrhizal fungi were taken from agmicultural land at

Lombok (8° 3354" S, 116° 213.6" E), an_islandn West Nusa Tengganarovince,

Indonesia The agricultural lands were dominated by tobadde soil samples were

stored in polyethylene bags at°@ until processed. Soil samples, used for this
identification were extracted from pot cultureslized for AM fungal reproduction.
Single fungal productions usingorghum bicolor(L.) Moench as host plant were
produced for 4 months in a 1:1 (by volume) soil aadd in plastic pot. Three types
of AMF natives from Indonesia, were named M1, M2 M8.

Spores were collected from soil samples and wetra&rd by using the wet
sieving method. Samples were mixed in a substant@dime of tap water and
decanted through a series of sieves. Washings vepeated until the water was
clear. The sieves size used were p0D0, 100um and 50um. The fractions from
each screen were put in Petri dishes. The preseinédMF spores were checked
under a stereomicroscope and collected individuadly by one, using micro forceps
(Martin, Germany) or micropipettes (3@® according to their morphology and
colour. The spores were collected until the neecgssaount for identification.

Diagnostic slides were made for AMF identificatignhundred spores were
collected for diameter size measurement; and 2€espmere mounted in lactic acid
reagent on each slide. Spore diameter size wasuneebwith ocular micrometer. 25
spores were put in polyvinyl alcohol-lactic acigaggrol (PVLG) and Meltzer's
reagent to see spore wall layers and Meltzer'snisigi reaction. Spores were
examined to record their morpho-taxonomic featuaed their identification was
based on (Schenck and Perez, 1987) and INVAM (2009)
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Roots were washed in tap water and cleared in 1@ Koiling in this
solution for 30 minutes. After, roots were washethuhe tap water for several times
and were left in 2 % HCI for 10 minutes. At lasbt® were stained in trypan blue
solution (0.05% trypan blue in 90% lactic acid)atesl for 15 minutes, and after
moved to lactic acid solution

2.3.2 Molecular identification of arbuscular mycorrhiza

Two different types of AMF identified aSigaspora albidaandGigaspoora
rosae by morphological methogdsvere molecularly characterised by ITS (Internal
Transcribed Spacer) region and partial SSU (SmalbUnit) ribosomal DNA
(rDNA) sequences.

DNA was extracted from single spore of the isolaWk and M3. Clean,
good, fresh and healthy spores from two typesajasporawhere taken from the
same cleaning procedures for morphological ideratifon and collected one by one
in eppendorf tubes with clean distilled water (CDWAder a dissecting microscope.
Spores were sonicated two times (1 min each, Rfuénecy 42 KHz +/- 6 %) in a B-
1210 cleaner (Branson Ultrasonics, Soest, The Matias) and washed two times
with CDW representatively and three times in stedlistilled water (SDW) on
laminar air flow cabin. Cleaned spores were ca#lédh sterile eppendorf tubes and
surface disinfected with 2% (w/v) chloramine-T (s@) and 400 ppm of
streptomycin sulfate (sigma) for 20 minutes. Thesrevrinsed four times in SDW.
Clean and sterile spores were selected again awférred in sterile 1.5 ml
eppendorf tubes before DNA extraction. Five sirgperes were analysed for each
morphotype ofsigaspora.

According to the protocol described by Redeaiteal. (1997) and Turrinet
al (2008) a single spore was crushed using a stdaks gestle (hand made) in 2 pl
of 0.25 M NaOH (in a total volume 10ul of 0.25 M @#: a volume 2 pul solution
were put first, in order to prevented the sporeniog away during the crushed
process) the other 8 pl of 0.25 M NaOH were addefdrb incubation in boiling
water (1 min). Five pl of 0.5 M Tris-HCI (pH 8) arid pl of 0.25 M HCI were
added and the microtubes were dipped again inngoivater (2 min). Each DNA
extracts was diluted 10 times and 1 pl was diragslyd for PCR amplification.
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PCR conditions of SSU sequences

DNA extracts from single spores @igasporamorphotypes were used to
analyse partial SSU sequences. A volume of 1 hfeol:10 dilution of template
DNA extracts were amplified in total v25 pl of P@&action mix using 0.625 U of
AmpliTaq Gold DNA Polymerase (Applied Biosystem,|afi, Italy). The universal
eukaryotic primer NS31 (10 pmol) as a forward prirf@monet al. 1992) and the
primer AM1 (10 pmol) as reverse primer (Helgasbal. 1998) were used to amplify
a small portion (550 bp) of arbuscular mycorrhikahgal SSU rDNA sequences
(Douhanet al, 2005 and Turrinet al, 2008) together with 0.2 mM (each) dNTPs,
1.5 mM MgC} and the manufacturer’s reaction buffer. The angatfons were ran

in the thermal cycler apparatus (Eppendorf Mastdety- Pisa University)

Figure 2.4. Scheme of the 18S gene and the rdggomeen primers NS31
and AM1 (Helgason, 1998).
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The Thermal Cycler was programmed as follows: 96#C9 min, 10 cycles
at 95°C for 1 min, 58°C for 1 min, 72°C for 1 miz4 cycles at 95°C for 30 s, 58°C
for 1 min, 72°C for 2 min, 1 cycle at 95°C for 3068°C for 1 min, and 72°C for 10
min.

PCR conditions of internal transcribed spacer regias (ITS)

The same DNA extracts which were utilized for S*duences analyses (a
volume of 1 ul from a 1:10 dilution of template DIN#vere used for analysing the
internal transcribed spacer regions between thegus ITS1F (5CTTGGT CAT
TTA GAG GAA GTAA-3)and ITS4 (5 -TCC TCC GCT TATGA TAT GC -3)
(Gardes and Bruns 1993; Turrigt al. 2008). The internal transcribed spacer region
between ITS1F/ITS4 regions were amplified in altetdume of 25 ul PCR reaction

mix.

Figure 2.5. Scheme of ITS region between prime&LH and ITS4

Final concentration of PCR mix components werend\ (each) dNTPs, 1,5
mM of MgCl, 10 pmol of each primer, 0.625 U of AmpliTaq GolRNA
Polymerase (Applied Biosystem) and the manufactureaction buffer. Reactions

were carried out in a thermal cycler machine wittphfication program consisted of
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an initial denaturation for 5 min at 95°C, followbky 4 cycles at 95°C for 30 s, 54°C
for 30 s, 72°C for 1 min, 34 cycles at 95°C fors3®3°C for 30 s, 72°C for 1 min,
and a final extension step at 72°C for 10 min.

The seminested PCR reactions (Ren&eral, 2003) were performed by
diluting (1:100) the first PCR amplicons and usihgl of dilutions as template for
the second reaction in a final volume of 50 pl,cadng to the protocol described by
Turrini et al. (2008), by using the primers ITS1 (5-TCC GCA GGCTA CCT ACG
GA-3) and ITS4.

PCR mix components were 0.2 mM dNTPs, 2.5 mM MgC®pmol of each
primer, 0.625 U of AmpliTag Gold DNA Polymerase atfte manufacturer’s
reaction buffer. Reactions were carried out follogvia touch down protocol to
reduce the formation of spurious by-products duthmyamplification process. PCR
reaction mix was preheated at 95°C for 5 min, tikenannealing temperature was set
14°C above the expected annealing temperature {55€ lowered with 2°C every
third cycle until 55°C, at which temperature 14 idddal cycles were carried out.
Cycles were performed as follows: 95°C for 30 s)emting temperature 30 s, 72°C
for 1 min. The end of the last cycle was followgddm extension step at 72°C for 10

min.

Cloning and sequencing

Three PCR products from SSU region and three sested PCR products
from ITS regions were purified by using Montage PCBntrifugal Filter Devices
Kit (Millipore) with a final elution volume of 20 Iu Purified products were cloned
using Qiagen PCR Cloning Kit according to the mantifre’s instructions (Qiagen,
Milan, Italy). Putative positive clones containirgcombinant plasmid were purified
by the Gen Elute Plasmid Miniprep Kit (Sigma, Mil¢éaly) and screened using
standard SP6/T7 amplifications, followed by a PGitg NS31/AM1 (for SSU) or
using ITS1/ITS4 (for ITS), as described above. NBBIL amplification products
were sequenced forward and reverse at BMR Genasids (University of Padua,
Italy as connection from the Department of Agriatdd Plant Biology, University of

Pisa), and ITS1/ITS4 amplification products werguemced forward and reverse at
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ABI Prism 310 genetic Analyzer machine (Dipartineendi Agrobiologia ed
Agrochimica, Universita degli studi della Tusciat&fbo).

SSU and ITS sequences, which were obtained fromiviieemorphotypes
were aligned using both the Multalin program arel @lustalW program (Chenrea
al. 2003) with sequences @igasporaavailable in GenBank. After alignment, a
phylogram was generated by TREECON for Windows Bingi the Kimura 2
parameter (van de Peer and de Wachter 1994). Thideoce of branching was

assessed using 1000 bootstrap resamplings.

Restriction Analysis of PCR-Amplified ITS rDNA

The amplified ITS rDNA were digested with the regton enzymedvibol as
described by Redecket al, (1997). Each digestion was performed separateby i
sterile 1.5 ml eppendorf tube containingullof restriction enzyméibol, 2 pl of the
manufacturer’s buffer and 4 of the amplified rDNA, and k0 to a final volume of
20 pl. The reactions were incubated over night at 3™Dgested fragments were
separated on a 2% Metaphore gel and stained wittli@in bromide. The size of the

restriction analysis were measured by using a DNahker.

2.4 Micropropagation of olive

In attempt to improve the quality and speed up treduction of
micropropagated oliven vitro, some experiments have been carried out in order to
increase the number of shoots during proliferatpirase and to find the best

environmental conditions to induce rooting.

2.4.1 Effect dikegulac in micropropagation of olive

To increase number of shoots of olivevitro by reducing apical dominance,
the effect of dikegulac in the following cultiva€anino, Frantoio, Moraiolo,
Rosciola and Piantone di Moiano have been studMidexplants were collected
from in vitro shoots established some years earlibe explants wereultured on
Rugini Olive Medium (ROM) ( Table 2.2.) with 0.4%uzeatin and 3.6% mannitol,
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the pH was adjusted to 5.8 before solidified byimaglglant agar (0.6% w/v) and
then media were sterilized by autoclaved for 20 atin2fC.

Two nodal shoots were excised from 40-day-aldiitro culture and placed
into new jars with the same medium of multiplicatiplus a range of dikegulac
(Sigma) with concentrations (0.0, 16.9, 33.8, 66L00.5 and 133.4 pM) and
dikegulac were filter-sterilized and added to thediam after autoclaving. All
cultures were kept in a growth chamber at 24@ @nder a 16 h photoperiod (at 40
ulmol m? s* light intensity, provided by cool white fluorest¢elamps). Shoot
proliferation was evaluated after 40 days of celtand number, length of shoots and

plant survival were recorded.

2.4.2 Effect of three different light conditions in the development of roots for

the cv Canino WT and transgeniaol ABC Canino

In attempt to improve rooting two type of olive ptan vitro, three types light
culture condition have been studied. Olimevitro cv Canino wt and Canin@lABC
were rooted in two to three nodes stage in rootmggdium consisted of ROM
supplemented with concentrations of IBA (0.4mgihd putrescine (160 mg/l). Olive
shoots were incubated in the dark at 24+2 °C fayddand then were transferred to
24 + 2C under a 16 h photoperiod (at 40 ulmof st light intensity, provided by
cool white fluorescent lamps) the explant wereipuhree different light condition:
L1 put in dark for four days and transferred to tight in growth chamber; L2;
plants were always in completely darkness frombibginning of rooting phase, and
L3: were always in the light during all rooting pess. The number of roots and

length were recorded in the end of experiment.

2.4.3 Multiplication and rooting in vitro.

The olive cultivars used in this experiment wereani@o, Moraiolo, and
transgenic Canino ecol5-5, Canino AT 1G2anino AT 17-3 and Canino AT 17-10
for screening AMF. All explants were collected fram vitro shoots established
some years earliefhe explants wereultured on Rugini Olive Medium (ROM) with
0.45 puM zeatin and 3.6% mannitol, the pH was adgusd 5.8 before solidified by
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adding plant agar (0.6% wi/v) and then media wesélizied by autoclaved for 20
min at 12fC

Uninodal shoots were excised from 40-day-mldvitro culture plantlets and
used for multiplication. After one culture peridde new shoots were transferred to
new and the same multiplication media. Plants werginuously cultured until the
number of plantlet reached for the experiment. Alltures were kept in a growth
chamber at 24 +° under a 16 h photoperiod (at 40 plmof st light intensity,
provided by cool white fluorescent lamps)

Olive shoots were rooteid vitro at the two to three nodes stage in rooting
medium consisted of ROM supplemented with concéatra of IBA (0.4mg/l) and
Putrescine (160 mg/l). Olive shoots were incubatethe dark at 24+2 °C for 4-5
days and then were transferred to 24@ @nder a 16 h photoperiod (at 40 ulmét m

s' light intensity, provided by cool white fluores¢éamps) for 3 weeks.
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Table. 2.2: Composition of basal Rugini Olive mexdiused for then vitro culture

of olive plants.

Micro Elements
CoCh.6H,O
CuSQ.5H,0
FeNaEDTA
H3BO3

Kl

MnSO,.H,O
NaM0O4.2H,0
ZnSQ,.7H,0

Macro Elements

CaCl,
Ca(NQ) 2
KCI
KH,PO,
KNO3;
MgSO,
NH4NO3

Vitamins
Biotin

Folic acid
Glycine
Myo-Inositol
Nicotinic acid
Pyridoxine HCI
Thiamine HCI

0.025 mg/I
0.25
36.70
12.40

0.83

16.90

0.25

14.30

332.16 mg/l
416.92
500.00
340.00
1100.00
732.60
412.00

0.05 mg/!
0.50
2.00
100.00
5.00
0.50
0.50

0.11 puM
1.00 uM
0.10 mM
0.20 mM
5.00 uM
0.10 mM
1.03 uM
49.75 uM

2.99 mM
2.54 mM
6.71 mM
2.50 mM
10.88 mM
6.09 mM
5.15 mM

0.20 uM
1.13 uM
26.64 uM
0.55 mM
40.62 mM
2.43 uM
1.48 uM

35



2.5 Inoculation of arbuscular mycorrhiza in micropropagated olive plants

The plantlets were inoculated at time of transfgrriromin vitro to ex vitro
environment with four different arbuscular mycomdifungi M1, M2, M3 and M4
which described in Table 2.3

Table 2.3: The list of arbuscular mycorrhiza fuaged in the experiment

Arbuscular mycorrhiza code
Gigaspora rosea* M1
Glomus intaradices* M2
Gigaspora albida* M3
Mixed spora inoculum M4

* The arbuscular mycorrhiza name were known aftbe t

morphological identification

Arbuscular mycorrhiza M1, M2, M3 and M4, and MO (moculated) were
applied to the cultivars Moraiolo, Canino, Canin®d1&-2, Canino AT17-2, Canino
AT17-2, CaninaolABC).

Rooted plants were transplanted into sterile pataiaing sterile media 50:50
(v/v) mixture of soil and sand when they preserteal to four nodes. The inoculum
of AMF, containing spores, infected root and hypas placed adjacent to and below
the roots in the substrates at any plant duringspranting.

The pots where maintained in a box for 21 days twéhsparent polyethylene
film, which was progressively removed to reduced telative humidity inside,
plants were further maintained under natural phatiog conditions in glasshouse.
Controls consisted of the remaining non-inoculatkeehtlets. During nursering plants
were watered and fertilized with 10 ml of half H&agl's solution/week for 6
months and 20 ml of full doses until the end of éeriment. Each treatment
comprised 10 replicates, consisting of one plant pet. The survival rate of
acclimatization was calculated after one month oindferred to ex vitro
environment. At the end of the experiment freshghts (g), root length (cm), plant

length (cm), shoot volume (minand root volume were recorded (MHnThe plants
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were firmly separated from substrate, rinsed witthning water and dried with tissue
paper. Fresh weights, shoot and root length as a&livolume were recorded.
Estimation of root colonization were carried out Wwashed and clean the root
systems to remove soil particles and partially siige in 10% KOH (w/v) at 90°C
for 30 min. After digestion, the roots were stain@idh 0.05% trypan blue in
lactophenol (v/v) at 90°C for 15 min. Fungal stiues (hyphae, vesicles, arbuscules)
were stained in blue. Mycorrhizal colonization westimated using the grid-line
intersect method, described by Brundeeal. (1996).

Plant leaf area was measured by using UTHSCSA énmfam! version 3, an
image processing and analysis program providedhéyJniversity of Texas. Leaves
were taken randomly from the plants starting upthie fourth node for each
treatment. The quantification of chlorophyll hagbelone on fresh leaf discs of 0.5
cm diameter, with a variable number for each saropi@d a weight of 0.1 g was
reached. The leaves tissue were soaked in 10 DIM# (N,N-Dimethylformamide)
All surface of tubes were closed with aluminium toi prevent the light come inside.
The leaves were incubated at 4 ° C for 48 hours.

The supernatant were read with spectrophotometdrrated ath = 703 nm
with DMF. The readings of the samples were made=a664 nm and. = 647 nm;
following the protocol described by Moran (1982heTvalue of absorbance was

translated into the amount of chlorophyll in ac@srce with the formulas below :

Chlorophyll A =12.64 (Absorbance 664) - 2.9®¢orbance 647)
Chlorophyll B = 23.26 (Absorbance 647) - 5.6bgArbance 664)

Total chlorophyll = 7.04 (Absorbance 664) + ZjAbsorbance 647)
Statistics

The experiments were set up according to factdesigns. The results were
analysed The R Project for Statistical Computinfye@ software environment for
statistical computing and graphics, version 2.81 ZB09). For all characteristics
studied the statistical significance of differendetween means were determined

using the least significant difference (LSD).
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lll. RESULTS and DISCUSSION

3.1  Production of arbuscular mycorrhiza
3.1.1 Production of arbuscular mycorrhiza in vitro by using hairy roots of

carrot

Carrot discs withouA. rhizogenesplaced in water agar medium, after one
month, showed neither root formation nor callus. da other hand carrot discs
treated with AQNO3 produced roots in a small nundret short length only after 21
days in culture.

In carrot discs, treated wi. rhizogenesthe roots started to appear after 7
days; the first ones that appeared looked veryalelj short and thin. In both media
(water agar and AgNO3) the roots initiated fromhbstdes of the discs in high
number and elongated quickly (Figure 3.1).

WAgNO3 1855 &
. Vi

Figure 3.1: Lateral branches of transformed roais( c). Initiation and growth of

transformed roots on carrot discs inoculated Withthizogened 855 in

silver nitrate medium (d) and in water agar medignControl showed
callus formation without root in silver nitrate mech () and in water
agar medium (f).
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As shown in the Figure 3.2. the highest numbepof after 4 week of culture
and inoculation appeared in 1% WA and strain 18b&airrot discs. The carrot discs
put in 1%WA with the strain A4 showed the best tangf the roots (3.68 cm)
followed by AgNQ strain A4. Carrot disc which were put in mediahnRgNO3
showed the lowest number and root length; the madiof AgNO; more likely

prevent long root transformation.

a a
40 35 a
a
i b 7
/ 3
0 AL —e— 1%WA A0

25 —=— 1%WA Al
2 ¢ 1%WA A2
b 1%WA A3

E 2
2 s —x%—AgNO3 AD
d —e—AgNO4 AL

15 —+—AgNO5 A2
—=—AgNO6 A3

0 P

f ~ _—
1 week ‘ 2 weeks ‘ 3 weeks

0
‘ 4weeks 1week ‘ 2weeks ‘ 3 weeks ‘ 4weeks

foot number lengh of the root

Figure 3.2: Number and length of carrot roots indiael%WA (water agar) and
AgNO3 from 1-4 weeks. The letters showed the siggit different in
level P>0.05 at 4 week (w = week; AO = non inoctdarAl = A.
rhizogenesstrain A4, A2 =A. rhizogenesstrain 9402, A3 = strair.
rhizogene<l885)

Although carrot is one of the most amenable spezigdant for hairy root
production (Danesbkt al. 2006; Dhankulkaet al. 2005), there were some problems
during our studied to optimizing the production tohnsformed hairy root, the
subcultures failed for several times caused byhiiey root decay, the quality of
roots and contamination. Due to those problemstlamdimited time that we had, the

production using pot culture technique seems a geadsion.

3.1.2 Production arbuscular mycorrhiza in pots

Since AMF are obligated symbionts, they were predum pots by using
sorghum as host plants (Gerdeman and Trappe 197th 8nd Read 1997; Bediat
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al. 2007). After 4 months, different density of spobetween the different types of
AMF were observed:

Spore

1200,000

800,000

enntro

400,000 {

0,000

Figure 3.3: Arbuscular mycorrhiza production. Sgodensity among the different

types of arbuscular mycorrhiza native from Indoaesi

This AMF activity is very important due to the neeaf inocula for screening
the their activity in micropropagated olive plant$ie inocula consisted of infested

soil with spores, external mycelium and infectedt foagments

3.2  Evaluation of the stability of transgenic genesni olive plants grown in
vitro

Plant DNA fromin vitro olive plants of Canino (control and transgenic) was
extracted with the aim to verify the stable insertofrolABC gendrom the Ri DNA
of Agrobacterium rhizogeneand theosmotinnptll gene. PCR reactions were carried
out by using specific primers for each gene likeravdescribed at material and
method. After several years of vitro cultures, the molecular analysis were been

repeated on tissue samples of olive planvitro to analyzed the transgenic gene

40



stability. The olive plant DNA of Canino and traesgc Canino AT17-2, Canino
AT17-3, and Canino AT17-10 were analyzed by PCRdnfirm the presence of
nptll genes.

AT17-2 AT17-3 AT17-10 Canino Marker

nptll

Figure 3.4: Electrophoresis profile of the amp#fion products of transgenic Canino
AT17-2, AT17-3, AT17-10, and Canino WT with pairveese and
forward nptll primer. The transgenic cultivar of olive showepasitive

fragment.

The PCR analysis showed that the fragment ohfté primers, was present
in transgenic Canino clone: AT17-2, AT17-3 and AT, but not in the Canino
WT (Figure 3.4.). Similar results were obtained floe transgenic plant of Canino
Eco15-5 forrolABC, in which it was found the stable integration loé tol genes in
shoots and stem of fresh plants after several ydansvitro culture

In Figure 3.5, it showed that the product of anmdifion in the tissues of
leaves and stems of transgenic plants Canino E6oThe products of amplification
of cDNA extracted from plant tissues of wild typaltovzar product is visible which
indicated there are no amplification product wikle tpair primersolA, rolB and
rolC.

A complete analysis of transgenic plants also weslthe evaluation of the
transgenic expression using standard moleculanigebs such as PCR (Rugiei
al. 1999; Rugini and Gutiérrez-Pesce 2006; Flachowskyal. 2008). This is
important due to major problems in most transforomatsystems, such as
regeneration of escapes and chimeric shoots thatgenauring transgenesis (Caboni
et al.2000; Ruginiet al. 1999)
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Caninawt CaninmlABC Blank

Leaves stem Leaves emst
rolA _ .
S 210 bp
rolB
330 bp
rolC
550 bp

Figure 3.5: Electrophoresis gel of DNA amplificatsoproducts of transgenic plants
Eco 15-5 and WT of Canino using specific primers A, rolB and
rolC. Lane 1-2: Canino WT; lane 3-4: transgenic Caniaoe 5: blank.

Although different studies on transgenic trees halescribed that the
instability of the insertion of alien genes, durithgin vitro subculture (Flachowsky
et al. 2008), in our cases the detection of the rol geafesr subcultures clearly
indicate that the insertion is stable. In fact #&R tests repeated many times did not

show dedifferentiation during all the period oftotdtionin vitro.

3.3 Identification arbuscular mycorrhiza

3.3.1 Morphological identification of arbuscular mycorrhi za

Three types of AMF native from Indonesia, named MR, and M3, were
identified by their morphological spore charactatian mainly based on the mean of
spore diameter distribution, spore colour, wallustiire and hypha attachment
(INVAM 2009; Schenk and Smith 1982; Schenk and Pet®887; Nicolson and
Schenk 1979; Bentivenga and Morton 1995). The olbsiens were done to a
hundred of spores of each of the three types of AMF
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The morphologic characters of the spores were decbone by one. The M1
spores had pale creamy pink colour with round alotbagely shape. Under light
pressure in the microscope and staining with Meleagent solution it was possible

to see the complete wall structure of 2-4 insefdarkyers wall (Figure 3.6).

Figure 3.6: Light microscope oGigaspora roseaa: Single spore with hypal
attachment (ha); b: spore wall (w) layer in PVL@&gent; c; d: crushed

spore in Melzer’s staining layer showed spore waillip structure.

As shown in Figure 3.7, the spore diameter siz&ibigion ranged from 180
to 270um with mean 227.2m. This size was included into the distributionndéter
class mentioned by Nicolson and Schenck (1979)Saténck and Perez (1987) for
the group ofGigasporaand mainly for the species @&. rosea The width of
subtending hype was between 22.54®m (mean 33.4um), and this value is

included in to the range size of the specieGigiaspora roseaewhich was reported
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by Schenck and Perez (1987), 24-36¢60, and by INVAM (2009), 32-4%um.

After the identification, M1 samples will be refed asGigaspora rose&erein after.

Number of 201
spores 15

160 180 200 220 240 260 280 300

Size class (um)

Figure 3.7: Distribution size diameter (um)@fbaspora roseapores

From the M3 spores observation we found that tlapslof these spores were
round and globosely, with cream pale light greelowo with spore size diameter
distribution between 170 to 28§0m, and mean 232,6m (Figure 3.8). This value
was included into to range size Gligaspora albida,mentioned by Schenck and
Smith (1982) and Schenck and Perez (1987).

Number of 201
spores 15|

160 180 200 220 240 260 280 300
Size class ( um)

Figure 3.8: Distribution size diameter (um) of §pores ofsigaspora albida.
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The M3 width of subtending hypha was between 23s#H8mean 30,6im),
which was included in to the distribution classG§aspora albidaas described by
Schenck and Perez (1987), and INVAM (2009).The nfagimn of the M3 spores
wall showed three layers: an outer, an inner agdreninal layer. After the reaction
with Melzer's reagent solutions the outer laminayelr did not showed strong
enough colour compared with the inner and germiangér, which turned to dark
purple (Figure 3.9). The outer wall was thinner atidker than inner layer. Under
light pressure is possible to see 2-3 layers of which inseparable (Figure 3.9).
After the morphological characterization the arlec mycorrhiza M3 will be
referred to assigaspora albidahereinafter.

Figure 3.9:Light microscope dbigaspora albida a: Single spores with bulbous
sporogenous cell (s). b: crushed spore in Melz&gming reaction, ol:
outer layer is lighter than inner layer and gerrhiager. c: wall layer in
PVLG. ol: outer layer, il: inner layer, gl: germidayer.
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The spores diameter size distribution of M2 samgkegure 3.10) ranged
between 90-18@m, and this value is included in to the range sizthe species of
Glomus intraradiceg(INVAM), From the M2 spores observation we foundhwv
white pale cream colour and round globosely shape.

Number of 201
spores 15,

@ Serie2

80 100 120 140 160 180 200

Size class (um)

Figure 3.10: Distribution size diameter (um)&bmus intraradicespores

As showed in Figure 3.11, the spores exhibitedhied layers, with the outer
layer less colour in Melzer’s reagent than othaygits. Moreover spore wall looked
to have a fragile structure. The outermost layeGlomus intraradicesvas always
degraded and decomposed naturally from the acfieni@oorganisms, and for this
reason it appears granular and may accumulate setmes (INVAM 2009). The
inner layer in Melzer's reagent showed darknesswothan the outer wall. This
layer forms simultaneously in the wall of the sulgieg hypha. Root formation
showed the vesicle, arbuscular form and spores. Abtle M2 hereinafter will be

referred to asslomus intraradices
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Figure 3.11: Microscope light dBlomus intraradicesa: Single spore with hypal

attachment (ha); b: crushed spore in Meltzer'snsigi reaction, ol:
outer layer is colourless than others layers. di lager in PVLG. ol:

outer layer, d: spore in root formation.

The three type of AMF showed different distributiohspore diameter size.
According to Seok Cheet al. (2006). The size of spores of AMF were very
distinctive. Their diameter may vary from dn, for Glomus tenueto more than
1,000um, for someScutellosporaspp. The spores can vary in colour from hyaline
(clear) to black and in surface texture from smawotthighly ornamentedGlomus
forms spores on the ends of hyphae andGigasporaforms of inner membranous
walls, germination shield a wall structure from wathithe germ tube can arise (Seok
Choet al.2006) and bulbous sporogenous cell (INVAM).

The experiment was carried out to analyse the codie of AM fungi from
Indonesia through investigation of physiological rptelogical characters and
molecular biological techniques. The result obtdirshowed the importance of
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exploring and exploiting the natural diversity oMAfungi, as a starting point to

formulate inoculants to be applied as inoculumdlieroptimized plant growth.

3.3.2 Molecular identification of arbuscular mycormiza

Molecular characterization of AM fungal spores wesformed by partial
SSU and ITS rDNA sequence analyses for both typespores morphologically
identified asGigaspora rosedM1) andGigaspora albidgM3).

SSU region amplification and sequencing
DNA extracts from single spores were amplified dliye using NS31/AM1
primer pair. Different concentrations of DNA extimgvere used. The result is shown

in the Figure below.

M 1 2 3 4 5 6 7 8 B 11 12 13 14 15

600 by
500 by

Figure 3.12: Electrophoresis profile @igaspora albidaPCR amplification products
using a pair of primer AM31 and NS1, PCR producinfr2.5 pl of
DNA extract obtained from each single spore exiwactiane 1-5), 1 pul
of DNA extract (6-10) and 1 pl of dilution 1:10 DN&xtract (11-15).

Figure 3.12. showed that the PCR product obtaindth va lower
concentration of DNA extract have a better qualiyan the ones at higher
concentration. For this reason 1 ul of dilutionQLDNA extract will be used in the

subsequent amplifications. This could be causedrége amounts of agents like
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sodium hydroxide, which were used in DNA extractimmocedures and strongly
inhibit TagDNA Polymerase.

The SSU region of botBigasporaisolates (M1 and M3) from single spores
was successfully amplified by using NS31/AM1 pringair. In samples of both
Gigasporaspecies, PCR products showed fragments with aadi@et 550 bp (Figure
3.13). Sequence analyses revealed that sequentes dize, which ranged between
545 and 546 bp.

Figure 3.13: Electrophoresis profile of PCR produdtom amplification of
Gigaspora albidglanel-5) andsigaspora rosedlane6-10).

All SSU sequences from single spores@fjaspora albidaand Gigaspora
roseashowed a high degree of similarity. From the aligntmof the SSU sequences,
both Gigasporaspeciesshowed 98% degree of similarity. Single spores floyth
Gigaspora albidaand Gigaspora roseacontained SSU sequences, which showed
differences in base substitution principally betw&80 bp to 390 bp, and 410 to 470
bp, respectively. Single base substitution werendoin all partial SSU rDNA
sequences

Partial SSU rDNA sequences obtained in this workewadigned, using the
Clustalw program from EMBL-EBI (Chennat al. 2003), with sequences of
Gigasporaceae available in GenBank. After alignnagpitylogram was generated by
TREECON for Windows software with the Neighbournlng method by using the
Kimura-2 parameter (van de Peer and De Watcher4d)19Bhe confidence of
branching was assessed using 1000 bootstrap raagspl
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Figure 3.14: Neighbour-joining phylogenetic tree ®igasporaceae, focusing on
Gigasporagenus, obtained from the alignment of partial SBOIA
sequences. Bootstrap values (out of 1000) are sindven they exceed
30%. Acaulospora scrobiculatavas used as outgroup. Sequences
obtained from M1 (GR sequences) and M3 (GA sequgnselates are
in bold.

Partial SSU rDNA sequences of the AMF (isolates Mfhd M3),
morphologically identified a$s. roseaand G. albidg respectively, formed three
clades (66, 87, 47 bootstap values), all contaiseguences of bot. albida (GA
sequences) an. rosea(GR sequences). GR43SSU and GR42SSU did notienter

the three clades, but were contained in the maideckontainings. roseaand G.
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albida sequences from GenBar®. giganteaG. margaritaandG. decipiensormed
separated branches.

ITS region amplification and sequencing.

G. roseaandG. albidaDNA extracts from single spores were amplified by
using a semi-nested protocol (ITS1F/ITS4-ITS1-ITi@#ners pairs) (Figure 3.15).
PCR reactions were performed on 5 single sporedbdtin Gigasporaspecies but

only PCR products from 3 single spores/species gavegh DNA for cloning.

M G. albida 1 G. albida 3

M G. albida 3 G. albida 5

500 by —— — — — D e e ———

G.roseal G.rosea 4

500 b[ —— — — — —— — — — ———

G. rosea 4 Gsea 5

Figure 3.15: Electrophoresis profile Gigaspora albidaspore 1G. albidaspore 3
G. albidaspore 5G. roseaspore 1 G. roseaspore 4 ands. rosea
spore 5 (clone 1/10) from PCR nested ITS colony P&Ruct.
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Figure 3.16: Neighbour-joining phylogenetic tree ®igasporaceae, focusing on
Gigaspora genus, obtained from the alignment of ITS sequence
Bootstrap values (out of 1000) are shown when tbegeed 30%.
Acaulospora denticulatavas used as outgroup. Sequences obtained

from M1 (GR sequences) and M3 (GA sequences) sokate in bold.
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Multiple sequences alignment &f. roseaand G. albida sequences showed
that the interspecif and intraspecific variation the ITS region was very high.
ITS1/ITS 4 semi-nested PCR produced fragments wiainged about 482 bp to 492
bp and 483 bp to 496 bp from spores@Gfalbidaand G. rosea,respectively. A
neighbour-joining phylogenetic analysis was perfednby using the alignment of
ITS sequences of Gigasporaceae from GenBank anddd&:nces from M1 and M3
isolates. A very high intraspecific variation wasumd also with ITS region and
sequences from clones of both species clusteriesgdthter. Two main clades,
containingG. roseaandG. albidasequences were obtain€l. margaritasequences
clustered in a separated clade (39% bootsti@p)giganteasequences formed a
separated branch (89% bootstrap) ingglaosedG. albidamain branch. Most ITS
sequences derived fro@. roseaspores (isolate M1) (12 out of 15) clustered i@ th
branch where most of th&. roseasequences derived from GenBank clustered.
HoweverG. roseasequences were present also in the cluster comgaih albida
sequences from GenBank. Sequences derived @omalbida (isolate M3) were
present in both the clades. A large heterogenedyg wresent in the ITS region
sequences also within the same single spore. Ttexoigeneity measured in this
study was so large that no one out of thirty seqeerfrom single spores &. albida
andG. roseawere identical. Identity degree between samplebheftwoGigaspora
morphotype was between 91-99 %. An high hetero@eoéil TS region within one
single spores was also reported by Sandgral (1995), Lloyd-Macgilpet al
(1996); Clappet al (1995) and Antoniollet al. (2000).

In conclusion SSU and ITS sequence analyses owedirthat the AMF
studied belonged to the gen@gyaspora,but our molecular data showed that it was
not possible to distinguish betwedBigaspora albida and Gigaspora rosea.
Moreover the ITS sequence analysis showed a vely degree of heterogeneity,
even if spore morphological analyses allowed tlatification of the two species on

the basis of spore size, hyphal wall layers andwol
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Table 3.1 Percentage identical sequence ITSighspora albidaas a compare with the sequences from the geneusami Blast program
(Zhanget al.2000), from the NCBI home page

Sequences AMF in this identification Sequences fdaa base Accession no from data Identity percentage compare with data
base base sequences
GA1lITS Gigaspora albida AF004703.1 93
GA12ITS Gigaspora albida AF004703.1 96
GA13ITS Gigaspora albida AF004703.1 97
GA15ITS Gigaspora albida AF004703.1 97
GA113ITS Gigaspora albida AF004703.1 97
GA3LITS Gigaspora albida AF004702.1 94
GA32ITS Gigaspora albida AF004703.1 95
GA39ITS Gigaspora albida AF004703.1 95
GA310ITS Gigaspora albida AF004703.1 96
GA312ITS Gigaspora albida AF004702.1 96
GALLITS Gigaspora albida AF004702.1 96
GAL4ITS Gigaspora albida AF004702.1 95
GA56ITS Gigaspora albida AF004702.1 95
GAB9ITS Gigaspora albida AF004703.1 98
GA510ITS Gigaspora albida AF004703.1 95




Table 3.2: Percentage identical sequence ITSigaspora roseas a compare with the sequences from the geneusamd Blast program
(Zhanget al.2000), from the NCBI home page.

Sequences AMF in this identification Sequences fdaa base Accession no from data Identity percentage compare with data
base base sequences
GR11ITS Gigaspora rosea AJ410747.1 97
GR12ITS Gigaspora rosea AJ410746.1 96
GR16ITS Gigaspora rosea AJ504639.1 97
GR17ITS Gigaspora rosea AJ504639.1 95
GR18ITS Gigaspora rosea AJ410743.1 98
GRA41ITS Gigaspora rosea AJ410748.1 100
GR42ITS Gigaspora rosea AJ410749.1 99
GR44ITS Gigaspora rosea AJ504639.1 94
GR46ITS Gigaspora rosea AJ504639.1 94
GR410ITS Gigaspora rosea AJ410749.1 98
GR51ITS Gigaspora rosea AJ504639.1 97
GR53ITS Gigaspora rosea AJ504639.1 94
GR54ITS Gigaspora rosea AF004699.1 98
GR514ITS Gigaspora rosea AJ504639.1 97
GR512ITS Gigaspora rosea AJ410743.1 99
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Restriction Analysis of PCR amplified ITS rDNA

Both of Gigasporaspecies were analysed comparing the restrictiognfesnt
lengths of the PCR amplified ITS rDNA using the swmllar weight marker 1 kb.
Figure 3.17 and 3.18 showed the restriction pattgenerated with the enzyrivibol

for G. albidaandG. rosea.

Table. 3.3: Lengths of restriction fragments of IPER products from arbuscular
mycorrhiza

The range Number of Variant of
fragment length(s) fragment fragment
AMF (bp)
Gigaspora albida 1 89+2 3 4
169+1
194+2
Gigaspora albida 3 88+2 3 4
16911
6+3

Gigaspora albida 5 92+2 3 4
168+1
19742

Gigaspora rosea 1 92+1 3 4
168+1
195+3

Gigaspora rosea 3 91+3 3 5
168+1
198+3

Gigaspora rosea 5 91+2 3 3
168+1
1963
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Figure 3.17: Restriction fragment patterns of IT&Mments from 3 single spore of
Gigaspora albidaColony PCR products were digested with the enzyme

mboland run on a 2%agarose gel, Lane M, molecularsa&er.
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Figure 3.18: Restriction fragment patterns of IT&ments from 3 single spore of
Gigaspora roseaColony PCR products were digested with the enzyme
mboland run on a 2% agarose gel, Lane M, molecularmiarker.

Restriction fragment length polymorphism (T-RFLPRksis is a polymerase
chain reaction (PCR)-fingerprinting method thatt@mmonly used for comparative
microbial community analysis. The method is ragigjhly reproducible, and often

yields a higher number of operational taxonomidautiian other The method can be
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used to analyze communities of bacteria, fungi,eotiphylogenetic groups or
subgroups (Thies 2007).

ITS PCR products from single spores were analyseRFL_P, usingMbol as
restricion enzyme. The RFLP analysis was not cieffit to distinguish
morphospecies of th&igasporatested. The restriction pattern calculated on the
sequences did not show significant differences betwhestudied species (Table 3.3)
But the pattern of the fragments generated withetimeymeMbol was different from
what was expected, because there were variant bamtierent amplification of the
same DNA extract as shown in Figure 3.17 and @iil8 a fragment ranged from 90
to 200 bp. Redeckeat al. (1997) reported that the patterns of fragment geaeerated
with the enzymeMbol is the same fo6s. albidaandG. roseawith fragments of size
100, 175 and 200 bp. These results are quite sitoilevhat we have obtained; in fact
both Gigasporaspecies showed 3 restriction fragments with aeaige of about 90,
168 and 197 bp.

3.4  Micropropagation of olive

Micropropagation is a technique of increasing inigoce for the mass
multiplication of quality and disease free plantstany commercial crops. Today
vitro reproduction of olive which is one of the most orant fruit trees in the
Mediterranean area is still in progressjrspme experiments have been carried out in
order to in attempt to improve the quality and sheg the production of

micropropagated olivi vitro;

3.4.1 Effect dikegulac in micropropagation of olive

As shown in the Table 3.4 the cvs Canino, Franémd Moraiolo showed an
increased of shoot proliferation. Media supplemeéntéh dikegulac at concentration
of 66.7uM was gave the best result because it showed higlmaber of shoots and
nodes without reducing shoot length. The higheshlmer of shoots was obtained at
dikegulac concentration of 100uM, with more than four shoots per explants but with
a severe reduction in length. Increasing dikegwancentration up to 133.4 uM

58



resulted in a considerable reduction of the nunddeshoots as well as nodes per

explant.

Table 3.4: Effect of dikegulac concentrations oodhproliferation, shoot length and
total nodes per explant after a 40-day culture mhifpration media (ROM,
with 0.45 zeatin and 3.6% mannitol and 0.7% plaairasupplemented with

different concentrations of dikegulac.

Cultivar Concentration | Number Length of Number nodes | Survival
of dikegulac Shoots per shoots (cm)| per explants (%)
(UM) explant
Canino 0.0 14+0.11cd] 5.0+0.34a 4.9+0.32b| 100a
16.9 1.7+0.15bc| 5.6+0.38a 5.2+0.27b 100a
33.8 2.2+0.16bc| 55+0.29a 10.1+0.524 a100
66.7 2.5+0.19b 44+0.35a 9.9+0.74a 100a
100.5 4.4 +0.45a 24+0.21b 10.0+0.58a 100a
1334 1.0+0.13d 15+£0.38p 2.1+0.31c 55 H3.5
Frantoio 0.0 1.3+0.11cd] 4.8+0.35a 4.8+0.26d| 00al
16.9 1.6 +0.17c 5.2+0.26a 6.5+0.60cd 100a
33.8 2.2+0.17b 59+040a 7.4+0.58bc 100a
66.7 2.7 £0.24b 49+0.23a 8.9+0.66a 100a
100.5 4.7 £0.35a 2.2+0.21b 10.0+0.60a 100a
1334 1.0+0.12d 2.3+0.40bh 1.0+0.09e 50 H3.3
Moraiolo 0.0 1.7 £0.09c 3.8+0.33a 3.6 +0.33bc| 004
16.9 2.1+0.18bc| 45+0.24a 6.0 +0.66ab 100a
33.8 2.7+0.28bc| 4.8+0.41a 6.8+0.80a 100a
66.7 3.1 £0.26b 41+0.23a 7.2+0.64a 100a
100.5 4.2 £ 0.46a 3.1+£041b 8.6+1.10a 100a
1334 41.0+0.11d 3.2+045b 1.1+0.11c 404b3
Rosciola 0.0 1.8 +0.22a 42+041a 4.6+0.27a 0alo
16.9 14+0.11ab| 1.9+0.26b 3.2+0.13b 100a
33.8 1.0+0.17b 15+£0.21¢ 0+£0.10c 60 +2.9pb
66.7 1.0+0.11b 1.0+0.09d 1.0+0.07cd 40 2.6
100.5 1.0 +0.09b 0.8+0.09d 1.0 +0.05cd 255€2.
1334 0.0 £0.0c 0.0 £0.0d 0.0 £0.0d Oc
Piantone di | 0.0 1.7 £ 0.26a 40+040a 2.6+0.26a 100a
moiano 16.9 2.0+ 0.26a 4.1+0.60a 2.0+0.15a 100a
33.8 1.4+0.16a 2.7+0.50b1.4 +0.71b 100a
66.7 1.0+0.17b 25+0.650 1.4+0.45b 50 +2.3
100.5 1.0+0.13b 1.0+£0.75 1.0+ 0.09b 40 2.6
1334 1.0+ 0.10b 1.0+£0.11 1.0 £0.05b 20 £2.1
Note: Data represent means values with differetteds within a column and a

cultivar, indicate significant differences (P 0.05)
Supplying dikegulac to Rosciola and Piantone did@ioi had almost no effect

or a negative effect on shoot formation and at entration above 33.8 UM explant

survival was reduced. The combination of zeatin dik@égulac has shown a further
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improvement in shoot multiplication of the cultisaanalysed in this experiment. The
effect of dikegulac in apical dominance reductidffeds in various olive cultivars and
the optimum concentration needs to be determinedsoh cultivar.

Dikegulac reduces apical dominance and promotesralatbranching and
lower-bud formation in some plants (Bociehal. 1975; Sachst al. 1975; Norciniet
al. 1994; Dast al. 2006). Dikegulac was also tested in field-grownltadlives for its
capacity to increase fruit set as a result of #mporary plant growth reduction, and
increase in the number of short shoots (Rugini Badnelli 1993). The effect of
dikegulac in apical dominance reduction differsviarious olive cultivars and the
optimum concentration needs to be determined fon ealtivar. The use of dikegulac
may contribute to an improvement of the olive clopaopagation from nodal

segments.

3.4.2 Effect of three different light conditions in the development of roots for

the cv Caninowt and transgenicrolABC Canino

The light influence on the rooting performance of €anino WT and
transgenic CaninmIABC eco15-5 during the rooting phase was recorded.

Figure 4.19: Effect of light incubation in numbérroots Canino WT and transgenic

CaninorolABC Eco15-5 inin vitro culture
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The rooting plants were put in the rooting mediuopmemented with

Putrescine and IBA, in three different light comiit L1 plants put in dark for four

days and transferred to the light in growth chamh&r plants were always in

complete darkness from the beginning of rootingsphand L3 plants were always in

the light during all rooting process.

As shown in Table 3.5 the results gave a signific@ot number with the

transgenic cv CaninmlABC, the highest number of roots than other treatmemd,

the best result for root length was reached withi@aWT.

Table 3.5: Effect of the light condition treatmemts rooting induction inn vitro

grown plants of olive. The temperature under thiedtirials was maintained

constant value of 25+1 °C.

Culture condition % Number of root Root length mm
rooting

dark for initial 4 days and than
light
Canino wild type 100 2470.38" 16.5+0.77°
CaninorolABC 80 4.20.80° 5.6+0.90b "
dark treatment
Canino wild type 80 2.3+ 0.38" 1.98+0.77°
CaninorolABC 100 2.60.80™ 3.920.90"
light treatment
Canino wild type 100 2.0+ 0.38" 4.97+0.77°
CaninorolABC 100 3.60.80™ 4.3+0.90"

Note:  Different letter indicate statistically difent values per P=0.05 for each

parameter.
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Figure 3.20, demonstrated L1 treatment showed roegtailts for number of
roots compared to L2, and L3 treatments, with regméative means of 2.74, 2.25 and
2 for Canino WT respectively and 4.2, 2.,6 andf8r6Canino transgenimlABC Eco
15-5 respectively. As shown in Figure 3.21, thetrtength showed significant
different results for the 3 different light treatnte in the two type olive cultivars. The
Canino WT under L1 treatment gave the longest ramspared with the other
treatments and transgenic Canino of the root wotigést root compare with other

treatment and Canino transgenic.
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Figure 3.20: Effect of light culture conditions nomber of roots t of Canino WT and
transgenic CaninoolABC Eco15-5 inin vitro culture. . L1: incubated in
4 days dark than to light until the end of rootipbase, L2: always
maintained in the dark. L3: always was maintaimethe light. Different

letters indicate statistically different values per0.05.
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Figure 3.21: Effect of the light culture conditi@m root length of Canino WT and
transgenic CaninmlABC Eco15-5 inin vitro culture. L1: incubated in 4
days dark than to light until the end of rootingapl, L2: always
maintained in the dark. L3: always was maintaimethe light. Different

letters indicate statistically different values per0.05.

According to Rugini and Fedeli (1999) and Rugstial. (1987) adventitious
root induction in olive is mainly depended on thHea quality and environment.
Rugini also suggested that the initial dark cooditiluring the rooting phase caused an
increase in rooting and rooting growth. The resilthe two olive cultivars reported
here, which showed the best rooting number andhemgder 4 days in dark, was used
as the rooting procedure for the screening of AMF.
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3.4.3 Multiplication and rooting in vitro.

For screening AMF on micropropagated olive plangs,cultivar were
micropropagated for 40 days in agar solified mediaomtaining Olive Medium (OM)
macro, microelements and vitamins (Rugini 1984ppéemented with filter sterilized
zeatin after autoclaving. For each 500 ml jar coimig 70 ml of medium were planted
8-10 explants (Figure 3.22)

Figure 3.22: Micropropagation olive plant of cv Malo (left) and and cv Canino
(right)

The micropropagation olive has been done sevarastiuntil the number of
explants was enough for the screening with AMFeAthe multiplication, explants
were transferred to rooting medium enriched wititiréacine 160 mg/l and IBA
0.4mg/I (Figure 3.23).
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Figure 3.23: Unrooted and rooted olive plant a#feidays, in stage 2 -4 node.

During the work on micropropagation, we observbkdt tdifferent types of
bottle jars induced different growth habits. Wheeyt were cultivated in jars with a
black lid, plants showed lower shoot branching odes than those grown in jars
having the transparent lid. The number of shootgles and plant height presented
here were recorded after 40 days of culture, frerres plants from each of type per

jar.

Table 3.6: Effect of lid jar type on shoot, lengifd nodes per explant after 40 days of

subculture
Cultivar Type of Lid | Height Nodes per | Number
explants | of shoots
Canino Transparent 5.3£0.67b | 7.1+1.21c| 4.1+2.79
Black 7.1+0.70a| 7.4+0.98h 1.0£1.29
CaninorolABC Transparent| 6.7£2.44b | 10.7+1.98a2.9+1.35
Black 7.4+0.48a| 8.9+0.69h 1.3+1.60

Note: Different letter indicate statistically difent values per P=0.05 for each

parameter
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Different lids influenced the different quantity @ght that enters into the
bottle. We observed that the explants, which gnevjais with transparent lid, were
healthy with high proliferation rate for both cuhrs, but showed an opposite
development for shoot height. Regarding shoot hetge highest result were showed
by cv Canino transgenic followed by Canino WT, whiwere put in the dark lid
(Figure 3.24.).

Figure 3.24: Lid jar effect on growth habit in @iwnderin vitro conditions. Arrow
indicated a shoot branches in the nodes.

Light is a fundamental clue in life plants, playiagcrucial role directly and
directly in the regulation of plant development agrdwth (Morini and Muleo 2003).
It is as well an important source of energy usedyi®en plants for their four main
mechanisms: photosynthesis, photomorphogenesisopdriodism and phototropism
(Aphalo 2006; Morini and Muleo 2003).
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Photosynthesis is the essential process in whahtglconvert light energy into
chemical energy in the form of organic moleculesms of which also serve as
building blocks for plant structure. Photomorphoggn is the effect of light intensity
and quality on plant growth and development, likerngnation and leaf, stem
development. Some plants need a lot of light tongeaite from their seeds. Lack of
sufficient light in this process can often alsoutes plants that are lacking in normal
colour due to a lack of chlorophyll being produc@tle other category, which effect
on the relative length of the daily light/dark metimainly on flowering, is called
photoperiodism. The last one are phototropism esdinectional growth of plant parts
(leaves, stems, roots) in which the direction aideg is determined by the direction
of the light source.

In our study we found that light quantity effectéd development of shoots,
length of shoots and nodes, therefore, light is oheritical factor that affects the
developmental processes within plaimsvitro culture beside plant material, nutrient

and another room culture factor.

3.5 Effect of arbuscular mycorrhiza on micropropagaed olive

Four different type AMF: M1, M2, M3 and M4 all neé to Indonesia were
used to study the influence of this symbiotic oivedmicropropagated plants cultivar
Moraiolo, Canino and three different transgengmotin Canino (clones AT17-2,
Atl7-3, and Atl17-10) which were more resistantuodi, and transgenic foplABC
Canino, which reduce growth and increase rootinmplogity. Observations have been
made to plant height, number of leaves, root volame shoot volume, leaf area and
chlorophyll content on the leaves. Data were amalystatistically using the R
program.In vitro rooted plantlets were cleaned from the agar mawdthtransferred to
a sterile pot containing mixed sand and soil (b$)volume and inoculated with
different type of AMF in order to evaluate thisexft on plant survival and growth.

After 4 weeks, the percentage of survival rangecthfd0% t0100% (Fig. 4.23).
The survival varied according to type of AMF andtigar of olive. The lowest
survival was observed among transgenic plants.sedms that AMF helped the
plantlets to resist the environmental stress dutmagsplanting them from axenic

conditions to normal cultivation in pots.
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The survival of plants are an important factor past vitro establishment of
micropropagated plants, since the most criticgb $te micropropagation process is
transfer ofin vitro plantlets toex vitro condition. Our result confirmed what was
reported before by several authors on the otheromiopagated species, such as apple
and plum (Fortuneet al. 1996), artichoke (Morone Fortunatef al., 2005) and
Origanum (Morone Fortunato and Avato, 2008).

It is well known that the natural growth and deypghent depend on formation
of arbuscular fungi in many woody plants and trdéerefore inoculations with AMF
may help to overcome problems associated with mprofmagation of woody and fruit

trees as stated by Taylor and Harrier (2003).
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Figure 3.25: Survival rate (%) of olive plant aftérweeks acclimatization stage;

different letter indicate statistically differentluas per P= 0.05

The growth development of olive plantlet cv Morai@nd Canino wt which
treated with AMF showed higher length of shoot anchber leaves (Figure 3.26) than
untreated with AMF.
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Figure 3.26: The length of shoots and number ofdsaof Canino and Moraiolo
plants, with different application of arbuscular coyrhiza (M1, M2, M3,

M4) in comparison with untreated (K).

The plants have been potted to poor substrate (@seapof soil and sand as
1:1 volume) for 15 months, in the attempt of evahgbetter all the effect of AMF to
olive cultivars considering the adverse conditioatedmined by this substrate
composition. In fact, all the plantlets grew vetgvdy, but those treated with AMF
had better adaptation which showing better grovethetbpment than non inoculated
plant, although several plants were lost, mainlg thuthe improper substrate. After 15
months, when the plantlets were transferred td fidis with a suitable substrate, they
grew quickly.

The olive plant, treated and not-treated with AMihowed differences on
growth development than untreated ones, liked sdawenmicropropagated Moraiolo
(Figure 3.27.) and Canino (Figure 3.28), which weeated with different types of
AMF.
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Figure 3.27: Moraiolo plants, with different applion of arbuscular mycorrhiza (M1,
M2, M3, M4) in comparison with untreated (K).

Figure 3.28: Canino plants with different applioatiof arbuscular mycorrhiza (M1,

M2, M3, M4) in comparison with control.
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The percentage of roots colonized of all type AM#fied from 3.4 to 70.9 %
according to type of AMF and olive cultivar. Theghest colonization was observed in
cv Canino WT with AMF M4. (Table 3.6). These resutbnfirm what was reported
by Calventeet al. (2004) in others cultivars of olive plantlets wither type of AMF;
in fact they observed big variation of colonizatiancording not only with olive
cultivar but also with different type of AMF.

Our result showed that both cv Canino treated WikhF resulted in higher
growth development compared with the correspondiiagsgenic olive plants. The
application of AMF increased shoot length for abbi®-2 times according to cultivar,
however less than the length reported by Beteal (2007), which observed 3 fold
increase. Our results are similar to those repdoiedalventeet al (2004) in olive
plantlets cv Leccino, where they observed smalfetthce between control and
treated plants with mycorrhiza. In addition, thegted that the isolate of native AMF
were more effective in improving growth of bothwaicv Leccino and Arbequina

plantlets than isolate not native.
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Table 3.7: Data Average + SE, of the root shoahrereight, root length (cm), shoot

(cm) and root, shoot volume (nijrand % of root colonized.

Cultivar AMF | weight (g) |root (cm) | shoot (cm) |root (mm3) shoot (mm3) | %AM
Canino AT17-3 [ MO 2.0£0.2 24+1.4 14.52.1 2226.6346.9 2207.8+4906 |0

M1 5.543.6 30£9.9 28.5+10.6 3189.1+1040.8 4906.3+1387.7 10.8

M2 3.610.6 3245.7 20.52.1 2698.4+346.9 3434.4+693.8 59

M3 2.910.1 20.5:0.7 14.843.2 2453.1+0.00 35574573 19,0

M4 6.0:0.8 30£2.8 20.8+2.1 3189.1+346.9 6132.8+1040.8 |[3,7
Canino AT17-2 MO - - - - - -

M1 3.7£1.8 26.7+2.1 18.7+29 1390.1+141.6 1962.5:89 12,1

M2 |80+24 33:8.2 29.0¢1.7 2043.7+1982.8 | 3761.46:849.8 | 9

M3 4.120.6 32+15.9 22.0%5.2 2126.0+861.5 21288R:3 19,0

M4 6.4£1.5 36.7+1.1 | 30.4+2.4 2671.2+249.8 4633.74377.7 3,7
Canino AT17-10 | MO - - - - - -

M1 42+1.1 31.5+2.1 26.53.5 2453.1+2081.5 3432387.7 11,5

M2 - - - - - -

M3 - - - - - -

M4 4.4£1.1 38.5:2.1 26.53.5 3434.3+2081.5 3925387.7 34
Caninorol ABC MO - - - - - -

M1 - - - - - -

M2 1.8+0.8 26.045.7 23.8+1.8 1471.9+1387.7 257584 8,8

M3 1.2+2.0 22.0¢12.0 | 225%2.1 490.63+2775.4 2BRH .7 11,8

M4 5.30.3 35:0.7 24+1.4 4906.3+0.00 3925.0£346.9 | 16,5
Canino MO 6.91%3.2 32.84.0 23.3x10.3 7031.5+2660.4 6682122.1 0

M1 11.65+2.7 |42.5¢6.3 |35.6:8.2 11052+3133.7 12327.3t5085.2 | 14,6

M2 15.52+4.4 | 39.5+26.6a | 38.5:221.5 |11618.8+22327.0 |11760.5+23370.1 | 10,6

M3 11.0043.6 40.5£6.1 22.0£10.7 10060.2+2870.1| 100@+3703.3 20

M4 10.98+4.5 28.915.5 33.7¢17.2 9351.7+1891.9 3618:4614.4 70.9
Moraiolo MO 5.8+1.2b 28.4%15 20.4%6 5526+1852.9¢ 5148.2+662 0

M1 14.3+4.9 36.3t3.5 42.3+10.6 15491.7+6445.6| 18892.3+6926.0 | 13,8

M2 17.34.8 32.2¢35 38.7£17 15491.7+2852.7 15A8A111.4 10,9

M3 15.8+2.4 38.04 40.7+10.6 12846.8+1308.9 15869.6+2267.1 16.1

M4 16.1+1.8 31.3t4.2 |[45.0+1 19648.0+4719.3 | 18514.5+2359.7 22,1

The leaf area was always superior in leaves cedefiiom treated plants with
AMF. However, the difference varied according tlipet of AMF (Table 3.8). This

increase is probably due to the improvement ofntivgeral nutritional status, mainly

phosphorus, as reported by Nagaratehal. (2007) in sunflower leaves,by Wu and
Xia (2006) in trifoliate orange and by Johnson @)9@ citrus.
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Table 3.8: Mean leaf area of plants treated wibuscular mycorrhiza

Cultivar AMF leaf area (mm2)
Canino MO 147,08
M1 167,98
M2 234,76
M3 223,42
M4 253,49
Moraiolo MO 187,51
M1 248,67
M2 233,86
M3 207,44
M4 270,12
Canino Eco15-5 M1 75,19
M3 100,79
M4 98,36
Canino AT17-2 M1 156,88
M2 167,31
M3 125,98
M4 156,88
Canino AT17-3 MO 114,47
M1 187,56
M2 134,02
M3 139,61
M4 138,17
Canino AT17-10 M1 160,8%
M4 142,53

Note: Different letter for each group of cultivandicate statistically

different values per P=0.05

The total chlorophyll content (Table 3.9) was gatigrhigher in treated plants
with mycorrhiza, although not all the results résdl statistically significantly, in
leaves collected from plants treated with AMF. Sowagiations were registered
between in chlorophyll type (A and B) content intimars and type of AMF. Our data
confirmed that AMF improved the nutrition processesl support higher chlorophyll

content, similar like reported by (Paradis 1995).
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Table 3.9: Mean of chlorophyll A, chlorophyll B ardtal chlorophyll content in
leaves of olive plant after application with arbuise mycorrhiza.

CuEne aad ﬁ;&%ﬂﬂ 6veight) ﬁ;&%ﬂﬂ Eveight) (Trrc:;a/g?rzzlgaov?/ggljlht)
Canino MO |115™ 1,50 2,61
Canino M1 2,19° 3,38° 5,572
Canino M2 2,76° 1,55° 4,32°
Canino M3 1,64 1,86° 3,50°
Canino M4 1,79° 2,77 4,56
Moraiolo MO 1,43 1,85° 3,27°
Moraiolo M1 2,64° 4,83 7,47
Moraiolo M2 2,74 3,50 6,24°
Moraiolo M3 2,8C° 3,56% 6,36"
Moraiolo M4 2,40 3,12% 5,52°
Canino Ecol5-5 M2 1,19 3,57 4,76™
Canino Ecol5 M3 1,35 1,95™ 3,30™
Canino Ecol5 M4 1,38 2,03™ 3,41™
Canino AT17-2 M1 1,7% 2,34™ 4,09™
Canino AT17-2 M2 1,49 2,17 3,66™
Canino AT17-2 M3 1,38° 1,94 3,30™
Canino AT17-2 M4 1,08° 293" 4,74
Canino AT17-3 M1 1,48 2,27° 3,76
Canino AT17-3 M2 2,08 2,077 4,12°
Canino AT17-3 M3 1,38 1,52 2,90°
Canino AT17-3 M4 1,09 1,32° 2,40°
Canino AT17-10 M1 1,78 1,97 3,23™
Canino AT17-10 M4 1,22 2,03™ 3,25™
Note: Different letter for each group of cultiviadicate statistically different values
per P=0.05
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IV. CONCLUSIONS

This study demonstrated that AMF, developed inedéht areas, could be beneficial
also for other native olive plants. Although it Haeen tried to obtain AM b vitro
technique by using transgenic roots, it was notsipts due to the high level of
microbial contamination. Therefore the traditionathods by using sorghum as host
plant with pot culture technique has been used witbcess. In addition, the AMF
were analysed through the investigation of morphicll and physiological
characters, as well as molecular analysis. The eutde study did not allow us to
distinguish betweerGigaspor. albidaand G. rosea,while morphological analysis
allowed us to separated between them

It has also been demonstrated that transgenic plargs used for experiments
(osmotin androlABC Canino) maintained the transgenic gene after sewears of
cultivation in vitro. This is essential for demonstrating the validdf genetic
transformation for the improvement of the transgeive plantin vitro.

Olive micropropagation used for the experiment &las been improved, both
in proliferation and rooting. Dikegulac increaseldoat proliferation of olive by
decreasing apical dominance. The study on lightqyesiod has been conducted of
both olive cultivars, and it gave important inforioa about the light culture condition
for bothwild typeand transgenic Canino cultivar to increase rocéibigjty. Four days
in the dark and then in the light until the endadting phase was the best conditions
which allowed high rooting ability of olive shoots

The positive effect of AMF native from Indonesia tre survival rate and
growth of olive plant inpost vitro has been observed. The results showed that
responsiveness degrees of AMF inoculants not oaty according to olive cultivar
but also on the type of AMF. Inoculated non tramsg@lants showed higher response
to AMF in root colonization than both transgeniovelplants (osmotin antblABC).
The plant growth achieved through the applicatibrABIF might was due to their
capability of increasing plant nutrient uptake. da@tion with AMF appears to
become essential for the survival and growth ofraicopagated olive plants.

Due to the results of AMF to micropropagated olplants it is necessary to

develop the method with others factors such as anedmposition, nutrition, and
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inoculums quality of AMF and as well with a morepagpriate substrate and
technique of cultivation, higher number of plaate to be parameters observe. It is
also important to study the effect of AMF nativeltaly area and compare it with its
development in different areas.

The results obtained in this study showed the inamae of exploring and
exploiting the natural diversity of AMF as a stagipoint to formulate inoculants to

be applied as inoculums to in an attempt to plaoivih.
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V. ATTACHMENT

Attachment 1. FASTA format of SSU sequence

>GA11SSU

TGTTTCCCGT AAGGCGCCGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGT CGGCATAGT TTA
TGGTTAAGACTACGACGGTATCTGATCGT CTTCGATCCCCTAACT TTCGT TCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGTCTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCAT TACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTGCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGTCCTGGT TTCCCACCACGCTAAAT TAATAACAT GACGGT TCCCCAGAAGGTAGAAATTCCACACG
CTAGT ACAGACAAT TGCCCGACCAACGGT AGAACCCCGAAAT TCAACTACGAGCT TTTTAACT GCAACA
ACTTTAATATACGCTATTGGAGCT GGAAT TACCGCGGCT GCTGGCACCAGACT TGCCCTCCAA
>GA13SSU

TGTTTCCOGT AAGGCGCCGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGT CGGCATAGT TTA
TGGT TAAGACTACGACGGTATCTGATCGT CTTCGATCCCCTAACT TTCGT TCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCT CTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCAT TACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTGCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGTCCTGGT TTCCCACCACGCTAAAT TAATAACAT GAT GGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGT ACAGACAAT TGCCT GACCAACGGT AGAACCCCGAAAT TTAACTACGAGCT TTTTAACT GCAACA
ACTTTAACATACGCTATTGGAGCT GGAAT TACCGCGGCT GCTGGCACCAGACT TGCCCTCCAA
>GA14SSU

TGTTTCCOGT AAGGCGCCGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGTCGGCATAGT TTA
TGGTTAAGACTACGACGGTATCTGATCGT CTTCGATCCCCTAACT TTCGTTCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCT CTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCAT TACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTGCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGTCCTGGT TTCCCACCACGCTAAAT TAATAACAT GAT GGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGTACAGACAAT TGCCT GACCAACGGTAGAACCCCGAAAT TCAACTACGAGCT TTTTAACT GCAACA
ACTTTAATATACGCTATTGGAGCT GGAAT TACCGCGGCT GCTGGCACCAGACT TGCCCTCCAA
>GA31SSU

TGTTTCCOGT AAGGCGCCGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGT CGGCATAGT TTA
TGGTTAAGACTACGACGGTATCTGATCGT CTTCGATCCCCTAACT TTCGTTCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGTCTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCAT TACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCT GCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGTCCTGGT TTCCCACCACGCTAAAT TAATAACAT GATAGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGTACAAACAAT TGCCCGACCAACGGTAGAACCCCGAAAT TCAACTACGAGCT TTTTAACT GCAACA
ACTTTAATATACGCTATTGGAGCT GGAAT TACCGCGGCT GCTGGCACCAGACT TGCCCTCCAA
>GA32SSU

TGTTTCCCGT AAGGCGCCGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGT CGGCATAGT TTA
TGGTTAAGACTACGACGGTATCTGATCGT CTTCGATCCCCTAACT TTCGTTCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGTCTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCAT TACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCT GCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGTCCTGGT TTCCCACCACGCTAAAT TAATAACAT GAT GGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGTACAGACAAT TGCCT GACCAACGGTAGAACCCCGAAAT TCAACTACGAGCT TTTTAACT GCAACA
ACTTTAATATACGCTAT TGGAGCT GGAAT TACCGCGGCT GCTGGCACCAGACT TGCCCTCCAA
>GA33SSU

TGTTTCCCGT AAGGCGT CGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGT CGGCATAGT TTA
TGGT TAAGACTACGACGGTATCTGATCGT CTTCGATCCCCTAACT TTCGT TCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGTCTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCAT TACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTGCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGTCCTGGT TTCCCACCACGCTAAAT TAATAACAT GACGGT TCCCCAGAAGGTAGAAATTCCACACG
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CTAGTACAGACAAT TGCCCGACCAACGGT AGAACCCCGAAATTCAACTACGAGCT TTTTAACTGCAACA
ACTTTAATATACGCTATTGGAGCT GGAATTACCGCGGECT GCTGGECACCAGACT TGCCCTCCAA
>GA51SSU

TGT TTCCCGT AAGGCGCCGAACGAGT CAAGAAAAATTAACATCGT CCGATCCCTAGI CGGCATAGI TTA
TGGTTAAGACTACGACCGTATCTGATCGTI CTTCGATCCCCTAACTTTCGT TCTTGATTAATGAAAACAT
CCTTGGECAAATGCTTTCGCAGAAGT TAGT CTTCAATAAAT CCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACAGT GATTCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTCCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACGCTAAATTAATAACAT GATAGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGTACAGACAATTGCCCGACT AATGGTAGAACCCCGAAATTCAACTACGAGCT TTTTAACTGCAACA
ACTTTAATATACGCTATTGGAGCT GGAATTACCGCGGECT GCTGGECACCAGACT TGCCCTCCAA
>GA52SSU

TGT TTCCCGT AAGGCGCCGAACGAGT CAAGAAAAATTAACATCGT CCGATCCCTAGI CGGCATAGI TTA
TGGTTAAGACTACGACCGTATCTGATCGT CTTCGATCCCCTAACTTTCGT TCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GATTCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTGCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACGCTAAATTAATAACAT GATGGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGTACAGACAATTGCCT GACCAACGGTAGAACCCCGAAATTCAACTACGAGCTTTTTAACTGCAACA
ACTTTAATATACCCTAT TGGAGCT GGAAT TACCGCGGECT GCTGGCACCAGACT TGCCCTCCAA
>GA53SSU

TGTTTCCCGTAAGGCGCCGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGT CGGCATAGI TTA
TGGTTAAGACTACGACCGTATCTGATCGTI CTTCGATCCCCTAACTTTCGT TCTTGATTAATGAAAACAT
CCTTGGCAAATGCCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTGCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACGCTAAATTAATAACAT GACGGT TCCCCAGAAGGTAGAAATTCCACACG
CTAGTACAGACAATTGCCCGACCAACGGTAGAACCCCGAAATTCAACTACGAGCTTTTTAACTGCAACA
ACTTTAATATACCCTAT TGGAGCT GGAAT TACCGCGGECT GCTGGCACCAGACT TGCCCTCCAA
>GR14SSU

TGTTTCCCGTAAGGCGCCGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGT CGGCATAGI TTA
TGGTTAAGACTACGACGGTATCTGATCGTCTTCGATCCCCTAACTTTCGI TCTTGATTAATGAAAACAT
CCTTGGCAAATGCCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTCCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACCCTAAATTAATAACATGATAGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGTACAGACAAT TGCCCGACCAATGGT AGAACCCCGAAATTCAACTACGAGCT TTTTAACTGCAACA
ACTTTAATATACCCTAT TGGAGCT GGAAT TACCGCGGCT GCTGGCACCAGACT TGCCCTCCAA
>GR15SSU

TGT TTCCCGT AAGGCGCCGAACGAGT CAAGAAAAATTAACATCGT CCGATCCCTAGI CGGCATAGI TTA
TGGTTAAGACTACGACGGTATCTGATCGTCTTCGATCCCCTAACTTTCGI TCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGT CTTCAATAAAT CCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATCCTAATGTATTCAGACGTAAGCCTCCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACGCTAAATTAATAACAT GATGGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGTACAGACAAT TGCCT GACCAACGGT AGAACCCCGAAATTCAACTACGAGCTTTTTAACTGCAACA
ACTTTAATATACGCTATTGGAGCT GGAATTACCGCGGECT GCTGGECACCAGACT TGCCCTCCAA
>GR16SSU

TGT TTCCCGT AAGGCGCCGAACGAGT CAAGAAAAATTAACATCGT CCGATCCCTAGI CGGCATAGI TTA
TGGTTAAGACTACGACCGTATCTGATCGI CTTCGATCCCCTAACTTTCGT TCTTGATTAATGAAAACAT
CCTTGGECAAATGCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GATTCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATCCTAATGTATTCAGACGTAAGCCTCCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACGCTAAATTAATAACAT GACGGT TCCCCAGAAGGTAGAAATTCCACACG
CTAGTACAGACAATTGCCCGACCAACGGTAGAACCCCGAAATTCAACTACGAGCTTTTTAACTGCAACA
ACTTTAATATACGCTATTGGAGCT GGAATTACCGCGGECT GCTGECACCAGACT TGCCCT

>GR16SSU

TGT TTCCCGT AAGGCGCCGAACGAGT CAAGAAAAATTAACATCGT CCGATCCCTAGI CGGCATAGI TTA
TGGTTAAGACTACGACCGTATCTGATCGTI CTTCGATCCCCTAACTTTCGT TCTTGATTAATGAAAACAT

78



CCTTGGCAAATGCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GATTCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTCCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACGCTAAATTAATAACAT GACGGT TCCCCAGAAGGTAGAAATTCCACACG
CTAGTACAGACAATTGCCCGACCAACGGTAGAACCCCGAAATTCAACTACGAGCTTTTTAACTGCAACA
ACTTTAATATACGCTATTGGAGCT GGAATTACCGCGEGECT GCTGECACCAGACT TGCCCT

>GR42SSU

TGTTTCCCGT AAGGCGCCGAACGAGT CAAGAAAAATTAACATCGT CCGATCCCTAGI CGGCATAGI TTA
TGGTTAAGACTACGACCGTATCTGATCGTI CTTCGATCCCCTAACTTTCGT TCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GATTCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTGCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACGCTAAATTAATAACAT GATGGT TCCCCAGAAGGTAGAAAT TCCACACG
CCAGTACAGACAATTGCCCGACCAACGGTAGAACCCCGAAATTCAACTACGAGCT TTTTAACTGCAACA
ACTTTAATATACCCTAT TGGAGCT GGAAT TACCGCGGECT GCTGGCACCAGACT TGCCCTCCAA
>GR43SSU

TGTTTCCCGTAAGGCGCCGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGT CGGCATAGI TTA
TGGTTAAGACTACGACCGTATCTGATCGTI CTTCGATCCCCTAACTTTCGT TCTTGATTAATGAAAACAT
CCTTGGCAAATCCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTGCTTTGAACACTCTAATCTTTTCAAGGTA
AAGGTCCTGGT TTCCCACCACCCTAAATTAATAACATGATGGT TCCCCAGAAGGTAGAAATTCCACATG
CCAGTACAGACAATTGCCCGACCAACAGTAGAACCCCGAAATTCAACTACGAGCTTTTTAACTGCAACA
ACTTTAATATACCCTAT TGGAGCT GGAAT TACCGCGGECT GCTGGCACCAGACT TGCCCTCCAA
>GR54SSU

TGTTTCCCGTAAGGCGCCGAACGAGT CAAGAAAAAT TAACATCGT CCGATCCCTAGT CGGCATAGI TTA
TGGTTAAGACTACGACGGTATCTGATCGTCTTCGATCCCCTAACTTTCGI TCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCTAATGTATTCAGACGTAAGCCTCCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACCCTAAATTAATAACAT GATGGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGTACAGACAATTGCCT GACCAACGGT AGAACCCCGAAATTCAACTACGAGCTTTTTAACTGCAACA
ACTTTAATATACCCTAT TGGAGCT GGAAT TACCGCGGECT GCTGGCACCAGACT TGCCCTCCAA
>GR55SSU

TGT TTCCCGT AAGGCGCCGAACGAGT CAAGAAAAATTAACATCGT CCGATCCCTAGI CGGCATAGI TTA
TGGTTAAGACTACGACGGTATCTGATCGTCTTCGATCCCCTAACTTTCGI TCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGT CTTCAATAAAT CCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GAT TCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATCCTAATGTATTCAGACGTAAGCCTCCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACGCTAAATTAATAACAT GATGGT TCCCCAGAAGGTAGAAAT TCCACACG
CCAGTACAGACAAT TGCCT GACCAACGGT AGAACCCCGAAATTCAACTACGAGCT TTTTAACTGCAACA
ACTTTAATATACGCTATTGGAGCT GGAATTACCGCGGECT GCTGECACCAGACT TGCCCTCCAA
>GR56SSU

TGT TTCCCGT AAGGCGCCGAACGAGT CAAGAAAAATTAACATCGT CCGATCCCTAGI CGGCATAGI TTA
TGGTTAAGACTACGACCGTATCTGATCGT CTTCGATCCCCTAACTTTCGT TCTTGATTAATGAAAACAT
CCTTGGCAAATGCTTTCGCAGAAGT TAGT CTTCAATAAATCCAAGAATTTCACCTCTGACAATTGAATA
CTAATGCCCCCAACTATCCCTATTAATCATTACGGT GATTCAGAAACCAACAAAACAGGACCACCGTCC
TATTTTATTATTCCATGCCTAATGTATTCAGACGTAAGCCTCCTTTGAACACTCTAATTTTTTCAAGGTA
AAGGT CCTGGT TTCCCACCACGCTAAATTAATAACAT GATAGT TCCCCAGAAGGTAGAAATTCCACACG
CCAGTACAGACAATTGCCCGACCAATGGTAGAACCCCGAAATTCAACTACGAGCT TTTTAACTGCAACA
ACTTTAATATACGCTATTGGAGCT GGAATTACCGCGGECT GCTGECACCAGACT TGCCCTCCAA
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Attachment 2. Fasta format of ITS sequence

>GAL1l TS

TCCGT AGGT GAACCT GCGGAAGGAT CAT TAAAAAAT GAGGTATTTTATACCTCTTGTATTTAAAACCCA
ACTCTAAAAATATAAATTTTTTTTAAAAAAAAAAAACT TTCAACAAT GGATCTCT TGGCTCTCGCATCG
ATGAAGAACGCAGCGAAAT GOGAT AAGT AATATGAAT TGCAGAAT TCCGT GAATCATCAAATTTTTGAA
CGCAAATTGCACT TCTTGGTATTCTGAGAAGT ACACAT GCT TGAGGGT CAGT TAAAAAAAAT CATACAT
CCTTGATGT TGCGGATCTGGGTATTTCGATTTTATAAATTGATTACCTAAAATTAATATAAATATGATG
TGAAGCATACTAATTATAGT TGCTAATCATTTATATTTATTACATTACAACTATTTTAGGTAGTAATGT
ATAAATTATAAGAATGACCT CAAGT CAT GTGAGAGT ACCCGCT GAACT TAAGCATATCAATAAGCGGAG
GAA

>GA12I TS

TCCGT AGGT GAACCT GCGGAAGGAT CAT TAAAAAAAGAGGTATTTTATACCTCTTGTATTTAAAACCCA
ACTCTTTAAAAATATATTTTTTTTTAAAAAAAAAAACT TTCAACAAT GGATCTCT TGGCTCTCGCATCG
ATGAAGAACGCAGCAAAAT GCGAT AAGT AATATGAAT TGCAGAAT TCCGT GAATCATCAAATTTTTGAA
CGCAAATTGCACT TCTTGGTAT TCCGAGAAGT ACACAT GCT TGAGGGT CAGT TAAAAAAAAAT CGT GCA
TCTTTAATGI TGCGGATCTGGGTATTTCGATTTTATAAATCGATTACCTAAAATTAATATATATGTGTA
ATGTGAAGTATACTAATTAAATAGT TGCTAATCATTTATATTTTATTTCAT TACAACCAAGT AGGT GGT
GATGTATAAATTATGAGAAT GACCT CAAGT CAT GT GAGAGT ACCCGCT GAACTTAAGCATATCAATAAG
CGGAGGAA

>GA131 TS

TTCCGTAGGT GAACCT GOGGAAGGATCATTAAAAAAATGAGGTATTTTATACCT CTTGTATTTAAAACC
CAACTCTTTAAAATATTTTTTTTTAAATAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGCATC
GAT GAAGAACGCAGCGAAAT GCGATAAGT AATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGA
ACGCAAATTGCACT TCT TGGT AT TCCGAGGAGT ACACAT GCTTGAGGGCCAGT TAAAAAAAAATCGTGC
ATCTTTGATGI TGCGGATCTGGGTATTTTGATTTTATAAATCAATTACCTAAAATTAATATATATATGT
AATGT GAAGCATACTAATTAAATAGT TGCTAATCATTTATATTTTATTACATTACAACCAAGTAGGTGG
TGATGTATAAATTATGAGAAT GACCT CAAGT CATGT GAGAGT ACCCGCT TGAACT TAAGCATATCAATA
AAGCGGAGGA

>GAL51 TS

TTCCGTAGGT GAACCT GOGGAAGGATCATTAAAAAAATGAGGTATTTTATACCT CTTGTATTTAAAACC
CAACTCTTTAAAATATTTTTTTTTAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGCATCGATG
AAGAACGCAGCAAAAT GOGATAAGT AATATGAAT TGCAGAAT TCCGT GAATCATCAAATTTTTGAACGC
AAATTGCACTTCTTGGTATTCCGAGAAGTACACAT GCTTGAGGGT CAGT TAAAAAAAAAT CGTGCATCT
TTGATGTTGOGGATCTGGGTATTTTGATTTTATAAATCAATTACCTAAAATTAATATATATATGTAATG
TGAAGCATACTAATTAAATAGT TGCTAATCATTTATATTTTATTACAT TACAACCAAGTAGGT GGT GAT
GTATAAATTATGAGAAT GACCT CAAGT CAT GT GAGAGT ACCCGCT TGAACT TAAGCATATCAATAAAGC
GGAGGA

>GA113I TS

TCCGT AGGT GAACCT GCGGAAGGAT CATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCC
AACTCTTTAAAATATTTTTTTTTAAAAAAAAACT TTCAACAAT GGATCTCT TGGCTCTCGCATCGATGA
AGAACGCAGCGAAAT GCGATAAGT AATATGAAT TGCAGAAT TCCGT GAATCATCAAATTTTTGAACGCA
AATTGCACTTCTTGGTATTCCGAGGAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAAGT CGT GCATCTT
TGATGI TGCGGATCTGGGTATTTTGATTTTATAAATCAATTACCTAAAATTAATATATATATGTAATGT
GAAGCATACTAATTAAATAGT TGCTAATCATTTATATTTTATTACATTACAACCAAGTAGGTGGTGATG
TATAAATTATGAGAAT GACCT CAAGT CATGT GAGAGT ACCCGCT GAACT TAAGCCATAT CAATAAGCGG
AGGA

>GA311 TS

TCCGT AGGT GAACCT GCGGAAGGAT CATTAAAAAAT GAGGTATTTTATACCTCTTGCATTTAAAACCCG
ACTCAAAAATATAATTTTTTTTAAAAAAAAACT TTCAACAAT GGATCTCTTGGCTCTCGTATCGATGAA
GAACGCAGCGAAAT GCGATAAGT AATATGAAT TGCAGAATTCCGT GAATCATCAAATTTTTGAACGCAA
ATTGCACTTCTTGGTATGCCAAGAAGT ACACAT GCT TGAGGGT CAGT TAAAAAAAAGT CGTACATCTTT
GATGTTACGGATCTGGGTAAATCGATTTTATAAATCGATTACCTAAAATTAATATATATATGTAATGTG
AAGCGTACTAATTATAGTCGTTAATCATTTTATATTTATTACATTACAACCAAGTAATTTAGT TAGTGA
TGTATAAATTATGAGAATGATCT CAAGT CAT GT GAGAGT ACCCGCT GGAACTTAAGCATATCAATTAAG
CGGAGGA

>GA32| TS

TCCGT AGGT GAACCT GCGGAAGGAT CATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCC
AACTCTTTAAAATATTTTTTTTTAAAAAAAAACT TTCAACAAT GGATCTCT TGGCTCTCGCATCGATGA
AGAACGCAGCAAAAT GCGATAAGT AATATGAAT TGCAGAAT TCCGT GAATCATCAAATTTTTGAACGCA
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AATTGCACTTCTTGGTATTCCGAGAAGT ACACAT GCT TGAGGGT CAGT TAAAAAAAAATCGTGCATCTT
TAATGI TGCGGATCTGGGTATTTCGATTTTATAAATCGATTACCTAAAATTAATATATATGT GTAATGT
GAAGTATACTAATTAAATAGT TCCTCATCATTTATATTTTATTACATTACTACCAAGTAGGTGGTGATG
TATAAATTATGAAAT GACCT CAAGT CATATGAGAGT ACCCCCT GACT TAAGCATAT CAATAAGCGGAGG
A

>GA391 TS

TTCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACC
CAACTCTTTAAAATATTTTTTTTTAAAAAAAAACT TTCAACAATGGATCTCTTGCCTCTCGCATCGATG
AAGAACGCAGCAAAAT CCGATAAGT AATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGAACGC
AAATTGCACTTCT TGGCAT TCCGAGGAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAAT CATACATCCT
TGATGI TGCGGATCTGGGTATTTCGATTTTATAAATCGATTACCTAAAATTAATATATATGT GTAATGT
GAAGTATACTAATTAAATAGT TCCTAATCATTTATATTTTATTACATTACTACCAAGTACGGT GGT GAT
GTATAAATTATGAAATGACCT CAAGT CATAT GAGAGCACCCGCTGAACT TAAGCCATATCCAATTAAGC
GGAGGA

>GA310I TS

TTCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAAAGAGGTATTTTATACCTCTTGTATTTAAAACCC
AATTCTTTAAAAATATATTTTTTTTTAAAAAAAAAAACTTTCAACAATGGATCTCTTGGECTCTCGCATC
GATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGA
ACGCAAATTGCACTTCTTGGTATTCTGAGAAGT ACACAT GCT TGAGGGT CAGT TAAAAAAAGT CGTACA
TCTTTGATGI TACGGATCTGCGTATATCGATTTTATAAATCGATTACCTAAAATTAATATATATATGTA
ATGTGAAGCATACTAATTAAATAGT TCCTAATCATTTATATTTTATTACATTACAACCAAGTAGGT GGT
GATGTATAAATTATGAGAATGACCT CAAGT CATGT GAGAGT ACCCGCTGAACT TAAGCATATCAATAAG
CGGAGGA

>GA312I TS

TTCCGTAGGT GAACCT CCGGAAGGATCATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACC
CAACTCTTTAAAATATTTTTTTTTAAAAAAAAACTTTCAACAATGGATCTCTTGGCTCTCGCATCGATG
AAGAACGCAGCAAAATGCGATAAGTAATATGAATTGCAGAATTCCGTGAATCATCAAATTTTTGAACGC
AAATTGCACTTCTTGGTATGCCAAGAAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAAGT CGTACATCT
TTGATGI TACGGATCTGGGTAAATCGATTTTATAAATCGATTACCTAAAATTAATATATATGTAATGT G
AAGCGTACTAATTATAGTCGT TAATCATTTTATATTTATTACATTACAACCAAGTAATTTAAGITAGTG
ATGTATAAATTATGAGAATGATCTCAAGT CATGTGAGAGT ACCCCCTGAACTTAAGCATATCAATAAGC
GGAGG

>GA51I TS

TTCCGTAGGT GAACCT CCGGAAGGATCATTAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCC
AACTCTAAAAATATAAATTTTTTTTTAAAAAAAAAAACT TTCAACAATGCGATCTCTTGGECTCTCGCATC
GATGAAGAACGCAGCGAAATGCGATAAGT AATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGA
ACGCCAAATTGCACTTCTTGGTATTCTGAGAAGTACACAT GCTTGAGGGT CAGT TAAAAAAAGT CGTACA
TCTTTGATGI TACGGATCTGCGTATATCGATTTTATAAATCGATTACCTAAAATTAATATATATATGTA
ATGTGAAGCGTACTAATTATAGTCGT TAATCATTTTATATTTATTACATTACAACCAAGTAATTTAGTT
AGTGATGTATAAATTATGAGAATGATCT CAAGT CATGT GAGAGTACCCCCTGAACTTAAGCATATCAAT
AAGCGGAGCGA

>GA541 TS

TTCCGTAGGT GAACCT CCGGAAGGATCATTAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCC
AACTCTAAAAATATAAATTTTTTTTTAAAAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGCAT
CGATGAAGAACGCAGCGAAAT GCGATAAGAAATATGAATTGCAGAATTCCGTGAATCATCAAATTTTTG
AACGCAAATTCCACTTCTTGGTATTCTGAGAAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAGT CGTAC
ATCTTTGATGI TACGGATCTGGGTATATCGATTTTATAAATCGATTACCTAAAATTAATACTATATATG
TAATGTGAAGCGTACTAATTATAGTCGTTAATCATTTTATATTTATTACATTACAACCAAGTAATTTAG
TTAGITGATGTATAAATTATGAGAAT GATCTCAAGT CATGT GAGAGT ACCCGCT GAACTAGCATATCAAT
AAGCCGGAGCGA

>GA561 TS

TTCGTAGGGGAACCT GCGAGGATCATTAAAAAAAGAGGTATTTTATACCTCTTGTATTTAAAACCCAAC
TCTTTAAAAATATATTTTTTTTTAAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGCATCGATG
AAGAACGCAGCGAAATCCGATAAGT AATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGAACGC
AAATTGCACTTCTTGGTAT TCTGAGAAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAGT CGTACATCTT
TGATGI TACGGATCTGGGTATATCGATTTTATAAATCGATTACCTAAAATTAATATATATATGTAATGT
GAAGCGTACTAATTATAGTCGTTAATCATTTTATATTTATTACATTACAACCAAGTAATTTAGTITAGTG
ATGTATAAATTATGAGAATGATCTCAAGT CATGT GAGAGT ACCCCCT GAACTTAAGCATATCAATAAGC
GGAGGA
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>GAS591 TS

TTCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACC
CAACTCTTTAAAATATTTTTTTTTAAATAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGCATC
GATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGA
ACGCAAATTGCACTTCTTGGT AT TCCGAGGAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAAATCGT GC
ATCTTTGATGI TGCGGATCTGGGTATTTTGATTTTATAAATCAATTACCTAAAATTAATATATATATGT
AATGTGAAGCATACTAATTAAATAGGT TGCTAATCATTTATATTTTATTACATTACAACCAAGTAGGTG
GTGATGTATAAAT TATGAGAATGACCT CAAGT CATGT GAGAGT ACCCGCTGAACT TAAGCATATCAATA
AGCGGAGGAA

>GA510I TS

TTCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACC
CAACTCTAAAAATATAAATTTTTTTTTAAAAAAAAAAAAAACTTTCAACAATGGATCTCTTGECTCTCG
CATCGATGAAGAACGCAGCAAAATGCGATAAGTAATATGAATTGCAGAATTCCGT GAATCATCAAATTT
TTGAACGCAAATTGCACTTCTTGGT AT TCCGAGAAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAAATC
GTGCATCTTTAATGI TGCGGATCTGGGTATTTCGATTTTATAAATCGATTACCTAAAATTAATATATAT
GIGTAATGTGAAGTATACTAATTAAATAGT TGCTACGTCATTTATATTTTATTACATTACTACCAAGTA
GGTGGTGATGTATAAATTATGAAATGACCT CAAGT CATAT GAGAGTACCCGCTGAACT TAAGCATATCA
ATAAGCGGAGGAA

>GR1L1I TS

CCGTAGGT GAACCT CCGGAAGGATCATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCCA
ACTTCTTTAAAATATTTTTTTTTAAATAAAAAAAAACT TTCAACAATGCGATCTCTTGGCTCTCGCATCG
ATGAAGAACGCAGCGAAAT GCGATAAGTAATATGAATTGCAGAATTCCGTGAATCATCAAATTTTTGAA
CGCAAATTGCACTTCTTGGTATTCTGAGAAGT ACACAT GCT TGAGGGT CAGT TAAAAAAAGT CGTACAT
CTTTGATGI TACGGATCTGGGTATATCGATTTTATAAATCAATTACCTAAAATTAATATATATATGT AA
TGTGAAGCGTACTAATTAAATAGT TGCTAATCATTTATATTTTATTTCATTACAACCAAGTAGGTGGTG
ATGTATAAATTATGAGAAT GACCT CAAGT CATGTGAGAGT ACCCCCTGAACTTAAGCATATCAATAAGC
GGAGGAA

>GR12I TS

TTCCGTAGGT GAACCT CCGGAAGGATCATTAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCC
AACTCTAAAAATATAAATTTTTTTTTAAAAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGCAT
CGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTCCAGAATTCCGTGAGTCATCAAATTTTTG
AACGCAAATTCCACTTCTTGGTATTCTGAGAAGTACACAT GCTTGAGGGT CAGT TAAAAAAAGT CGTAC
ATCTTTGATGI TACGGATCTGGGTATACCGATTTTATAAATCGATTACCTAAAATTAATATAAATATGA
TGTGAAGCATACTAATTATAGT TGCTAATCATTTATATTTATTACATTACAACTATTTTAGGTAGTAAT
GTATAAATTATAAGAAT GACCT CAAGT CATGT GAGAGT ACCCCCTGAACT TAAGCATATCAATAAAGCCG
GAGGA

>GR161 TS

TTCCGTAGGT GAACCT CCGGAAAGATCATTAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCC
AACTCTAAAAATATAAATTTTTTTTTAAAAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGCAT
CGATGAAGAACGCAGCGAAAT GCGATAAGTAATATGAATTGCAGAATTCCGTGAATCATCAAATTTTTG
AACGCAAATTCCACTTCTTGGTATTCTGAGAAGT ACACAT GCT TGAGGGT CAGT TAAAAAAAGT CGTAC
ATCTTTGATGI TACGGATCTGGGTATATCGATTTTATAAATCGATTACCTAAAATTAATATATATATGT
AATGT GAAGCGTACTAATTATAGTCGT TAATCATTTTATATTTATTACATTACAACCAAGTAATTTAGT
TAGTGATGTATAAAT TATGAGAATGATCTCAAGT CATGT GAGAGT ACCCGCTGAACTTAAGCATATCAA
TAAGCGGAGGAA

>GR171 TS

TTCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAAATAAGGTATTTTATACCTCTTGCATTTAAAACC
CGACTCAAAAATATAATTTTTTTTAAAAAAAAAAAACT TTCAACAATGGATCTCTTGGECTCTCGTATCG
ATGAAGAACGCAGCGAAAT GCGATAAGT AATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGAA
CGCAAATTGCACT TCTTGGTATACCAAGAAGT ACACAT GCT TGAGGGT CAGT TAAAAAAAAGT CGTACA
TCTTTGATGT TACGGATCTGGGTAAATCGATTTTATAAATCGATTACCTAAAATTAATATATATGT AAT
GIGAAGCGTACTAATTATAGTCGT TAATCATTTTATATTTATTACATTACAACTAAGTAATTTAGATAG
TAATGTATAAATTATGAGAAT GACCT CAAGT CATGT GAGAGT ACCCGCTGAACT TAAGCATATCAATAA
GCGGAGGA

>GR18I TS

TCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCCA
ACTCTAAAAATATAAATTTTTTTTTAAAAAAAAAAAAACT TTCAACAATGCGATCTCTTGGCTCTCGCAT
CGATGAAGAACGCAGCGAAAT GCGATAAGTAATATGAATTGCAGAATTCCGTGAATCATCAAATTTTTG
AACGCAAATTGCACT TCTTGGCCATTCCGAGGAGTACACAT CCT TGAGGGT CAGT TAAAAAAAATCATAC
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ATCCTTGATGI TGCGGATCTGGGTATTTCGATTTTATAAATTGATTACCTAAAATTAATATAAATATGA
TGTGAAGCATACTAATTATAGI TCCTAATCATTTATATTTATTACATTACAACTATTTTAGGTAGTAAT
GTATAAATTATAAGAAT GACCT CAAGT CATGT GAGAGT ACCCCCTGAACT TAAGCATATCAATAAGCGG
AGGAA

>GR41I TS

TTCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACC
CAACTCTTTAAAATATTTTTTTTTAAAAAAAAACTTTCAACAATGGATCTCTTGGCTCTCGCATCGATG
AAGAACGCAGCAAAAT CCGATAAGT AATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGAACGC
AAATTGCACTTCTTGGT AT TCCGAGAAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAAAT CGT GCATCT
TTAATGT TCCGGATCTGGGTATTTCGATTTTATAAATCGATTACCTAAAATTAATATATATGT GTAATG
TGAAGTATACTAATTAAATAGTI TCCTAATCATTTATATTTTATTACATTACTACCAAGTAGGT GGTGAT
GTATAAATTATGAAATGACCT CAAGT CATATGAGAGT ACCCGCTGAACT TAAGCATATCAATAAGCGGA
GGA

>GR42I TS

TCCCGTAGGT GAACCT CCGGAAGGATCATTAAAAAATGAGGTATTTTTATACCTCTTGTATTTAAAACC
CAACTCTAAAAATATAAATTTTTTTTTAAAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGCAT
CGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTCCAGAATTCCGTGAATCATCAAATTTTTG
AACGCAAATTGCACT TCTTGGTATTCTGAGAAGT ACACATCCT TGAGGGT CAGT TAAAAAAAGT CGTAC
ATCTTTGATGI TACGGATCTGGGTATATCGATTTTATAAATCGATTACCTAAAATTAATATATATATGT
AATGT GAAGCGTACTAATTATAGTCGT TAATCATTTTATATTTATTACATTACAACCAAGTAATTTAGT
TAGTGATGTATAAATTATGAGAATGATCTCAAGT CATGT GAGAGT ACCCCCTGAACTTAAGCATATCAA
TAAGCGGAGGA

>GR441 TS

TTCCGTAGGT GAACCT GCCGGAAGGATCATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACC
CAACTCTTTAAAATATTTTTTTTTAAATAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGCATC
GATGAAGAACGCAGCGAAATGCGATAAGT AATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGA
ACGCCAAATTGCACTTCTTGGTATTCCGAGGAGTACACAT CCTTGAGGGT CAGT TAAAAAAAAATCGTGC
ATCTTTGATGT TCCGGATCTGGGTATTTTGATTTTATAAATCAATTACCTAAAATTAATATATATATGT
AATGT GAAGCGTACTAATTATAGTCGT TAATCATTTTATATTTATTACATTACAACCAAGTAATTTAGT
TAGTGATGTATAAAT TATGAGAATGATCTCAAGT CATGT GAGAGT ACCCGCTGAACTTAAGCATATCAA
TAAGCGGAGG

>CR461 TS

TGAACCT GCGGAAGGATCATTAAAAAAATAAGGTATTTTATACCTCTTGCATTTAAAACCCGACT CAAA
AATATAATTTTTTTTAAAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGTATCGATGAAGAACG
CAGCGAAAT GCGATAAGTAATATGAAT TGCAGAAT TCCGTGAATCATCAAATTTTTGAACGCAAATTGC
ACTTCTTGGTATGCCAAGAAGT ACACATGCTTGAGGGGT CAGT TAAAAAAAAGT CGTACATCTTTGATG
CTACGGATCTGGGTAAATCGATTTTATAAATCGATTACCTAAAATTAATATATATGT AATGT GAAGCGT
AACTAATTATAAGTCGT TAATCATTTTATATTTATTACATTACAAACTTAAGTAATTTCAGATAGTAAT
GTATAAATTATGAGAAT GACCT CAAGT CATGT GAGAGT ACCCCCTGAACT TAAGCATATCAATAAGCGG
AGGAA

>CR4101 TS

TCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCCA
ACTCTAAAAATATAAATTTTTTTTTAAACAAAAAAAAAACT TTCAACAATGGATCTCTTGCECTCTCGCA
TCGATGAAGAACCCAGCGAAATGCGATAAGT AATATGAATTGCAGAATTCCGT GAATCATCAAATTTTT
GAACGCAAATTGCACTTCTTGGT AT TCTGAGAAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAGT CGTA
CATCTTTGATGT TACGGATCTGGGTATATCGACTTTATAAATCGATTACCTAAAATTAATATATATATG
TAATGTGAAGCGTACTAATTATAGTCGT TAATCATCTTATATTTATTACATTACAAGCCAAGTAATTTA
GTTAGTGATGTATAAAT TGATGAGAAT GATCCT CAAGT CATGT GAGAGTACCCGCTGAACT TAAGCATA
GCAATAAGCGGAGGAA

>GR51I TS

TTCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACC
CAACTCTAAAAATATAAATTTTTTTTTAAAAAAAAAAAAACT TTCAACAATGGATCTCTTGCECTCTCGT
ATCGATGAAGAACGCAGCGAAAT GCGATAAGT AATATGAAT TGCAGAATTCCGTGAATCATCAAATTTT
TGAACGCAAATTCCACT TCTTGGTATGCCAAGAAGT ACACATGCT TGAGGGT CAGT TAAAAAAAAGT CG
TACATCTTTGATGI TACGGATCTGGGTAAATCGATTTTATAAATCGATTACCTAAAATTAATATATATG
TAATGITGAAGCGTACTAATTATAGTCGT TAATCATTTTATATTTATTACATTACAACTAAGTAATTTAG
ATAGTAATGTATAAATTATGAGAATGACCT CAAGT CATGT GAGAGTACCCGCTGAACT TAAGCATATCA
ATAAGCGGAGG

83



>CR531 TS

TTCCGTAGGT GAACCT GCGGAAGGATCATTAAAAAAATAAGGTATTTTATACCTCTTGCATTTAAAACC
CGACTCAAAAATATAATTTTTTTTAAAAAAAAAAACT TTCAACAATGGATCTCTTGGCTCTCGTATCGA
TGAAGAACCCAGCGAAATGCGATAAGTAATATGAATTGCAGAATTCCGT GAATCATCAAATTTTTGAAC
GCAAATTGCACTTCTTGGT ATGCCAAGAAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAAGT CGTACAT
CTTTGATGT TACGGATCTGGGTAAATCGATTTTATAAATCGATTACCTAAAATTAATATATATGTAATG
TGAAGCGTCACTAATTATAGTCGT TAATCATTTTATATTTATTACATTAGCAACTAAGTAATTTAGI TA
GTGATGTATAAATTATGAGAATGATCTCAAGT CATGT GAGAGT ACCCGCTGAAACT TAAGCATATCAAT
AAGCCGGAGGA

>GR541 TS

TCCGTAGGCT GAACCT GCCGGAAGGGATCATTAAAAAATGAGCGTATTTTATACCTCTTGTATTTAAAA
CCCAACTCTTTAAAATATTTTTTTAAATAAAAAAAAACT TTCAACAATGCGATCTCTTGGCTCTCGCATC
GATGAAGAACGCCAGCGAAGATGCGATAAGTAATATGAATTGCAGAATTCCGTGAATCATCAAATTTTTG
AACGCAAATTGCACCT CTTGGTATTCCGAGGAGT ACACAT CCT TGAGGGT CAGT TAAAAAAAAATCGT G
CATCTTTGATGI TGCGGATCTGCGTATTTTGATTTTATAAATCAATTACCTAAAATTAATATATATATG
TAATGTGAAGCGTACTAATTAAATAGI TGCTAATCATTTATATTTTATTTCATTACAACCAAGTAGGTG
GIGATGTGATAAATTATGAGAAGT GACCT CAAGT CATGT GAGAGTACCCGCTGACT TTAAGCATATCAA
TAAGCGGAGGAA

>GR5141 TS

TTCCGTAGGT GAACCT CCGGAAGGATCATTAAAAAATGAGGTATTTTATACCTCTTGTATTTAAAACCC
AACTCTAAAAATATAAATTTTTTTTTAAAAAAAAAAAAACT TTCAACAATGGATCTCTTGCECTCTCGCA
TCGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTCGCAGAATTCCGTGAATCATCAAATTTTT
GAACGCAAATTGCACTTCTTGGT AT TCTGAGAAGT ACACAT GCTTGAGGGT CAGT TAAAAAAAGT CGTA
CATCTTTGATGI TACGGATCTGCGTATATCGATTTTATAAATCGATTACCTAAAATTAATATATATATG
TAATGTGAAGCGTACTAATTATAGT CGTTAATCATTTTATATTTATTACATTACAACCAAGTAATTTAG
TTAGTGATGTATAAATTATGAGAATGATCTCAAGT CATGT GAGAGTACCCGCTGAACTTAAGCTATCAA
TAAGCGGAGG

>GR512I TS

TTCCGTAGGT GAACCT GCCGGAAGGATCATTAAAAAAGGAGGTATTTTATACCTCTTGTATTTAAAACCC
AACTCTTTAAAAATATATTTTTTTTTAAAAAAAAAAACT TTCAACAATGCGATCTCTTGGECTCTCGCATC
GATGAAGAACGCAGCGAAATGCGATAAGT AATATGAATTGCAGAATTCCGTGAATCATCAAATTTTTGA
ACGCCAAATTGCACTTCTTGGCAT TCCGAGGAGTACACAT CCTTGAGGGT CAGT TAAAAAAAATCATACA
TCCTTGATGI TGCGGATCTGCGTATTTCGATTTTATAAATTGATTACCTAAAATTAATATAAATATGAT
GTGAAGCATACTAATTATAGT TCCTAATCATTTATATTTATTACATTACAACTATTTTAGGTAGTAATG
TATAAATTATAAGAAT GACCT CAAGT CATGT GAGAGT ACCCGCTGAACT TAAAGCATAT CAATAAGCGG
AGGGA
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