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AsstrACT. One hundred and thirteen olive (Olea europaea L .) accessions wer e char acterized using randomly amplified
polymorphic DNA (RAPD) markers. Forty-five polymor phic RAPD marker swer e obtained enabling usto distinguish
102 different RAPD profiles. The approximate estimation of the probability of obtainingthe same RAPD pr ofilefor two
different treeswasbetween 6.75 x 105 and 4.82 x 104, A dendr ogram wasconstructed using Ward’ sminimum variance
algorithm based on chi-squar edistances. Thisled toamor eclear -cut classification of profilesthan theclassical approach
of unweighted pair group method with arithmetic aver age. Twenty-four cluster sof RAPD profileswereshowninWard’s
dendrogram. Reliability of the dendrogram structure was checked using variance analysis. RAPD data exhibited an
acceptableresolving power for cultivar identification. A combination of threeprimer swasproposed for rapid molecular

identification of cultivarsin collectionsand in nurseries.

Olive (Olea europaea) is of great socioeconomic importance
in the Mediterranean basin. Its cultivation is expanding because
of increased demand for olive oil. A great humber of olive
cultivars (presumed clones) are grown throughout the world.
Severa hundred supposedly clonal accessions are described in
the main countries of the Mediterranean basin. In France about
150 cultivarsareregistered (Andlauer, 1997). During the history
of olive cultivation, as for other tree species, different cultivars
may havebeen given the samename, whereasacultivar may have
been named differently in different countries. Therefore, cultivar
and denomination (usua or local name) are ambiguous terms.

Vegetative propagation of trees of agronomic interest has
produced numerous clones (Zohary and Hopf, 1994). Conse-
quently, genetic uniformity within a given cultivar, and thus,
within adenomination, isexpected. Cultivar identification based
on phenological and morphological phenotypes from field or
nursery observations may not be adequate to assign cultivar
identity due to environmental effects on traits. Moreover, the
modeof inheritancefor most traitsused for characterizationisnot
known. Traditionally, fruit traits appeared the most efficient for
cultivar differentiation and identification. However, identifica-
tion of young trees is difficult because of juvenility and the
absence of fruit, which provide the best morphological descrip-
tors. Theusual identification method is phenotypic characteriza-
tion following the principles of pomology (Barranco and Rallo,
1984; Prevost et a., 1993), however, biochemical markers
(Ouazzani et al., 1995; Pontikiset a., 1980; Trujilloet al., 1995),
and molecular markers such as RAPD markers (Bogani et al.,
1994; Fabbri et al., 1995) or amplified fragment length polymor-
phism (AFLP) markers(Angiolilloetal., 1999) might beusedfor
germplasm characterization in olive. Furthermore, Gregoriou
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(1996) and Wiesman et al. (1998) showed that genetic variability
could occur withinsomecultivated popul ations, sometimescalled
landraces. For example, under one denomination, several RAPD
profiles corresponding to different clones have been shown for
‘Nabali’ olive (Wiesman et al., 1998). Heterogeneity in produc-
tionand quality traitsmay result fromthiskind of variablegenetic
basis of cultivars.

Today, the prevailing goal of quality in oleiculture demands
development and control of high quality appellationsfor canning
and oil production. New appellations are undergoing registration
in European Community countries. Production by specific de-
nominations corresponding to well-defined cultivarsisthus nec-
essary. Quality control requiresidentification of orchard-derived
clones, distributed by nurseries. Furthermore, in olive breeding
programs, it is important to identify the parents accurately, and
further, to distinguish new cultivars for registration purposes.
Lastly, in the management of cultivar collections, it is necessary
to identify each clonein order to detect any possible synonyms,
mislabeling, and mutants. Thus, cultivar identification is a pre-
requisite to starting and managing a breeding program, and
ensuring against illegal use of cultivars. Identifying the cultivar
also makes it possible to determine, most of the time, in which
country or region the oil was produced.

The present investigation was undertaken using RAPD mark-
erson a set of olive cultivars sampled from different countries
around the Mediterranean basin. These markers enabled us to
differentiate and to characterize cultivars. An optimum strategy
combining a subset of markersis proposed for rapid molecular
identification of clonesin collections and in nurseries.

Materials and M ethods

Plant material used in genetic diversity study. One hundred
and thirteen accessionsincluding 263 from different collections
and from variousorchardswere sampled (Table 1) and analyzed.
More detailed information about this material can be obtained
fromtheauthors. Anaccession wasdefined by thecommon name
givento aclone (cultivar) or agroup of clones. To assessgenetic
diversity in somecultivars, several treeswerecharacterizedin 24
accessions (Table 1).

M ArkER PROCEDURES. The DNA extraction protocol has been
described by Besnard et al. (2000).

J. AMER. Soc. Horr. Sci. 126(6):668-675. 2001.



Table 1. Codes of the clones identified with RAPD markers.

Profile Cloneand

code origin?

53 Adglandau (Fr) (2)"

66 Amellau (Fr) (3)°

6 Amygdaolia (Gr)"

85 Arbequina (Sp) (3)*“P

20 Ascolana Tenera (It) (2)*"

60 Aubenc (Fr)

9 Ayvalik (Tk)*

95 Azeradj (Al)°

14 Barnea (Is)®

100 Barouni (Tu)"

48 Berdaneil (Fr)", Poumal (Fr)"

34 Biancolilla (Its)"

43 Blanquetier d’ Antibes (Fr)°

76 Blanquetier de Nice (Fr)?

41 Bouteillan (Fr)*

44 Cailletier (Fr)

82 Capanacce (Frc)?

5 Carolia (Gr)"

29 Cassanese (It)"

57 Cayet Rouge (Fr)"

45 Cayon (Fr) (2

54 Celounen (Fr)"

92 Chemlal (Al) (3)**°

93 Chemlal (Al)°

94 Chemla Mechtrass (Al)°

101 Chemlai (Tu)”

97 Chetoui (Tu)*

63 Colombale (Fr)”

67 Cornide (Fr)P

83 Cornicabra (Sp)*

56 Coucourelle (Fr)

55 Courbeil (Fr)”

62 Curnet (Fr)”

25 Dolce Agogia (1t)"

8 Domat (Tk)*

71 Dorée (Fr)°

86 Empeltre (Sp)*

78 Filayre Rouge (Fr)?

22 Frantoio (It) (2)*", Cellina (It), Ghjermana (Frc)'

3 Galdourolia (Gr)*

91 Galega (Pt)*

23 Giarraffa (It)”

52 Grapié (Fr)"

77 Grossane (Fr)"

15 Kaissy (Sy)*

1 Kalamata (Gr) (2"

4 Koroneiki (Gr) (3)*"

26 Leccino (It)*

84 Lechin de Sevilla (Sp) (3)**

30 Leucocarpa (1t)"

40 Lucques (Fr) (20)*“?

59 Malaussena (Fr)”

89 Manzanilla (Sp)"

17 Merhavia (ls)*, Belgentier (Fr)"

99 Meski (Tu)", Bid & hamam (Tu)"

28 Moraiolo (It)”, Cayet Bleu (Fr)‘, Ghjermana (Frc)9, Aliva
Nera (Frc)?

36 Moresca (Its)"

13 Nabali Mohassen (19)’

50 Négrette (Fr)”

24 Nocellaradel Belice (It)”
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Profile Cloneand

code origin’

38 Nocellara Etnea (Its)”

51 Noirette (Fr)"

19 Oblica (Yu)*

37 Ogliarola Messinese (Its)”

42 Oliviére (Fr) (10)“?

35 Passalunara (Its)"

21 Pendolino (It) (2)**

39 Picholine (Fr) (80)“?

73 Picholine de Rochefort (Fr)P

102 Picholine Marocaine (Mo)*, Sigoise (Al)*, Shimlai (Is)®,
Canivano Blanco (Sp)*

87 Picual (Sp)*

72 Pigale (Fr) (8)°

64 Poulo (Fr)*

58 Rascasset (Fr)

49 Redouneil (Fr)¥

61 Reymet (Fr)*

68 Rougette de Pignan (Fr)?

65 Rousset (Fr)", Verdale de I' Hérault (Fr)P

79 Sabina (Frc) (2)'9, Aliva Bianca (Frc)?, Biancaghia (Frc)®

80 Sabina (Frc)*

46 Salonenque (Fr) (2)*

27 San Felice (1t)”

32 Santagatese (Its)", Nabali Baladi Baka (1s)", Souri Cadouri (1s)"

75 Sauzin (Fr)°

90 Sevillenca (Sp)*

10 Sofralik (Tk)"

11 Souri (Is) (9)*", Nabdi (Is) (2)"

12 Souri Mansi (Is)"

96 Taksrit (Al)°, Limli (Al)°

74 Tanche (Fr) (2)*?

18 Toffahi (Eg)*

33 Tonda Iblea (Its)"

7 Uslu (Tk)*

2 Vallanolia (Gr)*

47 Verdanel (Fr)°

70 Verdelé (Fr)P

69 Vermillau (Fr)?

88 Villaonga (Sp)*

31 Zaituna (Its)”

16 Zaity (Sy)*

98 Zarazi (Tu)"

81 Zinzala (Frc) (3)¢

“The origin of the accessionsis in parentheses: Al = Algeria; Eg = Egypt; Fr =
France; Frc=Corsica, France; Gr = Greece; Is=sradl; It = Italy; Its=Sicily, Italy;
Mo = Morocco Pt = Portugal; Sp = Spain; Sy = Syria; Tu=Tunisig; Tk = Turkey;

and Yu = Yugosavia).

YThe number in parentheses represents the number of trees analyzed for each

accession and the following footnotes indicate the source of trees or DNAS.

*OGB C = Olive Germplasm Bank, Cordoba, Spain.
WIRO P = Institute of Olive Research, CNR, Perugia, Italy.

VCBNMP = Conservatoire Botanique National Méditerranéen de Porquerolles,

France.

UYINRA M = Ingtitut National de Recherche Agronomique, domaine de Melgueil,

Montpellier, France.

YINRA-CIRAD SG = Ingtitut National de Recherche Agronomique and CIRAD,

St. Guilano, Corsica, France.

SNYRC = Newe-Ya ar Research Center, Ramat Yishay, Isragl.
'Collected by R. Assaf (Newe-Ya ar Research Center).
9DNAs provided by V. Bronzini de Caraffa (Corte University).
PCollected in production orchards in France.

°Collected by A. Ouksili (Tizi Ouzou University).
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Fig. 1. Number of amplified bands plotted against the number of polymorphic bands for each primer applied on the DNAs from ‘Oliviére’, ‘Lucques’, ‘Domat’,
‘Giarraffa and ‘ Arbequina olive. The primers retained in our study arein bold and underlined.

RAPD ANALYsIs. The procedure for RAPD markers has been
described by Quillet et al. (1995). Forty-three decamer primers
from Bioprobe (Paris, France) (Fig. 1) were tested on five culti-
vars: Oliviere, Lucques, Giarraffa, Arbeguina and Domat. The
choice of these cultivars was based on their distinct geographic
origins and on their morphological variability. The choice of
primers, for further analysis of all the samples, was based on the
number of amplified fragments with polymorphisms and on the
clarity of the electrophoretic profiles. Eight decamers (A1, A2,
A9, A10, C9, C15, E15, and O8) were used to characterize al
samples (Table 2). We verified that several DNA preparations
from one tree and several independent amplifications from one
DNA sample led to similar RAPD profiles. Two amplifications
for each accession were performed and only the reproducible,
well-separated and intense fragments were retained.

MitoTyres. The method used to display mtDNA restriction

fragment length polymorphism (RFLP) markers has been de-
scribed previoudy in Besnard et al. (2000). Two restriction
enzymes, Hindlll and Xbal, and two mitochondrial probeswere
used in pai rwise combination to screen for polymorphisms: cox3
from Oenothera biennis L. (Hiesel et a., 1987) and atp9 from
maize (Zea maysL.) (Dewey et al., 1985).

DATA ANALYSIS. OPEP software (Baradat and Labbé, 1995)
and SPAD software, release 3.5 (Lebart et al., 1997), were used
for data analyses.

DENDROGRAM CONSTRUCTION AND STABILITY OF THE CLUSTERS.
Two RAPD profiledendrogramswere constructed and compared
using two different approaches. First, Nei and Li (1979) distances
(Dy;) between pairs of individual were computed: D;; = ny/n; + n;,
where ny; is the number of common bandsin individualsi and j,
and n;and n; are the number bandsin individualsi and j, respec-
tively. At first, we used the unweighted pair group method with

Table 2. Codes and sequences of the RAPD primers used and fragment sizes of the generated RAPD markers.

Primer Seguence Fragment size (bp)

Al CAGGCCCTTC 225, 275, 300, 525, 800, 825, 850, 1000, 1200
A2 TGCCGAGCTG 450, 475, 480, 500, 650

A9 GGGTAACGCC 225, 275, 625, 650, 675, 700, 950

A10 GTGTCGCAG 400, 625, 750, 875, 1050, 1250

C15 GACGGATCAG 400, 425, 675, 950, 1100

E15 ACGCACAACC 700, 950

C9 CTCACCGTCC 450, 500, 750, 1000, 1050, 1100, 1150

o8 CCTCCAGTGT 200, 550, 1025, 1050
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arithmetic average (UPGMA) (Benzécri, 1973) to aggregate Nei
and Li distances(Nei and Li, 1979) between accessionsto obtain
adendrogram. The clustering of profileswasalso performed and
displayed in a dendrogram following the minimum variance
algorithm of Ward (1963) based on the 44-dimensional spacechi-
square distances computed by a multiple correspondence analy-
sis. Saporta (1990) and Lebart et al. (1997) have described this
algorithminageneralized form. Itsprincipleisto cluster profiles
or groups at each step by keeping a maximum value of the ratio
intergroup sum of sguares : total sum of squares.
Stability of the overall dendro-
gram pattern of Ward (1963) was
assessed by 1) subdividing the posi-
tion of its nodes into four different
nested classes (g, b, ¢, and d by
decreasing order, e being the error
term) and 2) using a nonorthogonal
analysisof variancemodel for parti-
tioning the sum of squares of the
coordinates of the 102 profiles on
the 44 axes of the correspondence
analysiswhereyijum= U+ & + b +
Cik + dj + €jum, With the corre-
sponding variances: 6%, G%ya, 0%,
0%y, and o%. The three following
intraclasscorrel ation coefficients, t,
t,, and ts, express the stability of the
structure corresponding to each hi-
erarchical level, whentheupper lev-
elsareconsidered asfixed. Asshown
by Kempthorne (1957), t, isthe ex-
pectation of the usual correlation
between two profilesrandomly cho-
sen within the same class and ob-
served for same trait.
t1= 0%/(0% + 0%yat+ O%p + 0%y + 0%)
t; = 0%/ (0%a + O%up + O%yc + O%)
ts = 0%/ (0% + 0%y + O%)
t4 = O-Zdlc/ (czd/c + 0-25)
se values on the estimates of t,
were computed by the jackknife
method (Lebart et al., 1997; Shao
and Tu, 1995) with 101 degrees of
freedom. This method was devel-
opedtoallow comparisonwith other
techniquescomparing overall topol-
ogy of dendrogramsaswith the pro-

same group, G,. This is the probability of no distinction of
different genotypesonthebasisof their RAPD profiles, andisthe

Fig. 2. Dendrogram of the cultivars (A) based on Nei and Li (1979) distancesand
constructed with the UPGMA algorithm and (B, see page 672) based on chi-
sgquare distanceswas constructed with the minimum variance algorithm (Ward,
1963). Thetwo main branches defined the two groups 1 and 2. The numberson
theextremeright indicate which profilesare comparedin thetext. Theorigin of
the accessions is in brackets: Al = Algeria; Eg = Egypt; Fr = France; Frc =
Corsica, France; Gr = Greece; Is = Isragl; It = Italy; Its = Sicily, Italy; Pt =
Portugal; Sp= Spain; Sy = Syria; Tu=Tunisia; Tk = Turkey; Yu=Yugoslavia;
and ? = uncertain origin.
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product of the average frequencies of presence (F;) or absence (1
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it isabsent in this profile. Thisformula assumes an independent
association between markersin the considered group of profiles.
Thismay be considered only as an approximation dueto correla
tion between some markers (Besnard et a., 2001).

ol Discriminating power of the markers. Discrimi-
e chstt @ nating power (D) for each primer and for each

"l mitotypewas determined according to Tessier et al.
N ¢ (1999). D isthe probability that two different ran-
cllﬁ‘

A o domly chosen profiles of a given group would
¥ appear different. A higher valueof D correspondsto

Fr abetter discriminating efficiency. For thej™ primer,
A ww®  wehaveDj=1-Yp(Np —1)/(N-1), wherep; is
T the frequency of thei" profile and N is the number

A Mw of final profiles.

it o Results

Choice of primers, characterization, and

Fr M“ clustering of cultivars

Fr PRIMER scrReeNING. Out of 43 primers utilized,

T 33 displayed polymorphisms. One hundred and

e g0 SEVenty-seven fragments were amplified with an
¢ average of 4.1 fragmentsper primer. They led to 82

Gr RAPD markers (46% of thetotal fragments). Eight
s primers, i.e, Al, A2, A9, A10, C9, C15, E15, and
il 08, were retained for their high level of polymor-
T weerl®  phism and for their profile cleanliness, i.e., when
T fragmentswereintenseandwell-separated (Table 2,
sy Mu Fig. 1). Difficulties in reading some fragments of
5 E15profileswereal so observedwith different DNA

1 samples. Consequently, we eliminated those frag-
Fr ol ments and therefore only two E15 RAPD markers
F M;s were retained. Forty-five RAPD markers were fi-

Fr nally used to differentiate the profilesin this study.
Fr Each of the three fragments was unique to one
o " cultivar in our sample: A2-475for ‘ Zaity’, A9-625
™ gt for‘Lechin de Sevilla', and E15-950 for profile 80
2 (‘Sabina’). Consequently, the 113 accessions in-
Fr 5 cluding 262 trees displayed 102 RAPD profiles.

I:fr d.slﬂ' CLUSTERING CULTIVARS BY THEIR RAPD PROFILES.
il One hundred and two profiles were distinguished
» Ml‘ (Table 1). Several profileswere found in ‘ Sabina,
Fr ‘Ghjermana’, ‘Chemla’, ‘Souri’ and ‘Nabali’ ol-

Sp chst m ive. Incontrast, asingle RAPD profilewasfoundin

¢ different accessions. This occurred for profiles 11,
» st 17, 22, 28, 32, 47, 48, 65, 79, 99, and 102 (refer-
or L enced in Table 1). Dendrograms of the 102 profiles
It are shown in Fig. 2A and B, and were constructed
: g according to the UPGMA and the method of Ward
st (1963), respectively. However, the clusters were
Fr different: the clear-cut separation into two groups

o Mz] with the method of Ward (1963) isnot present with
Tu UPGMA. Furthermore, some accessions grouped
" 2 tightly with Ward's (1963) method [i.e., ‘ Reymet’
Fe 2 (2) *Rascasset’ (4), and ‘Pendolino’ (6)] are sepa-
£ rated in different clusters with UPGMA; * Toffahi’
A (2) that clustered with five other accessions (cluster
o dﬁ,,zfo 22) using Ward's (1963) isisolated with UPGMA.
Fr Also, in contrast to the UPGMA tree, a cluster

M a4 including ‘Arbequina (8), ‘Dolce Agogia (9) and
s s ‘Blanquetier de Nice' (7) was not present in the
Gr dendrogram generated by Ward's (1963) method.

J. AMER. Soc. Horr. Sci. 126(6):668-675. 2001.



Table 3. Comparison of the discriminating efficiency (D) for RAPD markers, mitotypes, and isozymes.

Marker Markers Profiles
technology (no.) (no.) D Reference
Primer (RAPD
Al 9 62 0.977 From 102 profiles (this study)
A2 5 15 0.887
A9 7 25 0.894
A10 6 19 0.872
C9 7 14 0.528
C15 5 10 0.622
E15 2 3 0.368
(OF] 4 10 0.808
Mitotypes 4 4 0.406 From 102 profiles (Besnard et al., 2001)
Isozymes 1
LAPL 3 5 0.463 From 47 cultivars (Ouazzani et al., 1995)
EST1 3 3 0.162
EST2 2 2 0.342
ADH1 4 3 0.376
MDH2 2 2 0.511
PGI2 4 6 0.692
PXI 2 2 0.194
Isozymes 2
ADH 2 2 0.055 From 143 cultivars (Trujillo et al., 1995)
ME 17 25 0.922
EST 8 22 0.895
GPI 14 23 0.913
LAP 6 9 0.751

However, ‘Biancollila’ (3) was till grouped with the same
profiles using the two methods.

Consequently, the two approaches of clustering led to very
different structures. Wetried to find different biological properties,
i.e., fruitfor canning, or fruitfor oil, or country of originfor cultivars.
So, weverified whether apriori groups sharing such atrait could be
revealed in the clusters of the two trees. Ward's (1963) method
tended to group cultivarsfrom the same geographic origin. Wea so
preferred thismethod because the approach eliminatesinformation
redundancy by use of correspondence analysis and defines homo-
geneousgroups. For assessing stability withWard’ s(1963) method,
the following three levels were defined on the basis of the 24
elementary clusters(fourthlevel); andLevel 1: (1to7) and (8t0 24);
Level 2: (1t03), (4t07), (810 15), (1610 19), and (20t0 24); Level
3: (1), (2and 3), (4t06), (7), (8t0 10), (11 to 14), (15), (16), (17to
19), (20), (21,22), and (23,24). The intraclass correlation coeffi-
cients corresponding to the four levels are given with their 95%
confidenceintervalsin brackets. Level 1: t; = 0.128 (0.057-0.199);
Level 2: t,=0.047 (0-0.110); Level 3: t;=0.131 (0.02-0.243); and
Level 4. t,=0.244 (0.152-0.336). This shows that the most repro-
duciblepartsof thestructurearetheextremelevelsof hierarchy (the
two main classes and the 24 elementary clusters). This conclusion
was aso verified after building of the 102 partial dendrograms
obtained by deleting one profileat atime (datanot presented). Inthe
dendrogram, some groups of profiles corresponding to limited
geographic zonesclustered together. Thisoccurredfor four profiles
from Corsica, fivefrom Andalusia, and six from Sicily. In contrast,
the profilesfrom other countries appeared scattered into subgroups
withrather low similarities. Forinstance, theprofilesfrom continen-
tal France were spread in most of the 24 elementary clusters. Other
countries showed an intermediate pattern; for instance, Spain, with
eight profilesin four elementary clusters.

PROBABILITY OF NONDISCRIMINATION OF A PROFILE. The prob-
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abilities of no distinction of aparticular profilewithinagroup, P
i/Ci € Gk, werecomputed within thetwo main groupsof Ward's
(1963) dendrogram (Fig. 2B), which exhibited great stability.
TheP, valueswerecomprised between 6.75 x 107 (profile 36) and
4.82 x 10 (profile 80). For the profiles for which severd acces-
sionswereattributed, Pwascomprisedbetween 1.08 x 10°and 9.94
x 107, They probably refer to the same clone.

DEFINITION OF A ROUTINE TOOL FOR GERMPLASM CHARACTER-
1zaTioN. The discriminating efficiency (D) was computed for
each primer, for each mitotype, and also for each isozyme
developed by Ouazzani et al. (1995) and Trujillo et a. (1995)
(Table 3). For primers(D mean=0.745) and isozymesdevel oped
by Trujillo et a. (1995) (D mean = 0.870 without ADH), it was
higher than for isozymes devel oped by Ouazzani et a. (1995) (D
mean = 0.391) and for mitotype (D = 0.406). With the combina-
tion of primers (A1-A9-A10) and amean number of 8.76 RAPD
markers/clone, no confusion appeared among the 102 clones.

Discussion

Svnonymy. RAPD markers enabled us to distinguish most of
theaccessions. The probability of finding thesameprofilefor two
different cultivarsislow, and multiple accessions with the same
profileareprobably synonymousor mislabeled. ‘Meski’ and‘Bid
el Hamam'’ werenot discriminated using RAPD markersbut were
clearly identified on the basis of fruit morphology. This means
that difference between the two cultivars is small a the DNA
level. Similar observationshave been reported with RAPD mark-
ersfor vegetatively propagated grape (VitisviniferalL.) (Tessier
et al., 1999) and fig (Ficus carica L.) (Khadari et al., 1995).
Another reason for finding several accessions with the same
profile is that the environment might influence the phenotypic
descriptions used in different countries, i.e., leaf shape, fruit

673



mucron more or less acute, and treevigor. ‘ Shimlali’ from Isragl
displayed the same profile as the accessions of ‘Picholine
Marocaine’ (Morocco), ‘Sigoise’ (Algeria), and ‘Canivano
Blanco’ (Andalusia, Spain). Thisapparent synonymy isprobably
due to local and long distance human displacements in the
Mediterranean basin. In *Ghjermana from Corsica, two clones
werefound (V. Bronzini, unpublished data) that display profiles
of two Italian cultivars, Frantoio (profile 22) and Moraiolo
(profile 28). In al likelihood, this reflects the introduction into
Corsicaof Italian cultivars by the Genoeses.

PoLycLoNAL Accessions. Accessions such as ‘Picholing,
‘Lucques’, and ‘ Oliviére’ were found to be monoclonal. Thisis
in agreement with pomological and very discriminating traits
such as stone morphology, thus avoiding possible confusion
between cultivars. In contrast, severa profiles, and therefore
several clones, were found for *Sabina and ‘Ghjermana . We
confirmedthat *Nabali’,* Souri’,and‘ Chemla’ areal so polyclonal
accessions (Loussert and Brousse, 1978; Wiesman et al., 1998).
Phenotypic characterization of each clone from these accessions
is insufficient to distinguish one from the other. ‘Nabali’ and
‘Souri’ are considered as ancient cultivated populations in the
Near East. Their propagation probably occurred following mul-
tiple collections from wild populations allowing selection of
different genotypes. We therefore had doubts about their identi-
ficationas'Nabali’ or ‘ Souri’ sinceinorchardsthesecultivarsare
characterized by amixture of different trees propagated vegeta-
tively and by seeds (Wiesman et al., 1998). Two profiles (11 and
32) have been attributed both to ‘Nabali’ and ‘Souri’. That is
another reason for theincreasing uncertai nty about theidentity of
cultivarsin thisregion. Moreover, * Sabina and ‘ Chemlal’ were
reveal ed as polyclonal and we suggest that both seed propagation
and grafting of such old cultivated trees probably occurred. Since
out-crossing is prevaent in olive (rates close to 100%; Villemur
et a., 1984), seed dissemination should generate heterogeneous
progenies. In Kabylie, Algeria), rootstock production by seeds
harvestedfrom*‘Chemlal’ (L oussert and Brousse, 1978 may have
resultedin accidental propagation of new genotypes, erroneously
considered as identical to the original clone.

CLUSTERING OF CULTIVARS. The cultivars that cluster in the
dendrogram may shareacommontrait(s). Itisnot alwaysobvious
to find which trait(s). Furthermore, with the UPGMA method,
any of the clusters may display a known common trait, such as
country of originfor cultivars, or useof fruit for oil or canning. In
contrast, with Ward's (1963) method, some clusters in the den-
drogram fit the geographic origin of cultivars. For instance,
several Sicilian cultivars are grouped in cluster 9, and the
Andalusian cultivars are grouped in cluster 17. This structure
suggests that local selection has been performed (Besnard et al.,
2001). We wondered whether the two main groups using the
method of Ward (1963) might have biological significance. We
observed that the main difference between thetwo clustersmight
be based upon olive use as aready reported by Besnard et al.
(2001). The method based on Ward' s (1963) minimum variance
algorithm is considered by Saporta (1990) as the best one for
hierarchical classification on Euclidean distances. Thismethodis
formally very closeto adiscriminant analysisasit maximizes at
each step theratio of intergroup onintragroup inertia. Therefore,
it ensures definition of homogeneous groups, for all markersand
in particular for markers that bring original information.

CuLTIVAR IDENTIFICATION. Thediscriminating power of prim-
ers(0.368< D <0.977) is, on average, higher than that of isozyme
polymorphisms (0.055 < D < 0.922) and higher than that of
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mitotypes (0.406) developed by Besnard et al. (2001) (Table 3).
The comparison of RAPD/isozyme identification confirmed the
inability todistinguishbetween’ CanivanoBlanco’ and* Picholine
Marocaine' (Ouazzani et al., 1995). ‘ Sigoise’ was discriminated
using isozymesfrom the other two but not using RAPD markers.
Thedistinction isbased on only one allelefor the esterase (EST)
system(Trujilloetal. 1995). |sozymeexpressionwasshowntobe
dependent ontheenvironment and thishasbeen already proposed
for the EST system (Loukas and Pontikis, 1981). Nevertheless,
Quazzani et a. (1996) showed that ‘Picholine Marocaine’ is a
polyclonal accession. It ispossiblethat several treeswith differ-
ent profiles belonging to the same cultivar are maintained in the
Cordobacollection explaining thedisparity betweenisozymeand
RAPD results.

RAPD markers are not influenced by the environment and
could lead to more reliable clone identification than by using
isozymes. Recently, AFLP marker used by Angiolillo et al.
(1999) appeared more efficient than RAPD discriminating be-
tween cultivars and, more widely, between wild trees. However,
using such a marker is still not realistic. This is due to the
difficulty in identifying elementary AFLP fragments in each
pattern in order to determine which band is common to two
profiles. AFLP markers or microsatellites generating a higher
number of patterns could prove, in future studies, to be more
efficient methods, as shown for grape (Tessier et al., 1999).
Mitotypes are less efficient in distinguishing cultivars compared
with RAPD markers. However, they enabled usto trace materna
lineagesin order to study thestructureof genetic diversity of olive
(Besnard and Bervillé, 2000). Combined with nuclear markers
(suchasRAPD markers), they enabled ustotracetheorigin of the
cultivars and to detect gene flow. For instance, nuclear markers
could reveal crosses between cultivars, which have led to new
ones, as for grape (Bowers et al., 1999), but maternal lineage
could reveal the direction of the crosses.

Inconclusion, RAPD markersareefficient tool sfor character-
ization of olive germplasm collections. Taken together, thethree
primers(A1, A9, and A10) makeit possibletodiscriminateall the
trees with a low probability of confusion among cultivars. To
increase efficiency, we propose using two additional primers, C9
and C15, sincetheir profilesareeasily scored. TheFrenchcultivar
collection at Porquerolles, France, which contains about 120
accessions(fivetreesper accession), iscurrently under character-
ization with these markers (Khadari et a., unpublished data).
Data herein demonstrate that the nuclear RAPD profiles of olive
trees are efficient for highly accurate cultivar identification.
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