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ABSTRACT: Sweet holm oak (Quercus ilex ssp. ballota Desf. Samp.) is an important broad-leaved tree spread in the
Mediterranean basin. In Spain, few studies on the genetic variability of this species have been displayed. Storage seed
proteins are a useful tool in the evaluation of the genetic variability of many species. The objective of this study was to
analyze the usefulness of cotyledon proteins as markers of the genetic diversity in sweet holm oak. The evaluated popu-
lations were highly polymorphic for the glutelins, being detected up to 32 polymorphic bands with a wide distribution
among all them. Considering all evaluated populations, about 35.8% of the total allelic variation was distributed among
populations. This method of analysis of cotyledon storage proteins (glutelins) could be considered an additional tool

for the evaluation of genetic diversity in this species.
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Storage seed proteins have proved to be a useful
tool to evaluate genetic variability in many species
(GEpTSs 1990), and have been used as an important
genetic marker in some species, mainly in cereals
in which their variability is related to technological
properties of the flour (WRIGLEY et al. 2006). The
main advantages of these proteins as markers are the
high polymorphism level, simple genetic control, en-
vironmental independence, and the economy, easi-
ness and expeditiousness of their analysis. Although
the role of these proteins in forest species has been
scarcely studied, a few works have been carried out
on Fagaceae, mainly on their biochemical charac-
teristics (COLLADA et al. 1986, 1991; FONSECA et al.
1997) and on their genetic diversity (ALVAREZ et al.
2003; MARTIN et al. 2005).
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Holm oak (Quercus ilex L.) is a wide-spread broad-
leaved tree species in the Mediterranean basin. In
Spain, it occupies 2,039,563 ha and the main stands
are found in the south and west (JIMENEZ et al. 1996).
In southern Spain (Andalusia), with 735,671 ha, this
species is associated with the dehesa system, which
is of great value for agriculture, livestock and for-
estry. These zones were included in the Natura 2000
Network for the European Union for landscape and
environmental importance.

In the Iberian Peninsula, two main subspecies were
found: ssp. ilex and ssp. ballota (Desf.) Samp. The main
differences between both subspecies are the leaf mor-
phology and pubescence, the number of secondary
nerves, and leaf size (CASTROVIEJO et al. 1990). The
acorn taste is also different; the ssp. ilex is mainly bitter

J. FOR. SCI, 55, 2009 (11): 526-531



Table 1. Frequencies of each band in 120 acorns and 8 populations of holm oak

Acorn (n = 120)

Population (1 = 8)

Zone Band
N (%) N (%)
1C 99 82,5 8 100.0
2C 78 65.0 8 100.0
3C 111 92.5 8 100.0
4C 118 98.3 8 100.0
5C 116 96.7 100.0
6C 10 8.3 4 50.0
7C 53 44.2 6 75.0
C 8C 60 50.0 8 100.0
9C 20 16.7 5 62.5
10C 32 26.7 7 87.5
11C 15 12.5 6 75.0
12C 45 37.5 7 87.5
13C 29 24.2 8 100.0
14C 2 1.7 1 12.5
15C 67 55.8 8 100.0
1D 56 46.7 7 87.5
2D 32 26.7 7 87.5
3D 31 25.8 7 87.5
4D 10 8.3 4 50.0
5D 33 27.5 7 87.5
D 6D 98 81.7 8 100.0
7D 31 25.8 7 87.5
8D 86 71.7 7 87.5
9D 26 21.7 8 100.0
10D 15 12.5 6 75.0
11D 115 95.8 100.0
1E 55 458 6 75.0
2E 65 54.2 6 75.0
3E 100 83.3 8 100.0
g 4E 74 61.7 8 100.0
5E 87 72.5 100.0
6E 83 69.2 8 100.0

while the ssp. ballota is sweet, so that it is commonly
known as sweet holm oak. Up to seven botanical varie-
ties have been identified in the ssp. ballota: var. avel-
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lanaeformis, var. brevicupulata, var crassicupulata,
var. dolichocalyx, var. expansa, var. macrocarpa and
var. rotundifolia (VAZQUEZ-PARDO 1998).
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Fig. 1A. SDS-PAGE of glutelins from cotyledons of holm oak

Fig. 1B. Diagrammatic representation of each zone evaluated, zone C (upper), zone D (medium) and zone E (lower)

The aim of the present study was to evaluate
cotyledon storage proteins as markers of the genetic
diversity in sweet holm oak.

MATERIAL AND METHODS

Samples of acorns from 40 holm oak trees collected
from the principal distribution regions of this spe-
cies in Andalusia (south of Spain) were used. These
materials were grouped in eight populations with
five trees per population, four for Cordoba prov-
ince (CO-1 to CO-4) and four for Seville province
(SE-01 to SE-04). Three acorns per tree were ana-
lyzed.

Previous to protein extraction, the samples
(= 50 mg of cotyledon) were un-lipped with diethyl
ether and acetone. Cotyledon proteins were sequen-
tially extracted according to the method described
by Fonseca et al. (1997). Four fractions (albumins,
globulins, prolamines and glutelins) were obtained,
all of them were precipitated with 1 ml of cold ac-
etone, and the dried pellets were solubilized in buffer
containing 625mM Tris-HCI pH: 6.8, 2% (w/v) SDS,
10% (v/v) glycerol, 0.02% (w/v) bromophenol blue,
and 2% (w/v) dithiothreitol at a ratio 1:5 (w/v).

The electrophoretic analyses were carried out in
vertical SDS-PAGE slabs in a discontinuous Tris-
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HCI-SDS buffer system (pH: 6.8/8.8) at a 10% or
12% polyacrylamide concentration (w/v, C: 2.67%).
The Tris-HCl/glycine buffer system of LAEMMLI
(1970) was used. Electrophoresis was performed at
a constant current of 30 mA/gel at 18°C for 30 min
after the tracking dye migrated off the gel. Gels were
stained overnight with 12% (w/v) trichloroacetic acid
solution containing 5% (v/v) ethanol and 0.05% (w/v)
Coomassie Brilliant Blue R-250. Destaining was car-
ried out with tap water.

The expected heterozygosity (H,) was calculated
in all populations. The genetic diversity over all
populations (H,) together with the average genetic
diversities within (H ) and among (D) populations
were calculated according to N1 (1973). The relative
magnitude of genetic differentiation among popula-
tions, G, was estimated as D /H,

RESULTS AND DISCUSSION

Of the four fractions analyzed, glutelins showed
the best results with up to 32 polymorphic bands.
Five zones were established in the gel by the mo-
lecular weight range named as zones A—E (Fig. 1A).
The polymorphic bands were distributed in zones
C, D and E (Fig. 1A). Fifteen, eleven and six bands
were detected in each zone, respectively (Fig. 1B).
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Table 2. Differentiation of globulin diversity within and among eight populations of holm oak

Population N acorns H, H, D, G,
CO-01 15 0.156 0.067 0.089 57.1
CO-02 15 0.229 0.200 0.029 12.5
CO-03 15 0.201 0.125 0.076 37.7
CO-04 15 0.277 0.150 0.127 45.8
Cordoba 60 0.328 0.214 0.114 34.8
SE-01 15 0.234 0.156 0.079 33.6
SE-02 15 0.159 0.108 0.051 31.8
SE-03 15 0.187 0.106 0.082 43.6
SE-04 15 0.247 0.158 0.088 35.8
Seville 60 0.283 0.207 0.077 27.0
Overall 120 0.328 0.211 0117 35.8

H, — total gene diversity, H, — average gene diversity within populations, D, — average gene diversity among populations,

G, — gene diversity among populations relative to H,

The frequencies of each band are shown in Ta-
ble 1.

The classification of MARSHALL and BROowN (1975)
was used to assess the distribution of alleles in dif-
ferent populations. In general, the bands presented a
wide distribution among all populations. The bands
that showed a low frequency appeared in two types
of distribution: the band 14C that only appeared
in Seville population (SE-01) can be considered
rare (frequency < 5%), the band 6C, although with
low frequency (8.3%), appeared in the four popula-
tions from Seville, and the other low frequent band
(4D) was detected in one population from Cordoba
(CO-03) and three from Seville (SE-01, SE-02 and
SE-04) (Table 1). According to this classification, the
first two bands may be considered of local distribu-
tion and the third of wide distribution.

The highest polymorphic populations were CO-02
and SE-01, which presented variation in 26 bands.
The expected heterozygosity (H,) showed a mean
value of 0.211, ranging from 0.156 in population
CO-03 to 0.277 in population CO-02. Thus, the value
of H, in our study was similar to the value (H, = 0.214
or H, = 0.227) in the other Fagaceae species (DANNE
et al. 1999; ALVAREZ et al. 2003).

The characterization of the diversity in holm oak
for glutelin proteins is present in Table 2. The genetic
diversity ranged between H, = 0.156 for population
CO-01 and H, = 0.277 for population CO-04. The
genetic diversity found in populations from Cordoba
(H, = 0.328) was equal to the total genetic diversity
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(H, = 0.328), while populations from Seville showed
a lower value (H, = 0.283). The 27.0% of the genetic
diversity of this last group was detected among
populations; however, this value was higher in
Cordoba with 34.8% of total genetic diversity. The
proportion of genetic diversity found among the
holm oak populations evaluated (G, = 35.8%) was
similar to the data obtained in other Fagaceae such
as sweet chestnut using the same marker (C. sativa,
G, = 39.3%, ALVAREZ et al. 2003) and somewhat
higher than that observed with isozymes in the
same species (F, = 10.0%; VILLANI et al. 1991) or
other species of the genus (C. dentata, G, = 11.0%;
HUANG et al. 1998). However, because the diversity
was measured with different genetic markers from
those applied in our work, this could affect the level
of genetic diversity detected.

When the trees evaluated were classified accord-
ing to botanical varieties, thirty-seven out of forty
could be associated with three botanical varieties
(var. crassicupulata, var. macrocarpa and var. rotun-
difolia). The main variety was var. rotundifolia with
twenty trees, while var. crassicupulata was repre-
sented by three trees only. The var. macrocarpa was
separated into two groups according to acorn weight;
trees with small acorns (9) were included in the var.
microcarpa and trees with large ones (5) were clas-
sified as var. macrocarpa in a narrow sense, which
appeared only in Seville populations.

The materials used in the present work were col-
lected in some representative regions of holm oak
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distribution in Andalusia. Although all protein frac-
tions were analyzed, the best results were obtained
with the glutelin fraction, which showed a high de-
gree of polymorphism, finding up to 32 polymorphic
bands in all the trees evaluated. On the other hand,
the understanding of the genetic diversity presents
in a species and the distribution of this variation
among populations is important to set up appropri-
ate management strategies, mainly in reforestation.
In this respect, this method of analyzing cotyledon
storage proteins (glutelins) could be considered an
additional tool to shed light on the evaluation of
genetic diversity in this species.
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Pouziti proteini kotyledonu k hodnoceni genetické diverzity dubu

cesminového okrouhlolistého

ABSTRAKT: Dub cesminovy okrouhlolisty (Quercus ilex ssp. ballota Desf. Samp.) je dtlezitym listnatym stromem

rozéifenym ve stiedozemni oblasti. Ve Spanélsku bylo publikovano nékolik studif o genetické variabilité tohoto druhu.

Zasobni proteiny semen jsou uzite¢nym néstrojem pri hodnoceni genetické variability mnoha druha. Cilem prace
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bylo analyzovat proteiny kotyledon a jejich vyuziti jako ukazatele genetické diverzity dubu cesminového okrouhlo-
listého. Hodnocené populace byly vysoce polymorfni z hlediska glutelinu, mezi v§emi zkoumanymi populacemi bylo
detekovano az 32 polymorfnich prouzkd. Vezmeme-li v ivahu vSechny hodnocené populace, okolo 35,8 % z celkové
proménlivosti alel bylo rozdéleno mezi populace. Tato metoda analyzy zdsobnich proteint kotyledonu (glutelint)
muze byt pouzita jako doplnkovy nastroj pro hodnoceni genetické diverzity tohoto druhu.

Klic¢ova slova: zasobni proteiny semen; genetické zdroje; dub cesminovy okrouhlolisty
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