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Abstract  
 
This study aims to explore the natural variability of Algerian cork oak (Quercus suber) populations to support efforts to 
restore and sustain cork oak forests. For that, we used a gel-based proteomic (SDS-PAGE-MS-MALDI-TOF/TOF) to 
analyze the proteome profiles of acorns from five populations of Quercus suber in West Algeria. The objectives were 
approached by identifying differential protein bands through univariate and multivariate statistical analyses, which 
were subsequently analyzed by mass spectrometry. A total of 26 proteins were characterized using a combination of 
peptide mass fingerprinting (PMF) and MS/MS fragmentation, with 52 protein bands assigned to various functional 
categories. The findings highlight many proteins associated with the stress response, including chaperone proteins such 
as CLPB and HSP70. Additionally, key proteins, including rpoC2 and the Fanconi-associated nuclease one homolog, 
which play critical roles in DNA transcription and repair, were identified. The results demonstrate that Algerian acorn 
genotypes exhibit a high abundance of heat shock proteins, indicating their potential for adaptation to environmental 
conditions. Based on the provided data, the regions that stand out as distinct are Q. suber Nesmoth and Q. suber Hafir, 
which show a greater representation of developmental proteins, RNA-binding proteins, seed storage proteins, and 
transferases, suggesting a more pronounced adaptation to environmental stressors in these regions compared to others.  
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INTRODUCTION  
 
The genus Quercus L. of the Fagaceae family 
comprises approximately 500 species of trees 
and shrubs (Abdessamad et al., 2016; Meireles 
et al., 2018) mainly found in temperate and 
subtropical regions of the Northern Hemisphere 
(Nixon, 1993). Quercus suber L., commonly 
known as cork oak, is a long-lived (up to 200 
years or more) (Bugalho-Miguel et al., 2011), 
an emblematic Mediterranean evergreen 
sclerophyllous tree (Ricardo et al., 2011; Silva 
et al., 2005). Specific ecological requirements 
for cork oak include siliceous soils, a mean 
annual temperature of around 15°C, and 600-
1,000 mm of annual rainfall (Jiḿenez et al., 
1999). In Algeria, the cork oak occupies about 
480,000 hectares, or 20.4% of the forest area 
(Louni, 1994). The main subareas are 
distributed across wetlands and sub-wetlands of 
the North-East along the coast, extending from 

the sea up to 1500 meters of altitude (Zeraia, 
1982). The rest is scattered as small islands in 
the central and western parts of the country 
(Natividade and Oudin, 1956). The interest in 
cork oak is not limited to the production of cork 
or wood; it is also devoted to the qualitative 
and quantitative output of acorns (Fonseca, 
1997), which provide an abundant resource for 
wildlife (Shimada, 2001).  
The combined action of environmental and 
human factors, such as drought, fires, grazing 
(Barber, 1990), and other biotic agents, such as 
pathogenic fungi, defoliating insects, and 
xylophages (Bouchaour, 2013; Amoura, 2017), 
causes continuous degradation of cork oak 
stands. Several studies have investigated the 
biology of oak acorns, including their anatomy, 
morphology, and physiology (Bakiş, 2014; 
García-De La Cruz et al., 2016; Giertych et al., 
2019; Ramos et al., 2013). Several nurseries are 
set up to multiply the quality of non-

 

domesticated cork oak gland proteins as a 
parameter for the qualification and discrimi-
nation of the species to restore forests. 
Proteomics provides direct insight into the 
functional expression of genes by identifying 
and quantifying proteins, which are the active 
players in biological processes and reflect the 
actual protein abundance, modifications, and 
interactions occurring in response to 
environmental factors (Valero-Galván et al., 
2011). Given that proteins mediate most 
physiological responses and plant stress 
adaptations, proteomics enables us to 
understand functional variability across 
Quercus suber populations better. Additionally, 
proteomics can help identify stress-related 
proteins that may not be directly linked to gene 
expression but are critical for understanding 
phenotypic variation in response to 
environmental stressors (María-Dolores et al., 
2019). 
Proteomic research is being carried out with 
this forest tree species, focusing on studying 
genetic variability between individuals and 
populations (Jorge et al., 2006). The aim of 
investigating tree variability is to determine 
phylogenetic relationships and distances among 
individuals, provenances, populations, and 
species. Previously predicated on physiological 
metrics, morphometric, growth, and survival 
traits, molecular techniques-such as classical 
biochemistry, DNA molecular markers, 
genomics, transcriptomics, proteomics, and 
metabolomics-have lately been included (Abril 
et al., 2011) 
Acorns are the primary reproductive organs of 
oak trees and play a crucial role in the 
propagation and sustainability of their 
populations. They represent a vital source of 
genetic and physiological information, 
particularly in stress-related studies, as they 
endure environmental pressures during 
development, dormancy, and germination. 
Additionally, acorns store nutrients and 
proteins necessary for seedling establishment, 
making them a key indicator of the tree's 
adaptive capacity to environmental conditions. 
Studying the proteome of acorns enables 
researchers to identify proteins directly linked 
to stress responses and resilience at a critical 

life stage, providing insights that may not be as 
evident in other organs, such as leaves or bark. 
This makes acorns a strategic choice for 
understanding variability and adaptation in cork 
oak populations (Mechergui et al., 2020; 
Sghaier-Hammami et al., 2020). 
Few studies have reported the molecular 
characterization of Q. suber populations in 
Algeria, although such research is essential for 
improving the conservation and protection of 
the associated ecosystems. The challenge is to 
raise acorns to understand the advantages of 
interactions between the species and its 
environment. Although the subareas are mainly 
located in the eastern region of Algeria, which 
occupies a surface area of 230,000 ha and is 
characterized by a humid and subhumid climate 
with rainfall between 600 and 900 mm/year, 
the western regions are less moist, with rainfall 
of less than 300 mm/year. 
No researcher in Algeria has worked on 
proteomic analyses to reveal genetic variability. 
The Directorate General of Forestry has already 
brought back acorns from the East region, 
specifically Jijel, for replanting in the West 
(forest rehabilitation) due to a lack of natural 
regeneration. The question that arises today is: 
what are the different ecotypes of the western 
subareas, and how do they differ from one 
another? Or is it a form of adaptation of the Q. 
suber to the conditions of the environment that 
gives us different phenotypes? This is the 
perspective we take on our work. Our objective 
is to assess the genetic diversity of western 
Algerian subareas through proteomic analyses 
and to identify the most discriminating 
populations, selecting them as seed carriers for 
the expansion of cork oak areas in the West. 
 
MATERIALS AND METHODS  
 
Cork oak provenances and acorn harvesting 
The studied sites were carefully chosen to 
ensure environmental consistency, with coastal 
and mountainous regions in Algeria selected to 
account for altitudinal and topographical varia-
tions, and included Nesmoth, M'sila, Tagdempt, 
Hafir, and Bissa (Table1, Figure 1). The 
physicochemical properties of the soils from 
these studied areas are included in Table 2. 
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Figure 1. Geographical distribution of the five study areas in Algerian Q. suber forests: A - Oran (M’sila),  

B - Tlemcen (Hafir), C - Mascara (Nesmoth), D - Tiaret (Tagdempt), E - Chlef (Bissa) 
 

Table 1. Geographical coordinates, altitude, and climatic characteristics of the five cork oak forest areas surveyed 

Population Code Latitude (N) Longitude (E/W) Altitude (m) Average Annual 
Rainfall (mm) 

Average 
Temperature (°C) 

Terrain Type 

M’sila M 35°38'22'' 0°50'20.13'' W 260–568 399.2 18.04 Coastal 

Nesmoth N 35°14'12.47'' 0°23'25.30'' E 923 392 14.78 Mountainous 

Hafir H 34°46'52.93'' 1°30'22.83'' W 1000–1418 568 14.95 Mountainous 

Bissa B 36°29'17.00'' 1°30'27.00'' E 928–1152 500 19.42 Mountainous/ 
Coastal 

Tagdempt T 35°22'2.13'' 1°17'3.44'' E 1127 300 15 Mountainous 

Dates were obtained from the National Meteorological Office (ONM) (https://www.meteo.dz) 
 

Table 2. Soil parameters of the five cork oak forest areas surveyed 

Area Soil/Texture (Sand/Silt/Clay) pH Limestone (%) Organic Matter (%) 

Nesmoth 73.71 / 19.70 / 6.35 8.09 22.15 3.45 

M'sila 81.36 / 18.63 / 0.00 7.96 22.12 3.5 

Hafir 92.20 / 7.79 / 0.00 8.16 15.9 0.03 

Tagdempt 93.87 / 6.13 / 0.00 8.2 19.41 0.03 

Bissa 89.10 / 0.00 / 10.89 8.15 17.09 3.2 

 
Mature and healthy acorns were manually 
harvested in November 2022, randomly 
selected from vigorous adult Quercus suber 
trees across five populations in northwest 
Algeria. For each population, fifteen trees with 
a good acorn production were chosen from 
which ten acorns were taken at random, i.e., 
150 acorns per population, so a total of 750 
acorns were harvested for the five populations. 
Once in the lab, acorns were washed and 
sterilized as reported in Simova-Stoilova et al. 
(2015) and stored in polyethylene bags in 
darkness at 4ºC, until protein extraction.  
 

Acorn morphometry 
Length, maximum diameter, and fresh weight 
were determined in 750 acorns (10 per tree, 15 
trees per population). Length and maximum 
diameter were measured from digitized images 
using (imagej.net), an open-source software 
developed by Wayne Rasband at the U.S. 
National Institutes of Health (NIH) for 
scientific image analysis. Fresh weight was 
determined with an analytical balance (Mettler 
AJ150) (Figure 2). In general, for all the 
populations, large, medium, and small acorns 
were found (Figure 2). 

 

 
Figure 2. Photographs of representative acorns from the 

different size groups: large (3.94cm±0.41), medium 
(3.48cm±0.20), and small (2.99cm±0.23) 

 
Acorn flour powder preparation and 
protein extraction  
Using a knife, acorns were scarified by making 
both transverse and longitudinal cuts, enabling 
the quick removal of the pericarp (5 per size 
group, 15 per population; N = 75 acorns). The 
acorns were ground into a fine powder using 
liquid nitrogen in a Moulinex grinder (IKA 
Grinder A10) after the pericarp was removed 
(Valero Galvan et al., 2011). Until the protein 
was extracted, the resultant powder was kept   
at -20°C. 
As a biological replicate, three separate protein 
extractions (200 mg flour powder) were 
performed for each provenance. According to 
Valero Galvan et al. (2011), the trichloroacetic 
acid (TCA)/acetone-phenol extraction 
procedure described by Wang (2006) was used. 
The last pellet was dissolved in a solution of 
2% CHAPS, 2M thiourea, and 7M urea. Using 
bovine serum albumin (BSA) as a standard, the 
Bradford technique (Bradford, 1976) was used 
to calculate the extract's protein content.  
 
1-D gel electrophoresis and gel image 
acquisition 
SDS-PAGE electrophoresis (Laemmli 1970) 
was performed on 12% polyacrylamide gels 
using 100 μg of BSA protein equivalent from 
each biological replicate in a Protean XL-II (20 
× 20 cm) equipment (Bio-Rad). A voltage of 70 
µA/gel was applied until the dye reached the 
bottom of the gel. Coomassie Blue R-250 was 
used to stain the gels (Neuhoff et al., 1985). In 
short, the gels were stained for 24 hours with a 
staining solution containing 0.1% (w/v) 
Coomassie Blue R-250 (Bio-Rad), 10% (v/v) 
acetic acid, and 40% (v/v) MOH. Following 
staining, the gels were rinsed with a 
discoloration solution that contained 10% (v/v) 
acetic acid and 40% (v/v) MoH. 

A GS-900 Calibrated Densitometer (Bio-Rad, 
Hercules, USA) was used to scan the images, 
and Quantity One software (Image Lab 6.0.1) 
was used for analysis. Automatic band 
detection was followed by ocular verification. 
The optic density measurements were used to 
quantify individual bands. Before statistical 
analysis, each band's volume is normalized 
(Daumas, 1982) by accounting for the overall 
volume of bands in each column. To reduce the 
correlation between abundance and standard 
deviation, normalized values were converted to 
the cube root (Valero-Galván et al., 2011). 
 
In gel digestion, MALDI-TOF/TOF 
MS analysis, and protein identification 
According to Valero Galvan et al. (2011), the 
differential bands were physically removed 
from the gels using a scalpel, then chopped into 
tiny pieces and digested with trypsin 
(Shevchenko et al., 1996). The Mascot search 
engine (Matrix Science Ltd., London; 
http://www.matrixscience.com) and a MALDI-
TOF/TOF Mass Spectrometer (Applied 
Biosystems) were used to perform protein 
identification and MS analysis as described in 
Romero Rodríguez et al., 2019. m/z values 
between 800 and 4000 were noted. The MS/MS 
analysis was performed on the three most 
prevalent peptide ions. The NCBI non-redun-
dant (nr) protein database was subjected to a 
combined peptide mass fingerprinting (PMF) 
and tandem mass spectrometry (MS/MS) study, 
which was limited to Viridiplantae.  
Peptide alterations via carbamidomethyl 
cysteine and methionine oxidation were 
permitted, as were a minimum of three peptide 
matches and a maximum of one missed 
cleavage. There was a 50 ppm upper limit on 
peptide mass tolerance. The 70% score level 
was used to determine the degree of confidence 
in peptide mass fingerprinting matches 
(p<0.05), and the precise overlap of the 
matched peptides with prominent mass spectral 
peaks was used to corroborate this. 
 
Statistical analysis  
For acorn morphometric analysis, a correlation 
matrix was generated using the rcorr function 
from the Hmisc package in R. Normalized 
values of band intensities were subjected to 
various statistical analyses, including ANOVA 
and Principal Component Analysis (PCA), 
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which was limited to Viridiplantae.  
Peptide alterations via carbamidomethyl 
cysteine and methionine oxidation were 
permitted, as were a minimum of three peptide 
matches and a maximum of one missed 
cleavage. There was a 50 ppm upper limit on 
peptide mass tolerance. The 70% score level 
was used to determine the degree of confidence 
in peptide mass fingerprinting matches 
(p<0.05), and the precise overlap of the 
matched peptides with prominent mass spectral 
peaks was used to corroborate this. 
 
Statistical analysis  
For acorn morphometric analysis, a correlation 
matrix was generated using the rcorr function 
from the Hmisc package in R. Normalized 
values of band intensities were subjected to 
various statistical analyses, including ANOVA 
and Principal Component Analysis (PCA), 
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performed using the FactoMine R package in R 
(Le Sebastien et al., 2008), as well as Microsoft 
Excel 2007. 
 
RESULTS AND DISCUSSIONS  
 
Acorn morphometry and weight 
Table 3 shows the morphometric parameters 
(length, diameter, and weight) for the five 
Algerian populations surveyed. Uni-ANOVA 
and examination of average values revealed 
significant inter- and intra-class variability 
among the different Quercus suber 
provenances. The largest acorns were found in 
the Hafir population (3.63 ± 0.85 cm), while 
the smallest were observed in the Nesmoth 
population (3.24 ± 0.56 cm). Intermediate 
values were obtained for the other provenances, 
Bissa (3.56 ± 0.52 cm), M’sila (3.55 ± 0.26 
cm), and Tagdempt (3.38 ± 0.45 cm).  
Diameter variations range from 1.47 cm 
(M’sila) to 1.78 cm (Bissa), with values of 
1.57, 1.60, and 1.67 for Nesmoth, Tagdempt, 
and Hafir, respectively. Fresh weight varied 
significantly, averaging 7.78 ± 1.98 g for Bissa, 
6.96 ± 3.11 g for Hafir, 6.11 ± 1.79 g for 
M’sila, 5.85 ± 1.42 g for Tagdempt, and 5.52 ± 
2.23 g for Nesmoth.  
Table 4 highlights significant relationships 
between morphological (length, width, weight) 
and environmental variables (geographical and 
climate data). Length shows a strong positive 
correlation with latitude (r = 0.81, p = 0.1) and 
a moderate correlation with weight (r = 0.76, p 
= 0.14), suggesting potential geographical 
influences on morphology. Weight is also 
positively associated with rainfall (r = 0.83, p = 
0.08), suggesting climate-driven effects on 
mass. In contrast, width shows weak 
correlations with geographical variables (p > 
0.7), except for rainfall (r = 0.79, p = 0.11), 
underscoring its unique role. The p-values 
indicate that some strong correlations are not 
statistically significant (p > 0.05), warranting 
further data to validate them (Table 3). The 
correlation matrix was generated using the 
rcorr() function from the Hmisc package in R. 
Table 4 highlights significant relationships 
between morphological (length, width, weight) 
and environmental variables (geographical and 
climate data). Two geographical groups were 
generated, and the inland communities 

(Nesmoth and Tagdempt) showed lower values 
than the litoral ones (M'sila, Bissa, and Hafir). 
Length and latitude have a strong positive 
connection (r = 0.81, p = 0.1) (Fig. 3a–c). 
Similar correlation with weight (r = 0.76, p = 
0.14), suggesting potential geographical 
influences on morphology. Weight is also 
positively correlated with rainfall (r = 0.83, p = 
0.08), suggesting climate-driven effects on 
mass. In contrast, width shows weak 
correlations with geographical variables (p > 
0.7), except for rainfall (r = 0.79, p = 0.11), 
underscoring its unique role. The p-values (in 
parentheses) indicate that some strong 
correlations are not statistically significant (p > 
0.05). These findings are consistent with earlier 
research showing that the Quercus genus 
exhibits significant phenotypic heterogeneity, 
influenced by both environmental and genetic 
variables (Ramos et al., 2013; Penfield, 2017; 
Valero Galvan et al., 2011). The variation in 
acorn traits is strongly influenced by 
interactions between maternal genetics and 
abiotic factors, such as climatic and geographic 
gradients (Bonfil, 1998; Bogdziewicz et al., 
2018; Merouani et al., 2003). 
 
One-Dimensional Gel Electrophoresis  
Strong justification for this research stems from 
the ecological and economic significance of 
cork oak in western Algeria, as well as the 
potential of large-scale analyses employing 
molecular markers, such as tracking the 
geographic origin of seed lots, identifying 
plantation seed sources, or supporting 
conservation initiatives. Proteomic analysis of 
the variability of Algerian suberea in cork oaks 
has not yet been done. This study uses SDS-
PAGE to analyze the acorn protein profile to 
determine the natural diversity across five 
distinct populations of cork oak (Figure 3). 
Populations were compared for protein 
yield, band number, and band intensity 
(SDS-PAGE). Up to 52 bands were resolved 
in the SDS-PAGE, with Mr in the 10-260 kDa 
range (Figure 3). The number of bands varied 
between 36 (population Nesmoth) and 42 
(population Tagdempt). Out of the total 52 
bands, 10 and 33 showed qualitative or 
quantitative statistically significant differences 
(p< 0.05) (Table 5). 

 
Table 3. Acorn size and weight 

Population Length (cm) Diameter (cm) Weight (g) 
Quercus Nesmoth 3.24 ± 0.56 (17.4%)c 1.57 ± 0.31 (19.5%)b 5.52 ± 2.23 (40.4%)c 

Quercus M’sila 3.55 ± 0.26 (7.3%)bc 1.47 ± 0.50 (34.3%)b 6.11 ± 1.79 (29.3%)bc 

Quercus Hafir 3.63 ± 0.85 (23.4%)ab 1.67 ± 0.58 (34.6%)a 6.96 ± 3.11 (44.7%)ab 

Quercus Bissa 3.56 ± 0.52 (14.7%)d 1.78 ± 0.19 (10.8%)c 7.78 ± 1.98 (25.5%)d 

Quercus Tagdempt 3.38 ± 0.45 (13.4%)bc 1.60 ± 0.26 (16.5%)b 5.85 ± 1.42 (24.3%)bc 

The Mean ± SD (CV) is the unit of presentation for the descriptive statistics. For P < 0.05, homogenous subsets are indicated by mean values with the 
same letters in the Tukey test. This is the coefficient of variance in parentheses. 

 
Table 4. Correlations between acorn morphometry and geographical (latitude, longitude, and altitude) and climatic 

(rainfall and temperature) data 
 Geographical data Climate data 
 Latitude Longitude Altitude Rainfall Temperature 

Length 0.81(0.1) -0.55(0.34) -0.55(0.34) 0.53(0.35) 0.66(0.23) 
Width 0.21(0.74) 0.16(0.8) 0.57(0.31) 0.79(0.11) 0.33(0.59) 
Weight 0.65(0.24) -0.19(0.76) -0.01(0.99) 0.83(0.08) 0.72(0.17) 

Pearson's correlation coefficient is indicated with a level of significance (P≤0.05). 

 
Table 5. Protein content and number of bands resolved by SDS-PAGE. For details on electrophoresis, see Fig. 3. A 

statistically significant difference emerged at a threshold p-value of 0.12 

Population Protein contenant 
(mg/g DW) 

Number of bands 
Total Absent1 Variable2 

Nesmoth 2.92b ± 0.15 36 16 12 
M’sila 3.42ab ± 0.30 41 11 14 
Hafir 3.12 ab ± 0.50 41 11 14 
Bissa 3.61a ± 0.62 39 13 16 
Tagdempt 3.55 ab ± 0.53 42 10 11 
1Out of the 52 different bands resolved by SDS-PAGE. 
2Present in all the population but with statistically significant differences in intensity. 

 
R. biological replicate, 1-52: band number,    significant change 

Figure 3. SDS-PAGE protein profiles of Quercus suber L. seed flour (three biological replicates per population).  
On the right, a diagram shows the 52 resolved bands. The relative Mr appears on the left. Bands showing  

statistically significant differences were highlighted in blue (P<0.05). QH: Hafir, QN: Nesmoth, QB: Bissa,  
QM: M'sila, and QT: Tagdempt
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performed using the FactoMine R package in R 
(Le Sebastien et al., 2008), as well as Microsoft 
Excel 2007. 
 
RESULTS AND DISCUSSIONS  
 
Acorn morphometry and weight 
Table 3 shows the morphometric parameters 
(length, diameter, and weight) for the five 
Algerian populations surveyed. Uni-ANOVA 
and examination of average values revealed 
significant inter- and intra-class variability 
among the different Quercus suber 
provenances. The largest acorns were found in 
the Hafir population (3.63 ± 0.85 cm), while 
the smallest were observed in the Nesmoth 
population (3.24 ± 0.56 cm). Intermediate 
values were obtained for the other provenances, 
Bissa (3.56 ± 0.52 cm), M’sila (3.55 ± 0.26 
cm), and Tagdempt (3.38 ± 0.45 cm).  
Diameter variations range from 1.47 cm 
(M’sila) to 1.78 cm (Bissa), with values of 
1.57, 1.60, and 1.67 for Nesmoth, Tagdempt, 
and Hafir, respectively. Fresh weight varied 
significantly, averaging 7.78 ± 1.98 g for Bissa, 
6.96 ± 3.11 g for Hafir, 6.11 ± 1.79 g for 
M’sila, 5.85 ± 1.42 g for Tagdempt, and 5.52 ± 
2.23 g for Nesmoth.  
Table 4 highlights significant relationships 
between morphological (length, width, weight) 
and environmental variables (geographical and 
climate data). Length shows a strong positive 
correlation with latitude (r = 0.81, p = 0.1) and 
a moderate correlation with weight (r = 0.76, p 
= 0.14), suggesting potential geographical 
influences on morphology. Weight is also 
positively associated with rainfall (r = 0.83, p = 
0.08), suggesting climate-driven effects on 
mass. In contrast, width shows weak 
correlations with geographical variables (p > 
0.7), except for rainfall (r = 0.79, p = 0.11), 
underscoring its unique role. The p-values 
indicate that some strong correlations are not 
statistically significant (p > 0.05), warranting 
further data to validate them (Table 3). The 
correlation matrix was generated using the 
rcorr() function from the Hmisc package in R. 
Table 4 highlights significant relationships 
between morphological (length, width, weight) 
and environmental variables (geographical and 
climate data). Two geographical groups were 
generated, and the inland communities 

(Nesmoth and Tagdempt) showed lower values 
than the litoral ones (M'sila, Bissa, and Hafir). 
Length and latitude have a strong positive 
connection (r = 0.81, p = 0.1) (Fig. 3a–c). 
Similar correlation with weight (r = 0.76, p = 
0.14), suggesting potential geographical 
influences on morphology. Weight is also 
positively correlated with rainfall (r = 0.83, p = 
0.08), suggesting climate-driven effects on 
mass. In contrast, width shows weak 
correlations with geographical variables (p > 
0.7), except for rainfall (r = 0.79, p = 0.11), 
underscoring its unique role. The p-values (in 
parentheses) indicate that some strong 
correlations are not statistically significant (p > 
0.05). These findings are consistent with earlier 
research showing that the Quercus genus 
exhibits significant phenotypic heterogeneity, 
influenced by both environmental and genetic 
variables (Ramos et al., 2013; Penfield, 2017; 
Valero Galvan et al., 2011). The variation in 
acorn traits is strongly influenced by 
interactions between maternal genetics and 
abiotic factors, such as climatic and geographic 
gradients (Bonfil, 1998; Bogdziewicz et al., 
2018; Merouani et al., 2003). 
 
One-Dimensional Gel Electrophoresis  
Strong justification for this research stems from 
the ecological and economic significance of 
cork oak in western Algeria, as well as the 
potential of large-scale analyses employing 
molecular markers, such as tracking the 
geographic origin of seed lots, identifying 
plantation seed sources, or supporting 
conservation initiatives. Proteomic analysis of 
the variability of Algerian suberea in cork oaks 
has not yet been done. This study uses SDS-
PAGE to analyze the acorn protein profile to 
determine the natural diversity across five 
distinct populations of cork oak (Figure 3). 
Populations were compared for protein 
yield, band number, and band intensity 
(SDS-PAGE). Up to 52 bands were resolved 
in the SDS-PAGE, with Mr in the 10-260 kDa 
range (Figure 3). The number of bands varied 
between 36 (population Nesmoth) and 42 
(population Tagdempt). Out of the total 52 
bands, 10 and 33 showed qualitative or 
quantitative statistically significant differences 
(p< 0.05) (Table 5). 

 
Table 3. Acorn size and weight 

Population Length (cm) Diameter (cm) Weight (g) 
Quercus Nesmoth 3.24 ± 0.56 (17.4%)c 1.57 ± 0.31 (19.5%)b 5.52 ± 2.23 (40.4%)c 

Quercus M’sila 3.55 ± 0.26 (7.3%)bc 1.47 ± 0.50 (34.3%)b 6.11 ± 1.79 (29.3%)bc 

Quercus Hafir 3.63 ± 0.85 (23.4%)ab 1.67 ± 0.58 (34.6%)a 6.96 ± 3.11 (44.7%)ab 

Quercus Bissa 3.56 ± 0.52 (14.7%)d 1.78 ± 0.19 (10.8%)c 7.78 ± 1.98 (25.5%)d 

Quercus Tagdempt 3.38 ± 0.45 (13.4%)bc 1.60 ± 0.26 (16.5%)b 5.85 ± 1.42 (24.3%)bc 

The Mean ± SD (CV) is the unit of presentation for the descriptive statistics. For P < 0.05, homogenous subsets are indicated by mean values with the 
same letters in the Tukey test. This is the coefficient of variance in parentheses. 

 
Table 4. Correlations between acorn morphometry and geographical (latitude, longitude, and altitude) and climatic 

(rainfall and temperature) data 
 Geographical data Climate data 
 Latitude Longitude Altitude Rainfall Temperature 

Length 0.81(0.1) -0.55(0.34) -0.55(0.34) 0.53(0.35) 0.66(0.23) 
Width 0.21(0.74) 0.16(0.8) 0.57(0.31) 0.79(0.11) 0.33(0.59) 
Weight 0.65(0.24) -0.19(0.76) -0.01(0.99) 0.83(0.08) 0.72(0.17) 

Pearson's correlation coefficient is indicated with a level of significance (P≤0.05). 

 
Table 5. Protein content and number of bands resolved by SDS-PAGE. For details on electrophoresis, see Fig. 3. A 

statistically significant difference emerged at a threshold p-value of 0.12 

Population Protein contenant 
(mg/g DW) 

Number of bands 
Total Absent1 Variable2 

Nesmoth 2.92b ± 0.15 36 16 12 
M’sila 3.42ab ± 0.30 41 11 14 
Hafir 3.12 ab ± 0.50 41 11 14 
Bissa 3.61a ± 0.62 39 13 16 
Tagdempt 3.55 ab ± 0.53 42 10 11 
1Out of the 52 different bands resolved by SDS-PAGE. 
2Present in all the population but with statistically significant differences in intensity. 

 
R. biological replicate, 1-52: band number,    significant change 

Figure 3. SDS-PAGE protein profiles of Quercus suber L. seed flour (three biological replicates per population).  
On the right, a diagram shows the 52 resolved bands. The relative Mr appears on the left. Bands showing  

statistically significant differences were highlighted in blue (P<0.05). QH: Hafir, QN: Nesmoth, QB: Bissa,  
QM: M'sila, and QT: Tagdempt
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The results of this study demonstrated 
substantial correlations between protein content 
and acorn weight, length, and diameter; 
temperature; average annual precipitation; and 
geographic features, including altitude and 
terrain type (Table 5). According to our data, 
higher protein content would be expected in 
heavier, longer, and wider acorns. In this 
regard, populations such as Bissa and 
Tagdempt, located in mountainous or 
transitional mountainous/coastal regions and 
producing larger acorns, exhibited the highest 
protein concentrations. Furthermore, protein 
yield appeared to decrease with increasing 
altitude and rainfall, as observed in Hafir, a 
high-altitude population with the highest annual 
precipitation (568 mm), but only moderate 
protein levels. In contrast, populations in 
warmer areas with moderate rainfall and lower 
elevations, such as Bissa and M’sila, achieved 

higher protein yields. These findings are in line 
with those of Valero-Galván et al. 2011 who 
also reported that protein accumulation in 
Quercus ilex acorns is influenced by both 
morphological features and geo-environmental 
parameters, particularly rainfall, temperature, 
and altitude. The band-intensity data were 
analyzed using Principal Component Analysis 
(PCA), as shown in Figure 4, which highlights 
differences between the populations. The PCA 
results highlight distinct patterns of band 
similarity between the five populations. 
Specifically, QB (Bissa) and QM (M'Sila) form 
a narrow group, indicating very similar band 
profiles, which can be attributed to shared 
environmental factors such as maritime 
influence (littoral zone). Similarly, QH (Hafir) 
and QN (Nesmoth) are grouped, suggesting 
similar band characteristics. 

 

 
Figure 4. Principal Component Analysis (PCA) of protein profiles from 52 SDS-PAGE-separated bands. 

Each blue dot represents an individual protein band, while red dots correspond to the population centroids 
 
In contrast, QT (Tagdempt) stands out from the 
others, with a distinct band profile that may be 
influenced by climatic factors, in particular 
lower rainfall. These results provide a 
foundation for further exploration of the factors 
driving spectral variability, including 

calibration differences or environmental 
influences. Combining the projection of 
populations (individuals) and variables (bands) 
on the same factorial plane. This visualization 
reveals complex relationships between the 
populations and their band profiles. Notable 

 
correlations are observed, with certain bands 
being closely associated with specific 
population groups, suggesting similarities in 
their environmental or physical characteristics. 
The PCA, based on protein profiles from 52 
SDS-PAGE-separated bands of acorn extracts 
from five Quercus suber populations (QB, QM, 
QH, QN, QT), explains 64.8% of the total 
variance. The first principal component (Dim1) 
accounts for 40.8% of the variance, while Dim2 
explains 24%. Bands 1, 23, and 42 show the 
most extreme positions along Dim1, indicating 
their significant contribution to the variability 
captured by this axis and their particular 
influence in distinguishing QH and QN. 
Meanwhile, bands 34, 12, 25, and 47 play a 
significant role in Dim2, which helps to 
distinguish QT, as it is positioned distinctly in 
the upper part of the biplot. The separation 
along Dim2 also highlights QB, located toward 
the lower part of the graph. Three major 
population clusters are identified: (1) QT, 
positioned at the upper end of the plot, with 
bands strongly contributing to Dim2; (2) QB 
and QM, grouped on the left, sharing similar 
protein profiles; and (3) QH and QN, 
positioned on the right, primarily distinguished 
by bands contributing to Dim1. This spatial 
arrangement underscores the differences in 
protein expression among populations. Specific 
bands (such as 1, 42, 34, and 47) could serve as 
key molecular markers for population 
differentiation or the study of local adaptation 
mechanisms. 
 
Protein Identification 
Using the Q. ilex and the NCBI non-redundant 
database, 18 bands (out of 52 total) were 
removed from the gels and digested with 
trypsin before being analyzed further by 
MALDI TOF/TOF mass spectrometry (Table 
6). As cited in Valero-Galván (2011, a low 
percentage of identifications is characteristic of 
orphan tree species that are virtually absent 
from databases. As reported in Table 6 (SDS-
PAGE), 30.77% corresponded to A. thaliana, 
and 23.10% to other species. Proteins in this 
study were classified into three principal 
categories: storage, stress/defense proteins, and 
Transcription proteins. Two isoforms of 
Glycinin G1 were identified (bands 11 and 16). 
The first isoform, identified as 21071GY1, has 

a theoretical Mr of 48.0 kDa and a pI of 6.3. It 
was identified with a score of 260.9, while a 
second identification of the same protein scored 
243.6. These proteins corresponded to the same 
sequence accessions from Q. ilex. Three bands 
were identified as Stress-related Proteins 
(bands 1, 4, and 8), including members of the 
heat shock protein 70 family (HSP70), ClpB 
chaperones, and uncharacterized proteins 
potentially involved in abiotic stress response. 
The theoretical molecular weights ranged from 
21.9 to 101.2 kDa, and the pI values ranged 
from 5.0 to 7.0. Some isoforms showed high 
scores and peptide coverage, such as HSP70 
from Zea mays (score = 398, 26.7% coverage), 
ClpB1 from Arabidopsis thaliana (score = 391, 
22.1% coverage), and malate synthase from 
Quercus ilex (score = 96.6, 24.8% coverage). 
Six bands were identified as Transcription 
proteins (bands 2, 4, 6, 8, 10, and 16). A total 
of 6 transcription-related proteins were 
identified, including RNA polymerase subunits, 
RNA-binding factors, and transcriptional 
coactivators, which are key regulators of gene 
expression under stress and developmental 
conditions. The theoretical molecular weights 
ranged from 59.9 to 157.9 kDa, with pI values 
between 5.0 and 9.6. Notable identifications 
included the DNA-directed RNA polymerase 
subunit beta from Manihot esculenta (score = 
199, 18.1% coverage), Maturase K from G. 
haageana (score = 66.5, 25.1% coverage), and 
a probable mediator of RNA polymerase II 
transcription from Arabidopsis thaliana (score 
= 67.5, 22.7% coverage). These results indicate 
a dynamic transcriptional adjustment in 
Quercus suber, likely reflecting the 
reprogramming of gene expression in response 
to environmental stimuli. A high proportion of 
stress-related proteins, including chaperones 
and heat shock proteins, was detected in Q. 
M’sila genotypes. The altitudinal zone 
influences the proteomic quality of Quercus 
acorns. Climatic conditions, such as air 
temperature and precipitation patterns, were 
found to affect acorn maturation (Roukos et al., 
2017; Manafu et al., 2014; Ferraz de Oliveira et 
al., 2012). Statistical analysis of band intensity 
across populations showed that bands 4, 8, and 
16 were significantly variable between 
populations and were thus proposed as 
discriminant markers. The high abundance of 
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The results of this study demonstrated 
substantial correlations between protein content 
and acorn weight, length, and diameter; 
temperature; average annual precipitation; and 
geographic features, including altitude and 
terrain type (Table 5). According to our data, 
higher protein content would be expected in 
heavier, longer, and wider acorns. In this 
regard, populations such as Bissa and 
Tagdempt, located in mountainous or 
transitional mountainous/coastal regions and 
producing larger acorns, exhibited the highest 
protein concentrations. Furthermore, protein 
yield appeared to decrease with increasing 
altitude and rainfall, as observed in Hafir, a 
high-altitude population with the highest annual 
precipitation (568 mm), but only moderate 
protein levels. In contrast, populations in 
warmer areas with moderate rainfall and lower 
elevations, such as Bissa and M’sila, achieved 

higher protein yields. These findings are in line 
with those of Valero-Galván et al. 2011 who 
also reported that protein accumulation in 
Quercus ilex acorns is influenced by both 
morphological features and geo-environmental 
parameters, particularly rainfall, temperature, 
and altitude. The band-intensity data were 
analyzed using Principal Component Analysis 
(PCA), as shown in Figure 4, which highlights 
differences between the populations. The PCA 
results highlight distinct patterns of band 
similarity between the five populations. 
Specifically, QB (Bissa) and QM (M'Sila) form 
a narrow group, indicating very similar band 
profiles, which can be attributed to shared 
environmental factors such as maritime 
influence (littoral zone). Similarly, QH (Hafir) 
and QN (Nesmoth) are grouped, suggesting 
similar band characteristics. 
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lower rainfall. These results provide a 
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correlations are observed, with certain bands 
being closely associated with specific 
population groups, suggesting similarities in 
their environmental or physical characteristics. 
The PCA, based on protein profiles from 52 
SDS-PAGE-separated bands of acorn extracts 
from five Quercus suber populations (QB, QM, 
QH, QN, QT), explains 64.8% of the total 
variance. The first principal component (Dim1) 
accounts for 40.8% of the variance, while Dim2 
explains 24%. Bands 1, 23, and 42 show the 
most extreme positions along Dim1, indicating 
their significant contribution to the variability 
captured by this axis and their particular 
influence in distinguishing QH and QN. 
Meanwhile, bands 34, 12, 25, and 47 play a 
significant role in Dim2, which helps to 
distinguish QT, as it is positioned distinctly in 
the upper part of the biplot. The separation 
along Dim2 also highlights QB, located toward 
the lower part of the graph. Three major 
population clusters are identified: (1) QT, 
positioned at the upper end of the plot, with 
bands strongly contributing to Dim2; (2) QB 
and QM, grouped on the left, sharing similar 
protein profiles; and (3) QH and QN, 
positioned on the right, primarily distinguished 
by bands contributing to Dim1. This spatial 
arrangement underscores the differences in 
protein expression among populations. Specific 
bands (such as 1, 42, 34, and 47) could serve as 
key molecular markers for population 
differentiation or the study of local adaptation 
mechanisms. 
 
Protein Identification 
Using the Q. ilex and the NCBI non-redundant 
database, 18 bands (out of 52 total) were 
removed from the gels and digested with 
trypsin before being analyzed further by 
MALDI TOF/TOF mass spectrometry (Table 
6). As cited in Valero-Galván (2011, a low 
percentage of identifications is characteristic of 
orphan tree species that are virtually absent 
from databases. As reported in Table 6 (SDS-
PAGE), 30.77% corresponded to A. thaliana, 
and 23.10% to other species. Proteins in this 
study were classified into three principal 
categories: storage, stress/defense proteins, and 
Transcription proteins. Two isoforms of 
Glycinin G1 were identified (bands 11 and 16). 
The first isoform, identified as 21071GY1, has 

a theoretical Mr of 48.0 kDa and a pI of 6.3. It 
was identified with a score of 260.9, while a 
second identification of the same protein scored 
243.6. These proteins corresponded to the same 
sequence accessions from Q. ilex. Three bands 
were identified as Stress-related Proteins 
(bands 1, 4, and 8), including members of the 
heat shock protein 70 family (HSP70), ClpB 
chaperones, and uncharacterized proteins 
potentially involved in abiotic stress response. 
The theoretical molecular weights ranged from 
21.9 to 101.2 kDa, and the pI values ranged 
from 5.0 to 7.0. Some isoforms showed high 
scores and peptide coverage, such as HSP70 
from Zea mays (score = 398, 26.7% coverage), 
ClpB1 from Arabidopsis thaliana (score = 391, 
22.1% coverage), and malate synthase from 
Quercus ilex (score = 96.6, 24.8% coverage). 
Six bands were identified as Transcription 
proteins (bands 2, 4, 6, 8, 10, and 16). A total 
of 6 transcription-related proteins were 
identified, including RNA polymerase subunits, 
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coactivators, which are key regulators of gene 
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conditions. The theoretical molecular weights 
ranged from 59.9 to 157.9 kDa, with pI values 
between 5.0 and 9.6. Notable identifications 
included the DNA-directed RNA polymerase 
subunit beta from Manihot esculenta (score = 
199, 18.1% coverage), Maturase K from G. 
haageana (score = 66.5, 25.1% coverage), and 
a probable mediator of RNA polymerase II 
transcription from Arabidopsis thaliana (score 
= 67.5, 22.7% coverage). These results indicate 
a dynamic transcriptional adjustment in 
Quercus suber, likely reflecting the 
reprogramming of gene expression in response 
to environmental stimuli. A high proportion of 
stress-related proteins, including chaperones 
and heat shock proteins, was detected in Q. 
M’sila genotypes. The altitudinal zone 
influences the proteomic quality of Quercus 
acorns. Climatic conditions, such as air 
temperature and precipitation patterns, were 
found to affect acorn maturation (Roukos et al., 
2017; Manafu et al., 2014; Ferraz de Oliveira et 
al., 2012). Statistical analysis of band intensity 
across populations showed that bands 4, 8, and 
16 were significantly variable between 
populations and were thus proposed as 
discriminant markers. The high abundance of 
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stress-related proteins in the M'sila population 
suggests a strong activation of protective 
responses under environmental stress. 
Additionally, the altitudinal origin of acorns 
influenced the proteomic composition, 
supporting previous studies linking 
environmental gradients to acorn maturation 
(Iordănescu et al., 2018; Roukos et al., 2017; 
Ferraz de Oliveira et al., 2012).  
These results also reinforce the idea that 
maternal environments modulate offspring 
phenotypic plasticity (Bose et al., 2020). Such 
findings highlight the potential of proteomic 

tools in understanding adaptive traits and 
suggest that epigenetic memory or 
environmental conditioning may be involved in 
the transgenerational transmission of stress 
tolerance traits in Quercus suber 
The identified proteins, the amount of peptides 
that correspond to each, and their sequence 
coverage - which indicates the degree of 
confidence in their identification - are compiled 
in Table 6. Values for pI and molecular weight 
(Mw) were acquired. The UniProt and NCBI 
databases were compared using BLAST. 

 
Table 6. Identification of differential band proteins by MALDI-TOF/TOF 

Accession number Protein Description a Score Gene Species a Mw/pI b PM c Coverage % Molecular function Biological process 
Storage Proteins 
Qilexprot 
21071GY1 

Glycinin G1 260.9 N/A Q. ilex 48.0- 6.3 4 12.0 Seed storage protein, 
Storage protein 

Reserve 

qilexprot 21071GY1 Glycinin G1 243.6 N/A Q. ilex 48.0- 6.3 3 8.9 Seed storage protein, 
Storage protein 

Reserve 

Stress-related Proteins 
qilexprot _8964 Chaperone protein 

ClpB2, chloroplastic 
78.1 CLPB2 Q. ilex 76.4 - 7.0 16 29.6 Putative /ATP binding  Stress response 

CLPB1_ARATH 
P42730 

Chaperone protein 
ClpB1 

72.8 CLPB1 A. thaliana 101.2 - 5.8 18 22.1 Chaperone  Stress response  

CLPB1_ARATH 
P42730 

Protein 1: Chaperone 
protein ClpB1 

391 CLPB1 A. thaliana 101.2- 5.8 18 22.1 Chaperone Stress response 

Qilexprot- 8964 Putative Chaperone 
protein ClpB1, 
chloroplastic 

210.2 CLPB1 A. thaliana 76.4 - 7.0 3 7.8 Chaperone Stress response 

CLPB1_ARATH 
P42730 

Chaperone protein 
ClpB1 

214.9 CLPB1 A. thaliana 101.2- 5.8 4 6.5 Chaperone Stress response 

qilexprot 27298hsc70 Heat shock protein 
cognate 70 

62.8 N/A Q. ilex 21.9- 6.8 8 47.5 Chaperone  Stress response 

HSP70_MAIZE 
P11143 

Heat shock 70 kDa 
protein 

398 HSP70 Z. mays  70.5- 5.2 20 26.7 heat shock protein 
binding 

Stress response 

HSP7C_ARATH 
O65719 

Heat shock 70 kDa 
protein 3 

384 HSP70-3 A. thaliana 71.1-5.0 16 28.2 Chaperone Stress response 

HSP7C_PETHY 
P09189 

Heat shock cognate 70 
kDa protein 

377 HSP70 P. hybrida  71.2- 5.1 17 22.4 ATP binding Stress response 

HSP71_SOLLC 
P24629 

Heat shock cognate 70 
kDa protein 1 

347 HSC-I S. 
lycopersicum 

71.2- 5.1 15 20.6 ATPase activity Stress response 

HSP70_MAIZE 
P11143 

Heat shock 70 kDa 
protein 

380 HSP70 Z. mais 70.5- 5.2 20 26.7 ATPase activity Stress response 

HSP7C_PETHY 
P09189 

Heat shock cognate 70 
kDa protein 

65.6 HSP70 P. hybrida 71.2- 5.1 17 22.4 ATP binding Stress response 

HSP71_SOLLC 
P24629 

Heat shock cognate 70 
kDa protein 1 

63.6 HSC-I S. 
lycopersicum 

71.2- 5.1 15 20.6 Chaperone Stress response 

qilexprot 65160hspB Heat shock protein 70 315.9 N/A Q. ilex 54.6- 5.6 4 11.1 Chaperone Stress response 
HSP70_MAIZE 
P11143 

Heat shock 70 kDa 
protein 

406.9 HSP70 Z. mays 70.5- 5.2 5 10.2 ATPase activity, ATP 
binding 

Stress response 

HSP70_MAIZE 
P11143 

Heat shock 70 kDa 
protein 

406.9 HSP70 Z. mays 70.5 - 5.2 5 10.2 heat shock protein 
binding 

Stress response 

qilexprot 
61858At2g46060 

Putative 
uncharacterized 
protein At2g46060 

69.1 N/A Q. ilex 79.5-5.2 11 19.3 Aknown  Stress response 

qilexprot58048aceB Malate synthase 96.6 N/A Q. ilex 66.5- 8.0 18 24.8 energy production and 
carbon metabolism  

germination and 
stress adaptation 

Transcription Proteins 
RPOC2_MANES 
B1NWE0 

DNA-directed RNA 
polymerase subunit 
beta 

199 rpoC2 M. esculenta 157.9- 9.3 18 18.1 Nucleotidyltransferase, 
Transferase 

Transcription 

MATK_GOMHA 
Q5J308 

Maturase K 66.5 matK G. haageana 59.9- 9.6 12 25.1 RNA-binding mRNA processing, 
RNA splicing, tRNA 
processing 

FAN1_ARATH 
Q5XVJ4 

Fanconi-associated 
nuclease 1 homolog 

297 FAN1 A. thalian
a 

101.3- 5.6 12 17.7 Hydrolase, Nuclease Transcription 

qilexprot58413PCMP-
A4 

Pentatricopeptide 
repeat-containing 
protein At1g14470 

62.5 N/A Q. ilex 90.8- 7.2 14 22.1 RNA-binding proteins photosynthesis, 
respiration 

MD37E_ARATH 
N/A 

Probable mediator of 
RNA polymerase II 
transcription subunit 

67.5 N/A A. thaliana 71.3- 5.0 17 22.7 transcriptional 
coactivator 

transcription 

MYO11_ARATH 
F4HWY6 

Myosin-11 212 XI-E A. thaliana 173.5- 9.1 19 13.5 Actin-binding, 
Calmodulin-binding, 
Motor protein, Myosin 

actin filament-based 
movement, 

 
Accession number Protein Description a Score Gene Species a Mw/pI b PM c Coverage % Molecular function Biological process 
MYO11_ARATH 
F4HWY6 

Myosin-11 63.4 XI-E A. thaliana 173.5- 9.1 22 14.6 Actin-binding, 
Calmodulin-binding, 
Motor protein, Myosin 

actin filament-based 
movement, 

          
MASY_GOSHI 
P17432 

Malate synthase, 
glyoxysomal 

47.8 N/A G. hirsutum 64.6- 8.4 11 20.6 Transferase Glyoxylate bypass, 
Tricarboxylic acid 
cycle 

 
RER6_ARATH 
Q8RWG3 

Protein reticulata-
related 6, chloroplastic 

211 RER6 A. thaliana 82.2- 7.0 9 14.8 Developmental protein multicellular 
organism 
development 

qilexprot 
45596Os06g0600700
Os06g0600700 

Protein  60.9 N/A Q. ilex 53.7- 9.0 10 22.5 DNA-binding, 
Transferase 

DNA damage, DNA 
repair 

qilexprot 52969pal Phenylalanine 
ammonia-lyase 

56.0 N/A Q. ilex 10.5- 8.8 5 59.4 Lyase Secondary 
metabolism 

aProtein identity, species, and UniProt accession number,  
bMw/pI: Experimental mass (Mr, kDa) nd pI were calculated with PDQuest software (Biorad) and standard molecular mass markers. 
CPM: number of peptides matched (from peptide mass fingerprinting) with the homologous protein from the database. Some of these peptides were 
automatically subjected to MSMS fragmentation. 
 
CONCLUSIONS  
 
Based on population dispersal and the 
formation of coherent groups, this study 
hypothesizes that climatic conditions 
significantly affect the protein profile of 
acorns. Key environmental factors, such as 
edaphic conditions, precipitation, altitude, 
longitude, and temperature, contribute 
substantially to the observed variability within 
the species. The populations of Quercus suber 
from Hafir and Nesmoth show distinct 
clustering patterns. However, this coherence is 
disrupted in environments with an average 
altitude of 1170 m and annual precipitation of 
around 480 mm. A negative correlation was 
observed between the optical density of 
proteins and acorn genotypes in the Hafir and 
Nesmoth populations. This correlation weakens 
with increasing altitude and temperature, 
suggesting that environmental factors play a 
pivotal role in modulating protein expression 
and the genotype-protein relationship. This 
study provides a comprehensive analysis of the 
proteomic and morphometric profiles of 
Quercus suber acorns, highlighting the 
significant influence of environmental factors 
on their adaptation mechanisms. Proteomic 
analysis, employing SDS-PAGE and MALDI-
TOF/TOF mass spectrometry, revealed 
substantial variability in protein profiles 
between populations, driven by distinct 
ecological conditions. Stress-related proteins, 
notably chaperonins and heat shock proteins 
(HSP70), were abundant in populations from 
mountainous regions, indicating an adaptive 
response to harsh climates, such as low 
temperatures and water scarcity. 

Morphometric analyses of acorn size, weight, 
and shape further support the impact of 
environmental conditions on tree development. 
Significant inter-population differences were 
observed, particularly between coastal and 
mountainous populations. These differences, 
driven by altitude, temperature, and 
precipitation, were evident in acorn 
morphology, with acorns from mountainous 
regions larger and more uniform, reflecting 
greater resilience to challenging environmental 
conditions. The correlation between proteomic 
data and ecological factors emphasizes the 
importance of stress-response pathways in the 
species' adaptation strategies. Principal 
Component Analysis (PCA) reinforced the idea 
that environmental conditions are key drivers 
of protein expression differentiation. 
Populations from mountainous regions 
exhibited more complex, environmentally 
responsive proteomic profiles. Specifically, 
acorns from regions like Hafir and Nesmoth 
were larger and more uniform, underscoring 
the species' adaptive strategies in harsh 
climates. 
In contrast, acorns from regions with milder 
climates, such as M'sila, Tagdempt, and Bissa, 
exhibited fewer adaptive traits, suggesting that 
environmental stress plays a critical role in 
shaping both acorn development and proteomic 
profiles. In conclusion, this study underscores 
the significant impact of ecological factors on 
the proteomic and morphometric characteristics 
of Q. suber acorns. The findings improve our 
understanding of how these tree populations, 
through the interplay of genetic and 
environmental factors, adapt to changing 
climates. This knowledge is essential for the 
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stress-related proteins in the M'sila population 
suggests a strong activation of protective 
responses under environmental stress. 
Additionally, the altitudinal origin of acorns 
influenced the proteomic composition, 
supporting previous studies linking 
environmental gradients to acorn maturation 
(Iordănescu et al., 2018; Roukos et al., 2017; 
Ferraz de Oliveira et al., 2012).  
These results also reinforce the idea that 
maternal environments modulate offspring 
phenotypic plasticity (Bose et al., 2020). Such 
findings highlight the potential of proteomic 

tools in understanding adaptive traits and 
suggest that epigenetic memory or 
environmental conditioning may be involved in 
the transgenerational transmission of stress 
tolerance traits in Quercus suber 
The identified proteins, the amount of peptides 
that correspond to each, and their sequence 
coverage - which indicates the degree of 
confidence in their identification - are compiled 
in Table 6. Values for pI and molecular weight 
(Mw) were acquired. The UniProt and NCBI 
databases were compared using BLAST. 

 
Table 6. Identification of differential band proteins by MALDI-TOF/TOF 

Accession number Protein Description a Score Gene Species a Mw/pI b PM c Coverage % Molecular function Biological process 
Storage Proteins 
Qilexprot 
21071GY1 

Glycinin G1 260.9 N/A Q. ilex 48.0- 6.3 4 12.0 Seed storage protein, 
Storage protein 

Reserve 

qilexprot 21071GY1 Glycinin G1 243.6 N/A Q. ilex 48.0- 6.3 3 8.9 Seed storage protein, 
Storage protein 

Reserve 

Stress-related Proteins 
qilexprot _8964 Chaperone protein 

ClpB2, chloroplastic 
78.1 CLPB2 Q. ilex 76.4 - 7.0 16 29.6 Putative /ATP binding  Stress response 

CLPB1_ARATH 
P42730 

Chaperone protein 
ClpB1 

72.8 CLPB1 A. thaliana 101.2 - 5.8 18 22.1 Chaperone  Stress response  

CLPB1_ARATH 
P42730 

Protein 1: Chaperone 
protein ClpB1 

391 CLPB1 A. thaliana 101.2- 5.8 18 22.1 Chaperone Stress response 

Qilexprot- 8964 Putative Chaperone 
protein ClpB1, 
chloroplastic 

210.2 CLPB1 A. thaliana 76.4 - 7.0 3 7.8 Chaperone Stress response 

CLPB1_ARATH 
P42730 

Chaperone protein 
ClpB1 

214.9 CLPB1 A. thaliana 101.2- 5.8 4 6.5 Chaperone Stress response 

qilexprot 27298hsc70 Heat shock protein 
cognate 70 

62.8 N/A Q. ilex 21.9- 6.8 8 47.5 Chaperone  Stress response 

HSP70_MAIZE 
P11143 

Heat shock 70 kDa 
protein 

398 HSP70 Z. mays  70.5- 5.2 20 26.7 heat shock protein 
binding 

Stress response 

HSP7C_ARATH 
O65719 

Heat shock 70 kDa 
protein 3 

384 HSP70-3 A. thaliana 71.1-5.0 16 28.2 Chaperone Stress response 

HSP7C_PETHY 
P09189 

Heat shock cognate 70 
kDa protein 

377 HSP70 P. hybrida  71.2- 5.1 17 22.4 ATP binding Stress response 

HSP71_SOLLC 
P24629 

Heat shock cognate 70 
kDa protein 1 

347 HSC-I S. 
lycopersicum 

71.2- 5.1 15 20.6 ATPase activity Stress response 

HSP70_MAIZE 
P11143 

Heat shock 70 kDa 
protein 

380 HSP70 Z. mais 70.5- 5.2 20 26.7 ATPase activity Stress response 

HSP7C_PETHY 
P09189 

Heat shock cognate 70 
kDa protein 

65.6 HSP70 P. hybrida 71.2- 5.1 17 22.4 ATP binding Stress response 

HSP71_SOLLC 
P24629 

Heat shock cognate 70 
kDa protein 1 

63.6 HSC-I S. 
lycopersicum 

71.2- 5.1 15 20.6 Chaperone Stress response 

qilexprot 65160hspB Heat shock protein 70 315.9 N/A Q. ilex 54.6- 5.6 4 11.1 Chaperone Stress response 
HSP70_MAIZE 
P11143 

Heat shock 70 kDa 
protein 

406.9 HSP70 Z. mays 70.5- 5.2 5 10.2 ATPase activity, ATP 
binding 

Stress response 

HSP70_MAIZE 
P11143 

Heat shock 70 kDa 
protein 

406.9 HSP70 Z. mays 70.5 - 5.2 5 10.2 heat shock protein 
binding 

Stress response 

qilexprot 
61858At2g46060 

Putative 
uncharacterized 
protein At2g46060 

69.1 N/A Q. ilex 79.5-5.2 11 19.3 Aknown  Stress response 

qilexprot58048aceB Malate synthase 96.6 N/A Q. ilex 66.5- 8.0 18 24.8 energy production and 
carbon metabolism  

germination and 
stress adaptation 

Transcription Proteins 
RPOC2_MANES 
B1NWE0 

DNA-directed RNA 
polymerase subunit 
beta 

199 rpoC2 M. esculenta 157.9- 9.3 18 18.1 Nucleotidyltransferase, 
Transferase 

Transcription 

MATK_GOMHA 
Q5J308 

Maturase K 66.5 matK G. haageana 59.9- 9.6 12 25.1 RNA-binding mRNA processing, 
RNA splicing, tRNA 
processing 

FAN1_ARATH 
Q5XVJ4 

Fanconi-associated 
nuclease 1 homolog 

297 FAN1 A. thalian
a 

101.3- 5.6 12 17.7 Hydrolase, Nuclease Transcription 

qilexprot58413PCMP-
A4 

Pentatricopeptide 
repeat-containing 
protein At1g14470 

62.5 N/A Q. ilex 90.8- 7.2 14 22.1 RNA-binding proteins photosynthesis, 
respiration 

MD37E_ARATH 
N/A 

Probable mediator of 
RNA polymerase II 
transcription subunit 

67.5 N/A A. thaliana 71.3- 5.0 17 22.7 transcriptional 
coactivator 

transcription 

MYO11_ARATH 
F4HWY6 

Myosin-11 212 XI-E A. thaliana 173.5- 9.1 19 13.5 Actin-binding, 
Calmodulin-binding, 
Motor protein, Myosin 

actin filament-based 
movement, 

 
Accession number Protein Description a Score Gene Species a Mw/pI b PM c Coverage % Molecular function Biological process 
MYO11_ARATH 
F4HWY6 

Myosin-11 63.4 XI-E A. thaliana 173.5- 9.1 22 14.6 Actin-binding, 
Calmodulin-binding, 
Motor protein, Myosin 

actin filament-based 
movement, 

          
MASY_GOSHI 
P17432 

Malate synthase, 
glyoxysomal 

47.8 N/A G. hirsutum 64.6- 8.4 11 20.6 Transferase Glyoxylate bypass, 
Tricarboxylic acid 
cycle 

 
RER6_ARATH 
Q8RWG3 

Protein reticulata-
related 6, chloroplastic 

211 RER6 A. thaliana 82.2- 7.0 9 14.8 Developmental protein multicellular 
organism 
development 

qilexprot 
45596Os06g0600700
Os06g0600700 

Protein  60.9 N/A Q. ilex 53.7- 9.0 10 22.5 DNA-binding, 
Transferase 

DNA damage, DNA 
repair 

qilexprot 52969pal Phenylalanine 
ammonia-lyase 

56.0 N/A Q. ilex 10.5- 8.8 5 59.4 Lyase Secondary 
metabolism 

aProtein identity, species, and UniProt accession number,  
bMw/pI: Experimental mass (Mr, kDa) nd pI were calculated with PDQuest software (Biorad) and standard molecular mass markers. 
CPM: number of peptides matched (from peptide mass fingerprinting) with the homologous protein from the database. Some of these peptides were 
automatically subjected to MSMS fragmentation. 
 
CONCLUSIONS  
 
Based on population dispersal and the 
formation of coherent groups, this study 
hypothesizes that climatic conditions 
significantly affect the protein profile of 
acorns. Key environmental factors, such as 
edaphic conditions, precipitation, altitude, 
longitude, and temperature, contribute 
substantially to the observed variability within 
the species. The populations of Quercus suber 
from Hafir and Nesmoth show distinct 
clustering patterns. However, this coherence is 
disrupted in environments with an average 
altitude of 1170 m and annual precipitation of 
around 480 mm. A negative correlation was 
observed between the optical density of 
proteins and acorn genotypes in the Hafir and 
Nesmoth populations. This correlation weakens 
with increasing altitude and temperature, 
suggesting that environmental factors play a 
pivotal role in modulating protein expression 
and the genotype-protein relationship. This 
study provides a comprehensive analysis of the 
proteomic and morphometric profiles of 
Quercus suber acorns, highlighting the 
significant influence of environmental factors 
on their adaptation mechanisms. Proteomic 
analysis, employing SDS-PAGE and MALDI-
TOF/TOF mass spectrometry, revealed 
substantial variability in protein profiles 
between populations, driven by distinct 
ecological conditions. Stress-related proteins, 
notably chaperonins and heat shock proteins 
(HSP70), were abundant in populations from 
mountainous regions, indicating an adaptive 
response to harsh climates, such as low 
temperatures and water scarcity. 

Morphometric analyses of acorn size, weight, 
and shape further support the impact of 
environmental conditions on tree development. 
Significant inter-population differences were 
observed, particularly between coastal and 
mountainous populations. These differences, 
driven by altitude, temperature, and 
precipitation, were evident in acorn 
morphology, with acorns from mountainous 
regions larger and more uniform, reflecting 
greater resilience to challenging environmental 
conditions. The correlation between proteomic 
data and ecological factors emphasizes the 
importance of stress-response pathways in the 
species' adaptation strategies. Principal 
Component Analysis (PCA) reinforced the idea 
that environmental conditions are key drivers 
of protein expression differentiation. 
Populations from mountainous regions 
exhibited more complex, environmentally 
responsive proteomic profiles. Specifically, 
acorns from regions like Hafir and Nesmoth 
were larger and more uniform, underscoring 
the species' adaptive strategies in harsh 
climates. 
In contrast, acorns from regions with milder 
climates, such as M'sila, Tagdempt, and Bissa, 
exhibited fewer adaptive traits, suggesting that 
environmental stress plays a critical role in 
shaping both acorn development and proteomic 
profiles. In conclusion, this study underscores 
the significant impact of ecological factors on 
the proteomic and morphometric characteristics 
of Q. suber acorns. The findings improve our 
understanding of how these tree populations, 
through the interplay of genetic and 
environmental factors, adapt to changing 
climates. This knowledge is essential for the 
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management and conservation of 
Mediterranean forest ecosystems, particularly 
in the context of climate change, where 
resilience and adaptability are crucial for the 
long-term stability of these vital forest species. 
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