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Abstract

Emmer (Triticum dicoccon Schrank, 2n 5 4x 5 28) is a hulled wheat species [more] widely spread in the
Mediterranean basin. In Italy it survives as a crop in a few marginal areas and peculiar ecological niches in
different regions of central and southern Italy. A renewed interest has occurred during the last decade toward local
varieties belonging to this species. As a matter of fact, local varieties have the highest genetic variation and
adaptation to the natural and anthropological environment from where they originated. Results on the genetic
diversity within and relationships among 11 Italian local varieties of emmer as assessed with 17 RAPD marker loci
are here reported. The proportion of the among-local variety genetic diversity was as high as 48% (G 5 0.479).ST

Thus, about 52% of the total variation was within population. Local varieties of emmer proved to be formed by a
variable number of lines genetically distinguishable from each other, and the vast majority of individuals over
populations proved to be different multilocus genotypes. Landraces of emmer from central and southern Italy
showed distinctive molecular traits. In particular, local varieties classified as «Central Italy» types were
characterized by a common set of RAPD marker alleles and proved to be distinguishable from both the «Southern
Italy» and the «Garfagnana» accessions. The overall results confirm the high variability that can be found within
landrace populations, underlining the values of landraces as an irreplaceable bank of genetically diversified and
highly co-adapted genotypes. Information for an appropriate in situ conservation and management of this valuable
source of emmer germplasm is discussed.

Introduction basin. In Italy it survives as a crop in a few marginal
areas and peculiar ecological niches in different re-

The hulled wheats include three cultivated species gions of central and southern Italy (Porfiri et al.
with different ploidy levels: einkorn (Triticum mono- 1998a). A renewed interest has occurred during the
coccum L., 2n 5 2x 5 14), emmer (Triticum di- last decade toward local varieties belonging to this
coccon Schrank, 2n 5 4x 5 28) and spelt (Triticum species. The reasons are various: the need for crop
spelta L., 2n 5 6x 5 42) (Szabo and Hammer 1996). diversification; the higher need for genetic resources
They are called «neglected» and nowadays are still conservation; the increasing concern for the environ-
growing spontaneously in marginal areas around the mental and healthy aspects deriving from crop culti-
origin and diversification centres. So far their major vation systems; the rediscovery of typical, local food
role is mainly that of a source of genes controlling products (Porfiri et al. 1998b).
important agronomic traits useful for the improve- Local varieties have the highest genetic variation
ment of free-threshing wheats. and adaptation to the natural and anthropological

Emmer is more widely spread in the Mediterranean environment in which they originated. They represent
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an irreplaceable bank of highly co-adapted genotypes. Materials and methods
Knowledge of genetic diversity within as well as
genetic relatedness among populations from different Plant material
geographic areas is expected to have a significant
impact on the conservation and utilization programs Eleven local varieties of emmer (T. dicoccon) from
of emmer germplasm. Despite this, the genetic central and southern Italy were collected within a
characterization of local varieties as a key tool for research project financed by ARSSA (Agricultural
their exploitation has been largely ignored until very Extension Service, Abruzzo Region, Italy). Two local
recently. Information obtainable by surveying both varieties of both common wheat (Triticum aestivum
qualitative and quantitative morphological plant and L.) and durum wheat (Triticum durum Desf.) were
seed traits of existing local varieties may be useful in used as reference standards. Each population was
maintaining their genetic variability and preserving represented by 10 individuals from as many kernels
them from genetic erosion. randomly sampled in different spikes. Genetic di-

In the last few years, a number of collections of T. versity and relationships within and among all acces-
dicoccon, gathered by different research institutions sions were investigated with RAPD markers using
of Italy and other Mediterranean countries, have been 10-mer primers. Detailed information on germplasm
evaluated for morpho-phenological traits, qualitative stocks including collection sites and morpho-
and agronomic parameters (Castagna et al. 1996; phenological traits are reported in Table 1.
Piergiovanni et al. 1996; D’Antuono and Minelli
1998; Cubadda and Marconi 1996; Laghetti et al. Genomic DNA isolation
1998; Porfiri et al. 1998c). These collections showed a
large variability for all evaluated characters. Based on Approximately 0.5 to 0.75 g of leaf tissues were
morpho-phenological data and geographic area of collected from healthy plants and frozen in liquid
cultivation, the emmer materials were classified into nitrogen. Total genomic DNA from leaf samples was
three group types: «Garfagnana» (winter types, large isolated according to the protocol described by Bar-
spike with or without awns, large kernel with floury caccia and Rosellini (1996). The DNA pellet was
fracture); «Central Italy» (spring types, small spike washed twice with 70% ethanol, dried and redissolved
with awns, medium-small kernel usually with vitreous in 100 mL of TE buffer (10 mM Tris-HCl, 1 mM
fracture); «Southern Italy» (winter types, large spike EDTA, pH 8.0). The concentration of DNA samples
with long awns, large kernel with both floury and was determined by optical density reading (DU650
vitreous fracture) (D’Antuono and Pavoni 1993; Por- spectrophotometer, Beckman) at 260 nm (1 OD 5 50
firi et al. 1998a). mg/mL) and the purity calculated by the OD /260

The potential of molecular markers as a method for OD ratio and by the OD –OD pattern (Sam-280 210 310

monitoring and characterizing genetic variability is brook et al. 1989). An aliquot of genomic DNA was
known. As a matter of fact, the plant DNA poly- also assayed by electrophoresis on 1% agarose gels.
morphism assays are also powerful tools for inves-
tigating germplasm resources. These techniques in- RAPD markers
clude not only restriction fragment length polymor-
phism (RFLP) markers, but also PCR-based molecu- PCR parameters and gel electrophoresis in RAPD
lar markers. In particular, random amplified poly- analysis were those described by Barcaccia (1994),
morphic DNA (RAPD) markers (Williams et al. with some changes. Briefly, reactions occurred in a
1990) assay subsets of the total amount of the genetic 25-mL volume which included 10 mM Tris-HCl, 50
variation by detecting multiple loci randomly distrib- mM KCl, 1.5 mM MgCl with 300 mM each of dCTP,2

uted in the genome: polymorphisms result from DNA dGTP, dATP and dTTP, 0.8 mM of a single primer, 1
sequence variation at primer binding sites and from U of Taq DNA polymerase (Pharmacia Biotech) and
DNA length differences between primer binding sites. 30 ng of genomic DNA. Amplification reactions were

Results on the genetic diversity within and relation- performed in a Omnigene Thermal Cycler (Hybaid)
ships among Italian local varieties of emmer as as- under the following conditions: an initial denaturation
sessed with RAPD markers are reported here. In- at 95 8C for 5 min followed by 40 cycles of 45 s at 94
formation for an appropriate in situ conservation and 8C, 30 s at 36 8C, 1 min at 72 8C and a final step at 72
management of this valuable source of emmer germ- 8C for 10 min. The rates of temperature change
plasm is discussed. adopted for heating and cooling were 11 8C/2.9 s and
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Table 1. Information on collection sites and morphophenological traits of emmer and wheat accessions as evaluated in experimental field in
central Italy.

Accessions Species Collection Altitude Group Growth Plant Spike characteristics
1 2site m (a.s.l.) type habit type

3Colour Awns Size

ERSA[1 T. dicoccon Torano Nuovo (TE) 237 ‘‘Central Italy’’ Spring Semi-erect White Present Small
ERSA[2 T. dicoccon Guardiagrele (CH) 576 ‘‘Central Italy’’ Spring Semi-erect White 1 red Present Small
ERSA[3 T. dicoccon Guardiagrele (CH) 576 ‘‘Southern Italy’’ Winter Semi-erect White Present Large
ERSA[4 T. dicoccon Penne (PE) 438 ‘‘Southern Italy’’ Winter Semi-erect White 1 red Present Large
ERSA[5 T. dicoccon Penne (PE) 438 ‘‘Central Italy’’ Spring Semi-erect White Present Small
ERSA[6 T. dicoccon Civitaluparella (CH) 903 ‘‘Southern Italy’’ Winter Semi-erect White Present Small
ERSA[7 T. dicoccon Montereale (AQ) 945 ‘‘Central Italy’’ Spring Semi-erect White Present Small
ERSA[8 T. dicoccon Caporciano (AQ) 836 ‘‘Garfagnana’’ Winter Semi-erect White Pres /absent Medium
LIVE[105 T. dicoccon Torano Nuova (TE) 237 ‘‘Southern Italy’’ Winter Semi-erect White Present Large
AMAT[107 T. dicoccon Amatrice (RI) 955 ‘‘Central Italy’’ Spring Semi-erect White Present Small
CAGN[114 T. dicoccon Castelvecchio (AQ) 1000 ‘‘Central Italy’’ Spring Semi-erect Red Present Small
Belvedere T. aestivum Liscia (CH) 740 – – – – – –
Frassinese T. aestivum Carunchio (CH) 714 – – Erect White Pres /absent Medium
La Cappella T. durum Carunchio (CH) 714 – Spring Semi-prostrate White Pres (black) Medium
Marzuolo T. durum Montenerodomo (CH) 1160 – Spring Semi-erect White Pres (white) Medium

1. Classification of local varieties according to D’Antuono and Pavoni (1993), Porfiri et al. (1998c).
2. Scored as: very prostrate; prostrate; semi-prostrate; semi-erect; erect, according to U.P.O.V (1974).
3. Small , 5 cm; Medium 5 5–8 cm; Large . 8 cm.

21 8C/2.4 s, respectively. Polymerized genomic marker allele frequency (p ) for each primer and overi

fragments were separated by electrophoresis in 1.5% all primers was calculated for each single local variety
agarose gels run with 13 TBE buffer. Photographs and over all accessions. The observed number of
were taken of the ethidium bromide-stained gels alleles (n ) and the effective number of alleles (n ) pero e

visualized by UV light illumination. locus were calculated according to Kimura and Crow
The sequences (59-39) of the oligonucleotide prim- (1964). The polymorphism degree was calculated for

ers (Operon Technologies, Inc.) used are the follow- each local variety and over all accessions using Shan-
ing: OPB-075GGTGACGCAG, OPB-175 non’s information index (I) of phenotypic diversity

thAGGGAACGAG, OPC-045CCGCATCTAC and (Lewontin 1972). Let p be the frequency of the ii

OPC-155GACGGATCAG. These 10-mers were RAPD marker phenotype, the average diversity for a
considered the best ones among a set of 32 primers given accession can be written as follows: I 5

analyzed in preliminary experiments on the basis of 2op ln p .i i

their ability to find homologous binding sites and to Genetic diversity (H) and populations differentia-
give DNA fingerprints with a reliable number of tion (D ) statistics of Nei (1973) were used toST

strong amplification products, regardless of the num- summarize the data of RAPD markers. Let p denotei
thber of polymorphic bands, to avoid any bias due to the the frequency of the i marker allele at a given locus.

2specific subsample of emmer DNA templates used The genetic diversity computed as H 5 1 2 op isi

(Barcaccia et al. 1998). equivalent to the expected heterozygosity. For a sin-
gle locus, H ranges from 0 (monomorphic) to 1 (very

Data analysis highly discriminative with many alleles in equal
frequencies). In measuring the extent of genetic dif-

RAPD markers were scored as present (1) or absent ferentiation, the total genetic diversity (H ) over allT

(0) over all DNA samples of both emmer and wheat loci and accessions considered together was first
accessions. Data were recorded as a binary matrix by computed. From this, the proportion of diversity
assigning the molecular weight to each monomorphic expressed between accessions (G ) was estimated asST

and polymorphic marker identified by comparing D /H where D is the among local variety dif-ST T ST

sample lanes with known DNA ladders. ferentiation computed as H 2 H and thus G 5 1T S ST

Different measures of genetic variability were used 2 H /H . In the case of a single locus, H is theS T S

to estimate the levels of polymorphism within and average over all accessions of the within local variety
between different accessions. The average RAPD diversity at the locus. For estimates based on several
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loci, H is the within local variety diversity over all these values are calculated by summing frequenciesS

loci and accessions of a given species. over alleles at all loci studied. GD 5 1 if no allelesij

Gene flow was estimated as follows: Nm 5 0.5 (1 are shared between populations i and j while a GD 5ij

2 G )/G . The result is independent of population 0 indicates that the two populations have identicalST ST

size because the force of gene flow, which is mea- allele frequencies. Mean genetic distance (MGD)
sured by the fraction of migrants in a population estimates of accession i to a set of accessions j was
(denoted as m), is counteracted by the force of genetic obtained by averaging single GD estimates according
drift, which is proportional to the inverse of the to the following formula: MGD 5 o GD/n whereij ij j

population size (N). Nm , 1 indicates a local dif- n is the number of elements in set j.j

ferentiation of populations, while Nm . 1 is evidence All calculations and analyses were conducted using
of a little differentiation among populations (McDer- the appropriate routines of the software NTSYS ver-
mott and McDonald 1993). sion 1.80 (Rohlf 1993).

All calculations and analyses were conducted using
the software POPGENE version 1.21 (Yeh et al.
1997).

Results and discussion
Dice (1945) genetic similarity (GS) estimates be-

tween individuals, based on the probability that a
RAPD marker from one accession will also be present Genetic diversity and differentiation statistics,
in another, was calculated in all possible pair-wise along with gene flow estimates
comparisons using the following formula: GS 5ij

2M /(2M 1 M 1 M ), where M represents the Genetic variability was detected among plants of eachij ij i j ij

number of shared amplification products scored be- local variety as well as among local varieties of
tween the pair of samples /fingerprints (i and j) con- emmer, as can be seen from the RAPD banding
sidered, M is the number of products present in i but patterns of Figure 1. An average of 4.25 markeri

absent in j and M is the number of products present in alleles per 10-mer primer were scored with a totalj

j but absent in i. Thus, GS 5 1 indicates identity number of polymorphisms of 17 in the emmer and 12ij

between i and j, whereas GS 5 0 indicates complete in the wheat materials (data not shown).ij

diversity. Mean genetic similarity (MGS) estimates of Descriptive statistics over all RAPD marker loci for
accession i to a set of accessions j was obtained by single and grouped local varieties of emmer and for
averaging single GS estimates according to the fol- accessions of wheat are given in Table 2. Local
lowing formula: MGS 5 o GS/n where n is the variety ERSA[7 showed the highest total number ofij ij j j

number of elements in set j. marker loci per plant (12.6 6 0.7) whereas the lowest
The ordination analysis was performed according one was found for ERSA[8, which had 7.1 6 0.5. In

to the unweighted pair-group arithmetic average emmer, the observed number of marker alleles per
method (UPGMA) clustering algorithm (Sneath and locus (n ) was 1.546 on average and 2 overall becauseo

Sokal 1973), and the dendrogram of single local 100% of marker loci showed to be polymorphic
varieties and centroids of all accessions were con- among all accessions, while the effective number of
structed from the symmetrical genetic similarity ma- marker alleles per locus (n ) was 1.735 (Table 2). Ine

trix. The principal coordinate analysis (PCOORDA) each local variety the level of polymorphism was
technique (Gower 1996) was applied to compute the highly variable and ranged from 23.5% of
first two components out of the qualitative data ma- CAGN[114 to 87.5% of ERSA[4. Within-local
trix. The triangular matrix of genetic similarity esti- variety monomorphic marker loci were scored over all
mates was double-centered and then bi-dimentionally accessions (on average, 45.0% in emmer and 55.9% in
plotted according to the extracted Eigen-vectors wheat).
(Rohlf 1972). The marker allele frequency showed great vari-

Genetic distance (GD) estimates among local va- ability (Table 2). Marker alleles were highly variable
rieties were calculated for RAPD markers using Nei in the emmer local varieties, with frequencies that
(1978) unbiased genetic distance coefficient. This individually ranged from 0.1 to 0.9 and that were on
parameter is defined as: GD 5 2lnop p / average higher than those of wheat (average p valuesij i j i

2 2 1 / 2(op op ) , p and p being the frequencies of a over all accessions were 0.423 and 0.299, respective-i j i j

given allele in populations i and j. For multiple loci ly). The lowest and the highest mean allele frequen-
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Figure 1. RAPD fingerprints of emmer accessions obtained using primers OPC-4 (a) and OPC-15 (b). Each plate includes two distinct
accessions represented by 10 plants (a) and 8 plants (b) each. Arrows indicate between- and within-population polymorphisms. Bullets indicate
single plant-specific polymorphisms.

cies were recorded by CAGN[114 (0.167) and 0.530 of ERSA[4 (highly variable). Of the wheat
ERSA[4 (0.679), respectively. accessions, «Belvedere» showed the highest genetic

The Shannon’s information index over all emmer uniformity, the information index being as low as
accessions and RAPD marker loci was I 5 0.595, 0.143, while the other three accessions had compar-
varying from 0.115 of CAGN[114 (very uniform) to able levels of diversity (Table 2).

Table 2. Descriptive statistics related to emmer and wheat including sample size, number of marker alleles per plant (No. m/p), % of
polymorphic loci (% pl), observed (n ) and expected (n ) number of alleles, marker allele frequency (p ), Shannon’s information index (I) ando e i

Dice’s genetic similarity (GS).

Accessions Size No. m/p % pl n n p I GSo e i

ERSA[1 10 11,2 6 0,9 82.4 1.824 1.522 0.513 0.437 0.772
ERSA[2 10 8,8 6 1,1 58.8 1.588 1.466 0.621 0.357 0.698
ERSA[3 10 8,5 6 0,9 70.6 1.706 1.515 0.552 0.407 0.729
ERSA[4 10 10,1 6 1,0 87.5 1.824 1.695 0.679 0.530 0.752
ERSA[5 10 9,8 6 0,5 41.2 1.412 1.329 0.320 0.260 0.848
ERSA[6 10 9,1 6 1,2 52.9 1.529 1.366 0.373 0.297 0.846
ERSA[7 10 12,6 6 0,7 47.1 1.471 1.256 0.287 0.225 0.914
ERSA[8 10 7,1 6 0,5 64.7 1.647 1.411 0.513 0.350 0.686
LIVE[105 10 11,1 6 0,7 35.3 1.353 1.235 0.259 0.195 0.918
AMAT[107 10 10,3 6 0,6 41.2 1.412 1.311 0.374 0.248 0.913
CAGN[114 10 10,7 6 1,0 23.5 1.235 1.131 0.167 0.115 0.933
Overall emmer 110 9.8 55.0 2.000 1.735 0.423 0.595 0.699
sd 2.5 20.0 0.000 0.246 0.163 0.118 0.095
Belvedere 10 11,0 6 1,0 29.4 1.294 1.158 0.087 0.143 0.931
Frassinese 10 11,0 6 1,1 52.9 1.529 1.235 0.431 0.243 0.851
La Cappella 10 7,8 6 0,7 41.2 1.412 1.266 0.261 0.224 0.905
Marzuolo 10 8,1 6 0,4 52.9 1.529 1.247 0.419 0.236 0.849
Overall wheat 40 9.5 44.1 1.441 1.680 0.299 0.574 0.788
sd 1.8 11.3 0.113 0.220 0.161 0.132 0.041
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Figure 2. UPGMA dendrograms displaying the within-population Dice (1945) genetic similarity estimates.

Nei’s genetic diversity estimates for all RAPD loci (Table 3). This index varied between 0.093 and 0.154
over single emmer local varieties are reported in in the wheat accessions, with a total genetic diversity
Table 3. The total genetic diversity (H ) for emmer of 0.390 (data not shown). The extent of differentia-T

was as high as 0.410. The average value of the within- tion between emmer accessions was D 5 0.196.ST

population genetic diversity was H 5 0.214, ranging Over all RAPD loci, the proportion of the among-S

from 0.076 of CAGN[114 to 0.373 of ERSA[4 local variety genetic diversity was as high as 48%
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0.933 of CAGN[114 and it was overall equal to
0.699 (Table 2).

GS and GD estimates between local varieties over
all emmer and wheat accessions are reported in Table
4. The most similar emmer accessions were
ERSA[7, AMAT[107 and CAGN[114 (GS of
about 0.870), while the most dissimilar accessions
were ERSA[3 and ERSA[8 (GS 5 0.438). Wheat
local varieties displayed an average estimate of ge-
netic similarity as high as 0.809. The mean genetic
similarity (MGS) estimates varied from a minimum
of 0.538 (ERSA[8) to a maximum of 0.767
(ERSA[7). The Nei’s unbiased genetic distance
(GD) varied between 0.090 (ERSA[7 vs.
AMAT[107) and 0.702 (ERSA[8 vs. ERSA[1),
with an average value of GD 5 0.375. The emmer
local variety classified as «Garfagnana» type
(ERSA[8) was the most differentiated from the rest

Figure 3. UPGMA centroids of emmer (bullets), common wheat
of the accessions, its mean genetic distance being as(squares) and durum wheat (triangles) accessions defined according
high as MGD 5 0.578. Local varieties of commonto the first two coordinates.
and durum wheat showed pair-wise genetic distances

(G 5 0.479). Thus, about 52% of the total variation of 0.031 and 0.072, respectively, while the meanST

was within populations. The fixation index (G ) genetic distance between them was 0.300 (Table 4).ST

values calculated at each marker locus ranged from Cluster analysis and dendrograms of single local
0.161 (RAPD-C15/1) to 0.783 (RAPD-B17/2) and it varieties of emmer enabled one to visualize the rela-
was higher than 0.3 for 13 out of 17 loci (Table 3). tively high level of the within population genetic
The marked genetic differentiation among accessions dissimilarity of most accessions (Figure 2). Acces-
over most of the loci was confirmed by the gene flow sions ERSA[7, LIVE[105, AMAT[107, and
estimate that resulted as low as Nm 5 0.544 (Table CAGN[114 were the local varieties showing the
3). On the whole, ERSA[1 and ERSA[4 were the highest levels of genetic similarity (GS varied be-
local varieties that displayed the highest within-popu- tween 0.913 and 0.933).
lation genetic diversity; they showed no differentia- Principal components analysis allowed the defini-
tion from the group of emmer accessions and an tion of centroids from the mean genetic similarity
elevated gene flow (1.066 and 1.375, respectively). matrix. All emmer local varieties were grouped separ-
CAGN[114, LIVE[105 and ERSA[7 were ge- ately from wheat accessions as can be seen from the
netically the most uniform and differentiated local scatter diagram plotted according to the first two
varieties. components (Figure 3). It is worth mentioning that

within emmer accessions, the ordination analysis
Genetic similarities, genetic distances and based on the two principal axes allowed us to separate
ordination analyses local varieties belonging to the «central Italy» group

(ERSA[1, ERSA[2, ERSA[5, ERSA[7,
The Dice’s genetic similarity (GS) within local va- AMAT[107 and CAGN[114) from those of the
rieties of emmer ranged from 0.686 of ERSA[8 to «southern Italy» group (ERSA[3, ERSA[4,

Table 5. Mean estimates of Dice’s genetic similarity and Nei’s genetic distance within and among emmer groups.

Emmer groups Dice’s genetic similarity Nei’s genetic distance

Central Italy Southern Italy Central Italy Southern Italy

Central Italy 0.779 0.674 0.182 0.333
Southern Italy 0.674 0.631 0.333 0.351
Garfagnana 0.543 0.530 0.414 0.481
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ERSA[6, and LIVE[105) and also from that of the can be defined a single cultivar - morphotype - of that
«Garfagnana» type (ERSA[8). The first three com- population (Stephen Brush, pers. comm.).
ponents with eigenvalues of 0.874, 0.476 and 0.403 Landraces of emmer from central and southern
were able to explain 67.4% of the total variation. In Italy showed distinctive molecular traits. In particular,
particular, the first component, which explains 33.6% local varieties classified as «Central Italy» types were
of the total variation, was positively associated with characterized by a common set of RAPD markers and
emmer accessions from Central Italy and negatively proved to be distinguishable from either the «Souith-
associated with wheat accessions. The second com- ern Italy» or the «Garfagnana» accessions. This result
ponent, which explains 18.3% of the total variation, agrees with the characterization based on morpho-
was able to clearly distinguish durum wheat (La phenological and agronomic traits (D’Antuono and
Cappella and Marzuolo) and common wheat (Frassin- Pavoni 1993; Porfiri et al. 1998a, 1998c). Accessions
ese and Belvedere) accessions. The most discriminant ERSA[1, ERSA[2, ERSA[5, ERSA[7,
markers associated to the first coordinate were OPB- AMAT[105 and CAGN[114 from central Italy
7 /4 and OPC-4/1, whereas markers associated to the showed a mean genetic diversity over all marker loci
second coordinate were OPB-17/1. of 0.194, and a degree of genetic differentiation of

Mean estimates of Dice’s genetic similarity and 0.449. The same figures for accessions ERSA[3,
Nei’s genetic distance between group types of emmer ERSA[4, ERSA[6 and LIVE[105 from southern
«Central Italy», «Southern Italy» and «Garfagnana» Italy were 0.247 and 0.407. The extents of between
are reported in Table 5. The mean genetic similarity population genetic differentiation were as low as
between pair-wise comparisons was higher for central 0.175 and 0.122 for local variety groups from central
Italy (0.779) than for southern Italy (0.631) emmer and southern Italy, respectively. The within popula-
local varieties. The same trend was observed in terms tion diversity was 82% and 88% of the total genetic
of genetic distances (0.182 for central Italy and 0.351 diversity. Local varieties belonging to the «Central
for southern Italy accessions). Thus, the central Italy Italy» group were much less variable and differen-
group was much less variable and differentiated than tiated among each other than those of the «Southern
the southern Italy group, even though the former Italy» group. The Garfagnana-type local variety had
includes a number of accessions higher than the latter genetic similarities and distances intermediate be-
(6 vs. 4). The Garfagnana-type local variety had tween the two main group types. Accession ERSA[8
genetic similarities and distances intermediate be- from Garfagnana (Tuscany, central Italy) likely has a
tween central Italy and southern Italy group types (GS genetic background resembling those of emmer acces-
5 0.543 and 0.530, and GD 5 0.414 and 0.481, sions from southern Italy. This finding is further
respectively) (Table 5). supported by a number of morpho-phenological traits,

mainly the winter growth habit, the medium size of
the spike and the mixed floury-vitreous fracture of the

Conclusions kernels. Moreover, Garfagnana accession differs from
the other emmer group types because of the presence

Local varieties of emmer proved to be formed by a of spikes either with or without awns. Such local
variable number of lines genetically distinguishable variety is cultivated in a peculiar as well as isolated
among each other on the basis of RAPD fingerprints. geographic area of Tuscany, in which farmers typical-
The vast majority of individuals proved to be different ly reproduce seed stocks over cropping seasons and
multilocus genotypes. Each local variety of emmer do not exchange seed lots with foreigners.
scored from 60% (CAGN[114) to 100% (ERSA[4) Gene flow among plant populations can take place
of different haplotypes, while wheat accessions either by dispersal of pollen to a different population,
scored from 30% (Belvedere) to 70% (Marzuolo). successful fertilization of an ovule and establishment
Thus, the overall molecular marker data confirm the of the resulting seed within the site, or by dispersal of
high variability that can be found within each emmer seed in a new site, germination and successful estab-
population, which strengthens the hypothesis that lishment of the deriving plants within the new popula-
individuals belong to distinct local, more likely, folk tion (Ennos 1994). The cleistogamy of emmer sug-
varieties of a given landrace. If a landrace is a gests that pollen dispersal and outcrossing is highly
population managed by farmers, including seed selec- improbable, even though specific data on this topic
tion, as stated by Zeven (1996), then a folk variety are not available. In the case of local varieties of
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selfing plant species, Medicago truncatula (Leguminosae),emmer, gene flow among populations was probably
shown using RAPD markers. Am. J. Bot. 83: 843–855.caused by seed exchange among farmers.

Castagna R., Minoia C., Porfiri O. and Rocchetti G. 1996. NitrogenGiven the breeding system of emmer, genetic vari-
level and seeding rate effects on the performance of hulled

ation is expected to be greater among than within wheats (Triticum monococcum L., T. dicoccum Schubler and T.
populations. Vice versa, our data indicate that more spelta L.) evaluated in contrasting agronomic environments. J.

Agron. and Crop Sci. 176: 173–181.than half of the total genetic diversity (52%) is within
Cubadda R. and Marconi E. 1996. Technological and nutritionalpopulations. Similar results were also found for other

aspects in emmer and spelt. In: Padulosi S., Hammer K. andselfers, such as landrace populations of barley (Papa
Heller J. (eds), Hulled wheats. Promoting the conservation and

et al. 1998) and wild populations of annual medics stuse of underutilized and neglected crops. Proc. of 1 Intl.
(Bonnin et al. 1996). In the case of emmer, selection Workshop on Hulled Wheats, July, 21–22, 1995. Castelvecchio
carried out over the years by each farmer according to Pascoli, Lucca, Italy, pp. 203–211.

D’Antuono L.F. and Pavoni A. 1993. Phenology and grain growthhis own criteria produced a little genetic differentia-
of Triticum dicoccum and T. monococcum from Italy. In:tion within the original populations. The marked
Damania A.B. (ed.), Biodiversity and Wheat Improvement.

genetic variation within population suggests that seed Wiley-Sayce, UK, pp. 273–286.
exchange among farmers might have occurred in each D’Antuono L.F. and Minelli M. 1998. Yield and yield components
particular geographic area of cultivation. Moreover, analysis of emmer wheat (Triticum dicoccum Schubler) landraces

from Italy. In: Jaradat A.A. (ed.), Proc. of the 3rd Intl. Triticeaemore than 70% of the individuals studied were found
Symposium, May, 4–8, 1997, Aleppo, Syria. Science Publisher,to be different multilocus genotypes. These molecular
Inc., USA, pp. 393–404.

results confirm the high variability that can be found Dice L.R. 1945. Measures of the amount of ecological association
within landrace populations, as previously reported by between species. Ecology 26: 297–302.
several authors for morpho-phenological traits (Cas- Ennos R.A. 1994. Estimating the relative rates of pollen and seed

migration among plant populations. Heredity 72: 250–259.tagna et al. 1996; Piergiovanni et al. 1996; D’Antuono
Gower J.C. 1996. Some distance properties of latent root and vectorand Minelli 1998; Cubadda and Marconi 1996;

methods used in multivariate analysis. Biometrika 53: 325–338.
Laghetti et al. 1998; Porfiri et al. 1998b), and indicate Kimura M. and Crow J.F. 1964. The number of alleles that can be
that emmer local varieties are a mixture of a large maintained in a finite population. Genetics 49: 725–738.
number of distinct genotypes, despite the high level of Laghetti G., Piergiovanni A.R., Perrino P. and Blanco A. 1998.

Agronomic and nutritional characteristics in emmer and spelt. In:selfing.
thSlinkard A.E. (ed.), Proc. of 9 Int. Wheat Genetic Symposiun,

August, 2–7, 1998. University Extension Press, Saskatoon,
Saskatchewan, Canada 2:, pp. 270–272.
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