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Abstract

With the increasing frequency and intensity of droughts due to climate change, understanding

|

plant responses to water stress is crucial. This thesis investigates the physiological effects an
underlying genetic mechanisms of drought stress in sunflowalg(ithus annuus L.). The
study employed two sunflower varieties: a drouggsistant and a droughktisceptible one,
grown under controlled greenhouse conditions. A drought stress treatment was applied,
followed by measurement of several physiological peters such as Stomatal conductance,
Chlorophyll contentTranspiration RatéNitrogen Balance Indextc. Afterwards, leaf samples
were collected before and after the drought stress application for RNA extraction and the
subsequent analysis of changes happening at the chromatin level. Thus, this research aims {p
understand the impacts of drought streessanflowers at the physiological and genetic/
epigenetic levels and identify potential mechanisms of drought tolerance. The findings will
contribute to aeeper understanding of sunflower physiology under water stress and potentially
guide the development and breeding of drougktstant sunflower cultivars in the face of a

changing climate.
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1. Introduction

1.1 Sunflower (Helianthus annuus)

Sunflower Helianthus annudsis a plant from the Asterace&mily andis the third most
cultivated oilseed crop in the world. It is native to North and Central America and is most often
grown for its seeds, which are used to make sunflower oil. Sunflowers are also popular
ornamental flowers, and they are often planted mideyas. They grow best in fertile, moist,
well-drained soil with heavy mulch and full sun exposure. The sunflower crops can be
classified into two primary types. One of these types is cultivated for producing eddals,

while the other type, which constitutes the larger portion of cultivation, is grown for oil
productiorfZoumpoulakis et al., 2017%unflower oil is one of the most important oil crops in

the world because of its favourable fatty acid composi{@eydar & Erbas, 2005which
makes it attractive for human consumption. The sunflower seeds contain antioxidants,
flavonoids, polyunsaturated fatty acids, phenolic compoundvigaraing which are highly

beneficial forhumancardiovasculahealth(Guo et al., 2017)

1.1.1 Botanicalcharacteristics of Sunflower

Rank Scientific Name and Common Name
Kingdom Plantae- Plants
Sub-Kingdom Tracheobionta Vascular plants

Superdivision Spermatophyta Seed plants

Division Magnoliophyta- Flowering plants

Class Magnoliopsida- Dicotyledons

Subclass Asteridae

Order Asterales

Family Asteraceadercht. & J. Pres| Asterfamily
Genus HelianthusL. - sunflower

Species Helianthus annuuk. - common sunflower

Table 1 Scientific dassification of Sunflower

(https://plants.usda.gov/home/plantProfile?symbol=HEAN?3)




Figure 1. Botanicaldiagram of Helianthus annu(sliller, J. (1770). lllustratio systematis

sexualis Linnaei.)

The sunflower's genus name Helianthus is derived th@@reek words "helios" meaning sun
and "anthos" meaning flower. The species name armeass "annualh Latin. Thisdepicts

that the sunflower completes its annual life cycle in one growing year
(https://www.gbif.org/species/113584548% morphology fits its ecological niche perfectly

A deep explorativetaproot system anchors the tall plant and facilitates water uptake,
particularly during arid periods. Thstem isthick, coated in pubescence atypically
unbranchedandcan reach impressive heightshe leaves are broad and alternately arranged
with serrated margin® maximisethe sunlight coverage for photosynthesisie mostunique
partof thesunflowed morphology ists inflorescencewhich iscommonly mistaken fdoeing

a single flowerlt is acomposite structure€ontainng two distinct floret types: ray florets and
disc florets. The ray florets, typicallyellow and infertile, serve as visual attractantstfer
pollinators. On the other hand, the central disc florets are fertitlgainingboth male and
female reproductive organafter successful pollination, these disc florets mature into achenes,

the singleseeded fruits which are the sunflower seeds.




1.1.2 Growthreqguirements of Sunflowers

Sunflowers grow well under sunny weather and require aroeidh@urs of direct sunlight

daily for their growth. Weldrained soil with slightly acidic pH and added organic matter
provides the optimum growing conditions. Sunflowers are moderately dralgtdrit after
maturing but consistent moisture is stilicialduring the earlgrowthstagesSunflowers can

grow quite tall with some varieties growing over 3 meters (10 feet) tall. So adequate spacing
and separation between the plants is necessary to prevent competition for resources an

overcrowding (https://extension.umn.edu/flowers/sunfl@yer

EOS DATA
ANALYTICS

30 days 30 days 15 days

Figure 2. Growth Stages of Helianthus annybgps://eos.com/blog/howo-grow-

sunflowers)

When the back of the green plate turns yellow, sunflower seeds are deemed physiologically
mature. Farmers generally harvest when the flower plates turn brown. by cutting the flower

stalks with a knife or sickle, drying them in the sun, and then shellngetbds.

1.1.3 Genome of Sunflower

Sunflower Helianthus annuyss a Diploid plant (2n=34) belonging to the Compositae family
and the Helianthus genus, with a base chromosome numberltsf d5timated genome size is
approximately 3.5 GljBaack et al., 2005Wwhich is slightly larger thathe human genome




Due to its huge size, understanding its genome was quite challenging due to the prevalence of
up to 78% repetitive DNA elements within the geno(i@ne et al., 2011)These repetitive
elements consist of long terminal repeat retrotransposons-RT9 The genome reveals
evidence of ancient whelgenome duplication events, owing to the presence of these repetitive
DNA elementgBadouin et al., 2017Although many insertions are likely to predate the origin
of the H. annuus lineage, all insertions are within the age estimates for the origin of the genus

Helianthus (i.e. the extant lineages aros& 8.2 Mya)(Schilling, 1997)
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Figure 3. Karyogram of Sunflower made with-staining(Gao & Sun, 2013)

Sunfl ower 6 s ¢ e n proteincadinggenasiamd$,808 &plicéddodg ruyding

RNAs, despite the abundance of ramding DNA This was based on the sequencinghef
homozygous HA412 genotyg®adouin et al., 2017)These genes control a wide range of
functions, including the growth and development of its enormous size and recognisable flower
head as well as its capacity to produce oil and adapt to harsh environmental cortadresss.
associated with resistance to diseases, drought, or other environmental stresses are valuable
targets for plant breeding progrartds possible to develop sunflower varieties with increased

resistance to challenging environmental conditions by pinpointing these genes.
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Figure 4. Entire Genome Assembly of Sunflowea, Circular representation of the
pseudomolecule$, Density of two families of long retrotransposon terminal repeatsi(5.25
9.5 kb inill. & &iMmd i 9. (MwrEe).g SN& neahsitygire 80 éines of the
domesticated sunflowed, Locations of genes mapping to oil metabolic pathwayQTLs

for seven oirelated traits, whereby the colour (from light to dark) indicates the trait: palmitate,
linoleate, oil content, oleate, phytosterol, stearate and tocopheRagions associated with
flowering time in domesticated sunflowegs. Location of homologues .
thalianaflowering genesh, Expression of orgaspecific genes (from outside to inside tracks:
pollen, samen, pistil, disc floret ovary, ray floret ovary, disc floret corolla, bract, ray floret

ligule, leaf, stem and roofBadouin et al., 2017)




1.14 Nutritional profile of Sunflowers

Unsaturated fats, especially monounsaturated and polyunsaturated fats, such &8 fattega
acids, are abundant in sunflower seeds and the oil extracted from them. When consumed a
part of a balanced diet, these fats are beneficial for cardiovasculéin hedl can help in
lowering the LDL (bad) cholesterol levels. Sunflower oil contains a high percentage of linoleic
acid (64%) which aids in removing cholesterol buildup in the patient's coronary arteries. It is
rich in Tryptophan, which is important forre¢onin production and mood regulation. It is a
good source of dietary fibre, which promotes satiety, facilitates digestion, and regulates
cholesterol levels within normal ranges. Sunflower seeds are a great source of important
microminerals such as Selam, Magnesium, Copper, Phosphorus and vitamins, including B
vitamins such as thiamine, niacin, and folate as well as vitamin E, which is a powerful
antioxidant(Malunjkar et al., 2024)

Protein 189¢g
Total lipid (fat) 48.4 ¢g
Carbohydrates 24.5¢
Dietary Fiber 729
Minerals:

Calcium, Ca 116 mg
Iron, Fe 4.37 mg
Magnesium, Mg 302 mg
Phosphorus, P 732 mg
Potassium, K 657 mg
Zinc, Zn 5.58 mg
Copper, Cu 1.88 mg
Manganese, Mn 2.63 mg
Selenium, Se 17.8 ug

Table 2. Nutritional Profile of Sunflower Seeger 100gUS FDA)
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1.15 Sunflower production and Economicvalue

In 2022, the crop was harvested fronore than29.2 million hectaresworldwide with an
average productivity of 1855 kg/hBhe annual production exceeded.B&million tons, with
Russia and Ukraine being the top producers (the Food and Agriculture Organization of the
United Nations, FAO).

18M

10M
H &M
6M
4
:“ I I I l l
| Emm
Russian Federation Ukraine Argenting China, mainland Tiirkiye Bulgaria Romaniz France Kazakhstan Hungary

Figure 5. Top 10 producers of Sunflow@fAQO)

Sunflower seeds are an excellent source of nutrients, being high in fibre, protein, minerals, and
phenolic compounds. They containi 32% protein and 3&2% edible oilRosa et al., 2009)
giving it a strong economic value. Sunflower seeds can be processed to make cooking oil,
cereals, confections, and other products, making them quite essential to the food industry.
Notably, most of Europe, the AsRacific area, and South America predanflower products,

especially those high in linoleic agjButtha et al., 2023)




Asia

Figure 6. Production share of Sunflower seeds by region (FAO).

Seeds and oil are the two segments that make up the sunflower market. Because of its man
health benefits and rising health consciousness, oilseed has becomausitey leader (the
Food and Agriculture Organization of the United Nations, FAO). The seedwegamcessed
to make a range of food products, serving different markets.-§@ute sunflower seeds,
packed seeds, and ingredients are made from confectionery sunflower seeds as their startin
point.

Sunflower oil is a popular choice for cooking across European cuisines. It's affordable
and widely available, plus it doesn't overpower the original flavours of food due to its neutral
taste profile. Sunflower oil is also seen as an alternate and chesjmer to Olive oil for

everything from drizzling on salads to frying up the dishes, owing to its higher smoke point.

EU-27 5,438
Russian Federation
India

China

Turkey

Iran, Islamic Republic Of
Argentina

Iragq

South Africa

Ukraine

1.000 2,000 3,000 4,000 5,000 6,000

Domestic consumption in thousand metric tons

Figure 7. Largest consumer countries ®finfloweroil in 2023(USDA).




1.2 Climate Change

Global warmimy is characterized byhe rise inEarth's average atmospheric and oceanic
temperatureslt is among the biggesthallengs faced byhumanity todayHuman activities

like deforestation andhe burning of fossil fuels for energy and transportatcausea
significant rise in greenhouse gawithin the Earth's atmosphemhich acslike an insulating
blanketto trap solar radiation and caawarming effect The consequences of this warming
are muchbeyondtherising temperature$slobal warming disrupts th&ystemof atmospheric

and oceanic circulation patterns, leading to a cascade of environmemsalquences known

by the broader term "climate chalg&hese consequences inclusleifts in pecipitation
patternscausingmore frequent droughts or floods in certain regions, rising sea levels due to

melting glaciers, and an increase in the frequency and intensity of extreme weather events suc

—4

as heatwaveand hurricanegKweku et al., 2018)

Relative to 1951-1980 Averages - : www.BerkeleyEarth.org

B ' , DN Temperature
-6 -4 -2 -1 0.5 0 0.5 1 2 4 6 Anomaly (° C)

Figure 8. Increase in Earth surface temperatures in 2023 (Berkeley Earth)

2023 was recorded as the warmest year on Earth since recordkeeping began in 1880. Also, the
last nine years have included all nine of the warmest years observed, mainly driven-by man
made globalvarming. Overall, Earth was about 1.36 degrees Celsius warmer in 2023 than in
the late 19tkcentury preindustrial averag@éurrently, Europe is théastestwarmingcontinent

in the world (NASA/GISS).




Extreme weather conditions in Europe
October 2021 - February 2022 March 2022 - July 2022
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Figure 9. Locations of recorded extreme weather conditions in Europniler andsummer
(Deutscher Wetterdienst, 2022)

There are regional differences in the effects of climate change in Europe. In the Mediterranean|
region, summertime forest fire risk and rising water demands are linked to a faster rate of
temperature rise than in other parts of Europe. Temperature ircaagenave an impact on
Northern Europe. Summer precipitation is declining, and warm temperature extremes are
becoming more frequent in central and eastern Eyflopéa et al., 2020)

Figure 10. Projected change in Aridity Index until 2070 duelimate change (EASA)
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1.2.1 Impact ofclimate change onagriculture

Environmental change is a big challenge for agriculture and its efforts to meet tyeevierg
demand for food worldwide. Unfortunately, most of the landmass is exposed to stressful
environmental condition€Cramer et al., 2011¥lobal temperature variability patterns show

that heat extremes are becoming more common than coldZimasg et al., 2022A recent
bioinformatic analysis of European crop losses over the last few decades showed that drough
and heat waves were associated more with yield loss in cereals (9% and 7.3%, respectively
than in norcereals (3.8% and 3.1%, respectively). The efbéatold waves was almost five
times smalle(Bras et al., 2021 Elevated temperatures have a direct impact on the vegetative
stages of plants, the distribution of resources, and primarily the reproductive processes,
resulting in a significant decrease in yields. High temperatures cause cellular damage and deat
very quickly. During a plant's vegetative phase, heat stress can cause a decrease i

photosynthesis and a subsequent decrease in bi¢bnass al., 2016)

2070

) 30 -20 et ONRO IO S 20 R0 0
Percentage Change

Figure 11. Projected change griculturalyield till 2070 due talimate change (NASA)

Overall, global agricultural productivity is expected to decline by 3 to 16% by 2070.
Developing countries, many of which already have average temperatures near or above crof

11
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tolerance levels, are expected to undergo a 10 to 25% decline in agricultural productivity by
the 2070¢Mahato, 2014).

1.2.2 Effect ofclimate change on Sunfloweryield

Due to climate change, southern Europe is experiencing higher temperatures, less precipitation
higher interannual variability, and more frequent extreme evébesutscher Wetterdienst,
2022) Shorter growing seasons, increased water deficit, and heat stress may result in lower
yields, higher variability, and reduced agricultural area for this traditional crop in regions such
as ltaly, Spain, Portugal, and southwestern Fréidoriondo & Bindi, 2007).Thesimulation

models have predicted that tfield losses in the Mediterranean area might change on average
from 14% to 34% and the risk of low yields (i.e. below 1.8 t/ha) may increase from 8% to 24%
after the 2070s with the highest differences predicted in the northeastern and southeastern
regions and the flat areasder A2 and B2 scenarios of IPC&enario A2 depicts a medium

high greenhousgasemission and scenario B2 is characterised by low to medium greenhouse

gasemission(Moriondo et al., 2010)

Figure 12. Average change iharvest in A2 and B2 scenarios with respect to the baseline
period (19611990) due to the direct impact global warming Grey areas are considered

unsuitable for cultivation
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Sunflowers cargenerallythrive in semiarid and arid environments due to theipderate
resistance to abiotic stresses. However, their growth and production are still dffadtedght

and temperature extremes

1.3 Effect ofdrought on Sunflower

Drought is one of the most important abiotic stresses and has a significant impact on Sunflower
growth and production, especially in arid and samd regions. It is becoming more severe
every passing year, with increasing demand and decreasing awugtiladiice agriculture
utilises around 70% athe global freshwater suppl{Boretti & Rosa, 2019)Severe water
competition among various sectors will primarily convert irrigated lands tefedisystems,
which will eventually cause crops to experience drought stress on a periodi¢Bhastiset
al., 2013)

1.3.1 Impact on Sunflowemphysiology

Drought stressinduces significant changes in physiological and biochemical processes,
ultimately causingloss in yield of seeds and @bntentdue to inefficient regulation of leaf
expansion and transpiration rates under deficient soil moi§Baecial0pez et al., 2014)
Drought stress reducghotosynthesiselatedproteins due to stomatal closure, while energy
and defencerelated proteins increase to meet energy demands and protect the subcellular
structures(Dinakar et al., 2012)Drought stress primarily affects photosynthesis due to
diffusion and metabolic limitations, as well as secondary impairments caused by oxidative
stresgChaves et al., 2008)

Drought has a muHievel effect on sunflowers, with corresponding changes in
phenotypic, physiological, and biochemical indicators such as decrplsadheight, stem
diameter, number of leavdeaf surface area (LS#§adras et al., 1993jussain et al., 2010)
leaf relative water content (RWQ)losed stomata, decreased photosynthesis (Bugiro et
al., 2015) increased root length and resjtoot ratio, cell volume shrinkageloekstra et al.,
2001) reduced water potent{@hobadi et al., 2013)and membrane stabilittkKramer &
Boyer, 1995)and disrupted reactive oxygen bala(seleimanzadeh, 2012)

Chlorophyll contenalsodecreases significantly with decreasing soil water content and
is primarily attributable to a decrease in chlorophy(LAet al., 2006)

13
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Figure 13. Sunflowers under drought strgggghdam et al., 2019)

Drought stress triggers rapgystemic signalling in plants through reactive oxygen species
(ROS). Plants can produce ROS, which causes oxidative stress during drought conditiong
(Pitzschke et al., 2006Plants primarily use osmotic regulation, stress response pathway
activation, plant hormone signalling, and antioxidant defence systems to scavenge reactive
oxygen species (ROS) to actively maintain physiological water ba(@ackey-Serres et al.,
2019) ROS buildup can caussevere damage plants by increasing lipid peroxidation,
chlorophyll destruction, DNA damage, protein breakdown, and even cell death.
Malondialdehyde (MDA), a lipid peroxidation product, is a key indication of plasma membrane
damag€llyas et al., 2021)

1.3.2Physical andmolecular levelresponsdo drought stress

Leaf morphology and physiological responses to drought stress play a crucial role in water
conservation and efficiency. Wilting occurs when plants experience severe water deficiency,
causing theileaves to droop or roll due to a loss of cell turgor preqfoerter & Markesteijn,
2008)

The root system plays a crucial role in responding to drought $dlesss growanger
and denser rootsvhichare more favourable for drought tolerance under water scarcity due to
the higher available surface area fothe increasedibsorption of moisture from the soil
(Abdelraheem et al., 2019)

14




s g RN TN

Figure 14. Elongation ofroots inwaterstresseglants

The sensors on the membrane that sense and record the external drought stimuli are still poorl
characterised, and they subsequently transmit these signals teemggalsignal transduction
pathways, leading to the activation of genes that respond to drought and the development o
drought adaptatioZhu, 2002)

Abscisic Acid (ABA) is the phytohormone most closely associated with drought stress
responses in planté&s a key chemical messenger of drought signals, it plays a key role in
regulating stomatal closu(@ardieu & Davies, 1992Root cells perceive soil water deficit as
a distant signal, leading to a significant increase in de novo synthesis of @d&#er et al.,

2001) It is mainly transported to leaves as an intercellular messenger and recognised by guard
cells, triggering stomatal closure through intracellular signal transdu&iomatal closure is

the initial response to drought stress, which reduces transpiration. Drought tolerance and
stomatal conductance are inversely related. Closing of stomata reduces the transpiration rate

thus increasing drought tolerance. On the otlardhthe opening of stomata increases the
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transpiration rate and thus decreases drought tole(@tenaw et al., 2015)Consequently, this

also reduces the metabolic activities associated with plant g(@vitikinson & Davies, 2002)
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Figure 15. Effect ofdroughtstress and theubsequentesponsefllyas et al.2021)

Alternative splicing (AS) also plays a crucial role in how plants respond to drought stress,
allowing for the production of multiple protein isoforms from a single gene and thus enhancing
the adaptability of plants. Under drought conditions, specificiaglievents can lead to the
production of transcripts that encode proteins involved in stress tolerance and adaptation,
especially related to the expression of regulafmgteins,and tackling the effect of ROS
(Staiger & Brown, 2013)

Plants' responses to drought stress rely heavily on regulatory proteins. They frequently
experience the phosphorylation and dephosphorylation of proteins in response to drought
stress. Several types of kinases sucltasiumdependenprotein kinases (CDPKs), CBL
(calcineurin Blike) interacting protein kinase (CIPK), mitogastivated protein kinases
(MAPKSs), and sucrose nonfermenting protein (SNf€lated kinase 2 (SnRK2) have been
described to be involved in drought respoffseng & Xiong, 2015)

Plants use enzymatic and renzymatic antioxidant defence mechanisms to maintain
intracellular redox balance and protect cells fitnharmful effects of ROSThe protective
enzymes include superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX)
glutathione peroxidase (GPX), glutathione reductase (GR), glutathitresSerase (GST),
dehydroascorbate reductase (DHAR), monodehydroascorbateasel (DAR), thioredoxin
peroxidase (TPX), alternative oxidase (AOX) and peroxiredoxin (PrxR/R&mgl & Hirt,
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2004) Also, the accumulation of osmoprotectants like trehalose, betaine, and proline is a
widespread adaptive strategy for plants to maintain water potential, cell turgor, and membrane
stability during drought stress to avoid cell dam@geH. H. Chen & Murata, 2002)

1.3.3Response ageneticlevelin drought stress

Drought stress has a significant impact on plant genetics, affecting growth, development, and
overall productivity. The genetic responses to drought stress are complex, involving a variety
of molecular mechanisms that allow plants to adapt to water gcddegught stress triggers
alterations in gene expression, leading to the activation of s#sgensive gendgiiu et al.,

2023) For instance, around thousand differentially expressed genes (DEGs) have been
identified in response to drought when compared to-watered counterpartdhey are
particularly involved in metaboliprocesse$S-glycoside, glycosinolate, glucosinolate, and
isoprenoid)stimulusresponséo reactions (response to water deprivation, wounding, jasmonic
acid (JA), and brassinosteroid (BR)ater homeostasis, cellular response to water deprivation,
response to cytokinimegulation of transporter activitgnd seedling developmef@hen et al.,

2023)

The response to drought stress is not static; it varies over time and with the severity of
stress. Usually, different genes are activated at various stages of droughtTéteesstial
responses include the activation of genes related to stress signalling, while later responses may
involve genes associated with metabalimangesand protective mechanisms. This dynamic

nature allows plants to adapt progressively as drought conditions int@tesiét al., 2020)

1.3.4 Response apigeneticlevel indrought stress

Drought stress in plants triggers significant epigenetic changes that play a crucial role in their
adaptive responses. At the epigenetic level, one of the primary mechanisms involved is DNA
methylation, which can alter gene expression patterns withougictgatne underlying DNA
sequencéSun et al., 2022)Drought conditions lead to increased levels of DNA methylation,
particularly in genes associated with stress responses. Specifically, some transcription factof
genes exhibit reduced methylation and increased expression under drought, while others may
bemme hypermethylated and silenced, indicating a complex regulatory network at play
(Akhter et al., 2021)
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Histone modifications are another crucial epigenetic mechanism that plants employ to
respond to drought stress. Histones are proteins that package DNA into chromatin, and their
posttranslational modifications can significantly impact gene expregblanezVazquez et
al., 2022) Under drought conditions, plants exhibit dynamic changes in histone acetylation and
methylation patterns, which modulate the accessibility of stesgsonsive genes. Drought
stress leads to the deacetylation of histones, particularly at the promatersgiftresponsive
genes. This deacetylation is mediated by histone deacetylases (HDACs), which remove acety
groups from lysine residues on histones, resulting in a more compact chromatin structure. This
compaction restricts the binding of transcriptitactors and RNA polymerase, thereby
repressing the expression of drougképonsive genes. On the contrary, the acetylation of
histones by histone acetyltransferases (HATS) counteracts this effect, leading to a more relaxeg
chromatin structure and incredsgene expression. This dynamic balance between acetylation
and deacetylation allows plants to adjust their stress responses based on the severity ang
duration of drough(Kumar & Rani, 2023)

1.35 Adaptation againstdrought stress

Plants have evolved various morphological, physiological, and biochemical mechanisms to

I

cope with the challenges posed by drought. Each strategy represents a different approach t
managing water scarcity, allowing plants to survive and reproduce unddenciirad

conditions. These strategies can be broadly classified into three categories: escape, avoidanc

A1”4

and tolerance.

The escape strategy involves completing the plant's life cycle during favourable
conditions before drought sets in. This strategy is common in annual plants, which germinate,
grow, flower, and produce seeds rapidly within a short period, typically dinemginy season.
By the time drought conditions arise, the plant has already set seeds, which can remain dormart
until the next favourable seasdbroughtresistant plants often do not undergo significant
morphological, physiological, or biochemical chasigelants exhibit plasticity by varying the
duration of the transition from vegetative to reproductive stages, resulting in rapid phenological
development, including early flowering and maturation. Escape is characterised by decreased
stomatal conductivitylow transpiration, and higher photosynthetic carbon (éassileva et
al., 2023)

The avoidance strategy involves mechanisms that help the plant maintain high water

status even during drought. Plants that adopt this strategy either reduce water loss or increase
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water uptake to avoid the internal water defi@ly closing their stomata, plants can
significantly reduce transpiration, which helps conserve water and maintain internal water
potential(Bandurska, 2022)Additionally, droughtavoiding species often develop extensive
root systems that reach deeper soil moisture, characterized by increased root length, density),
and a higher roetb-shoot ratio. Some plants also develop xeromorphic traits, such as thick
cuticles, hairy leaves, or leaf rolling, which effectively minimize water loss and help sustain
higher tissue water content in arid conditi¢zdm et al., 2021)

The tolerance strategy involves physiological and biochemical mechanisms that allow
plants to endure periods of low waterailability by coping with cellular dehydration. One
strategy is osmotic adjustment, where plants accumulate solutes like proline, sugars, and
potassium ions in their cells. This lowers the osmotic potential, allowing plants to maintain cell
turgor and weer uptake even under low external water availabifigit Tri Pamungkas et al.,
2022) Additionally, tolerant plants produce protective proteins like dehydrins and heat shock
proteins to safeguard cellular structures from dehydratidnced damage. Antioxidants also
play a crucial role in neutralizing harmful reactive oxygen species (R@8&increase during
drought stress. Moreover, tolerant plants maintain the integrity of their cell membranes,
preventing damage to the lipid bilay@&asu et al., 2016)
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2. Aim of the study:

At the moment, the agricultural sector has to deal with a lot of challenges. The food production
needs to be increased to keep up with the growing population and at the same time, thg
production of cropseeds to be improved to tackle the global warming and climate change.
Therefore, it is quite important to develop crop varieties resistant to adverse weathigons,
especially towards drought

This studywas a part of the CROPINNO project thfe European Unionwhich
established a collaboration network between IFVCNS (Novi Sad, Serbia) and four international
research institutions: CSHAS (Cordoba, Spain), UNIPD (Padova, Italy), FZJ (Julich,
Germany) and UROS (Rostock, Germariyh)is studyaimed to understand the physiological
effects and the underlyirgeneticand epigeneticnechanisms of drought stress in Sunflowers
(Helianthus annuysin order to get a deeper insigimto its impact at the molecular dn
genetic/epigenetic leveld.o achieve these objectivethe ideal growth substrate and the
optimal droughistress protocol for the plants will be determined and performed in controlled
conditions inside Greenhouse, and its efficiency will be verified with morphological and
physiological data from the plantsh& extraction protocols will be optimised for extracting
RNA and Chromatin from the Sunfloweand their quality and integrity would be verified.
Afterwards,bioinformatic tools combined with various omics technolo@gseEsh afRNA-Seq
and ChIPSeqg will facilitate the identification of target genes atite chromatin state
associated with complex traitsktelianthus annuudl he findings and subsequent analysis will
contribute tagettinga deeper understanding of the potential mechanisms of drought tolerance,
and thus potentially guide the developmentsogtainable androughtresistant sunflower

varieties
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3. Material and Methods

All the enlisted experiments were conducted in a greenHausiy (Latitude:45°21'01.0"N
Longitude: 11°56'58.6"E and Elevatiohm above sea leydituated in the Agripolis campus
of the University of Paduan theVeneto region of Italyduringthe months oApril and May
2024. The climate type is Humid Subtropical (Cfa) as classified by the Kdppen climate
classification havinghot and humid summers, and cool to mild winters

The growth parameters of plants were measured at various growth stages with
DUALEX® Opticalleaf clipmeter and L4600 PorometeDUALEX® Opticalleaf clipmeter
is a device that cameasure thievels of chlorophyllflavanolsand anthocyanins itheleaves,
along withthe NBI (Nitrogen Balanced IndexBy calculating the ratio of chlorophyll to
flavonoids in leaves, NBI provides a quick and accurate measure of nitrogen availability. A
high NBI indicates healthy growth, while a low NBI signals potential nitrogen deficigecy
Souza et al.,, 2022)The chlorophyll content in the leaf isalculated by measurinthe
transmittance ratio of two different wavelengths: the-réa which gets absorbed by
chlorophyll while thenearinfraredis used as reference. Thdlavanolsand anthocyanins
content ismeasured by calculatingpe differential ratio of chlorophyll fluorescencbélear
infrared chlorophyll fluorescence is measured using a first reference excitation light that is not
absorbed by polyphenols. It is compared to a second sample of specific light absorbed by
polyphenols (for example, green for anthocyanins or UMl&manolg. Only a small portion
of this light reacheghe chlorophyll in the mesophyll, which can produce +iefrared
chlorophyll fluorescence. Thigrinciple of measurement is known as the screening effect of
polyphenols on chlorophyll fluorescendALEX® Manual, https://www.forcea.com/wp
content/uploads/2019/09/BROCHUHRBJALEX -1.pdf).

The LI600 is a portable porometer equipped with a RAlsglitude Modulation
(PAM) fluorometer that measures a leaf's chlorophyllorescence and stomatal conductance
simultaneously. Stomatal openings control ékehange of water vapour and CO2 between a
leaf and the atmosphere. Stomatal conductance to water (gsw), which responds to light, CO2
temperature, and humidity, among other factors, is a measure of stomatal openness and|
stomatal count. It reflects a plagenetic makeup and physiological response to environmental
factors.

The LI600 employs an open flothirough differential measurement to quantify
transpiration (E) and stomatal conductance on one side of the leaf. First, E is calculated by

measuring the flow rate and water vapour mole fraction of air entering and exgticigaimber.
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Meanwhile, total conductance to water vapour (gtw) is calculated in the leaf and cuvette using
E and vapour pressure. Finally, the stomatal conductance to water (gsw) is calculated as 4§

function of gtw and gbw.

Figure 17. Measuring parameters t#af using.1-600
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3.1 Experimentl: Determining the optimal substrate for Plant growth

Theseeds of twaroughttolerantand droughsensitive inbredarieies; ABOR6 andDFAB1
were grown irnthreedifferent substrates with varyimgtiosof peat and sand to determine the
most optimal soil substrate composition for the next experiments.

Firstly, 60 seeds each of ABOR6 and DFABL1 varieties vs&gdlized andsown in
small vases (diameter: 7 cm, height: 6 cm and volume: 156mil¥" March 2024 They were

watered regularly until germination.

Figure 18. Seeds after being sown in small pots

Postgerminationon 39 April, the seedlings with two true leaves were moved to larger pots
(diameter: 18 cm, height: 17 cm and volume: 350pinto three different substrategich
contained Peat ariRliver Sand in varying proportions. The first substrate was 1B@%i,and
the other two substrates were a mixturéPeat ancRiver Sand in the ratio o2:1 and 11,
respectively Plants from each group were divided into two-gubups:Control and Stress
where the latter group was induced with water stress treatment.

All the plants were watered adequately every day until they were sufficiently mature
enough for drought streg®atment. The treatment began when the plants had true and mature

5" and &' leaves.
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Figure 19. Saplings after transplantation into larger pots (Farth@ldeer:Row 1- Peat and
Sand in 1:1, Row-2100% Peat, Row-Feat and Sand in 2:1)

Figure 20. Plant growth before starting stress treatment
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On 15" April (T0), the stress treatment was started. The plantseicontrol group
received 400 ml while the onestime stress group received only 200 ml of water. They were
watered with the same volume ¢me 19" and 2% April. The leaf parameters were also
measured witDUALEX® and LF600onthe 15" and 2% of April from the youngest mature
leaves (4 and @") to keep an eye on the growth and state of glant

On 24" April (T1), the stress treatment was finished. So, the leaf parameters were again
measured WitlDUALEX ® and LF600from the youngest mature leave¥ éhd &) to monitor
the growth and state of plants after the water stress. At this point, the watering of plants in both
the control and stresgroupswasequalisedand increased gradually from 400 ml to 700 ml)

to make tharoughtstressegblants recover to their normal physiologistdte.
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Figure 21. Plant growth after end of stress treatment (TAIPORG6, Bottom DFAB1, Left to
RightT Peat: Sand :: 2:1, 100% Peat, Peat : Sand :: 1:1)
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On 39 May (T2), the recovery treatment was completed and once again the leaf parameters
were measured wWitbPUALEX® and LF600from the youngest mature leave§ ¢hd 10 to

monitor the growth and state of plants after the water stress.

Figure 22. Plant growth aftetheend oftherecovery period (Top to BottoinPeat : Sand ::
1:1, 100% Peat, Peat : Sand :: 2:1)
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3.2 Experiment 2: Determining the optimalstress protocolfor plants

The seeds of the same two drougglerant andiroughtsensitive inbred varieties; ABORG6 and
DFABL1 from the previous experiment were sown. Firstly, 100 seeds each of ABOR6 and
DFABL varieties were sterilized and sown in small vases (diameter: 7 cm, height: 6 cm and
volume: 150 ml) on 8 April 2024. They were watered regularly until germination.

Postgermination on 18 April, the seedlings with two true leaves were moved to larger
pots (diameter: 14 cm, height: 12 cm and volume: 1100 ml) having the growth substrate being
amixture of Peat and River sandamatio of 2:1.Firstly all the plants from both varieties were
equally divided into 3 technical replica@aced at different positions on the platform together
namely Replica 1, Replica 2 and Replica 3. Afterwaitaks plantsn each technical replicate
were divided into two sulgroups: Control and Stress, where tatter group was induced with
water stress treatmemtll the plants were watered adequately with 100 ml everybdayhis
time the droughttreatment begararlier,when the plantsvere in a much younger stage and
hadjust started growing '8 and 4" leaves.

On 19" April (T0), the stress treatment was started. The plantsdicontrol group
received 300 ml while the ones fine stress group received only 150 ml of wafEhne leaf
parameters were also measured WHHALEX® and LF600 on the same day from the
youngest mature leavess(and 2% to keep an eye on the growth and state of plditsy
were watered with the same volumetba25" and 2™ of April.

On 1t May (T1), the stress treatment was finished. So, the leaf parameters were again
measured witlDUALEX ® and LF600from the youngest mature leav88 énd4™) to monitor
the growth and state of plants after the water stress. At this point, the watering of plants in both
control and stresgroupswasequalised t@00 mlto make thadroughtstressegblants recover
to their normal physiological stat€hey were also watered with the same volume bant
7" May.

27




Figure 23. Plant growth during thdroughtstress period

On 8" May (T2), the recovery period was finished. So, the leaf parameters were again
measured witlDUALEX ® and LF600from the youngest mature leave¥ éhd &) to monitor
the growth and state of plants after recovery from the water stress.
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