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Summary

Genetic variation among 43 date palRhpenix dactyliferd..) accessions, including 37 accessions from Morocco

and 6 cultivars from Iraq and Tunisia, was studied using Random Amplified Polymorphic DNA (RAPD) markers.
The pre-screening of 123 primers on four genotypes allowed selection of 19 primers which revealed polymorphism
and gave reproducible results. All 43 analysed genotypes were distinguishable by their band patterns. RAPD tech-
nology 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. A relatively low polymorphism
and a lack of evident organisation are observed among the date palm varieties grown in Morocco. This could
be related to the mode of introduction and maintenance of the Moroccan date palm germplasm involving limited
foundation germplasm, exchange of cultivars between plantations, and periodic development of new recombinant
cultivars following sexual reproduction.

Introduction wilt caused byFusarium oxysporunf sp. albedinis
and called ‘Bayoud’ (Pereau-Leroy, 1958; Brac de
Date palm Phoenix dactyliferd..) is one of the ear-  la Perriére & Benkhalifa, 1995). Tolerant or resis-

liest cultivated tree crops (Wrigley, 1995). It is only tant Moroccan cultivars have already been identified
found as a cultivated plant, in abandoned gardens, orbut, unfortunately, they all give poor to medium date
at desert waterholes where it has grown from seed quality (Louvet & Toutain, 1973; Saaidi et al., 1981).
discarded by travellers. It is believed to be a native The Irakian and Tunisian cultivars evaluated so far
of the Arabian Gulf region, possibly southern Irag. In for resistance to Bayoud appeared to be susceptible
very early times, the date palm was introduced by man in field conditions. Trees called ‘khalt’, which re-
in northern India, North Africa and southern Spain, cover from seedlings following sexual reproduction,
where it plays a major role in arid zones. In the oases present a large amount of polymorphism due to the
of Morocco, for instance, the cultivation of date palm high heterozygosity of parental varieties. Khalts have
constitutes by far the main income-generating activity. been observed in plantations to be resistant and to
Despite its outstanding agronomic and socio- present a good fruit-quality (Djerbi et al., 1986; Se-
economic significance, attempts to improve knowl- dra, 1992, 1995; Sedra et al., 1996). Characterisation
edge and use of date palm biodiversity have been and analysis of the available genetic diversity there-
limited and are becoming an urgent priority. In par- fore constitute an indispensable step with regard to the
ticular, date palm plantations in North Africa are development of breeding strategies.
currently in danger of being destroyed due to a severe
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The date palm is a dioecious (i.e. cross-fertilisation and 25 Moroccan cultivars. The most common Moroc-
obligatory) perennial monocotyledon with long gener- can varieties and the main plantation areas of Morocco
ation times (a period of 4 to 5 years is necessary to (Toutain et al., 1971) were represented. The analysed
reach the first flowering). It has traditionally been veg- varieties present great morphological diversity for
etatively propagated from offshoots produced by elite agronomic traits (Sedra et al., 1993, 1996). Further
individual trees. In Morocco, more than 220 clonally information on the materials is given in Table 1. All
propagated varieties are known (Toutain et al., 1971). plant material was obtained from the field-collection
All commercial varieties are female and there is no of INRA-Morocco in Zagora.
method yet of producing male palms of these varieties.

However, the effects of pollen on date quality through pNA extraction and amplification

metaxenia are well documented, and male genotypes

with desirable qualities are maintained in the plan- Genomic DNA of each genotype was extracted from
tations and commonly used to hand pollinate female 4 g of lyophilised leaflets. The leaves were first ground
trees. into fine powder. DNA was extracted in 200 ml of ex-

Correct identification of trees is usually not possi- traction buffer (350 mM sorbitol, 100 mM Tris-HClI
ble until fruit are produced. In addition, the character- pH 8, 5 mM EDTA pH 8, 0.5% sodium bisulphate)
isation of cultivars and evaluation of genetic diversity and the solution was filtered through a muslin cloth.
require a large set of phenotypic data that are of- The extract was centrifuged at 3000 g for 20 minutes,

ten difficult to assess and sometimes variable due to gnd the supernatant discarded. The precipitate was in-
environmental influences (Sedra et al., 1993, 1996).

Isoenzyme markers have proved of some use in culti-
var identification (Baaziz & Saaidi, 1988; Bennaceur

cubated in 30 ml of lysis buffer (1.5 M NaCl, 100 mM
Tris-HCI pH 8, 20 mM EDTA pH 8, 4% mixed alkyl-
trimethylammonium bromide) for 4 hours at 6&

etal., 1991; Fakir et al.,, 1992; Bendiab et al., 1993). with occasional mixing. After cooling for about 5

However, they are limited by the number of informa-
tive markers and give no direct assessment of the DNA

minutes at room temperature, the extract was adjusted
to 50 ml by adding chloroform/isoamyl alcohol (24/1

genomic variation. Restriction fragment length poly- v/v). The mixture was then homogenised by gentle
morphisms (RFLPs) have been evaluated for date palminversion before being centrifuged at 3000 g for 10

clone identification (Corniquel & Mercier, 1994), but
the technique is laborious and not suited to studies of
a large number of samples. Randomly amplified poly-
morphic DNA (RAPD) markers (Williams et al., 1990;
Welsh & McClelland, 1990) are of particular interest.
DNA profiles based on arbitrary primed 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. Furthermore, we sought an in-
dication of the level of genetic variation and genetic
relationships within the date palm cultivars grown in
Morocco.

Materials and methods

Plant materials

The plant material consisted of 31 commercial vari-
eties, 10 ‘khalts’ originating from various plantations
and selected for their date quality (Sedra, 1992, 1995),

and 2 male genotypes. The commercial varieties com-

prised 3 cultivars from Tunisia, 3 cultivars from Iraq

minutes. The aqueous supernatant was recovered and
the chloroform/isoamyl alcohol extraction procedure
repeated. The resulting aqueous fraction was incu-
bated with 100ul of 10 mg/ml RNase (Boehringer
Mannheim) for 30 minutes at 3TC before precipitat-
ing the DNA with an equal volume of isopropanol. The
precipitated DNA was recovered in 1 ml of 70% (v/v)
ethanol, dried and dissolved in 3Q0 of TE buffer

(10 mM Tris-HCI, 1 mM EDTA pH 8). Depending
on the leaf samples, yield in DNA varied from 40 to
40019 using this protocol.

A total of 123 random decamer primers (Operon
Technologies, CA, USA) were used for PCR in re-
action conditions similar to those described by Lash-
ermes et al. (1993). The RAPD products were frac-
tionated according to size on agarose gel (1.8% w/w)
subjected to electrophoresis (10 V/cm for 4.5 hours) in
1X TBE buffer. The DNA fragments were uniformly
stained in a solution of ethidium bromide (L@/ml)
for 15 minutes. DNA was visualised on a UV tran-
silluminator and photographed using Polaroid film.
Fragment length was estimated by comparison with
standard size markera phage double digested with
Hindlll and EcaRl).
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Table 1. Name, origin, and main characteristics of date-palm genotypes studied
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Code Name Geographical ~ Date characteristics Resistance to
distribution*  Appearance  Colour Consistency  Maturity ‘Bayoud™*
BSTN Boustammi noire A/ D,FG Poor Black Soft Late R
BSTB Boustammi blanche D, G Poor Brown Soft Season R
TDMT  Tademainte AFG Medium Black Semi-dry Season R
IKL Iklane A D FG Poor Black Soft Very late R
SLY Sairlayalate D Medium Pale brown  Semi-dry Late R
BFGM  Boufeggouss/Moussa D Poor Black Soft Early R
HFS Hafs A B E Poor Black Soft Season S
BSL Bouslikkene B, F Poor Pale brown  Semi-dry Early MR
BZG Bouzeggar AlJd Poor Black Semi-soft Very late MR
AlB Aissa-lyoub E Good Pale brown  Semi-dry Late S
BHZ Belhazit B Medium Pale brown  Semi-soft Season S
AZO Azigzao B, G Poor Pale brown  Semi-dry Early MR
BIT Bouittob D, G Medium Pale brown  Dry Late S
ADM Ademou B Good Pale brown  Dry Season S
BIJ Bouijou K Medium Pale brown  Dry Season S
OTK Otokdime H Medium Pale brown  Dry Late MR
AGL Aguélid A Poor Pale brown  Semi-soft Very early MR
HOA Houa B Medium Pale brown  Semi-dry Season S
AHD Ahardane A, D,E,F,G Medium Brown Semi-soft Very early HS
BKN Boukhanni A Medium Brown Semi-soft Early R
MJH Mejhoul B,C Excellent Brown Semi-soft Very late HS
BFG Boufeggouss All regions Good Brown Soft Season HS
JHL Jihel A, D,F,G Good Pale brown  Dry Very late HS
BSK Bouskri A,D,FH Medium Brown Dry Late HS
BRR Bourar A Good Brown Semi-dry Late S
DN Deglet Nour Tunisia Excellent Pale brown  Semi-soft Season HS
FTM Ftimi Tunisia Medium Pale brown  Semi-dry Late S
BSRL Besser Lahlou Tunisia Medium Pale brown  Semi-soft Season S
BARH  Barhi Iraq Good Pale brown  Semi-soft Early HS
ZAHD  Zahdi Iraq Good Pale brown  Semi-soft Season HS
HALW  Hallaoui Iraq Good Pale brown  Semi-soft Season HS
SH-1 SH-1001 A Good Pale brown  Semi-soft Early R
SH-2 SH-1002 C Excellent Pale brown  Semi-dry Early R
SH-3 SH-1003 A Very good Pale brown  Semi-dry Very early R?
SH-4 SH-1004 A Excellent Pale brown  Semi-soft Early R?
SH-5 SH-1005 A Very good Pale brown  Semi-soft Season R?
SH-6 SH-1006 A Very good Pale brown  Semi-soft Early R?
SH-7 SH-1007 A Very good Pale brown  Semi-soft Season R?
SH-8 SH-1008 A Very good Pale brown  Semi-soft Season S
SH-9 SH-1009 A Very good Pale brown  Semi- soft Season S
SH-10  SH-1010 A Very good Pale brown  Semi-soft Season R?
NP3 NP3 (male palm) A - - - - R?
NP4 NP4 (male palm) A - - - - R

* Regions of Morocco: A = Draa, B = Tafilalet, C = Ziz, D = Bani, E = Oriental, F = Saghro, G = Anti-Atlas, H = Todra, | = Ferkla,
J = Gteris, K = Guir.
** Resistance phenotypes: HS = Highly susceptible, S = susceptible, MR = Medium resistant, R? = Presumed resistant, R = resistant.
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Table 2. Selected Operon primers with the numbers of

amplified products and polymorphic fragments amplification bands per primer varied between 0 and

13, with a mean of 5 major bands per primers. Of

Primers Amplified Polymorphic the 123 primers tested, 19 were selected for further
products fragments analysis based on the intensity, size and number of
amplified products (Table 2). To ensure reproducibil-
OP-D3 4 1 . . .
OP-D4 5 1 |ty_ and genetic pertmence of RAPD marker data, the
OP-D10 ) 1 primers generating no, weak or complex patterns were
OP-D12 5 3 dlscarded._ _
OP-D15 2 2 Analysis of the 19 selected primers among the 43
OP-D16 3 3 accessions included in this study generated 56 bands,
OP-D19 2 1 37 of which were polymorphic. There were 1.9 poly-
OP-J4 2 1 morphic bands per primer on average. Examples of
OoP-J5 3 3 polymorphism are shown in Figure 1. All 43 ac-
OP-J13 3 3 cessions were distinguishable by their band patterns.
OP-J14 4 2 RAPD technology appears very effective for identi-
OP-J18 2 1 fying accessions of date palm, although the overall
OP-J19 4 3 exhibited polymorphism is rather low in compari-
OP-L6 5 2 son with results reported for other cultivated species
OP-M5 2 1 (Hu & Quiros, 1991; Mossler et al.,, 1992; Yang
OP-M11 6 4 & Quiros, 1993; Koller et al., 1993; Wolff & Van
OP-N1 2 2 Run, 1993). RAPD-markers should therefore be of
8?;‘12 21 21 high value for date palm germplasm characterisation

and genetic maintenance. Previous molecular markers
studies (At Chitt et al., 1995; Corniquel & Mercier,
1994) involved a restricted set of date palm varieties
) and were less rewarding.

Data analysis The 37 RAPDs were used to estimate relation-
fships among the accessions. Genetic distance between
accessions varied from 0.13 to 0.77. A dendrogram
constructed by cluster analysis using RAPD-based
genetic distance is presented in Figure 2. The over-
all tree topology suggested a rather weak grouping-
association. However, morphologically similar vari-

Data were recorded as presence (1) or absence (0) o
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 notin line x, and Nxy is the eties such as Boukhanni and Bouzeggar, as well as

number of bands in lines x and y. A distance matrix o .
. Boustammi noire and Tademainte, clustered together.
between the 43 accessions was constructed. Cluster

. ; . . “As expected from their origin through sexual repro-
analysis by the unweighted pair group method using . - : )
arithmetic averages (UPGMA) was performed with duction, the khalts showed a large diversity and, with
the TREECON (version 1.1) software package (Van the exception of SH7, differed from the varieties. SH7
der Peer & De Wachter, 1993). In addition, a corre- Y;iz vevz\:r):i;;mi!ar r(cl)ve\}/n (isnD t;eo.dlzi)e-toléztea:i/irqetérgz
spondence analysis (Benzecri, 1973) was performed ' 9 ate-p .(. )
using an NDMS (ORSTOM, France) statistical soft- Where.SH7 was ;glected. Cult{vars from Tunisia and
ware package. A second clustering analysis using theIraq did not exhibit a separation from the Moroc-

ward aggregation method was performed based on (1 0 R E Lt e
the 4 main factor scores. y pp groups.

The male genotypes did not show distinct genetic
differences from the female cultivars.
Results and discussion Results from the correspondence analysis are sum-
marised in Figure 3. Major groups cannot be easily
Initially, the RAPD technology was applied to four identified. However, relationships were similar to the
genotypes (i.e. BSTN, ADM, ZAHD and AIB) repre- UPGMA cluster analysis. It is notable that most of
senting different geographical origins. The number of the cultivars from Tunisia or Iraq were associated
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Figure 1. Examples of DNA polymorphisms detected between accessions of date palm. Ethidium bromide-stained agarose gel of amplification
fragments produced with primer OP-M11. Lane 11 contains fragments of molecular weight markers.
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Figure 2. 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 *.

euph4699.tex; 13/07/1998; 13:22; p.5



80

A e haw F2
BsL .
TUHL E
DN
ZAHD ¢ e
e e
BARH BT TDMT
<1 SH10
SH3 AGL K LKL
SH SH4| .° . SHe
2 ADM - 3 SH8 1
CAB BSTN :
BRR
HOA
FTM SH5
B 3 'y
1
3
5
3
1
2 ]
3 P 2)
4 1 [l
5 5 e
3 4
2t 4*
r:s >
3 L% 2 5 4 il
1 2 2 F)
3 1
A
2
3
2
2 4

Figure 3. 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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with accessions already grown in Morocco. Clus-
tering of the different varieties might possibly be
improved by employing additional molecular mark-
ers. Nevertheless, the organisation deduced from the
RAPD-markers analysis did not appear to be related

to date-appearance or resistance to Bayoud (Figure 3).

Presence of cultivars showing resistance to Bayoud
in different genetic groups may indicate the existence
of several genetic resistance sources. If so, combin-
ing different sources of resistance could be a valuable
breeding strategy.

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 pop-
ulations from which the present varieties have been
derived and maintained over several centuries. Ex-
change 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, the selection applied by
farmers concerns mainly end-use quality-related genes
which may represent only a small fraction of the date
palm genome.

In combination with agronomically important mor-
phological criteria, RAPD assay could allow the estab-
lishment of a catalogue of cultivars grown world-wide.
Other applications could include fingerprinting of date
palm genotype, identification of duplicate accessions
and establishment of a core collection.
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