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ABSTRACT

Genetic variation among 43 date palm (Phoenix dactylifera L.) accessions,
including 37 accessions trom Morocco and 6 cultivars trom Iraq and Tunisia, was
studied using Random AmplifiedPolymorphicDNA (RAPD) markers. The pre-
screening of 123 primers on four genotypes allowed selection of 19primers
which revealed polymorphism and gave reproducible results. All 43 analysed
genotypes were distinguishable by their band patterns. RAPD technology
therefore appears very effective for identifying accessions of date palm. RAPD-
based genetic distance was used to determine the relationships between the
accessions. The grouping-association identified by cluster analysis was rather
weak. However, morphologically similar varieties clustered together. The lack
of evident organisation observed among the date palm varieties grown in
Morocco could be related to the mode of introduction and maintenance of date-
palm germplasm.

Additional Index words: Cultivars,Date palm, Genetic diversity, Morocco,
RAPD markers.

INTRODUCTION

Date palm (Phoenix dactyliferaL.) is one of the earliest cultivated tree crops
(Wrigley, 1995). It is only found as a cultivatedplant in abandoned gardens, or at
desert water-holes where it has grown trom seed discarded by travellers. It is
believed to be a native of the Arabian Gulfregion, possibly southern Iraq. In very
early times, the date palm was introducedby man in northern India, North Africa
and southern Spain it plays a major role in arid zones. In the oases of Morocco,
for instance, date palm constitutesby far the main income-generating activity.

Despite its outstanding agronomic and socio-economic significance,
attempts to improve knowledge and use of date palm biodiversity have been
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limited and are becoming an urgentpriority. In particular in North Atrica; date-
palm plantations are there currently in danger of being destroyed due to a severe
wilt, caused by Fusarium oxysporum f. sp. Albedinis, called "Bayoud" (Pereau-
Leroy, 1958; Brac de la Perriere and Benkhalifa, 1995).Tolerant or resistant
cuItivars have already been identifiedbut, unfortunately, they all give poor date
quality (Louvet and Toutain, 1973; Saaidi et al. 1981). The evaluation of the
field resistance of 6 Irakian and 6 Tunisian cultivars showed that none of them is
resistant to the Bayoud disease (Sedra, 1992, 1995). However, among more than
1000 unique genotypes called 'Khalts' which are tested in the field, tens of them
showed resistance and had a good ftuit quality (Djerbi et al., 1986; Sedra 1992,
1995; Sedra et al., 1996).Characterisationand analysis of the available genetic
diversity therefore constitute an indispensable step with regard to the
development of breeding strategy.

The date palm is a dioeciousperennialmonocotyledon (Le.cross-fertilisation
obligatory) with long generation times (a period of 4 to 5 years is necessary to
reach the first flowering). It has traditionallybeen vegetatively propagated trom
offshoots produced by elite individualtrees. In Morocco, more than 220 varieties,
clonally propagated, have been enumerated (Toutain et al., 1971). All the
commercial varieties are exclusively female and there is no method yet of
producing male palms of these varieties. In addition to the commercialvarieties,
plantations include trees called "khalt", which recover trom seeds and present a
large polymorphism in relation to the high heterozygosity of both femaleand
male parents.

Correct identification of palms is usually not possible until ftuit are
produced. In addition the characterisation of cultivars and evaluation of genetic
diversity require a large set ofphenotypic data that are often difficult to assess and
sometimes variable due to environmental influences (Sedra et al., 1993, 1996).

. Isoenzyme markers have proved of some use in cultivar identification (Baaziz
and Saaidi, 1988; Bennaceur et al., 1991; Fakir et al., 1992;Bendiab et al.,
1993). However, they are limited by the number of informative markers and give
no direct assessment of the genomic variation. Restriction tragment length
polymorphisms (RFLPs) have been evaluated for date palm clone identification
(Comiquel and Mercier, 1994), but the technique is laborious and not suited to
studies of a large number of samples. Randomly amplified polymorphic DNA
(RAPD) markers (Williams et al., 1990; Welsh and McClelland, 1990) are of
particular interest. DNA profiles based on arbitraryprimed PCR are both time-
and cost-effective.

In the present study, we tested the reliability of the RAPD-PCR system as a
tool for the identification of date palm cultivars. Furthennore, we sought an
indication of the level of genetic variation and genetic relationships within the
date palm cultivars grown in Morocco.
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MATERIALS AND METHODS

Plant materials

The plant material consisted of 31 commercial varieties, 10 "khalts" from
different plantations selected for their date quality (Sedra, 1992, 1995) and 2
male cultivars. The commercial varieties comprised 3 cultivars from Tunisia, 3
cultivars from Iraq and 25 Moroccan cultivars. The aim was to select the most
common Moroccan varieties representing the main plantation area of Morocco
(Toutain et al., 1971). The analysed varieties present great agro-morphological
diversity (Sedra et al., 1993, 1996). Further information on the materials is given
in Table 1. All plant material was obtained from the field-collection of INRA-
Morocco in Zagora.

DNA extraction and amplification

Genomic DNA of each genotype was extracted from 4 g of lyophilised
leaflets. The leaves were first ground into fine powder. DNA was extracted in
200 ml of extraction buffer (350 mM sorbitol, 100mM Tris-HCI pH 8, 5 mM
EDTA pH 8, 0.5% sodium bisulphate) and the solution was filtered through a
muslin cloth. The extract was centrifuged at 3000g for 20 minutes, and the
supematant discarded. The precipitate was incubated in 30 ml of lysis buffer
(1.5 M NaCI, 100 mM Tris-HCI pH 8, 20 mM EDTA pH 8, 4% mixed alkyl-
trimethylammonium bromide) for 4 hours at 65°C with occasional mixing. After
cooling for about 5 minutes at room temperature, the extract was adjusted to 50
ml by adding chloroform/isoamyl alcohol (24/1 vv). The mixture was then
homogenised by gentle inversion before being centrifuged at 3000g for 10
minutes. The aqueous supematant was recovered and the chloroform/isoamyl
alcohol extraction procedure repeated. The resulting aqueous fraction was
incubated with 100 III of 10 mg/ml RNase (Boehringer Mannheim) for 30
minutes at 37°C before precipitating the DNA with an equal volume of
isopropanol. The precipitated DNA was recovered in 1 ml of70% (v/v) ethanol,
dried and dissolved in 300 IIIofTE buffer (10 mM Tris-HCI, 1 mM EDTA pH
8). Depending on the leaf samples, yield in DNA varied from 40 to 400 Ilg using
this protocol.

A total of 123 random decamer primers (Operon Technologies, CA, USA)
were used for PCR in reaction conditions similar to those described by
Lashermes et al. (1993). The RAPD products were fractionated according to
size on agarose gel (1.8% w/w) subjected to electrophoresis (1oV/cm for 4~
hours) in IX TBE buffer. The DNA fragments were uniformly stained in a
solution of ethidium bromide (10 Ilg/ml ) for 15 minutes. DNA was visualised
on a UV transilluminator and photographed using Polaroid film.
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Data analysis

Data was recorded as presence (1) or absence (0) of the amplified products.
Genetic distances (GD) between genotypes were estimated as follows: GDxy =
(Nx +Ny)/(Nx +Ny +Nxy); where Nx is the number of bands in line x and not in
line y, Ny is the number of bands in line y and not in line x, and Nxy is the
number of bands in lines x and y. A distance matrix between the 43 accessions
was constructed. Cluster analysis by the unweighted pair group method using
arithmetic averages (UPGMA) was performed with the TREECON (version 1.1).
software package (Van der Peer and De Wachter, 1993). In addition, a
correspondence analysis (Benzecri, 1973) was performed using an NDMS
(ORSTOM, France) statistical software package. Two-dimensional graphs allow
the projection of individuals. A second clustering analysis using the "Ward
aggregation method" was performed based on the 4 main factor scores.

RESULTS AND DISCUSSION

Initially, the RAPD technology was applied to four genotypes (ADM, AIB,
BSTN, and ZAHD) representing different geographical origins. The number of
amplification bands per primer varied between 0 and 13,with a mean of5 major
bands per primers. Of the 123 primers tested, 19 were selected for further
analysis based on the intensity, size and number of amplified products (Fig. 1,
Table 2). To ensure reproducibility and genetic pertinence ofRAPD marker
data; the primers generating no, weak or complex amplification band patterns
were discarded.

Analysis of the 19 selected primers among the 43 accessions included in
this study generated 56 bands, 37 of which were polymorphic. There were 1.9
polymorphic bands per primer on average. Examples of polymorphism are
shown in Fig. 2. All of the 43 accessions were distinguishable by their band
patterns. In fact, among the studied varieties, clones SH and males palm were
identified by using these 37 polymorphic markers. The Table 3 showed a
example of some interesting varieties and some selected clones which were
identified by using these molecular markers (Sedra, 1998). RAPD technology
appears very effective for identifying accessions of date palm, although the
overall exhibited polymorphism is rather low in comparison with results
reported for othercultivatedspecies(Huand Quiros,1991;MossIeretal., 1992;
Yang and Quiros, 1993;Koller et al., 1993; Wolff and Van Run, 1993). RAPD-
markers should therefore be of high value for date-palm gennplasm
characterisation and genetic maintenance. Previous molecular markers studies
(Ait Chitt et al., 1995; Corniquel and Mercier, 1994) involved a restricted set of
date palm varieties and were less rewarding.
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The 37 RAPDs were used to determine the relationships between the
accessions. A dendrogram constructed by cluster analysis using RAPD-based
genetic distance is presented in Fig. 3. The grouping-association identified by
classification was rather weak. However, morphologically similar varieties such
as Boukhanni (BKN) and Bouzeggar (BZG), as well as Boustammi noire
(BSTN) and Tademainte (TDMT), clustered together. In addition, accessions
originating from seedlings (khalt) appeared to be related to the parental varieties.
For instance, SH7 was very similar to the variety Iklane (IKL), which is grown
in the date-plantation (Draa) where SH7 was selected. The same observation
was done between the clone SHl and Boufegous (BFG) and between the clone
SH4 and Aguelid (AGL). Cultivars from Tunisia and Iraq did not exhibit a
separation from the Moroccan germplasm. In fact, the similarity was relatively
observed between Deglet Nour (DN) and Boufegous (BFG); Ftimi (FTM) and
Houa (HOA); Besser Lahlou (BSRL) and Iklane (IKL); Hallaoui (HALW) and
Bouslkhene (BSL); and Zahdi (ZAHD) and Jihel (JHL). Furthermore, the
cultivars resistant to the "Bayoud" appeared in three different main groups. The
first group contains BSTN, TDMT, BKN, IKL and male palm NP3. The culivars
BSTB and SLY which are from the same date plantation formed the second
group and the third group is composed by the alone cultivar Boufegous ou
Moussa (BFGM).

Results from the correspondence analysis are summarised in Fig. 4. Major
groups cannot be easily identified. However, close relationships between
cultivars were observed as in the first analysis. It is notable that most of the
cultivars from Tunisia or Iraq were associated with accessions already grown in
Morocco. The organisation deduced from the RAPD-markers analysis did not
appear to be related to the available date-characteristics of varieties. Date-
appearance is given as an example in Fig. 4.

The relatively low polymorphism and the lack of evident organisation
observed among the date palm varieties grown in Morocco could be related to
the mode of introduction and maintenance of germplasm. Foundation
germplasm is somewhat limited. The fact that the cultivars from Tunisia and
Iraq did not markedly diverge from the genetic diversity present in Morocco
suggests a narrow genetic diversity of populations from which the present
varieties have been derived and maintained over several centuries. Exchange of
cultivars between plantations and periodic development of new recombinant
cultivars through sexual reproduction and seedling selection may also have
played a role. In addition, t4e selection applied by farmers concerns mainly end-
use quality-related genes which may represent only a small fraction of the date
palm genome. Nature of date palm germplasm observed in Morocco diverged
therefore considerably from those reported for other traditional perennial
cultivated species such as the olive tree (Ouazzani et al., 1996).
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Observation in this study of cultivars showing resistance to Bayoud in
different genetic groups may indicate the presence of several genetic resistance
sources. Combination of such potentially different sources of resistance could
therefore be of interest in the framework of breeding programmes. Moreover,
the evaluation of "khalt" genotypes clearly shows that it is possible to develop
cultivars combining both resistance to Bayoud and date-quality. According to
the genetic distance (Table 4) and the phenotypic characteristics of the cultivars
and male palms, . it wouldbe possibleto choosesimilaror relativelyfarparents
for crossing programme in order to foresee similarity or variability in progeny
populations. For examples, we cite the crosses between MJH/NP3 or NP4, lE-IT..
or BSK/NP3, BSRL/NP3, and BARH or ZAHD/NP4,.etc...

Furthennore, in combination with agro-morphologicalcriteria, RAPD assay
could allow the establishment of a catalogue of cultivars grown world-wide.
Other applications could include fmgerprinting of date palm genotype,
identificationof duplicate accessions, and establishmentof a core collection.
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Table 1. Name, origin, and main characteristics of date palm genotypes studied.

Code Name Geographic Date characteristics
Distributio ADDearan Colour Consisten Maturi

BSTN Boustammi noire A, D, F, G Poor Black Soft Late
BSTB Boustammi blanche D, G Poor Brown Soft Season
TDM Tademainte A, F, G Medium Black Semi-Dry Season
IKL Iklane A, D, F, G Poor Black Soft Very
SLY Sairlayalate D Medium Pale Brown Semi-Dry Late
BFG Boufeggouss/Moussa D Poor Black Soft Early
HFS Hafs A, B, E Poor Black Soft Season
BSL Bouslikhene B, F Poor Pale Brown Semi-Dry Early
BZG Bouzeggar A, I, J Poor Black Semi-Soft Very
AIB Aissa-Iyoub E Good Pale Brown Semi-Dry Late
BHZ Belhazit B Medium Pale Brown Semi-Soft Season
AZO Azigzao B, G Poor Pale Brown Semi-Dry Early
BIT Bouittob D, G Medium Pale Brown Dry , Late
ADM Ademou B Good Pale Brown Dry Season
BB Bouijou K Medium Pale Brown Dry Season
OTK Otokdime H Medium Pale Brown Dry Late
AGL Aguelid A Poor Pale Brown Semi-Soft Very
HOA Houa B Medium Pale Brown Semi-Dry Season
AHD Ahardane A, D, E, F, Medium Brown Semi-Soft Very
BKN Boukhanni A Medium Brown Semi-Soft Early
MJH M~jhoul B, C Excellent Brown Semi-Soft Very
BFG Boufeggouss All regions Good Brown Soft Season
JHL Jihel A, D, F, G Good Pale Brown Dry Very
BSK Bouskri A, D, F, H Medium Brown Dry Late
BRR Bourar A Good Brown Semi-Dry Late
DN Deglet Nour Tunisia Excellent Pale Brown Semi-Soft Season
FTM Ftimi Tunisia Medium Pale Brown Semi-Dry Late
BSRL Besser Lahlou Tunisia Medium Pale Brown Semi-Soft Season
BAR Barhi Iraq Good Pale Brown Semi-Soft Early
ZAH Zahdi Iraq Good Pale Brown Semi-Soft Season
HAL Hallaoui Iraq Good Pale Brown Semi-Soft Season
SH-I SH-lOOI A Good Pale Brown Semi-Soft Early
SH-2 SH-lO02 C Excellent Pale Brown Semi-Dry Early
SH-3 SH-I003 A VeryGood PaleBrown Semi-Dry Very
SH-4 SH-I004 A Excellent Pale Brown Semi-Soft Early
SH-5 SH-I005 A Very Good Pale Brown Semi-Soft Season
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"Bavoud"*>I

R
R
R
R
R
R
S

MR
MR
S
S

MR
S
S
S

MR
MR

S
HS
R

HS
HS
HS
HS
S

HS
S
S

HS
HS
HS,
R
R
R?
R?
R?



* Regions of Morocco: A-Draa, B Tafilalet, C-Ziz, D=Bani, E=Oriental,
F=Saghro, G=Anti-Atlas, H=Todra, I Ferkla, J=Gh6ris, K=Guir.

** Resistance phenotypes: HS= Highly Susceptible, S=Susceptible,
MR=Medium Resistant, R?=Presumed Resistant, R=Resistant.

Table 2. Nucleotide sequences of selected primers with the numbers of
amplified products and polymorphic fragments.

Primers NucIeotide sequences Polymorphic
fra~ents

1
1
1
3
2
3
1
1
3
3
2
1
3
2
1
4
2
1
2

37

OP-D3
OP-D4
OP-DIO
OP-DI2
OP-DI5
OP-D16
OP-D19
OP-J4
OP-J5
OP-JI3
OP-JI4
OP-JI8
OP-JI9
OP-L6
OP-M5
OP-MIl
OP-NI
OP-Nl2
OP-X4

Amplified
products

4
2
2
5
2
3
2
2
3
3
4
2
4
5
2
6
2
1
2

56

5' -GTCGCCGTCA-3'
5'-TCTGGTGAGG-3'
5'-GGTCTACACC-3'
5' -CACCGT ATCC-3'
5' -CATCCGTGCT -3'
5' -AGGGCGT AAG-3'
5'-CTGGGGACTT-3'
5' -CCGAACACGG-3'
5' -CTCCA TGGGG-3'
5' -CCACACT ACC-3'
5' -CACCCGGA TG-3'
5' -TGGTCGCAGA-3'
5'-GGACACCACT-3'
5' -GAGGGAAGAG-3'
5'-GGGAACGTGT-3'
5' -GTCCACTGTG-3'
5'-CTCACGTTGG-3'
5' -CACAGACACC-3'
5' -CCGCTACCGA-3'

Total
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SH-6 SH-IOO6 A Very Good Pale Brown Semi-Soft Early R?
SH-7 SH-IOO7 A Very Good Pale Brown Semi-Soft Season R?
SH-8 SH-I008 A Very Good Pale Brown Semi-Soft Season S
SH-9 SH-I009 A Very Good Pale Brown Semi-Soft Season S
SH-lO SH-lOlO A Very Good Pale Brown Semi-Soft Season R?
NP3 NP3 (male palm) A - - - - R?
NP4 NP4 (maleDalm) A - - - - R
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Ta ble 3. Examples of identification of a sample of 24 genotypes of date palm
using 37 RAPD markers

CuItivars and clones
from Morocco

MJH
BFG
JHL

ADM
AGL
SLY

BSTN
BKN

INRA 3014
INRA 3003
INRA3013
INRA 3010
INRA 1445
INRA 1394
INRA 1443
INRA 3415
male NP3
male NP4

from Tunisia
BSRL

DN
FTM

from Iraq
ZAHD
HALW
BARH

37 RAPD markers

1101010100101101011110100010100000010
0000010100101111011011111110110010010
1000100100111101010010100110110000010
1100010000101011111010001110100100001
1000000100101001111010100110100010010
1100010100101001110010111100110000010
1100010111101011011011100010100001010
1100010101101011010011100100100001010
1000010101001011110010100010100000000
1000010000000001010000101100110000010
1000010000000001010000101100110000010
1000010000101101011010101110100000010
1100000000001111011011100110110001000
1101011101100111010011111010010001010
1000010111001011011011100110110000010
1000010110101111010010100100100001100
1000010100111111011110100110100000001
1010011001001011111111100100100001000

1000010000111011110010110110100000011
1000100100001101011011101010110000000
1001011000110011011110111110100000010

1100000100111001011010100010110000010
1000100100000001110010100010100000010
1000010100000101100000100010100000000

presence (1) or absence (0) of marker.

Table 4. Example of genetic distances esimated between some cultivars and
two males palm.

originfemales
palm
MJH
JHL
BIT
BRR
BFG
AlB
BIJ
BSL

ZAHD
BARH

DN

Morocco
Morocco
Morocco
Morocco
Morocco
Morocco
Morocco
Morocco

Iraq
Iraq

Tunisia

male palm
NP3
33.3
38.1
40.9
45.8
50.0
52.2
54.5
59.1
42.9
57.9
50.0

male palm
NP4
60.0
69.2
69.2
63.0
56.0
74.1
72.0
70.8
68.0
71.4
62.5

- - -

218

- - - -- ----



Fig. 1. Example of 6 primers selected for generating DNA polymorphisms
detected between 3 accessions of date palm. Ethidium bromide-stained agarose
gel of amplification fragments produced with these primers. Lane 10 contains
fragments of molecular weight markers.

Fig. 2. Examples of DNA polymorphisms detected between accessions of date
palm. Ethidium bromide-stained agarose gel of amplification fragments
produced with primers OP-DI2 (A) and OP-DI9 (B). Lane 11 contains
fragments of molecular weight markers.

. Fig. 3. Dendrogram of the accessions listed in table 1 generated by group
average clustering analysis (UPGMA) using RAPD-based genetic distance. The
cultivars resistant to « Bayoud » are indicated by *.

Fig. 4. Representations of the 41 female palm accessions on the plane 1-2 of the
correspondence analysis. A: The groups deduced from the clustering analysis of
factor scores are indicated; B: Each accession is represented by its appearance-
value (1=poor, 2=medium, 3=good, 4=very good, 5=excellent), the « Bayoud » -
resistant varieties are framed, * indicates the « khalts » presumed resistant.
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Dislarx:e0.1
I BKN-

BZG
BSTN-
TWP
SI-S
SH1
BSK
IKL-
SH7
SHS
A!JJ
NP3
BSRL(Tllisia)
SH3
BSTB-
SLY-
AHD
BFG
BRR
BHZ
A1D
BFGU-
011<
DN(Tllisia)
S~
BU
AGL
SH4
MJH
BfT
HFS
SH10
HL

ZAHD(kaq)
SHS
FlU(Tlrisia)
HOA
HALW(kaq)
BSL
NP4
AIB

H2
BARH(kaq)

Fig. 3. Dendrogram of the accessions listed in table 1 generated by group
average clustering analysis (UPGMA) using RAPD-based genetic distance. The
cultivars resistant to « Bayoud » are indicated by *.
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Fig. 4. Representations of the 41 female palm accessions on the plane 1-2 of the
correspondence analysis. A: The groups deduced from the clustering analysis of
factor scores are indicated; B: Each accession is represented by its appearance-
value (1=poor, 2=medium, 3=good, 4=very good, 5=excellent), the «Bayoud» -
resistant varieties are framed, * indicates the «khalts » presumed resistant.
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. Primers

1 5 63 42
f . ,

Fig. L Example of 6 primers selectedfor generatingDNA polymorphismsdetected between 3
accessions of date palm. Ethidium bromide-stainedagarose gel of amplificationfragments
produced with these primers. Lane 11 contains fragments of molecularweightmarkers.

.B

A

Fig. 2. Examples of DNA polymorphisms detected between accessionsof date palm. Ethidium
bromidc-staincd agarose gel of amplificationftagments produced with primers OP-Dl2 (A) and
OP-D19 (B). Lane 11 contains fragments of molecular weight mark~.
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Fig. 4. Representationsof the 41 femalepalm accessionson the plane 1-2 of the correspondence
analysis.A:.The groups deducedITomthe clusteringanalysi$of factorscores are indicated;B: Each
accession is represented by its appearance-value(1=poor, 2=medium. 3=good, 4=very good,
5=excellent).the «Bayoud» -resistant varieties are framed. · indicates the «khalts» presumed
resistant .
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