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OZET

ZEYTIN (OLEA EUROPAEA L.) CELIKLERININ ADVENTIF KOK
OLUSUMUNU KONTROL EDEN GENETIK SURECLERIN ARASTIRILMASI

Cansu KARAKURT
Canakkale Onsekiz Mart Universitesi
Lisansiistii Egitim Enstitiisii
Molekiiler Biyoloji ve Genetik Anabilim Dali Yiiksek Lisans Yeterlik Tezi
Danigsman: Prof. Dr. Kemal Melih TASKIN
19/07/2023, 70

Ekonomik olarak 6nemli bir tarim iiriinii olan zeytin (Olea europaea L.), seksiiel ve
asekstiel yontemlerle cogaltilmistir. Giiniimiizde zetyin genellikle celik ile iiretilmektedir
ancak bu yontemin basaris1 micro-¢eliklerin adventif kok olusturma kapasitesine baghdir.
Adventif kok (AR) olusumu ¢elikle vejetatif iiremede onemli bir yere sahiptir. AR, govdeler,
yapraklar ve hatta kotiledonlar gibi cesitli kok dis1 dokulardan yeni kdk olusumunu
icermektedir. Farkli zeytin ¢esitleri, vejetatif ¢cogaltmada farkli derecelerde koklenme
yetisine sahip olabilir. Domat gibi ekonomik énemi olan bazi ¢esitler koklenme oranlarinin
diisiik olmasi sebebiyle celik ile iiretilmemektedir. Bu nedenle bu ¢alismada zeytinin ¢elikle
iiretiminde standart olarak kullanilan oksin uygulamasina zeytin ¢esitlerinin neden farkli
cevaplar verdigi ile ilgili genlerden bazilar1 arastirilmistir. Bu amagla, kolay koklenen
Gemlik ve zor koklenen Domat cesitlerinde adventif kdk olusumunda goérev alan bazi
genlerin (A0X2, IBRI, IBR3, IBR10 ve PtAILI) karakterizasyonu, IBA, NAA ve IBA+NAA
uygulanmig mikro c¢eliklerinde gen anlatim g¢alismalar1 yapilmis ve transkript dizileri
biyoinformatik olarak karsilastirtlmistir. Calismada A4. thaliana tirtinden alinan referans
protein dizileri, gen ortologlarini tanimlamak icin kullanilmigtir. Protein dizileri TAIR veri
tabanindan indirilerek Geneious yazilimida zeytin protein veri tabanina karst Blastp
analizinde kullanilmistir. Blast analizi sonucunda elde edilen diziler Geneious yaziliminda
hizalanmis ve filogenetik agaclar olusturulmustur. hormon uygulamasi sonrasinda kolay
koklenen ve zor koklenen zeytin ¢esitlerinde farkli gen anlatim profilleri gozlemlenmistir.
Calismada elde edilen sonuglar her iki ¢esitte de IBA uygulamasi sonucu Oe/BR1(0) geninin

anlattminin ilk 24 saate arttigin1 gosterirken, 15. giinde kolay kdoklenen cesitle gen



anlattiminin durdugunu gostermistir. NAA uygulamasinin Oe/BR10, OelBRI ve OePTAIL
genlerinin anlatimin1 baskiladig1 gézlemlenmistir. Elde ettigimiz bulgular zeytin ¢esitlerinde

koklenme siirecinin anlasilmasinda 6nemli veriler ortaya ¢ikarmistir.

Anahtar Kelimeler: Adventif kok, Gen anlatimi, IBA, NAA, Zeytin



ABSTRACT

INVESTIGATE OF THE GENETIC PROCESSES THAT CONTROL THE
ADVENTITIOUS ROOTING OF OLIVE (OLEA EUROPAEA L.) CUTTINGS

Cansu KARAKURT
Canakkale Onsekiz Mart University
School of Graduate Studies
Master of Science Thesis in Animal Science

(Supervisor: Prof. Dr. Kemal Melih TASKIN)

19/07/2023, 70

This ancient and valuable crop, known as the Olive (Olea europaea L.), has been
reproduced both sexually and asexually. Olive (Olea europaea L.) is one of the species
routinely propagated by cuttings and the success of this method depends on the ability of
microcuttings to form adventitious roots. Adventitious rooting is the ability to produce true-
to-type clones in large quantities through rapid and effective vegetative propagation.
Through this process, roots are created from a variety of non-root tissues, including stems,
leaves, and even cotyledons. Different olive cuttings may have various degrees of rooting
effectiveness depending on the propagation cultivars employed. Some economically
significant types, such as Domat, cannot be generated from cuttings due to their low rooting
capacities. For this reason, in this research, it has been investigated why olive varieties give
different responses to the hormone treatment such as IBA, NAA and the combination of IBA
and NAA. In this study, gene expression levels were assessed in IBA, NAA and IBA+NAA-
treated micro cuttings, and transcript sequence analyses were compared bioinformatically to
identify some genes (40X2, IBRI, IBR3, IBRI0, and PtAILI) that are responsible for
adventitious rooting in the Gemlik (easy to root) and Domat (hard to root) olive cultivars.
The reference protein sequences from the A. thaliana species were used to identify gene.
Protein sequences were downloaded from TAIR database and used in Blastp analysis against
olive protein database in Geneious software. It was noted that different gene expression
profiles were observed in the easy-root and hard-root olive cultivars after the hormone

treatment. The results showed that the expression of the OeIBR10 gene increased during the

Vi



24 hours in both cultivars as a result of IBA treatment. On the 15th day after IBA treatment,
gene expression stopped in the easy-to-root olive cultivar (Gemlik). OelBR10, OelBRI and
OePTAIL genes expressions were suppressed after NAA treatment. The study's findings

produced significant information that can be used to comprehend how olive variaties root.

Keywords: Adventitious root, Gene expression, IBA, NAA, Olive
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CHAPTER 1
INTRODUCTION

Many woody plant species such as olive are successfully propagated vegetatively. A
technique of plant reproduction known as vegetative propagation allows the growth of new
plants without the use of seeds from the vegetative parts of the parent plant, such as stems,
roots, or leaves. Using this technique, genetically identical clones of parent plants can be
produced. Vegetative propagation has been accomplished using various methods. Taking a
portion of the stem with leaf nodes and allowing it to root in a suitable medium is known as
cutting. When layering, a parent plant's branch or stem is bent, partially buried in the soil or
rooting medium until the roots grow, and then split off to become a separate plant. The parent
plant is divided into smaller pieces, each with its own roots and shoots, to produce divisions.
A scion or bud from a desirable plant is joined to or inserted into a compatible rootstock via
grafting and budding, which causes the fusion of tissues and the creation of a new plant.
Vegetative propagation is frequently used in horticulture, agriculture, and forestry for the
propagation of plants with desirable qualities, maintenance of genetic consistency, and
preservation of rare types. It offers a quick and effective way to grow plants that might not
set seeds, or whose progeny might not always look like the parent plant (Bonga et. al. 1987).
The succes rate of this method is constrained by the capacity of the adventitious root
development of cuttings. The olive (Olea europaea L.), which belongs to the Oleaceae
family is native to in the Mediterranean countries, such as Spain, Italy, Greece, Israel,
Morocco, Tunisia, and Turkey. There are various ways to propagate olive trees, each with
advantages and suitability for specific uses. Olive seeds are utilized in seed propagation,
although they are rarely employed for commercial purposes because of their extended
fruiting times and potential for trait diversity. Cutting propagation, which involves taking
cuttings from mature olive wood and treating them with hormones to promote root growth,
is a frequently used technique. New olive trees were created by planting the cuttings in an
appropriate rooting medium. Another popular technique is grafting, which is used to increase
disease resistance or to propagate certain cultivars. This entails fusing an appropriate
rootstock with the desired olive cultivar. When budding, a type of grafting, a desirable
cultivar bud, is inserted into the bark of the rootstock tree. For olives with low rooting
capacity, air layering was used, in which a portion of the bark was removed and coated with

moist rooting solution until roots appeared. Small pieces of plant tissue can be used in tissue



culture, which is a laboratory-based method, to produce large quantities of olive plants. Each
approach has its own advantages and disadvantages, and the choice is based on the desired
cultivar, accessible resources, and specific goals (Farabbi, et.al. 2004, n.d.). Olive is mostly
propagated using semi-hardwood cutting and conventional techniques. However, the
adventitious root (AR) formation success of cuttings of cultivated olive varieties is different.
Some economically significant olive varieties, including Domat, are not vegetatively
propagated. Therefore, in this study, we investigated why olive cuttings respond differently

to auxin treatment, which is generally used in olives.

1.1 Adventitious Root Formation

AR growth can be observed from the main stem, a branch, or other tissues after a
plant receives a damage. ARs can develop from either the premade root primordia or the
induced primordia via the division of parenchyma cells. Before they emerge from the parent
root, ARs can be identified with their apical meristem, a root cap, and the start of a vascular
cylinder (Steffens et al., 2016). Additionally, ARs are produced, mostly in response to
particular stresses conditions such as waterlogging and wounding, the latter of which is
typically applied during stem cutting propagation (Druege et al., 2019). Numerous
exogenous and endogenous factors, including hormone crosstalk and nutrient concentration

in soil, have an impact on AR production in cuttings (Druege et al., 2016) (Figure 1).

\ F o \\‘ _
e \/q
/ e L
Adventitious root
Woody Plant Prepared cuttings Root formation

Figure 1. Adventitious root formation in cuttings from woody plants is shown schematically.



AR root formation occurs in three consecutive developmental stages.

a. Induction: AR development is stimulated in plant tissues during the induction
stage. Many factors, including hormonal balance, the environment, and the
physiological state of the plant, affect this stage. Auxins, particularly indole-
3-butyric acid (IBA) and naphthaleneacetic acid (NAA), are essential for
olive cuttings to generate adventitious roots. Auxin treatment stimulates cell
division and elongation in the stem tissue, which initiates the roots.
According to Jasik and De Klerk (199), several starch grains appear in the
cells that form the root primordia at this early stage of development. These
starch granules are connected to the accumulation of carbohydrate and auxin
at the stem base in cuttings (Agullo-Anton et al., 2014).

b. Initiation: The actual development of root primordia, which are condensed
clusters of cells that eventually become roots, occurs during the initiation
stage. Once the plant tissue has been stimulated, the cells in the cambium
layer of the stem begin to divide and differentiate into root primordia. The
quantity and location of auxins in stem tissue have an impact on this process.
Auxins cause the production of particular genes involved in root growth,
which initiate the process of AR (Itoh et al., 2005).

c. Extension; ARs grow longer and become completely functional during the
expression stage of root primordia. Cell elongation and maturation of root
primordia cause visible roots to emerge from stem tissue. Freshly created
roots continue to expand and establish a vascular link with the surroundings
to absorb water and nutrients. For adventitious roots to continue to grow and
develop at this stage, the environment must be favorable, including the
appropriate moisture levels, temperature, and substrate makeup (Vidoz et al.,

2010).

1.2 Adventitious root formation and phytohormone relationship

Plant growth regulators (PGRs) affect AR development. Auxins, which are one of

these hormones, are crucial for stimulating root growth. Synthetic auxins, such as IBA and



NAA, and natural auxins, such as TAA, stimulate cell elongation and division, which
promotes AR synthesis (Pacurar et al., 2014). In contrast, the production of adventitious
roots is inhibited by cytokinins. Cytokinins generally stimulate cell division and shoot
development, which inhibits root formation. However, an appropriate ratio of auxins to
cytokinins is essential. A higher auxin-to-cytokinin ratio must be maintained to encourage
root development, while limiting excessive shoot growth. In general, adventitious root
development is inhibited by Abscisic acid (ABA). Auxins promote cell proliferation and
elongation, whereas ABA inhibits these processes. Additionally, ABA can cause the
development of a barrier that limits water loss and prevents pathogen damage at the base of
the cuts. Another factor in the development of adventitious roots is the gaseous plant
hormone, ethylene. Its impact on the roots depends on its concentration. High ethylene
concentrations may inhibit root production, whereas low ethylene concentrations can

promote root production (Lakehal & Bellini, 2019).

1.2.1. Auxin

One of the hormones which play a role in plant growth and development is auxin.
Auxins are a group of plant hormones the density and the types of it highly affects the early
stages of embryogenesis, the organization of the apical meristem and branching of the plant’s
aerial parts, the formation of the main root along with the initiation of lateral and adventitious
roots (Went et al., 1937). Indole-3-acetic acid (IAA) and indole-3-butyric acid (IBA) are the
main endogenous auxins in plants. IBA was originally synthetically synthesized, and it was
only later discovered that it had its endogenous presence in plants (Korasick et al., 2013),
and is, in fact, the second most relevant natural auxin. There are also some synthetic auxins
such as 1-naphthaleneacetic acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4D), and
many others (Figure 3). Zimmerman and Wilcoxon, 1935, showed that IBA and NAA also

induced AR formation, similar to IAA.
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Figure 2. Chemically structure of endogenous (IAA, IBA) and synthetic (NAA) auxins
molecules.

1.2.1 The role of auxin in AR

IBA, NAA, TAA, and commercialized root promoters are the most popular sources
of PGRs for rooted cuttings. In many woody plants, the successful production of adventitious
roots is necessary the presence of auxin (Botanicae et al., n.d.). Previously, to stimulate root
formation the cuttings were treated with IAA (Cooper, 1935) and soon after, IBA, which
promoted rooting similarly but was thought to be even more effective, was discovered. IBA
is now more effective than IAA and is used commercially to root microcuttings (Kreiser et
al., 2016). Changes in auxin concentration have been related to both the interdependent
phases of the process and the rooting capacity of a species or cultivar; however, genotype
seems to have a greater impact on rooting performance. (Ayoub & Qrunfleh, 2006). The high
auxin concentrations required for the induction phase's success become inhibitory during
root expression, presumably because they prevent root elongation and stimulate cellular
differentiation (Li et al., 2009). IBA is the most frequently utilized auxin when using semi-
hardwood cuttings because, with a few exceptions, it frequently stimulates roots more
effectively than NAA (Isfendiyaroglu & Ozeker, 2008). However, in some circumstances,
the combination of both auxins leads to greater rooting rates, but genotype appears to be a
significant factor (Denaxa et al., n.d.). There isn't a single IBA concentration that will cause
rooting in all cultivars, despite the fact that several concentrations have been tested (Aziz
Kurd et al., 2010). Acording to the previous studies for the olive cultivars optimum IBA

concentration was determined 4000 ppm (Iljazi et al., 2014).



Conversion of IBA to IAA plays a critical role in AR formation. This transformation
accelerates the development of root primordia. The initial production of root primordia
depends on cell division and differentiation, both of which are stimulated by IAA, an active
form of auxin. The transformation of IBA to IAA results in a greater rate of root primordia
initiation, laying the groundwork for effective root development by increasing the
concentration of active auxin in plant tissue (Porfirio et al., 2016). Epstein and Lavee (1984)
have described IBA-IAA conversion in olive. After treating "Kalamata" (hard-to-root) and
"Koroneiki" (easy-to-root) cuttings with radioactive IBA-14C, most of the recovered
radioactivity was found at the base of the cuttings in the form of IAA-14C. The "Koroneiki"
cuttings exhibited higher conversion rates. Strangely, the procedure moved more quickly in
cultivars that were difficult to root (Epstein & Lavee, 1984). In the peroxisome, IBA is
converted to IAA (Zolman et al., 2007). IBA B-oxidation appears to be the primary function
of several peroxisomal enzymes, such as INDOLE-3-BUTYRIC ACID RESPONSEI1
(IBR1(Zolman et al., 2008)), IBR3 (Zolman et al., 2007), and IBR10 (Zolman et al., 2008).
IBR3, which catalyzes the a,B-oxidation of acyl-CoA esters, is comparable to acyl-CoA
dehydrogenases. It is believed that /BR3 is responsible for the second stage of an IBA
metabolic pathway in Arabidopsis that resembles [-oxidation (Zolman et al., 2007) A
peroxisomal member of the short-chain dehydrogenase/reductase (SDR) family of enzymes
is encoded by the gene /BR . This enzyme may be in charge of catalyzing a dehydrogenation
step in the conversion of IBA to IAA, which is similar to B-oxidation. /BRI0 codes for a
peroxisomal delta3, delta2-enoyl CoA isomerase that is involved in the breakdown of
unsaturated fatty acids. This enzyme may also play a role in an alternative route that turns

IBA into IAA (Figure 4) (Zolman et al., 2008).
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Studies on AR formation in olive species place a significant focus on alternate
oxidase (AOX) genes, according to a review of the literature (Arnholdt-Schmitt et al., 2006;
Hedayati et al., 2015; Santos MacEdo et al., 2009; Santos Macedo et al., 2012; Velada et al.,
2018). Plants have AOX genes, which are involved in the electron transport system and play
crucial roles in the stress response (Arnholdt-Schmitt et al., 2006). It is well known that the
mechanisms that constitute the abiotic stress response are directly related to the AR
formation in plant species (da Costa et al., 2013; Santos MacEdo et al., 2009). The AOX
gene, one of the stress response genes, has been suggested as a marker for adventitious
rooting in olive plants. Agogia x Leccino hybrids have been used to determine the molecular
characterisation of AOX genes (Hedayati et al., 2015a) in olive species, gene expressions
under IBA treatment, and AOX gene expressions by determining easy and difficult to root
varieties. SNPs on AOX genes associated with rooting ability may represent functional

markers for assessing rooting ability (Santos Macedo et al., 2012; Velada et al., 2018).

Transcription factors affects AR formation as well. Studies on woody species, with
the exception of Populus, are scarce, despite the fact that numerous transcription factor
families have been shown to be involved in this process in model species such as
Arabidopsis. PtAILI has been discovered to be a gene related to adventitious roots in the
Populus species, a model organism for trees. PtAIL1 belongs to the AP2 transcription factor
family. The PtAILI gene, among those under investigation, caught the attention of
researchers due to its high expression in root primordiums. The PtAIL1 gene expression was
increased (overexpressed) in the same study, and a decrease in adventitious rooting was seen
when it was suppressed by RNAi technology. RNAi silences adventitious rooting, but it does
not totally reset it, indicating that adventitious rooting is a complex process influenced by a

variety of variables (Rigal et al., 2012).

In this thesis, we aimed to determine the molecular basis of the different responses
to IBA and NAA treatments in easy-to-root (Gemlik) and hard-to-root (Domat) olive
varieties. With this thesis;

1. Bioinformatics analysis of the structures of AOX2, IBR1, IBR3, IBR10, and PtAILI
genes in olive genome.
2. Determination of expression of AOX2, IBR1, IBR3, IBR10 and PtAILI genes in easy

(Gemlik) and hard (Domat) rooting olive cultivars after IBA and NAA treatment



3. PCR amplification of the transcript sequences of genes with significant differences
in gene expression in easy (Gemlik) and hard (Domat) rooted olive cultivars and

comparative bioinformatics analysis were performed as a result of sequence analysis.



CHAPTER 2
PREVIOUS STUDIES

New roots produced from cells of non-root tissues post-embryonically are known as
adventitious root. A postembryonic organogenesis process involve adventitious root
development is triggered by differentiated cells other than those designated to create roots.
A vital stage in vegetative propagation via stem cuttings, adventitious root development has
been used in horticulture, agriculture, and forestry. (Bonga, t.y.). Numerous external and
endogenous factors have an impact on AR development in cuttings. Plant hormones are one
of the factors affecting the development of AR. Particular emphasis was placed on auxin in
earlier research (Druege et al., 2016b). IBA, which is the commercial auxin, is used generally
to induce root formation. De Klerk et al. (1995) found that in the apple micro cuttings high
auxin concentrations required for the induction phase's success turn inhibitory during root
expression, necessitating IAA catabolism to prevent root development from being stifled
because high auxin concentrations inhibit root elongation and promote cellular
differentiation (De Klerk et al., 1995; Li et al., 2009). Various IBA concentrations and
polyamine and auxin combinations were also tested on the two Tiirkiye olive cultivars
Gemlik and Domat. It was found that the easy-to-root (Gemlik) cultivar was rooted at any
concentration and combination, but the hard-to-root (Domat) cultivar produced only calluses
and no root formation (Ozkaya et al, 1994). During the two seasons of rooting the Gemlik
and Domat cultivars, IBA, NAA, and a combination of IBA and NAA applications were
used for microcutting, and it was found that a mix of 5:2 g/L (IBA:NAA) gave the finest
rooting results, also in the difficult-to-root Domat, where the rooting percentage was
increased to 60%. The timing of the IBA application and the 5-day IBA treatment induced
more root formation than the 0-day application, which was also investigated in the same
study (Isfendiyaroglu, 2016). In another study of hormone treatment on the olive cultivar
Galega vulgar, the liquid form of IBA and powder form of NAA and IAA were tested, and
it was discovered that the powder form of NAA treatment resulted in the greatest root
formation (Fernandes Serrano & Serrano Amaral, n.d.). In a separate study, they tested eight
different IBA concentrations and four different microcutting sizes in olive of the "Dolce
Agagia" culivar and discovered that tetranodal microcuttings with 1.25 mg/L-1 IBA provide
the best rooting, root length, and survival percentage (Haq et al., 2009). The hormone

concentrations (IBA and NAA) were also investigated in the Moraiolo olive cultivar.
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Cuttings were placed in rooting medium OM supplemented with six different concentrations
of IBA and NAA. The optimum concentration for rooting olive cuttings is 1.5 mg/L for IBA
and 1.0 mg/L for NAA. They also observed that higher concentrations of both hormones
negatively affected the rooting (Ali & Abbasi, 2009). In a different study, the carbohydrate
content, C/N ratio, and three different IBA concentrations (0, 2000, 3000, and 4000 mg/L-
1) were examined in cuttings taken between 1st February and 1st April from two different
olive cultivars, Gordal Sevillano and Tanche. The researcher found that the Gordal Sevillano
cultivar cutting collected on March 1 and treated with 4000 ppm IBA gave the maximum
rooting percentage and carbohydrate content. When comparing the two olive cultivars,

Gordal Sevillona showed higher rooting and carbohydrate contents than Tanche.

The first study of the effect of IBA-IAA conversion on AR development belongs to
Epstein and Leavee (1984). Two different olive cultivars, Kalamata (difficult to root) and
Kroneiki (easy to root), were treated with the radioactive IBA-'*C. After three days, 20-30%
of the recovered label from both cultivars was discovered in IAA, and a month later, around
70% of the radioactivity was in IAA. Only 10% of the recovered radioactivity in Koroneiki
was still in IBA-'*C two months after it was applied; 90% of it had been transformed into
IAA-'C. The difficult-to-root cv. Kalamata converted IBA to IAA a little more quickly than
Koroneiki. In the same study, IBA-IAA conversion also investigate on the grapevine cuttings
and similar results were obtain (Epstein & Lavee, 1984). In another study, apple
microcuttings were grown in MS medium supplemented with [4-3H] IBA or [5-n-3H] IAA,
and root formation was related to the amount of IAA or IBA; the maximum yield was
obtained at 3.2—-10 uM of hormone concentration. The highest content of IBA™ and [AA™
(derived from IBA) was found in the root emerge part of the stem. The content of [AA™
after IAA treatment is exactly the same as that derived from IBA. Furthermore, it
demonstrates that the IBA is converted into the IAA but not the other way around; the [AA
is not converted into the IBA (Van Der Krieken et al., 1992). In another study in the IBA to
IAA conversion that a novel peroxiomal enzyme, /BR3, which is involved, firstly identified
in the ibr3 mutants in Arabidopsis thaliana. The ibr3 mutant, which is defective in root
elongation inhibition and lateral root promotion in response to IBA, normally responds to
other auxins, including IAA. The mutant phenotypes were then rescued in the ibr3 mutants,
and the transformed plants displayed wild-type responses in root elongation and lateral root

assays in the presence of IBA. This was accomplished by transforming the ib»3 mutants with
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a construct expressing a full-length IBR3 cDNA driven by the cauliflower mosaic virus 35S
promoter. This demonstrates that IBR3 flaws specifically interfere with IBA answers
(Zolman et al., 2007). In the following research on the IBA to IAA conversion, the ibrl and
ibr10 mutants, which are defective in their response to IBA, a precursor to the active plant
hormone IAA. The mutants exhibit reduced lateral root initiation, decreased inhibition of
root extension, and decreased expression of IBA-responsive genes. These defects resemble
those seen in the ibr3 mutant, which damages a putative peroxisomal acyl-CoA oxidase or
dehydrogenase that was previously identified. Novel peroxisomal enzymes involved in IBA
metabolism and provides genetic evidence that peroxisomes are involved in this process.
Accordingly, it is hypothesized that /BRI and /BR10 participate in the conversion of IBA
into IAA by eliminating two side-chain methylene units in a method resembling fatty acid
beta-oxidation (Zolman et al., 2008). The study describing the biochemical processes that
take place following IBA treatment in cuttings is another significant investigation on
adventitious rooting in olive species. In this research, IBA and IAA levels were measured
after cuttings were treated with IBA at various phases of adventitious rooting. The highest
level of IAA was reached after the IBA treatment on the easy-to-root cultivar at 24 hours,
and the level of IAA was reduced after 96 hours, which is the initiation stage of the AR,
according to the results. During the initiation phase, the IAA concentration was low. Despite
this, the hard-rooted cultivar's IAA levels increased at the 24th hour but were unable to match
those of the easy-rooted cultivar, and there was no IAA level decrease after the 96th hour as
was observed in the other cultivars. High auxin levels may restrict rooting in the initial phase
of cutting rooting even when they promote rooting during the induction phase (Porfirio et

al., 2016).

When we looked at the effect of stress on AR formation, we encountered AOX genes.
The potential of olive alternative oxidase as a source of effective AR induction markers is
discussed in this study, which demonstrates the first signs of a significant link between AOX
activity and differential adventitious rooting in semi-hardwood cuttings. When the easy-to-
root Portuguese cultivar ‘Cobrancosa" was treated with salicyl-hydroxamic acid, which is an
inhibitor of AOX, the root induction could be significantly reduced; however, when treated
with H202 or pyruvate, both known to induce AOX activity, the degree of rooting increased.
This result show that the AOX gene activity affect the AR in olive cuttings (Santos MacEdo

et al., 2009). In a separate investigation, researchers looked at the role of AOX in the rooting
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process and how it relates to the olive micro cuttings 'Galega vulgar' adaptive
phenylpropanoid and lignin metabolism. The study examined the function of AOX in olive
rooting using an in vitro system for microshoot propagation. The researchers observed that
salicylhydroxamic acid (SHAM) had no inhibitory effect on calli production but that it
inhibited roots, which led to AR in olive microshoots. Since phenylpropanoid and lignin
accumulation were suppressed by SHAM treatment, it may be hypothesized that AOX
control of root formation is connected to changes in phenylpropanoid and lignin metabolism,
which in turn interact with meristematic growth. Considering that, AOX genes may be
crucial for the process of adaptive cell reprogramming during rooting (Santos Macedo et al.,
2012). The transcript accumulation of the OeAOX1a and OeAOX1d genes and the three
different phases of the adventitious rooting process were shown to be correlated in the
investigation of the expression of AOX1 subfamily genes during IBA-induced adventitious
rooting in the olive tree, which is Galgea vulgar. In the early stages of rooting, the expression
of the OeAOX1a and OeAOX1d genes was significantly elevated, with the largest peak of
transcript accumulation occurring 8 hours after IBA treatment. The rooting assay revealed a
consistent expression pattern for both genes, with the greatest peak of up-regulation
occurring 8 hours after IBA application. However, when compared to the levels seen at the
equivalent controls, OeAOX1a displayed higher levels of expression than OeAOX1d at this
time point. This result shows that the AOX1 genes are generally active in the induction phase
of adventitious rooting in olive (Velada et al., 2018). Another study discovered a link
between the AOX2 gene and olive cuttings' capacity to root. The Leccino x Dolce Agogia
progeny was used in the study to evaluate various candidate genes, and it showed that only
the AOX2 gene was significantly upregulated and linked with phenotypic traits. In the study,
four different alleles were found in the two parental varieties, which were distinguished by
several SNPs, and when they looked at the expression analysis of six gene transcripts at five
different times after cutting preparation for high-rooting and low-rooting genotypes, they
found that there were differences in the expression of the six gene transcripts between high-
and low-rooting genotypes. The expression of the AOX2 gene was significantly higher in
high-rooting genotypes carrying alleles 1 and 4 compared to low-rooting genotypes carrying
alleles 1 and 3. These results show that some polymorphism on AOX2 genes effect the AR
on olive cuttings (Hedayati et al., 2015a).
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Transcription factors also have an impact on adventitious rooting. Investigations into
the influence of transcription factors on adventitious roots in tree species including Pinus
taeda and Populus sp. led to the identification of gene expression patterns linked to various
stages of AR development and significant TFs. These TFs control hormone signaling
pathways that support AR formation as well as the regulation of genes involved in cell
division, differentiation, and elongation. TFs are complicated to regulate because of
interactions with other proteins and signaling cascades. The production of AR in poplar has
been hypothesized to be inhibited by gibberellins, whereas cytokinins may interact with the
auxin and ethylene pathways. The AP2/ERF protein family of transcription factors also
regulates two crucial plant functions, how plants respond to stress and how they govern
growth, and it plays a role in the development of AR in trees. (Legué et al., 2014).
Researchers discovered that the level of Pt4AIL1 transcript rises during the initial stages of
adventitious rooting in their study on the AINTEGUMENTA LIKE1 homeotic transcription
factor PtAIL1 and its function in regulating the production of adventitious root primordia in
poplar. When PtAIL1 was overexpressed, adventitious roots formed more slowly than when
PtAIL1 was downexpressed. In addition, 15 genes were found to be overexpressed in stem
tissues in PtAILI-overexpressing plants, resulting in the development of root primordia.

(Rigal et al., 2012).
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CHAPTER 3
MATERIALS AND METHODS

In this study, 40X2, IBRI, IBR3, IBRI10, and PtAIL, a transcription factor, were
identified in the olive genome by bioinformatic approaches, and expression analyses were
carried out following IBA treatment in two different olive cultivars. These genes are known

to be significant in adventitious rooting.

3.1. Plant Materials
Microcuttings of Gemlik and Domat cultivars used in this study were obtained from
I-year-old trees. Saplings of related varieties were purchased from the Edremit Olive
Production Station Directorate. Short cuttings containing four nodes for each variety were

cut from young boughs and prepared in the laboratory.

3.2. Determination of genes

The genomic and transcript sequences of olive AOX2, IBRI, IBR3, IBR10, and PtAIL1
were obtained using the Sylvestris genome. (Unver et al., 2017). A local BLAST database
was established in Geneious (Kearse et al., 2012) software by dowloading the whole
genome, transcriptome and proteome data of Sylvestris from the NCBI database (Genome
ID: 10724). Afterwards, the protein sequences of the AOX2 (AT5G64210), IBRI
(AT4G05530), IBR3 (AT3G06810), IBR10 (AT4G14430) and PtAILI (AT4G37750) genes

were downloaded from the TAIR (arabidopsis.org) database and then used as query in

BLASTP analysis against olive database in Geneious software. The sequences obtained from
the BLAST were aligned in Geneious, and phylogenetic trees were created with Arabidopsis
reference sequences and examined using the Tree builder of Geneious software. The most
similar olive sequences to the reference sequences were chosen for the study because they
were grouped with the reference sequences in the phylogenetic trees and shared the same
conserved domain. Selected protein sequences were compared against the existing olive
transcriptome by translated BLASTN and transcript sequences encoding the relevant

proteins were found. Primers were selected from these transcripts (Figure 4).
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Figure 4. BLAST analysis results of AOX2, IBR1, IBR3, IBR10, and PTAIL1 genes a)
blastp results of gene protein sequences of A. thailiana against Olea europaea proteome b)
tblastn results of gene protein sequences of Olea europaea against Olea europaea
transcriptome c) blastn results of gene transcript sequence of olea europaea against Olea
europaea genome

3.2.1. Primer design

Quantitative real-time PCR primers based on exon junctions were selected using
Geneious software. The primers were chosen to bind to two separate exons and have an
intron region of at least 1000 base pairs between them in the genome if suitable primers
cannot be chosen from the exon junction or if the efficiency analysis is poor. To avoid
genomic DNA contamination that could still happen despite applying DNase before cDNA
synthesis. The genes, that have one exon, they do not meet all the requirements. For the

inside of the exons, primers were chosen.
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3.3. Preparation of olive cuttings and IBA treatment

Micro-cuttings were obtained from 1-year-old trees. Plants were purchased from
Edremit Olive Production Station Directorate. Cuttings with four nodes were prepared from

sapling and all leaves, expect from the upper four, were removed.

Three treatment groups were tested. There were three biological replicates in each

group, and each replicate had at least ten cuttings.

For the first group each cutting, approximately 1 cm, was immersed for 5 s in a 4000
ppm IBA solution. The cuttings were then placed in perlite-filled pots and kept in plant
development cabinets at a temperature of 25 °C and high humidity (>90 percent). After the
treatments, following the 24 hours, 7th, and 15th days, the IBA-treated tissues of the cuttings
were cut to a length of about 1 cm, immediately frozen in liquid nitrogen, and stored at -80

°C for RNA isolation (Figure 5).
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*Days on which the samples were collected after treatment

Figure 5. Schematic representation of the 1st group.

For the second group, prepared cuttings were submerged 5 s in a solution containing
5000 ppm IBA and 2000 ppm NAA. After that, the cuttings were put in pots filled with
perlite and kept in plant growth cabinets at a temperature of 25 °C and a high humidity level
(>90 percent). The IBA-NAA treated cuttings were collected on the 24-hour, 7th, and 15th
days and instantly frozen in liquid nitrogen, and kept at -80 °C (Figure 6).
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Figure 6. Schematic representation of the 2nd group.

In the third group, each cutting (approximately 1,0 cm) was subjected to a quick-deep
treatment for 5 s in a 2000 ppm NAA solution. After that, the cuttings were planted in pots
filled with perlite and kept in cabinets at a temperature of 25 °C and a high humidity level
(>90 percent) to promote plant growth. Cuttings that had been exposed to NAA were
collected on the 24-hour, 7th, and 15th days. They were then immediately frozen in liquid
nitrogen and kept at -80 °C (Figure 7).
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Figure 7. Schematic representation of the 3rd group.
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3.4. RNA isolation

For samples obtained for 24 hours, the isolation materials were maintained in 1%
DEPC (Applichem-A0881,0100). It was sterilized the following day for 15 minutes at 121
°C in an autoclave. The tissues were removed from -80 °C, submerged in liquid nitrogen,
and homogenized using a mortar. Homogenized tissues (100 mg) were transferred to
Eppendorf tubes and RNA isolation was performed using the PureLink RNA mini kit
(Invitrogen 12183018A) and Trizol (Ambion—15596018). After the isolation, the quality of

the RNAs was determined by agarose gel electrophoresis.

The amount of isolated RNAs was determined with Qubit® 2.0 (Invitrogen,
Q32866). 1 ul of RNA Reagent (Invitrogen, Q10210) and 199 pl of reaction buffer were
added to the tubes and mixed by vortexing. Then, 1 pl of the prepared solution was discarded
and 1 pl of the RNA sample was added to the final volume to make 200 pl. After the tubes
were left for 2 minutes, the amounts were determined with the help of the Qubit® 2.0

fluorometer.

3.5. cDNA synthesis

cDNA synthesis was performed with the kit (4368814; Applied Biosystems). DNase
was applied to remove DNA residues from isolated total RNA samples. Using PCR, the

tubes were then maintained at 37°C for 30 minutes. (Table 1)

Table 1

Components of DNase reaction

Components Amount Final concentration
10X DNase buffer 1w 1X
RNA 1000 ng 100 ng / pl
DNase I (1 u/pl) 1w 0.1u/pl
Nuclease-free water Complete the final -

volume
Final volume 10 pl -

Then, 1 pl of EDTA (50 mM), 2 pl of random primer, and 0.8 pl of ANTP mix were
added to the reactions and DNAse I was inactivated for 10 minutes at 65 °C. A High-
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Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Fisher Scientific, USA)
was used to perform the synthesis as directed by the manufacturer. For this purpose, cDNA

reaction components (Table 2) were added to RNA samples after DNase treatment.

Table 2

Components of High-Capacity cDNA Reverse Transcription Kits

Components Amount
10X RT Buffer 2ul
Reverse transcriptase 1 unit
Nuclease free water 32l
Final volume 6.2 ul

The samples were incubated according to the protocol's instructions (Table 3), then

kept at +4 °C until were used following cDNA synthesis.

Table 3

Thermal cycler program for High-Capacity cDNA Reverse Transcription Kits

Settings Temperature Time
1 25°C 10 min
2 37°C 120 min
3 85 °C 4 min
4 4°C 00

3.6 Agarose gel electrophoresis and bufers
3.6.1 Agarose gel electrophoresis

In the thesis study, PCR products, DNA samples, and RNA samples were all
visualized using 1% agarose gel electrophoresis. Heating 50 ml of 1X TAE buffer with 0.5
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g of agarose produced a homogenous solution. 3 pul of EtBr were added to the prepared gel

after it had cooled, and the gel was then poured.

After the gel solidified, the material to be loaded (PCR product, DNA or RNA) was
mixed with ladder 6X loading dye and loaded into the wells in the specified order. Then, the
first well of the gel was loaded with a 1 KB ladder (Fermentas DNA Ladder SM0633). The
gel was then run for 45 minutes at 90 V/cm. PCR products were imaged using a Canon

camera after being visualized under UV light. (Figure 5)

DNA Mass
(ng/5ul)

Base Pairs

28
28

28
28

18
92
34
34

10,000
8,000
6,000
5,000
4,000
3,000
2,500
2,000

20 1,500

92 1,000

23 750

30 500

45 250

1% TAE Agarose Gel

Figure 8. The ladder is composed of 14 distinct DNA fragments (in base pairs) that have
undergone chromatographic purification.

3.6.2. 10X TAE buffer preparation

TRIS BASE (48.4 g) and EDTA (3.72 g), used to prepare 10X TAE buffer, were
dissolved in 900 ml of dH20. Then the pH was brought to 8.0 with acetic acid and made up
to 1 liter with dH2O. It has been stored at room temperature. For the 1X TAE buffer, 100 ml
of the previously prepared 10X TAE buffer was added into 900 ml of dH2O.
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3.6.3. Ethidium Bromide Stock Solution

0.1 g of EtBr was dissolved in 10 ml of dH2O. The stock solution was covered with

aluminum foil and stored at room temperature.

3.7. Quantitative Real Time PCR (qPCR) Analysis

qPCR reactions were prepared with Sul SYBR Green PCR Master Mix (Applied

Biosystems, USA) by mixing 0.3ul (200 nM) each primer and 1pl cDNA, making up the

total reaction volume to 10ul with nuclease-free water. (Table 4)

Table 4

The reaction componenets of RT-PCR.

Reaction components Amount Final concentrations
2X Master mix S5ul 1X

cDNA 1 ul -

10 uM Forward Primer 0,3 ul 300 nM

10 uM Reverse Primer 0,3l 300 nM
Nuclease-free water 0,4 ul -

In a 96-well plate, the Step One Plus (Applied Biosystems, USA) instrument was utilized

for RT-PCR. (Table 5)
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Table 5
The settlings of RT-PCR.

Step Temperature Time Cycle
Initial Denaturation 95 °C 10 min 1
Denaturation 95 °C 15 sec
Annealing 55°C 30 sec 40
Extention 72 °C 1 min

3.7.1. Determination of Primer Efficiency

The amount of cDNA used as a template in the gPCR reaction was diluted up to 10°
, 10 times each, for the qPCR experiments used to test the efficiency of the primers. Using
Step One Plus Software V2.0.6 (Applied Biosystems, USA), the AACT approach was used
to identify the threshold cycle. The mean Ct values of all three replicates were used to
calculate the standard curve, slope, and correlation coefficient (R?). The efficiency value was

determined using the following formula:
Efficiency = 10(-1/slope) -1

Only primer pairs having an R? value greater than 0.98, a single peak in melt curve

analysis, and an efficiency value of 90—-110% in gene expression analysis were used.

3.7.2. Identification of Reference Genes

Candidate reference genes were identified by first using the work of (Noceda et al.,
2022) as a reference in the selection of the reference genes used in the thesis. The OUB2 and
ACT7a genes were chosen as reference genes after considering the efficiency and R? values

revealed in the analysis of these candidate genes (Hiirkan et al., 2018).
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3.7.3. The expression profiles of the genes in various olive tissues

In gene expression studies, experiments were performed with 3 biological replicates
and 3 technical replicates. For the experiments performed with the SYBR Green method, the
efficiency was determined by standard curve experiments for each primer pair, and only
primers with efficiency values in the range of 90-110% were used. The data was analyzed
by the AACt method. During the analysis, the reference genes determined as a result of the

reference gene study were chosen as endogenous controls.
3.8. Sequence analysis of genes

3.8.1. RNA isolation and cDNA synthesis

Cuttings of the shoots, stems, and leaves of the Gemlik and Domat cultivars were
frozen in liquid nitrogen and kept at -80 °C until RNA isolation. The Purelink RNA Mini
Kit (Invitrogen- 12183-018A) and TRIzol (Thermo Fischer-15596026) were used to isolate
total RNA. Following its isolation, total RNA was quantified using Qubit 2.0 (Invitrogen-
Q32866) and examined on an agarose gel to assess its quantity. RNAs were kept until usage

at -80°C.

In the study, cDNA synthesis was carried out with the help of a kit (4368814; Applied
Biosystems). DNase was applied to remove DNA fragments from isolated total RNA
samples. Afterwards, the tubes were kept at 37°C for 30 minutes. (Table 5)

Table 6

Components of DNase reaction

Components Amount Final concentration
10X DNase buffer 1l 1X
RNA 1000 ng 100 ng / pul
DNase I (1 u/pl) 1l 0.1u/pl
Nuclease-free water Complete the final -

volume
Final volume 10 pl -
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After incubation, the components required for the cDNA reaction were added to the
tubes. The DNase enzyme was inhibited at 65°C for 10 minutes. As a next step, 10X reaction
buffer (2 pl), nuclease-free water (3.2 ul), and reverse transcriptase enzyme (1 pl) were added
to the tubes. The final volume was 20 pl and the tubes were incubated in the thermal cycler.

(Table 6)

Table 7

Thermal cycler program for High-Capacity cDNA Reverse Transcription Kits

Settings Temperature Time
1 25°C 10 min
2 37°C 120 min
3 85 °C 4 min
4 4°C o0

3.8.2. PCR studies

The gene of interest was amplified by PCR utilizing the synthesized cDNAs as
templates (Table 7). To test various primer annealing temperatures, PCR experiments were
run as a gradient. In these PCR experiments, a Phusion High Fidelity DNA Polymerase
enzyme (Thermo Scientific, FS30L) with a proofreading feature was used. The program used

for PCR is shown below (Table 8).
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Table 8

The components of Phusion High Fidelity DNA Polymerase

Components Amounts (pl) Final concentration
5X High Fidelity PCR Buffer 5 1X
10mM dNTP mix 0,5 200 pl
10uM Reverse Primer 1 0,4 ul
10puM Forward Primer 1 0,4 ul
cDNA 1 -
Nuclease-free water 16,25 -
Phusion 0,25 0.02 u/pl
Final volume 25
Table 9

Thermal cycler program for Phusion High Fidelity DNA Polymerase

Temperature Time Cycle
98 °C 3 min 1

98 °C 30 sec

55°C-60°C 30 sec 36
72°C 2 min

72°C 10 min 1
4°C 30 min 1

1% agarose gel electrophoresis was used to evaluate these PCR results. Utilizing the
PCR Purification Kit (Invitrogen, K310001), non-specific PCR findings that did not produce
growth were purified. In the event that PCR produced additional bands next to the desired
product, these PCR products were extracted from the gel using the PureLink® Quick Gel
Extraction Kit (Invitrogen, K2100-12). After that, sequence analysis was carried out using a

service (Medsantek, Turkey).

3.8.3. Bioinformatic studies

As aresult of PCR and sequence analysis studies, transcript sequences of OeAOX2,

OeIBR3 and OeIBR10 genes of both cultivars were obtained. The sequence analysis
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findings' abl extension files were uploaded to the Geneious software, where analyses were
done. In order to achieve this, bad readings were filtered out, reads from the same gene and
variety were combined, and consensus sequences were obtained, each with a 0.05 margin of
error value. Blastn analysis with the obtained consensus sequences was performed against
the NCBI non-redundant database using the Geneious software. Afterwards, the sequences
were aligned with the default parameters using the “Muscle” algorithm (Edgar, 2004). in the
Geneious program. Using this alignment file, phylogenetic trees were drawn with the

UPGMA algorithm using the “Geneious Tree Builder” option in Geneious software.

3.9. Statistical Analysis

Statistical Package for the Social Sciences (SPSS) version 26.0 was used for
statistical analysis. According to Tukey’s HSD test, the data did not show a homogeneous
distribution (Appendix1). Nested ANOVA was used to analyze the data by combining time,
hormone treatment, gene, and variables. As a comparision was performed using the Nested
ANOVA, between the variables hormone treatment variety and time, a significant relative

gene expression difference has been deducted. (Appendix2,3).
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CHAPTER 4
RESULTS AND DISCUSSION

4.1. Bioinformatic analysis

The genomic and transcript sequences of the AOX2, AOXI, IBRI, IBR3, IBRI0, and
PtAILI genes were obtained using the existing Sylvestris genome (Unver et al., 2017). The
Sylvestris cultivar's whole genome, transcriptome, and proteome data were downloaded
from the NCBI database (Genome ID: 10724), and a blast database was created in the
Geneious software (Kearse et al., 2012). Subsequently, AOX2 (AT5G64210, 353 a.a.), AOXI
(AT3G22360, 353 a.a.), AT3G22370, 354 a.a.), AT3G27620, 329 a.a.), IBRI (AT4G05530,
254 a.a.), IBR3 (AT3G06810, 824 a.a.), and PtAILI (AT4G37750, 555 a.a.) genes were
downloaded from the TAIR (arabidopsis.org) database and used in the Blastp analysis
against Slyvestris’s protein database in Geneious software. By comparing protein sequences
to the olive transcriptome using translated BLASTN, transcript sequences encoding similar
proteins were identified. The obtained transcripts were used in the design of the primers.

Primer sequences used in the thesis are listed in the (Table 9).

In the phylogenetic trees, the branches belonging to the genes of interest are
indicated in different colors. Sequences grouped in the same branches as the reference
Arabidopsis proteins in the phylogenetic trees were examined for further studies. In these
sequences, the OePtAIL, IBRI, IBR3, and IBR10 gene groups were found to have duplicates
that produce the same protein (Figure 6). In these instances, primers were chosen to bind to
all transcripts, taking into account the similarity of the transcript sequences. Blastp analyses
of the IBR1 group proteins, which are also included in the phylogenetic trees, in the olive
database revealed the genes determined as "tropinone reductase 3" as the most similar result.
This gene is encoded as AT2G29330 in the Arabidopsis genome and differs from the
reference /BRI gene. In addition, /BR genes are in the "short-chain dehydrogenase/reductase
(SDR)1" gene family. These results suggest that the functions of /BR1 genes are carried out
by /BR3 and /BR10 genes.
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Figure 9. Phylogenetic (UPGMA) tree with sequences from the blastp and reference protein
sequences (AtAOX2, AtAOX1, AtIBR1, AtIBR3, AtIBR10, AtPtAIL1).

Table 10

Primers used in gene expression analysis.

Gene Primer’s Name Sequences of primers
A0X2  AOX2 R 5' CCGGTAAGTTTCCCAAGGCATA 3
AOX2 F 5 GTGGTGGCAGAGAAGAAGGT 3’
IBR3 IBR3 R 5¢ CACCTGCCGCTTACAGTAGT 3’
IBR3 F 5' CCCAAAGCTCCCAGGTGTAG 3°
PtAIL1  PTAIL3 R 5' GTTTGGCGCCATAGCTTGTG 3°
PTAIL3 F 5¢ ACGGAGTAGGTGAAATGGGTG 3°
IBRI0  ECI1_R 5 TAAGGGCAGTGGGTCCCATA 3’
ECI1 F 5¢ ACCGGCTTAACCCGATTCTG 3’
ACT7a ACT7a R 5 TTGCTTACGTGGCACTTGAC 3°
ACT7a F 5 AACGGAATCTCTCAGCTCCA 3’
OUB2 OUB2 R 5¢ CCACGACTCAACAGAGACGA 3°
OUB2 F 5¢ GCTGGAGGATGGAAGGACTC 3°
IBRI IBR1 F 5‘GGGAGATCTACAAGAGGCAGCT 3
IBR1 R 5‘TGGTCACCCCATACATAGCCAA 3’
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4.2. Preparing cuttings and IBA treatment

After receiving the IBA, NAA, and IBA-NAA treatments, cuttings were planted in
pots containing perlite and placed in the appropriate settings. On days 24th hour, 7th day,

and 15th day, RNA isolation was performed using the IBA-treated parts of the
cuttings. (Figure 7)

4.3. Gene expression analysis

4.3.1 RNA izolation

Total RNA was isolated using the Purelink RNA Mini Kit (Invitrogen — 12183-018A)
and TRIzol (Thermo Fischer-15596026). After total RNA was isolated, RNA concentrations
were measured with Qubit 2.0 (Invitrogen-Q32866) (Table 11,12,13) and checked on an
agarose gel (Figure 9). RNA were stored at -80°C until use. RNAs isolated for three periods
determined from each treatment group were analyzed by agarose gel electrophoresis and

when the rRNA bands were examined, it was observed that there was no degradation and no

genomic DNA contamination.
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Figure 10. Visulized of isolated RNAs under UV light.
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Table 11

Qubit results of the treated with the IBA samples

Biological
Sample replicates Concentration ng/pl

1 466
236
430

Control (Domat)

670
674
462

Control (Gemlik)

356
496
386

24. Hour (Domat)

226
210
170

24. Hour (Gemlik)

306
394
346

7th Day (Domat)

310
288
300

7th Day (Gemlik)

264
240
216

15th Days (Domat)

894
766
474

15. Days (Gemlik)

W N = W N =W N =W N~ W NN~ W N ~ W N~ W
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Table 12

Qubit results of the treated with NAA and IBA samples

Biological
Sample replicates Concentration ng/pl

1 466
236
430

Control (Domat)

670
674
462

Control (Gemlik)

310
186
354

24. Hour (Domat)

218
290
276

24. Hour (Gemlik)

522
366
680

7. Days (Domat)

260
334
270

7. Days (Gemlik)

514
668
802

15. Days (Domat)

358
388
448

15. Days (Gemlik)

W N = W N =W N =W N~ W NN~ W N ~ W N~ W
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Table 13

Qubit results of the treated with NAA samples

Biological
Sample replicates Concentration ng/pl

1 466
236
430

Control (Domat)

670
674
462

Control (Gemlik)

520
800
498

24. Hour (Domat)

364
374
292

24. Hour (Gemlik)

518
514
720

7. Days (Domat)

184
214
228

7. Days (Gemlik)

280
328
492

15. Days (Domat)

582
318
554

15. Days (Gemlik)

W N = W N =W N =W N~ W NN~ W N ~ W N~ W
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4.3.2 Determination of gene expressions

The gene expression anylses were studied, which genes were responsible for
adventitious rooting, from the tissues collected on the days (24th hour, 7th, and 15th days)
coinciding with the different stages of AR (Pacurar et al., 2014) from IBA and NAA treated
cuttings of Gemlik (easy to root) and Domat (difficult to root) cultivars. For this purpose,
the efficiencies of the primers were calculated by standard curve studies, and only primer
pairs with 90—100% results were used. In addition, only primers with R? values that showed

the linearity of the standard curve above 0.98 were used.

Primers AOX2 F  5'GTGGTGGCAGAGAAGAAGGT3' and AOX2 R
5'CCGGTAAGTTTCCAAGGCATA3' were used for the Oe40OX2 gene. These primers'
efficiency curves demonstrated that the reaction was efficient with a 95.8% yield (Figure 8).
The curve was found to be sufficiently linear with an R? value of 0.9965. After considering

these findings, it was determined that the primers suitiable for gene expression studies.
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Dilutions|Copy Number| Log | CtValues [Dilution (X) 10
1. 1000000 6 15,9049
2. 100000 5 18,69
3. 10000 4 22,03 Target= 0eAOX2
4, 1000 3 25,67 Sample = Gemlik
5. 100 2 28,80 Slope = -3,427913309
6. 10 1 33,10 Efficiency (%) = 95;8
gPCR Efficiency
35,0000
30,0000
25,0000
@ 20,0000
3
(T
>
& 15,0000
10,0000
5,0000 y = -3,4279x + 36,031
R? = 0,9965
0,0000
(] 1 2 3 4 5 6 7
Log Dilutions

Figure 11. Results of standard curve experiments of the Oe4OX2 gene.

Primers IBR3 F 5‘CCCAAAGCTCCCAGGTGTAG3’ and IBR3 R
5‘CACCTGCCGCTTACAGTAGT3’ were used for the OelBR3 gene. These primers'
efficiency curves demonstrated that the reaction was efficient with a 95.9% yield (Figure 9).
The curve was found to be sufficiently linear with an R? value of 0.999. After considering

these findings, it was determined that the primers suitable for gene expression studies.
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Dilutions|Copy Number| Log | CtValues |Dilution (X) 10
1. 1000000 6 25,3900
2. 100000 5 28,55
3. 10000 4 32,30 Target= OelBR3
4, 1000 3 35,55 Sample = Gemlik
5. 100 2 Slope = -3,423
6 10 1 Efficiency (%) = 9519
gPCR Efficiency
45,0000
ao0000 e
0000 3
30,0000
S 25,0000 8900
s
2 20,0000
o
15,0000
10,0000 y = -3,423x + 45,851
R2 = 0,999
5,0000
0,0000
0 1 2 3 4 5 6 7
Log Dilutions
Figure 12. Results of standard curve experiments of the Oe/BR3 gene.
Primers IBR10 R ‘TAAGGGCAGTGGGTCCCATA’ and

efficiency curves demonstrated that the reaction was efficient with a 100.3% yield (Figure
10). The curve was found to be sufficiently linear with an R? value of 0.9966. After

considering these findings, it was determined that the primers suitiable for gene expression

studies.
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Dilutions|Copy Number| Log | CtValues |Dilution (X) 5
1. 31250| 4,49 23,6000
2. 6250( 3,8 25,41
3. 1250 3,1 27,65 Target= OelBR10
4, 250 2,4 30,18 Sample = Gemlik
5. 50 1,7 32,89 Slope = -3,315899497
6. 10 1 34,83 Efficiency (%) = 10013
qPCR Efficiency
40,0000
35,0000 3
30,0000
25,0000
0 76000
=
g 20,0000
o}
15,0000
10,0000 y = -3,3159x + 38,204
R? = 0,9966
5,0000
0,0000
0 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5

Log Dilutions

Figure 13. Results of standard curve experiments of the Oe/BR 10 gene.

efficiency curves demonstrated that the reaction was efficient with a 92.1% yield (Figure
11). The curve was found to be sufficiently linear with an R? value of 0.9953. After

considering these findings, it was determined that the primers suitiable for gene expression

Primers PtAIL1 F 5°ACGGAGTAGGTGAAATGGGTG3’
5‘GTTTGGCGCCATAGCTTGTG3’ were used for the OePtAILI gene. These primers'

studies.
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Dilutions|[Copy Number| Log | CtValues |Dilution (X) 5
1. 31250| 4,49 21,3300
2. 6250, 3,8 23,55
3. 1250 3,1 25,89 Target= OelPtAIL
4, 2501 2,4 28,21 Sample = Gemlik
5. 50 1,7 31,33 Slope = -3,528048392
6. 10 1 Efficiency (%) = 92)1
gPCR Efficiency
40,0000
35,0000
30,0000 19
25,0000
g
S 20,0000 78300
&
15,0000
10,0000
y = -3,528x + 36,988
5,0000 R? =0,9953
0,0000
0,5 1 1,5 2 2,5 3 3,5 4 4,5 5
Log Dilutions

Figure 14. Results of standard curve experiments of the OePtAILI gene.

Primers

efficiency curves demonstrated that the reaction was efficient with a 95.2 % yield (Figure
12). The curve was found to be sufficiently linear with an R? value of 0.9992. After

considering these findings, it was determined that the primers suitiable for gene expression

studies.

IBR1 F 5°‘GGGAGATCTACAAGAGGCAGCT 3’
5‘TGGTCACCCCATACATAGCCAA 3’ were used for the OelBRI gene. These primers'

and
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Dilutions Copy number Log ctvalues [Dilution (X) 10
1. 1000000 6
2. 100000 5| 25,5239576
3. 10000 4| 29,2516174 Target= IBR1
4. 1000 3| 32,4736938 Sample=
5. 100 2| 35,9208679 Slope = -3,441280746
6. 10 1 Efficiency(%) = 9512
qPCR Efficiency
a5
4
s | —
30
sl — — e
— I N B SO
220
o
15
y =-3,4413x + 42,837
10 R%=0,9992
5
0
0 1 2 3 4 5 6 7
Log Diliisyon

Figure 15. Results of standard curve experiments of the Oe/BR1 gene.

4.3.2.1. Gene expression analysis after IBA treatment

OeAOX2, had higher expression in Gemlik than Domat within the control groups.
After the initial 24 hours, the expression level of this gene in Gemlik cuttings decreased by
half and then ceased. In the study, OeAOX2 gene expression in the Domat cultivar was either
low or not influenced by IBA treatment. These results suggest that regardless of IBA
treatment, the OeAOX2 gene expression is regulated differentially in hard-to-root olive
cultivars. On the other side, it can be claimed that IBA suppresses the gene expression of

0OeAOX2 in cultivars that are easy-to-root (Figure 13).

39



AOX2

) . .
24h

control 7thday 15th day

IBA

®m Domat ™ Gemlik

Figure 16. Gene expression results of Oe4OX2. (Error bars represent standard error)

The OelBRI10 gene, which is assumed to be in the role of converting IBA to TAA,
showed the same levels of expression in both cultivars in the control groups that received no
treatment, according to analysis of its expression results. Despite this, samples obtained 24
hours after IBA treatment showed a seven-fold increase in gene expression; however, this
level did not persist over the course of the following days, and decreased. On the 7 days after
the application of the IBA, an increase in the Gemlik cultivar was noted; however, gene

expression stopped on the 15th day (Figure 14).
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Figure 17. Gene expression results of Oe/BRI10. (Error bars represent standard error)

The OelBR3 gene is one of the genes thought to be responsible for the conversion of
IBA to TAA. (Frick et al., 2018). Similar results are observed in both cultivars for /BR3 gene
expression. Even though Domat's gene expression was higher than Gemlik's in the control

groups, both cultivars' gene expression decreased during the next few days (Figure 15).

IBR3
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Figure 18. Gene expression results of Oe/BR3. (Error bars represent standard error)

OelBR]1 is a further gene that is believed to be involved in the conversion of IBA into

IAA. both cultivars in the control groups that received no treatment had the same level of
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gene expression. Gene expression was 4-fold higher in samples obtained 24 hours after IBA
treatment, and this level persisted for the next few days. By the time samples were taken on
the 15th day, however, gene expression had increased 10-fold compared to the control group.
When examining the Gemlik variety, a 5-fold increase was seen in the 24th hour, but it
decreased on the 7th day and stayed the same for the 15th day (Figure 16). These findings

demonstrate that gene expression continues to increase in the difficult-to-root olive cultivar.

IBR1
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Collected samples day after IBA treatment

m Domat m Gemlik

Figure 19. Gene expression results of Oe/BRI. (Error bars represent standard error)
OePTAILI is a transcription factor related to AR development. The expression in
both groups was similar in the control and 24h. However, a significant decrease was

observerd at 7th days in Domat variety. In Gemlik, the expression level was close to one on

the control, 24 h, and 7 days, but a significant decrease was observed on the 15th day.
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Figure 20. Gene expression results of OePTAILI. (Error bars represent standard error)

4.3.2.2. Gene expression analysis after IBA and NAA treatments

The expression of the OeAOX2 gene in olive cuttings treated with two different auxin
hormones. Compared to the easy-to-root "Gemlik" variety, there was a 5-fold increase in
expression in the control groups from the difficult-to-root "Domat" variety. Although there
was a decrease in gene expression in the Gemlik at the 24-hour mark, it increased over the
next few days. When we examined the Domat variety, it became clear that the application

had no effect on this gene's expression, which persisted at a low level (Figure 17).
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Figure 21. Gene expression results of OeAOX2. (Error bars represent standard error)

We noticed that the Oe/BR3 gene, which is assumed to be involved in the conversion
of IBA into IAA, was expressed more in the Domat variety than in the Gemlik variety in the
control groups when we looked at the gene expression results for this gene. Similar results
were seen in both cultivars on the following days, with essentially no gene expression at the

24th hour and a slight increase in gene expression seen on days 7th and 15th (Figure 18).
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Figure 22. Gene expression results of Oe/BR3. (Error bars represent standard error)
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OelBR10 is another gene involved in the conversion of IBA into IAA. When we
examined the gene expression data, we found that the gemlik cultivar's expression of this
gene was low and even stopped entirely on the seventh day. It was noted that the gene
expression in the Domat cultivar did not change until the 24th hour and then increased during

the following days (Figure 19).
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Figure 23. Gene expression results of Oe/BR10. (Error bars represent standard error)

Examining the gene expression data for the OePtAIL1 gene, which belongs to the AP2
transcription factor family and is related to adventitious roots, it was found that it was
virtually at the same level in the control groups. At 24 hours, both varieaties showed a
decline, but the Gemlik cultivar's gene expression increased during the next few days (Figure

20).
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Figure 24. Gene expression results of OePTAILI. (Error bars represent standard error)

IBRI plays a key role in the conversion of IBA to IAA. Gene expression results after
the combination of IBA and NAA in the control groups were similar, but at 24h exprssions

was higher in both varieties and then decreased on the following days.
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Figure 25. Gene expression results of OeIBR1. (Error bars represent standard error)
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4.3.2.3. Gene expression analysis after NAA treatment

In the gene expression studies performed as a result of the treatment of NAA, a
synthetic plant hormone from the auxin family, to olive cuttings, it was observed that the
0OeAOX2 gene was expressed 5-fold more in the Gemlik cultivar than in the control groups.
At the 24th hour, the Gemlik cultivar showed a decrease, although gene expression increased
over the next days. In the Domat variety, gene expression almost stopped at the 24th hour

and 7th day, and increased on the 15th day (Figure 21).
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Figure 26. Gene expression results of OeAOX2. (Error bars represent standard error)

The OelBR1 gene expression levels in both cultivars in the control groups were the
same level. Although there was a decrease in the Domat variety at the 24th hour, it was
observed that the gene expression continued to increase in the following days. Following the
application of NAA to the Gemlik cultivar, a decrease in gene expression was seen (Figure
22). Considering this result, it is believed that NAA treatment inhibits the expression of this

gene.
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Figure 27. Gene expression results of OeIBR1. (Error bars represent standard error)

The OelBR10 gene's expression was found to be higher in the control groups in the
Domat variety when it was examined following NAA treatment. Gene expression in the
Gemlik cultivar did not change after 24 hours and stopped entirely after 7 days. Gene
expression in the Domat cultivar increased in the 24th hour, decreased over the next days,

but it never stopped (Figure 23).
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Figure 28. Gene expression results of OeIBR10. (Error bars represent standard error)

When the gene expression results of the OeIBR3 gene were examined, the gene
expression in Domat cultivar almost stopped at the 24th hour compared to the control group,
and then continued to increase. Similar results were observed in the gemlik cultivar (Figure

24). According to these results, it is thought that NAA treatment suppresses the expression

of this gene.
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Figure 29. Gene expression results of OeIBR3. (Error bars represent standard error)
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When the expression results of the transcription factor OePTAILI were examined, it
was determined that the expression levels were similar in the control groups of both cultivars.
In both cultivars, it was observed that gene expression almost stopped on the 24th hour and
7th day. An increase was observed in the Gemlik variety on the 15th day (Figure 25). These
results show that OePtAILI gene expression levels in difficult and easily rooted olive

cultivars decreased after NAA treatment.
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Figure 30. Gene expression results of OePTAIL1. (Error bars represent standard error)

4.3.3. Gene sequence analysis

4.3.3.1 Plant metarials and RNA isolations

From the shoot tips, stems, and leaves of the Domat and Gemlik cultivars, RNA was
extracted. Following the isolation of total RNA, RNA concentrations (Table 14) were
determined using Qubit 2.0 (Invitrogen-Q32866) and confirmed on an agarose gel. RNAs
were stored at -80°C. The extracted RNAs were found to have concentrations between 516
and 640 ng/ul and were at a suitable level for later research in terms of degradation and DNA

contamination.
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Table 14

Qubit-measured RNA concentrations obtained for sequence analysis

Sample Concentration ng/ul
Domat 516
Gemlik 640

4.3.3.2. PCR studies for sequencing

In order to amplify the targeted gene region, PCR was performed and used the

produced cDNAs as templates. To optimize the various binding temperatures of the primers

for PCR studies, gradient PCR was done. The primers used for PCR are listed below. (Table

15)

Table 15

Primer sequences for the PCR

Gene Primer name Primer sequence PCR :i:zduct
AOX2 OeAOX2_FL_R 5" AGGCACCGAAGAACAAACTT 3’ 1200
OeAOX2_FL_F 5 GTTTGATGAGGCGATGATTG 3’

IBR3 IBR3_FL1_F 5 ATCGTGGCAGTATCCTATGC 3’ 1584
IBR3_FL3_R 5" ACAAGTTCCACAGGCCTTCC 3’

IBR3_FL2_F 5’ TGCTTCAGGAGGACATCGTG 3’
IBR3_FL4_R 5’ CATGCCGCCTTCACAACATG 3’ 1561

PtAIL1 OePTAIL.1_FL_F 5" GGAATGCAGGAAGAATGCCC 3’ 1201
OePTAIL.1_FL_R1 5 TGAGCAACCTTCTCAGAATC 3’
OePTAIL.1_FL_F 5’ GGAATGCAGGAAGAATGCCC 3’ 2230
OePTAIL.1_FL_R2 5" ACTTGAGACTTCATCTGGGC 3’

IBR10 IBR10_BOTH_R 5’ ACCCATAGCTGCCTCACAAC 3’ 248
IBR10_BOTH_F 5'CGGCGACAACAAAGATGAGC 3’
IBR102.1_FL_F 5" ACCACCATGTGCACGTTAG 3’ 902
IBR102.1_FL_R 5’ AAACCCTAATAAAGACGACC 3’
IBR102.2_FL_R 5’ CCAAGAAACATTTGAGATTC 3’ 834
IBR102.2_FL_F 5’ CGGCGACAACAAAGATGAGC 3’
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Agarose gel electrophoresis was used to evaluate the PCR results, and service
procurement was used to execute sequence analyses on all products with expected sizes and

sufficient concentrations.

Agarose gel electrophoresis was performed with a 1 kb DNA Ladder (Thermo
Scientific - SM0311) and PCR products with sufficient concentration; if don't have any non-

specific products, these were purified using the PCR Purification Kit (Invitrogen, K310001).

At the results of Gemlik variaty, the OeAOX2 gene was amplified using PCR, and the
predicted product size (1200 base pairs) was obtained. 1201 and 2230 base pair products
were expected from the PtAIL1 R1 and PtAIL1 R2 primer pairs. When the gel results were
examined, it was seen that the products were of the expected size. The expected result of the
OeIBR10 B, OeIBR10 2.1, and OeIBR10 2.2 primer pairs is 748, 902, and 834 base pairs,
respectively. It was seen that the PCR products were of the expected size on the gel (Figure
26). The OeAOX2, OeIBR10 B, and OeIBR10 2.2 genes had nonspecific products, therefore
they were extracted from the gel and the sequencing analysis was performed with service
procurement. For the OeIBR3 gene, on the other hand, PCR was repeated with different
primer pairs and confirmed by agarose gel electrophoresis because the expected size product

could not be obtained (Figure 27).
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Figure 31. Agarose gel electrophoresis images of Gemlik variety PCR products (1 kb DNA
Ladder (Thermo Scientific - SM0311))

The OeIBR3 and OePtAIL R2 primers produced products in the predicted sizes (1584
and 1561 base pairs), which were extracted from the gel. Using the Quick PCR Purification
Kit, the products OeAOX2, OePTAILI, and IBR10 were purified (Invitrogen, K310001).
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Figure 32. Agarose gel electrophoresis images of Gemlik variety PCR products (1 kb DNA
Ladder (Thermo Scientific - SM0311))

PCR was performed using the same primer pairs from the cDNA templates of the
Domat variety, and the PCR products obtained were visualized by agarose gel

electrophoresis (Figure 28).
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Figure 33. Agarose gel electrophoresis images of Domat variety PCR products (1 kb DNA
Ladder (Thermo Scientific - SM0311))

When the PCR results were examined, it became clear that the PCR products for
the OeA0OX2 and OelBR10 genes were as predicted. Sequence analysis was performed
after products were purified using the Quick PCR Purification Kit (Invitrogen, K310001).
Experiments were repeated with different combinations of primers IBR3 FLI F,
IBR3 FL2 F, IBR3 FL3 R, and IBR3 FL4 R for the Oe/BR3 gene that produced no
product. (Figure 29).
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Figure 34. Agarose gel electrophoresis images of Domat variety PCR products (1 kb DNA
Ladder (Thermo Scientific - SM0311))

When the PCR data were examined, it was found that using the IBR3 FL1 F and
IBR3 FL3 R primer pairs products were the expected size. Following the extraction of
PCR products from the gel, and the sequencing analysis was performed with service

procurement.
4.3.3.3. Bioinformatic analysis

After filtering the genes in terms of sequence analysis and quality scores, 600 base-
pair products were obtained in the Domat and Gemlik cultivars of the OelBR3 gene. For the
OelBR10 gene, 826 base-pair transcript products were obtained in the Domat cultivar and

843 base-pair products in the Gemlik cultivar. In the Oe4OX2 gene, a product with a length
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of 1114 base pairs was obtained in the Domat cultivar and 1081 base pairs in the Gemlik
cultivar. Blast analysis results confirmed that the correct products were amplified in PCR
studies. The Oe4OX2 sequences obtained in our study are similar to the ubiquinol oxidase
genes in the olive genome (Figure 30). For AOX2 genes, the names ubiquinol oxidase
(NP_0011312251.1) and alternative oxidase 2 (NP_201226.2) are used in the literature. The
Gemlik and Domat sequences show 94.5% and 93.6% similarity with the lowest E value (0)
sequences. Similarly, OelBR3 sequences of PCR products performed with primers designed
for OelBR3 showed high similarity (89.8% and 89.3%) to the /BR3 gene in Gemlik and
Domat cultivars. In the blast results of the products obtained with the Oe/BR10 primers, it
was observed that there was high similarity (84.1%) with the enoyl-CoA delta isomerase
gene.(Figure 35) Enoyl-CoA delta isomerase is another name for the /BRI gene
(AT4G14430).

Query A Name Description E Value % Identical Sites % Pairwise Identity Query coverage
OEAOX2-DOMAT XP_022857401.1  ubiquinol oxidase, mitochondrial-ike [Olea europaea var. sylvestris] 0 94.2% 94.5% 79.25%
OEAOX2-DOMAT XP_022881346.1  ubiquinol oxidase 2, mitochondrial-ike isoform X1 [Olea europaea var. sylvestris] ~ 2.39e-126 72.9% 72.9% 61.73%
OEAOX2-DOMAT XP_022881347.1  ubiquinol oxidase 2, mitochondrial-ike isoform X2 [Olea europaea var. sylvestris] ~ 5.49e-137 72.2% 72.2% 66.85%
OEAOX2-DOMAT XP_022881348.1  ubiquinol oxidase 2, mitochondrial-ike isoform X2 [Olea europaea var. sylvestris] ~ 5.49e-137 72.2% 72.2% 66.85%
OEAOX2-DOMAT XP_022881349.1  ubiquinol oxidase 2, mitochondrial-ike isoform X2 [Olea europaea var. sylvestris]  5.4%9e-137 72.2% 72.2% 66.85%
OeAOX2-GEMLIK XP_022857401.1  ubiquinol oxidase, mitochondrial-ike [Olea europaea var. sylvestris] 0 93.6% 93.9% 78.39%
OeAOX2-GEMLIK XP_022881346.1  ubiquinol oxidase 2, mitochondrial-ike isoform X1 [Olea europaea var. sylvestris]  1.34e-126 72.9% 72.9% 63.43%
OeAOX2-GEMLIK XP_022881347.1  ubiquinol oxidase 2, mitochondrial-ike isoform X2 [Olea europaea var. sylvestris] ~ 4.68e-137 72.2% 72.2% 68.70%
OeAOX2-GEMLIK XP_022881348.1  ubiquinol oxidase 2, mitochondrial-ike isoform X2 [Olea europaea var. sylvestris]  4.68e-137 72.2% 72.2% 68.70%
OeAOX2-GEMLIK XP_022881349.1  ubiquinol oxidase 2, mitochondrial-ike isoform X2 [Olea europaea var. sylvestris]  4.68e-137 72.2% 72.2% 68.70%
OelBR3-DOMAT  XP_022856292.1 probable acyl-CoA dehydrogenase IBR3 isoform X1 [Olea europaea var. sylvestris] 6.65e-124 89.3% 89.3% 98.00%
OelBR3-DOMAT  XP_022856293.1 probable acyl-CoA dehydrogenase IBR3 isoform X2 [Olea europaea var. sylvestris] 1.02e-125 89.8% 89.8% 98.00%
OelBR3-DOMAT XP_022864244.1 transmembrane 9 superfamily member 1-ike [Olea europaea var. sylvestris] 1.64e+00 44.1% 44.1% 15.00%
OelBR3-DOMAT  XP_022865309.1 transcription repressor OFP6-ike [Olea europaea var. sylvestris] 6.29e+00 30.6% 30.6% 23.50%
OelBR3-DOMAT  XP_022883598.1 uncharacterized protein LOC111400411 [Olea europaea var. sylvestris] 4.10e+00 34.9% 34.9% 20.50%
OelBR3-GEMLIK  XP_022841817.1 probable DNA helicase MCM8 isoform X1 [Olea europaea var. sylvestris] 4.82e-01 27.3% 27.3% 42,00%
OelBR3-GEMLIK XP_022841818.1 probable DNA helicase MCM8 isoform X2 [Olea europaea var. sylvestris] 4.77e-01 27.3% 27.3% 42.00%
OelBR3-GEMLIK  XP_022856292.1 probable acyl-CoA dehydrogenase IBR3 isoform X1 [Olea europaea var. sylvestris] 3.74e-121 89.3% 89.3% 98.00%
OelBR3-GEMLIK  XP_022856293.1 probable acyl-CoA dehydrogenase IBR3 isoform X2 [Olea europaea var. sylvestris] 6.44e-123 89.8% 89.8% 98.00%
OelBR3-GEMLIK  XP_022879151.1 uncharacterized protein LOC111396842 [Olea europaea var. sylvestris] 3.83e+00 32.0% 32.0% 21.00%
OelBR10-DOMAT XP_022844139.1 enoyl-CoA delta isomerase 2, peroxisomalike [Olea europaea var. sylvestris] 2.42e-141 84.1% 84.7% 86.80%
OelBR10-DOMAT XP_022844141.1 enoyl-CoA delta isomerase 2, peroxisomal-ike [Olea europaea var. sylvestris] 3.22e-138 82.3% 82.9% 86.08%
OelBR10-DOMAT XP_022869640.1 enoyl-CoA delta isomerase 2, peroxisomalike, partial [Olea europaea var. sylves...6.12e-58 78.3% 78.8% 43.58%
OelBR10-DOMAT XP_022884391.1  enoyl-CoA delta isomerase 1, peroxisomal [Olea europaea var. sylvestris] 5.73e-51 42.9% 43.6% 83.90%
OelBR10-Gemlk XP_022844139.1 enoyl-CoA delta isomerase 2, peroxisomalike [Olea europaea var. sylvestris] 2.26e-141 84.1% 84.7% 85.15%
OelBR10-Gemlk XP_022844141.1 enoyl-CoA delta isomerase 2, peroxisomal-iike [Olea europaea var. sylvestris] 4,40e-138 82.3% 82.9% 84.44%
OelBR10-Gemlk XP_022869640.1 enoyl-CoA delta isomerase 2, peroxisomalike, partial [Olea europaea var. sylves...5.22e-58 78.3% 78.8% 42.76%
OelBR10-Gemlk XP_022884391.1 enoyl-CoA delta isomerase 1, peroxisomal [Olea europaea var. sylvestris] 5.10e-51 42.9% 43.6% 82.30%

Figure 35. Blastn analysis results of obtained sequences

When the OelBR3 transcript sequences obtained from easy (Gemlik) and hard
(Domat) to root olive cultivars were analyzed comparatively, it was seen that they showed
96.6% similarity to each other. Geneious R8 software was used to translate the related
sequences into possible protein sequences, and it was found that these sequences were 98.5%

identical (Figure 31).
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Figure 36. Alignment of OeIBR3 sequences from easy (Gemlik) and hard (Domat) to root
olive cultivars

When the OelBRI0 transcript sequences obtained from easy (Gemlik) and hard
(Domat) to root olive cultivars were analyzed comparatively, it was seen that they showed
99.7% similarity to each other. Geneious R8 software was used to translate the related
sequences into possible protein sequences, and it was found that these sequences were 99.5%

identical (Figure 32).
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Figure 37. Alignment of OelBR10 sequences from easy (Gemlik) and hard (Domat) to root
olive cultivars
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When the Oe4OX2 transcript sequences obtained from easy (Gemlik) and hard

(Domat) to root olive cultivars were analyzed comparatively, it was seen that they showed

100% similarity to each other. Geneious R8 software was used to translate the related

sequences into possible protein sequences, and it was found that these sequences were 100%

identical (Figure 33).
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Figure 38. Alignment of Oe40OX2 sequences from easy (Gemlik) and hard (Domat) to root

olive cultivars

The obtained OelBR3 sequences were clustered in the phylogenetic tree with other

olive genome I/BR genes.

The species Dorcoceras hygrometricum, Striga asiatica,

Handroanthus impetiginosus, Sesamum indicum, Erythranthe guttata, and Salvia splendens

are in the closest group to the group with olive sequences (Figure 34).
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hypothetical protein AG4045_031081 [Apium graveolens]
hypothetical protein FO562_034858 [Nyssa sinensis]
B3 hypothetical protein RHSIM_Rhsim04G0226400 [Rhododendron simsii]
50.6 92. 100 acyl-CoA dehydrogenase-like protein [Actinidia rufa)
s08 |13% Acyl-CoA dehydrogenase [Actinidia chinensis var. chinensis]
acyl-CoA dehydrogenase [Camellia oleifera]
prohable acyl-CoA dehydrogenase IBR3 [Camellia sinensis)
IOOE hypothetical protein MANES_03G198800 [Manihot esculenta]
prohable acyl-CoA dehydrogenase IBR3 [Manihot esculenta)]

B4.0 100 hypothetical protein 1I3760_01G141000 [Carya illinoinensis]
ﬂt‘g hypothetical protein 1I3760_01G141000 [Carya illinoinensis]

64.9

prohable acyl-CoA dehydrogenase IBR3 [Quercus suher]
prohable acyl-CoA dehydrogenase IBR3 [Quercus lobata]
96.8 0elBR3-DOMAT
OelBR3-GEMLIK
- probable acyl-CoA dehydrogenase IBR3 isoform X2 [Olea europaea var. sylvestris]
prohable acyl-CoA dehydrogenase IBR3 isoform X1 [Olea europaea var. sylvestris)
prohable acyl- dehydrogenase IBR3 [Olea europaea suhsp. europaea]
prohable acyl- dehydrogenase IBR3 [Olea europaea suhsp. europaea
prohable acyl- dehydrogenase IBR3 [Olea europaea suhsp. europaea
acyl-CoA dehydrogenase family member 10-like [Dorcoceras hygrometricum]
acyl-CoA dehydrogenase-related [Striga asiatica)
75— putative acyl-CoA dehydrogenase [Handroanthus impetiginosus)
F5—— probable acyl-CoA dehydrogenase IBR3 [Sesamum indicum)
PREDICTED: probable acyl-CoA dehydrogenase IBR3 [Erythranthe guttata]
% acyl-CoA dehydrogenase [Salvia splendens]
acyl-CoA dehydrogenase [Salvia splendens]
QB.GIE prohable acyl-CoA dehydrogenase IBR3 isoform X2 [Coffea arabica)

84.8

848

prohable acyl-CoA dehydrogenase IBR3 isoform X1 [Coffea arabica)
prohable acyl-CoA dehydrogenase IBR3 [Coffea eugenioides]

555 unnamed protein product [Coffea canephora]
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Figure 39. Phylogenetic tree obtained using protein sequences of olive and various plant

IBR3 gene.

In the constructed phylogenetic tree, the OelBR10 sequences were clustered with
other olive genome J[/BR genes. Genlisea aurea, Dorcoceras hygrometricum,
Phtheriospermum japonicum, Striga asiatica, Handroanthus impetiginosus, Sesamum
indicum, erythranthe guttata, and Salvia splendens are among the species that are most

closely related to the group with olive sequences (Figure 35).
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Figure 40. Phylogenetic tree obtained using protein sequences of olive and various plant
IBR10 gene.

In the phylogenetic tree, the acquired OeAOX2 sequences were grouped with the
AOX2 (Alternative oxidase 2, Ubiquinol oxidase 2) genes from the other olive genome

(Figure 36).
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Figure 41. Phylogenetic tree obtained using protein sequences of olive and various plant
AOX2 genes.
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4.4. Discussion

In this study, the structures of the genes AOX2, IBR, and PtAIL1 were determined
in the olive genome and gene expression levels were analyzed in easy-to-root (Gemlik) and
hard-to-root (Domat) olive cultivars, which are treated with auxins hormones like IBA,
IBA+NAA, and NAA. These genes are known to play a role in adventitious rooting
processes in some model plants. Using PCR, the nucleotide sequences of these genes'

transcripts were amplified, allowing phylogenetic trees to be constructed.

The adventitious rooting process after IBA treatment on olive cuttings is divided into
3 stages; induction, initiation and expression stages (Pacurar et al., 2014). In the thesis, Olea
europaea L. cv. gene expression studies of the genes were carried out from the tissues that
collected from the treated with IBA, IBA+NAA and NAA Gemlik and Domat cuttings.
Tissues were collected in the days leading up to the three stages of adventitious rooting in

olives which are 24h, 7th day and 15th day.

Molecular characterization of AOX2 and AOX1 genes in olives was performed gene
expression was determined under IBA treatment, and gene expression levels were compared
in hard-to-rooted and easy-to-rooted Leccino x Dolce Agogia hybrids (Hedayati et al.,
2015Db). In this thesis, the expression of the AOX2 gene was investigated in 2 local cultivars.
When the gene expression results were examined, it was determined that there was higher
expression level after auxin treatment in the easy-to-root olive variety than the hard-to-root
olive variety (Figure 39). A previous study had seen similar results in easy and hard rooting

olive cultivars from a cross of Leccino x dolce Agogia.
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Figure 42. Gene expression results of Oe4AOX2 in all treatment groups. (Error bars represent
standard error)

High auxin levels can restrict rooting in the subsequent initial stage even while they
stimulate rooted in the induction stage (Porfirio et al., 2016). Furthermore, research on several
tree species has demonstrated the significance of IBA-IAA conversion (Alvarez et al., 2008;
Kreiser et al., 2016b; Krieken et al., 2017). One of the genes believed to be involved in the
conversion of IBA into IAA is the OeIBR3 gene (Frick & Strader, 2018). Similar outcomes
were found in the gene expression analyses for the cultivars Gemlik and Domat. According
to the expression studies, all auxin treatments were found to be lower in the initial 24 hours
compared to the control groups, and in the following days, Domat variety was found to be

higher than Gemlik variety.
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Figure 43. Gene expression results of Oe/BR3 in all treatment groups. (Error bars represent
standard error).

When the gene expression results of Oe/BR 10, another gene thought to be responsible
for the conversion of IBA to IAA (Zolman et al., 2008a), were examined, it was observed
that there were similar results in the control groups, but there was an increase in gene
expression in both cultivars after IBA treatment, but it did not continue in the following
days. When examined in the groups treated with NAA, which is a synthetic auxin, gene
expression were decreased in both cultivars and even in some samples of the Gemlik cultivar
completely stopped (Figure 41). These results indicate that NAA treatment suppresses the

expression of this gene.
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Figure 44. Gene expression results of Oe/BR 10 in all treatment groups. (Error bars represent
standard error).

An increase in gene expression level was seen in both varieties in the first 24 hours in
the groups that were treated only with IBA and two auxin hormones—IBA and NAA—were
treated together, according to the gene expression results of OeIBRI1, another gene
responsible for the conversion of IBA into IAA (Zolman et al., 2008a). In the days that
followed, the IBA-treated group's gene expression level reduced in the Gemlik cultivar
whereas it continued to increase in the Domat cultivar. Gene expression in both cultivars
decreased in the group receiving both IBA and NAA at the same time. Gene expression is
almost absent in both cultivars in the NAA-treated group (Figure 42). These findings

demonstrate that NAA treatment inhibits IBR1 gene expression.
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Figure 45. Gene expression results of OeIBR1 in all treatment groups. (Error bars represent
standard error).

When the gene expression data for the AP2 transcription factor family member
OePtAIL1, which has been related to adventitious rooting, were investigated, it was found
that the expression levels in the control groups of both cultivars were similar. IBA-treated
Gemlik cuttings' expression was seen to remain unchanged, however expression in Domat
varieties dropped. The expression of this gene decreased or even nearly stopped in cultivars
of Gemlik and Domat that had been treated with NAA. When the PtAIL1 gene's expression
increased (overexpressed), adventitious rooting was seen to rise, whereas adventitious
rooting was seen decrease when the gene was silenced using RNAi technology (Rigal et al.,

2012b).
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standard error).
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CHAPTER 5
CONCLUSION

The objective of this study is to identify the AOX2, PTAILI1, and IBR genes proven
to play roles in the adventitious rooting in the two different local olive varieties and to
examine the expression levels of these genes on the different kinds of auxin-treated cuttings.
With this aim, the olive cuttings of Gemlik and Domat cultivars were treated with IBA, IBA-
NAA, and NAA, and then samples were collected for the 3 stages of adventitious rooting
and gene expression analysis were performed.Moreover, the sequences of olive IBR
genes(OelBR1, OelBR3, and IBR10) and OePTAILI, which is a transcription factor, were

determined for the first time.

The conversion of IBA to IAA is one of the variables that determine AR. Although
auxins such as IAA stimulate rooting in these processes, the high auxin levels in the early
stages suppress rooting. Therefore, the genes IBR1, IBR3, and IBR10, which are assumed
to play a role in converting IBA to IAA, were investigated in this project. Our project's
findings show that applying NAA decreases gene expression. According to research on IBR
genes in Arabidopsis gene expression databases, biotic and abiotic stress treatments have
varied effects on the expression of the IBR1, IBR3, and IBR10 genes (Frick & Strader,
2018). These findings show that different IBR genes can replace others depending on the

environment (temperature, humidity, UV light, or physical injury).

As aresult of PCR and sequence analysis studies, transcript sequences of OeAOX2,
OelBR3 and OeIBR10 genes of both cultivars were obtained. The obtained consensus
sequences were confirmed by blast analysis and a phylogenetic tree was drawn. OeIBR3,
IBR10 and OeAOX2 sequences obtained by the study were grouped with IBR genes
belonging to other olive genome in the phylogenetic tree. The closest group to the group
with olive sequences includes species such as Dorcoceras hygrometricum, Striga asiatica,

Handroanthus impetiginosus, Sesamum indicum, erythranthe guttata and Salvia splendens.

AR formation has an important role in vegetative propagation and some of the olive
varieties are difficult to propagate vegetatively.In this study, gene expression and transcript
sequence analyses of genes that affect adventitious root formation were performed after two

different auxin treatments on the two local olive varieties, which are easy-to-root (Gemlik)
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and hard-to-root (Domat). Performing functional studies on the genes examined in the study

will also reveal the roles of the relevant genes in vegetative reproduction by cuttings.
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APPENDIX

Homogeneous Subsets

RGE
Subsetfor
alpha=0.05
Time N 1
Tukey HSD*®  7th day 4 99061337
24h 11 1,92345479
15th day 4 2,00542165
Sig. 704

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 5,077.

h. The group sizes are unequal. The harmonic mean of
the group sizes is used. Type | error levels are not
guaranteed.

Appendix 1: Results of Tukey HSD homogenity test.



Dependent Variable: RGE

Type lll Sum of
Source Squares df Mean Square F Sig.
Corrected Model 4140,160° 99 41,820 44002 ,000
Intercept 680,504 1 680,504 716,017 ,000
Gene 503,293 4 125,823 132,390 ,000
hormone_treatment 132,796 3 44,265 46,575 ,000
Variety 24 955 1 24,955 26,257 ,000
Time 47536 2 23,768 25,008 ,000
Gene * hormone_treatment 976,049 12 81,337 85,582 ,000
Gene * Variety 129,691 4 32,423 34115 ,000
Gene * Time 281,249 8 35,156 36,991 ,000
hormone_treatment * Variety 43439 3 14,480 15,235 ,000
hormone_treatment * Time 97,800 4 24,450 25,726 ,000
Variety * Time 13,486 2 6,743 7,095 ,001
Gene * hormone_treatment * 298,141 12 24,845 26,142 ,000
Variety
Gene * hormone_treatment * Time 599,832 16 37,489 39,446 ,000
Gene * Variety * Time 226,130 8 28,266 29,741 ,000
hormone_treatment * Variety * 52,203 4 13,051 13,732 ,000
Time
Gene * hormone_treatment * 149,348 16 9,334 9,821 ,000
Variety * Time
Error 133,056 140 950
Total 5212,701 240
Corrected Total 4273216 239

Appendix 2: Results of nested ANOVA.
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Appendix 3: Results of nested ANOVA graph



	Microsoft Word - tez cansu2.docx
	Microsoft Word - tez cansu2.docx

