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Abstract This study has been to analyse the useful nut
globulin proteins as a marker of the genetic diversity in
Castanea sativa. The evaluated populations were highly
polymorphic for the globulins, being detected up to 35
polymorphic bands with a wide distribution among all the
evaluated populations. Taken together for populations
from all the chestnut regions, about 39.3% of total allelic
variation was distributed among the populations. The
estimates of genetic similarity between populations were
clearly associated with the collecting site. This method of
analysis of the nut storage proteins (globulins) could be a
useful tool for the evaluation of genetic diversity in this
and other species of the Fagaceae.
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Introduction

The genus Castanea contains up to 13 species and a
number of naturally occurring hybrids (Goldsbrough
1990). These belong to the family Fagaceae, which
includes the oaks. All members of the genus are obligate
out-crossers, and the genus as a whole is noted for a high
level of variation. All species have a somatic chromosome
number of 2x = 24 (Jaynes 1963).

The only native species of Europe is the sweet chestnut
(Castanea sativa Mill.), which was mainly cultivated both
for wood and for fruit since ancient times in the
Mediterranean region, being expanded as a crop for the
Romans (Adua 1999). This species is widely distributed
for all the continents, being the principal extension in
France, Italy and Spain. In Spain, the main stands appear

in the Northern, although important stands have been
found in Andalusia, mainly in the provinces Huelva and
Malaga (Berrocal et al. 1998).

In the South of Spain (Andalusia), this species is
cultivated for fruit in two areas, the Genal river Valley
(Malaga) and the Natural Park of Aracena and Aroche
Peaks (Huelva). Minor extensions of this species appear
in other provinces of Andalusia where the use is mainly
for wood. Recently, one study has begun for the
maintainance of this species in the region where its
forestry and agriculture use can be associated to the
landscape values.

The use of sweet chestnut as a fruit tree must be
understood as a method of in situ conservation of genetic
resources. The trees are the result of two or more
individuals, where the radical part came from sexual
reproduction while the productive part came from vege-
tative multiplication. Consequently, the variability present
in the patterns may be recuperated at any moment. On the
other hand, some varieties used as grafts must be
considered as landraces, where the level of variability is
still considerable. Unfortunately, scarce studies on the
genetic variability of sweet chestnut in Spain have been
determined. The varieties are mainly local denominations,
but their autochlonal origin cannot be established in most
cases.

The storage seed proteins have been used as an
important genetic marker in other species, mainly in
cereals where their variability is related with the techno-
logical properties of flour (Shewry and Miflin 1985;
Shewry et al. 1994). These proteins have proved to be a
useful tool in the evaluation of the genetic variability of
many species (Gepts 1990). The main advantages of these
proteins as markers are their high polymorphism level,
their simple genetic control, their environmental inde-
pendency and the economy, easy and fast, of their
analysis. The role of these proteins in the forest species
has been scarcely explored. Only a few studies have been
carried out on the nut storage proteins of the Fagaceae,
mainly on the biochemical characteristics of these
proteins (Collada et al. 1986, 1991; Fonseca et al.
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1997). However, the use of these proteins for evaluation
of the structure of populations and their genetic variability
has not been careful.

The main goal of the present study has been to analyse
the useful nut globulin proteins as marker of the genetic
diversity in C. sativa, for a collection of chestnut trees
collected in Andalusia (South of Spain).

Materials and methods

Seed samples

Samples of fruits from 146 sweet chestnut (C. sativa Mill.) trees
collected in the principal cultivated regions of this species in
Andalusia (South of Spain) have been used. These materials were
grouped into 20 populations by geographic criteria (Table 1).

Protein extraction and electrophoresis analysis

Twenty milligrams of cotyledons are crushed and mixed with 250 ml
of 50 mM Tris-HCl pH 8.5, + 500 mM of NaCl. The samples were
incubated at room temperature (about 20 �C) for 1 h. After
centrifugation, the supernatant was transferred to a new tube, and
the proteins were precipitated by the addition of cold-acetone. This
dried pellet was resuspended in buffer containing 625 mM of Tris-
HCl pH 6.8, 2% (w/v) SDS, 10% (v/v) glycerol, 0.02% (w/v)
bromophenol blue and 2% (w/v) dithiothreitol in a 1:5 ratio (mg/ml).

Reduced proteins were fractionated by electrophoresis in
vertical SDS-PAGE slabs in a discontinuous Tris-HCI-SDS buffer
system (pH 6.8/8.8) at a polyacrylamide concentration of 8%, 10%
and 12%, and 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. 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. De-
staining was carried out with tap water.

Statistical analysis

The following genetic variability parameters were calculated in all
the populations: namely, the number of alleles per locus (A), the

percentage of polymorphic loci (P), the effective number of alleles
per locus (Ne) and the genetic diversity (He).

The gene diversity over all populations (Ht), together with the
average gene diversities within (Hs) and among (Dst) populations,
were calculated according to Nei (1973). The relative magnitude of
genic differentiation among populations, Gst, was estimated as Dst/Ht.

The genetic identify (I) values were calculated between
populations (Nei 1972). The Nei’s genetic distances (D) were used
to generate an unweighted pair-group clustering based on the
arithmetic averages (UPGMA) phenogram (Sneath and Sokal
1973). This was tested by the co-phenetic matrix correlation during
the re-construction of a co-phenetic matrix based on the tree matrix.

Results

Globulin differentiation within and among populations

The analysis of the evaluated trees for globulins has
shown up to 35 polymorphic bands. Three zones were
determinated in the gel, named as zone A, zone B and
zone C, which were determined by the range of molecular
weights (Fig. 1.1). Zone A contains the bands with a
molecular weight between 45 and 67 kDa, zone B
between 30 and 45 kDa, and zone C between 20 and
30 kDa. Eleven, twelve and twelve bands were detected in
each zone, respectively (Fig. 1.2, 1.3 and 1.4). The
differences between bands were mainly by mobility,
although in some cases differences can be observed due to
intensity. The bands were named with an increased
number for mobility and a capital letter for the gel zone
(p.e. 1A is band 1 of zone A). In two cases the differences
in mobility were low, and a lower letter was added (p. e.
1Aa and 1Ab).

The bands that showed a lower frequency were 1Ab
and 10A for zone A, 5B, 6B, 7B and 12B for zone B, and
5C, 6Ca and 9C for zone C, which appear in 20% of the
chestnut trees evaluated (Table 2). By contrast, the
highest frequency bands were 1Aa and 6A for zone A
that appear in more than 90% of the evaluated trees.

Table 1 Location of the chest-
nut populations evaluated in the
present work.

Population Size Latitude N Longitude W Altitude mean
(s.l.s)

Locality

PCO-1 8 37�550100 0 4�500480 0 350 C�rdoba (C�rdoba)
PGR-1 12 36�570590 0 3�310110 0 750 Mondujar (Granada)
PHU-1 11 35�530200 0 6�460410 0 850 Almonaster la Real

(Huelva)
PHU-2 19 37�530010 0 6�320010 0 578 Aracena (Huelva)
PHU-3 3 37�580170 0 6�480380 0 721 Aroche (Huelva)
PHU-4 7 37�530450 0 6�480330 0 705 Cortegana (Huelva)
PHU-5 9 37�530470 0 6�400110 0 822 Fuenteheridos (Huelva)
PHU-6 6 37�530010 0 6�360170 0 711 Los Marines (Huelva)
PHU-7 5 37�570000 0 6�360190 0 717 Los Marines (Huelva)
PMA-1 7 36�360070 0 5�140370 0 483 Benadalid (Malaga)
PMA-2 3 36�360420 0 5�110560 0 640 Faraj�n (Malaga)
PMA-3 11 36�330150 0 5�130200 0 634 Jubrique (Malaga)
PMA-4 6 36�380580 0 5�070470 0 793 Parauta (Malaga)
PMA-5 10 36�360190 0 5�080470 0 867 Pujerra (Malaga)
PMA-6 5 36�360580 0 5�090020 0 769 Pujerra (Malaga)
PMA-7 5 36�360170 0 5�070560 0 750 Pujerra (Malaga)
PMA-8 5 36�360100 0 5�070260 0 1,006 Pujerra (Malaga)
PMA-9 7 36�360370 0 5�090090 0 855 Pujerra (Malaga)
PSE-1 3 37�550340 0 5�350340 0 550 Constantina (Sevilla)
PSE-2 4 37�530340 0 5�360480 0 556 Constantina (Sevilla)
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In order to assess the distribution of alleles in different
populations, the classification of Marshall and Brown
(1975) was used. In general, the bands presented a wide
distribution among all the evaluated populations. The
bands that showed low frequency appear with two types
of distribution. For zone A, the band 1Ab was detected in
three populations (PGR-1, PSE-1 and PSE-2) from two
chestnut regions separated geographically by a large
distance; the band 10A appears exclusively in populations
of the Huelva province (PHU-1 to PHU-7). In both cases,
although the percentage was higher than 5%, these bands
may be considered as a local distribution. Only one band
of zone B can be considered, while the rare, band 11B
only appeared in the Granada population (PGR-1). The
band 4B appeared in three out of five collected regions
(C�rdoba, Granada and Sevilla), while band 5B appeared
in the other two (Huelva and Malaga). On the other hand,
band 6B was detected in all provinces with the exception
of Huelva. For zone C, band 5C was not detected in the
Granada population (PGR-1). Band 6Ca was only detect-
ed in one individual of the C�rdoba population (PCO-1),
while band 9C appeared in two populations of Huelva
(PHU-1 and PHU-2) and one of Sevilla (PSE-2).

A summary of the genetic data of these 35 globulin
genes for the 20 populations is given in Table 3. The
PHU-3 population was the lowest polymorphic one, due
to only seven out of the 35 globulin bands that showed
variation. The highest polymorphic populations were
PHU-2 and PMA-5 that presented variation in 26 out of
them. The expected heterozygosity (He) showed a mean
value of 0.214, ranging between 0.089 for the PHU-3
population and 0.278 for the PMA-5 population.

Additional characterization of the diversity in chestnut
for the globulin proteins is presented in Table 4. The

Fig. 1 SDS-PAGE of globulins
from cotyledons of chestnut.
The different zones of the gel
were amplified with increased
polyacrylamide concentration. 2
Zone A = 8% concentration; 3
zone B = 10% concentration;
and 4 zone C = 12% concen-
tration

Table 2 Frequencies of each band in the 146 evaluated chestnut
trees and 20 populations

Zone Band Accessions (n = 146) Population (n = 20)

N % N %

Zone A 1Aa 134 91.78 20 100.00
1Ab 12 8.22 3 15.00
2A 70 47.95 18 90.00
3A 80 54.79 19 95.00
4A 77 52.74 16 80.00
5A 126 86.30 20 100.00
6A 133 91.10 20 100.00
7A 91 62.33 15 75.00
8A 49 33.56 16 80.00
9A 39 26.71 11 55.00

10A 29 19.86 7 35.00

Zone B 1B 80 54.79 19 95.00
2B 38 26.03 10 50.00
3B 105 71.92 19 95.00
4B 26 17.81 4 20.00
5B 18 12.33 10 50.00
6B 24 16.44 9 45.00
7B 47 32.19 11 55.00
8B 126 86.30 20 100.00
9B 80 54.79 19 95.00

10B 44 30.14 15 75.00
11B 4 2.74 1 5.00
12B 91 62.33 20 100.00

Zone C 1C 69 47.26 15 75.00
2C 92 63.01 20 100.00
3C 36 24.66 16 80.00
4C 85 58.22 19 95.00
5C 28 19.18 14 70.00
6C 92 63.01 18 90.00
6Ca 1 0.68 1 5.00
7C 32 21.92 14 70.00
8C 72 49.32 18 90.00
9C 3 2.05 3 15.00

10C 31 21.23 13 65.00
11C 66 45.21 17 85.00
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genic diversity was similar for the Huelva and Malaga
populations, in both cases being about 23.3 and 22.2% of
the total genetic diversity (Gst), respectively. The genic
diversity of the other chestnut regions was lower,
although it is important to emphasise that, due to the
little importance of these regions, only one or two
populations were collected with a relative small number
of individuals (between 7 and 12). Taken together for
populations from all chestnut regions, about 39.3% of the
total allelic variation was distributed among populations,
with 60.7% within populations.

The genetic diversity from the two most-important
chestnut regions (Huelva and Malaga regions) was
calculated. Data showed that both regions present a
similar value of genetic diversity, with most part of the
genetic diversity appearing within each region, while the
value among regions (Gst) was only 10% of the total
genetic diversity.

Genetic distances

Globulin genetic similarity coefficients (I) were calculat-
ed for paired comparisons of all 20 populations based on
the normalized identity of all loci between each pair of
populations (Nei 1972). The mean value of genetic
similarity was I = 0.827, ranging between 0.575 and
0.981. The lowest similarity was detected between the
populations PCO-1 and PHU-3 (I = 0.575), while the
highest similarity was for the pair PHU-1/PHU-5 (I =
0.981).

The estimates of genetic similarity between popula-
tions were clearly associated with the collecting site. The
mean of the Huelva populations was I = 0.917, the pair
PHU-2/PHU-3 showed the lowest value (I = 0.762) while
the pair PHU-1/PHU-5 showed the highest one (I =
0.981). On the other hand, the mean genetic similarity for
the Malaga populations was I = 0.917, ranging between
0.832 (pair PMA-2/PMA-6) and 0.966 (pair PMA-1/
PMA-3).

Table 3 Storage-protein diversity based on the 35 bands in the 20
populations of chestnut

Population Aa Nea Pa Hea

PCO-1 1.37 1.27 37.14 0.154
PGR-1 1.49 1.39 48.57 0.212
PHU-1 1.69 1.49 68.57 0.276
PHU-2 1.74 1.45 74.29 0.264
PHU-3 1.20 1.16 20.00 0.089
PHU-4 1.46 1.34 45.71 0.191
PHU-5 1.63 1.44 62.86 0.246
PHU-6 1.51 1.42 51.43 0.224
PHU-7 1.63 1.47 62.86 0.265
PMA-1 1.63 1.39 62.86 0.229
PMA-2 1.34 1.27 34.29 0.152
PMA-3 1.66 1.44 65.71 0.249
PMA-4 1.51 1.33 51.43 0.195
PMA-5 1.74 1.49 74.29 0.278
PMA-6 1.57 1.45 57.14 0.247
PMA-7 1.51 1.42 51.43 0.229
PMA-8 1.60 1.40 60.00 0.233
PMA-9 1.57 1.38 57.14 0.222
PSE-1 1.40 1.32 40.00 0.178
PSE-2 1.34 1.24 34.29 0.139
Mean 1.53 1.38 53.00 0.214

a A = number of alleles per locus. Ne = effective number of alleles.
P = percentage polymorphic loci (5%). He = genetic diversity

Table 4 Differentiation of globulin diversity within and among 20
populations of C. sativa from the five chestnut regions of Andalusia

Province N Hta Hsa Dsta Gsta (%)

C�rdoba 1 0.154 0.154 0.000 0.00
Granada 1 0.212 0.212 0.000 0.00
Huelva 7 0.289 0.222 0.067 23.26
M�laga 9 0.291 0.226 0.065 22.23
Sevilla 2 0.185 0.159 0.027 14.42
All 20 0.352 0.214 0.138 39.29

a Ht = total gene diversity; Hs = average gene diversity within
populations; Dst = average gene diversity among populations; Gst =
gene diversity among populations relative to Ht

Fig. 2 Dendrogram based on Nei’s genetic distance matrix be-
tween the 20 chestnut populations (co-phenetic correlation =
0.867***)
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The dendrogram, based on Nei’s genetic distance
matrix, was tested for the significance of the clustering
method. A coefficient with a co-phenetic correlation of r
= 0.867*** was observed, that represents a good fit of a
cluster to the data (Rohlf and Fisher 1986). In the
phenogram showed in Fig. 2, is possible that the above
mentioned populations appeared, in general, to be
grouped by geographic criteria. All the populations of
Huelva appear joined and clearly separated by the
populations of Malaga, that also appear joined.

Discussion

The materials used in the present work were collected in
the regions of Andalusia where the chestnut crop is
maintained. Nevertheless, in some of these regions
(province of C�rdoba, Granada and Sevilla) this crop
could be considerate as a relict, and appear in small wild
stands with only an interested landscape or with a limited
wood interest. The other two regions, the Natural Park of
Aracena and Aroche Peaks in Huelva and Genal river
Valley in Malaga, include trees for fruit production.
Likewise, in the first one, the Natural Park, the landscape
values are very important.

Although all the protein fractions of the nut were
analysed, the results were not satisfactory for the prola-
min fraction, which are the main seed-storage proteins in
the Poaceae family (Shewry and Miflin 1985). Similar
results were obtained for the glutelin fraction. However,
the analysis of the NaCl-soluble proteins or the globulin
fraction was successful, and showed a high degree of
polymorphism, up to 35 polymorphic bands in the entire
trees selected. For this reason, this fraction was used to
evaluate the different trees selected in this study.

The evaluated populations were highly polymorphic
for the globulins, and the mean value of polymorphism
was P = 53.0%, ranging between 20.0 and 74.3%. These
results were similarly obtained by Dane et al. (1999) with
natural populations of Castanea pumila using isozymes.
Thus, the value of He (in our study He = 0.214) was
similar to the value (He = 0.227) in the other species
(Dane et al. 1999); although they were lower than those
found for other authors in Chinese (He = 0.328) and
European (He = 0.317) Castanea species (Villani et al.
1991; Huang et al. 1994, 1998). Nevertheless, these
results should be interpreted cautiously because of limited
sampling sizes.

The proportion of genetic diversity found among the
20 C. sativa populations evaluated here (Gst = 39.3%)
was somewhat higher than that observed for other authors
in this same species (C. sativa Fst = 10.0%; Villani et al.
1991) or other species of the genus (Castanea dentata Gst
= 11.0%; Huang et al. 1998). Although, because the
diversity was measured with different genetic markers
applied here, this could affect the level of the genetic
diversity detected. However, this value was similar when
the genetic diversity of the two most important chestnut
regions (Huelva and Malaga) was exclusively analysed

(Gst = 10.0%). Both regions showed high values of
internal genetic diversity. It is important to emphasise that
both regions represented more than 90% of chestnut
stands in Andalusia, and that approximately 80% of the
analysed trees in this study were collected in these
regions.

Because of an understanding of the genetic diversity
present in a species, the distribution of this variation
among populations will be critical for the formulation of
appropriate management strategies, and the evaluation of
this must be considered as a priority for maintainance of
genetic resources. This method of analysis of the nut
storage proteins (globulins) could be a useful tool for the
evaluation of genetic diversity in this and other species of
the Fagaceae.
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