
Towards The Construction of a Genetic Map Of Date Palms Using
the Amplified Fragment Length Polymorphism Technique (AFLP).

Ali EI-Kharbotly, Mahdi El Mardi, Nadia Al Saadi and Yacoob Al-
Mahruki

A.H.E.P Department, College of Agriculture, Sultan Qaboos University.
P.O. Box 34, AI-Khod 123, Sultanate of Oman.

ABSTRACT

A genetic map would enhance the strategies for breeding and
selection of new date palm cultivars of better quality and wider
adaptability, and facilitate varietal fingerprinting. It would also help in
solving genetically controlled problems. Also, male palms positively
affecting fruit quality could be selected. For this purpose, two Fl and
four back cross populations were developed. pNA trom one of them was
used for the AFLP analysis. As a first stage, 35 primer combinations
were used on the parental clones. Fruits weight, TSS and seed weight and
volume were determined to be compared later with those from the
seedlings. Morphological traits of these seedlings were recorded to
localize such traits on the genetic map. In vitro development of excised
embryos and their regeneration ability are under investigation. In
addition, regeneration competence will, also, be mapped. The genotypes
with high regeneration ability will be screened for transformation
efficiency.

Additional Index Words: Molecular analysis, Phoenix dactylifera L.,
Regeneration.

INTRODUCTION

The date palm is facing the challenges of the global warming,
increase of the C02 in the atmosphere, the insect and disease
populations; salinity and socio-economic changes. These necessitate the
development of new varieties through breeding programs to save the date
palm culture.

As tissue culture of date palm is being commercialized, the
regeneration competence of a cultivar is an extra advantage. Competence
for regeneration and genetic transformation are genetically controlled
and can be localised and transferred to other genotypes (Koornneef et aI.,
1993; EI-Kharbotly et aI., 1995).
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Propagation of the date palm is usually carried out using offshoots.
Most of the good cultivars produce few offshoots. This situation
encouraged the establishment of commercial tissue culture laboratories to
satisfy the demand. Tissue culture techniques have the following
disadvantages:

a. Callus obtained trom clonal tissue is highly heterogeneous (Reynolds
and Murashige, 1979; Tisserat and Demason, 1980) and it is highly
susceptible to mutation development during somatic emberyogenesis
(Tisserat and Torress, 1979; Torres and Tisserat, 1980). Somaclonal
variations can not be discovered before the reproduction stage. This
problem would be avoided if an accurate identification method were
utilized at an early stage of propagation.

b. The mass production of these few good cultivars is expected,
eventually, to replace old and low quality palms as well as establishing
new orchards. This will put forward the problem of reducing the
heterogeneity in the date palm genetic pool in the regions where these
cultivars dominate. As a result of this type of monoculture any
unfavorable condition(s) can destroy a large area which may cause an
economical disaster. Unfavorable conditions could be a change in the
environmental conditions or the introduction of new insects or diseases.
Many such examples are known in the history of agriculture.

Using many cultivars, which are selected through breeding programs
is the way to maintain diversity and high quality of the desired character
for the industry of tresh date production. Also, it is important to select
proper male palms because the pollen type influences fruit quality, time
of ripening and production as the result of compatibility and metaxenia
effects.

In view of the above, accurate identification procedures are needed
for the classification and registration of date palm cultivars. Selection of
new cultivars is a long and costly process. Selection at an early seedling
stage is an ideal solution to eliminate male or low quality female palms.
Molecular techniques would provide a promising approach to solve these
problems.

The Clonal Fingerprinting technique can successfully be used in the
identification of true-to-type clones developed through indirect somatic
embryogenesis.

Molecular techniques are extensively used in constructing genetic
maps, marker-based selection, cloning useful genes and fingerprinting in
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several crops like tomato and potato as well as in weed-like Arabidopsis.
In palms, molecular breeding is still in its infancy. It would be possible to
screen for a desirable cultivar at the seedling stage by using marker-
based selection strategy. The same method can be used to distinguish
between male and female palms before flowering. The prerequisite for
marker-based selection is the identification of a marker tightly linked to a
trait of agronomic interest. The most general approach to achieve this
objective is the initial construction of a complete linkage map (Gebhardt
and Salamini, 1992). The cosegregation of the molecular marker and a
trait of interest, in a progeny segregating for this trait, is an indication of
linkage between them. This marker could then be used for selection
instead of the morphological characters. Molecular analysis can predict
the superior heterotic combination within a set of genotypes (Smith et al.,
1990). This is helpful in shortening the breeding program especially in
date palms, which requires many years before flowering. Cultivar
identification and the true-to-type plantlets produced by tissue culture
can be done using the Clonal Fingerprinting technique.

The Amplified Fragment Length Polymorphism (AFLP) is a
powerful technique, which has been developed recently for molecular
analysis (Vos et al., 1995). The AFLP technology is a DNA
fingerprinting technique, which is based on selective amplification of a
subset of genomic restriction fragment using Polymerase Chain Reaction
(PCR). This technique visualises DNA polymorphism among individuals.
The technique gave promising results in plants, animals and human
genome analysis (Prabhu and Gresshoff, 1994; Chung et al., 1994;
Lienert et aI., 1993). This technique could be used in all of the above
mentioned applications.

MATERIALS AND METHODS

In this paper an AFLP genetic map for date palm has been initiated.
Five cultivars were used to establish Fl populations. These populations
will be used in localising the agronomic traits on a genetic map. Four of
these cultivars give high quality fruits with economical value. Um-Assla
(the fifth cultivar) has low quality fruits but it is tolerant to salinity and
high humidity.

Plant materials:

Male palms coded BN-96, DM-96, FR-96, KL-96 and KN-96 were
used as pollen source to establish date palm populations. They were the
F1 offspring of the cultivars Bunarenga, Damous, Fardh, Khalas and
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Khenizi, respectively. The pollen and offshoots from these males were
kindly supplied by the Rumais Agriculture Research Station, Rumais,
Sultanate of Oman. The cultivars Bunarenga, Fardh, Khalas and Khenizi
were crossed with their respective F 1 males to establish back cross
populations (coded BN-BN-96, FR-FR-96, KL-KL-96 and KN-KN-96).
Cultivars Khalas and Um-Assla were crossed with DM-96 and KH-96,
respectively to establish Fl populations (KL-DM-96 and UM-KL-96,
respectively). Pollination was carried out under controlled conditions to
avoid contamination with other pollen sources. After disinfecting the
closed inflorescence (male or female) with 70% ethanol a small cut was
made from which five male strings were inserted. The female
inflorescence was then covered with a paper bag and shaken for three
successive days to free and disseminate the pollens. The paper bags were
removed three weeks after pollination.

Establishment of the populations:

Fruits at Rutab stage were harvested and the seeds were collected.
Four harvests were carried out at two weeks intervals. Seed volume and
weight~ flesh weight, TSS and ash weight were recorded. Randomly
selected two-hundred seeds per population (50 per harvest) were sown,
after soaking in running water for three weeks, in pots (No. 3) filled with
peat moss. For the shortage of seeds ofKL-DM-96 population, only 80
seeds were sown (20 per harvest). Six months after sowing the seedlings
were transplanted to the full ground (sandy loamy soil). Survival of the
seedlings was recorded after one year. Observations on seedling
abnormalities were also recorded.

Germination and growth responses in in vitro:

Seeds from KL-KL-96 and KL-DM-96 populations were scarified
with 96% H2S04, and soaked in distilled water for a week. They were
then longitudinally halved and sterilized for 30 minutes in 20% Clorox
and few drops of Tween-Twenty. Germination and growth were
evaluated on an MS modified medium supplemented with 170 mg/L
sodium orthophosphate, 30 g/L Sucrose, 2 mg/L activated charcoal, 8 g/L
agar, 100 mg/L myoinositol and 0.4 mg/L thiamins HC!. Tested growth
regulators include 1 mg/L 2 lP, 2 mg/L GA3 either separately or
combined with 2 IP. The tests were carried out using four replicates in a
complete random design.
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DNA isolation and AFLP procedure:

Total genomic DNA from mature leaves of the parental clones
(Um-Assla and KL-96) was extracted as described by AI-Shayji et al.
(1994). DNA of UM-KL-96 population was isolated from the second
leave of the eight months old seedlings. The AFLP procedure was carried
out according to Vos et al. (1995) using the AFLP Kit (GCBOBRL, UK).
The PCR reactions, electrophoresis procedure, gel drying and the
exposure to X-ray film was done according to the manufacturer's
instructions. A salt gradient in the electrophoresis buffer was established
to slow down the migration of the smallest fragment as described by Li et
al. (1998). Selective reactions were carried out with primers extended
with three nucleotides (see Table 6). Eight-Iabeled e2p) Eco-primers
(E+3) were used in different combinations with Mse-primers (M+3) for
the selective amplification. Thirty-five combinations .were used on the
parental clones. Further, the segregation pattern of the bands in the
progeny was tested using one combination on ten genotypes and parental
clones.

RESULTS AND DISCUSSION

The agronomic traits:

The data of early and late ripening as well as the fruit quality were
kept in a data base file. They will be compared when the seedlings reach
maturity' and the genetic correlation will be determined. The germination
of seeds ranged from 95-99 %. Almost 50% of the seeds germinated
within three weeks after sowing, except for the BN-BN-96 population
(only 10 % germinated). Damping off after emergence took place in 50 %
of the seedlings. The survival in the field after one year ranged from 53-
97% (Table 1).The date palm is expected to be heterozygous in many of
its traits because of its dioecious nature. The low survival rate of the BN-
BN-96, FR-FR-96 and KL-DM-96 most probably because of the
inbreeding depression or the low adaptability to the environment of the
Batinah region. Selection can be done from the population produced in
this study for environmental adaptability as well as for the resistance to
different pests.
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Table 1. Number of transplanted seedlings and their survival in the field
after one year.

The first leaf of most seedlings from all populations grew erect, but
few were slanting. Data taken from three-week old seedlings showed that
the populations were segregating with 1:0, 1:1 or 3:1 ratios for erect and
slanting, respectively (Table 2). The erect and slanting leaf was
controlled with a simple genetic factor following Mendelian inheritance.
Erect leaf appeared to be the dominant character over the slanting
(recessive). The lack of slanting in FR-FR-96 indicated that at least one
of the parents is homozygous in this trait. One of the parents of the BN-
BN96 population is heterozygous for erect leaf, while the other parent
contains the recessive factor. Inthe other population the parental clones
might be heterozygous. Since information on germination leaf of these
parents is not known, further crosses need to be conducted once these
seedlings reach flowering stage in order to confirm this hypothesis. The
population also varied in producing the second leaf, from 10% in KN-
KN-96 to 59% in FR-FR-96 with an average of 33% but no clear
segregation ratios were observed

Table 2. Segregation of different populations for the direction of growing
of the first leaf of three-week old seedlings and the P value of X2 test.
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Population
Number of seedlings Percentage of

Transplanted Survived after one year survival
BN-BN-96 171 130 76
FR-FR-96 152 81 53
KL-KL-96 111 103 93

KL-DM-96 46 25 54
KN-KN-96 103 94 91
UM-KL-96 159 154 97

Number of Number of seedlings

Population
germinated with X2 p

seedlings after Erected Slanting '1: 1 3:1
3 weeks leaf leaf

BN-BN-96 20 11 9 0.2 > 0.70
FR-FR-96 105 105 0 no segregation ----
KL-KL-96 99 73 26 0.084 > 0.80
KL-DM-96 30 23 7 0.044 > 0.85
KN-KN-96 109 78 31 0.69 > 0.45
UM-KL-96 163 118 45 0.59 > 0.45



A remarkable phenomenon was observed in one of the KN-KN-96
seedlings. Out of 200, one seed produced two seedlings attached together
in the hypocotyle region. Each had its own root and shoot. The seedling
survived in the field. AFLP fingerprinting analysis will be carried out to
test whether the two seedlings are identical twins or not.

In vitro development:

The germination test of (KL- KL-96) and (KL-DM-96) showed a
significant effect of the genotype. In the former population a larger
number of seeds germinated than in the latter (P=0.16).No significant
differences were found between the germination percentage of seeas
from different harvests.

The effect of growth regulators and harvest dates on the growth
rate of the KL-KL-96 population is shown in Table 3. The application of
GA3 alone, in the first harvest date, resulted in the slower growth rate
than the other three treatments. The effect of GA3 and 2 iP disappeared
in the seeds of the second and third harvest dates. However, in the seeds
of the fourth harvest date, GA3 and 2 iP significantly increased the
growth rate when applied separately or in combination. These results
suggest that application of GA3 alone to the first harvested seeds
suppressed the action of the endogenous gibberellins. However, in case
of the fourth harvest, it seems that the concentration of endogenous
gibberellins, was much reduced to allow the action of the applied GA3.
Furthermore, GA3 was more active in the meristematic tissue and it
decreased with age.

The data in Table 3 also indicate that the growth rate was increased
up till the third harvest date when it reached its highest level; then
dropped on the fourth harvest date. Such pattern suggests that maturity is
regulated by genetic factors which might influence germination
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Table 3: Effect of growth regulators and harvest dates on the growth rate
of KL- KL-96.

* Means indicated by the same capital letter in the same row and by the
smaUletter in the column are not significantly different.

LSD at 0.05 level = 22.55

The trend of the percentage increase in embryo axis showed that
population KL-KL-96 always induced less growth rate (vigor) than KL-
DM-96 (Table 4). This is true in case of growth regulator treatments as
well as with the harvest dates. These results reflect the effect of
inbreeding depression in case of KL-KL-96. Furthermore, it can be se~n
that the effect of growth regulators and harvest dates on growth rate
showed the same pattern in both populations.
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No growth 1 mgIL 2 IF 2 mgILHarvests 1mgIL 2 IF + Means
regulator

2 mgIL GA3
GA3

First harvest 44.2 B* 40.0B 51.0 B 11.1 A 36.57 a

Second harvest 45.0B 43.9B 43.6B 57.1 B 47.40 a

Third harvest 66.1 B 80.6B 85.6B 88.5 B 80.20 b

Fourth harvest 31.3 A 61.3 B 56.5 B 69.1 B 54.55 a

Means 46.65 56.45 59.175 56.45



Table 4: Effect of growth regulators and the harvest date on growth of
Fl offsprings ofKhalas.

AFLP analysis:

The AFLP finger printing for both parental clones was obtained
with 32 primer combinations. Three primer combinations (E-AAC, M-
CAG ; E-AAG, M-CAT; and E-ACG, M-CAA) showed few bands in the
male parents while the few bands were observed in the female parent
using the combination E-ACG, M-CAA. The total number of bands was
1647 with an average of 25.7 band per lane from which 302 bands
showed polymorphism with an average of 9.4 band per primer
combination. The polymorphism between the two parents ranged FROM
4 to 55 % depending on the primer combination (Table 5). The total
number. of bands and the polymorphic bands were found to be genotype
and 'primer combination dependent (Pakniyat et al., 1997). The reason for
generating only a few bands in the three primer combinations is not clear.
For that reason it is not recommended to use these primer combinations
in the segregation analysis.
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Percentage increase in length of embryo axis

Effect of growth regulators Effect of harvest date

Growth regulators KL-KL-96 KL-DM-96 Harvests KL-KL-96 KL-DM-96

None 46.6 60.8 First 36.6 48.2
harvest

1 mg/L Zip 56.4 82.6 Second 47.4 66.0
harvest

1 mg/L Zip 59.1 100 Third 80.2 153.2
+ harvest
2 mg/L GA:t

2 mg/L GA3 56.4 95.7 Fourth 54.4 71.7
harvest



TAble 5. Different primer combinations and the percentage of the
polymorphism between Um-Assla and KL-96.

* N.T. = not tested.

The primer's pair E-AAC, M-CAC was used to study the segregation
pattern in ten progeny plants. Fifteen bands out of 31 were polymorphic.
These bands segregate as shown in Table 6.

Table 6. The segregation pattern of the AFLP generating bands in ten FI
offspring and their parents.

+ Band is present

Band is absent
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M-CAA M-CAC M-CAG M-CAT M-CTA M-CTC
E- AAC N.T* 48% Fewbands 13% 55% N.T.

E-AAG N.T. 30% 4% 12% Fewbands 26%

E- ACA N.T. 26% 16% 18% N.T. N.T.

E -ACC 27% 11% N.T. 8% 16% 14%

E- ACG Fewbands 20% 19% 12% 10% N.T.

E -ACT 12% 11% 29% 14% 32% 12%

E- AGC N.T. 20% 14% 8% 13% N.T.

E -AGG N.T. 33% 17% 15% N.T. N.T.

Case Parent 1 Parent 2 Progeny

1 + + present in all plants

2 + -- present in all plants

3 + -- . present in some plants and absent in others

4 + + present in some plants and absent in others
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CONCLUSION

This study showed the possibility of using the AFLP technique to
study the date palm genome. The map can be constructed based on the
pattern of the segregation of AFLP generated bands. The bands in 1 and 2
(Table 6) can not be localized because no segregation was observed. In this
case, either one or both parents are most probably homozygous in these
bands. The bands showed segregation in 3 and 4 because they are
heterozygous bands. The expected ratio of segregation is 1:1 or 3:1 in these
two cases, respectively. In case 3, the band can be mapped to the first
parent, while in case 4 it can be mapped to both parents. This last case can
be used to construct a joint map. Linkage groups can be constructed based
on the co-segregation of different bands. These will be used to localize the
agronomic traits of interest. The AFLP technique was successfully used in
localization of resistance genes in economical crops like potato (Li et al.,
"1998)as well as measuring the variation in wild barley germplasm (Pakniyat
et aI, 1997).

Cloning of DNA fragments generated by the AFLP technique can be
achieved (Cho et aI., 1996).In our laboratorywe isolateda DNA fragment,
which might be used to identify the male palms at seedling stage (data not
shown). This information will be published once the identification of the
male palms is confirmed.

Comparison of the data collected so far with the information that will
be obtained after flowering of the FI progenies will help to improve the date
quality and uniformity in maturity time. Localization of qualitative or
quantitative traits on the genetic map can enhance breeding programs to
improve the date palm. Selection of the desirable palms (male or female)
can be carried out based on molecular markers. A lot of information still
needs to be collected and the genome of the date palm need to be studied in
more details. This will facilitate the improvement of dates' quality and the
development of date palms with better adaptability to the environmental
conditions. Studying the genomes of important organisms was done in
different parts of the world, such as the human genome project, the rice
genome project the Arabidopsis genome project, etc. Starting a genome
"project of the date palm will be the ideal method to improve it in the next
century. Some of the main objectives of such project would be:
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1. Accurate identification and classification of cultivars with neutral
markers (molecular probes) which are not influenced by the
environmental conditions or physiological state.

2. Establishment of long term breeding programs in which the selection
is carried out based on molecular markers and the recognition of the
best heterotic combinations.

3. Selection of male palms with desirable characters.

4. Determination of genotypes that can be easily propagated through
tissue culture techniques.

5. Studying the genetic transformation of date palms and inducing the
resistance to pests.
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