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Prefazione

L'olivo (Olea europaea L.) € una delle piu antiche e importanti
piante coltivate del bacino Mediterraneo ed é l& specie del
genere Olea che produce frutti eduli. In Italia, cosi come nei
principali paesi olivicoli, l'olivicoltura si e difisa su un territorio
molto variabile per caratteristiche orografich@nettiche e strutturali
e la sua importanza economica-sociale é legataaaiofti che ne
derivano, olio e olive da tavola, che rappresentaiementi
fondamentali della “dieta mediterranea”. L'oliv@léa europaea L.)

e caratterizzato da un germoplasma che comprendgamnumero
di varieta, diffuse in diverse arePalla letteratura sono segnalati
numerosissimi genotipi di olivo di cui 390 sonoieadi nell’'elenco
dello schedario olivicolo (Schedario olivicolo sugpU. 5/94), 538
segnalate dalla FAO e recenti aggiornamenti byodiici hanno
fatto salire questa lista a 680 accessioni. Taleasone porta
inevitabilmente ad uno stato di confusione neliVduazione,
enumerazione e classificazione delle varieta gogtiresenti, dovuto
anche a molteplici casi di sinonimia ed omonimigaZiz alla
crescente attenzione alla tutela della biodiversgano stati
sviluppati campi collezionex situ di germoplasma olivicolo per
salvaguardare e promuovere l'uso delle risorse tighee in
agricoltura.

La Banca Internazionale del Germoplasma OlivicoloCdrdoba

(BGMO) in Spagna, e la Banca del Germoplasma aligic del



Centro di Ricerca per I'Olivicoltura e I'lndustr@learia (CRA-OLI)
di Rende in Italia, rappresentano le piu grandilezani di
germoplasma olivicolo e contengono rispettivamelatemaggior
parte delle cultivar spagnole e italiane, noncééclltivar piu
importanti di tutto il mondo.

Entrambi gli istituti di ricerca stanno collaborandell'applicazione
di un protocollo di identificazione varietale coneurParte di questo
lavoro, infatti, & stato svolto presso il dipartme di Agronomia
dell’Universita di Cordoba in Spagna. Questa t@stbme obiettivo,
oltre a un riordino varietale ed a garantire la s®mazione dei
genotipi presenti, la salvaguardia della biodiversila disponibilita
per futuri programmi di miglioramento genetico geaza metodiche
evolute nel campo dello studio del DNA quali i noisatellite o SSR,
nonché una piu corretta e comparata caratterizzazinorfologica,
bio-agronomica, composizione dell'olio e molecolataoltre il
seguente lavoro di tesi prende in considerazione aspetto
importante che & la qualitd dell'olio di oliva. lcualitd dell'olio
doliva € influenzata dalla maturazione delle drupkal fattore
genetico e da quello ambientale, ma e altrettanftuenzata dai
trattamenti tecnologici del processo di oleifica#p come ad
esempio la gramolatura. Nel frutto dell'oliv@lEa europaea L.) la
via metabolica della LOX é responsabile di prodotth proprieta
organolettiche gradevoli che differenziano I'olio aliva dagli altri

oli vegetali. | principali prodotti presenti nell@ma degli oli d’'oliva



hanno una struttura a 6 atomi di carbonio, poickévdno dal
pathway della LOX basato sulla degradazione demdiarassia-
linolenico e linoleico che producono esclusivareentelativi 13-
idroperossidi. Dalla degradazione dei 13-idropedbsdegli acidi
grassia-linolenico e linoleico si ottengono una sericcdmponenti
volatili, responsabili delavour dell'olio di oliva, fra i quali spicca la
2(E)-esenale, responsabile del gradevole attribemsoriale erbaceo,
oltre che l'esanale, I'l-esanolo, il 2(E)-esenold 8(Z)acetato di
esenile. Quindi nel seguente lavoro di tesi sintgg@m anche i dati
ottenuti dalla correlazione esistente trgaltern d’espressione del
geneLOX con la frazione volatile responsabile dellaromaldeli
extravergini di oliva, osservata nella cultivar &ara coltivata in
due diversi areali di produzione. | dati suggengzo che
lespressione del geneDX analizzata € associata con i processi di

maturazione e di senescenza delle drupe.
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1. INTRODUCTION

The olive tree Qlea europaed.. subspeuropaedis one of
the oldest cultivated plants, and its fruit hasrbesed for
nourishment for more than 5000 years in the Meditezan
regions where it originated. Olive is one of theditlerranean
basin’s main crops with great cultural and economic
importance. From a commercial perspective, in the
Mediterranean basin grow many olive tree variedied it
produces 99% and consumes 87% of the world’s olive
The quality of olive oil is influenced by genetiech
environmental factors and by the maturation statgupes,
but it is equally affected by technological treatrtseof the
process, such as malaxation.

It has been stated that in olive fruit an enzymsistem is
present, which is genetically determinettluding
acylhydrolase (AH), LOX, fatty acid hydroperoxidase
(FAHL), alcohol dehydrogenase (ADH) and alcohol
acyltransferase (AAT). It becomes quickly 70 actymn cell
disruption and is involved in the formation of gnesensory
notes, covering the range between sweet-fruityrgteditter-
powerful-green . Thus, the process of obtainingeotiil can be
considered a good example of a system that produces
secondary green volatiles. Partly of this thasigstigates
possible correlation between oliz©X gene expression and
chemical biomarkers of its activity. The genotygmalyzed is



the ‘Coratina’, cultivar originating from Apuliag&on, where it
is present on over 70,000 hectares.

Olea europaeas characterized by a germplasm that includes a
huge number of varieties, spread in different areas

Thanks to increasing attention to the protectiardiversity,
several olive germplasm ex-situ collections weneettgped to
safeguard and to promote the use of genetic ressimc
farming.

The International Olive Germplasm Bank of CordoB@O)
in Spain, and the Olive Germplasm Bank locatedhé&“CRA -
Olive growing and oil industry research centre” @&RLI) of
Rende in Italy are the largest collections contajrthe major
part of the Spanish and Italian cultivars respedyivalong
with the most important cultivars all over the vebrl

Both germplasm banks are collaborating in the appéin of
common olive cultivar identification protocol whighbeing
successful discarding possible cases of homonyihs an
synonyms among their conserved cultivars.

The goal of the second part of this thesis, is@méng these
identification results and the genetic relationstopserved
among the principal Italian olive genotypes andrtiost
important cultivars of Spain. Finally this collalatwve work

will allow the interchange of correctly identifiedltivars and
the construction of a molecular data-base for tG&/1® of
Cordoba and the CRA-OLI of Rende, which will berertiely
useful for both institutions and that could reit®the use of a
common strategy in an international olive cultivaetwork.
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1.1 Origins and diffusion in the world

The Olive tree belongs to the attributes of the dechnean
basin. It’s oll typifies one of the oldest and desatypes of
manufacturing in this part of the world. During tlo@irth
millennium BC, begins the cultivated olive treetbiy, that
connects it is spread to the growth of the Mediteean
culturesPOlive tree growing and the production of oil can be
practised only in a firm society, with a well evetizand
complex agricultural political and economical orgation.

In fact, they involve elaborate botanies with agiticral
experiences and specific techniques of procesBmgthese
reasons, for millennia, the cultivated olive tregtribution in
the Mediterranean countries suffered whirligig tedaat the
social, economical and political conditions. Thédvalive tree
cultivar existing in the Mediterranean countriea ispinous
tussock, which bears small fruits, with a big pitldittle pulp.
In contrast, cultivated olive cultivars are notrgpis and bear a
meaty and rich oil fruit. Oleaster is not, probalthe true
ancestor of cultivated olive, even if the two tygpgés possess
similar genetic and chromosomal attributes. Itlsarsupposed
that cultivated olive originated from a hybrid afa different
types. From one calle@lea Africanait heirs the elongated
leave, and from another unknown type, it heirsrigaty and
rich of oil fruit. Rooted differences between wadd cultivated
cultivar are attributable to man, who attendedivated and
selected for millennia olive trees, acutely altgriheir features.
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About 6000 years ago, in the Copper Era, the alyuial
communities of the eastern Mediterranean (IrarsiRer
Palestine), attended a large fruit population afeofrees, and
they began selecting cultivar in a systematic \ildney first
discovered the possibility of extracting a densg aity fluid,
with an aromatic taste, salutary properties, achgadus for
skin care, and easily ignitable. The investigabbthe
domestication of olive tree is very tedious, beeats not
always possible, to discern between the vegetaits ( wood,
pollen, pit) cultivated from wild cultivar. Onceeltreation of
tree of olive was associated to heroes and godsit aras
esteemed as a precious gift for humankind. Numéerle
legends tell about the role of Osiers, Athena,taess, and
other myths. It can be asserted, that every greatitérranean
civilization had elaborated it is own myth, to eadplthe origin
of the first cultivated tree.

1.1.1 Ancient Orient

In the first urbane civilization of the world wasr the
connection between civic development and

olivicolture, which constantly remained through the
Mediterranean basin histary

The continuous and always bigger claim for oil &nde in
Mesopotamia, Egypt and Anatolia, leads to prospsrif the
coast regions in which, it was possible to growetree. Olive
tree growing was outdated in archaeological sitearad 3500
BC.



Sometimes these rests are found in nearly empéag aneherein
olive tree does not grow spontaneously and so,dttegt
human attempt for diffusion of cultivated olivedrdn the
Syria region, Elba was one of the principal comna¢centres
that armed with wine and oil Egypt, Mesopotamia Asdyria,
the most important economical areas of the wortdmibke
evidence of barbarism of a nomadic population, wiaeked of
civility, it was said “...people who does not know et
people who does not know precious stones, peopledales
not know oil...” The Bible reflects this values scafed in the
Hebraic culture olive oil is used for sanctify Altice Arca, for
cult decors and by clergymén

1.1.2 Ancient Greece

According to legend, all the Athenian trees of eloriginated
from the first tree on the Acropolis, edified byh&nha to obtain
the city’s predominance. Everyone who cut down oithe
holy olive trees, was doomed or, later, dispelled a
condemned. Solone, one of the seven wise men @frdnc
Greece, conferred to the city, a statute book,hiciwhe
remarked on the role of the Athenian olivicoltufer these
laws, it was absolutely forbidden to cut down olikees, apart
for sanctuary or communities needs, and in evesg d¢avas
possible to cut down only two olive trees in a yéawvas
equally forbidden every exportation of an agrictdtu
manufacture, unless olive oil. Fixed



rules established also the features of the aguiallpractices,
like the alignment and the distance between thent@des®.
Olive oil was one of the most required manufactfréhe
Mediterranean trading in the Archaic Era. In Greelonial
centres of Black Sea, Africa and Spain, in Phoanicities and
in barbarian inductions, Athenian and Corinthidraoiphora
were discovered. Athenian olive oil was tradednramphora
named “SOS” which guaranteed the quality and themtjty of
the product.

In the Olympiads, athletes competed naked and et
olive oil. The Greeks diffused knowledge of olivétoration
not only in their area, but also in all the colena south Italy,
whereas the Carthaginians brought it to the Ibgy@mnsula.

1.1.3 Roman Empire

Roman dominance of the Mediterranean area wasitierd
age of the maximum development of olive tree. Ia Hye
basic innovations were applied in the technologfesil
production, and a lot of Latin agronomical liter&tuas
written since the 2nd century BC, by authors lilkgdde,
Columella and Saserna. In these manuscripts theyrided the
best ways of growing, brushing, maturing and preicgs
olives.

The ancient Romans were the first who built théruments
for olive milling, which remained in use for two idred years.
They usually classified olive oils into five culéiss: “ oleum ex



albis ulivis” (obtained from green olive), “oleum
viride”(obtained from olive harvest in a major léve

of maturation), “oleum maturum”(obtained from olivethe
final stage of maturation), “oleum caducum” (ob&rfrom
olives felled down from the trees) and findigleum

cibarium” (obtained from raisin olives and given to slaves fo
food).

In northern Africa Caesar’s olive groves filleddarareas, with
several thousand trees and a lot of oil-mills inalhworked
slaves.

Under Constantine’s (IV age BC) dominance in th@iees
capital there were about 2300 oil producers, wiwiged oil
for cooking, for cosmetology and for fuel .

1.1.4 Middle Age

During the Middle Age olive oil became precious aack, so
that it was sometimes used as currency. Religiogt#utions
possessed the majority of olive trees and oil wasd
particularly in the clerical ones. During this agegre was not
a nutritive but substantially an ecclesiasticalsianption of
olive oil. Blessed olive oil was used for confirnoat, hieratical
charge consecration, etc. In event of storm the@libranches
were burnt with the hopeful concept that “everygfsanshould
go slick like oil”. In the household use of olivé was
considered as a drug for every iliness, also dyresgilence
epidemics®:



1.1.5 Nowadays

Since the the ending of the middle age, oil busireEgan
again eventfully. Ancients said “Mediterranean basising
and ending with olive oil “ to emphasize the closednection
between plant and geographical area.

But, nowadays olive oil populates all continenis;ept
Antarctica. Olive groves are located in South Afri€hina,
Vietnam, South Oceania, America and the global oil
production of the planet is in constant growth¢ceid900th.
Attempts have failed for olive growing in other caues like
Brazil, Uruguay, Angola, Afghanistan, Pakistan,itndNepal,
Japan, Thailand, etc. Nowadays, 95% of the glotegsafor
olive oil production are located in the Mediterrandasin
countries and adjacent regions. Evaluations of @ouncil
Oil International) measure about 9,800,000 hectafegobal
oil areas, in which are located about 1.2 billidrrees. In
recent years, global olive oil production was alkibutnillion
toners of olives for a 2.4 million toners meddléueaoil
production. In the E.U. (European Union) oliveisipresent in
the five countries of the Mediterranean areas qdairly :
Spain, ltaly, Greece, Portugal and FrafiteSpain, Italy and
Greece are also the three principal oil producetke world.
European Union authorities produced programmesgfend
and safeguard the origin and the quality of oitsduced in
these areas to prevent inferior products usingénee
nomenclature ( olive oil classification, olive bilsiness,
D.O.P, I.G.P). Italy was the first oil exporterrton producing
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countries. It can not be established the duratiche future of
Italian exportation of olive oils, but it can beppwsed that this
rule will be persistent, only if Italian olive aibntinue to
maintain it is imagine of quality, related to otipeoducing
countries.

1.2 Botany and taxonomical classification

From a botanical point of view the tree of olivehg only type
with an edible fruit, with approximately 600 specimelonging
to theOleacaefamily. In the thirty casts of the family, some
like Fraxiunus Jasminum, Ligustrum, SyringadPhillyrea
are of agricultural and ornamental interé8ts

The taxonomical classification of olive tree cusiivs
nowadays under discussion. Inside Olea family areesided
about 30-35 species distributed from Africa to Guaaall

with the same number of chromosomes (2n=2x=46)dind
subdivided into three geographical groups, resp=gtirelated
to macro areas: Afro-Mediterranean, Indo-Chiningldylan
and Madagascan. Some of them (O. cuspidara, Ongh)are
of interest, as a source of interesting genetitufea in
improvement projects. In Simmonds opinion three not
Mediterranean species should have contribute. teu@paea
evolution : the pre-Saharanian aperrinii, the sud-
Africanian O.Africanaand the Asiatic Ocuspidata Other
works, considered that it's not possible that ncgdierranean
cultivar could be Oeuropaeaancestors. Latest chromosomes

9



researches consolidate the hypothesis of interfagadci
crossbreeding, and chromosomal reduplication. Neetss,
controversial opinions are expressed about cudid/ative
botanical classification. There is an acceptedmdison within
the specie in two subspecisativaandoleaster respectively
related to cultivate and olive tree specie.

Cross-breeding of these two subspecies had orglrfatund
individuals. It has been noticed a frequency geadyi
substitution by sativa, because of it's spontang@aligration
and a “ drowning” obleaster Olive tree is an arboreal ever
green plant of a mean developing ( 4-8m in altjubdat
related to cultivar, agricultural conditions, emviments and
cultural treatments, it can achieves also 15mtatide.

In this contest, Gioia Tauro (Calabria region) elivees are
known for the majesty of their dimensions. Oliveetss typical
features are environmental and agricultural cooli
adaptability and longevity.

1.2.1 Thefruit

1.2.1.1 General description

Olive fruit is a drupe. Morphological features swashform,
dimension, colour are related firstly to genetiardcters, and
so they differentiate in functions of growing, mation and
cultivar; indeed they assume a taxonomical valudénvarietal
identification. Maturation age, pulp yield, consiste, oil

10



content chemical composition, etc, are also otheortant
parameters of agronomical interest. In olive drsipecture,
there is a sharp and membranous epicarp ( peilgady
mesocarp (pulp) and a wooden endocarp (pit). Tadether
these tissues, originated from the ovary wallanftine
pericarp, that embeds and encompasses the seeepithaep

is acutely anchored to mesocarp, and it is made of
monostratified levigated and waxy epiderm, and odigpulent
cuticle ipodermic. In the early stages of developtnthe
continuity of these coatings is broken by stomdsckv
guarantee a photosynthesis activity of the fruitede stomas in
the mature fruit transform into lenticels. Thesstieels on the
fruit are visible in function of the cultivar and the maturation
level. Their number, dimension and dispositiondifierential
elements used in the cultivar recognition. It isvadays
unknown in what way they can guarantee a gaseous
interchange with outer skt

11



eplcarp

mesocarp (= pulp)

endocarp (= stone wall}

kernel

Figure 1. Olive drupe section

Mesocarpcovers 70-85% of whole fruit weight, and it
constitutes the edible part of the fruit in tablees. It is also
the tissue, wherein there is an oil accumulatiorg quantity of
12-25% of fresh fruit weight. During growing phasetil
maturation of the fruit, intercellular spaces faamd the cells
vacuolated. In the vacuoles, oil accumulation hap@ad in
the ending phase of oil production, oil can filiserrcellular
space®. Mesocarp cells include chlorophylls, that gradual
are lost, during maturatid®. In the mature fruit, the black
colour is correlated to Anthocyanins content in ocasp and
epiderm. In the cases in which this synthesisasked,
drupe’s colour in maturation stage is whf& Histological
features of different tissues, which form epicanp anesocarp

influence mercenary and technological propertieslioés, like
12



handling and processing resistance. Endocarp éeds t
developing stage two months after fecundation. Wweeks
after fecundation, the number of sclereids in magmgrows
and also their level of lignifications.

This process is collateral to endocarp growth andrgo
development, until complete sclerification ( pituration).
Indeed, mature epicarp is made of cells sclerétatvith a
high lignin content in the secondary wall. Vesiculaams,
which in the early stages of fruit developmentaievmesocarp
from endocarp cells, connect together and grovgiwag
typical sulcate appearance to mature endocarpcsurihe
final dimensions of epicarp changes notably inedéht
cultivars, fluctuating from 0,5 to 1,5 cm of lagte. The weight
changes between 0,20 to 0,60 gr. The epicarp faitnch is
close related to that of drupe can be elongatéptiehl or

oval. Fibro vascular sulcates appearance, togetitiepits
dimension are between the most constant featuresiatal
level, so they assume taxonomical value in cultreaognition.
Pulppit rate greatly fluctuates in function of thdtivar and it
is used as a quality parameter in table olf¥Bs

The final dimensions of epicarp are directly cated with
mesocarp growth and with the number of cells ddduncular
dimension is directly correlated with fruit dimeoisi

Indeed, in the green stage of maturation fruigheis
positively correlated with peduncular connexiorcégrand
with peduncular thicknes¥.

13



1.2.1.2 Growth and Metabolism

Olive fruits are commercially evaluated in functiohtheir oil
content for oil production, and in function of thpulp content
for olive table uses. Oil is an energy source,died an
indispensable food, which supplies essential fatigs,
vitamins, antioxidants; it is flavour, colour andaa
contribute to its quality. In the same way, frume@nsion,
pulp-pit ratio, oil content, pulp consistence ahénical
composition are important parameters for olivesetabruit
components are defined during growth, and areenfted by
cultivar, climatic conditions and cultural pracsc&knowledge
of morphological, biochemical and physiological gegeses,
which happen during maturation, contribute to aexrusage
of technology for improving commercial and quaitat
features of fruits. Respiration, photosynthesis @hslynthesis
are the physiological processes, when characteoiress,
until they diverge from the tree. The availabilitnutrients,
the hormonal and genetics control of them, oil azglation
and organoleptic properties qualify olive growidgiring
growth olive are a centre of cellular division,syhthesis of
new proteins and glucosides and, of oil formatind a
accumulation. All these processes require energichwruit
procure from a supplemental respiration, metalbrajizi
importing substances. Fruits exhibit an intensathiag in the
dark, soon after sunset; which remain high untitl&9s after
flowerage. Respiration is greatly influenced by pemature and
cell division, that is elevated during the earlggss of olive

14



growth. Afterward, the respiration is enhancedrignsive
metabolism of imported substances and by the otl®sis.
After sunset, olives have an intense green colodraa high
photosynthesis rate, until 20 days of flowerftig"”. Then it
decreases for 60 days. Afterwards it remains constail the
disappearance of chlorophylls. Young fruits ineee&02
adsorption proportionally with light intensity. Hewer, 40-80
days after flowering, they display a saturatiompdduring
fruits growth, photosynthesis is correlated to ohyinylls
content and light exposure. In the photosynthé&druits
utilize CO2 derived from their respiration, butlre
developing phase olives are not autotrophic, sp ith@ort
glucosides from adjacent leaves. Nevertheless,buktes
derived from fruit's photosynthesis, can be an ingat
energetic contribute, during cellular division, tthrdluences
final dimension of olives. Each tissue of olivesglaces an
own time of growth. Endocarp which covers 30-40%hef
final weight, grows rapidly, only during the fir4% days.
Instead, mesocarp that covers 60% of the final ntegyows
regularly through all the time of fruit developnteBeed
covers 2-3% of the final weight of the fruit, analsha fast
weight increment. Oil synthesis is greatly inteimsthe 60-120
days, after full flowering. Each growth phase o fhuit,
although under genetic control, can be in somewagutated
by cultural techniques. The genetic control oftfrsiimade
through synthesis and polarization of the growtjulators
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(‘auxins, citochinins, ethylene, abscissic acid)roteins,
originated from specifically genes, which are usetemark
informations related to basal processes. Varyimgatic
conditions, like light exposition, water levelc#n be changed
or it can be modulated whole fruit growth or, ihdae
accommodated specifical occurridgs.

1.2.1.3 Maturation and harvesting

Maturation involves the final stage of fruit growtturing
which the development of physical, chemical ancnadeptic
components constitute a necessary reference, ittedbe best
harvest stage and, to assurance the major quantityhe best
guality of the product. In the fruit growth finahpse, since
150-160 days after flowering, polarization abilitinutritive
substances attenuates, so that the fruit dry weigtiergoes
slight increment, instead the water quantity cadengoes
consistent variations related to ground availgbdmd
pluviometric tenor. After this attenuation, auxmesluce and
cells become functionally adult and origin firshescence
occurrings, like fruit abscission. Fruits colouregdrom green
to violet, black-red, and black, as the consequeice
chlorophylls disappearance and as the consequénce o
carotenoids, flavones and anthocyanins synthekes. T
darkened stage and the olive colour, during maturaare
cultivar related, varying in function of fruit curaband
environmental conditions, so that they are subgetddarge
yearly changes. The oil quality is related to srartll taste
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sensations, which express a fruited that represdints taste
in the good level of maturation. The most important
substances, which confer oil bitter and pungenéfase trans-
2-hexenal and cis-3-hexenal, conferring to oilaejful green
flower.

Generally, olives harvest in an early maturati@ygstgive an
intense green like fruited, bitter and pungenttdad, olives
harvest in a later maturation stage give a matuitetl, little
intense, and little bitter. Acidity and number @rpxides are
not dependent of harvest time, when this is madineplant,
instead they rapidly increase in fruits fall on reund or
badly storage. Polyphenols content varies withiarit
country, fruit cumber and ground nature. It termgtrease
during the first stage of maturation, and afteeduces.
Oxidation stability is polyphenols content corretht The best
time for harvesting corresponds to the maximuncaitent,
according to an high quality.

The fruits must be harvested on the tree with mboua
mechanical instruments and within 1-2 days aftey; they
must be sent for oil extraction. In the productage, it must
be avoided olives crushing, because oil meets watpr
solution and so enzymatic and fermentative actwitrigger,
which rapidly degrade the oil quality.
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2. OLEA EUROPAEA TISSUES
2.1 Phenolic compounds

An increasing interest in phenolic compounds is udeir
antioxidant and health enhancing properties. Thesgounds
exhibit protective effects against low density fjpoteins
(LDL) oxidation, which is commonly linked with the
atheroscletoric lesiort&). In vitro studies also shown that
oleuropein and tyrosol, have potential activityaasitumoral
agents. Phenolic compounds are classified as sacpnd
metabolites, rather than primary metabolites. The

latter include proteins, nucleic acids, carbohyesalipids and
cofactors, and are involved in the synthesis ofemiels
essential for the growth of all organishis In contrast,
secondary metabolites are those compounds thatshave
restricted distribution ( which is almost specipgdfic), and
no obvious function in general metabolism. Theinlasion
between primary and secondary metabolites, however,
blurred in that there are many obscure amino awidgh are
considered secondary metabolites, whereas margisster
which are classified as secondary metabolites, hawessential
role in most organisms and, as such, must be cenesid
primary metabolitdd® . In addition, the two types of
metabolism are interconnected, since primary
metabolism provides a number of small moleculest, dine
utilised in secondary metabolism pathways. It sv@mient to
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define plant phenolics in terms of metabolic orjgia those
substances derived from the shikimate pathway and
phenylpropanoid metaboli$f?. Their metabolic pathways are
particularly complex with multiple alternative mbtdic fates,
that may vary markedly from tissue to tissue, frome
growing condition to another, and in response torenmental
stimuli. An understanding of the biosynthesis & gtant
phenolics will facilitate manipulation of their lels in plants.
The olive,Olea europaeds a source of several phenolic
compounds with important properties.

Biochemically, members of the Oleaceae family can b
characterised by the presence of a number of con+iiee
compounds, known as secoiridoids. These compourds a
related to the iridoids, which are produced vieoselary
metabolism of monoterpenes as precursors of vanmlade
alkaloids. The iridoids are characterised by skeletn which
six-membered heterocyclic ring is fused to a cyefttpne
ring®®® . Secoxyloganin derived from loganin, via operirfig
the cyclopentane ring, represents the parent contpofi
secoiridoids. Secoiridoids characterised by an gsl@c8-9
olefinic functionality are known as oleosides, déhese
compounds are restricted to the oleaceous plahésoleosides
are not phenolic, but may involve a phenolic mogtya
result of esterification, via branching in the mievec acid
pathway, in which terpene synthesis (oleoside mpaatd
phenolics synthesis merge. For example, oleuroguaih
ligstroside, the most significant oleosides in elfwiit, are
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esters of elenolic acid with 2-(3,4-dihydroxyphéattianol
(3,4-DHPEA) and 2-(4-hydroxyphenyl)ethanol (p-HPEA)
respectively. Other phenolic compounds that algmeapto be
ubiquitarian in the Oleaceae family, are verbastmand
similar compound®2¥. A number of simple phenolic
compounds such as tyrosol and hydroxytyrosol,

ferulic, and gallic acids are also present. Theomitgjof
phenolics are stored almost exclusively as conggydthere
appear to be several reasons for conjugation. Thasy
phenolic compounds are relatively toxic, and thimediated
by conjugation. Conjugation enhances solubility ared/ be
involved in locking certain phenolics in specificracellular
compartments. Conjugation

might also assist transport of the phenolics tocei=?® ( or
subcellular assembly).

2.1.1 Distribution

Phenolic compounds are found in all parts of tlaaplbut
their nature and concentration varies greatly bebntbe
different tissues. In Olea europaea, oleuropein,
demethyloleuropein, ligstroside, and oleoside regméthe
predominant phenolic oleosid®s, whereas verbascosié@is
the main hydroxycinnamic derivative of olive ff&f .
Oleuropein is generally the most prominent phenolic
compound in olive cultivar and may reach conceimnatof up
to 140mg g-1 on a dry matter basis in young offéand 60-
90 mg g-1 of dry matter in the leal®s. Oleuropein is easily
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extracted as part of the phenolic fraction of ofiets®Y | but
it's concentration in the &t is very low(100-200 ppb). It
has been proposed that various derivatives aregidrouring
oil extraction and that a number of these artefatampounds
possess biological activi§i? ). Very few studies have focused
upon the phenolic composition of olive seeds. itaseworthy
that in grape berries, seeds, which are rich infolecular
mass condensed tannins, are considered generagesoirs
for phenolic compoun(ﬁ,ﬁ). Nevertheless, some interesting
phenolic compounds recently identified in olivedzat all
stages of maturation were salidro§iend nuzhenid® The
leaf has been regarded as the primary site of pi@tabolism
at the level of both primary and secondary plantpct§®.
The leaf hairs have a diverse role in plant pragatt”, serving
to ward off biotic attack and reducing the leveldf radiation
reaching the leaf interior. It is not surprisingtiolive leaf
hairs contained UV-screening pigments, which haaenb
characterised as phenolics, with a considerablerfiaid
contributiort*®.

Flavonoids including luteolin, apigenin, and quinmcin their
glucoside and aglycone forms were detected, asdelieved
that ,such compounds play an important role in UV-B
radiation, shielding properties exhibited by thedf leairs.

A large number of leaf phenolics were found to be
phenilpropanoids, which are known to be precursotise
lignin biosynthetic pathway, and act as either poters or
inhibitors of olive growth. The idea that the phke®in olive
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leaves may play a direct role in plant growth rema distinct
possibility. The phenolic content of olive fruitfagars to have
been studied more extensively than any other pligat tissue,
and has been thoroughly review&¥®. Servili et al (1999)
characterised maturation-induced changes in theqlice
content of the complete olive fruit, encompassiaglppulp,
and seeds in three lItalian olive cultivars (Comatineccino,
and Moraiolo). Nuzhenide was detected exclusivelglive
seeds of all three varieties, and at all stagesaitiration.
Lueolin-7-glucoside and rutin were detected onlglie peel,
whereas verbascoside, oleuropein, and demethytgeur
were found in all three olive matrices. The concaidn of the
latter two phenolics was greatest in olive pulpi@irly“Y,
Rovellini et al. (1997) have analysed the flavonmdnposition
of fruit, husks, and leaves plus olive oil .

Luteolin, luteolin rutinoside, and luteolin glucdsiwere
detected in both olive leaves and husks. Apigehinagide
was found only in olive leaves, and rutin was foondy in
olive husks. In olive oil and olive fruit, luteolend apigenin
were identified, and another flavone hypothesisebdeing
methoxyluteolin was evidenced in olive oil extracts
Oleuropein was identified and characterised

already in the 1950s by Sasha and Liebdfit?).

In the fruit, a wide range of phenolic structures heen
reported including simple phenolic acids, suchhasigomers
of coumaric acid, phenol glucosides, phenolic déess and
flavonoid$*” .
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New secoiridoid metabolites found in drupes, retieal the
key molecules produced by secondary metabolisrarpéhes
can be conjugated with hydroxytyrosol, a secondagyabolite
of phenol biosynthesis, through the formation dfedently
structured glucosid&9).

The origin of this new species could be relatettdnsport
phenomena, which can be different among the vatiesses
of a given plant. Moreover, more stringent evideotte
biogenetic similarity of the members of differeteaceae
families is provided by the discovery of metabglitgpical of
ligustrum and fraxinus in olive tissues.

The phenolic fraction of olive leaves is dominabgdcomplex
phenols such as flavonoids and phenolic secoirgj@dd
contains very few simple phenolic acids . Olivedseand
husks contain relatively few phenolic species,dandompass
simple phenolics including tyrosol and caffeic aand
conjunction with flavonoids and secoiridoids. These
differences immediately infer that each

component has its own distinct metabolism. Whataiasto
be determined is the extent to which metabolistinén
different compartments is related.

2.1.2 Biosynthesis

Studies of olive have generally concentrated oinglestissue,
such as fruit or leaf, and hence metabolic relstgps between
distinct parts of the tree have not been eluciddtesl unclear
whether transport between the compartments involves
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movement of precursor compounds ( be they non pisemo
simple phenols) or the intact complex phenolic sgsecThere
are many difficulties

associated with metabolic studies and this has breressed
by Manr?®as “It is important to realise that the metabolites
isolated from natural sources are not necessHry,
metabolites that are present in the living tissd&& process of
extraction and purification must disturb ttatus quoof the
organisms, and chemical changes brought aboutbysexe to
oxygen, solvents, and change of pH, are partiguammon
with phenolic metabolites. In addition, differenetabolites
may be produced in response to microbial infectsmnthe
spectrum of metabolites is, often characteristithefstate of
health of the organism”. To this we would add tinat fruit is

in a dynamic state, and that the level of metad®btt any
given time, represents a composite of both catalaold
anabolic processg8. Shikimate pathway : In plants the
shikimate pathway is responsible for the formatbthe two
aromatic amino acids phenylalanine and tyrosine.
Carbohydrates are the universal source of carbmnsator
metabolism and provide precursors for the biossishef
secondary metabolites: acetate, aliphatic amindbsaand
shikimic acid?®. The non oxidative glycolysis of glucose,
which yields phosphoenolpyruvate, and erythrosédsphate,
underlies all metabolic functionalffy’ . These two compounds
serve as the initial reactants in what is knowthasshikimic
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acid, or shikimate pathway. It has been identieden major
steps in the common shikimate pathway.

It has been suggested that developing fruits déterthe
degree of fruit induction in the following seasangd that the
basic phenomenon of alternate bearing is contriethe
endogenous metabolism of the tree, and is prolgadgrned
by the developing seed. La¥¥éhas proposed a metabolic
relationship between olive fruits and leaves, wheraternate
bearing is initiated by a signal, probably hormodéfusing
from the developing fruits on the leaves. The lsawvél
produce a differentiation inhibitor (probably phécpat a rate
determined by the intensity of the signal and tmgrenmental
conditions, and will determinate the degree of Bowud
differentiation. Based on this work, and that olditich and
Williams“® who proposed that lipid synthesis in olive trees
occurs in the leaves and is then transported térditeit is
feasible to assume that additional metabolic @tethips exist
between fruits and leaves.

2.1.3 Anthocyanins

One of the most significant observable changesngdiruit
maturation, is colour development. Six to eight nharafter
flowering of the olive tree, the fruit attains iteaximum
weight, and undergoes colour changes and associated
physiological modifications, with the appearancéehaf
purplish-black fruit, indicating the end of morpbgical
developmer{t? . Colour change is associated with the decline
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in chlorophyll and oleuropein levels, and appeagawic
anthocyanins. The phase of fruit development reteto as
black maturation is a direct result of a significeacrease in
the anthocyanins content. The distribution of aoylamins is
very restricted, being limited to the mature fruityere they
first appear in the fruit skin at either the digiajproximal end
of the fruit and, spread from there to the reghefskin and,
thereafter, to the mesocarp in the same orderaftieocyanins
occur in the vacuole as aquilibrium of four molecular
specie¥®). The most common anthocyanins found in olive are
cyaniding and delphinidin glycosides, although data
concerning delphidin glycosides are more scarce that of
the cyaniding glycosid&s).

The synthesis of anthocyanins requires the presgfifcee
sugars and, hence the accumulation of anthocyanihs
maturation is, often correlated with that of théubée sugars.
The decline in oleuropein concentration, with maton may
be related to this accumulation and requiremenstigaf®® .
One of the degradation products of oleuropeinas@ic acid
glucoside, which increases with maturation, and é&tenolic
acid has been found in olive fruft3 .

Assuming that elenolic acid is a degradation prodtic
elenolic acid glucoside, in conjunction with thetfthat
soluble sugars decrease as the olive fruit devefspsthe
partial degradation of this glucoside may occususetain the
rising demand for sugar, needed for the increasedygction of
anthocyanins with maturation.
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2.2 Biogenesis of olive oil aroma

Volatile compounds are low molecular weight compatsi(less
than 300 Da) which vaporise readily at room temipeea
Some volatile compounds reach the olfactory epihel
dissolve into the mucus and may bond with olfacteceptors,
to give an odour sensation. Cultivar, geographadone, fruit
maturity, processing methods and parameters intkeiéme
volatile composition of olive oil. Fruit from diffent cultivars,
grown under the same environmental conditions, ypceails
with different volatile compounds, as does fruitlod same
cultivar grown in different geographic regions. Hrema of
virgin olive oil results from a complex mixture wdlatile
compounds, that can be analysed and quantifiecaby g
chromatography-mass spectrom&&#yAmong such
compounds, six carbon aldehydes (hexanal, 3(2)em&band
2(E)-hexenal), alcohols (hexanol, 3(2)-hexenol a(t)-
hexenol), and their acetyl esters (hexyl acetate3#)-
hexenyl acetate), make up to 80% of total volalenpounds
in all the different oils.

Analysed so far , with 2(E)- hexenal being the npyeminent
component. It is well established that these Cétilel
compounds, which are also constituents of the amimaany
fruits, vegetables and their products, are fornmeohf
polyunsaturated fatty acids, through a cascad@chiemical
reactions collectively known as the lipoxygenas@ X
pathway®® .
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Figure2.The lipoxygenase pathway

This biochemical pathway, which in plants is stiatatl by
tissue damage (such as crushing), involves a safr&szymes
that oxidise (lipoxygenase) and cleave (hydrope®irase)
polyunsaturated fatty acids to yield aldehydescivlaire
subsequently reduced to alcohols(alcohol dehydiaggn
which can, in turn, be esterified (alcohol acylstamase) to
produce esters .
In the course of the industrial process of oliveegtraction ,
the LOX pathway is induced upon crushing of oliaasl
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proceeds during the malaxation step. The volatitagounds
formed during these operations are incorporatextime oil,
thus causing the characteristic aroma. Thus, tmaof oil is
determined by all enzyme activities involved in ti@Xx
pathway. However, the contribution of each acticiz be
altered by the extraction conditions applied. L&Xi
dioxygenase that catalyses the dioxygenation of
polyunsaturated fatty acids that contain a 1(Zf)4entadiene
sequence yielding a fatty acid hydroperoxide.

The hydroperoxide group is introduced at the enihef
sequence and the neighbouring double bond migoaites
Cposition in the direction of the other double bamd attains
the Econfiguration. Thus, depending on its regiospeityfia
given LOX catalyses the formation of eithen-& or an-10
fatty acid hydroperoxide. This point, which is redat in
relation to the nature of the products, formed digtothe
lipoxygenase pathway, has been investigated ie®lilt was
first reported that LOX from olive pulp introducéte
hydroperoxide group onto tlmel0 carbon atom of both
linoleic and linolenic acid .

More recent investigations, in contrast, reveat dtige LOX
catalyses the formation of the n-6 hydroperoxidenier of
both linoleic andr-linolenic acid , which fits better with the
nature of the volatile compounds found in the araalive
oil. LOXs from different plant organs display soswestrate
preference for one particular polyunsaturated fatig. In
general, LOXs from seeds display preference faidic acid,
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whereas the enzymes from leaves and fruits are acbree
with a-linolenic acid, as has been reported for appletaad
leaves . The LOX from olive pulp has been fountealmost
twice as active withi-linolenate, than with linolea®>% . To
summarise, the biochemical data available inditaeolive
LOX is more active withu-linolenic acid and displays a clear
regiospecificity for the n-6 position of the fatigid molecule.
An understanding of the pathways that produce theile
compounds is important in enhancing the qualitglive oil.
Promotion of certain stages of the lipoxygenasbway can
be used to enhance some desired volatile compoEods.
instance, conditions that promote HPL and inhilit-hand
AAT activity can be applied to elevate the greesnaa.
Similarly, the conditions that promote AAT activitgn be
applied to enhance the fruity arofita. Currently, most efforts
have focussed on understanding the differences quality
from olive fruits of different qualities and in tmeduction of
guality deterioration, once the oil is producedstHuarvest
storage of olives has been shown to increase theetdration
of trans-2-hexen&l". Further investigation should be made in
post-harvest fruit handling technologies, that emdeahe
generation of positive volatile compounds in additio easing
pressure on processing pldrits
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3. EXPERIMENTAL SECTION

3.1 Volatile fractions profile and expression
analysis of LOX gene from olive cultivar during
fruit ripening

Bucci, C.; Macchione, B.; Muzzalupo, |.; Stefanigz
Chiappetta, A.; Tagarell, A.

Journal of Biotechnology Volume 150, Supplement,
November 2010, Pages 474

In olive Olea europaeal.) fruit , the LOX pathway is
responsible for aroma properties that differentiatgin olive
oil from other vegetable oils. Plant lipoxygenage©Xs)
catalyze the oxygenation of polyunsaturated fa®yaé&ids such
aslinolenic (LnA) and linoleic acids (LA) (Fig. 2§9. LOXs
also have a role in the production of volatiles ecales that
can positively or negatively influence the flavaurd aroma in
many plant products.In olivé®{ea europaed..) fruit, the LOX
pathway is responsible for the production of dédera
organoleptic properties that differentiate virgilive oil from
other vegetable oils. Hexanal (E)-2- hexenal, (lBefen-1-ol,
1-hexanol and (2)-3-hexen-1-yl acetate are fivenmadkers
produced as a consequence of lipid degradatiomgwimlg
tissue disruption and are among the most impoxialatile 61
compounds in olive oil arom&°%2®Y) have reported that the
gualitative and quantitativeomposition of the olive oil aroma
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is tightly dependenbn the enzymatic store involved in the
LOX pathway which is linked to fruit ripening. Thtguality of
olive oil is influenced by genetic and environméfaators and
by the maturationstate of drupes, but it is equally affected by
technological treatments of the process, such deation ¢

®3) 1t has been stated that in olive fruit an enzymsystem is
present, which is genetically determinedincluding
acylhydrolase (AH), LOX, fatty acid hydroperoxidgase
(FAHL), alcohol dehydrogenase ADH) and alcohol
acyltransferase (AAT). It becomes quickly 70 actiyeon cell
disruption and is involved in the formation of gnesensory
notes, covering the range between sweet-fruityrgteebitter-
powerful-greerfﬁ“). Thus, the process of obtaining olive oil can
be considered a good example of a system that pesdu
secondary green volatiles.

3.1.1 Aim of the work

In this work, we investigate possible correlatimtween olive
LOX gene expression and chemical biomarkers of itigigct
The genotype analyzed is the ‘Coratina’, cultivaigimating
from Apulia region, where it is present on over ODQ,
hectares. Most plants are located in Bari, butsitwidely
distributed throughout the national territo§?. The virgin
olive oils investigated in this work are all obtéhfrom () a
single olive genotype;iij harvest in two different farms
located in the Southern Italian region; andiin) ¢hree ripening
stages. Changes in composition of the volatiletivas of
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virgin olive oils produced from 'Coratina’ olive gtas at
different time of malaxation were also evaluated.

3.1.2 Materials And Methods

Plants of ‘Coratina’ cv belonged to the olive gelasm
collection of the CRA-OLI (Centro di Ricerca per
I'Olivicoltura e l'Industria Olearia) in Mirto-Craa (Jonian
coasts, Calabria, Italy) and in Rende (Internalezddalabria,
Italy) were selected (Fig. 3).

Mitto-Crosia

Fig.3 Map of the areas where samples were collectedsaimgples come
from two different growing places of the Calabigion (Italy).
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DNA fingerprinting of all ‘Coratina’ plants obtaide by
microsatellite markers, shows the same genotype aned
therefore indistinguishable. Fruits were collecteaim plants
(‘Coratina’ cv) during three ripening stage ath2feeks GM =
green mature), 93 at 8tveeks BP1= black with <50% purple
flesh) and 3t 94 weeks BP2 = black with >50% purple flesh)
after anthesis (in full bloom).

Total RNA was isolated from olive tissues, at diffiet
developmental stages, processed separately.

Tissues frozen with liquid nitrogen (100 mg) wemeqessed
with the RNeasy Plant Mini kit (Qiagen, Hilden, @Gamy)
according to the manufacturer's instructions. e thlution
step, RNA was resuspended in a volume ofubOof RNase
free water and incubated at 37 °C for 30 min withad&ll in a
final volume of 10QuL. DNAse | was inactivated at 70 °C for
15 min.

RNA was precipitated and finally resuspended inpdOof
RNase-free water. Quality and quantity of totalased RNA
were controlled with a NanoDrop Spectrophotomer NIDO.
The total RNA (3- 5 mg) from each sample was useth, the
high-capacity ¥ cDNA reverse transcription (Applied
Biosystems, Applera, Monza, Italia), according tbet
manufacturer’s instructions (Applied Biosystem).
Quantitative real-time PCR (qRT-PCR) was perfornoada
Applied Biosystems 7500 Real Time PCR Systems (&gdpl
Biosystem). Single colour thermocycler wiBower SYBR®
Green PCR Master Mix 2X (Applied Biosystem).
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The oligonucleotide primer sets used for qRT-PCRlyeis
116 were designed using Primer Express versior{/Applied
Biosystem) according to the strategies set up mn&et al.,
(2009)%

Experimentally optimal primers were identified baésepon
their ability to meet several standards: (obustness successful
amplification over a range of annealing temperaurg)
specificity generation of a single significant peakhe melting
curve, and ¢ consistency highly reproducible @t values
within the reactions of a triplicate. The primeised forLOX
gene (GenBank EU678670) are Fw real time 5'-
TCCCATTGCCTCAGGTTATCA-3' e Bw real time 5'-
TCTCTCGCGAATTCTTCATCTG-3'. The length of all PCR
products ranged from 150 to 200 bp. The averagdifazapon
efficiency of each primer pair was determined, gmoners
performing poorly were replaced. The average eficy of all
of the primer pairs discussed in this study rargetveen 0.95
and 1.0. After checking independent trials of saler
housekeeping genes, 18S rRNA produced the most
reproducible results across various cDNAs, and ugzsl as a
normalization control. The primer sequence of 1RSA was
Fw 18S 5-AAACGGCTACCACATCCAAG-3 and Bw 18S
5- CCTCCAATGGATCCTCGTTA-3.

Amplification reactions were prepared in a finalurae of 25
uL by adding 12.5uL of the iTag SYBR-Green Super Mix
with  ROX (Bio-Rad Laboratories S.r.l., Rome, lItaly)
containing the iTag DNA polymerase 50 units mi, 6 mm
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Mg+2135 , 1uM ROX internal Reference DYE Stabilisers, 0.4
mM of dATP-dCTP-dGTP and 0.8 mM dUTP), OuM of
primers, and 2 mL (25 ng) of cDNA. Allreactions weaun in
triplicate in 48-well reaction plates, and negataamtrols were
set. The cycling parameters were as follows: oredecgt 95°C
for 3 min to activate th@aqenzyme, followed by 40cycle of
denaturation at 95 °C for 10 s and annealing-ext@nai 58 °C
for 30 s. After reaction, in order to confirm theistence of a
unique PCR product the ‘melting 140 cur® was evaluated
by an increase of 0.5 °C every 10 s, from 60 °C t6®@5We
obtained a unigue ‘melting peak’ in every reactaon the PCR
products were verified by 1% agarose gel electrogdis. The
2852 base pairs products were cloned and sevethéof were
sequenced, and nucleotide differences were notuenered,
indicating that the same gene was expressed ie tisssies.

3.1.3 Data Analysis
The results of real-time PCR were analysed usingcOmp
Monitor: quantification real-time PCR
Detection System (Bio-Rad), a program that faddsathe
analysis of the kinetics of each performed reactiGycle
threshold CT) values were obtained with the Genex software
(Bio-Rad) and data were analysed with tlhhec2 152 method
("), The means of OX expression levels were calculated from
three biological repeats, obtained from three iree@nt
experiments. For each sample 5 Kg of olives wakegidrom
three trees, which were homogeneous for cultival laealth,
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and then milled in a laboratory scale hammer n@llidmio,
Toscana Enologica Mori,Tavernelle Val di Pesay)talfter
30 min of malaxation at room temperature, the odsw
separated by centrifugation in the same operatweliions.
Olive pastes without malaxatio®Pl), olive pastes after 30
min of malaxation QP2 and olive oil obtained after
centrifugation were stored at -18 °C until volatfieaction
analysis.

3.1.3.1 Analysis of volatile compounds

The preparation of samples and the most suitabié-jgloase
microextraction (SPME) conditions for quantitatisssay of
the five selected compounds, hexan#l)-Z-hexenal, [E)-2-
hexen-1-ol, 1-hexanol andZ)(3-hexen-1-yl acetate were
described in a previous stuff§ .

Briefly, 2 g of olive paste@P1 and OP2) or olive oil samples
were placed in a septum-closed vial and the exbracivas
performed in the headspace volume (~8 mL) at 400tC20
min by a SPME Diinylbenzene / Carboxen /
polydimethylsiloxane (DVB/CAR/PDMS) 65 um fiber
(Supelco Co., Bellefonte, PA). The adsorbed anslytere
thermally desorbed by introducing the fiber inte thjector set
at 250 °C for 3 min.

Volatile fraction analysis were performed using arien
(Walnut Creek, CA) Saturn 2000 GC-MS
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ion trap (ITD) system in positive Cl mode, witlolgitane as
the reagent gas, coupled to a Varian 3400 gas citograph
equipped with a Varian 8200 autoinjector. The igapt
temperature was set at 10 °C with an ionization wh2 ms, a
reaction time at 50 ms, and a scan rate at 1000 nestransfer
line temperature was set at 230 °C. The column wae m
Varian Factor Four 5-ms (0.25 mm id., 0.26n film
thickness). The gas chromatography (GC) oven teatyner
was initially held at 40 °C for 3 min, then incredsd 1 C min
1to 70 °C, increased again at 20 °C mito 250 °C, and held
for 8 min. The carrier gas was helium at 1 mL nii81 .
Analyses were performed in splitless mode.

For SPME analyses, a narrow-bore Supelco 0.8 dmGC
inlet liner was used. The quantitative assay wafopaed in
chemical ionization mode, using isobutane as thgert gas
and ethyl isobutanoate as internal standard atdheentration
ranges 0.2-2 and 5-100 mg Kgausing 1 and 40 mg Kgof IS,
respectively. Each experimental value corresporuisthie
average of three replicates.

The preparation of methyl esters of the fatty aewds carried
out according to the EC Official

Gazette (EEC No 2568/91). A gas chromatograph (§€iefn
Agilent 6890N Network Techonologies, Rome, Italyaswy
employed with a capillary column Supelco SP-2383%0Gnm
i.d. 0.25 m film thickness, silica phase) and anflaionization
detector (FID). The gas chromatographic conditiorese as
follows: oven temperature programmed from 160 té IC at
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2 °C min1 193 and from 174 t0190 °C in 15 min at 4 °C min
1194 . FID temperature was set at 250 °C andafrier gas
pressure at 18 psi. The mean values of fatty amdsposition
were calculated from three independent experiments.

The phenolic compounds were determined as by tHa-Fo
Ciocalteu metho®#®,using caffeic acid as standard.

The dl contentwere determined by Soxhlet extraction using
hexane for 6 h using. After evaporation of solvém oil
content was determined gravimetrically.

3.1.4 Results and discussion

LOX expression was estimated through gRT-PCR analysis i
three stage of ripening of fruit&M, 206BP1andBP2) and in
two different farms located in the Calabria regi@virto-
Crosia and Rende) previously characteriZze®X genes are
differentially expressed. Particularly, the lesserue was
detected iGM fruits in Rende farm. It was assigns a 0.0 value
and it was used as a sample calibrator (Fig. 4).
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Relative LOX expression
o

GM BP1 ‘ BP2 GM ‘ BP1 ‘ BP2

Rende Mirto-Crosia

Fig. 4.Expression levels dfOX gene in ‘Coratina’ cv drupes harvested at
three stages of ripening

(GM = green matureBP1= black with <50% purple flestBP2= black
with >50% purple flesh) and in two different culition areas (Rende and
Mirto-Crosia). To the ‘Coratina’ samples collectadtheésM stage () was
assigned the value of 0.0 and been used as calibr&alues represent the

means * standard deviation of three independetddial replicates.
Significant differences between means are showdiffgrent lettersiP <
0.05) (Tukey'sHSD range test).

Furthermore,LOX transcripts were 5-fold more abundant in
BP2 in Mirto-Crosia area than calibrator. Values sigmihtly
differ were revealed betweddP1 andBP2 fruits (Fig. 4). The
same trend, in the relative level of gene expressivas
observed in the drupes harvest in the Mirto-Crasiae, but
with lower values respect to that observed in Re2itiz area.

40



The Mirto-Crosia farm, being located near the @a,a milder
climate, with temperatures always warmer than taede farm
(data provided by website http://www.ilmeteo.it/@f). This
is a possible cause of an increase in plant masab@ndLOX
gene expression in olive fruits.

Multiple isoforms of LOXs have been found in a widage
of plants © and two LOXs have been functional
characterization from olive fru?. In these casesnly one
LOX gene showed an increased level of transcript infrilng
during ripening, which coincides with an increase the
synthesis of volatile compounds present in olMeamma . In
our case, during olive fruit ripening, the sameagpe in two
different farms, has an increasé®X gene expression, not
associated with an increase of volatile compouikits @ and
Fig. 5).

This LOX expression pattern suggests that it is correlatidad w
the ripening and senescence processes.
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Fig. 5.Content of five volatile biomarkers ( (E)-2-hexerfaxanal, 1-
hexanol, (E)-2-hexen-1-ol and (Z)-3-hexen-1-yl atstanalyzed in the
olive pastes obtained from ‘Coratina’ cv at differ&mes of malaxation

(OP1, t=0 min;OP2, t=30 min). The drupes were collected at three
developmental stage of ripeni@N1 = green maturéBP1 = black with
<50% purple fleshBP2 = black with >50% purple flesh) and in two
different cultivation areas (Rende and Mirto-Crpsitalues represent the
means xstandard deviation of three independenb@icdl replicates.
Significant differences between means are showdiffgrent letters P <
0.05) (Tukey'sHSD range test).

3.1.5 Volatile compounds analysis.

According to literaturé’2 73747 the following five secondary

metabolites were selected as markers of the lipexgge

oxidation pathway: hexanal, (E)-2-hexenal, 1-hexXa(if)-2-

hexen-ol and (2)-3-hexenyl acetate. The quantgatdata
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demonstrate that there are substantial differerfmetsveen
samples produced in the two considered Calabriaasar
Moreover, a significant variation has been obsemeshmples
with different fruit ripening stages (Fig. 4 andblal).

Mirto-Crosia Rende
GM BPI BP2 GM BPI BP?
Yield in oil (% dry matter) 27197  478=23" 3503=28" 4122227 462=28 3500=22
hexanal 166=052 256=075" 152=040" 051=011° 046=000° 079=010°
B (E)-2-hexenal 202=16" 258=26" 185=18" 3882221 452:30° 244224%
; (E)-2-hexen-1-ol 158 =058 nd 145=052° nd nd nd
i“ 1-hexanol 096+000° 003=000" 088=008 nd 0.92+000° 091=000°
(£)-3-hexen-1-yl acetate nd nd nd. n.d n.d. n.d.
Palmitic ac (C160)  1089=080" 1052=000° 1004=078 123=10" 1094=09% 1073=006"
Palmitoleic ac. (C161) 075=007° 0702005 068=005 072=006 065005 062=005"
2 Stearicac. (C18:0)  2.01+012° 106=011" 1.77=011° 266=012" 202=012° 180=011°
: g Oleic ac_ (CI8:1) 785215 791=16 796=17" T667=043" 786=16" 788=17°
) a-Linolenicac (C18) 605+ 035" 636=038" 668=041° 638=039° 660=039° 607=042°
Linoleic ac. (C18:3)  092+011° 081=009" 072=009° 094=009" 084=009" 0.75=009"
Total Phenols mexe' maticasy  430=63°  315=35°  157=22°  510=72°  327=4F  182=33°

Tab.1 Virgin olive oil quality indices from ‘Coraid’ cv after malaxation (t
=30 min). The yield in
oil (express in % on dry matter), the content datite biomarkers (express
in mg Kg-1 416 oil), the main

fatty acids (express in %) and the total phenodpréss in mg Kg-1 417 in

caffeic acid) are reported. The drupes were caltbat three developmental
stage of ripening@M = green matureBP1 = black with 19<50% purple

flesh; BP2= black with >50% purple flesh) and in two diffetenltivation
areas (Rende and Mirto-Crosia). Values representnimns + standard

deviation of three independent biological replisatignificant differences
in the same row are shown by different supersc(ts0.05) Tukey’s

HSD range test). n.d. = not detected.

43



As can be seen in figure 4, the (E)-2-hexenal cangeby far
the highest in all samples in accordance with jpeviresearch
results(®. A significant trend observed in data is represent
by an highest level of volatile compoundsGM fruits (27th
235 week after flowering) in both considered are&®live
cultivation and a steady decrease 236 during tlogrpss of
fruit ripening.

Beside, thedLOX gene showed an increased level of transcript
in the olive fruit during ripening (Fig. 3), whiatoincides with
a decrease in the synthesis of volatile compoumdsept in
olive paste and olive oil aroma. This result inthsathat the
LOX gene was expressed at late developmental stageme of
olive, suggesting that it is probable associatedh whe
senescence process. Although its contribution te th
biosynthesis of the olive oil aroma cannot be rutad, it
exhibits LOX activity in a 2:1 ratio with LA as sstpate, as
suggested also by Palmieri-Thietsal,"”.

The concentration levels of (E)-2-hexenal are great olive
oil than in the equivalent olive paste obtainechvat without
malaxation, regardless of the zone of olive cutiova In fact,
the volatile compounds formed during crushing aradamation
steps are accumulated into oil generating the charstic
aroma. The olive oil samples in each area of divkivation
showed the maximum levels of (E)-2-hexenalBR1 fruits
(31th 247 week after flowering). An elevated coricaion of
(E)-2- hexenal was found in all samples obtainetnhflRende
areas, respect to samples obtained from Mirto- i€rasea.
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These results indicated that LnA was clearly thefgred
substrate for LOX enzyme for both environments.

All olive paste samples of Mirto-Crosia area shawhagher
content of hexanalt+l-hexanol than paste sampleainsaot
from Rende area and this behavior is even moreopiroeed
for the olive oil sample (Table 1). This trend ntigde due to
different specificity of LOX enzymes for LA in théwvo
areas.The (E)-2-hexen-1-ol is present only in otus atGM
and BP2 olive fruits obtained from Mirto- Crosia area. This
might be due to an over-activity of the dehydrogengADH)
enzymes in this samples. Finally in all sampleg @)-3-
hexen-1-yl acetate was not detecte.

3.1.5.1 Malaxing time affects volatile compasition

Data concerning the selected volatile compoungsaimples of
olive pastes kneaded for different

times (t = 0 and t = 30 min) and from olive oilstained after
30 min of malaxation, are presented in Fig. 4 aadlg 1. It is
important to point out that the amount of the \tdat
compounds changes with the prolonging of malaxatiore
and with the olive ripening stage. In particulane tmost
important change was found for (E)-2-hexenal forclwhwe
noticed that prolonging of malaxation time (fromac030 min)
leads to a significant decrease of concentratiothisfaldehyde
in paste samples &M. An opposite trend was registered in the
olive paste aBPl in which it was found that (E)-2-hexenal
content significantly increase after 30 min of alaon time.
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In BP2 fruits we have not observed significant variatiasfs
(E)-2-hexenal concentration for both areas of watton. This
trend may be due to the different degree of inatwn of
enzymes. In fact, LOX enzyme can be influenced iffgrént
phenolic levels of the fruit at the various stages

ripeness. The inactivating role of phenolic compdsi on
enzyme activity is well establish€d. In the olive oils obtained
from GM fruits, in each area, phenols compounds were
significantly greater iSM respect tdP fruits (Table 1).

3.1.5.2 Other parameters

The evolution of the parameters investigated (Tdblshows
that the ripeness stage of ‘Coratina’ olives thiatdg the best
guality oil corresponds to BP1 fruits. Oils produced from
olives harvested within this time framBHR1, 31th 281 week
after bloom) are with high nutritional propertiee(oleic acid
and total phenols contents).

3.1.6 Conclusions

TheLOXgene expression increased during olive fruit
ripening, on the ‘Coratina’ genotype cultivatedwo different
farms. This trendsuggests that it is associated with ripening
and senescence processes. In Mirto-Crosia farnb,@xe
transcripts in olive fruits were significantly maabundant
than in Rende farnThe different 0l.OX gene expression
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level between the Mirto-Crosia and Rerdens, may be due
to environmental differencesd. temperature, soil fertility,
humidity, etc.)Olive paste and olive oil samples, for both
farms, showed different volatile contents. Thesa da
demonstratethat the volatile molecules are strictly connected
with environmental parameters. In fact, the (Ep&xenal
content is in all samples by far the highest iroagance with
the LOX preference for LnA fatty acid. The presente
hexanal and 1-hexanol in olive paste and in olilesamples
from Mirto-Crosia farm, suggests also a good sjmtyiffor

LA of the LOX enzyme other that a good activitytio¢
dehydrogenase (ADH) enzymes. In fact, the oil ar@sma
determined by all enzyme activities/olved in the LOX
pathway.The changes of the olidgOX gene expression levels
reveal, for the first time, their temporal and eammental
regulation and suggest differential physiologicaidtions.

This result opens the opportunity of building-u@fus
databases to recognize the geographical origativé oil and

it represents the first step related to the autbignof
foodstuff. The malaxation time factor affected the volatile
profiles of the olive paste and olive oils produéadboth
farms, Mirto-Crosia and Rende. The results achiesvagjest
that the malaxation time shoul@ of 30 min at theptimum
ripening stageBP1, 31h 303 week after bloom). In fact, at this
the time ofmalaxation, the olive paste and the olive oils
showed the highest value the volatile contents.

47



3.2 The Use of Microsatellite Markers for
Germplasm Management in Spanish and Italian
Olive Collections.

Bucci, C.; Mufoz, C.; Muzzalupo, I.; Perri, E.; Ral L.;
Rodriguez, E.; Sindona, G.; Trujillo, I. |
In press ACTA HORTICOLTURE

3.2.1 Introduction

Among Mediterranean countries, Italy occupies ayver
important place in the olive industry as is themeaxporter of
olive oil in the world®® .

The genetic patrimony of this country is very rieimd is
characterized by the abundance of varieties, mbsthem
landraces vegetatively propagated at the farm lesmte
ancient time$'®.

The cross-pollinating nature of the species andsésular
history contributed to determine a wide germplasodibersity
with a large number of cultivars present in the malive oll
producing countries. This richness in terms of lade
biodiversity, however, often has determined somswvdacks
in the management and identification of plant materto
distinguish between cultivars is complicated by fteguency
of homonyms and synonyrf® .

The genetic diversity existing in the cultivatedveltrees is
enormous over 680 cultivars and over 1300 synor§ths
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Morphological and biological characters have beedely
used for descriptive purposes and are commonly used
distinguish olive cultivars (Barranco and Rallo8%9Barranco
et al, 2000). Agronomic characterization also allowed the
classification of different olive cultivar§?. Nowadays, with
the large array of DNA molecular marker types alaé, it has
become possible to provide an accurate and unawisgtool
for a correct identification of cultivated olive rgeplasm®?.

In the last decade, several molecular marker cda$®ELPS,
RAPDs, AFLPs, ISSRs) contributed to this goal and i
particular, since recently several sets of SSR erar&re
reported in olive, they represent the markers ofaghfor
varietal identification studies in olives as theg &ransferable,
hypervariable, highly polymorphic, multiallelic poherase
chain reaction (PCR)-based co-dominant markeratively
simple to interpret and show a high information teor®?.

Severakx-situcollections exist to preserve the variability of
Olive trees, in most of Mediterranean countrigse
International Olive Germplasm Bank of Cordoba (BGM©
Spain, and the Olive Germplasm Bank located irf @fRA -
Olive growing and oil industry research centre” @RLI) of
Rende in Italy are the largest collections contajrthe major
part of the Spanish and Italian cultivars respedyivalong
with the most important cultivars all over the vebiBoth
germplasm banks are collaborating in the applicabib
common olive cultivar identification protocol whighbeing
successful discarding possible cases of homonyihs an
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synonyms among their conserved cultivarbese analyses are
being carried out in the Agronomy Department of the
University of Cordoba (Spainit this moment the first 83
olive accessions have been genetically charactebyaneans
of 12 SSR molecular markers and their profiles carag with
those of the BGMO database, which currently inciuchere
than 500 genotypes of world wide olive cultivars.

3.2.2 Aim of the work

The goal of this study is presenting these idieatibn results
and the genetic relationships observed among tladyzad
Italian olive genotypes and the 63 most importartivars of
Spain. Finally this collaborative work will allow hé
interchange of correctly identified cultivars andhet
construction of a molecular data-base for the BGMO
Cordoba and the CRA-OLI of Rende, which will berertely
useful for both institutions and that could reit®ithe use of a
common strategy in an international olive cultivaetwork.

3.2.3 Materials And Methods
Total genomic DNA was extracted from young leakums
following the method described by Angiolilét al.,(1999)®
using a CTAB buffer. Twelve microsatellite primgiable 2)
were used for the analysis.
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Locus Size(bp) Na Ho He PIC HW r
DCAO03 227-255 15 0.948 0.865 0.847 NS -0.0482
DCA09 160-214 17 0.95 0.879 0.864 ND -0.0418
DCA11 126-185 17 0.956 0.812 0.785 = -0.0907
DCA16 122-228 19 0.994 0.876 0.86 ND -0.0663
DCA18 158-193 15 0.95 0.836 0.814 == -0.0701
GAPU101 183-219 11 0.96 0.852 0.831 NS -0.0622
GAPU103 133-208 18 0.766 0.836 0.812 = 0.043
GAPUT1B 118-147 9 0.893 0.791 0.756 = -0.064
GAPU59 194-227 8 0.704 0.641 0.586 NS -0.0614
uUDO11 103-142 11 0.981 0.859 0.839 = -0.0695
uDO24 164-203 12 0.601 0.665 0.636 NS 0.0339
uDO43 162-225 20 0.912 0.875 0.859 NS -0.0235

Totals 172 -0.5208

Mean 14.33 0.9801 0.81567 | 0.7909

Foreach locus, the size range in base pairs, the numberof alleles (Na),

the observed heterozygosity (Ho), the expected heterozygosity (He),

polymorphicinformation content (P1C), the probability of exact “"Hardy-Weinberg'* test (HW), and the
probability of null alleles (r).

Table 2.Simple sequenze repeat amplification product oleseamong 146
Italian Cultivars.

The olive trees were genotyped at 12 nuclear matedige
loci, selected among those available in the liteeaind proven

to be suitable for the characterization and ideatifon of olive
varieties in previous papef&®5®) The loci used were four
(GAPUS9, GAPU71B, GAPU101 and GAPU103A) among
those described by Carriest al., (200212 three (UDOO11,
UDO024 and UDO043) among those described by Cipeaan
al., (2002¥%® and five (DCA03, DCA9, DCA11, DCA16 and
DCA18) among those described by Sefcal., (2000) ¢,
Eight loci of the selected markers (GAPU71B, GAPU10
GAPU103A, DCAO03, DCA9, DCA16, DCA18 and UDO043)
were chosen from the common list reported by Balddral.,
(2009) @ for use in future data comparisons, while others
(DCA11, GAPUS9, UDO11 and UDO24) were chosen bezaus
in other recent studies they were found to be gaiitable for
the characterization of olive germplasm collecti6&2"-
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The PCR analysis was carried out in a thermal cycle
GeneAmp PCR system 9600 (Applied Biosystems). PCR
products were separated using an automatic capdé&quencer
(ABI 3130 Genetic Analyzer Applied Biosystems/HITAQ.

The software Genescan version 3.7 and Genotypefr@i
Applied Biosystems were used for sample analysis.

For studying the potential formative capacity ok tisSR
markers, the observed (Ho) and the expected (He)
heterozygosities, the polymorphic information comtéIC),
and the probability of null alleles (r) (Table 2gme calculated
using Cervus 3.0 and GenAIlEx 6. Genetic distanas/den

all pairwise combinations of the accessions wereutzted
with the Dice coefficient.

A dendrogram of 83 different Italian genotypes \gaserated
with arithmetic means (UPGMA). Besides, an unrooted
Neighbor-Joining tree with a total of 146 olive toedrs (Italian

and Spanish) was created using Nei genetic distavitte
Darwin 5.0.

3.2.4 Results And Discussion

A total of 172 alleles over 14 loci were amplifigenging from

eight at GAPUS9 to twenty alleles at UDOA43, with arerage
of 14.33 per locus (Table2). Molecular identificatiof Italian

cultivars was completed by the use of two extra SERCA08-

UDO17) in addition to the twelve listed in Table 2.

An UPGMA dendrogram (Figure 6) based on Dice sintyla
index (Dice, 1945) was constructed to study theegen
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relationships among the 83 different Italian gepety: This
graphic representation depicts a separation ofvatdt into
three main clusters, among which it is possibleolserve a
clear structuring of the genotypes according ta teographic
origin. The first cluster (A) includes only 2 oliesltivars from
the Campania region. The second cluster (B) incudieve
cultivars prevalently from Central Italy. The clestB is
divided into two subclusters respectively. The tfirdB
subcluster, did not show a clear relation to theggaphic
origin of the analyzed samples and it is composeduitivars
of several regions of Italy. The second, 2B sulielusis
composed mainly by cultivars from Tuscany, Marchazio
and Apulia regions. The third cluster (C) is comgub$y the
main cultivars from Sicily and Sardinia.

The unrooted Neighbor-Joining tree using Nei (19F@)etic
distance shows the Italian and Spanish olive auitiv
relationships, in blue and red respectively (Figlixe
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Fig. 7 - Unrooted tree representing relationships ameitltalian and
Spanish cultivars, obtained using Neightor-Joiggathm and 12
polymorphic microsatellites.

Five clear clusters may be distinguished in theg.t The first
cluster includes cultivars mainly from Andalusigpés$) and
some cultivars from Southern Italy. The secondtelugathers
cultivars from Sicily and Sardinia (Insular Italghd only one
cultivar from Cataluiia (Spain). The third clustercludes
mainly Italian cultivars, and it is divided into rde sub-
clusters. Italian cultivars and only one Spanishivar from

Aragon are included in the first subgroup (3a). Hezond
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subgroup (3b) mainly includes cultivars from Cehtaad

South Spain and some cultivars of different regiohaly. In

the last subcluster (3c) there are only cultivasmf Central
and Northern ltaly. In the fourth cluster the maarieties of
North-East of Spain and some cultivars from Cengamad
Southern ltaly are distributed. The last clustetudes Italian
cultivars and few Spanish cultivars from Valenaia &£ataluiia
in the North Mediterranean Coast of Spain.

3.2.5 Conclusions

SSR markers are informative descriptors of the wene
variability of Italian and Spanish varieties ofvals studied for
the purpose of cultivar identification. These babteological
tools can provide significant insights for reseaioh crop
breeding and germplasm conservation.

The high genetic variability of olive trees will pefully be
exploited in breeding programs. The use of micelb
markers has been confirmed to be a powerful toblbnty for
studying variation between varieties of thkea europaed..
Clusters based on the phylogenetic analysis ofeoBSRs
profiles showed a geographical pattern of distidoutwhich
could be related to interchanges of olive plant enak
throughout history.
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3.3 Intra-varietal difference of the ‘Carolea’ cv
assessed by molecular markers.

Muzzalupo, A. Chiappetta, G. Stabile, C. BucciPErri
In press Acta Horticolture

The Italian olive Qlea europaeal.) germplasm is
estimated to include over 680 accessions and at [E300
synonyms ), most of which are landraces vegetatively
propagated at the farm level since ancient timesldhgevity
of the olive tree and the selection of a large nend$ varieties
have contributed to the preservation of its vatigbiand
allowed to pass a large proportion of this gendtiersity .
Another factor that has contributed to increasinge t
biodiversity of this species is the wide geneticiafaility of
olive that has been created and distributed freatlgout any
concern for loyalty to a morphologically definedclaetype
because the end product is not the whole fruith ascfor most
other fruit trees, but the result of squeezingfthé: the virgin
olive oil. For the characterization of the varietyoenzymetic
comparison methodologies were adoptél subsequently
accompanied by DNA amplification techniques suclABEP,
RAPD and RFLP®% 884 Recently, new methods such as
microsatellites (Simple Sequence Repeats) weredatred and
found to be highly polymorphic, reliable and usefior
genotyping of the variety and variability of intemrietal olive
trees("9838488) The presence of numerous polyclonal varieties
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creates a huge problem in the characterization and
identification of the variety, in the management tfe
germplasm collections and in the genetic tracawhilf olive
oil. However, this represents a potential sourcegenetic
material useful for transmitting specific produatidraits,
tolerance or resistance in new genotypes produgegehetic
improvement. The olive germplasm collection locatedhe
CRA - Centro di Ricerca per [I'OLivicoltura e [lIndtria
olearia (Research Centre for the olive growing ahéhdustry,
CRA-OLI) at Mirto-Crosia (Cosenza, Calabria, Italpoleto
(Perugia, Umbria, Italy) and Citta Sant'’Angelo (B3,
Abruzzo, ltaly) corresponds to the main part of traional
germplasm. The goals of the Italian olive germplasritection
at CRA-OLI are to preserve the main national caltsvand
also to safeguard the minor genotypes, in ordevtnd a loss
of genetic diversity and offer an important gendtasis for
future breeding programs.

3.3.1 Aim of thework

The aim of the present study was to characterizentina-
varietal polymorphism, at ten microsatellibei of seventy
olive trees belonging to three major Italian olowdtivars:
'Carolea’, 'Coratina’ and 'Frantoio’ grown in tlogigin area or
where they are most widespread and compared with fo
different cultivation area in central-southernyit@\bruzzo,
Apulia, Calabria and Umbria).
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3.3.2 MATERIALSAND METHODS

Seventy olive trees were selected from differerdggaphical
regions of the country from Centre to South Itahe samples
was collected from plants of 'Carolea’, 'Coratarad 'Frantoio’
cultivated in their place of origin or where theye amore
widespread, and from plants present in the othreethlifferent
cultivation areas. The farms in which the plant enat was
obtained belong to the CRA-OLI located in Mirto Gie
(Cosenza, Calabria), Citta Sant'/Angelo (Pescara,)Zdp), and
Spoleto (Perugia, Umbria). Plant material was alstiected
from private farms located in Andria (Bari, ApuliaJotal
genomic DNA was extracted from fresh leaves follogvihe
CTAB method described by Muzzalupo & Perri (2069
DNA was quantified by H33258 dye incorporation deted by

a Hoefer DyNA Quant®200 fluorometer (Amersham
Pharmacia Biotech, Milan, Italy). Genomic DNA wasred
undiluted in TE 1X pH 8.0 (10 mmol L-1 Tris, 1 mmistl
EDTA) at -20°C.The olive trees were genotyped at ten nuclear
microsatelliteloci, selected among those available in literature
and proved to be suitable for the characterizatmmd
identification of olive varieties in previous papé&f 128 The
loci used were four (GAPU59, GAPU71A, GAPU71B,
GAPU103A) among those described by Carrieral, (2002)
@®)¥our (UDO09, UDO12, UDO28, UDO39) among those
described by Ciprianét al, (2002§®® and two (DCA9 and
DCA18) among those described by Seff@l, (2000%®% . Four
loci of the selected markers (GAPU71B, GAPU103A, DCA9
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and DCA18) were chosen from the common list regbtig
Baldoni et al., (2009)®® for use in a future comparing data,
while others (Gapu59, GAPU71A, UDOO09, UDO12, UDO28
and UDO39) were chosen because in other recenestugre
found to be very suitable for Italian intra-cultisa
characterizatio and for characterization of oliverngplasm
collections ®). The procedure for SSR amplification was
carried out as described by Muzzalupo et al. (2J%9#CR
products were analyzed using a Bioanalyzer 2100iléAgQ
Tecnologies, Waldbronn, Germany) on a DNA 500 LapCh
that provided the exact base pair length of any liéieg
product. Data were processed using POPGENE2. The
software allowed calculation of the number of aleltheir
frequency and their observed and expected heteositigs
(Ho and He, respectively§°? The probability of null alleles
was estimated according to the formula of Broo#&figl996):r

= (He — Ho)/(1 + He). The SSRs loci discrimination power
(PD) was calculated according to Brenner & Morris, .99
Genetic relationships between olive genotypes \strdied on
the basis of SSR data using the same softwareldolate the
genetic identity®® between olive accessions. A tree was then
inferred using the UPGMA (Unweighted Pair Group Mt
using an Arithmetic average) clustering algorithm.
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Figure 7. Dendrogram of olive genotypes analyzed, obtained
by mean of UPGMA
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3.3.3RESULTS AND DISCUSS ONS

A total of 44 alleles over ten loci were observetth a
range varying from 3 alleles for thlvci GAPU71A and
GAPU71B to 6 alleles fooci DCAQ09 and UDO28 (Table 3).

5]

Locus N. of alleles PD Ho He r
DCA09 6.0 0,67 1.00 0,83 -0,09
DCAIS 4.0 0,75 0.69 0,57 -0.07
GAPUI034 5.0 0,67 1.00 0,73 -0,15
GAPUS59 40 0.67 0.70 0.52 2001
GAPU7IA4 3.0 0,66 0.66 0,60 -0,04
GAPU7IB 30 046 i.00 0.61 2024
UDO09 5.0 0.67 1.00 0.78 -0.12
UDo13 40 047 1,60 0.73 2016
UDO28 6.0 0.67 1.00 0.78 -0.13
UDO39 4.0 0,68 0.33 0,71 0.23

Tab.3 SSHoci obtained on olive tree of ‘Carolea’ ‘Coratina’Frantoio’
cultivars. For eaclocus,the number of alleles detectédid], the power of
cultivar discriminationPD) the observed heterozygosityd), the expected
heterozygositylle) and the probability of null allele)are reported.

The values of heterozygosity observed are alwagisehi
than those expected for ddici except folocus UDO39. This
low value of heterozygosity observed fdocus UDO39
corresponds to a high probability of null allete<0.23). The
PD of SSRloci tested varies from 0.459 for GAPU71B to
0.748 for DCA18. The genetic identity values obedin
according to Nei's'®, shows high levels of genetic identity
between different plants of the same cultivar (dedtishowl).
The lowest values correspond to the genetic idebtween
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the three cultivars. In fact, among the plants d&&' and
'‘Coratina’ this value is equal to 0.389, amongd@at and
'Frantoio' is equal to 0.270, whereas between tibaraand
'Frantoio’ is equal to 0.324.The dendrogram obthum#ising
the UPGMA method that elaborates a matrix of sintyla
(Figure 7), highlights the formation of three disti clusters
consisting of different plants of the same cultiggown in
different cultivation areas. The first cluster csts of all 25
plants of cultivar 'Carolea’, the second one frampants of
‘Coratina’ and the last one from all 24 plantd=cdntoio’. It is
visible in the first cluster of 'Carolea’ an inged intra-varietal
diversity. In fact, plants from the same cultivatiarea have
genetic identity significantly different, such &arolea 24' that
shows a genetic identitgqual to 0.667 in respect to other
plants of the same area (Citta Sant'Angelo, AbruZHois low
value of genetic identitynay lead us to believe that this plant
was erroneously attributed to a 'Carolea’ andtthsiterror may
have originated during the planting or during tthenpmaterial
collection. In the same cluster there is anotheession of
'‘Carolea 1' which presents a low value of genealieniity
(0.889) and, in respect to the other plants, shawgenetic
profile that differs only for two alleles. The reimiag plants
show a genetic identity > 0.900. In the other twosters,
‘Coratina’ and 'Frantoio’, it can be observed tiate is a high
value of genetic identity (1.000), in fact, all pta within the
same cluster, show the same genotype and are drerafe
indistinguishable. This results show that the maicmarkers
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were not able to distinguish between plants and flaats of
‘Coratina’ and 'Frantoio' are very homogeneous.

3.3.4 CONCLUSIONS

In this study, the molecular analysis allowed astow a
clear genetic diversity between the three cultivararolea’,
'‘Coratina’ and 'Frantoio’ and to state that 'Catole a
polyclonal cultivar, while 'Coratina’ and 'Frantpioare
probably monoclonal ones. The difference betwearolga’
plants from different cultivation areas (Abruzzopula,
Calabria and Umbria) are probably attributable ¢otgpes of
the same variety that originated accidentally bgdsepread,
vegetatively propagated and then subsequently dfrganan.
In fact, thisclusteris characterized by thremubclustersthe
first one Q) is composed mainly of plants grown in Calabria (~
73%), the second on8)(mainly of plants grown in Umbria (~
71%), and the third oneCy of plants grown in Abruzzo only
(100%). This allows us to say that the microsagetinolecular
markers are not only highly effective for achievirige
genotyping at varietal levels, already known froterdture,
but also allow the discrimination of intra-varietgénotypes.
The acquisition of information on intra-varietal lecular
polymorphism represents a fundamental and indigidestep
for the classification of olive germplasm. The atrarietal
classification allows access to an entirely unesgalasource of
variability that could represent a reservoir offuseharacters
that are not yet found in the few genotypes alréagytified".
Achieving this goal is of particular significancensidering the
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need of having a genetic basis for the charactaizaf not
only inter-varietal olive germplasm but also inuarietal.
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4. ANALYTICAL METHODOLOGIES

4.1 Gas Chromatography(90-91)

In gas chromatography (GC) the sample, which mag gas
or liquid, is injected into a stream of an inersgaus mobile
phase (often called the carrier gas). The samarised,
through a packed or capillary column, where thedain
components, separate based on their ability toilolige
themselves between the mobile and stationary phAses
schematic diagram of a typical gas chromatograghdasvn in
Figure 8.

'I carrier
gas ; heated
__— _ zones
column —
data
system

Fig.8 schematic diagram of a typical gas chromatograph
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4.1.1 Mobile Phase

The most common mobile phases for GC are He, Al Nit
which have the advantage of being chemically inevtard
both the sample and the stationary phase. Theeldiwhich
carrier gas to use is, often determined by theunstnt's
detector. With packed columns the mobile-phasecitylis
usually within the range of 25-150 mL/min, wheraw rates
for capillary columns are 1-25 mL/min. Actual floates are
determined with a flow meter placed at the columtieb.

4.1.2 Chromatographic Columns

A chromatographic column provides a location foygbally
retaining the stationary phase. The column’s canstn also
influences the amount of sample that can be hantied
efficiency of the separation, the number of analykat can be
easily separated, and the amount of time requoethé
separation. Both packed and capillary columns seglin gas
chromatography.

Packed Columns

A packed column is constructed from glass, staindtsel,
copper or aluminum and is typically 2—6 m in lengttith an
internal diameter of 2—4 mm.

The column is filled with a particulate solid suppavith
particle diameters ranging from 37—44 mm to 250—-3%4.
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The most widely used particulate support is diatoeoas
earth, which is composed of the silica skeletons of
diatoms. These particles are quite porous, witFasarareas of
0.5-7.5 m2/g,which provides ample contact, betvieen
mobile phase and stationary phase.

When hydrolyzed, the surface of a diatomaceou$ earttains
silanol groups (-SiOH), providing active sites,tthlsorb
solute molecules in gas—solid chromatography.

In gas—liquid chromatography (GLC), separationasddl on
the partitioning of solutes, between a gaseous mphase and
a liquid stationary phase coated on the solid packiaterial.
To avoid the adsorption of solute molecules on

exposed packing material, which degrades the guslithe
separation, surface silanols are deactivated,lagizing with
dimethyldichlorosilane and washing with an alcoftypbically
methanol), before coating with stationary phase.

More recently, solid supports made from glass beads
fluorocarbon polymers have been introduced. Theppats
have the advantage of being more inert

than diatomaceous earth.

To minimize the multiple path and mass transfeitigoutions
to plate height, the packing material should basoémall a
diameter as is practical, and loaded with a tHin &f
stationary phase. Compared with capillary columvisch are
discussed in the next section, packed columns aadl& larger
amounts of sample. Samples of 0.1-10 mL are rdutine
analyzed with a packed column. Column efficieneies
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typically several hundred to 2000 plates/m, praxgdtolumns
with 3000-10,000 theoretical plates. Packed colwmitim
10,000 theoretical plates has a peak capacityl®0>

4.1.3 Capillary Columns

Capillary, or open tubular columns are construftech fused
silica, coated with a protective polymer. Columnasyrbe up to
100 m in length, with an internal diameter of apqmmately
150-300 mm .

Larger bore columns of 530 mm, called megaborencoky
also are available.

Capillary columns are of two principal types. Wadlated open
tubular columns (WCOT) contain a thin layer of staary
phase, typically 0.25 mm thick, coated on the tapils inner
wall. In support-coated open tubular columns (SC@Thin
layer of a solid support, such as a diatomaceaotl,ea
coated with a liquid stationary phase is attacloeithé
capillary’s inner wall. Capillary columns providesgnificant
improvement in separation efficiency. The pressigeded to
move the mobile phase, through a packed columinsliitsi
length. The absence of packing material allowspalleay
column to be longer than a packed column. Althoongtst
capillary columns contain more theoretical platesmeter,
than a packed column, the more important contalouto their
greater efficiency is the ability to fashion longelumns.

For example, a 50-m capillary column with 3000 gd&t has
150,000 theoretical plates and, assumdngaxA/min is
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approximately 50,3 a peak capacity of almost 380tl@ other
hand, packed columns can handle larger samplestditse
smaller diameter, capillary columns require smal@mnples;
typically less than 10-2 mL.

4.1.4 Stationary Phases

Selectivity in gas chromatography is influencedisy choice
of stationary phase. Elution order in GLC is detieed
primarily by the solute’s boiling point and, toes$er degree,
by the solute’s interaction with the stationary deSolutes
with significantly different boiling points are alysseparated.
On the other hand, two solutes with similar boilpants, can
be separated only if the stationary phase seldgtiveeracts
with one of the solutes. In general, nonpolar sslire more
easily separated with a nonpolar stationary prease polar
solutes are easier to separate using a polarstayiphase.
The main criteria for selecting a stationary pheasethat it
should be chemically inert, thermally stable, aof leolatility,
and of an appropriate polarity for the solutes psieparated.
Although, hundreds of stationary phases have bewealabed,
many of which are commercially available, the migjoof
GLC separations are accomplished with, perhapgditen
common stationary phases. A stationary phase gtipoéthyl
siloxane, in which all the —R groups are methyugr® (—CH3),
is nonpolar and often makes a good first choicafoew
separation. The order of elution, when using poheathy!l
siloxane usually follows the boiling points of thelutes, with
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lower boiling solutes eluting first. Replacing soofehe
methyl groups, with other substituents increasesthtionary
phase’s polarity, providing greater selectivity ushin 50%
methyl-50% phenyl polysiloxane, 50% of the —R greape
phenyl groups (—C6H5), producing a slightly polatisnary
phase. Increasing polarity is provided by substigut
trifluoropropyl (-C3H6CF3) and cyanopropyl (—C3H6CN
functional groups, or using a stationary phasegdas
polyethylene glycol . An important problem with bdjuid
stationary phases is their tendency to “bleed” ftbmcolumn.
The temperature limits are those that minimizeldlss of
stationary phase. When operated above these landtslumn’s
useful lifetime is significantly shortened. Capilacolumns
with bonded or crosslinked stationary phases pgosigoerior
stability. Bonded stationary phases are attachdueto
capillary’s silica surface. Crosslinking, whichdiene, after the
stationary phase is placed in the capillary colulnks
together separate polymer chains, thereby provigiegter
stability.

Another important characteristic of a gas chromeatplgic
column is the thickness of the stationary phase.niibst
common film thickness is 0.25 mm.

Thicker films are used for highly volatile solutesich as
gases, because they have a greater capacity daringf such
solutes. Thinner films are used when separatingsslof low
volatility, such as steroids. A few GLC stationatyases rely
on chemical selectivity. The most notable are @tatly phases
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containing chiral functional groups, which can Ised for
separating enantiomers.

4.1.5 Sample I ntroduction

Three considerations determine how samples amdinted to
the gas chromatograph.

First, all constituents injected into the GC mustblatile.
Second, the analytes must be present at an apgmpri
concentration. Finally, injecting the sample musttcregrade
the separation. Gas chromatography can be usexghtoate
analytes in complex matrices. Not every samplec¢hat
potentially beanalyzed by GC, however, can be tefec
directly into the instrument. To move through tloduenn, the
sample’s constituents must be volatile. Soluteswfvolatility
may be retained by the column, and continue tegetliiring
the analysis of subsequent samples. Nonvolatilgss|
condense on the column, degrading the column’padnce.
Volatile analytes can be separated from a nonl@latatrix
using any of the extraction techniques. Liquid-itiqu
extractions, in which analytes are extracted, feomagqueous
matrix into methylene chloride or other organicvgoit, are
commonly used. Solid-phase extractions also are tese
remove unwanted matrix constituents. Analytes prese
concentrations too small to give an adequate sige&d to be
concentrated before analyzing. A side benefit ofiynaf the
extraction methods is that they, often concentrage
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analytes. Volatile organic materials isolated fraqueous
samples by a purge and trap, for example, can bectrated
by as much as 1000-fold.

When an analyte is too concentrated, it is easywésload the
column, thereby seriously degrading the separalion.
addition, the analyte may be present at a condentrizvel
that exceeds the detector’s linear response. Disgpihe
sample in a volatile solvent, such as methylenerictd, makes
its analysis feasible. To avoid any precolumn laggsolution
due to band broadening, a sample of sufficient, simest be
introduced in a small volume of mobile phase. Itiggts are
made through a rubber septum, using a microlitengg.

The injector block is heated to a temperature,ithat least 50
°C above the sample component with the highestrigogdoint.
In this way rapid vaporization of the entire samiplensured.
Capillary columns require the use of a speciakige to avoid
overloading the column with sample. Several capilla
injectors are available, the most common of whica |
split/splitless injector. When used for a splieicjon only
about 0.1-1% of the sample enters the column, tvéh
remainder carried off as waste. In a splitlessciimga, which is
useful for trace analysis, the column temperawesld 20-25
°C below the solvent’s boiling point. As the solventers the
column, it condenses, forming a barrier that tifyessolutes.
After allowing time for the solutes to concentrdtes column’s
temperature is increased, and the separation b&gsitless
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injection allows a much higher percentage of tHetse to
enter the chromatographic column.

For samples that decompose easily, an on-colureatiap
may be necessary. In this method the sample isteégeon the
column, without heating. The column temperatut@esn
increased, volatilizing the sample with as lowraperature as
is practical.

4.1.6 Temperature Control

Control of the column’s temperature is criticalattaining a
good separation in gas chromatography. For thsoreahe
column is located, inside a thermostated ovennlis@thermal
separation the column is maintained at a conséampérature,
the choice of which is dictated by the solutes.mally,

the temperature is set slightly below that forltheest boiling
solute so as to increase the solute’s interactitim tive
stationary phase.

One difficulty with an isothermal separation isttha
temperature, favoring the separation of low-boikadutes,
may cause unacceptably long retention times fdrdrigoiling
solutes. Ovens capable of temperature programmogde a
solution to this problem. The initial temperatwseet below
that for the lowest boiling. solute. As the separaprogresses,
the temperature is slowly increased at either Botmirate, or
in a series of steps.
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4.1.7 Detectors for Gaschromatography

The final part of a gas chromatograph is the detedhe ideal
detector has several desirable features, includingletection
limits, a linear response over a wide range oftsolu
concentrations (which makes quantitative work easie
responsiveness to all solutes or selectivity fepecific class of
solutes, and an insensitivity to changes in flote @&
temperature.

4.1.8 Mass spectrometer

In GC-MS effluent from the column is introducededity into
the mass spectrometer’s ionization chamber, in m@athat
eliminates the majority of the carrier gas. In ib@ization
chamber all molecules (remaining carrier gas, sahand
solutes) are ionized, and the ions are separatdladrymass-
tocharge ratio. Because each solute undergoesactéwstic
fragmentation into smaller ions, its mass spectofian
intensity, as a function of mass-to-charge ratmvjoes
gualitative information, that can be used to idgrthe solute.
As a GC detector, the total ion current for allspreaching the
detector is usually used, to obtain the chromatagra
Selectivity can be achieved by monitoring only sfiemass-
to-charge ratios , a process called selective ionitoring. A
mass spectrometer provides excellent detectiondjrtyipically
25 fg to 100 pg, with a linear range, spanning éveers of
magnitude.
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4.1.9 Quantitative Calculations

In a quantitative analysis, the height or areaméiaalyte’s
chromatographic peak is used to determine its atraton.
Although, peak height is easy to measure, itstyigilimited
by the inverse relationship between the heightwdth of a
chromatographic peak. Unless chromatographic cionditare
carefully controlled, to maintain a constant coluefiiciency,
variations in peak height may decrease the accumady
precision of the quantitative analysis. A betteoich is to
measure the area, under the chromatographic

peak with an integrating recorder. Since peak mreaectly
proportional to the amount of analyte, that wasatgd,
changes in column efficiency will not affect thecaracy or
precision of the analysis. Calibration curves ameally
constructed by analyzing a series of external stadsdand
plotting the detector’s signal, as a function aithknown
concentrations. As long as the injection volumidéntical for
every standard and sample, calibration curves pedpa this
fashion give both accurate and precise resultsottinately,
even under the best of conditions, replicate imgest may have
volumes that differ by as much as 5% and often beay
substantially worse.

For this reason, quantitative work requiring higlewacy and
precision, is accomplished using an internal stechda
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4.2 Real-time polymerase chain reactidif***

In molecular biology, real-time polymerase chamacten, also
called quantitative real time polymerase chaintieadQ-
PCR/qPCR/grt-PCR) or kinetic polymerase chain react
(KPCR), is a laboratory technique based on the R@fth is
used to amplify and simultaneously quantify a teedddNA
molecule. For one or more specific sequences iNA D
sample, Real Time-PCR enables both detection and
guantification. The quantity can be either an altgohumber
of copies or a relative amount when normalized KADNput
or additional normalizing genes.

The procedure follows the general principle of podyase
chain reaction; its key feature is that the amgifDNA is
detected as the reaction progresses in real tims.ig a new
approach compared to standard PCR, where the grotitne
reaction is detected at its end. Two common metfads
detection of products in real-time PCR are: (1)-8pacific
fluorescent dyethat intercalate with any double-stranded
DNA, and (2) sequence-specific DNA probes congistih
oligonucleotides that are labeled with a fluoresceporter
which permits detection only after hybridizationtbé probe
with its complementary DNA target.

Frequently, real-time PCR is combined with reverse
transcription to quantify messenger RNA and Nonitgd
RNA in cells or tissues.
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Abbreviations used for real-time PCR methods vadely and
include: RTQ-PCR, Q-PCR or qPCR. Real-time reverse-
transcription PCR is often denoted as: gRT-PRRT-PCR, or
RT-rt PCR. The acronym "RT-PCR" commonly denotes
reverse-transcription PCR and not real-time PCRnbuall
authors adhere to this convention.

4.2.1 Background

Cells in all organisms regulate gene expressiontambver of
gene transcripts (messenger RNA, abbreviated to A)Réhd
the number of copies of an mMRNA transcript of aggena cell
or tissue is determined by the rates of its exjmasand
degradation.

Older methods were used to measure mRNA abundance:
Differential display, RNAse protection assay andtNern
blot. Northern blotting is often used to estimédte éxpression
level of a gene by visualizing the abundance ahiBNA
transcript in a sample. In this method, purified/A&Ris
separated by agarose gel electrophoresis, traedferra solid
matrix (such as a nylon membrane), and probedavitpecific
DNA or RNA probe that is complementary to the gehe
interest. Although this technique is still usedssess gene
expression, it requires relatively large amountRNA and
provides only qualitative or semiquantitative inf@tion of
MRNA levels.

In order to robustly detect and quantify gene eggio; from
small amounts of RNA, amplification of the genengeript is
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necessary. The polymerase chain reaction is a conmathod
for amplifying DNA; for mRNA-based PCR the RNA saep
is first reverse transcribed to cDNA with revensmscriptase.
Development of PCR technologies based on reverse
transcription andluorophorespermits measurement of DNA
amplification during PCR in real time, i.e., the@ihed
product is measured at each PCR cycle. The dasa thu
generated can be analysed by computer softwamdolate
relative gene expression several samples, arRNA copy
number Real-time PCR can also be applied to the detectio
and quantification of DNA in samples to determihe t
presence and abundance of a particular DNA sequenicese
samples.

4.2.2 Real-time PCR with double-stranded DNA-binding dyes
asreporters
A DNA-binding dye binds to all double-stranded @NA in
PCR, causing fluorescence of the dye. An increaSiNA
product during PCR therefore leads to an increase |
fluorescence intensity and is measured at eacle,dyis
allowing DNA concentrations to be quantified. Howgv
dsDNA dyes such as SYBR Green will bind to all dgDRCR
products, including nonspecific PCR products (sasPrimer
dimer). This can potentially interfere with, or peat, accurate
guantification of the intended target sequence.

1. The reaction is prepared as usual, with the adddio

fluorescent dsDNA dye.
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2. The reaction is run in a real-time PCR machine, and
after each cycle, the levels of fluorescence are
measured with a detector; the dye only fluoresdesnwv
bound to the dsDNA (i.e., the PCR product). With
reference to a standard dilution, the dsDNA
concentration in the PCR can be determined.

Like other real-time PCR methods, the values obthmio not
have absolute units associated with them (i.e., ARN
copies/cell). As described above, a comparisonméasured
DNA/RNA sample to a standard dilution will only gia
fraction or ratio of the sample relative to thenstard, allowing
only relative comparisons between different tissues
experimental conditions. To ensure accuracy in the
guantification, it is usually necessary to norneéxpression
of a target gene to a stably expressed gene (&®&)béhis
can correct possible differences in RNA quantityoality
across experimental samples.

4.2.3 Fluorescent reporter probe method

Fluorescent reporter probes detect only the DNAaioimg the
probe sequence; therefore, use of the reporteeprob
significantly increases specificity, and enableargification
even in the presence of non-specific DNA amplifmat
Fluorescent probes can be used in multiplex adsays
detection of several genes in the same reaction-dhase
specific probes with different-coloured labels, pded that all
targeted genes are amplified with similar efficienthe
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specificity of fluorescent reporter probes alsovprds
interference of measurements caused by primer djm#rich
are undesirable potential by-products in PCR. Hanev
fluorescent reporter probes do not prevent théitdry effect
of the primer dimers, which may depress accumulaticthe
desired products in the reaction.

The method relies on a DNA-based probe with a @soent
reporter at one end and a quencher of fluorescante
opposite end of the probe. The close proximityhefrteporter
to the quencher prevents detection of its fluoneseg
breakdown of the probe by the 5' to 3' exonucleaseity of
the Taq polymerase breaks the reporter-quenchgmpityg
and thus allows unquenched emission of fluorescemtieh
can be detected after excitation with a laser.rfangase in the
product targeted by the reporter probe at each &CkR
therefore causes a proportional increase in fluwamese due to
the breakdown of the probe and release of the terpor

1. The PCR is prepared as usual , and the reportbepso
added.

2. As the reaction commences, during the annealirggsta
of the PCR both probe and primers anneal to the DNA
target.

3. Polymerisation of a new DNA strand is initiatedrfro
the primers, and once the polymerase reaches oe pr
its 5'-3'-exonuclease degrades the probe, physicall
separating the fluorescent reporter from the quemnch
resulting in an increase in fluorescence.
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4. Fluorescence is detected and measured in a real-tim
PCR machine, and its geometric increase correspgndi
to exponential increase of the product is used to
determine the threshold cycle«{)Gn each reaction.

4.2.4 Quantification
Quantifying gene expression by traditional DNA @&t
methods is unreliable. Detection of mMRNA on a Nenthblot
or PCR products on a gel or Southern blot doesliot
precise quantification. For example, over the 2@yi€les of a
typical PCR, the amount of DNA product reachesadgalu that
is not directly correlated with the amount of tarD&lA in the
initial PCR.
Real-time PCR can be used to quantify nucleic aaydtsvo
methods: relative quantification and absolute gieation.
Relative quantification is based on internal rafieeegenes to
determine fold-differences in expression of thgeaigene.
Absolute quantification gives the exact numberaogéet DNA
molecules by comparison with DNA standards. Thesggn
principle of DNA quantification by real-time PCRlies on
plotting fluorescence against the number of cycles
logarithmic scale. A threshold for detection of DidAsed
fluorescence is set slightly above background.rimaber of
cycles at which the fluorescence exceeds the thléshcalled
the cycle threshold,CDuring the exponential amplification
phase, the sequence of the DNA target doubles eyety. For
example, a DNA sample whose@ecedes that of another
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sample by 3 cycles containedl=28 times more template.
However, the efficiency of amplification is ofteanable
among primers and templates. Therefore, the efftyief a
primer-template combination is assessed in aittrat
experiment with serial dilutions of DNA templatedeeate a
standard curve of the change inv@ith each dilution. The slope
of the linear regression is then used to deterithiaefficiency
of amplification, which is 100% if a dilution of Zresults in a
C. difference of 1.To quantify gene expression, theoCan
RNA or DNA from the gene of interest is divided Gyof
RNA/DNA from a housekeeping gene in the same satople
normalize for variation in the amount and qualifyRiINA
between different samples. This normalization pdoce is
commonly called the4Ci-methodand permits comparison of
expression of a gene of interest among differemipdas.
However, for such comparison, expression of thevatizing
reference gene needs to be very similar acrosiseaiamples.
Choosing a reference gene fulfilling this criterisrtherefore
of high importance, and often challenging, becaurdg very
few genes show equal levels of expression acromsge of
different conditions or tissues. Mechanism-basedR|P
guantification methods have also been suggestedhave the
advantage that they do not require a standard ¢arve
guantification. Methods such as MAK2 have been shtow
have equal or better quantitative performanceandsdrd curve
methods. These mechanism-based methods use knewledg
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about the polymerase amplification process to geaer
estimates of the original sample concentration.

4.2.5 Applications of real-time polymerase chain reaction
There are numerous applications for real-time pelkase
chain reaction in the laboratory. It is commonlgdi$or both
diagnostic and basic research. Diagnostic real-BGR is
applied to rapidly detect nucleic acids that asgdostic of, for
example, infectious diseases, cancer and genetmratalities.
The introduction of real-time PCR assays to thaadil
microbiology laboratory has significantly improvige
diagnosis of infectious diseases, and is deplogealtaol to
detect newly emerging diseases, such as new strails in
diagnostic tests. In research settings, real-ti@R B mainly
used to provide quantitative measurements of gene
transcription. The technology may be used in dateng how
the genetic expression of a particular gene chaogestime,
such as in the response of tissue and cell cultaras
administration of a pharmacological agent, progoessf cell
differentiation, or in response to changes in eminental
conditions.
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4.3 CAPILLARY ELECTROPHORESIS ©>%

Capillary electrophoresis (CE), also known as capillary zone
electrophoresis (CZE), can be used to separate speicies by
their charge and frictional forces and hydrodynaradius. In
traditional electrophoresis, electrically chargedlgtes move
in a conductive liqguid medium under the influenéaio
electric field. Introduced in the 1960s, the tecjua of
capillary electrophoresis (CE) was designed to isdépapecies
based on their size to charge ratio in the intevfa small
capillary filled with an electrolyte.

The instrumentation needed to perform capillary
electrophoresis is relatively simple. A basic schgoof a
capillary electrophoresis system is showtkigure 9.

Capil zr?
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Fig.9 Schematic of a capillary electrophoresiseayst
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The system's main components are a sample viacsand
destination vials, a capillary, electrodes, a higltage power
supply, a detector, and a data output and hand&wgce. The
source vial, destination vial and capillary arée@liwith an
electrolyte such as an aqueous buffer solutionnffoduce the
sample, the capillary inlet is placed into a viahtaining the
sample and then returned to the source vial (sample
introduced into the capillary via capillary actigorgssure, or
siphoning). The migration of the analytes is thatiated by an
electric field that is applied between the soure @estination
vials and is supplied to the electrodes by the-hmgtage
power supply. It is important to note that all ippssitive or
negative, are pulled through the capillary in tame direction
by electroosmotic flow, as will be explained. Tmalytes
separate as they migrate due to their electropiconetbility,
as will be explained, and are detected near thetaard of the
capillary. The output of the detector is sent ttata output and
handling device such as an integrator or compiitex.data is
then displayed as an electropherogram, which rep@atiector
response as a function of time. Separated chegocapounds
appear as peaks with different migration timesin a
electropherogram.

Separation by capillary electrophoresis can bectiedeoy
several detection devices. The majority of comna¢systems
use UV or UV-Vis absorbance as their primary moftie o
detection. In these systems, a section of thelaapitself is
used as the detection cell. The use of on-tubetiaecnables
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detection of separated analytes with no loss afuéisn. In
general, capillaries used in capillary electropbsrare coated
with a polymer for increased stability. The portofithe
capillary used for UV detection, however, must pé&aally
transparent. Bare capillaries can break relatiealsily and, as
a result, capillaries with transparent coatingsaasalable to
increase the stability of the cell window. The plathgth of the
detection cell in capillary electrophoresis (~ 5@mometers) is
far less than that of a traditional UV cell (~ 1)cccording
to the Beer-Lambert law, the sensitivity of theedsdr is
proportional to the path length of the cell. To noye the
sensitivity, the path length can be increased,ghdbis results
in a loss of resolution. The capillary tube itsmh be
expanded at the detection point, creating a "butdlié with a
longer path length or additional tubing can be aldatethe
detection point as shown figure 10Q

Lig
a.) h)
= Capdllery

Figure 10 : Techniques for increasing the pathlenfithe capillary: a.) a
bubble cell and b.) a z-cell (additional tubing)
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Both of these methods, however, will decreasedkelution
of thethe separation

Fluorescence detection can also be used in capillar
electrophoresis for samples that naturally fluogesicare
chemically modified to contain fluorescent tagsisTinode of
detection offers high sensitivity and improved silaty for
these samples, but cannot be utilized for sampktsto not
fluoresce. The set-up for fluorescence detectica capillary
electrophoresis system can be complicated. Theadeth
requires that the light beam be focused on thdlaapiwhich
can be difficult for many light sources. Laser-icdd
fluorescence has been used in CE systems withtabetdinits
as low as 10-18 to 10-21 mol. The sensitivity @f tbchnique
is attributed to the high intensity of the incidéght and the
ability to accurately focus the light on the cagiji.

In order to obtain the identity of sample composgenéapillary
electrophoresis can be directly coupled with mass
spectrometers or Surface Enhanced Raman Spectyoscop
(SERS). In most systems, the capillary outlet iromuced into
an ion source that utilizes electrospray ioniza{iésl). The
resulting ions are then analyzed by the mass speeter. This
set-up requires volatile buffer solutions, whicHlaffect the
range of separation modes that can be employethantkgree
of resolution that can be achieved. The measurearaht
analysis are mostly done with a specialized gelyssa
software.
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For CE-SERS, capillary electrophoresis eluantsbhean
deposited onto a SERS-active substrate. Analyéatiein
times can be translated into spatial distance byimgdhe
SERS-active substrate at a constant rate durintarsp
electrophoresis. This allows the subsequent spsxipic
technique to be applied to specific eluants fonidieation
with high sensitivity. SERS-active substrates carctosen
that do not interfere with the spectrum of the yiesl.

4.3.1 Modes of separation

The separation of compounds by capillary electrogsie is
dependent on the differential migration of analytean
applied electric field. The electrophoretic migoativelocity
(up) of an analyte toward the electrode of oppositrgd is:

w, = poE
“n |i-'-'_|'-

wherey, is the electrophoretic mobility and E is the afiect
field strength. The electrophoretic mobility is postional to
the ionic charge of a sample and inversely propoaiito any
frictional forces present in the buffer. When tvpesies in a
sample have different charges or experience diftdretional
forces, they will separate from one another as thigyate
through a buffer solution. The frictional forcegexienced by
an analyte ion depend on the viscositydf the medium and
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the size and shape of the ion. Accordingly, theted@horetic
mobility of an analyte at a given pH is given by:

x
e

L
P Bagr

wherez is the net charge of the analyte arnsl the Stokes
radius of the analyte. The Stokes radius is given b

wherekg is the Boltzmann constant, afds the temperature,
D is the diffusion coefficient. These equationsidgate that the
electrophoretic mobility of the analyte is proponial to the
charge of the analyte and inversely proportion&bstoadius.
The electrophoretic mobility can be determined expentally
from the migration time and the field strength:

( LY (Lo
v (= i
g a 1 f-_.- .- bs T"'r .-I|I

whereL is the distance from the inlet to the detectiompd;

is the time required for the analyte to reach thiection point
(migration time) V is the applied voltage (field strength), and
L, is the total length of the capilla}.Since only charged ions
are affected by the electric field, neutral anaydes poorly
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separated by capillary electrophoresis. The velaxfit
migration of an analyte in capillary electrophosesill also
depend upon the rate of electroosmotic flow (ECiRhe
buffer solution. In a typical system, the electnmosic flow is
directed toward the negatively charged cathodéabthe
buffer flows through the capillary from the souxal to the
destination vial. Separated by differing electroggtio
mobilities, analytes migrate toward the electrotiepposite
chargd?! As a result, negatively charged analytes arecittra
to the positively charged anode, counter to the B@fe
positively charged analytes are attracted to thieocke, in
agreement with the EOF as depictefigure 11

- A
+ AL A Al N Al_ Alt at |

Aands ) ail ke

Elegrroos ote Flow —-

Figure 11: Diagram of the separation of chargedremudral analytes (A)
according to their respective electrophoretic dadteosmotic flow
mobilities

The velocity of the electroosmotic flows can be written as:

UQZH,OE
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wherey, is the electroosmotic mobility, which is definesl a

£§

B

1

Fho =

where( is the zeta potential of the capillary wall, anslthe
relative permittivity of the buffer solution. Experentally, the
electroosmotic mobility can be determined by maaguhe
retention time of a neutral analyj#eThe velocity () of an
analyte in an electric field can then be defined as

Up +Uo = (p + o) E

Since the electroosmotic flow of the buffer solatie
generally greater than that of the electrophof&he of the
analytes, all analytes are carried along with tinéel solution
toward the cathode. Even small, triply charged msican be
redirected to the cathode by the relatively powdtfDF of the
buffer solution. Negatively charged analytes atained longer
in the capillary due to their conflicting electrapiltic
mobilities. The order of migration seen by the dtteis
shown infigure 3 small multiply charged cations migrate
quickly and small multiply charged anions are regdi
strongly.

Electroosmotic flow is observed when an electrddfis

applied to a solution in a capillary that has fiadrges on its

interior wall. Charge is accumulated on the inneface of a
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capillary when a buffer solution is placed inside tapillary.
In a fused-silica capillary, silanol (Si-OH) grouatsached to
the interior wall of the capillary are ionized tegatively
charged silanoate (Si-0groups at pH values greater than
three. The ionization of the capillary wall candsghanced by
first running a basic solution, such as NaOH or K@kbugh
the capillary prior to introducing the buffer sodut. Attracted
to the negatively charged silanoate groups, théipely
charged cations of the buffer solution will formamner
layers of cations (called the diffuse double layethe
electrical double layer) on the capillary wall &a®wn infigure
4. The first layer is referred to as the fixed lapecause it is
held tightly to the silanoate groups. The outeetagalled the
mobile layer, is farther from the silanoate groufise mobile
cation layer is pulled in the direction of the niagay charged
cathode when an electric field is applied. Sin@séhcations
are solvated, the bulk buffer solution migratehwite mobile
layer, causing the electroosmotic flow of the budfelution.
Other capillaries including Teflon capillaries akxhibit
electroosmotic flow. The EOF of these capillarepriobably
the result of adsorption of the electrically chargens of the
buffer onto the capillary walls. The rate of EOFlependent
on the field strength and the charge density otdpllary
wall. The wall's charge density is proportionattie pH of the
buffer solution. The electroosmotic flow will inage with pH
until all of the available silanols lining the wall the capillary
are fully ionized.
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4.3.2 Efficiency and resolution
The number of theoretical plates, or separation efficiency, in
capillary electrophoresis is given by:

pl

N — 5D,

whereN is the number of theoretical platgsis the apparent
mobility in the separation medium abx, is the diffusion
coefficient of the analyte. According to this eqoat the
efficiency of separation is only limited by diffsi and is
proportional to the strength of the electric fielthe efficiency
of capillary electrophoresis separations is typycaluch
higher than the efficiency of other separation teghes like
HPLC. Unlike HPLC, in capillary electrophoresis iaés no
mass transfer between phases. In addition, thegdlofile in
EOF-driven systems is flat, rather than the roundednar
flow profile characteristic of the pressure-drivieaw in
chromatography column. As a result, EOF does not
significantly contribute to band broadening asnesgure-
driven chromatography. Capillary electrophoresgsasations
can have several hundred thousand theoreticakgthte

The resolutionRs) of capillary electrophoresis separations can
be written as:
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According to this equation, maximum resolutioneached
when the electrophoretic and electroosmotic madsliare
similar in magnitude and opposite in sign. In aiddit it can be
seen that high resolution requires lower velocity,a
correspondingly, increased analysis time. As disedsbove,
separations in a capillary electrophoresis systentygpically
dependent on the analytes having different elebwogtic
mobilities. However, some classes of analyte cabeot
separated by this effect because they are neutrah@rged) or
because they may not differ significantly in eleptnoretic
mobility. However, there are several techniques ¢ha help
separate such analytes with a capillary electrogdi®system.
Adding a surfactant to the electrolyte can fad#itdne
separation of neutral compounds by micellar eléatetic
chromatography. Charged polymers such as DNA can be
separated by filling the capillary with a gel matihat retards
longer strands more than shorter strands. Thiglisct
capillary gel electrophoresis. This is a high-rasioh
alternative to slab gel electrophoresis. Some leaypil
electrophoresis systems can also be used for noaibquid
chromatography or capillary electrochromatograghy.
capillary electrophoresis system can also be used f
isotachophoresis, isoelectric focusing, and affinit
electrophoresis. In the case of amino acid separstihe ion
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charge ranges from -1 to -3 electrons but theddizee amino
acid is dominated by the dye label; therefore clkarng charge
have a significant effect on mobility relative toamges in size.
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