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GOAL

 To achieve the goal, the MEDPOME-STONE consortium will work on three
different scientific objectives:

* a) to valorize genetic diversity on local collections from Tirkiye (wild pear), Italy,
Spain and Morocco (almond) to reduce genetic erosion;

* b) the selection of plants adapted to increased drought conditions;

* ¢) the identification of molecular markers linked to drought tolerance.
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Turkye (Wild Pear, Pyrus elaeagrifolia)

Turkiye has very rich in wild pear populations. This wild fruit species is known its drought

tolerance.

Seventy-five wild pear genotypes were collected in October 2022 to represent the population

of the genotypes grown especially in arid regions of Turkye.




Germplasm Collection Turkey







Germplasm Collection

Re
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* The plants in the viol were taken care of and grown in the
greenhouse for about 4 months.




Germplasm Collection Spain

N cita

CENTRO DE INVESTIGACION Y TECNOLOGIA
AGROALIMENTARIA DE ARAGON

For the transcriptomic assay, a total of 187 plants were -cultivated,
comprising almond cultivars 'Lauranne,' Isabelona®, Mardia®, and Vialfas®
grafted onto Garnem® rootstock. Additionally, two self-rooted cultivars,

'Lauranne’ and Vialfas®, were included in the study.




Germplasm Collection Morocco
Morocco (almond, Prunus dulcis Mill.)

Plant material consisting of 68 genotypes was systematically collected
from different regions of Morocco.

Within this assortment, 8 prominent genotypes were selected, grafted
onto the GF-677 rootstock and planted in orchards at the ENA (National

School of Agriculture).

The establishment of this orchard serves as a dedicated site for ongoing
research, contributing to agricultural objectives of the project.
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Germplasm Collection ltaly
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The survival and development of some native cultivars in marginal
and drought areas suggests that they may have genetic

characteristics that confer tolerance to water stress.

Altitudine (m s.l.m.)

CALAMONACI
MIRICANEDDA
_reanetin L o BRSO £ s AVERAGE ANNUAL TEMPERATURE SICILY
PIRSICHIMNA HON PAREIL MARCOMNA = 1500-2000 (OC)
. 2000-2500
ZAGARRI TEXAS [ 2s00-3000
BARI FLORES [ 3000-3300
_» BURBANK B os00 18.7
CASTRIANISA " '
MASBOVERA g PULLARA DI FAUMA N
g .
VINCI A TUTTI / - ____;ﬂ“"J NERGHE 18.2
- 72 AMARA DI MARTORANA
MEZZALIRA — J‘_/‘—::,;ERRADUEL - 17.7
MENNULA DI VAIANA  _ e ANGELICA .
vl | == Precipitazione media annuale (mm 17.2
BARI SABITTISA L
N .
DON PITRING O N 0 O O 4 N ;N < 10 O N 0 O O «
SUPERNOVA o o o o R — — i i i i - - - o o
g9 .[ © © © © O O O O O O O O O O O O
c%:Q\_\_%TUUNO N N N NN NN G
T BARI RACHELA i
CACINOVA ~
T TUONO SICILIANA
NIVERA SELVAGGIA LAURENNE
UOVA DI CUCCO
CAVALERA PERCIA! .
MONCAYO
CACCIATURA  MENNULA RAPPARINA
DU VATTIU
TABACCHINA .~ CATRUBBA FELLAMASA CASTELTERMINI
PIATTA MOLLISA
PIZZUTA GRANDE mm OF RAIN IN SICILY
CUPANI PICCOLA SARBAGGIA DI SCIASCIA
ZARBARA 800
MANNARA DI CHiaNy ~ CARRUBINA ppa BONA 600
CAVALIERE
NIVERA MANZA PRINCIPATO 400
ENNA 1 CUMMA
LML Do 200 ——— average 2002 - 2022
FASCIONELLO Lv‘“:y tQHN_STUN 0 — 2023 - 2024
AMARA ILIPPAZZO T
! FAVATA | CHELLASTONE ACQUAVIVA
PIZZUTA D'AVOLA ARA ] .
BOTT MOLLAR ,on ‘OQ} QQ} ‘OQ} 'bé ,z;\‘\ ,\(\9 Q& AR o\* \)‘} ‘OQ}
CHIARCHIARA ~ ROMANA Q& O & O ¢ NS L &
) ., & & @ (JQ/\eQ‘,O@ NaliF\2
R O ¢ « N
Contants lists svailable st Scencelirect ) (')Q,

Scientia Horticulturae

journal homepage: www.elsevier.com/locate/scihorti

Genetic diversity and relationships among Italian and foreign almond @wu_‘d
germplasm as revealed by microsatellite markers

Gaetano Distefano”, Marco Carusa”, Stefano La Malfa® ", Tommaso Ferrante”,
Beatrice Del Signore®, Alessandra Gentile?, Francesco Sottile~




10N

in the Mediterranean Reg

ion
Area harvested (ha) of almond in the World

IC importance and culti

1-

800000

700000

600000

500000

400000

300000

200000

100000

Almond Production (t) in the World

2000000
1800000
1600000
1400000
1200000
1000000

800000
600000
400000
200000

$33e3S payun
eljeJisny
uleds
Aayan |
022040\
eulyd

ued|

Aley

elsiung
ueisiueydyy
elad)y
YD
|eS8nuod
929349
eAqn
uoueqa
elJAs
ueispaqzn
ueispied
UDWIDA
|aeJs|
ueflequazy
ueispyifel
Aluoyiny uelunssje
oues4

ose4 eupjung
uelszASJAY|
1580 AJOA|
lunemsy
uelsjuawnn]
eleding
eigi09n
elUOPaJE|A YMON
eunuadiy

FAOSTAT, 2022



Almond production evolution during the last 70° years (onte nc-
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Table 3.

Cardiovascular disease prevention and serum lipid effects related to nut consumption.

Nuts & Intervention

Study Design

Study Population

QOutcome

Nut intake

Almonds/ pistachios/
walnuts/hazelnuts
(fom 37 to 128 g/ day)

Almonds (42.5 g)
Whole roasted almonds
as snacks

Pistachio
(from 65 to 75 g/day)

Pistachio (57 g/day)
Cashews (28-64 g/day)
Nuts intake
(50-100 g/d)
Pistachio diet (8.1%)

Or mixed nut diet
(7.5%)

Meta-analysis of
prospective studies

Systematic review
and meta-analysis

Randomized,
controlled, crossover
trial

Randomized,
controlled,
paraller-arm trial

Randomized trial

Randomized,
crossover, controlled
trial
Randomized,
controlled, crossover
trial

Systematic review

Animal study

Adult populations

Adult population

Adult individuals

Adult individuals

Healthy subjects

Prediabetic individuals

Hypercholesterolemic
adults

Adult individuals
(healthy /
hypercholesterolemic/
hyperlipidemic/ diabetic)

Rats

| Risk of cardiovascular disease,
total cancer, all-cause mortality

1 Endothelial function (walnuts)

J Non-HDL-C LDL-C TC/HDL-C,
LDL-C/HDL-C, apob/apoal,
abdominal and leg fat mass, waist
circumference
1 Endothelium-dependend
vasodilation, | LDL-C, no changes
in liver fat and other risk factors
1 HD, AOP and AOP/MDA
L TC, MDA, TC/HDL and
LDL/HDL

1 SldI-P, non-HDL-P, HDL-P size

L TC, LDL-C, non-HDL-C,
TC/HDL-C

1 TC, LDL-C

Antioxidant, antiinflammatory,
and hypolipidemic effects

International Journal of
Molecular Sciences

Review

Health Benefits Related to Tree Nut Consumption and Their

Bioactive Compounds

2,

Teresa Gervasi !, Davide Barreca >*(, Giuseppina Lagana 2 and Giuseppina Mandalari >

1

98168 Messina, Italy; teresa.gervasi@unime.it

2

Department of Biomedical and Dental Sciences and Morphofunctional Imaging, University of Messina,

Department of Chemical, Biological, Pharmaceutical and Environmental Science, University of Messina,

98168 Messina, Italy; giuseppina.lagana@unime.it (G.L.); giuseppina.mandalari@unime.it (G.M.)

Table 4. Effect on inflammation and oxidative stress related to nut consumption.

1 increase; J: decrease.

Nuts and Intervention Study Design Study Population Outcome
o (o)
AI.lTlOl"ld-b (75% energy . 1 Polyphenol concentration
intake) Randomized H . .. .
o } . ealthy subjects T Antioxidant capacity
Walnuts (75% energy crossover trial . i
. | Lipid peroxidation
intake)
Overweight and obese
Nuts intake Randomized trial stable coronary artery J} ICAM-and IL-6
disease individuals
Almonds (56 g/day) 5aﬁd3mlzefj’ Subjects with T2DM and 1 LDL resistence vs Cu*
monas 156 g/ day contro ‘iri;"mb‘“’er mild-hyperlipidemia | TL-6, CRP, TNF-o, PC
Hazelnuts (30 or Randomized, Overweight and obese

60 g/day) controlled trial
E%Eh;v;;;; Animal study
(Cli)zh;v;;;; Animal study
(Cli)?]h;‘;;;gti Animal study
(Cl%tbh;\;;lfgt; Animal study
E%Eh;\;?;s Animal study

NP or RP30 (mg/kg) Animal study
Nuts intake Review
Pégl ;r;d/il;? Animal study

individuals
Rats with osteoarthritis
Rats with intestinal I/ R
mjury
Rats with colitis.
Rats with paw edema

Rats with pancreatic and
lung injury
Rats with paw edema
Study in vitro and in vivo

Rats with spinal cord
injury

|VCAM-1 (60-g/d)

1 Antioxidant and
anti-inflammatory effects
T Antioxidant and
anti-inflammatory effects.
1 Antioxidant and
anti-inflammatory effects
1 Antioxidant and
anti-inflammatory effects
1 Antioxidant and
anti-inflammatory effects
1 Antioxidant and
anti-inflammatory effects
T antioxidant effects

T Anti-inflammatory effects

11 increase; |: decrease.



e EARLY FLOWERING
e SELF-IN-COMPATIBLES
e SEEDLING ROOTSTOCK

* RAINFED

BREEDING

LATE FLOWERING
SELF- COMPATIBLES

* IRRIGATION

BREEDING

MORE ADAPTED
ROOTSTOCK




YIELD ROOTSTOCKS PEST AND DISEASE ABIOTIC STRESS

NUT QUALITY:
IMPROVEMENT: _ VIGOR : Q _ TOLLERANCE: TOLERANCE:
increased nut set, less vigour for kernel size, taste, shell developing varieties drought, salinity, and
better nut retention, intensive/super- hardness, uniformity, resistant/tollerant to temperature
canopy architecture intensive plantings incidence of double common almond extremes
seed pests and diseases

Why is genetic improvement complicated in the almond tree?
* Long juvenile phase;
* Self-incompatibility;

Difficulties in in vitro propagation and rooting, seed propagation

Resources for

genetic
improvement Difficult to predict
programmes and fix the desired

Geneticrecombination, HIGH BIODIVERSITY —*

traits




Only three traits have molecular markers associated to specific phenotypes:

Sf allele for self-compatibility; the pistil S allele is controlled by a Ribonuclease

(RNase) and the pollen allele by an F-box gene (Kao and Tsukamoto, 2004).

* A mutation in the bHLH2 transcription factor involved in the synthesis of amygdalin
resulted in the almond sweet kernel trait;

* The late blooming character is quantitative, but several studies have confirmed the
existence of a single gene, called Lb, that determines the flowering time in the late-
flowering bud ‘Tardy Nonpareil’.

e KASP marker studies for evaluating root-knot nematode resistance in almond

rootstock

Sanchez-Pérez et al., 2014




Drought stress in plants held in pots

in greenhouse

(SPAD, CCM, Proline, MDA, Total

proteins - SWP)

Identify drought tolerant
accessions
Phenotype-genotype
association analysis to
§ detect molecular
markers associated to
drought tflerance

(o)

©

140 almond accessions (Prunus
dulcis Mill. D.A. Webb grafted on

GF677)
e 123 Sicilian
e 8 Apulian

* 9 International

N

SNP genotyping analysis. ATiC
Axiom™60K almond SNP
array (Duval et al., 2023) 7 AALC

&0

%

RETE QPRIMA Y
@_‘"?3‘ ) & CATANIA !\' =
Stone

1l
e



H H H Additional
Va|ldatI0n Of SOme Unlque SNP Sample SNP Chromosme Position [bp] Polymorphism Genotype Additional SNP genotype
th rou g h an d H R M ass ay AX-586139560 7 19830020 [T/A] TT - -

] AX-586026840 1 26016235 [AT] T - -
Fascionello
AX-586036398 1 38133519 [C/G] cG - -
AX-586103370 5 17854046 [G/C] cG - -
QPAQ‘TCJ%IEEEELI AX-586016433 1 5913361 [AT] T - -
Ferraduel AX-586016530 1 5921550 [AT] R - -
AX-586049457 2 16177248 AT T - -
Journal Pre-proof T
Ferrangnes  AX-586095417 5 5192194 [CIG] cc - -
Genomic approaches for almond traceability from nursery and along the food chain
i N ) . ) Filippo CEO AX-586058822 2 25063773 [C/T] T - -
Gentile Alessandra, Inzirillo Ilaria, Bennici Stefania, Scollo Francesco, Las Casas -
Giuseppina, Di Guardo Mario, La Malfa Stefano, Distefano Gaetano
Genco AX-586022999 1 20152039 [C/G] cG - -
Laurenne AX-586154330 8 19544663 [A/T] T - i
47,496 SNPs identified in the tested | _ . =~ axsssorerss 3 23745245 [AT] W : :
. . . . AX-586103370 5 17854046 GIC cc - -
collection through Axiom Analysis Suite software [ercl
(ThermoFisher)
AX-586037311 1 39486044 [CIG] CcG - -
Texas AX-586016433 1 5913361 [A/T] AT - -
AX-586016530 1 5921550 [AT] AT - -
~ i
plants MPI|
Communication AX-586076786 AA
Development and Evaluation of an Axiom™ 60K SNP Array Tuono AX-586066668 3 6350049 [cel cC AX 586095417 -
for Almond (Prunus dulcis) )
Henri Duval *(, Eva Coindre 1, Sebastian E. Raml_:ls-Onsins 2(0, Konstantinos G. Alexiou 230,
r:::é]‘;::l:iu)ac:l:::;a;em ,Al;e::r;]’; Martinez-Garcia *'", Michelle Wirthensohn *'*, Amit Dhingra "', Pl 77U ta AX-586093058 5 1954932 [A/C] AC AX-586026840 AA
d'Avola AX-586115686 6 22096061 [CIT] cc AX-586093058 AC




Drought stress analysis

% 84 accessions (potted plants from the Sicilian almond
2023 SEPTEMBER ) Accessions ) )
R S T germplasm collection were grafted onto GF-677) with 4-6
'6-m“«‘i%u~_7j‘8 9 % % % Bio'IQgitca' biological replicates for single accession
DAIO DAI1 replicates
10 11 12 13 14 15 16 [
__DAIS | _ -,n
17 A8 1:,2? ; ; ; Technical **EVALUATION OF STRESS LEVEL ON FASCIONELLO, PIZZUTA D’AVOLA,
T "’ P @ o Lrepites TEXAS, TUONO, LAURANNE
e Leaf Water Potential (LWP)
F \\‘\\\\\ Irrigated row £ 2 NOTlirrigated row ' —r * Gas EXChange
B iy s s 1) 7 [f>
: Al “*EVALUATING HOW THE 84 ACCESSIONS RESPOND TO STRESS
* Chlorophyll Intensity (SPAD And CCM)
* Determination of Proline And Malondialdehyde (MDA) levels
* Empirical Evaluation Scale
e N S e



Results ﬁ ABIOTIC STRESS

TOLERANCE:
drought

Photosynthetic rate Stomatal conductance

DAl 1 DAL S | DAl 1 | DAI 5

154
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Day After Irrigation
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o
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DAI 9 DAl 13
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H“i “l“ «{H gjL[LIJ ||._il

52 - Tuono
58 — Laurenne DAI 9 DAI 13
10 11 52 58 59 10 11 52 58 59 10 11 52 58 59

Geﬂ Dtyrp,e.s Genotypes

MPa

o
o

i
=
1

E (mmol m2 s-1)

~
n

o

Transpiration rate



@
13 Day

After last
Irrigation

Over 80% irreversible wilting, drying of the
leaves or death in the plant.
Severe wilting, yellowing, necrosis or drying

at 51-80% of the leaves.

. Curling and wilting of 21-50% of leaves

Damage to shoot tips and leaf margins (not
more than 5%)
Leaves still bright green in colour, well

distended but with withering principle.

Numbers of plants




pmol MDA g-1 FW

Results

ABIOTIC STRESS
TOLERANCE:
drought
% Malondialdehyde (MDA): In stress-tolerant plants, MDA levels are *»*Proline: Plants that are tolerant to water stress usually have higher proline levels
typically lower compared to sensitive plants. because they effectively accumulate it to mitigate the adverse effects of dehydration.
[
¢ i
1 1 Ll £ N
h Row % T Row
ARl “t - : B:
' ' ! | 5 _ _
| | LR 0 j .11 ‘ﬂﬁm—ﬂ ﬂ )
, V(m‘ I ‘\u“m}%lu’f r,urwf“‘1F~+ﬁ‘ﬂ”&ﬂﬂjﬂmﬂﬁ"l:&qﬂ*ﬂ Lﬂﬁﬂﬂﬂﬂ“ﬂﬂﬂ[ﬂﬂ - [ﬂ, it smaa I L

148 67 5511269 47 62 45 7 20 11 34 24 6110
2 B : 3 - : e Genotypes
5652 20 45116 77 24 5312125 13 22 5712210754 2 9612035 4310972 6125 £ 10 36 30 8710396 74 41 39 59 6 48 &7 11 1410669 10534
Genotypes

pmol MDA g-1  umol PROLINE

Genotype W g1 FW Min. level of damage
ALBANISA 0.859121 -5.91655 .
LISCIANNARISA 0.955919 13.0732 0
DON PEPPINO 0.922129 23.69506 g
CUMMA 0.684262 7.932424 ¢
MENNULA DU VATTIU 0.162284 54.30565 :
PERSICHINA 0.344666 14.60388 :

TUONO 0.071907 72.56701 :




Conclusions and future activities

(d 4 accessions ('Persichina’, 'Tuono', 'Mennula du vattiu', 'Cumma') were identified as more

drought tolerant on the basis of the phenotypic data collected, while 'Albanisa’, 'Lisciannarisa’,

'Don peppino' were evaluated as the worst;

ONGOING ACTIVITY

(J New drought test to confirm data obtained from this subset of identified accessions;
J Genotype-phenotype association study based on the results obtained;
1 Seed and in vitro propagation trials of:

* ‘Persichina’ and ‘“Tuono’ according to our results;

e ‘Cupani’ because it was already used as rootstock by Sicilian farmers;

e ‘Garnem’ and ‘GF677’ as a references.

e N

&4 October === March-April mspESEE July
N v\
g Sowing and Start of in vitro “ New drought test
germinability test cultivation trials on the identified

subset



TOLLERANCE:

Journal of Plant Pathology (2023) 105:987-1000 Di apor the amyg daly

https://doi.org/10.1007/542161-023-01420-2

Materials and methods g PEST AND DISEASE

ORIGINAL ARTICLE

Elucidating the almond constriction canker caused by Diaporthe
amygdali in Sicily (South Italy)

Giorgio Gusella' - Greta La Quatra'? - Carlos Agusti-Brisach?(” - Antonio Trapero? - Giancarlo Polizzi'

Propagation of Sterilization of sprigs Fill the trays Microlesions Incubate in Detection and
the fungus * 30s Ethanol 70% with 20 g of with 0.3x8 mm climate cell photographs
Diaporthe e 1minl.5% sterile perlite needle, at 25-27°C of the extent

amygdali sodium wet with 160 ml application of for 6 days of the
hypochlorite of sterile mycelial plug on browning
* 30sethanol 70% distilled water punctures and
hermetic closure
Pruning putty was of the tray

used to seal the ends.
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TOLLERANCE:
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Diaporthe amygdaly
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Genotypes

‘Cuti’

‘Cavalera’

= 0,95 cm)

(average

= 6,3 cm)

(average

) < [ae] o~ - o

(w9) y38ua| uolsa| 2130429N

Fascionello Pizzuta Supernova Tuono Romana

Ferraduel

d'Avola
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Actin-related protein 2/3 complex subunit §

o
Days after inocutation

Chloramphenicol acetyltransferase-like
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o0
Days after inoculation
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Amino acid/polyamine transporter 1
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fold change
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Days after inoculation

phenotype

“Ferraduel’ (susceptible)
“Cuti’ (tolerant)
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