
Studies on somatic embryogenesis and
development of DNA markers in date palm

(Phoenix dactylifera L.).

by

Mustapha Aitchitt

A thesis submitted in partial fulfilment of the requirements

governing the award of the degree of

Doctor of Philosophy of the University of London

Department of Agriculture, Horticulture and the Environment

Department of Biological Sciences

Wye College

University of London

January 1995



ABSTRACT

This thesis presents results of studies on the development of an efficient date palm

micropropagation procedure and DNA-based genetic markers.

Earlier studies used high concentrations of auxins (2,4-D) for callus induction and

maintenance which could jeopardise the genetic stability of culture derived date palms.

Therefore, a series of experiments was carried Out to study the effects of three

phenoxyacetic acid auxins, picloram, dicamba, and 2,4,5-T in comparison with 2,4-D

on callogenesis and somatic embryogenesis. The results showed that relatively low

concentrations of picloram can be substituted for 2,4-D to induce embryogenic calli.

Date palm somatic embryos obtained using this procedure could be advanced to all

stages of development leading finally to vigorous microplants. Well-developed

secondary root systems were obtained with IBA treatments. The conditions for

acclimatisation of such plantlets ex vitro were standardised by monitoring three key

factors: root and stem structure prior to weaning, and the growth substrate used. A

suitable in vitro plantlet structure for weaning in terms of roots and stem types was

identified and growth environments also assessed by means of which over 90% of

plantlets survived ex vitro.

RFLP and RAPD approaches were used to identify and establish strategies for

developing DNA-based markers with which to assess genetic variability in date palm.

For this, initially, a procedure was developed for the extraction of total DNA from

mature leaves. Pst I and EcoR I restriction fragments of date palm DNA were cloned

using the plasmid vector pUC19. The cloned fragments were grouped into low,

medium and high copy sequences and six of these were partially sequenced. The

cloned DNAs were used as probes to detect restriction fragment polymorphisms in a set

of date palm accessions in the Zagora germplasm collection of the Institut National de la

Recherche Agronomique (INRA), Morocco.

The PCR conditions for RAPD analysis of date palm DNA were optimised. A series of

10- mer random primers and date palm DNA based 20-mers were screened for their

ability to generate RAPD polymorphisms. Sufficient polymorphisms were detected to

enable genetic diversity studies to be performed on selected accessions. Some

suggestions about the suitability of RFLP or RAPD-based DNA markers for date palm

are presented and discussed.

The significance of somatic embryogenesis micropropagation methods and genetic

fingerprinting are discussed in the context of date palm improvement in general and

more specifically with respect to the INRA date palm breeding programme in Morocco.
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CHAPTER 1

1 GENERAL INTRODUCTION AND AIM OF THIS STUDY

Date palm is unique in its ability as a cash crop to produce a valuable fruit

and also to contribute in creating the special microclimate of the oasis ecosystem.

It plays important social, economical and ecological roles by maintaining the flora

and fauna and the livelihood of the people of the oasis and by providing valuable

foreign exchange for date exporting countries such as Algeria, Tunisia and Iraq.

The date palm is called "the tree of life" because it holds a key position in

oasis ecosystems: through its structure and height, the date palm provides shade

and free space for other crops to grow underneath. The date palm tree is also

considered as the tree of providence because every part of it is used in the daily

life of populations in arid zones of the world.

Dates hold the fourth position in tropical and subtropical fruit production

and maintain more than 5 million people in zones with a harsh climate in the

Maghreb Region alone (FAQ, 1982). Dates also constitute an important part in

the nutrition of populations in the Sahara.

In North Africa, date palm trees are threatened by a disease known as

"Bayoud" caused by a soil borne fungus , Fusarium o.xysporum f sp. albedinis

which appeared in the Draa Valley in Morocco at the turn of this century (Toutain,

1965) and has spread to most oases in the country and reached Algeria (Toutain,

1965; Bulit et a!., 1967). The countries so far affected are Morocco and Algeria

(Djerbi, 1982) but the potential devastation that this disease could cause to

countries like Tunisia, as it spreads eastwards along North Africa, is formidable.

Because a large part of that country's date palm production is centred around one

variety (Deglet Noor), the arrival of Bayoud disease could decimate Tunisian date

palm production within a very short space of time. This fungus invades the date

palm by the roots and develops in the tree's vessels and soon reaches the apical

dome and kills the tree by a combination of physical blockage of conducting

elements and of cell and tissue death caused by toxins (Dubost et aL, 1970;



Louvet and Toutain, 1973; Matheron and Benbadis, 1990). In Morocco alone,

Bayoud disease has resulted in the loss of more than 10 million palms, two thirds

of the palm population (Djerbi et a!., 1985) and some varieties such as "Berni"

and "Idrar" have already been reported by Pereau-Leroy (1958) as being extinct

as early as 1958. The disease is now spreading eastward and is already

destroying plantations in Algeria with estimated total losses in 1980 of more than

3 million palms (Djerbi, 1982). Ironically the most susceptible palms are also the

best varieties selected down through the generations and planted extensively in a

large number of the oases (Saaidi et a!., 1981). In Tunisia, the prized variety

Deglet Noor was tested in Morocco and was found to be highly sensitive to

Bayoud disease (R'houma, 1987). The same variety in Algeria provides the

mainly exported date and constitutes a large majority of some palm groves (e.g.

Biskra, Maskara).

Most oases are stable ecosystems that have been in existence for centuries

and date palm varieties giving good quality fruits have been propagated

vegetatively through generations to ensure revenue for peasant farmers, as the

date is the main exchange product outside the oasis. Such an ecosystem is easily

upset by the disappearance of date palm trees. Besides the loss of the major cash

crop, areas of cultivated land are exposed to the direct effect of the sun and it then

makes it difficult to grow any of the other plants that would normally grow injhe

shade of the palms leading to progressive desertification followed by mass

migration of people (Toutain, 1977). If nothing is done to preserve this tree, the

long term effect is the unavoidable large scale desertification of a large part of the

fringe zones of the Sahara belt. Reviving the oases by extensive replantation of

date palms with resistant and high quality producing plants is the only way to

restore, to expand and to revitalise the oases devastated by Bayoud.

Given the huge impact that the disappearance of date palm is having on

the Sahara and surrounding regions, Maghreb countries (in collaboration with

FAO) have launched major initiatives involving research programmes in date
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palm breeding and propagation (Projet de lutte contre le Bayoud,

FAO/RAB/88/024). The main goal of this programme is to analyse the current

extent of genetic resources available and to breed date palm for resistance to

Bayoud and to propagate selected date palm materials.

Tissue culture is the only procedure which has the potential to produce

within a few years the minimum of six or seven million plantlets necessary to

restore the ecosystems to a basic maintenance level in Morocco and Algeria.

Using the traditional vegetative propagation techniques based on the offshoots

produced at the base of the plants it will take centuries before such numbers can

be obtained because the numbers of available offshoots per elite mother tree is

very limited and these would not be able to compete with the speed of devastation

by Bayoud. The need for developing tissue culture methods of rapid clonal

multiplication is therefore one of the top priorities for this species.

Tissue culture techniques have been applied successfully to a number of

vegetatively propagated species which are in some cases being produced

commercially through these procedures. Micropropagation techniques provide an

answer for the large scale multiplication of selected elite clones by allowing

repeated multiplication of in vitro shoots or embryos; the regeneration of disease

free plants by application of meristem tip and shoot tip culture techniques; the

prolonged multiplication of plant material in an aseptic environment and a means

of preservation of endangered species through the application of appropriate

cryopreservation and/or growth limitation techniques. Tissue culture is only one

part of the answer to the date palm problem in North Africa. In fact, the

propagation of sensitive or unknown date palm varieties is not a solution to

Bayoud. The ideal clones are ones with both resistance to the Bayoud disease,

and which also give fruit of high quality to ensure stable long-term revenue to

farmers.

The date palm programmes set up in North African countries have as a

high priority the selection and Bayoud screening of date palm cultivars
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propagated through tissue culture. One of the main problems with this approach

is the question of whether or not the plantlets obtained through tissue culture are

true-to-type. Adequate genetic fingerprinting techniques are urgently needed but

have not yet been developed. Once again the traditional methods have been based

on adult phenotypes or on the fruits produced only when plants have reached

maturity (from 5-7 years and onward) in order to distinguish between cultivars.

These traditional methods are inadequate and are not sufficiently precise and often

the distinction of two or more closely related date palm varieties is often

confusing and sometimes impossible. The possibility that DNA markers could be

developed and then used for plant selection and fingerprinting purposes, as has

already been proven in other crops is particularly attractive. The development of

such markers for date palm is not only useful but absolutely essential to speed up

the breeding programmes in all the Maghreb countries in order to combat the

spread and potential devastation of Bayoud.

These two key research areas, i.e. plant tissue culture and the

development of DNA markers for date palm, are complementary: genetic fidelity

of date palm ramets produced by tissue culture can only be assessed properly at

an early stage of plant growth using DNA markers and molecular genetics. The

latter are only exploitable and useful if plant tissue culture propagation techniques

are optimised to their full potential so that other more widely app1icble

biotechnological approaches can be exploited such as genetic transformation to

engineer some form of fungal disease resistance. The availability of DNA

markers opens up many more opportunities for comparing and contrasting the

genetic backgrounds of different date palm varieties and to reclassify traditional

varieties some of which might even be duplicated.

The present study was therefore centred on these two key areas of

research in the hope that its results could contribute to the continuing date palm

research effort in North Africa. The Institut National de la Recherche

Agronomique (INRA) centre of Marrakech, Morocco, has been designated a
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centre of date palm research in this effort. Since 1989, INRA prioritised all its

research projects, and in date palm, tissue culture and the development of DNA

markers were highlighted (Aitchitt and Benslimane, 1992) and classified as high

priority in the recent round of prioritisation of research objectives (Ameziane,

1992).

THE AIM OF THIS STUDY

The main aim of the current investigation was two-fold: firstly, to

improve the efficiency of currently available tissue culture methods for

propagation and, secondly, to identify, develop and establish for the first time,

strategies for obtaining DNA-based markers with which to assess genetic

variability and diversity in date palm. It was decided to explore the possibilities of

applying RFLP and PCR-based approaches that could be extended then integrated

into existing date palm breeding and improvement programmes in Morocco.

The theses is composed of two main parts: one concerning tissue culture

studies and the other concerning molecular biology studies.

In tissue culture, the two key aspects which required improvement were

the initiation of embryogenic callus from leaf base explants obtained from selected

offshoots and the conversion of embryo-derived in vitro microplants into fully

developed plantlets in vivo with well-developed secondary roots. The specific

objectives of the tissue culture studies were therefore:

1- to investigate the possibility of inducing callus and somatic embryogenesis in

date palm tissues using auxins other than the one already widely tested, i.e.

2,4-D and the possibly that this might be used at lower concentrations so as

to reduce the risks of possible genetic variations in ramets,

2- to advance the calli to further culture stages so as to induce well-developed

somatic embryos bearing root systems adequate for acclimatisation.
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3- to develop a simple and efficient procedure for the transfer of date palm

plantlets to in vivo conditions by defining more rigorously the type of

microplant suitable for transfer and the specific growing conditions

necessary for the survival of microplants in glasshouses.

With respect to the molecular techniques, it was first necessary to develop

basic protocols such as genomic DNA extraction and then to go on and explore

the strengths and drawbacks of different approaches for detecting and analysing

polymorphisms in the date palm genome.

The specific objectives of the second part on molecular biology techniques were

therefore:

1- to explore the possibility of detecting polymorphisms by RFLP analyses

through:

a- the development of a reliable procedure for extracting DNA from readily

accessible material (i.e. mature leaves in this instance).

b- the development of a set of homologous probes following the construction

and analysis of a partial genomic library, and

c- the assessment of variability in date palm by Southern analysis,

2- to explore the possibility of detecting polymorphisms using PCR-based

approaches through:

a- the optimisation of PCR conditions specific to date palm DNA,

b- the screening of random primers to generate RAPD markers, and

c- the analysis of genetic diversity among a set of mainly Moroccan date palm

cultivars using these DNA markers.

This split-PhD study was carried out in part in the UK at Wye College,

University of London in the Unit for Advanced Propagation Systems (for plant
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tissue culture studies) and the Plant Molecular Biology Laboratory (for the DNA-

based markers studies) and in the other in Morocco at the Laboratoire de Culture

de Tissues, INRA, Marrakech. As a result of the split-PhD arrangement, it was

possible to establish a DNA fingerprinting unit in Marrakech. The study

programme was sponsored by the Overseas Development Administration, UK

Government as part of its Technical Co-operation for Training and Development

programme.
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CHAPTER 2

2 DATE PALM, IMPORTANCE AND CULTIVATION.

2.1 General considerations

2.1.1 Botanical descriptions of date palm

The date palm (Phoenix dactylifera L.) is a woody perennial

monocotyledonous species. It belongs to the family Arecaceae which is

composed of about 200 genera and includes more than 2,500 species (Moore,

1973). There are 11 other species in the genus Phoenix, some of which are

widely used as ornamental plants:

Phoenix canariensis Chabaud, Phoenix atlantica A. Chev., Phoenix reclinata

Jacq., Phoenix sylvestris Roxb., Phoenix humilis Royle., Phoenix paludosa

Roxb., Phoenix hanceana Naudin, Phoenix acaulis Roxb., Phoenix farinifera

Roxb., Phoenix rupicola T. Anders., Phoenix roebelinii O'Brien.

Some of these species produce edible fruit: Phoenix atlantica, Phoenix

reclinata, Phoenix farinfera , Phoenix humilis and Phoenix acaulis.

The date palm, like other species of Phoenix, is dioecious with male and

female flowers produced on separate palms. It is also polycarpic, heterozygous

and diploid (2n=36). The trunk consists of cortical layers arranged in a helical

pattern with dispersed numerous bundles and fibres. The stem terminates fn a

single shoot tip that gives rise to alternating leaves with encircling sheath tissue.

This tree-like structure might reach 20 m in height within the first 100 years of its

life (Plate 2.1). The lateral buds, situated on the base of the trunk, gives

offshoots by suckering. Along the trunk, the buds are generally inhibited by a

very strong apical dominance, but some of them may grow and give aerial

offshoots up to several metres above ground level. Inflorescences consist of

numerous sessile flowers. The inflorescence originates from the axils of leaves

on top of the tree. As many as eight to ten inflorescences may be produced at any

one time by the same tree, giving fruit bunches of 2 to 10 kg (Plate 2.2). The first
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Plate 2.1 Adult date palm trees some of which can grow up to

20 m in height (Zagora, Morocco).
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inflorescence appears after 6 or 7 years of growth. The fruits of date palm,

"dates", are berries each containing a single embryo. The date is made up of a

chunky mesocarp protected by a thin pericarp. The endocarp is a very thin

membrane covering the seed. The latter is elongated with a characteristic ventral

line and an embryo situated in a dorsal position. The flesh of dates range in

texture from a very soft to hard consistencies (depending on relative water

content) and is one of the characteristics used to classify date varieties.

2.1.2 Distribution and area under cultivation

The exact centre of origin of date palm is unknown. Munier (1981)

suggested Mesopotamia as a possible site (Fig. 2.1). According to this author,

date palm culture has spread from Mesopotamia to the north of Iran and to the

Indus valley. From Egypt, the expansion of this species has spread to the west,

to North Africa and to the south Sahel. As a result, date palms are now widely

distributed throughout the Middle East, North Africa and south Sahel, Central

America, part of South America, and even in Europe (Spain, Italy) (Fig. 2.2).

2.1.3 Importance of the date palm as a crop

The world production of dates was estimated at 3,574, 000 MT in 1992,

the largest producers being Egypt, Iraq, Saudi Arabia, Iran and Pakistan (FAO,

1993). The total number of date palm trees is approximately 105 million covering

an area of 800,000 ha (Toutain et a!., 1989). Date palms are primarily cultivated

for their fruits, but in the area of cultivation, date palm is considered a

providential tree because every part of it can be used in the daily life in those

regions. Trunks are used for building, leaves to make baskets, inflorescences to

make drumsticks etc. As many as 800 uses of date palms have been recorded in

the Middle East (A1-Bakr, 1972). In some of the main producing countries such

as Iraq, the ripe dates are extensively used for extraction of date syrup,
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Plate 2.2 A healthy date palm tree showing several bunches of

fruits. Fruits can have different colours and shapes

depending upon variety (Zagora Station, Morocco).
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production of jams, ice cream, baby foods and alcoholic and soft drinks (Basat,

1971). The nutritional value of the date fruit is very high and sugars comprise

70% of the fruit (Basal, 1971), which in most varieties is made up mostly of

glucose and fructose. Dates are also a good source of iron, potassium, calcium,

magnesium, sulphur, copper and phosphorus, along with different vitamins,

including thiamine, riboflavin, biotin, folic and ascorbic acid (Al-Bakr, 1972).

This rich fruit plays an important role in the nutrition of the populations in and

around producing regions.

2.1.4 Propagation of date palms

2.1.4.1 Conventional practices (seeds, offshoots)

The following information on seed propagation and the status of cultivars

of date palm in Morocco is based on several internal INRA reports and Moroccan

journals (e.g. Rapports d'activité de Ia Station Centrale d'Agronomie

Saharienne). Sexual propagation is the most convenient method by which to

propagate date palm: seeds can be stored for years, they germinate easily and are

available in large numbers. However, this method can not be used commercially

for propagating the cultivars of interest in a true-to-type manner for several

reasons. The most obvious is the heterozygous characteristics of seedlings which

are related to the dioecious nature of the date palm: half of the progeny are

generally male (Barrett, 1973), which produce no fruits, and large variations in

phenotype can occur in progeny. Furthermore, no method is known at the present

time for sexing date palm at an early stage of tree development. It is therefore not

possible to eliminate non-productive male trees in the nursery before plantation on

a field scale. Another important draw back of seed propagation is that the growth

of the seedlings is very slow. For all of these reasons, propagation by seed is not

practised by the growers and it is used only in exceptional cases when supplies of

offshoots are unavailable. Seedlings, however, provide essential materials for
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breeders in their attempts to develop new superior cultivars with agronomically

interesting traits. In fact, the cultivars that are known today were probably

selected originally from seedlings, then propagated by offshoots and gradually

these have become recognised as cultivars.

This practice has led to the development of numerous local varieties and

selections which have been named according to local traditional and dialect

preferences. Consequently there has been a proliferation of date palm varieties

some of which are similar while others are extremely diverse. The diversity of

date palm varieties used in North Africa and the Middle East has been assisted by

many strong trading traditions and activities down through the centuries through

well-established camel, train and seaferry trade routes (Munier, 1981).

For centuries, the propagation of date palms by offshoots was the only

commercial method of vegetative propagation used in date palm growing regions

of the world (Plate 2.3). The offshoots have been used for vegetative propagation

of the best varieties with a high commercial value. These offshoots are produced

from axillary buds situated on the base of the trunk during the juvenile life of the

palm (Plate 2.4). Offshoots are ready to be used as propagules when they have

developed a root system. They are separated from the mother tree with as little

damage as possible by excavating soil from around the base of each offshoot and

by cutting the connection to the adult tree with a sharp instrument to avpid

splitting at the base (Plate 2.5). Studies have been carried out to determine the

best size (see below) and conditions of transplanting date palm offshoots (e.g.

Saaidi and Toutain, 1979). The use of offshoots to propagate date palm has all

the advantages of vegetative propagation but it also has a number of limitations.

These are that offshoots develop slowly and the numbers of these are limited and

are produced only within a certain period in the mother palm's life. The low

number of transplantable offshoots available in the life time of a selected tree

varies from 10 to 30 depending on the cultivar and the cultivation practices used

(Toutain, 1967; Saaidi and Toutain, 1979). No means are known as yet as to
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Plate 2.3 Newly planted offshoots of date palms. The offshoots

are protected from direct sun light with dry palms

(Zagora Station, Morocco).
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Plate 2.4 Healthy offshoots growing at the base of an adult palm. These

are sufficiently well developed for the vegetative propagation

of date palm (Zagora Station, Morocco).
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Plate 2.5 A date palm offshoot (9-10 kg) suitable for

transplanting in the field or for sources of shoot

meristem explants. Bar represents 5 cm.
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how to increase the number of offshoots produced by each tree (Fisher, 1980)

except by decapitating the mother tree (however, success can not be guaranteed

by this approach and so it is considered unreliable). Offshoots have to be large

enough (i.e. 10 to 12 kg) to survive when transplanted in the field, a process of

regeneration that can take up to 10 years. The limited number of trees available in

the case of high quality date palm varieties escalates the costs of offshoots. In

Morocco, for instance, where the variety "Mejhool" has been severely destroyed

by the Bayoud disease, it is almost impossible to obtain offshoots on the open

market because farmers wish to keep them for their own use.

2.1.4.2 Tissue culture potential

Due to the limitations of the offshoot system, their is a need for more

efficient vegetative propagation. Application of tissue culture techniques

(micropropagation) presents one of the best opportunities. The details of this

approach are described in Chapter 3.

2.1.5 Germplasm collection and preservation of date palms

Date palm collections which face liquidation through diseases and

economical pressures, may be preserved through cryopreservation. There have

been several reports on a frozen callus of date palm in liquid nitrogen or very low

temperatures in which information on the ability to regenerate somatic embryos

once defrosted and subcultured in a media has been given (Tisserat et aL, 1981;

Finkle et al., 1982; Ulrich et a!., 1982).

2.2 Date palm in Morocco

2.2.1 Date growing regions and role of the date palm

The main areas of date palm production in Morocco are situated in the

southern part of the country in 11 provinces (Fig. 2.3): Figuig, Errachidia,
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Ouarzazate, Tata, Tiznit, Guelmim, Tan Tan, Laayoun, Smara, Boujdour and

Oued Eddahab. These zones cover an area of 471,000 km2 (Anon., 1986). The

average production per annum was estimated in the mid-1980's at 72,000 tonnes

from approximalty 4.5 million trees (Anon., 1986).

The major date palm groves are aligned from East to West, in the southern

part of the High Atlas mountains. The only palm grove situated in the North Atlas

is located at Marrakech thus giving it some special characteristics and particular

significance. It is isolated, well away from the nearest date palm production zone

at Draa Valley, separated from it by the high Atlas Mountains. Although most of

the commercial varieties from the Draa Valley do not mature when grown at

Marrakech, this zone constitutes a significant site for germplasm collection away

from the main areas devastated by the Bayoud.

The total population in these zones is 1,983,000 relying on agriculture for

80% of their subsistence (Sabbari, 1989). The date is a major currency exchange

for other indispensable products not provided by the oasis systems. In the Draa

Valley, date palm production ensures two thirds of the date growers' income

(Anon., 1986).

In addition to their economic value, date palm trees have been recognised

in Morocco as playing a major role in creating oasis microecosystems and in

providing shade under which other crops can grow. When the balance of this

ecosystem based on date palm is interrupted by the disappearance of trees, the

process of desertification takes over rapidly and fertile garden areas are

irretrievably lost.

2.2.2 The Bayoud disease, problem, consequences and control

This vascular wilt disease is caused by a soil-borne fungus, Fusarium

oxysporum f.sp. albedinis (Malencon, 1950). It is without doubt the most

serious and lethal disease known to date palm. The disease appeared to the north
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of Zagora in the Draa Valley, Morocco (Fig. 2.4) in the early 1900's (Foex and

Vayssieres, 1919). Since then numerous studies have been conducted in order to

identify the pathogen and to describe the symptoms of the disease (e.g. Sergent

and Beguet, 1921; Malencon, 1950; Toutain, 1967; Louvet et aL, 1970; Sedra,

1992).

Symptoms of the Bayoud disease appear first on one or more of the

mature leaves in the middle of the crown constituted by the palms (Plate 2.6).

Typically, some pinnae toward the base of one side of the leaf become white and

then adjacent pinnae whiten as the disease progresses upwards along one side of

the rachis to the apex. After one side has been affected, the whitening and dying

of pinnae progress down the opposite side of the leaf until it is killed. As the

pinnae die, a brown stain appears on the dorsal side of the rachis. A transverse

section through the infected rachae reveals typical brownish spots that can be

easily recognised. The palm dies when all the leaves are dried out and the terminal

bud affected (Plate 2.6). The time from the appearance of symptoms to death of

the tree is extremely variable depending on the variety and environmental factors

(Saaidi et a!., 1981; Djerbi, 1988). The average time is one to two years;

however, palms may die in one month in particularly favourable conditions for

the fungus, or alternatively may survive for several years when conditions are not

favourable for the development of the disease.

At the beginning of the century, Morocco was in third position in the

world rankings for numbers of palms at more than 15 million trees (Anon.,

1986). Today, 4.5 million only are left (Sabbari, 1989) because of the

devastation of the Bayoud disease. The most valuable varieties were the most

affected. "Mejhoul" for example, considered as one of the best varieties in the

world, the fruit of which used to be exported to London markets in the 18th

century (Anon. 1986) is today on the verge of extinction. It appears that all the

most highly considered date palm varieties show some degree of susceptibility to

the Bayoud. All the Moroccan palm groves (except the one at
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Marrakech) are now affected by the Bayoud disease which reached the Algerian

oasis of Gardaia in 1965 and El Golea in 1978. In Morocco it has been estimated

that the annual destruction of palms by the Bayoud is 3.5%. This percentage can

increase to 15 to 20% in zones favourable to the development of the fungus

(Anon., 1986).

The devastation of date palms by the Bayoud has considerable negative

impacts at the economical, ecological and social levels. The progressive

disappearance of high quality varieties in favour of seedlings (variously known

"Sairs" or "Khalts") with less commercial value, affects directly the incomes of

peasant farmers and one of the first social consequences is the accentuation of the

problem of rural emigration. In addition to economical losses, the Bayoud disease

accentuates and accelerates also the desertification phenomenon (Plate 2.7). Oases

damaged by this disease are more affected by the hot and dry weather, because

the palms which formerly protected the subjacent annual crops are more and more

reduced in numbers. Since the fine commercial "Deglet Noor" date is susceptible,

as stated previously, Bayoud is a particular threat to the principal date-growing

areas of East Algeria and the west part of Tunisia.

The chemical control of Bayoud disease using general soil fumigation

(Kellou and Dubost, 1974), although efficient in certain conditions and in a small

scale (Djerbi et aL, 1989) can not be used as a general method for many reasons.

First it is not practical since the areas to treat are enormous and it is not

guaranteed to eradicate permanently and totally all the fungus population because

spores can be found up to im depth (Saaidi et a!., 1981). The possibility of

reinfestation, even after treatment, is also very likely because the fungus can be

spread in several ways, e.g. via soil, water, unaffected date tissues or by

symptomless carriers such as henna (Lawsonia inermis 1.) and alfalfa (Medicago

sativa L.). Most of all, the chemical that was found to be efficient (methyl

bromide) is extremely toxic (Vanachtcr, 1989), being dangerous for both the user
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Plate 2.6 Date palm tree showing typical symptoms of the Bayoud

disease. First symptoms (on the biggest tree) and later stages

(front tree) eventually leads to the death of palms (Zagora

Oasis, Morocco).
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Plate 2.7 Desertification: one of the first consequences of the

Bayoud disease. This palm grove once green and

densely populated with palms is now invaded by the

sand after the death of the oldest palms.
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and the fragile ecosystems of oases. The protection of palms by direct injection

into the trunk (pseudostem) or by spraying the trees has not given any

encouraging results (Selvaraj, 1978).

The prophylactic measure can only retard the spread of the disease to

countries so far free from the fungus, such as Tunisia, but can not be effective in

Morocco or even in Algeria.

The Bayoud is not a disease of weakness where the trees which are not

looked after are the most affected. In fact, Pereau-Leroy (1958) already reported

that the best conditions for the growth and production of the date palms are also

the most favourable for the spread of the fungus. This was later confirmed at the

Zagora Station (Morocco) by several investigators (Louvet eta!., 1970, Saaidi et

al., 1981).

The fact that the symptoms of Bayoud disease have not so far appeared in

the Marrakech oasis gave to the phytopathologists a hope that this situation may

be due to the presence of antagonists in the local soil (Sedra and Rouxel, 1989).

The identification of such free living soil microorganisms could therefore be used

in a biological control strategy. It is, however, very unlikely that such an

approach can be applicable to a perennial crop such as date palm in an efficient

and permanent manner (Sedra and Besri, 1988) since the antagonists may be only

effective in certain seasons leading to the possibility that the Bayoud pathogen can

reassert itself in any given location.

It is therefore evident from this situation that there is no realistic way of

eliminating the fungus itself. The only option left, therefore, to save the date palm

is to use or to develop more tolerant varieties. Such an approach was seen as a

real solution as early as the 1950's (Pereau-Leroy, 1958) but the complex

situation and the perennial nature of the date palm made this approach slow.

Bayoud resistant and tolerant varieties can be obtained in three ways:

1-by selection among the known and widespread cultivated varieties,
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2-by selection from seedlings of unknown genetic background (i.e

"Khalts"), growing in infested zones, or,

3-from the progeny of crosses produced within a structured breeding

programme.

A total of 28 popular Moroccan varieties and 4 from Tunisia have been

screened since the early 1970's at the INRA station, Zagora, in Morocco (Louvet

and Toutain, 1973; Saaidi et a!., 1981) and six of these have been selected as

being totally resistant to Bayoud (Saaidi, 1992). However, the fruit qualities of

these varieties is relatively poor and they do not meet the standards appreciated by

the farmers and set by the markets. Farmers will rather take the risk of planting a

susceptible but valuable variety rather than a resistant variety which is not valued

in the markeL

Since the selected varieties are not of sufficient quality, it was necessary

to proceed to the second strategy which is to prospect among natural populations

for individuals which combine resistance to Bayoud and have better quality fruit.

As 50% of date palms in Morocco are produced from seeds (Djerbi eta!., 1985),

a great deal of genetic variability exists among the date palm populations.

Accordingly, it is generally considered that there will be a good chance of finding

resistant material among these populations. Such a programme was initiated in

1973 (Louvet and Toutain, 1973). This effort was later strengthened by a FO

project and further selections were conducted all over the Moroccan oases (Djerbi

et a!., 1985). A total of 2,300 clones were selected and offshoots from most

planted at an experimental site at Zagora to test their resistance. Only a proportion

(1,058) have been screened effectively against Bayoud (Sedra, 1992).

The selection of new clones obtained in a crossing scheme was initiated in 1972

(Bannerot, 1972) and permitted the selection of 38 clones among a population of

approximately 8,000 seedlings. The resistance of such material is still not

confirmed and these clones are represented by only a single individual. No matter
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which way is used to select resistant material this programme faces important

handicaps and further progress relies upon the following:

- the development of an efficient propagation technique which is fast and can

provide a larger number of plants from selected material upon which to carry out

more tests and then later replant in Bayoud-devastated zones,

- the development of means of recognising varieties at an early age and appreciate

their genetic diversities or similarities in order to classify all of the plant material

under study and to decide which are the best strategies for crosses and the

screening of material already planted at experimental sites.
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PART I

TISSUE CULTURE STUDiES



CHAPTER 3

3 DEVELOPMENT OF TISSUE CULTURE METHODS FOR DATE PALM

3.1 General considerations

The lack of rapid, large scale clonal propagation of commercially valuable

date palm cultivars is one of the biggest obstacles to the expansion of this crop

species in all of the date growing regions of the world. The date palm (Phoenix

dactylifera L.) has been conventionally propagated by asexual and sexual

methods (using offshoots and seeds, respectively). Both methods have

advantages and disadvantages but are equally limited (as described previously in

detail). Tissue culture techniques are potentially the best means of propagating

date palms on a large scale due to the limited numbers of offshoots available for a

particular variety at any one time but more investigations are needed in order to

optimise the in vitro conditions necessary for morphogenesis and plant

conversion before these procedures can be considered applicable at a practical

level.

Tissue culture is the process whereby small pieces of living tissue

(explants) are isolated from an organism and grown aseptically for indeimite

periods on defined or semi-defined culture media under controlled environmental

conditions (Mantell eta!., 1985). The application of tissue culture techniques (i.e.

"micropropagation") has considerably expanded the possibilities available for

vegetative propagation of plants. Micropropagation aims at the true-to-type

propagation of a selected genotype using in vitro culture techniques. Most often

micropropagation is also associated with mass production at a competitive price

(Debergh and Read, 1991). The procedures used for micropropagation involve

three principal stages formally designated "Stages I, II and ifi" by Murashige

(1974). Stage I consists of the selection of suitable explants, their surface

sterilisation and transfer to nutrient media; Stage lithe proliferation of shoots on

multiplication medium and Stage III the transfer of shoots to a rooting medium

and planting out into in vivo conditions. These stages were later expanded to five
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(e.g. by Debergh and Read, 1991) by distinguishing two additional stages Stage

0 and Stage IV. Stage 0 (the preparative stage) was introduced to recognise the

contamination problems frequently experienced in Stage I and the avoidance of

such problems by raising mother plants under more hygienic conditions. This can

be achieved by protecting mother plants from exposure to rainfall and by applying

stringent plant hygiene methods to reduce the build-up of pests and diseases on

the mother stock plants. Stage IV (transfer to greenhouse conditions) is concern

with the preparation of plantlets for transfer to ex vitro conditions. Although

generally useful in planning a production, these clear-cut distinctions do not

necessarily apply to all plants (Mantell et aL, 1985)

Tissue culture is an ideal alternative with which to propagate date palm

where the other techniques available such as offshoot methods are inadequate or

limited. This technique could theoretically produce several thousands of identical

individuals from one elite palm. The first attempts at date palm tissue culture were

carried out in the 1970's (Schroeder, 1970; Reuveni et aL, 1972; Reuveni and

Lilien-Kipnis, 1974 and Rhiss et al., 1979). The development of a technique for

date palm involved the use of information existing at that time on other palms

such as coconut and oil palm which, significantly, have no natural means of

asexual multiplication (Henry, 1948).

3.2 Factors involved in date palm tissue culture

3.2.1 Explant type

-	 Many explant sources have been used for the establishment of tissue

cultures of date palm with varying degrees of success. These include shoot tips,

inflorescences, lateral buds, leaves, roots, zygotic embryos and even the

mesocarp tissues of fruit. However, generally only those explants containing

highly meristematic tissues give positive responses. Explant sources acquired

from leaves or roots generally give a substantial technical problem of excess

browning associated with no morphogenetic development. By contrast,

meristematic tissues from immature organs, such as growing tips or embryos,
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tend to have greater chances of undergoing morphogenesis in vitro (Tisserat,

1987)

Different morphogenetic responses of date palm shoot tips and lateral

buds have been obtained by different investigators. The most frequently reported

have been callus formation (Reuveni et a!., 1972; Tisserat, 1982; Gabr and

Tisserat, 1984; Omar eta!., 1992) leaf differentiation (Schroeder, 1970; Reuveni

et a!., 1972; Tisserat, 1984) and root formation (Reuveni et a!., 1972; Tisserat,

1984). Leaves, petioles, rachillae and roots have been established as not being

good source explants for date palm tissue culture (Eeuwens, 1976, 1978;

Eeuwens and Blake, 1977; Reuveni et a!., 1972; Tisserat, 1987). Only one

attempt at callus induction from leaves has been reported by Sharma et aL (1980).

Gabr and Tisserat (1985) reported that some callus was obtained from immature

leaves of date palm but that the calli were non-embryogenic and could therefore

not be used to regenerate plants.

The successful development of callus from stem tissue has been reported

by Eeuwens (1978) and Poulain et a!. (1979). However, in these reports no

mention was made of the type or age of stem tissues used.

Different organs from female inflorescences were also cultured in vitro,

including the entire young flower buds (Drira and Benbadis, 1985), ovules

(Sharma et a!., 1980; Omar and Arif, 1985), carpels (Tisserat, 1987; Omar and

Arif, 1985) and parthenocarpic endosperm (Reuveni et a!., 1972). However,

only limited successes were achieved in these cases. Only one of these reports

described the successful regeneration of plantlets from these explants.

Culture of date palm roots has been attempted utilising explants from

seedlings germinated in vitro but no morphogenetic responses have been

obtained. In most cases root development continued and lateral roots were

produced (Schroeder, 1970; Eeuwens, 1978; Tisserat, 1984). Plant regeneration

from root tips was reported, however, by Smith (1975) who obtained calli
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followed by root and shoot development (presumably via somatic

embryogenesis).

The use of zygotic embryos as explants is of little value for date palm

micropropagation (since it still has the disadvantages of heterozygosity and

unknown sex of the regenerants); however, these explants could be useful in

developing techniques that might be applied eventually for vegetative propagation

of more mature tissues through the provision of morphogenetically competent,

juvenile organ tissues. For instance, immature (Reynolds and Murashige, 1979)

and mature (Reuveni et a!., 1972; Tisserat, 1979) zygotic embryos have been

cultured in vitro as source of date palm callus from which somatic embryos can

be induced and used in experiments designed to obtain as much information as

possible on the cultural conditions required for embryo maturation and

conversion into plants.

3.2.2 Surface sterilisation

Contamination has been found to be a considerable problem in palm tissue

culture (Tisserat, 1982). It is usually evident after subculturing an explant from

offshoot tissues following surface sterilisation. Several chemical and physical

treatments have been applied to obtain clean cultures. The most common

procedure involves immersion of explants in sodium hypochiorite solution,

containing a few drops of emulsifier (e.g. Tween 20) for 15 to 30 mm. The

explant is then usually rinsed 2 or 3 times with sterile distilled water to remove

any residual disinfectant. Some authors have suggested that antibiotics such as

penicillin, streptomycin or gentamicin could be included in the media to combat

such contaminants in palms. However, Reuveni and Lilien-Kipnis (1974) found

that the addition of antibiotics in the media was not effective in the case of date

palm; this is probably because in those cases where they have been applied it was

first necessary to determine the sensitivity of the target organism to an antibiotic

and to determine its minimum inhibitory concentration before an antibiotic is
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applied either in the culture medium or as a dip treatment as recommended by

Cassells (1990). Reuveni and Lilien-Kipnis (1974) did not take such steps in

their work.

Despite surface sterilisation, infections might appear weeks or even

months after culture establishment. Such delays in appearance of obvious

contamination problems are probably due to the presence of tannins in sap

extracts, which may inhibit or delay the growth of microorganisms (Cassells

1990). Infections in date palm tissue cultures have been reported to be caused

either by internally lodged contaminants or by spore-borne surface types which

resist the surface sterilisation techniques (Tisserat, 1987). In fact, Cassells (1990)

reported that many of the microorganisms which are likely to be present

intercellularly in plant tissue will be capable of growth on plant tissue culture

media. Plants may thus develop endophytic floras of variable species composition

consisting of inter- and intra-cellular microorganisms including fungi and bacteria

commonly associated with plants. Endophytic bacterial populations can also

include various L-forms of bacteria, e.g. those of Agrobacterium, Bacillus,

Corynebacterium and Pseudomonas (Cassells 1990). Leary et al. (1986) have

isolated a gram negative, rod-shaped bacterium (identified as Bacillus circulance)

from internal tissues of date palm, including meristems of apparently healthy

offshoots. In other monocotyledonous plants such as yam (Dioscorea spp.),

endophytic populations of Curtobacterium flaccumfasciens have been revealed

recently by the Unit for Advanced Propagation Systems scientists in apparently

healthy shoot cultures through the use of the Gus reporter gene system (Tör et

a!., 1992).

3.2.3 Media constituents

Choice of nutrient medium will determine the route by which date palm

propagation is carried out, i.e. by somatic embryogenesis from callus or by
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proliferation of axillary budding in vitro. A single optimum nutrient medium does

not exist for culturing palms (Tisserat, 1984; Wooi, 1990).

A detailed study on the effects of all inorganic media components on

various explants of specific palms has not been conducted. The MS inorganic

salts of Murashige and Skoog (1962) have been the most frequently used

formulation particularly for callus induction and for axillary bud multiplication but

other formulations based on those of Heller's and Knop's have been tested with

varying degrees of success on oil palm (Staritsky, 1970; Rabechault et a!.,

1970,1972) as well as on date palm (Tisserat, 1979; Eeuwens, 1976) and the SH

(Schenk and Hildebrandt, 1972) medium on coconut (Jagadeensan and

Padmanabhan, 1982). Some critical studies were conducted in an attempt to

determine the optimum inorganic media on coconut (Eeuwens, 1976) and date

(Tisserat, 1979). These studies concluded that the best formulations for callus

growth of date palm were the "MS" (Murashige and Skoog, 1962) and "Y3"

(Eeuwens, 1976) media, which are both rich in nitrogen and iodine sources

which enhance callus production from somatic explants of coconut.

Inclusion of complex addenda in these basal media with which to induce

growth of various palm explants has been reported by several investigators (e.g.

Ammar and Benbadis, 1977; Apavatjrut and Blake, 1977; Balaga and De

Guzman, 1970; Eeuwens, 1976; Fisher and Tsai, 1978). The first attempt at

callus production on date palm used coconut water (CW) in media (Reuveni and

Lilien-Kipnis, 1974; Eeuwens, 1976; Ammar and Benbadis, 1977) but was later

found to be unneccessary and callus could be obtained on various defmed media

without inclusion of any complex addenda (e.g. Reynolds and Murashige, 1979;

Tisserat, 1979; Tisserat and De Mason, 1980; Omar eta!., 1992).

The inclusion of thiamine-HC1, inositol, calcium pantothenate, nicotinic

acid, pyridoxine-HC1 and biotin have often been reported (e. g. Reynolds and

Murashige, 1979; Tisserat, 1979; Rhiss et a!., 1979), though the influence of
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these vitamins and other media additives on callus production has not been

analysed systematically in the case of any palm.

3.2.4 Tissue browning problems

Browning of explants and tissue culture media is often a technical

problem shared by palm tissue culturists, e.g. in the case of oil palm (Paranjothy,

1984), coconut (Apavatjrut and Blake, 1977; Fisher and Tsai, 1978) and other

palms (Wang and Huang, 1976). Not surprisingly, the inhibitory effects of

explant and media browning have been reported also in the case of date palm

(Reuveni and Lilien-Kipnis, 1974; Tisserat, 1979; Beauchesne, 1983; Aitchitt,

1989b)

Date palm tissues will brown to varying degrees depending on the variety

or age of tissue involved as they are excised from parental tissues. In order to

reduce this phenomenon prior to culturing, Tisserat (1979) recommended placing

freshly excised tissues in an antioxidant solution consisting of 150 mg 11 citric

acid and 100 mg 11 ascorbic acid. Sharma et al. (1980) used a solution of 200 mg

11 of ascorbic acid and 25 mg j1 of cysteine. The degree to which these

treatments were efficient in preventing date palm tissue from browning was not

described. To minimise browning of date palm explants and the media during

culture, a mixture of substances including polyvinylpyrrolidone, aden,ne,

glutamine, and ammonium citrate (Rhiss eta!., 1979; Poulain et aL, 1979) and

activated charcoal has been added to the media, with varying degrees of success.

Activated charcoal has been used to reduce browning with beneficial results in

date palm as well as in other palms (Fisher and Tsai, 1978 ; Tisserat 1984, Wang

and Huang, 1976). In fact, without exception, it has been recommended that in

all tissue culture protocols of palms that activated charcoal should be used

(Tisserat, 1984; Wooi, 1990; Blake, 1990; Omar et a!., 1992). Although

activated charcoal was shown to be efficient in adsorbing polyphenols

responsible for tissue browning it has the distinct disadvantage of adsorbing
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auxins and other constituents of the tissue culture medium in a non specific

manner. For instance, the rate of adsorption of 2,4-D by activated charcoal was

recently assessed by Ebert and Taylor (1990) and their results showed that the

2,4-D available to the explant may be greatly reduced. Up to 90% of the total

medium content can be being adsorbed within a few days after medium

preparation depending on the initial concentration of 2,4-D, the charcoal

concentration used as well as other factors such as the pH of the medium and

incubation temperature used. Not surprisingly, most investigators have reported

the efficiency of 2,4-D at high concentrations for callus production in oil palm

(Paranjothy, 1984; Wooi, 1990), date palm (Tisserat 1987; Tisserat, 1984; Omar

eta!., 1992) and coconut (Blake, 1990) when AC is used.
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CHAPTER 4

4.0 GENERAL MATERIALS AND METHODS

4.1 Tissue Culture techniques

4.1.1 Plant material

Two types of explants were used in this study. Zygotic embryos extracted

from seeds and meristematic tissues from the apical domes of offshoots. The

latter were harvested from adult trees growing at the INRA date palm breeding

station at Zagora, Morocco. The cultivars use were "Bou-Sthammi Noire" and

"Jihel". The choice of these cultivars was determined to a large extent by the

availability of offshoots in the experimental station at the time that the

experimental work was being carried out.

Offshoots weighting between 3 to 4 kg were separated from mother trees

with as little damage as possible by digging the soil and cutting the connecting

tissues of the adult tree with a sharp chisel-like tool to avoid any splitting of its

base, labelled and then transported directly to the laboratory (Plate 4.1) where

they were dissected into convenient explants as described below.

4.1.2 Preparation of the offshoot

Apical dome tissues suitable for use as explants, were located in the

central growing zone well within the leaf base sheath of each offshoot. To reach

this zone, palm leaves were removed one by one in a spiral fashion using a saw

and a sharp knife, until the very young tissues were exposed. The tissues had to

be excised with great care in order to keep all the leaves packed together around

the apical meristem to minimise the risks of contamination reaching the explant

tissues. At this stage the remaining tissues consisting of young leaves and their

bases surrounding the apical meristem (the palm "heart" as shown in Plate 4.2

and which usually measured less than 10 cm in height) were then surface

sterilised using the method described in Section 4.1.6.3.
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Plate 4.1 Offshoot ready to be introduced into the laboratory. A large

number of the outer leaf bases have been removed so that only

the cleanest parts of the inner portions of the offshoots were

introduced into the laboratory. Bar represents 4 cm.

Plate 4.2 Offshoot "heart" ready for surface sterilisation. Bar represents 1 cm.
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4.1.3 Excision of zygotic embryos

Seeds from varieties "Bou-Sthammi Noire" and "Jihel" were washed in

water several times then soaked for 24 hr to hydrate the embryo and facilitate

opening of the seeds. They were further washed, surface sterilised and the

embryos excised under the flow cabinet.

With the help of a sharp secateur a longitudinal incision was administered at

both ends of the seed and then opened by hand without touching the embryo

which was easily located. The exposed embryo was then taken from the halved

seed with the blunt side of a scalpel or small forceps. Special care was taken not

to damage the embryo when lifting it out of the endosperm-embryo cavity. The

excised embryo was gentJy placed on the surface of the medium (the embryo was

not immersed into the agar)

4.1.4 Basal culture media

The basal medium employed for callus induction consisted of Murashige

and Skoog (1962) inorganic salts together with the following: 170 mg 11

NaH2PO4, 0.4 mg 11 thiamine HC1, 100 mg 11 meso-inositol, 40 mg 11 adenine

sulphate, 30,000 mg 11 sucrose, and solidified with 3000 mg 11 phytagel. To

minimise browning in the cultures, neutralised activated charcoal or

polyvenylpyrrolidone were used, at 3,000 and 2,000 mg 11, respectively. This

medium was based on those of Tisserat (1979) and Beauchesne (1983)

4.1.5 Growth regulators

Growth regulators used were those supplied in powder form by Sigma UK

and stored according to the supplier's recommendations. Stock solutions were

prepared in 100 ml batches at a concentration of 100 mg 1.1. The cytokinins were

dissolved at the rate of 10mg in 1 ml 0.1N NaOH, the auxins were dissolved in

absolute ethanol, and the solutions made up to 100 ml with distilled water. For

high concentrations of 2,4-D (452 .tM, 100 mg 11), the auxin was weighed out

afresh for each medium preparation. The growth regulators, when needed, were
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added to media prior to autociaving. The pH values of the media were adjusted to

5.8 ±0.1 with HC1 or NaOH solutions before the addition of phytagel. All media

were dispensed in 25-mi aliquots into 25 x 150-mm culture tubes, which were

then capped with polycarbonate lids (Sigma, UK.).

4.1.6 Sterilisation techniques

4.1.6.1 Culture media

Tubes containing media were arranged in aluminium trays that were

wrapped in a double layer of grease-proof paper secured in place with autoclaving

tape. The medium was then sterilised at a temperature of 121°C using a pressure

of 15 lb.inch2 (103.5 KPa) for 20 mm. Media were stored following cooling at

room temperature in a clean environment (closed cupboard or draws) and used

within 1 to 2 weeks after preparation.

4.1.6.2 Instruments

All instruments used for handling or dissecting sterile material were

placed in an aluminium box and sterilised in a dry oven at 160°C for 90 mm.

During their use in flow cabinets, tools were dipped frequently into 70% ethanol,

followed by heat sterilisation in either a 'Hoffman' sterilisation unit or a

"Steribead" unit set at 250°C.

4.1.6.3 Plant material

Shoot tips

Excised offshoots were surface sterilised (under vacuum for 20 mm) in a

30% (vlv) commercial bleach solution (producing 0.5% available chlorine) made

up with sterile distilled water. Following vacuum infiltration, the sterilisation

mixture was left to stand for 10 mm. The vacuum conditions were used to

remove air bubbles and to allow the sterilisation solution to penetrate deeply

between the bases of the leaves. The excess sterilisation mixture was removed by
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three rinses in sterile distilled water. After surface sterilisation, shoot tips were

dissected out carefully in a sterile petn dish and cut into several pieces of

approximately 0.5 cm 3 each containing soft parts of young and white

meristematic dome with parts of the subtending leaf bases attached (Plate 4.3).

Explants containing heavily lignified tissue (i.e. those with many yellow coloured

sections of vascular bundles) were discarded for culture because previous

experience had shown them to brown rapidly during the first few days of culture.

Seeds and zygotic embryos

Seeds were immersed in a 10% sodium hypochiorite solution containing

one drop of Tween-20 per 100 ml solution for 30 mm. The excised embryo was

further sterilised in 1% sodium hypochiorite solution for 1 mm, rinsed three to

four times in sterile distilled water, and quickly dried on a sterile filter paper.

4.1.6.4 Work surfaces

The inner surfaces of a laminar flow cabinet were sprayed with 70%

ethanol before use. A clean sterile glass plate was used as a surface for

dissection. A sterile polypropylene film was laid on the glass plate and replaced

between samples to reduce the risk of cross-contamination between different

explants.

4.1.7 Incubation conditions

All tissue culture experiments described were carried out in growth rooms

at controlled temperatures of 27 ± 2°C. Callus induction was performed by

incubating cultures in a darkened room. The subsequent stages of culture,

including the maturation of embryos, were performed by transferring cultures to

diffused light (for the first 1-2 weeks) and the subsequent stages in full light

conditions delivered in photoperiods of 16 hr cool lights supplied from
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Plate 4.3 Surface sierilised explants ready for inoculating onto tissue culture

media. Glass dish shown is 6 cm in diam.
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fluorescent tubes (C84 TDL / Phillips) provided a photon flux density in the

range 40-50 pmol rn-2 s-' at culture level. The different stages of development of

somatic embryos (SE! to SE4) are represented in Figure 7.1 and illustrated by

Plates 5.6 and 5.9. Explants were subcultured at 40-day intervals unless

otherwise specified and data were recorded at each subculture.

4.2 Glasshouse techniques

4.2.1 Plant material

Microplants used in this study were from the varieties "Jihel" and "Bou-

Sthammi Noire". The explants were prepared, surface sterilised and cultured

using the standard methods described in section 4.1. The induction medium

contained MS salt with 452 j.tM (100 mg l) 2,4-D and 14.8 jiM (3 mg 11) 2iP

together with 3 g 11 AC (Tisserat, 1979). Somatic embryos were produced in

media devoid of growth regulators. Microplants with different root systems and

different types of shoot systems were tested for their abilities to survive after

transfer to the soil in glasshouse.

For the purpose of the current study, the term "microplants" was used

only for those cases of small tissue culture plants growing under in vitro

conditions. Following the transfer of microplants to the ex vitro environment they

were then referred to as "plantlets". Only when plantlets were sufficiently robust,

such that they were able to grow vigorously under open unprotected field

conditions, were they referred to as "plants".

4.2.2 Glasshouse conditions

The weaning experiments were conducted in a glasshouse fitted with a

closed mist system and air conditioning, shaded by black nylon netting

(producing 50% shade). Light levels were in the range 160-300 p.mol rn- 2 s

PAR. The temperature was maintained at 28 to 30 C and the relative humidity

was monitored and controlled by a hygrometer system (in the range 70-80%).
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During the first stage of weaning, plantlets were incubated under polyethylene

tents to ensure maintenance of high relative humidities (>90%)

4.2.3 Plant containers

Containers used were made of polyethylene sheets of the type used for

flexible irrigation piping cut into different lengths. Three different dimensions

were used depending on the stage of plantlets: the first transfer was carried out

using small bags (8 cm diam. and 13-14 cm deep); the second transfer using

medium-sized units (11 cm diam. and 16 cm deep) and the third, using large units

(16 cm diam. and 40 cm deep).

4.2.4 Growth substrate

The substrates most readily available in Marrakech were used for the

weaning experiments. Various mixtures of peat moss (TKS Brand, Holland)

combined with local gravel (particle sizes in the range 4-6 mm diam.) were tested

in different proportions and details of these are given in Section 6.5.

4.2.5 Transplanting procedure

Microplants were removed from test tubes using a pair of long forceps

(21 cm in length). Care was taken to apply pressure of the forceps only at the

point of the junction of roots and stem (hypocotyl region) to avoid injuries to the

microplants (Plate 4.4). Microplants were collected in a plastic container filled

with water to prevent desiccation of the roots during transfers. All remaining

phytagel was removed from roots by gently washing under a slow moving stream

of tap water for a few seconds following the recommendations of Metcalfe (1983)

and Pocock (1983) to reduce the risks of encouraging potential disease-causing

organisms (Plate 4.5). The root systems of the microplants were immersed

briefly in a fungicide solution (Plate 4.6) containing 500 mg 11 a.i. benomyl

(ICI) prior to transplanting into growth substrate according to Tisserat (1982).

43



a)o

a)
.	 c

- 0
0

a)

a)

I-.

"-4 0
I-.

- 0
.-

os.-.

-	 a?

Jr 0
0
o -.
'- a)

a)

a)

.-	 'I) C

.
'..	 -

c 0
- 0
— -	 C.)
I-.

.9 .
g	 C

C?

-

44



- -

45

- 0
I-.

0

-
0
c)

.
'4-0

0
4-

c .0
-

N

ii E 2 .

0

o

I
I-.

) 0

c '4-1200
4-	 4-

0 )
•	 '4__c

•

-

4-



Microplants were planted by placing them into a previously made 10-15

cm deep planting hole in the growth substrate before pressing firmly but gently

into the growth substrate around the microplant roots. This was best done by

applying gentle pressure on the outside of each polyethylene container (Plate

4.7).

Containers with freshly transferred microplants were arranged in plastic

trays and these placed under polyethylene tents. Once a week for the first four

weeks, 0.5% benomyl was applied to foliage of microplants by hand sprayer to

minimise the risks of pathogenic fungal diseases (Tisserat, 1982). Fungicide

applications were thereafter used only as and when necessary. The containers

were watered once a week with one-tenth MS (macro/microelements) salts

solution during the first three months of acclimatisation (G. Beauchesne, pers.

comm.).

For the first two weeks, plantlets were maintained under a complete

confinement under polyethylene tunnels*. Tunnels were then progressively

opened for increasing amounts of time from the third week onwards. The

numbers of dead plantlets were recorded each week up to nine weeks. After this

time no further plantlets died and all of the plants surviving to this stage

developed new and strong root systems.

* Alternatively polycarbonate boxes were used at this stage. These are

shown in Plate 6.7 and were lOxlOx2l cm (lxwxh). Four holes in each side of

the box (indicated by arrows in Plate 6.7) allowed gaseous exchange. The brown

liquid in the base of the box (Plate 6.7) is excess water coming from the growth

substrate after watering.

4.3 Experimental designs and statistical analysis

Statistical analyses were carried out to confirm or otherwise reject the null

hypothesis that all variations in experimental results were due to random natural

fluctuation. The null hypothesis was rejected when the level of probability was
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5% or smaller (p ^ 0.05). The statistical test mostly involved the use of a one-

way ANOVA, or a two-way ANOVA. Those data which were expressed as

proportions were transformed with an arc-sine angular transformation and then

means compared using an ANOVA test. All analyses of variance were performed

using the SuperANOVA and StatView 512 programme packages developed by

'Abacus Concepts' for Apple Macintosh computers. The Standard Errors of

Means (SE) are also presented in figures where applicable.
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CHAPTER 5

5 CALLUS INDUCTION AND EMBRYO REGENERATION IN DATE

PALM (PHOENiX DA CTYLIFERA L.)

5.1 Overview of the chapter

This chapter presents the experiments conducted in testing the effects of

2,4-D, 2,4,5 T, picloram and dicamba on callus production by explants

consisting of the bases of internal leaves with meristem tissues attached excised

from offshoots of date palm. Calli were advanced to various stages of

development.(Fig. 7.1) The effects of the cytokinins 2iP, BAP, and KIN in

combination with 2,4-D were also tested using zygotic embryos as explants.

Subsequent experiments were aimed at optimising the production of secondary

roots in mature somatic embryos induced by either NAA or IBA used at a range

of concentrations.

These stages of callus formation and secondary root development

appeared, during the course of these studies, to be the most important with

respect to obtaining successful plant production following somatic embrygenesis

in date palm. Observations also made during the current work indicated that the

types of calli produced during Stage I (Fig. 7.1) affected significantly the

subsequent stages of embryogenesis and also that the types of roots which

developed eventually on microplants influenced greatly the successes obtained

during the acclimatisation stages. These topics were investigated therefore in

detail.

5.2 Effects of 2,4-D, 2,4,5.T, picloram, and dicamba on callus

induction in date palm shoot tips explants

5.2.1 Introduction

Auxins have been shown to be the most critical component of culture

media for callus production in palms (Tisserat, 1987; Wooi, 1990). High

concentrations of auxin in the presence of activated charcoal were reported by
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several authors (e.g. Tisserat, 1979; Tisserat and Demason, 1980; Omar et a!,

1992; Bhaskaran and Smith, 1992) as being efficient for callus production from

various explants of date palm. Almost all the protocols reported in the literature

use high concentrations of 2,4-D (452 jiM, 100 mg 11) in association with 3 g 11

of AC.

The auxin NAA has also been used with some success especially in oil

palm (Paranjothy and Othman, 1982; Nwanko and Krikorian, 1983). However,

the main disadvantage of the use of high concentrations of 2,4-D to induce

callusing is that the clonal nature of the plantlets obtained could be jeopardised.

Production of aberrant plants from calli produced using this strong auxin has

been reported in other monocotyledons (e.g. Orton, 1980). Chromosomal

abnormalities have been reported in other plants to be associated with high

concentrations of this strong auxin. Ziauddin and Kasha (1990) observed in

barley cell cultures that 2,4-D was mainly responsible for abnormalities on the

mitotic spindle, and the frequency increased with level and duration of exposure

to the hormone. The possibility of inducing calli with auxins other than 2,4-D and

possibly even at lower concentrations was therefore very relevant to a further

exploitation of this system on a large scale in date palm.

The auxins 2,4,5-T, picloram and dicamba like 2,4-D have been used

commercially as selective herbicides, and their use at low concentrations in tisjue

culture has been found efficient in inducing callogenesis (Kefford and Caso,

1966). Picloram is a potent auxin useful for the initiation and maintenance of

callus and suspension cultures (Huang and Chi, 1988; Hagen et a!., 1990). It has

been successfully used for totipotent callus lines in tissue cultures of several other

monocots such as Typhus (Zimmermann and Read, 1986), Gasteria and

Haworthia (Beyl and Sharma, 1983) and sugarcane (Maureen et a!., 1990)

The auxin activity of dicamba was first reported by Keitt and Baker

(1966) and its use in plant tissue culture has since then been shown to be effective

in inducing the formation of embryogenic calli in several monocotyledons, e.g.



40 tM (8.8 mg 1- i ) for Dactylis glomerata (Gray and Conger, 1985); 90.5 jiM

(20 mg 1- i ) for Musa (Jarret et a!., 1985); 4.5-18.1 jiM (1-4 mg 11) for rice

(Zymny and Lörz, 1986) and 9.05 jiM (2 mg 11) for wheat (Carman et al.,

1988). This auxin was used over a wide range of concentrations (from 4 to 90

jiM; 0.9 to 19.9 mg 11) depending on the species.

The herbicide 2,4,5 T has been used only rarely in tissue culture, and then

almost exclusively for the induction of calli in Graminea such as Avena, Oiyza,

Panicum (George, 1993).

Use of the auxins 2,4,5-T, dicamba or picloram for callus induction has

not been reported previously for date palm although Omar and Novac (1990)

successfully used picloram and dicamba to maintain date palm calli induced

originally on media containing 445 jiM (98 mg 1- i ) 2,4-D and 9.5 jiM (2 mg 11)

KIN. In oil palm, auxins other than 2,4-D have been tested for callus induction in

comparison with 2,4-D such as 2,4,5-TCPP using leaf tissue by Rabechault and

Martin (1976). These authors reported obtaining embryogenic calli and plantlets.

However, such experiments using 2,4,5-TCPP have not been repeated or

reported thereafter.

One further constraint to establishing successful long term date palm

cultures in vitro is associated with severe browning. The most widely used

addendum to media for minimising this phenomena is activated charcoal (AC)

especially for establishing cultures destined for somatic embryogenesis (e.g.

Tisserat, 1979). However, one other adsorbant, polyvinylpyrollidone-PVP4O,

has been reported previously as being efficient in reducing browning in tissue

culture of date palm (Rhiss eta!., 1979; Aitchitt, 1989a). Therefore both activated

charcoal and PVP4O were also tested in the present experiments.
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5.2.2 Materials and methods

5.2.2.1 Plant material.

The explants used constituted the bases of internal leaves of offshoots of

"Bousthammi Noire" and "Jihel" varieties prepared as described in Section

4.1.6.3.

5.2.2.2 Media composition

The basal media used was as described in Section 4.1.4 supplemented

with either 2,4-D, picloram , dicamba or 2,4,5-T at either 0, 1, 3, 10, 30 or 100

tM in combination with 3 mg 1.1 (0.6 riM) 2iP. These different levels were

tested also either in the presence or absence of 3 g 11 AC or 2 g 11 PVP4O.

5.2.2.3 Callus scoring

Callus induction was scored using values from "0" to "3": the value 0 was

given when no callus had formed and 3 when all of the surface of the explant was

completely covered with callus. The other values represented intermediate

situations (Fig. 5.1).

Figure 5.1 Schematic representation of the callus scoring on date palm explants
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5.2.3 Results

5.2.3.1 Callus induction in the presence of PVP4O or AC and

auxins

Table 5.1 Callus production on shoot tips explants of date palm after 4 months

in culture.

______	 2,4-D	 2,4,5-T	 picloram	 dicamba

____ AC I PVP AC I PVP AC I PVP AC I PVP

0	 -	 -	 -	 -	 -	 -	 -	 -

1	 -	 -	 -	 -	 -	 -	 -	 -

3	 -	 -	 -	 ++	 -	 ++	 -	 ++

10	 -	 ++	 -	 ++	 -	 ++	 -	 ++

30	 +	 ++	 +	 ++	 +	 -,-+	 +	 ++

100	 +	 ++	 +	 ++	 +	 ++	 +	 ++

-:	 absence of callus.

+: Presence of callus in <50 % explants.

++: Presence of callus in > 50 % explants.

Shoot tip explants cultured on media with AC did not produce callus even after 6

months in culture with respect to all of the treatments less than 30 j.tM. A rapid

expansion of tissues was observed after 3 to 4 weeks in culture (Plate 5.1). Bases

of the cultures were subsequently subcultured and only an expansion of the

tissues occurred. Less than 50% explants gave callus at 100 RM auxin. Further

work was consequently focussed on cultures in media containing PVP4O.

Cultures initiated in media with PVP4O instead of AC gave a range of reactions

depending on the type of auxin used and its concentration (Table 5.1)
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Figure 5.2 Effects of auxin concentration on callus production after 4 months

in culture. Means of 30 replicates per treatment Bars represent SE.

Small letters on top of bars indicate differences (p=O.O5) by Fisher's PLSD (for

each concentration independently). Details of statistical analysis are presented in

Appendix 11.1.

Relatively high concentrations were necessary to induce calli in the cases

of all the auxins. A minimum of 3 pM was necessary to induce some sort of

callus. Picloram, dicamba and 2,4,5-T induced less callus specially at high

concentrations (100pM ). The callus obtained with high concentrations of 2,4,5-

turned rapidly brown and subsequently died (Plate 5.2).

Dicamba treatments showed an increasing production of callus with

increased of concentration up to an optimum at 30 pM (Plate 5.3). The maximum

callus production for picloram was 10 pM with a marked decrease in callus

production at 100 pM. In comparison, 2,4-D showed a consistent increase of

callus production with increasing concentration of auxin and the best results were

obtained with the highest level used (100 pM).

53



Plate 5.1 Expansion of a date palm explant cultivated on a media

containing AC alter 2 weeks in culture.

W

Plate 5.2 Date palm explant after 4 weeks in a media containing 100 iM

2,4,5-T, showing severe browning and complete inhibition of

the callogenesis.
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Overall picloram was shown to induce the highest frequency of callus (Plate 5.4).

In fact the level of callus induced using 100 iM 2,4-D was not significantly

different from 10 j.tM picloram. However calli obtained at 100 .tM 2,4-D were

later observed to be vitrified and difficult to maintain in culture due to excessive

browning (Plate 5.5). When all the treatments were considered the optimum

callus production was obtained with picloram at 10 p.M.

The calli obtained in the above callus induction experiments were of

contrasting appearances depending on the type and concentrations of auxin used

but as a general observation, calli were more vitrified in the presence of 30 to 100

jiM 2,4-D compared to all of the other auxins tested at similar concentrations.

5.2.3.2 Embryo development and maturation

In order to promote the development of embryogenic nodular structures to

individual embryos and then to further development two approaches were

employed. The embryogenic masses were either transferred to a solid media or to

a liquid media with shaking.

The calli selected for this step were as shown in Plate 5.6. These calli

present distinct nodular structures that could be easily separated in convenient

pieces for the next subculture. Calli transferred to solid media evolved slowly

giving a variety of stages after 2 months in culture. Such embryos were screened

and the stage SE! to SE 4 (Pates 5.6 and 5.9) were transferred as clusters of four

to five to fresh media. The remaining tissue was subcultured separately to

promote further embryo development.

When using liquid media approximately 500 mg of the callus with nodular

structures were transferred aseptically to 25 ml media in 50 ml culture flasks

(Plate 5.7). The flasks were incubated on rotary shakers at 100 rpm. After two

months in culture, the embryos were grouped into the different stages and

subcultured in a solid media as clusters of four to five to promote further growth.
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Plate 5.3 Callus obtained on a media containing 30 .tM dicamba. Bar
represents 0.2 cm.

Plate 5.4	 Embryogenic callus obtained in media containing 10 RM picloram.

Bar represents 0.2 cm.
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Upon the transfer of the callus to suspension culture or solid media, the

embryonic masses developed into distinct embryos after passing through several

stages of development (Plate 5.9). Different stages of maturation of somatic

embryos can be observed on the same culture and have to be separated

accordingly during subculturing.

When somatic embryos were transferred to fresh solid media

approximately 70% of the embryos from liquid media germinated compared to

only 50 % when the embryos were previously cultivated in solid media. The

embryo that "germinated" developed in the same manner whatever the nature of

the previous medium used (solid or liquid). Germination of the somatic embryos

occurred in an asynchronous manner (Plate 5.8) with green leaves emerging

through a white cotyledonary sheath and a wiry thin root from the opposite end.

The remaining embryos either aborted or turned out to be plants with only a long

root and no shoot development (Plate 5.9).

The use of liquid medium at Stage HI (Fig. 7.1) had both advantages and

disadvantages. The main advantages were, firstly, that it was easy to subculture

the embryos obtained since it was not necessary to separate them by cutting (this

was probably the reason why the subsequent percentage of germination of such

embryos was higher than the one obtained on solid media). Secondly, the

embryos or remaining tissues that were probably not to develop further were also

generally more easily recognised in comparison to those Stage III cultures grown

on solid medium. Thirdly, in liquid medium aborted embryos and remaining non-

embryogenic calli usually turned brown quickly and could be eliminated during

subculturing (Plate 5.10). On a solid medium, the stages and state of the tissues

were more complex: the embryos had to be separated by scalpel with risks of

damaging the structures and, besides, attached calli were still undergoing further

growth. The main limitation of the liquid medium, however, was the

development of numerous bacterial infections after one month or more in culture.

Such infections were most likely associated with endophytic bacteria
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Plate 5.6

Plate 5. 5 Callus produced on a leaf base explant after 8 weeks on a

medium containing 100 p.M 2,4-D, showing severe browning

with reduced growth.

Embryogenic callus showing distinct nodular structures (Stage

SE!) obtained in media containing 10 p.M picloram. Bar

represents 0.2 cm.
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Plate 5.7 Maturation of date palm somatic embryos in MS liquid media

devoid of growth regulators.

Plate 5.8 Asynchronous development of date palm somatic embryos at

stage hA (See Fig. 7.1). Bar represents 0.3 cm. .---I
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known to be commonly associated with date palm (Leary et a!., 1986).

Significantly, nodular structures subcultured on solid medium did not show such

levels of infection.

5.2.4 Discussion

Used in chemistry for its strong absorptive properties, AC has frequently

improved plant tissue cultures by adsorption of growth inhibitors and phytotoxic

metabolites excised by tissue explants.

The advantageous effects of activated charcoal addition includes the

adsorption of phenols produced by wounded tissues (Fridborg et a!., 1978,

Weatherhead et a!., 1978), agar impurities (Kolenbach and Wericke, 1978) and

ethylene from the gas phase of cultures (Homer eta!., 1978). Activated charcoal

will also however adsorb beneficial medium components such as vitamins

(Weatherhead et a!., 1978), cytokinins and auxins (Fridborg et a!, 1978; Ebert et

al., 1993), ascorbic acid (Misson et al., 1983). In addition to the beneficial

effects, the use of AC in culture media presents complications to the system of

culture. Since the adsorptive function is non-specific, it is uncertain which

components in the medium are actually being made available at any one time to

the tissue explants.

The results of the present experiment show clearly that AC was efficient

in reducing browning but did affect the callusing ability of explants cultured on all

auxins tested compared to media containing PVP4O. These results suggest that

PVP4O may be more specific in adsorbing phenols without affecting the

availability of auxins in the media. The possibility of reducing the concentrations

of 2,4-D necessary to induce callusing in palms by reducing or eliminating the

AC from media altogether has been reported previously. In oil palm, for example,

5-10 mg 11 (22.6-45.2 jiM) 2,4-D was sufficient to induce callus when AC was

not added (Nwankwo and Krikorian, 1983). Preliminary studies on the effects of

reducing the concentrations of 2,4-D on date palm somatic embryogenesis gave
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good results when concentrations of 2,4 -D were reduced from 100 to 50 mg 11

(452 to 226 tM) and the concentration of AC was proportionally reduced from 3

to 1.5 g 11 (Cheikh et a!., 1989).

This situation is not however particular to date palm. In other species,

such as Euterpe edulis, initiation of embryogenic callus necessitated

concentrations of 50 mg 11 (226 pM) 2,4-D together with 3 g 11 of AC (Gueera

and Handro, 1988). More recently Nissen and Sutter (1990) recommended that

10-100 times more auxins should be added to a medium if high concentrations of

AC are also introduced.

The comparison of the effects of 2,4-D, picloram, dicamba and 2,4,5-T

on date palm callus induction (in presence of PVP4O) carried out in the current

study showed that the optimal concentration was different for all four auxins.

Overall, picloram was the most efficient under the experimental conditions used

in the current work. Cases where picloram was more effective than 2,4-D for

inducing callus in monocotyledons have been previously reported (e.g. Beyl and

Sharma, 1983). Picloram was also shown to be active at lower concentrations

compared to 2,4-D over a wider range of dicotyledons in the literature. Recently,

for example, Gonzales-Benito and Alderson (1992) obtained better results in

inducing callus in ALtroemeria with picloram compared to 2,4-D.

Picloram at low concentrations has also been reported as being efficient

for the induction of caflogenesis in some woody plants. Mooney and Van Staden

(1987) for example reported that as little as 0.5 pM (0.12 mg 11) was sufficient

to induce callus in Persea americana. A number of other examples have been

reported in both monocotyledons and dicotyledons. Viterbo et a!. (1992) for

example, initiated calli of Allium trfoliatum using 3 pM (0.7 mg 11) picloram and

Ozias-Akins et al. (1992) used 2 pM (0.5 mg 11) picloram to induce callus in

Arachis hypogea.

The relative superiority of picloram at low concentrations in inducing

callus may be due to its ability to be rapidly absorbed by the tissues and its
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SE2	 SE3	 SE4

Plate 5.9 Development stages of date palm somatic embryos. Top row

normal embryos (Stage SE2, SE3, SE4). Bottom row

abnormal embryos. Bar represents 2 cm.

Plate 5.10 Maturation of somatic embryos in MS liquid medium (this

system facilitate the selection of well-formed embryo with

minimum damage for next subculture). Bar represents 0.6

cm.	
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stability in the medium. In fact, studies conducted by Hagen et a!. (1990)

demonstrated that picloram was rapidly assimilated by growing cells and 40%

was utilised in 8 days. Picloram was not affected by autoclaving and its levels

were not affected after incubation in the dark for up to 6 weeks indifferently at

either5° Cor25C.

When comparing 2,4-D to dicamba in the present study, the results

indicated that the latter was also more efficient at 30 iM (6.6 mg 11) but showed

some phytotoxicity at higher concentrations. Similar results were reported by

Brisibe et al., (1992) who compared the effects on the callusing ability of 2,4-D

and dicamba at different concentrations (5-100 pM; 1-22 mg 11) in rice and

concluded that dicamba was generally more efficient than 2,4-D at low

concentrations for that plant species.

5.2.5 Conclusion

An alternative auxin for the induction of callus in date palm is desirable since the

time of incubation needed is long and 2,4-D is a strong auxin that may affect

adversely the genetic stability of the microplants. The auxin 2,4-D has previously

been implicated in causing substantial levels of chromosomal variation in the

regenerants of tissue cultures (Deambrogio and Dale, 1980). The results of the

present study showed that picloram was efficient in inducing somatic

embryogenesis in date palm and can therefore be an alternative to 2,4-D.

5.3 Effects of different combinations of cytokinins and 2,4-D on

callus induction in date palm

5.3.1 Introduction

Somatic embryogenesis is usually induced in media containing high levels

of auxins. There are, however, many recorded exceptions to this general

observation, where somatic embryos have appeared in cultures grown on media

devoid of auxins. George (1993) suggested that in these instances it is possible

that embryogenesis has probably been induced by differential gradients of
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endogenous auxins. Somatic embryogenesis in date palm have been often

initiated with high concentrations of 2,4-D in association with a cytokinin. The

most common cytokinin used in combination with 2,4-D is 2iP at 3 mg 11 (0.6

iiM) (Tisserat and De Mason, 1980). Other cytokinins have been used in

association with 2,4-D including BAP at 2 mg 11 (Sharma et a!., 1980) and KIN

at 9.5 .tM (2 mg 11) (Omar and Novak, 1990). However the necessity and the

optimisation of such cytokinins has not been investigated. The cytokinin 2iP has

been commonly used in callus induction media of date palm ever since this

protocol was developed by Reynolds and Murashige (1979). However, its true

role in callus induction of date palm has been recently questioned by Branton and

Blake (1989). Therefore, the following experiment investigated its use in

comparison with other cytokinins BAP and KIN.

5.3.2 Materials and Methods

Plant material.

The explant type used for this experiment was zygotic embryos taken

from one-year-old mature seeds of the variety "Bousthammi-Noire" and "Jihel"

collected from Zagora Station in Morocco. The seeds were stored dry until

needed. The sterilisation procedure and the methods used for excision of the

zygotic embryos are as described in Section 4.1.6.3.

Tissue culture media and incubation of cultures

The basal media consisted of Murashige and Skoog (1962) salts with

addenda as described in Section 4.1.4 together with 100 mg 11 (452 RM) 2,4-D

and 3 g 11 AC. The cytokinins tested were 2iP, BAP and KIN at either 0; 5; 15

or 25 riM. A total of 20 replicates were used for each treatment. The cultures

were incubated in the dark at 28° C and transferred to fresh media every six

weeks.
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5.3.3 Results and discussion

After the first week in culture some embryos began to enlarge and reached

double their original size. Those that did not show any reaction by this time

generally did not grow. The responding zygotic embryos either germinated after

the second to the third week in culture or initiated some callus. The calli were

evident for all of the (2,4-D I cytokinin) treatments after three months in culture.

The proportion of embryos corresponding to one of these situations (i.e.

germination, callusing or no response) is summarised in Table 5.2.

Table 5.2. Response of date palm zygotic embryos in media containing 452 pM

(100 mg 1 1 ) 2,4-D in combination with different combinations of cytokinin after

16 weeks in culture. Percent of 20 replicates.

jiM	 2iP	 BA?	 KIN

____ Intact I Germ. I Callus Intact I Germ. I Callus Intact I Germ. I Callus

0	 40	 30	 30	 60	 20	 20	 30	 45	 25

5	 20	 40	 40	 70	 20	 10	 10	 50	 40

15	 60	 10	 30	 25	 25	 50	 60	 20	 20

25	 25	 40	 35	 10	 60	 30	 50	 25	 25

Intact: Embryos which did not undergo any change in culture.

Germ.: Embryos which germinated in the media.

Callus: Embryos which formed calli.

The percentage of zygotic embryos that initiated calli was relatively low

ranging from 20 to 50% depending upon the media. The statistical analysis using

transformed data showed that there were no significant differences in callus

induction between the different treatments (Appendix 11.2). A large proportion of

the zygotic embryos (up to 60% in some treatments) did not give any response

even after 4 subcultures. In all of the treatments, a proportion of the zygotic

embryos germinated directly and developed into entire plantlets.
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5.4 Plantlet regeneration and secondary root formation on

somatic embryos of date palm

5.4.1 Introduction

Rooting of date palm microplants does not present a problem as such

because in the process of maturation of a somatic embryo the radicle develops at

the same time as the shoot. However this primary root system is not compatible

for the next stages of the development and acclimatisation of the plant. In fact,

Tisserat (1982) reported that microplants with a single tap root system rarely

survived longer than a few weeks in soil medium. Several other authors

described date palm microplants suitable for later transfer to soil as having a well-

developed root system composed of several roots. It was therefore essential to

investigate the conditions under which a strong root system composed of

secondary and eventually tertiary roots can be developed in vitro prior to transfer

of microplants to in vivo conditions.

5.4.2 Materials and Methods

Plant material

Developed somatic embryos at stage 5E4 (Plate 5.11) produced from

previous experiments were used. The origin of the callus from which such

plantlets were produced was not taken into consideration. Embryos 6 to 7 cm in

length were chosen. Plantlets were tested with either their primary roots trimmed

to 2 cm in length or with their primary roots left intact (Plate 5.11).

Media and incubation conditions

Basal media used was same as for callus initiation together with NAA and

IBA at either 0; 0.05; 0.5; 2.7 or 5.4 .tM in order to compare their efficiency in

producing secondary roots from the primary rooL A total of 14 cultures were
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employed per treatment. The numbers of secondary roots longer than 1 cm

present on each somatic embryo were scored after 40 days in culture.

5.4.3 Results: Effects of NAA or IBA on the development of

secondary roots.

The results of this experiment showed that date palm embryos have the

ability to produce secondary roots in tissue culture media and that this was

influenced both by the nature and concentration of the auxin used (Fig. 5.2).
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Figure 5.3 Effects of NAA and IBA concentrations on the number of

secondary roots produced (> 10 mm) on somatic embryos of date palm (Stage II

B) after 4 weeks in culture. (Means of 14 replicates per treatment ± SE). The

primary roots were either trimmed (T) or left intact (I) prior the auxin treatment.

Small letters on top of bars indicate differences (p=O.O5) by Fisher's PLSD

(details of the analysis presented in Appendix 11.3)

In all treatments, trimmed primary roots were more favourable to the

development of secondary roots compared to the intact primary root
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situations. These findings were in concordance with those reported by Tisserat

(1982). When the roots were not trimmed they tended to elongate down to the

bottoms of tubes where they grew in a spiral fashion (Type Ri in Plate 6.1).

Many other roots started to be initiated at the hypocotyl level but these seemed to

be inhibited and rarely grew longer than 1 cm. By contrast all of the plantlets with

trimmed roots produced at least one other secondary root in all treatments. In the

control (no auxins), the first secondary root that developed elongated faster than

all of the other initiated ones and this behaviour suggested that a strong apical

dominance was exhibited by the leading root (usually the first formed one).

The microplants produced in this experiment showed an increasing number of

secondary roots as concentrations of either NAA or IBA increased up to 2.7 pM;

however, their number was significantly higher in the IBA treatments (Plate

5.12). Tisserat (1982) reported the best concentration of NAA as being 0.1 mg 11

(0.5 p.M) which gave better rooting than similar concentrations of IAA. In the

present study, however, there was no significant difference between the 0.1 mg l

1 (0.5 pM) and 0.5 mg (2.7 pM) levels of NAA in the formation of secondary

roots and IBA was more efficient at similar concentrations (0.5 p.M and 2.4 jiM).

5.4.4 Discussion

The results of these experiments showed clearly that auxin treatment as

well as root trimming treatment, encourages the production of numerous

secondary roots on somatic embryo-derived microplants. The stage at which the

microplants could be treated as described above however appeared very critical

and influenced the development of the shoot of the microplant. When the primary

root of the microplant was not trimmed some balance was kept between the shoot

system and the root system although the roots grew comparatively more. By

contrast, when roots were trimmed the formation of more secondary roots

reduced the growth of the shoot system. Thus, when microplants were treated too

early (when the shoot system was <6 cm in length), shoot development was
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completely inhibited and the first 2-3 leaves only elongated giving rise to

microplants with open collar structure (e.g. Plate 6.2). This phenomenon was

even more pronounced when the development of roots was encouraged by the

presence of 0.1 to 0.5 mg 11 (0.5 to 2.5 pM) IBA in the media. The optimum

stage at which trimming can be carried out has not been described with accuracy

in the literature because rooting was never seen as being a significantly crucial

stage in date palm somatic embryogenesis. Tisserat (1982) emphasised the

importance of the production of the secondary roots; however, he suggested that

a broad range of microplants, 1 to 5 cm in length, can be used for NAA

treatment. Inhibition of shoot pole development by early root formation has been

a problem encountered in other palms such as coconut (Verdeil et al., 1989) and

several other plants: e.g. Digitalis (Arrillaga eta!., 1987) and banana (Novak et

a!., 1989)

5.4.5 Conclusion

The lack of efficiency of IAA to induce secondary roots in date palm

microplants compared to NAA as reported by Tisserat (1982) could be explained

by the sensitivity of the former hormone to autoclaving. In the present study, the

synthetic auxin IBA was shown to be even more effective than NAA for the

induction of secondary roots. However, this auxin could inhibit the development

of shoot growth if IBA was applied at too early a stage of development of Stage

SE4 as shown in Plate 5.9. The present results also showed that the development

of secondary roots was enhanced when the primary roots were trimmed in all

situations. Trimming of the primary roots should, therefore, always be done at

this stage.
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CHAPTER 6

6 ACCLIMATISATION OF DATE PALM MICROPLANTS UNDER

GLASSHOUSE CONDITIONS

6.1 OVERVIEW OF THE CHAPTER

This chapter describes experiments conducted in glasshouses at INRA,

Marrakech. The aim of these experiments was to maximise the survival rates of

date palm microplants transferred from in Vitro culture to a growth substrate ex

vitro. Since a variety of shapes and structures of roots and stems can be obtained

in tissue culture microplants of date palm, it was necessary to define the most

suitable structure for the acclimatisation stage and also to define the best

proportion of a locally available gravel and peat moss mixture to employ as a

growth substrate.

6.2 INTRODUCTION

"Acclimatisation" refers to the process by which plants become adapted to

their environment with the guidance of humans by contrast to "acclimation"

which refers to adaptation as a natural process (Preece and Sutter, 1991).

Accimatisation or "hardening" occurs during the horticultural activity commonly

referred to as "weaning".

Weaning is not unique to micropropagation, it is regularly practised, in

conventional horticulture when seedlings or cuttings are transferred from a

protected and shaded nursery site into unprotected, open field conditions. After

leafy cuttings have formed roots on a propagation bench, they are often

accimatised prior to moving the complete plants to the field. Rooted cuttings that

have not been properly hardened-off frequently show signs of stress including

wilting, marginal and tip necroses of the leaves, and death of entire leaves or

plants (Preece and Sutter, 1991).
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Most species grown in vitro require an acclimatisation process in order to

ensure that sufficient numbers of plants survive and grow when transferred to

suitable growth substrates.

The humid in vitro environments produce plants unsuitable for survival

under ambient conditions mainly because the plantlets grown in vitro have been

exposed to conditions providing significantly less water stress than plants grown

in the field. They are also grown in conditions providing little physiological stress

since a carbon source is provided in the media, thus reducing the need of the

plants to photosynthesise and so lead to plants which survive through

heterotrophic growth.

The physiological and anatomical characteristics of microplants do not

allow them to survive if they are directly transferred from the tissue culture

laboratory to the field. Rather, several intermediate stages are necessary in which

microplants are gradually acclimatised to the environment either by reducing

relative humidity levels in culture vessels prior to weaning or maintaining high

humidity levels around the microplants. Following the transfer to ex vitro

conditions a gradual reduction in relative humidity levels are usually implemented

as the plantlets begin new autotrophic growth. One additional intermediate stage

is to transfer microplants to a growth substrate under similar light and humidity

conditions for an interval of 2-3 weeks before they are transferred to ex vj.tro

conditions. In this way, the plants become acclimatised to the new growth

substrate conditions and can overcome the trauma of transplantation before they

are moved to different light conditions ex vitro.

The process of gradual adaptation is particularly important in the case of

the transfer of microplants (plants; propagules produced in vitro) to ex vitro

conditions within culture vessels compared to normal nursery conditions. Many

anatomical, morphological and physiological factors are responsible for the

fragility of cultured plants when transferred from in vitro to ex vitro. The

principal factors affecting the acclimatisation of in vitro plantlets are linked to
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water stress. Water stress in transplanted microplants results from excessive

transpiration from stems and leaves coupled with an inadequate uptake of water

from poorly developed and poorly adapted roots.

The excess loss of water from the leaves is principally due to either the

absence of epicuticular wax or the presence of a deficient cuticle and the absence

of adequate regulation and functioning of stomatal pores (Preece and Sutter,

1991). Water loss from leaves has been shown to be directly related to the

absence of epicuticular wax caused by high humidities within culture vessels

(Grout and Aston, 1978). Numerous studies have subsequently confirmed this

assessment and the reduction of humidity within culture vessels was shown to

result in a significant increase in cuticle formation on leaves of cauliflower

microplants (Wardle et al., 1983; Sutter and Langhans, 1982). However, Sutter

(1985) reported that the quantity of epicuticular wax alone was not in itself a

reliable predictor of microplant survival during acclimatisation. For instance,

applications of antigibberillin compounds such as paclobutrazol to polyester or

cellulose plugs (e.g. Sorbarods) are known to stimulate stomatal activities of

chrysanthemum microplants prior to their transfer to ex vitro conditions (Smith et

a!., 1990 a).

Stomatal structure and functioning are heavily implicated in water loss

from microplants. In many species, the comparison of stomata structures betwçen

plants cultivated in vitro and plants grown in vivo shows that there are differences

in structure and more importantly in stomata function (Capellades et al., 1990;

Blanke and Beicher, 1989; Brainerd et al., 1981). In vitro they were often found

to be wide open. The major problem is the inability of these stomata to close

when the plants are first removed from culture. Consequently, during the first

few days of acclimatisation, leaves of micropropagated plantlets lose water at a

significant rate. The closure of stomata in response to a lower relative humidity

environment, however, may vary greatly depending on the species (Sutter,

1988).
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In date palm, as well as in other palms, results of studies to develop

efficient micropropagation systems have been extensively reviewed (Tisserat,

1987; Tisserat, 1984; Omar et a!., 1992; Paranjothy, 1984; Wooi, 1990; Blake,

1990). These studies were mainly concerned with the optimisation of tissue

culture media and in vitro culture conditions. In one of the latest reviews on date

palm tissue culture by Omar et a!. (1992) several problems associated with the

micropropagation of date palm were listed. Of these the low rate of survival

during the acclimatisation of tissue-cultured plants was highlighted.

The application of tissue culture to date palm can not be efficient if the

problems associated with the establishment of the plantlets obtained by

micropropagation are not solved. The development of a simple and efficient

acclimatisation procedure allowing the transfer of plantlets out of in vitro culture

on a large scale, at low cost and with a high survival rate is an important step

towards the exploitation of tissue culture for date palm propagation at a

commercial level.

Several authors have made practical suggestions as to how to improve the

levels of success during weaning of date palm microplants. Tisserat (1987)

suggested several subcultures of microplants on a basal medium containing 0.1

mg 11 NAA (0.5 p.M) until they reached a length of 10 cm and bore 2 to 3 leaves

with a well-developed adventitious root system before transferring microplant to

the soil. The same author observed that small microplants (<6 cm in length) with

a single tap root system rarely survived longer than a few weeks in a 1:1 (vlv)

peat moss/vermiculite substrate. Omar et aL (1992) reported that date palm

microplants were ready for establishment in soil when they had reached a height

of 10-15 cm with a good root system and usually had three or four leaves.

However, from observations made during a preliminary investigation carried out

at an early stage of the current study, it was recognised that heights of

microplants in themselves, as recommended by Tisserat (1987, 1982), were not

necessarily a reliable criterion for predicting weaning success, because different

74



types of microplants of a similar height could be obtained from in vitro date palm

cultures which did not necessarily acclimatise well. it was observed during these

preliminary studies that often microplants were produced with either an open

rosette-like structure (e.g. the shoot type Si shown in Plate 6.2), or with more

erect and compact structures (e.g. the shoot type S3 shown in Plate 6.2). More

information on these types of date palm microplants and their suitability for the

weaning process was therefore needed.

The aim of this study was to determine the types of date palm microplant

that give the highest levels of survival following weaning and characterisation of

the optimum conditions necessary to achieve successful transfer of microplants

from in vitro to ex vitro conditions.

6.3 EFFECTS OF ROOT SYSTEM TYPE ON MICROPLANT SURVIVAL

DURING WEANING.

6.3.1 Introduction

It is preferable to reduce the rooting time in vitro or to omit this stage in

vitro whenever possible because it is an expensive extra step (Debergh and

Maene, 1981). However, depending on the species and facilities, rootless

microshoots may die in large numbers when removed from cultures, whereas

those with roots may have higher survival rates (Preece and Sutter, 1991). When

the rooting stage was necessary or when roots appeared on microplants in vitro,

the abilities of these microplants to be weaned successfully in substrate depended

on their fragility and the functionality of the connection between the shoots and

the roots (Grout and Aston, 1977). Somatic embryos of date palm produce a

primary root during their development but the production of secondary roots has

been reported as being favourable for the acclimatisation stage (Tisserat, 1982).

The development of a good root system was also reported as being necessary in

other palms (e.g. for oil palm by Woo, 1990). However, it would appear that

date palm somatic embryos produced different types of roots depending on the
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culture media and culture practices employed. The determination of the most

adapted type would therefore define better the manner in which somatic embryos

are handled during the root development stages and prepared for the subsequent

acclimatisation stage.

6.3.2 Material and methods

The three types of root systems compared were type "Ri", "R2" and

"R3" (Plate 6.1). A total of 130 microplants with each root type were tested in a

growth substrate consisting of gravel and peat moss (1:2 v/v). These root

systems were the most commonly produced ones in these experiments. Type

"Ri" consisted of microplants with a single long root which was relatively soft in

texture. This kind of root was found to be encouraged more when the primary

roots were not trimmed during the rooting stage or when the roots were obtained

in media supplemented with AC. Type "R2" consisted of microplants having

several roots with each one in the size range 2-3 cm in length. These roots were

generally of a harder texture than those of Type "Ri" and tended to be produced

in a media without AC from a primary trimmed original embryo root. Type "R3"

was considered during this study to be a more developed stage of the Type "R2"

usually obtained by transferring Type "R2" microplants onto a fresh medium for

one further month without cutting or removing any of the roots. The relationship

between root system type and the success of weaning was studied and the main

results are presented in Fig. 6.1.

6.3.3 Results and discussion

Nine weeks after transfer to the growth medium, a significant difference was

observed between the survival of plantlets of Type "Ri" (61.5%) and microplants

of the two other types ("R2" = 74.6%; "R3" = 82.3%).
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Plate 6.1 The different types (Ri, R2 and R3) of root systems compared

in the accimatisation study.
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Plate 6.2 The different types of microplant shoot systems (Types Si,

S2 and S3) compared in the acclimatisation study.
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Figure 6.1 Effect of the root system type (Ri, R2, and R3 as illustrated in Plate

6.1) on the survival percentage of date palm microplants after transfer to a

glasshouse.(N= 390). Small letters indicate differences (p=O.O5) by Fisher's

PLSD determined using pooled data for each treatment (the statistical analysis

using transformed data is presented in Appendix 11.4).

No significant differences were observed between the survival and

development of Types "R2" and "R3". Roots of Type "Ri" were in contrast

significantly less adapted to in vivo conditions. Observations suggest that the

lengths of roots were not as important as the type of root structure as far as

acclimatisation survival was concerned. The difference between Type "R 1"

compared to "R2" and "R3" could be attributed to the fact that Type "Ri" may not

have contained reserve material (e.g. starch) and also had not reached full

maturity. These two characteristics may have been critical for root elongation into

growth substrates and consequently the adaptability of microplants to in vivo

growing conditions. Because the dominant root was cut during the rooting

process (for Types "R2" and "R3"), a greater number of new roots were initiated

and could therefore develop into the growth substrate. The results showed also

that it did not appear to be necessary for date palm microplants to develop a large
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root system such as that found in Type "R3" so an extra manipulation step in

vitro could therefore be avoided.

6.4 EFFECT OF STEM STRUCTURE TYPE ON MICROPLANTS

SURVIVAL DURING WEANING

6.4.1 Introduction

The size of a microplant can be critical to its ability to root after removal

from culture. Maene and Debergh (1983) found that Cordyline terminalis

microcuttings rooted best if they were 2.5 to 5 cm in length. Shorter microplants

had low percentages of rooting. In date palm, establishment was reported to be

more satisfactory when larger plantlets, which had several expanded leaves and at

least 10 cm in length, were used (Tisserat, 1982; Omar et a!., 1992). However,

on the basis of observations made during the course of the current study,

microplant length alone did not describe precisely enough the anatomy of the

shape of the stem of such microplants. Plantlets with two to three leaves reaching

> 10 cm in length and with a well developed root system may possess for

example either an open collar (Type Si, Plate 6.2) or a compact collar in which

all the bases of the leaves are tightly wrapped together in a sheath structure (Type

S3, Plate 6.2). The next experiment therefore considered which of the three

different types of plants could be more easily adapted to acclimatisation ex vitro.

6.4.2 Materials and methods

A range of date palm microplant structures were obtained in vitro

according to the medium and the culture techniques used in the last section (Plate

6.2). Microplants were classified into three categories depending on stem

structure: "Si" consisted of microplants with loosely arranged leaves but with a

good root system, Type "S2" consisted of microplants with the same type of stem

as S3 but with a poor root system and Type "S3" consisted of microplants with

compact stems and a good root system. In this trial, 60 microplants were used for

each shoot type Si, S2 or S3.

79



—0--- Si

S2

—.0.-- S3

100

._ 80

C,)
60

40

20
ri

0

6.4.3 Results and discussion

The results summarised in Fig. 6.2 showed that after nine weeks following

transfer, only 3.3% of Si microplants survived compared to 9 1.7% of the S3

microplants. As many as 55% of S2 microplants survived despite the fact that

their root systems were much less developed than those of Si.

To	 TI	 T2	 T3	 T4	 1

Weeks

Figure 6.2 Effect of the shoot system type (Si, S2, and S3 as illustrated in

Plate 6.2) on the survival percentage of date palm microplants after transfer to a

glasshouse (N = 180). Small letters on the graph indicate differences (p=O.05)by

Fisher's PLSD determined using pooled data for each treatment (the statistfcai

analysis using transformed data is presented in Appendix 11.5).

These results emphasised the importance of stem structure compared to

the relative development of roots on the eventual survival of date palm

microplants upon transfer to ex vitro conditions. Microplants of Type Si were

very sensitive to desiccation probably because the overall leaf surfaces exposed

were larger and also because the terminal bud was not so well protected,

compared to the case of Types S2 and S3, in which the shoot meristems were

protected by well-developed leaf bases. One very important criterion in describing
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the best microplants for acclimatisation would therefore appear to be those with

green, well-developed leaves with sheathing leaf bases (i.e. Type S3).

6.5 EFFECTS OF FOUR GROWTH SUBSTRATES MIXTURES ON

MICROPLANT SURVIVAL DURING WEANING.

6.5.1 Introduction

The growth medium and container into which in vitro-rooted microplants

are transferred is considered important for good survival ex vitro (Preece and

Sutter, 1991). The substrate has to adequately support the plant and to be

sufficiently porous to allow adequate drainage and aeration (Hartmann et a!.,

1990). Various materials and mixtures are used for germinating seeds and

propagating and growing nursery plants. The use of peat or peat mixtures is one

of the most common practices in all nurseries (Hartmann et a!., 1990). Peat

consists of the remains of aquatic, marsh or swamp vegetation which has been

preserved under water in a partially decomposed state. Peat moss is derived from

sphagnum or other mosses and it varies in colour from light to dark brown. This

type of substrate is readily available commercially in Morocco and was therefore

used during this study. The aim of the next experiment was therefore to determine

the proportions of gravel/peat moss that give the highest survival of date palm

microplants (Type S3) transferred from in vitro to ex vitro conditions.

6.5.2 Materials and Methods

In this study four proportions of peat moss and gravel (1/1, 1/2, 1/3, 0/1

v/v) were tested for their suitability to encourage the development of new roots

from date palm microplants. These represented Treatments 1,2,3 and 4,

respectively. A total of 30 microplants were tested in each growth substrate

mixture.

6.5.3 Results and discussion

The results of this experiment showed that by increasing the proportion of

peat moss in growth substrates survival of microplants decreased.
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Figure 6.3 Effects of gravel/peat mixtures (1/3, 1/2, 1/1 or 0/1,

respectively) on transplantation success (N=30). Small letters on the

graph indicate differences (p=O.O5) by Fisher's PLSD determined using

pooled data for each treatment (the statistical analysis using transformed data is

presented in Appendix 11.6).

This was largely attributed to the likelihood that more favourable

conditions for development of stem rotting probably existed at the point of contact

with the growth substrate. The deleterious effects of substrates containing high

proportions of peat were more obvious during the first week after their transfer

where maximum death of microplants occurred in Treatments 3 and 4, probably

because of the high humidities maintained inside plastic tunnels. A 1:1 mixture of

gravel and peat moss (Treatment 1) was the best growth substrate tested with

90% plantlets surviving after 9 weeks following transfer, although this level was

not significantly different from that of the 1:2 mixture (Treatment 2). When peat

moss was used alone (Treatment 4), the percentage of surviving plantlets

decreased to 46.7 % with more than 68% of the total mortality taking place during

the first two weeks following transfer. Tisserat (1987 ) used a variety of soil
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mixtures with no notable differences in growth responses of plantlets. By

contrast, in the current study, the addition of gravel to the peat moss used was

presumably efficient in providing good aeration for the first 15 to 20 days

following weaning, during which time humidity levels around plantlets were

being maintained in excess of 90%. After nine weeks, the surviving plantlets did

not show any apparent differences in growth regardless of the growth substrate

used. Such plantlets developed a healthy root system in the growth substrate

(Plate 6.3 and 6.4) and could then be successfully transferred to larger black

polyethylene containers.

6.6 DISCUSSION

Many commercial micropropagation laboratories do not root microcuttings

in vitro because it is an extra expenditure that can account for up to 35 to 75% of

the total cost of microplant production (Debergh and Maene, 1981). However,

rooting and acclimatisation can be carried out simultaneously only when the

losses of microcuttings are relatively low. The results presented here, as well in

those previously reported (Tisserat, 1987; Omar et a!., 1992), showed that date

palm plantlets have first to develop a good root system before they can be

transferred to a growth substrate ex vitro. The types of root present on in vitro

microplants can also affect greatly the survival of date palm plantlets. In the

current study microplants of Type "S3" with a minimum of three well-developed

firm roots, gave the best survival compared to those with a single root or with

thin soft roots. It is therefore recommendable to trim the primary root to less than

2 cm during the final subculture to promote subsequent growth of more lateral

roots. The roots of microplants obtained in a media with AC are thin and fragile

and were very sensitive to desiccation (Plate 6.5). Plantlets with open leaves

(Type "Si") were shown to be very sensitive to desiccation. This type of

microplant was more frequently produced when groups of plants were grown as
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Plate 6.5 Microplants showing the effect of AC
on the type of root system produced.
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Plate 6.6 Several microplants showing a well-developed root and shoot

system ideal for a transfer to the acclimatisation stage (notice the
sheath structure of the collar and stem).



a cluster of buds or somatic embryos in micropropagation jars. It would therefore

appear advisable to separate date palm somatic embryo microplants as soon as

possible to individual tubes in order to encourage the development of separate

microplants with stems of the Type "S3" where the oldest leaves wrap around the

youngest ones and the sheath so produced protects the apical dome from

desiccation during acclimatisation (Plate 6.6).

The use of humidity tents has already been shown to be beneficial for

achieving weaning and acclimatisation of other species (Sutter and Hutzell, 1984)

as it is a convenient way of maintaining high relative humidities. Plastic bells

have also been used successfully for date palm for the same purpose by Tisserat

(1987). As an alternative to plastic tents, polycarbonate boxes were also tested

during the current study (Plate 6.7) in order to maintain high relative humidities

around transferred date palm microplants. This method was successful but was

not however convenient when large numbers of microplants were being weaned.

In the case of other palms, Wooi (1990) reported that the survival of oil

palm plantlets was directly correlated with the vigour and size of microplants

transplanted. It was also pointed out by this worker that there has been little

published information on potting media used for establishing oil palm plantlets

and that different sources of soil are bound, to a certain extent, to influence the

survival of plantlets. Interestingly, previous reports stated that the establishment

of oil palm microplants did not appear to be problematic (Loiret, 1981;

Paranjohthy and Othman, 1982). Maintenance of high humidities around newly

transplanted plantlets was reported to be the most commonly practised method

for hardening oil palm plantlets (Wooi et aL, 1981). In the case of coconut,

emphasis is still being placed in current research on the in vitro tissue culture

processes and progress at developing a practical micropropagation method has

been relatively slow compared to both oil palm and date palm. Consequently,

very little information has been reported for the acclimatisation of coconut

microplants.
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Plate 6.7 Possible use of polycarbonate box for the acclimatisation of date

palm. The box shown here is a prototype (not commercialised)

tested at INRA laboratoiy.

I

Plate 7.1 Acclimatised date palm plantlets growing in glasshouse.

87



CHAPTER 7

7 GENERAL DISCUSSION AND CONCLUSIONS

7.1 Tissue culture experiments

Somatic embryogenesis is the mass production system of choice for date

palm because of its possible adaptation to automation. Calli grown on liquid

medium could potentially be used to generate large-batch Continuous cultures with

existing fermentation technology (e.g. Tanaka et aL, 1983). However, fine

control of somatic embryogenesis, maintenance of clonal fidelity and culture

quality will be absolute prerequisites to future industrial applications.

Almost all the protocols reported in the literature on date palm somatic

embryogenesis, even the most recent (Omar et a!., 1992, Bhaskaran and Smith,

1992) use high concentrations of 2,4-D (100 mg 11, 452 pM) in association with

0.3% AC and 3 mg 11 2iP (14.8 pM). Previous studies on the effects of AC on

tissue cultures of a variety of plants including coconut demonstrated that a large

quantity of 2,4-D was absorbed by AC (Ebert and Taylor, 1990). These data

suggested therefore that the quantity of 2,4-D available and sufficient in culture

media for the induction of calli of date palm may not be very high. The present

study confirmed such results since the callus induction was enhanced greatly

when the AC was replaced by the PVP. The possibility of using a different auxin

than 2,4-D in inducing callus in date palm was demonstrated and 10 pM of

picloram was sufficient for the production of embryogenic calli.

The necessity of associating a cytokinin with 2,4-D for inducing callus in date

palm has not been described in the literature but this is a common procedure in the

case of other species. In fact, Carman eta!. (1988) reported that KIN at 2.56 pM

significantly increased percentage scutellar callus in wheat when added to 2,4-D

(3.62 pM)-containing media. The present study using zygotic embryos showed

that none of the cytokinins tested, i.e. 2iP, BAP and KIN, significantly affected

levels of callus production compared to a control in which 2,4-D was used alone.
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However, it is more likely that the presence of such cytokinin in media may affect

the development of the embryos at later stages.

All the previous reports on callus induction from date palm have

recommended incubation of cultures in darkness, but a recent report by

Bhaskaran and Smith (1992) showed that there was no difference as far as callus

formation was concerned between cultures incubated in the dark and those

incubated in the light. However, it is also known that the production of phenolic

compounds is stimulated by light in callus cultures of some species (Davies,

1972). It was considered during the current study therefore preferable to keep the

explants into dark until the first appearance of callus. The use of PVP was less

efficient than AC in reducing tissue browning. However the browning observed

did not prevent the development of calli. Furthermore, once embryogenic callus

was obtained, cultures appeared to be less sensitive to occurrence of browning

with the majority of browned cultures at this stage proceeding further without any

decline in growth rates. Similar observations were reported recently by Vieitez et

al. (1992) where browning of tissues, although important, nevertheless did not

impair the embryogenic capacity of Fagus sylvatica L.

7.2 Acclimatisation experiments

Branton and Blake (1989) reported a notable lack of detail in the literature

on the methods necessary for establishing date palm microplants ex vitro with the

exception of the protocol proposed by Tisserat (1984) that has not been modified -

since. The current study attempted to clarify this very important stage in

developing an efficient micropropagation procedure for date palm.

In the light of the results obtained in this investigation, a protocol for the

successful weaning of Moroccan date palm cultivars, based on relatively simple

and cheap procedures, was developed. The preparation of date palm plantlets for

acclimatisation begins while microplants are still in vitro by aiming to produce
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microplants with green, well-developed leaves and sheathing leaf bases and

enhanced secondary root systems similar to Type "R3". The usual prevention of

fungal development through thorough washing of microplant roots to remove

excess culture medium, the soaking of the roots in a fungicide solution and the

subsequent application of fungicide sprays, particularly during the first two

weeks following weaning, proved to be useful as has been reported earlier by

others (e.g. Tisserat, 1982). Following the procedure described here, the selected

date palm microplants evolved under glasshouse conditions (Plate 7.1) to give

healthy plantlets with fully developed root and shoot systems (Plate 7.2). Fully

acclimatised plants with adult leaf phenotypes were ready for a transplantation

into the field. Complete (100%) successes were subsequently registered by

farmers (Plate 7.3)
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Figure 7.1 Stagcs involved in date palm somatic cmbryogcncsis.
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PART II

MOLECULAR BIOLOGY STUDIES



CHAPTER 8

8 DNA MARKERS IN PLANT IMPROVEMENT AND APPLICATION TO

DATE PALM.

The development of isozyme analysis and other biochemical markers

represented a significant improvement in genetic research (Tanksley and Orton,

1983) but the recent availability of DNA-based markers such as restriction

fragment length polymorphisms (RFLPs) and random amplified polymorphic

DNAs (RAPDs) have introduced a new dimension to the mapping of

agronomically important traits. Their discovery has created a revolution in

biology and genetics in general and in plant breeding and improvement in

particular. The potential impact of DNA markers on eukaryotic genetics was

described first in 1980 by researchers in human genetics (Botstein et a!., 1980).

The concept was soon after applied to crop improvement in agriculture.

The progress in plant molecular genetics has been enormous. During the last

decade for example, complete DNA marker-based genetic maps have been

constructed for at least 10 major crop species. This technology opens up new

horizons for the improvement of plant species for which little genetic information

is available, as is the case of date palm.

8.1 RFLP markers

8.1.1 Principle

The RFLP technology is based upon the availability of probes which can

detect cloned sequences that can be used on specific genomes to detect the

presence of variation at the DNA level. These variations are detected by changes

in the lengths of defined DNA fragments produced by digestion of DNA samples

with restriction endonucleases (Beckmann and Soller, 1983).

The changes that lead to the generation of an RFLP are mostly the result of a

loss or gain of a restriction site flanking the region complementary to the probe or
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an insertion or deletion within a specific fragment. DNA modifications such as

methylation which influence the specificity of restriction enzymes can produce

changes in fragment lengths.

The experimental procedures required to detect RFLPs involve extraction and

purification of DNA, digestion of the DNA with a restriction endonuclease

followed by detection of specific fragments by hybridisation with a labelled

probe.

In practice, when plant DNA is digested with restriction enzymes a very large

number of fragments generally results. The fragment containing part of a gene or

genes of interest needs to be separated from the others, which can be done by

electrophoresis in agarose gels. Specific DNA fragments are separated according

to their lengths but, because of their number, the digested DNA will appear as a

continuous smear on the agarose gel. Specific DNA fragments can only be

detected by hybridisation with a cloned DNA sequence which is homologous to

part or all of the target fragments. To do this, the DNA fragments are transferred

from the agarose gel to a solid support (nylon or nitro-cellulose membrane) by

Southern blotting (Southern, 1975). The membrane is then exposed to a

radioactively labelled DNA probe for hybridisation of homologous DNA

fragments. Non-hybridised probe DNA is washed from the filter and the

membrane exposed to X-ray film. The fragments which hybridise to jhe

radioactively labelled probe will appear as bands on the autoradiograph. Any

differences in either the numbers or relative positions of restriction enzyme sites

between two individuals in a particular region of DNA will appear as a

polymorphism on an autoradiograph. RFLPs are inherited as simple Mendelian

co-dominant factors. They may therefore be used as genetic markers and their

linkage relationships with other RFLPs and with other types of markers can be

established using standard gene mapping techniques. Assuming that there are

sufficient restriction site polymorphisms in the DNAS being analysed, the major
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factor that controls the efficiency of detecting these polymorphisms is the probe

used for detection.

8.1.2 Types and source of RFLP probes

The development of a set of probes revealing easily scorable polymorphisms

is an important step for any RFLP analysis. RFLP probes can be made from

random pieces of genomic DNA (from a genomic library), from DNA that is

complementary to mRNA (from a cDNA library), or synthetic oligonuceotides

corresponding to known or arbitrary sequences. For enabling high stringency

hybridisation, the probes used are usually made from the DNA of the species to

be analysed. However, in many cases heterologous DNA probes from unrelated

species which have partial DNA sequence homology can also be used, but at

relatively lower stringency conditions of hybridisation. Indeed, maize probes

have been used to profile sorghum inbred lines (Hulbert et a!., 1990), potato

(Bonierbale et al., 1989) and sugarcane (Lu et a!., 1991). Even probes made

from human, bacterial, or viral DNA have been used to profile plant DNAs

(Dallas, 1988; Ryskov et al., 1988; Nybom et a!., 1990).

cDNA as a source of low copy number probes

cDNA libraries consist of a collection of DNA fragments synthesised from

mRNA. Since most mRNAs are transcribed from single or low copy sequen.ces

(Burr et a!., 1983), probes from a cDNA will be of unique or near-unique

sequences.

In order to resolve distinct hybridisation bands, RFLP mapping generally

requires the use of probes homologous to single or low copy sequences. Such

single and low copy probes can generally be selected more readily from a cDNA

library (Gubler and Hoffmann, 1983).

Clones from genomic libraries

Since a large part of plant genomes consist of highly repeated DNA

sequences, genomic libraries will always contain a higher proportion of repeated
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DNA sequences. Therefore the isolation of such sequences from a genomic

library will generally involve a hybridisation step to eliminate the repeated

sequences. Such a procedure was used in this study and is described later in

Chapter 10. Various complementary procedures can be used to enrich for single

or low copy clones. It has been observed, for example, that when clone libraries

are constructed from total genomic DNA digested with methylation-sensitive

restriction endonucleases such as PstI, they are enriched for single copy

sequences (Burr et al., 1988; Jack and Mayes, 1993).

Repetitive sequences can also be used as probes. However, the analysis of

the RFLP blots will be more cumbersome because of the complexity of the

banding patterns obtained. Such probes can be from unrelated organisms or even

synthetic oligonuceotides. These include minisatellites and minisatellite-like

molecules such as M13 (Messing et a!., 1977) or synthetic probes (Weising et

a!., 1989).

Minisatellite-like DNA sequences

Minisatellite DNA sequences consist of a series of tandem repeats of short

sequence. These sequences are often dispersed through the genome and represent

several loci and are polymorphic. They are also referred to as VNTRs-variable

number of tandem repeats-because the variability arises from differences in..fhe

number of repeats of the sequences. These kind of sequences when used as a

probe detected intraspecific variations in gymnosperms, angiosperms, fungi,

bacteria and several animal species (Jeffreys and Morton, 1987; Ryskov et a!.,

1988; Jung et a!., 1993; Poulsen et a!., 1993). In humans this approach was

successfully used in genetic fingerprinting because these sequences are so highly

variable (Jeffreys et a!., 1985).This probe (Jeffrey's) was later found to be useful

also for plant DNA fingerprinting (e.g. rice) (Dallas, 1988).

A sequence present within the protein III gene of the M13 bacteriophage

vector (Messing et a!., 1977) has been shown to detect useful polymorphisms
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(M13 probe). M13 phage DNA has been described as a universal marker for

DNA fingerprinting of animals, plants and micro-organisms (Ryskov et aL,

1988). The M13 repeat probe detects DNA minisatellite-like sequences in

gymnosperms and angiosperms (Rogstad et a!., 1988). An example of the

application of this probe is the detection of genetic variation in different species

of Rosaceae (Nybom, 1990; Nybom et al., 1990; Nybom and Hall, 1991).

Synthetic oligonucleotides based on minisatellites core sequences such as

(GATA)4, or (GACA)5, have also been used as probes (Weising et a!., 1989).

Out of these many probes which can be used, the final choice will depend upon

the nature and aim of the RFLP analysis.

8.1.3 Applications of RFLPs

RFLPs have a wide range of applications varying from the analysis of

genome organisation to breeding for quantitative traits, parent and varietal

identifications, marker-assisted introgression of major loci, plant population

biology and analysis of genome organisation. All of these areas have been

reviewed extensively by various authors (Beckmann and Soller, 1983, 1986;

Landry and Michelmore, 1987; Helentjaris, 1988; Tanksley eta!., 1989; Young,

1992). Since the priorities of the date palm breeding programme in Morocco are

varietal fingerprinting and genetic identification of disease (Bayoud) resistant

trees, the information on the application of RFLP technology to these two areas

of research is reviewed below.	 -

DNA Fingerprinting for varietal identification

The potential of RFLPs to distinguish between cultivars of the same crop

species was reported as early as 1983 (Soller and Beckmann, 1983). Since then,

RFLP probes have been found which can identify varieties of potato (Gorg et

a!., 1992), soybean (Apuya et a!., 1988), beets (Nagamine et a!., 1989) and

maize (Smith and Smith, 1991). Recently, Vaccino et al. (1993) identified 54
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cultivars of wheat with patterns obtained using three probe/enzyme combinations.

The multilocus DNA fingerprinting probe (33.6 of Jeffreys) in combination with

various restriction enzymes were used successfully to fingerprint clover and even

somaclonal variants (Nelke eta!., 1993).

Linking RFLPs to genes for disease resistance

RFLPs have been linked to genes that confer resistance to powdery mildew

(Erisyphe graminis) of barley (Hinze eta!., 1991), Phytophthora rot of soybean

(Diers et a!., 1991), barley yellow mosaic and barley mild mosaic virus (Graner

and Bauer, 1993). In tomato, several resistance genes have been linked to

RFLPs. These genes include those for resistance to tomato mosaic virus (Young

et a!., 1988), Fusariuin oxysporum (Sarfatti et a!., 1989), root-knot nematode

(Me!oidogyne incognita) (Klein-Lankhorst et a!., 1991) and bacterial blight

(Pseudomonas syringae) (Martin et aL, 1991).

Screening for disease resistance using RFLP markers presents many

advantages. The detection of an RFLP marker tightly linked to a gene conferring

disease resistance, for example provides a method of screening the progeny for

the resistant phenotype without the need of inoculating the plants and waiting for

the development of symptoms of the disease. This also avoids errors due to

unreliable inoculation methods. Breeding for resistance can be done in areas

where field inoculation with the pathogen of interest is not allowed for safety

reasons e.g. Bayoud (Fusarium oxysporumf sp. a!bedinis).

8.2 RAPD markers

8.2.1 Principle

The PCR is an in vitro enzymatic method of amplifying specific DNA

sequences which was conceived originally by Kary Mullis in 1983 (Mullis and

Faloona, 1987). The technique relies on the utilisation of a thermostable DNA

polymerase enzyme from thermophilic bacteria capable of working even after
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exposure to temperatures as high as 100°C. This enzyme catalyses the addition of

free nucleotides to single-stranded DNA for the initiation of the extension of a

complementary strand of DNA at sites where small, complementary strands of

DNA (primers) have hybridised to the template DNA. Random Amplified

Polymorphic DNA (Williams et a!., 1990) or AP-PCR (arbitrary primed PCR.

Welsh and McClelland, 1990) is based on the amplification of random DNA

segments using the polymerase chain reaction (PCR) with single short primers of

arbitrary nucleotide sequence. The RAPD reaction mixture usually contains a

primer, the four nucleotides, target DNA and a thermostable DNA polymerase in

an appropriate enzyme buffer containing MgCl2 and the target DNA to be

analysed. This reaction mixture is incubated at a temperature of around 85°C

which denatures the template DNA. Rapid cooling to 50°C or less (depending on

the lengths of the primers used) enables the primers to anneal to complementary

sequences on the single-stranded target DNA. The samples are then brought up to

72°-74°C to allow the polymerase to extend the primer and synthesise a new

double-stranded DNA. This series of steps at different temperatures is repeated a

given number of times (cycles). At each cycle the product resulting from the

previous one is used as a template for further amplification. The exponential

increase in the number of DNA molecules resulting in the reaction is the basis of

the polymerase chain reaction that enables the amplification of quantities of DNA

which would otherwise be undetectable.

A single, short oligonucleotide primer which binds to many different loci is

used to amplify random sequences from a complex DNA template in RAPD

reaction. Random amplified polymorphic DNA is also based on the probability

that a given DNA sequence complementary to that of the primer will occur in the

genome to be analysed, on opposite DNA strands, in opposite orientation within

a distance that is readily amplifiable by PCR. Theoretically, the number of

amplified fragments generated by PCR depends on the lengths of the primers and

the size of the target genome (Williams et a!., 1993).

99



DNA polymorphisms result from changes in DNA sequences at arbitrary

priming sites in the genome (Caetano-Anolles era!., 1992) which can result from

nucleotide substitutions that create or modify primer sites or from the deletion.

insertion or inversion of a priming site. Any insertion between priming sites

could abolish amplification and generate a polymorphism. Several other

mechanisms can generate polymorphisms, i.e. any conformational changes of the

DNA molecules that affect the efficiency of amplification or priming. Because

RAPDs can be relatively easily regenerated, they have been extensively used over

the last few years for the analysis of plant genomes (Table 11.1).

8.2.2 Applications

DNA fingerprinting for genotype identification

Phenotypic identification of breeding lines and cultivars is a critical activity

for seed companies and seed laboratories as well as for nurseries and commercial

micropropagation laboratories. It allows them not only to perform quality control

of their products but also to protect their novel germplasm. RAPD markers are

increasingly used as genetic markers for variety and cultivar identification. Hu

and Quiros (1991) using 10-mer primers could discriminate 14 broccoli and 12

cauliflower cultivars (Brassica oleracea L.). In an attempt to identify potato

cultivars and clonal variants, Demeke et a!. (1993) distinguished 30 of 36

cultivars they tested using RAPD profiles and identified a specific and unique

product for two cultivars among the 36. Using two separate lO-mer primers,

Mulcahy et a!. (1993) obtained a distinctive fingerprint for each of the eight apple

cultivars they tested. Similarly, Yang and Quiros (1993) distinguished between

twenty three celery (Apium graveolens L.) cultivars based on RAPD markers

regenerated with 28 arbitrary primers. The classification of these cultivars into

three groups based on the marker differences could be shown to be consistent

with a previous study using stem protein and isozyme markers. Since the

amplification requires very small amounts of DNA, genotype screening can be
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carried out even when limited quantities of tissue are available, for example as

little as a Section of a rice grain (Chunwongse et a!., 1993). All of these

examples support the use of RAPDs as an appropriate marker to identify crop

varieties.

Identification of DNA markers linked to specific genes.

RAPD was used for a rapid identification of markers linked to a

Pseudomonas resistance gene in tomato (Martin eta!., 1991). Similarly, Paran

and Michelmore (1991) identified RAPD markers linked to downy mildew

resistance genes in lettuce. This allowed an increase in the density of markers in

the two Dm (Downy mildew) regions in a short time.

Phvlogenetic relationships and diversity studies.

With RAPDs it is possible to assess genetic similarity amongst a range of

genotypes. Quantitative phenetic analysis of RAPDs in different species has

produced matrices of genetic similarities (Tinker eta!., 1993) or estimations of

relatedness among heterogeneous populations (Yu and Pauls, 1993).

The RAPD profiles are initially scored and converted into a binary matrix of

the presence or absence of amplified fragments. Pairwise comparisons of the

fragment patterns are used to calculate the percentage of bands that are shared.

The values can then be used to estimate the genetic similarities between the

genotypes. These matrices are found to be consistent when compared to

classifications based on either morphological or phenotypic criteria, e.g. celery

(Yang and Quiros, 1993), peanut (Haliward et a!., 1992) and in Stylosanthes

spp. (Kazan et a!., 1993).

Assessment of the degree of relatedness among populations of a crop species

can serve as a basis for selecting appropriate parents in the development of

crossing schemes to maintain maximum diversity in a breeding programme.
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These kinds of studies can also be used in taxonomy and can give clues to the

origins of a species (Castiglione era!., 1993; Adams et aL, 1993).

8.3 Advantages of DNA markers

With RFLP and RAPD technologies it is possible to detect variations at the

DNA level including silent variation which may not necessarily be expressed as

differences in phenotype or proteins because they are not limited to coding

sequences. Other advantages of these markers are that they are relatively rapid to

deploy, they eliminate the need of growing plants to maturity and flowering, and

are not affected by a plant's growth environment. Most importantly, they can be

detected, unlike isoenzymes and structural protein profiles, using any tissues at

any developmental stage of the plant. DNA samples can be stored for a very long

time due to the stability of the DNA molecule and the numbers of probes and

enzyme combinations available are virtually unlimited.

Situations where marker selection will clearly be more favourable than classic

markers are:

-when the selected character is expressed late in plant development (adult

characters in species with a long juvenile period),

-when the expression of the target gene is recessive,

-when the gene can be expressed only under certain conditions (e.g.

inoculation with a pathogen).

The specific advantages, disadvantages and properties of RFLPs and RAPDs

are summarised in Tables 8.3 and 8.4.

8.4 Conclusion and implications for developing DNA-based

markers for date palm

Date palm breeding has relied, and continues to rely, upon traditional methods

based on the observation of morphological characters and the selection of useful

traits on a purely phenotypic basis. These are not practical since it is not possible
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to predict the characteristics of the plant and its fruit quality before the adult

phase. Earlier researchers (Baaziz and Saaidi, 1988; Torres and Tisserat, 1980;

Al-Jiboury and Adham, 1990; Bennaceur et a!., 1991) have suggested the

potential use of isoenzymes as biochemical markers in date palm selection and

breeding. The main limitations of this technique are the lack of sufficient

polymorphism between closely related cultivars and the fact that enzymes and/or

proteins may vary in different tissues according to developmental stages and the

environment or conditions under which source plants are grown.

It is evident from the information reviewed in the section above that DNA-

based markers can be a powerful tool to crop improvement. Appropriate DNA

markers have the potential to make a significant contribution to date palm

breeding efforts by overcoming the limitations of the conventional markers.

However, this potential needed to be assessed and explored. The experiments

conducted and presented in the present study therefore explored the feasibility of

using the RFLP and RAPD approach to analyse genetic variability in the date

palm genome.
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Table 8.1 Properties of RFLPs as genetic markers.

-Numerous

-Codominant

Properties	 -Genomic RFLPs show Mendeian inheritance

-Organelle RFLPs show maternal inheritance

-Stably inherited

-May detect multiple alleles

Advantages	 -Virtually unlimited number of probe x enzyme

combinations possible

-The same filter may be probed many times (15-20 x)

-A well-equipped laboratory required.

-Use of hazardous radioisotopes needed although

procedures based on non-radioactive detection methods

can be employed (e.g. Martin et a!., 1990).

Drawbacks	 -Trained personnel required.

-Time consuming (DNA extraction, digestion, gel

electrophoresis, Southern transfer, hybridisation and

autoradiography).

-Level of polymorphisms for a given species has to be

determined empirically.
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Table 8.2 Properties of RAPDs as genetic markers.

Properties	 -Dominant

______________ -Segregation_in_aMendelian_fashion

Advantages	 -Only small quantities of DNA required.

-Use of radioisotopes not necessary.

-Knowledge of target sequence not required.

-Faster than RFLP.

-Specialised laboratory not required.

Drawbacks	 -Rigorous optimisation of PCR parameters for obtaining

repeatable results required.

-Highly sensitive, contaminating DNA may give

spurious patterns.

-Extensive screening to select appropriate primers

required.

-Only efficiently amplifiable within a certain size range of

DNA.

-Expensive reagents, especially the thermostable

_________ polymerase required.
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CHAPTER 9

9 GENERAL MATERIALS AND METHODS

9.1 BACTERIAL TECHNIQUES

9.1.1 Plasmid vector and host cells

Two strains of Escherichia coli, namely JM1O9 and DH5a (Yanisch-Perron,

et a!., 1985), were used in this study. The original streaks were obtained from the

strain collection in the Plant Molecular Biology Laboratory at Wye College. Both

of these strains were maintained on LB-agar plates.

These strains could be transformed efficiently with the plasmid pUC19

(Yanisch-Perron et a!., 1985) that was used as vector. They also provided

blue/white colony selection for recombinants when plated on media containing X-

Gal and IPTG (Appendix 1).

9.1.2 Preparation of agar plates

Bacto agar was added to LB media (Appendix 1.1) to 1.5% (wlv), the solution

was autoclaved and allowed to cool to 50 C. If required, ampidihin was added to

give a final concentration of 50 .tg mI 1 . For blue/white selection, X-Gal and

IPTG were added to final concentrations of 50 jig m1 1 and 30 jig mi-1

respectively. Media were then poured into sterile disposable petri dishes to

produce ca. 15 plates per 250 ml media.

9.1.3 Bacterial growth and storage conditions

A single colony of the Escherichia coli strain was streaked on LB-agar media

and incubated at 37° C for 12-16 hr (placing plates upside down in an incubator).

For manipulations, a single bacterial colony from the plate was inoculated into

liquid LB broth and grown with constant shaking (200 rpm) at 37° C. Plates with

E. coli colonies were stored at 4° C. Colonies were restreaked every two weeks

on fresh plates. The plasmid-transformed cells were maintained on LB plates
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containing ampicillin. For long term storage, bacterial strains were kept at -80° C

in 20% glycerol. Glycerol stocks were prepared from overnight cultures by

adding an equal volume of 40% glycerol and snap-freezing in liquid nitrogen

before transferring to -80° C.

9.1.4 Preparation of competent cells

A single colony of E. coli was inoculated into 10 ml LB media and incubated

at 37° C overnight with constant shaking (orbital incubator, 200 rpm). 1 ml

overnight culture was transferred to 100 ml LB media in a 500 ml flask. The

bacteria were grown, by shaking, at 37° C until the absorbance at 600 nm reached

0.45-0.55 (mid-log phase). Cells were pelleted at 6,000xg (7 K rpm, Sorvall

GSA rotor) at 4° C for 5 mm. The bacterial pellets were re-suspended in 50 ml

ice-cold 0.1 M MgC12 and incubated on ice for 5-10 mm. After re-centrifugation

as above the bacteria were re-suspended in 50 ml ice cold 0.1 M CaC12 and

incubated on ice for 30 mm. The bacteria were repelleted by centrifugation and re-

suspended in 5 ml ice cold 0.1 M CaCl2. At this stage the competent cells were

either used immediately or stored in glycerol at -80° C as previously described.

9.1.5 Transformation of bacterial cells.

E. coli transformation was followed as described by Hanahan (1985). The

DNA was mixed with 200 p.1 competent E. coil cells and incubated on ice for 30

mm. The cells were heat-shocked at 42° C for 2 mm or 37° C for 3 mm. 800 p.1

LB media (preheated to 37° C) was added to the competent cells and incubated at

37° C for one hr. 200 p.1 bacterial suspension was spread on LB plates containing

selective antibiotics and incubated at 37° C overnight.
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9.2 DNA EXTRACTION AND ANALYSIS

9.2.1 Isolation of plasmid DNA from E. coli

9.2.1.1 Preparation of plasmid DNA using the QIAGEN kit.

Plasmid DNA was prepared using the Qiagen plasmid preparation kit

according to the manufacturer-recommended procedure.

150 ml LB containing ampicillin was incubated with 1 ml overnight culture and

grown under selection for 16 hr. The cells were then pelleted at 3,000xg for 10

mm at 4 C. The bacterial cells were resuspended in 4 ml P1 buffer (Appendix

4.1) then 4 ml P2 buffer (Appendix 4.2) was added, mixed by inversion and

incubated at room temperature for 5 mm. 4 ml P3 buffer (2.55 M KAc, pH 4.8)

was added, mixed gently and immediately centrifuged at 30,000xg (16,000 rpm

in a Sorvall SS-34 rotor) for 30 mm at 4 C. The supernatant was collected and

re-centrifuged under similar conditions for 10 mm. The clear lysate obtained was

allowed to pass through a Qiagen column by gravity flow. The column was

previously equilibrated by applying 4 ml buffer QBT (Appendix 4.3) and the

column allowed to empty by gravity flow. The column was washed with 2 x 10

ml buffer QC (Appendix 4.4) and the bound DNA was eluted by applying 5 ml

buffer QF (Appendix 4,5) on top of the column and collected in a clean 30 ml

tube. The DNA obtained was precipitated with 0.7 volumes of isopropanol (at

room temperature) and collected by centrifugation at 20,000xg at 4° C for 30 mm.

The DNA pellet was washed with cold 70% ethanol, air dried for 5 mm and

redissolved in TE.

9.2.1.2 Plasmid purification by caesium chloride gradient

centrifugation

500 ml LB broth containing ampicillin (100 pg ml 1) was inoculated with 1 ml

overnight culture and shaken overnight at 
370 C. Cells were pelleted at 12,000xg

(10,000 rpm) for 5 mm. The pellet was resuspended in 10 ml TES solution (10
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mM Tris-HC1 pH 8.0, 100 mM EDTA pH 8.0, and 150 mM NaC1) and

centrifuged as above. The pellet was then re-suspended in 6 ml Tris sucrose and

incubated on ice for 5 mm. 1.2 ml freshly prepared lysozyme (10 mg m1 1 ), 2.4

ml 0.25 M EDTA (pH 8.0) and 9.8 ml Triton X100 were added to the solution at

5 mm intervals, keeping the tubes on ice at all times. The iysed cells were

centrifuged at 48,000xg (20,000 rpm, SS34, rotor) at 
40 C for 1 hr. The

supernatant was transferred to a new tube and its volume was estimated. Solid

caesium chloride (ig mi- 1 solution) was added and carefully dissolved. 250 tl

ethidium bromide (20 mg ml) was added and after mixing the solution was

incubated in the dark for 1-2 hr. This solution was cleared by centrifugation

(2,300xg; 3,500 rpm) at 4' C for 20 mm. The supernatant was transferred to a

new tube, the refractive index adjusted to 1.394-1.395, transferred to 11.5 ml

quick seal tubes and centrifuged at 50,000 rpm (in a Combi Sorvall

Ultracentrifuge, 38/80 rotor, Du Pont) for 36-48 hr at 15' C. The plasmid DNA

band (lower band) was carefully extracted with a 18 gauge needle leaving the

chromosomal band (upper band) behind. The DNA solution was re-centrifuged

for 12 hr at 50,000 rpm in 6 ml quick seal tubes. The plasmid DNA band was

collected and the ethidium bromide and caesium chloride were removed as

described by Sambrook, eta!. (1989).

9.2.1.3 Mini preparation of plasmid DNA using the boiled lysis

method (after Holmes and Quigly, 1981)

A culture of E. co!i carrying the desired plasmid was grown shaking at 
370 C

overnight in 10 ml LB media containing ampicillin (100 pg mi 1 ). Bacterial cells

were pelleted by centrifugation at 2,300xg (3.5 K rpm) for 10 mm at 
40 C and re

suspended by vortexing in 50 p.! Tris Sucrose (50 mM Tris-HCI, pH 8.0; 25%

sucrose). The resuspended bacteria were transferred to an Eppendorf tube, 400 p.1

MSTET (5% Triton X 100,50 mM Tris-HC1 (pH 8.0), 50 mM EDTA (pH 8.0),

and 5% sucrose) and 15 p.1 freshly prepared lysozyme (10 mg mi- 1 in distilled
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water) were added to the cells, mixed and the sample was immediately boiled for

1 mm. The boiled mixture was centrifuged for 15 mm in a bench-microcentrifuge

at 15,000xg (13 K rpm). The supernatant was carefully transferred to a new tube

leaving the jelly-like pellet behind. An equal volume of cold isopropanol was

added and the DNA was precipitated at -20' C for 30 mm. The DNA was pelleted

by centrifugation for 15 mm at room temperature. The pellet was dried in a

vacuum desiccator for 5 mm and dissolved in 20 jil sterile distilled water or TE.

9.2.2 Isolation of date palm DNA

The different procedures for isolating DNA from mature leaves of date palm

are described in detail later in the results section. Some of the intermediate steps

which were essential and common for all these protocols are presented below.

9.2.2.1 Grinding of leaf tissue

Since mature leaves of date palm are extremely fibrous, it was necessary to

assist grinding with the addition of acid-washed sand or glass powder. One to

two sterile glass Pasteur pipettes were crushed to powder in a mortar with liquid

nitrogen before adding the leaf sample. Latex gloves were worn constantly during

DNA extraction to minimise the risk of contamination of samples with nucleases

from the skin and to protect the skin from hazardous chemicals such as

phenol/chloroform. Goggles were worn during the procedure to protect the eyes

especially when crushing the Pasteur pipettes.

9.2.2.2 Ethanol precipitation (after Sambrook et a!., 1989)

Sterile sodium acetate (pH 5.6) was added to the DNA in solution at a final

concentration of 0.3 M (0.1 volume of 3 M solution) followed by two volumes of

cold absolute ethanol (-20° C). The phases were gently mixed by inversion until

the precipitation of DNA. When the precipitation was not obvious, the sample

was left at -20' C for 10 to 20 mm. DNA was pelted by centrifugation (12,000xg
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10 mm at 4° C). The pellet was briefly washed with cold 75% ethanol (-20° C),

air-dried and then resuspended in TE (pH 8.0). Corex tubes were used at this

stage as it was difficult to visualise clean pellets in a non-glass tube such as the

Nalgene type.

9.2.2.3 Propane-2-ol precipitation (after Sambrook et al., 1989)

An equal volume of cold (-20° C) isopropanol was added to the DNA solution

and precipitated as with ethanol.

9.2.2.4 Phenol/chloroform extraction (after Sambrook et aL, 1989)

Phenollchloroform mixture was prepared by mixing equal volumes of

chloroform and phenol. TE saturated phenol was supplied by Pharmacia. An

equal volume of phenol:chloroform was added to the sample. The phases were

mixed gently by inversion and the sample centrifuged (1 1,SOOxg) for 15 mm. The

supernatant was transferred to a clean centrifuge tube. To avoid shearing the

DNA, this latter procedure was carried out using a sterile cut-off tip. The residual

phenol in the aqueous phase was removed by a second extraction with

chloroform. An equal volume of chloroform was added to the sample, mixed

gently by inversion, centrifuged (11,500xg) for 15 mm and the supernatant

removed to a clean tube.

9.2.2.5 Chloroform/isoamyl alcohol extraction

Chloroform/isoamyl alcohol (24/1, v/v) was used in the same way as

phenollchloroform to remove proteins from DNA preparations except that a

second extraction with chloroform was not necessary in this case.
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9.2.2.6 Caesium chloride gradient centrifugation (after Radloff et

a!., 1967)

DNA prepared by the Dellaporta method was dissolved in 7.5 ml TE. One

gram of caesium chloride to every ml of DNA solution was added and dissolved

gently. 500 j.fl ethidium bromide solution (10 mg mi- 1 ) was added and mixed

carefully. The mixture was incubated for 1-2 hr at room temperature in the dark

and centrifuged for 20 mm at 2,300xg (3.5 K rpm) to remove all protein. The

clear supernatant was transferred to another tube. The refractive index of the

solution was adjusted to 1.394-1.395. The solution was then transferred to 11.5

ml quick seal tubes and centrifuged at 40,000 rpm (in a Combi Sorvall

Uliracentrifuge, 38/80 rotor, DuPont) for 36-48 hr at 15° C. After centrifugation

the tubes were gently removed from the rotor and the DNA bands in the middle of

the tubes were carefully removed using a syringe (18 gauge needle) in a dark

room under UV light. The DNA sample was centrifuged again for 24 hr in 6 ml

quick seal tubes as above. The DNA band was again removed with a needle and

placed in a tube. Ethidium bromide in the DNA solution was then removed by

several extractions with isoamyl alcohol and the caesium chloride removed by

dialysis against TE (as described by Sambrook et a!., 1989).

9.2.2.7 Resuspension and storage of DNA samples

DNA pellets were resuspended in TE (pH 8.0). The DNA solutions were

transferred to a labelled microfuge tube and stored at 4° C. Such samples stored

over a period of two years showed no degradation as observed by agarose gel

electrophoresis. In some cases where the DNA pellet was difficult to dissolve in

TE, it was necessary to incubate samples at 65° C for 10 to 15 mm.
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9.2.3 Purification of DNA from agarose gels

9.2.3.1 Qiaex method

The Qiaex procedure is based on the selective binding of DNA to glass. The

procedure followed is as recommended for the Qiaex DNA purification kit

(Qiagen).

Two ml QX 1 (Qiagen) was added to each gram of excised agarose gel

containing the desired DNA fragment. 10 tl well-mixed Qiaex glass suspension

was added to the sample and the tube was incubated at 50-55° C for 10-15 mm or

until all of the agarose dissolved. The mixture was centrifuged for 30 seconds in a

bench top centrifuge at 15,000xg (13 K rpm). The pellet was washed twice in

500 p1 QX 2 and twice in QX 3 solution. After the last wash, the pellet was air

dried and re-suspended in 5-20 p1 sterile distilled water depending on the amount

of DNA. The sample was again centrifuged for 30 seconds and the supernatant

containing the DNA was transferred into a new tube. The concentration and

integrity of DNA was verified by agarose gel electrophoresis.

9.2.3.2 Freeze squeeze method

The excised agarose gel slice was placed in a 0.75 ml microcentrifuge tube

that was perforated at the bottom with a needle and stopped with 10 p.! glass

beads. The 0.75 ml tube was placed in a 1.5 ml microcentrifuge tube and placed

at -70° C for 10-20 mm to freeze the gel piece. The tubes and frozen gel slices

were transferred directly to a microcentrifuge and centrifuged at full speed,

15,000xg (13 K rpm), for 15-20 mm. The DNA solution was transferred into the

1.5 ml tube while the agarose clumps were left behind in the 0.75 ml tube. The

DNA solution was extracted with isoamyl alcohol to remove the ethidium

bromide. The DNA was precipitated with an equal volume of isopropanol and

after centrifugation the DNA pellet was washed with 70% ethanol, air dried and

re-suspended in 10-20 p.1 TE or water.
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9.2.4 Spun column chromatography preparation

Spun column chromatography is usually performed to desalt a DNA solution.

To prepare the columns, the tip of a 23-gauge needle was inserted through the

bottom of a 500-pi microcentrifuge tube. 15 .t1 sterile glass beads (80 to 100 JIm,

Sigma) were added to the tube, followed by 700 .il Sepharose CL-6B slurry

(Pharmacia) in TE. Columns were centrifuged for 2 mm at 2000 rpm (Denley

BR4O1 refrigerated centrifuge) to remove excess TE. Columns were supported in

1.5 ml microcentrifuge tubes that had their bases cut off, which were in turn

supported in 1.5 ml tubes. DNA samples were then pipetted onto the columns,

which were centrifuged as before but supported in intact 1.5 ml tubes to collect

the DNA.

9.2.5 Plant material used for DNA isolation

In order to obtain the maximum benefit from this study and to make these

results applicable to the existing programme in Morocco the date palm cultivars

used were primarily from the germplasm collection at the INRA Experimental

Station in Zagora, south Morocco (Table 9.1). Samples were chosen to represent

the most important Moroccan cultivars. Plastic bags containing mature leaf

samples were packed on ice and transported to Wye College where they were

stored at -80° C and the DNA was extracted from them. These accessions were all

used in the RFLP analysis and the first twelve only used for the RAPD study.
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Table 9.1 Date palm accessions used in RFLP and RAPD studies

Full name (I)	 Abbreviation Cultivation zone (2)

ildane	 IKL	 Draa, Bani

Bou-Sthammi Noire 	 BST	 Draa, Saghro

Agellid	 AGL	 Draa, Saghro

Tadment	 TDT	 Draa, Saghro

Sair Layalet	 SLY	 Bani

Bou-Feggous	 BFG	 All zones

Bou-Feggous-ou-Moussa 	 BFM	 Bani

Jihel	 JHL	 Draa,Bani,Saghro

Unnamed	 NP3	 Zagora Station

Unnamed	 M	 Zagora Station

Bou-Skri	 BSK	 Draa,Bani

Barhi	 BRH	 Iraq

Ahrdan	 AHR	 Tafilalet

Azegzao	 AZO	 Tafilalet

Admou	 ADM	 Tafilalet

Bou Ittoub	 BIT	 Bani (Tata)

Outoukdimt	 OTK	 Todra

Bou Slikhene	 BSL	 Tafilalet

Bou-Sthammi-blanche 	 BSTB	 Bani (Foum-Zguid)

Deglet-Nour	 DN	 Tunisia

(1): NP3 and M are male plants selected by INRA from seedlings: they do not have

any local denomination and are known in the experimental station only by their code.

(2) Normal area of cultivation in Morocco.

All these accessions are part of a trial for Bayoud resistance (Saaidi, 1992) at the

Zagora Station. Tunisian and Iraqi varieties were also introduced to the experimental

station to test their resistance to this disease.
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9.3 DNA ANALYSIS

9.3.1 Estimation of concentration of genomic DNA

The nucleic acids concentrations were determined using a spectrophotometer

(SP 8-100, UVIVIS Spectrophotometer, PYE Unicam). Spectrophotometric

readings were taken at 260 nm and 280 nm. Concentration was calculated from

the reading at 260 nm. An OD of 1 corresponded to approximately 50 tg mi-1

double stranded DNA. The ratio of the readings at 260 nm and 280 nm provided

an estimation of the purity of the nucleic acids. Pure samples of DNA have ratios

of 1.8 to 2 and values of less than this for DNA samples of lower purity. When a

more accurate estimation was needed (e.g. for PCR analysis), an aliquot of

genomic DNA was resolved by electrophoresis on a 0.6% agarose gel alongside a

series of known amounts of X DNA. The amount of plant genomic DNA was

then estimated by visual comparison of band intensity between X DNA and plant

DNA under UV following ethidium bromide staining.

9.3.2 Restriction enzyme digestion of DNA

The enzymatic restriction of DNA was carried out according to the

manufacturers' recommendations (BRL, UK). Plasmid DNA was generally

incubated in the appropriate buffer for 30 mm to lhr with 1 unit of enzyme per pg

DNA. For genomic DNA to be blotted, 5 jig aliquots of date palm DNA were

digested with 20 units of restriction enzymes in a 20-30 jil reaction volume. The

reactions buffers were supplied with the enzyme and incubations were carried out

at recommended temperatures depending on the enzyme. The final volume was

adjusted with deionised water. After completion of the digestion, the tubes were

centrifuged briefly to collect any condensation and the reaction was stopped by

the addition of 1/10 volume of loading dye.
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9.3.3 Agarose gel electrophoresis of DNA

Molecular biology grade agarose (Sigma) was used at 0.8% (wlv)

concentration for most of the applications and at 1.5 or 2% for the separation of

PCR products. The agarose was melted in 1 x TAE buffer in a microwave oven

and then allowed to cool to about 65° C. Gels were cast in either mini, midi or

large size gel former trays depending upon the requirements.

After setting, gels were placed in the appropriate electrophoresis tanks and

covered with 1 x TAB buffer. The electrophoresis was generally conducted at 40

V for 1 hr for minigels, at 35 V overnight for midi-gels and at 40 V overnight for

large gels to be blotted. Appropriate DNA size markers were always included.

9.3.4 Staining and destaining the gel

After the DNA samples had separated sufficiently as monitored by the

migration of the bromophenol blue dye, gels were stained for 10-30 mm in 0.5

ig mi- 1 ethidium bromide and destained for 10-20 mm in water. Gels were placed

on a UV transilluminator light box to visualise the DNA and photographed.

9.4 CLONING DATE PALM DNA IN PLASMID VECTOR

9.4.1 Dephosphorylation of plasmid vector

Calf intestinal phosphatase (CIP) was obtained from Pharmacia. Plasmid

DNA was dephosphorylated according to the manufacturer instructions. Two

units of CIP in 1 x reaction buffer were added to 10 pg plasmid DNA, previously

digested to completion with the appropriate restriction enzyme. The reaction was

incubated for 30 mm at 37° C, followed by heat inactivation at 65° C for 20 mm.

9.4.2 Ligation

For ligation the date palm DNA was digested as described earlier with Eco RI

or Pst I. Meanwhile, vector DNA was also digested with the same restriction

enzyme to make it linear. Purified DNA fragments to be ligated into digested
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plasmid DNA were mixed in a ratio of 1:3-5 (w/w; vector: fragment) and ligated

using T4 DNA ligase in buffer provided by the manufacturer (5 x ligation buffer,

BRL). 1-2 p.1 (1-2 units) T4 DNA ligase was used in the reaction. Ligations were

carried out at 10-12° C overnight or at 15° C for 4-6 hr.

9.4.3 Colony screening

A loopful of bacteria from a colony on an agar LB-plate was transferred to a

microcentrifuge tube containing 200 p.1 1 x TBE buffer (Appendix 3) and 50 p.1

FSUDS. This mixture was vortexed for 15-30 seconds and incubated at 65° C for

1-2 hr. Before loading, the hot sample was again vortexed for 5 -10 seconds and

approximately 50 p.! sample was analysed by electrophoresis on 1% agarose gel

prepared in 1 x TBE buffer. Undigested plasmid DNA was run as a marker. The

sample was run at 100 V for 3 hr. The gel was stained for 10-20 mm in ethidium

bromide, destained for 5 mm in distilled water and photographed on a UV

transilluminator.

9.4.4 Dot blot analysis of plasmid DNA

In order to evaluate the copy number of the recovered clones the recombinant-

plasmid DNAs were hybridised with the total genomic DNA used to make the

library. 1 jig plasmid minipreparation was denatured with sodium hydroxide (0.5

M) at 37° C for 20 mm. 4 p.1 denatured plasmid DNA were spotted on a nylon

membrane (Hybond N+). The membrane was then prehybridised and hybridised

as described later (Section 9.6).

9.5 PLASMID SEQUENCING

Supercoiled plasmid DNA prepared by the boiled lysis procedure was

sequenced using the dideoxy chain termination method (Sanger, et a!., 1977;

modified by Murphy and Ward, 1989) using 5 S dATP (ICN) and T7 DNA
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polymerase (Pharmacia). Reaction products were separated on 5%

polyacrylamide gels containing 7M urea (Appendix 10).

The detail of the different steps in the sequencing procedure are presented later

in Appendix 10.

9.6 RFLP ANALYSIS

9.6.1 Agarose gel treatment for DNA transfer to a membrane

Transfer of DNA from agarose gel to a solid support (membrane) was

achieved either by using a standard capillary blotting (Southern blotting) with

uncharged membrane (Hybond N, Amersham, ) or by alkaline transfer using a

positively charged nylon membrane (Hybond N+, Amersham, UK).

The excess gel which did not include the digested DNA lanes was trimmed

away and one of the corners of the gel cut for orientation. To allow more efficient

transfer of large fragments, the DNA was depurinated in 0.25 M HC1 (2 x 15

mm). Then it was denatured (2 xiS mm) by alkali treatment (1.5 M NaCIJO.5 M

NaOH). The gel was then neutralised by soaking in 1.5 M NaC1, 0.5 M Tris-HC1

(pH 7.2) and 1 mM EDTA (for 15 mm) and finally washed in 2 x SSC. The

transfer was carried out overnight using 20 x SSC as transfer buffer.

9.6.2 Capillary blotting of DNA

A plastic tray was filled with 20 x SSC. A glass plate was used as bridge on

top of the tray and covered with a wick made from three sheets of Whatman 3MM

paper, saturated with blotting buffer. Air bubbles were removed by rolling a clean

glass pipette on top of the wet paper. The gel was carefully placed on the wick to

avoid trapping of air bubbles beneath it. Cling film or parafllm was used to

surround the gel and so prevent the blotting buffer being absorbed directly from

the 3MM paper into the towels above. A sheet of membrane was cut to the exact

size of the gel (using gloves and clean scalpel) and placed on top of the gel. Air

bubbles were squeezed carefully out from beneath the membrane using a glass

119



pipette. Two to three sheets of 3MM paper were cut to right size, wetted with

blotting buffer and placed on top of the membrane. A stack of absorbent paper

towels were placed on top of the 3MM paper (approximately 10 cm high). A glass

plate was placed on top of the paper towels and a 500 ml bottle filled with water

placed on top as a weighL The capillary transfer was allowed to proceed for 10 to

16 hr.

After blotting, the apparatus was carefully dismantled. The membrane was

marked and cut in one corner for orientation. Using clean forceps, the membrane

was briefly washed in 2 x SSC to remove any adhering agarose and excess salt

then dried and sealed in SaranWrap (Dow Chemical Company, UK). The gel was

stained with ethidium bromide and viewed under UV to verify if the DNA was

transferred efficiently.

For the alkali transfer, the gel did not require denaturation and neutralisation.

It was trimmed, depurinated in 0.25 M HC1, rinsed with water and allowed to

transfer with 0.4 M NaOH in the same way as previously described. In this case,

a charged membrane was used and consequently a fixation step was not

necessary.

9.6.3 DNA fixation

DNA was fixed to the membrane by UV crosslinking. The dried membrane in

SaranWrap was placed DNA-side down on a UV transilluminator (312 nm

wavelength) for 2 mm.

9.6.4 Preparation of 32 P-Iabelled probes

DNA fragments were isolated from agarose gel as described earlier. The DNA

(30-40 ng) was made up to 10 j.l with sterile distilled water and denatured by

boiling for 2 mm. After boiling, the DNA was immediately placed on ice to

prevent reannealing.

The DNA was labelled using the random hexamer labelling procedure

described by Feinberg and Vogelstein (1983) using the Pharmacia oligolabelling
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kit (Pharmacia, Labelling Kit cat. No.927-9250-01). 10 jil 5 x oligolabelling

reagent mix (containing random hexamer, dNTPs and buffer), 1 tl Kienow

polymerase I (10 units) and 2 il 32P dCTP (20 pCi; ICN, cat. no. 330034X)

were added to the denatured DNA and mixed. The reaction was made up to 50 tl

with sterile distilled water. This mixture was incubated for 1 hr at 37° C. The

unincorporated label was removed by spin column chromatography and the

efficiency of the labelling was checked by comparing the activity in the elute to the

activity remaining in the column (using a monitor). The radiolabelled DNA was

denatured by boiling for 3-5 mm before use.

9.6.5 Pre-hybridisation and hybridisation of membranes

Prior to hybridisation the filter was pre hybridised in 30-100 ml pre-

hybridisation solution [20% 5 x HSB, 10% Denhardt's Ill and 10% denatured 5

mg m1' salmon sperm DNA (boiled for 4-5 mm before use)]. Prehybridisation

was carried out at 65° C with constant shaking for 2-4 hr in a sandwich box.

(Details of the 5 x HSB and Denhardt's Ill in Appendix 8).

The prehybridisation solution was then replaced with 10-30 ml fresh

hybridisation solution (same as prehybridisation) sufficient for 1-3 filters.

Denatured (boiled for 2-5 miii ) labelled probe was added at one corner of the box

into the hybridisation solution. The filter in the sandwich box was covered with

two layers of Saran wrap. Hybridisation was carried out for 16-20 hr with

constant shaking at 65° C.

9.6.6 Membrane washing and autoradiography

The filters were generally washed in 2 x SSC I 1% SDS for 15 mm. The

filters were monitored and washed again with 0.2 x SSC /1% SDS if necessary.

The filters were briefly blotted between absorbent paper (blue towel) wrapped

in SaranWrap and then exposed to sensitive film (Kodak X-OMAT-AR films)

with an intensifying screen (DuPont) at -70° C. The duration of exposure ranged
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from 1-21 days depending on the number of counts on the filter. The film was

developed under safe lights for 3-5 mm in developer, washed in water, fixed for

2-4 mm in fixative and finally rinsed in running water.

9.6.7 Membrane stripping

To re-use the membrane, the 32P labelled probe hybridised to the target DNA

was removed by 4 to 5 successive washes (5 mm each) at room temperature using

a boiling solution of 0.1 x SSC and 0.5% SDS.

9.7 PCR ANALYSIS

9.7.1 Material for PCR analysis and DNA amplification

PCR amplification were carried out in Hi-Temp 96-well plates on a Techne

PHC-3 dry bloc thermal cycler (Techne, Cambridge). The lO-mers used as

random primers were purchased from Operon Technologies. The thermostable

DNA polymerases were from different sources (New England Biolabs, Biometra,

NBS, Promega).

The conditions reported by Williams eta!. (1990) and by Welsh eta!. (1990)

for creating RAPD markers by PCR were optimised for use with date palm

template DNA. Tests of reaction components included varying magnesium,

dNTPs, and DNA concentrations as well as source of enzyme and enzyme

concentration. The optimized conditions are presented later in Chapter 10.

The cycling parameters consisted of a preliminary 4 mm denaturation at 95° C

followed by 35 cycles of 1 mm at 94° C, 1 mm at 35° C (lO-mers) or 50° C

(longer primers) and 2 mm at 74° C or 72° C depending upon the enzyme, using

the fastest possible transition between each temperature. The amplification

finished with an incubation at 72° C for 10 mm, followed by a 4° C soak until

recovery. The reactions were assembled on ice. The reaction mixtures were

overlaid with 40 jil mineral oil to prevent evaporation.
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9.7.2 Preparation of oligonucleotides

Synthetic oligonucleotides were synthesised on an Applied Biosystems Oligo

synthesiser (ABI 393) at Wye College using a 40 jiM column. The synthesised

oligonucleotides were deprotected and purified as follows below.

After synthesis was complete, the column was wetted by passing through it

(back and forth) 1.5 ml fresh concentrated ammonium hydroxide using 5 ml

syringes connected at both ends of the column. 0.5 ml ammonia at a time was

allowed to flow through the column from one syringe to the other every 15 to 30

mm in the fume hood. The oligo-containing ammonia solution was then

transferred to a 2 ml capped glass tube (labelled with the column number) and

incubated at 55° C overnight.

An aliquot of 400 jil deprotected oligo was dried in a rotary vacuum

concentrator (Speed Vac) for 1 hr (the remaining oligo solution was stored at -20°

C in 2 ml capped glass tubes). The dried pellet was dissolved in 100 jil distilled

water. Oligo concentration was estimated by measuring the 0D260 of a 1/100

dilution of the stock solution (1 A260 unit = 20 jig m1). The oligo stocks were

diluted to 10 jig m1 1 as the working concentration.

9.7.3 RAPD analysis

Amplification products were separated by electrophoresis on a 2.0% agatose

gels in 1 x TAE buffer at 30 V for 16 hr. The gels were stained with ethidium

bromide (0.5 jig ml 1 for 20 mm) destained in distilled water and visualised on a

UV transilluminator. The gels were photographed using a Polaroid MP4 camera

system and 665 film (with negative) for further interpretation and analysis.

9.7.4 Data scoring and analysis.

The sizes of RAPD products were estimated by comparison with a 1-Kb

ladder marker. The bands were scored as I (present) or 0 (absent) for all of the

cultivars studied and assembled into a binary data matrix. To minimise errors only
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the easily visible and prominent bands were scored. Coefficients of similarity as

described by Jaccard (1908) were calculated. Cluster analysis following the

Unweighted Pair-Group method with Arithmetic Averages (UPGMA) was carried

out using the MVSP software for IBM (Kovach, 1993) and a dendrogram

showing degrees of similarities and relationships between cultivars assembled.
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CHAPTER 10

10 DEVELOPMENT OF RFLP AND RAPD MARKERS IN DATE PALM

10.1 OVERVIEW OF THE CHAPTER

This section presents the results of experiments which were conducted to

explore the feasibility of using RFLP- and RAPD-based markers to detect

polymorphisms in date palms. For the RFLP approach an efficient procedure to

isolate DNA from mature leaves of date palm was initially developed. Restriction

fragments from the purified DNA were cloned in a plasmid vector to obtain date

palm-specific DNA probes. Such probes were then used to analyse restriction

fragment length polymorphisms within a small selection of Moroccan date palm

varieties. For the RAPD approach some critical PCR reaction parameters namely,

DNA template, dNTPs, magnesium chloride and source of enzyme were initially

optimised. The optimised RAPD reaction conditions together with a selection of

random lO-mers and longer (20-mers) primers were then used to screen for

polymorphisms. The data on RAPDs was used to assess the genetic similarity

and diversity between a sub-set of the accessions in the Zagora germplasm

collection. The results of these experiments and their significance in choosing an

appropriate approach for detecting genetic polymorphisms in date palms is

discussed.

10.2 RFLP ANALYSIS IN DATE PALM

10.2.1 Introduction

A successful RFLP analysis requires DNA which is a good substrate for

restriction enzymes, appropriate probes and sufficient polymorphisms in the

population to be analysed. Since there were no previous reports on procedures

for isolating date palm DNA, nor cloned date palm DNAS which could be used as

probes, it was clear that preliminary experiments would have to be done to
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standardise such procedures. The section below describes the results of

experiments which were carried out to: 1- isolate high molecular weight DNA

from mature leaves of adult palms and determine the quality of such DNA

preparations including the digestibility with different restriction enzymes, 2 -

cloning restriction fragments in plasmid vectors and the selection of cloned

fragments for use as RFLP probes, and 3- identifying specific probe-enzyme

combinations which detect restriction fragment length polymorphisms within the

genomes of a small number of well established Moroccan date palm varieties.

10.2.2 Extraction of total DNA from mature leaves of date palm

It was clear from the beginning that the development of DNA-based

fingerprints will necessarily involve the use of tissues from known adult

reference palms. Since the leaves are the most readily available tissue from such

palms, a major problem that needed special attention was the development of a

technique suitable for extracting DNA from such mature and fibrous tissue. The

availability of such a procedure would then permit the extraction of DNA from the

adult reference trees for further experiments to develop DNA-based fmgerprints.

Various DNA extraction procedures were tested. These differed

essentially in the extraction buffers used. Initially the procedure routinely used in

the Plant Molecular Biology Laboratory at Wye College to extract total DNA from

wheat leaf tissues using buffer "S" (Appendix 2.1) was tested. The DNA

obtained through this method showed significant amounts of shearing and was

not a good substrate for restriction enzymes. For example, an overnight

incubation of 10 tg of DNA with 50 units of EcoRI in a reaction mixture

containing 4 mM spermidine resulted in only partial digestion of the DNA. A

very large proportion of the DNA was also seen to be undigested when incubated

for the same duration with other enzymes (Pst I, Barn HI, Hind Ill). Wheat,

Brassica and Arabidopsis DNAs when used as substrates under the same
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conditions were digested to completion. The fact that the digestion with

restriction enzymes was not complete and the pellet obtained was very large

suggested that there were probably many contaminants still present in the extracts

(most probably polysaccharides).

The Dellaporta method (Appendix 2.2) which has been widely used to

extract total DNA from several plant species (Dellaporta et a!., 1983) was tested

next. This method yielded higher amounts of DNA which was less degraded and

was therefore better than the previous one. However the DNA obtained was once

again an inadequate substrate for the different restriction enzymes which were

tested. Attempts to further purify these samples by centrifugation on CsCl-

ethidium bromide gradients (Section 9.2.2.6) always resulted in appreciable

amounts of degradation. It is difficult to explain these results. One possible

explanation for the shearing of DNA could be the effect of extra manipulations

involved in this procedure particularly the extended exposure of DNA to ethidium

bromide and mechanical shearing while extracting the DNA band. It is also likely

that the degradation was due to the delayed action of nucleases which were not

eliminated during the stages of purification or contaminating nucleases which

were introduced into the DNA sample during the different stages of purification.

The other major disadvantage of this procedui were the many steps involved and

therefore even if successful it would have been inadequate for processing large

numbers of samples.

The procedure that fmally yielded DNA of sufficiently high purity was

based on a combination of different experimental steps described previously by

Murray and Thompson (1980); Saghai-Maroof et al. (1984); and Webb and

Knapp (1990). The CTAB concentration in the buffer (Appendix 2.3) was also

arrived at by experimenting with the effects of different concentrations (1, 2, 3,

and 4%, w/v of CTAB) on DNA yield and purity. The procedure that was

consequently used in routine DNA extractions from mature leaves is described

below.
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Figure 10.2.1 Electrophoretic analysis of date palm DNA.

Aliquots of undigested (1 rig) and digested DNAs (5 p.g of DNA digested

with 20 units of enzymes for 12 hr) from different cultivars of date palm

were analysed on 0.8% agarose gel in 1 x TAB buffer. The undigested

samples showed that the DNA was of high molecular weight with no

degradation or contaminating RNA. The digested sample showed that the

restriction enzymes were effective in restricting such DNAs. 1 Kb Ladder

(BRL, Lane M) was used as size marker.
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In brief, leaf tissue was snap-frozen in liquid nitrogen. The frozen

samples were then ground to a fine powder in the presence of liquid nitrogen

using a prechilled mortar and pestle. Since the leaves of date palm are very

fibrous, it was necessary to add an abrasive agent - either

acid-washed sand or glass powder (crushed Pasteur pipette) to assist grinding

(Section 9.2.2.1). The powdered tissue obtained from 1 g leaf tissue was

homogenised in 10 ml DNA extraction buffer (1.4 M NaC1, 20 mM EDTA, 100

mM Tris-HC1 pH8.0, 3% (wlv) CTAB, 1% (vlv) B 2-mercaptoethanol ) and

incubated at 65° C for 30 mm. This mixture was then extracted with an equal

volume of chloroform-isoamyl alcohol (Section 9.2.2.5), and the DNA in the

aqueous phase was precipitated with an equal volume of isopropanol (Section

9.2.2.3). The DNA was pelleted by centrifugation, washed with 70% (v/v)

ethanol and dissolved in 3 ml TE buffer. The DNA solution was then treated with

RNAse (10 tg mi- 1 at 
370 C for 30 mm) made up to 0.3 M sodium acetate (pH

5.2) and the DNA re-precipitated with 7.5 ml ethanol (Section 9.2.2.2) and

dissolved in 1 ml TE buffer.

The average yield ranged from 500 to 700 tg DNA per ig fresh leaf

tissue. Agarose gel electrophoresis confirmed that the extracted DNA was

predominantly longer than undigested lambda DNA (50 Kb ) with minirjial

degradation. There was no contaminating RNA (Fig. 10.2.1). The purity of DNA

sample assessed by spectrophotometry (Section 9.3.1) gave a ratio of A260/A280

greater than 1.7 indicating minimum contaminating proteins. The same procedure

was also used successfully to extract DNA from callus and axillary buds of date

palm in tissue culture.

The DNA obtained using this procedure was a far better substrate for

restriction enzymes than the samples obtained using buffer "S" or the Deliaporta

buffer. A panel of seventeen restriction endonucleases namely Eco RI Eco RV,

Barn HI, Bgl II, CIa I, Hae I, Hha I, Hind III, Kpn I, Pvu I, Pst I, Sal I, Sma I,
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Sau 3A, Sst I, Xba I, Xho I, were used to test the digestibility of such DNA

preparations. All the restriction enzymes digested the DNA into low molecular

weight products. The completion of digestion was seen by the prominent bright

bands resulting from repeated DNA sequences. Some of the RFLP experiments

which are described later using low copy cloned fragments also confirmed that

the above reaction conditions were sufficient for complete digestion of date palm

DNA.

10.2.3 Cloning date palm DNA for use as RFLP probes

To enable RFLP analyses under stringent hybridisation and post-

hybridisation conditions it was essential to use homologous DNA probes.

Initially to obtain such probes EcoRI fragments were cloned in E. coli using the

plasmid vector pUC 19 (Section 9.4). A large number of recombinant plasmids

were recovered from the cloning experiment (Fig. 10.2.2) and a total of 90

clones were purified (Section 9.4.3). Gel-purified DNA fragments (Fig. 10.2.3)

from twenty different recombinant plasmids chosen at random were used to probe

blots of EcoRI digested DNAs from 15 varieties (Section 9.2.5). A majority of

the selected fragments detected multiple DNA bands which were predominantly

non-polymorphic (e. g. Fig.10.2.4). The complex pattern of fragments detected

using a single cloned fragment as a probe suggested that a greater proportion of

the cloned EcoRI fragments represented repetitive DNA sequences. Since this

was a preliminary experiment no attempt was made to define the copy number of

the cloned fragments within the date palm genome as was carried out later with

the Pst I clones. It was clear from these results that a collection of single or low

copy sequences will be more useful for the efficient analysis of RFLPs in date

palm. Enrichment of low copy sequences from plant and other eukaryotic

genomes has been shown to be possible by cloning Pst I fragments (e. g. Smith

and Smith, 1992).

130



M	 C CM

Figure 10.2.2 Electrophoretic analysis of PstI digested recombinant plasmids.

Inserts of date palm DNA in recombinant clones were released from the

vector by digesting with Pst I. The sizes of the insert were estimated by

comparison with DNA markers (1 Kb DNA ladder, BRL) which was

electrophoresed in parallel lanes (M). pUC 19 plasmid DNA was used as

control (lane C).
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Pst I is a methylation-sensitive restriction enzyme (Nelson and

McClelland, 1987; Backman, 1980). Transcribed or transcriptionally active

DNAs are known to be non-methylated or hypomethylated in comparison to the

hypermethylated inactive regions. Therefore Pst I digestion of genomic DNAs

avoids fragmenting the heavily methylated and repeated regions of the genome.

Consequently, clones derived from Pst I restriction fragments are more likely to

represent transcriptionally active regions of the genomes and hence single or low

copy sequences. This approach has been recommended for the construction of

libraries (Smith and Smith, 1992) and has been successfully used to enrich low

copy number sequences for use as DNA probes for RFLP analyses of different

plants including palms (e.g. oil palms; P. Jack, pers. comm. and Shah and

Parveez, 1992). The present experiments with date palm DNA also showed a

similar enrichment of low copy sequences.

DNA from variety BSTN was digested with Pst I and the restriction

fragments were "shotgun" cloned using the plasmid vector pUC19 (Section 9.4).

Potential recombinants were identified initially by the blue/white selection on LB-

media plates containing ampicillin, X-gal and IPTG (Section 9.1.2). The selected

white colonies were screened by a standard colony lysis procedure (Section

9.4.3) and recombinants were identified by the reduced mobility in comparison to

a control (vector) plasmid. Isolates containing recombinant plasmids with

significantly reduced mobility in comparison to the vector plasmid DNA were

grown at 37 ° C in 10 ml LB medium (in universal flasks) containing ampicillin

(100 p.g ml 1 ) and incubated for 16 hr with shaking (300 rpm). Plasmid DNAs

were prepared by the boiling lysis procedure (Section 9.2.1.3). A 10 ml culture

generally yielded 50-100 jig of plasmid DNA. Such plasmid DNA preparations

were sufficiently pure and were used directly in restriction analysis to determine

insert sizes.

In order to study the characteristics of the Pst I library, 124 randomly

selected recombinants were characterised. The restriction analysis of the
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recombinant plasmid DNAs showed that the cloned fragments ranged from as

little as, or smaller than, 500 bp to 5.5 Kb. A large proportion of the inserts

were of small sizes: 58.3% were <900 bp. 3 1.3% were of 1-2 Kb, and a small

proportion (3.8%) were) 3.5 Kb with a maximum size of 5.5 Kb.

To verify if the cloned DNA was derived from date palm approximately 40 ng

plasmid DNA was denatured with sodium hydroxide and spotted on Hybond N.

Such DNA dot blots were then analysed by hybridising to 32P-Iabelled high

molecular weight total date palm DNA (Section 9.4.4). Based on the intensity of

hybridisation it was also possible to arbitrarily group the cloned DNAs according

to their predominance in the date palm genome into low, medium or high copy

sequences. The artefacts resulting from unequal amounts of plasmid DNA or

uneven denaturation and unequal hybridisation were discriminated by using

dilutions of the stock-denatured DNAs. Out of the 124 clones screened, 74.3 %

were single copy, 14.3% medium copy and 11.4% highly repetitive sequences.

The relatively high number of single copy DNA fragments which were recovered

in this experiment was expected because of the restriction endonuclease chosen to

construct the library. The repeated clones represented either DNAs from the

highly or moderately repeated DNA sequences in the nuclear genome or DNAs

from the highly repeated plastid or mitochondrial chromosomes.

Six of the selected clones (Table 10.2.1) were also end-sequenced

(Appendix 10).The sequence of approximately 250 nucleotides (one gel read)

from each end of the insert was determined. The sequences were analysed by

comparison against known sequences in the Genbank Nucleic Acid Sequence

Data Base. None of these showed significant homology to any of the known

sequences. Based on the end-sequences of the selected clones a set of 20-mer

oligonucleotide primers were synthesised for PCR-based analysis of date palm

DNA (results presented later in Section 10.3).
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Figure 10.2.3	 Cloned and purified date palm DNA fragments.

The inserts released from the pUC19 vector were separated by agarose gel

electrophoresis and purified using the Qiagen kit (Qiagen, USA). An

aliquot of the purified insert was reloaded in 0.6% agarose gel to check

the recovery, size and integrity of DNA before using it as RFLP probes.

pUC19 (lane C) was used as control. 1 Kb Ladder (BRL) was used as

size marker (laneM).
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GGATCC
TGATCA
AGATCT
ATCGAT
GAA1TC
GATATC
GGCC
GCGC
AAGC1T
GGTACC
CTGCAG
CAGCTG
GTAC
GTCGAC
AGTACF
CCCGGG
GAGFC
TCFAGA
CTCGAG

BamHI
BglI
BglII
CIa!
EcoR I
EcoR V
Hae ifi
H/ia I
Hind III
Kpn I
Pst I
Pvu II
Rsa I
Sal I
Sea I
Sma I
Sst I
Xba I
Xho I

Table 10.2.1 Characteristics of clones sequenced

Clone No. Insert size (Kb) 	 Copy number
101	 1.5	 Low
120	 1.2	 Low
128	 4.5	 Low
135	 1.4	 Low
148	 3.5	 Medium
203	 2.5	 High

10.2.4 Screening for RFLPs in date palm

To test the feasibility of detecting restriction fragment length polymorphism in

date palm varieties total DNA was isolated from mature leaves of a total of 20

accessions from the germplasm collection in Zagora (Section 9.2.5). The DNAs

were digested with different restriction enzymes (Table 10.2.2) and were

prepared for Southern blot analysis as described in Section 9.6. The DNA blots

were then analysed using 32P-labelled cloned date palm DNA probes (Table

10.2.3). The DNAs used for preparing the radiolabelled probes were gel purified

restriction fragments (using the Qiaex kit or the "freeze-squeeze" method; Section

9.2.3 ).

Table 10.2.2 Enzymes tested in RFLP analysis

uence
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Table 10.2.3 Genomic sequences used as probes in RFLP analysis.

In order to determine the optimal amount of date palm DNA required to

obtain a sufficient signal during autoradiography some preliminary Southern blot

analyses were carried out using varying amounts of digested DNA. These

experiments indicated that approximately 5 p.g DNA was appropriate to detect

homologous sequences using low or single copy DNA probes. Based on this

information 5 pg aliquots of individual DNAs were used in each of the digestion

reactions. DNAS digested with the different enzymes were separated by agarose

gel electrophoresis and analysed by Southern blot analysis (Section 9.6) using

low, medium and high copy probes. The use of homologous sequences as

probes enabled the Southern blot analysis to be carried out under high stringency

conditions. The conditions for hybridisations and the post-hybridisation washes

were as described in Section 9.6.5.

The result of RFLP analyses using some of the low, medium and high copy DNA

probes listed in Table 10.2.3 are shown in Figures 10.2.5 to 10.2.10. A total of

16 probes were tested on digests of 18 different enzymes.
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Figure 10.2.4 Restriction fragment length polymorphism analysis in date

palm.

Genomic DNA (10 tg) extracted from fifteen varieties were digested with

EcoRV (50U) transferred to Hybond N+ and probed with 32P-labelled

1.2 Kb EcoRI fragments (clone 29). Autoradiograph showing typical

monomorphic pattern.
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However not all of the probes were tested against all the different enzymes. The

final probe-enzyme combinations tested and the combinations where

polymorphisms were detected are presented in Table 10.2.4.

Table 10.2.4 Probe/enzyme combinations used to screen for DNA variability in

the date palm. (the probe/enzyme that detected a polymorphism is

indicated *)

EcoRl, EcoRV, KpnI, BamHI.
EcoRV, HindIII, PstI.
ApaI, BamHI*, EcoRI, EcoRV, HindlII, PstI, PvuII.
Apa!, BamHI*, EcoPJ, EcoRV, KpnI, PstI.
EcoRV, HaeIII, HindIII, KpnI, PvuII, Sst I, XbaI, Sail.
HindllI, Smal, SstI*,PvuII.
EcoRI*, HaeIII, XbaI.
BamHI,EcoRV, HaellI, HindIII, PstI, XbaI.
EcoRI, HhaI, Hindu, Sail, XbaI.
EcoRI*, HindllI, RsaI, PstI.
HhaI, HaeHI, SmaI.
BamHI, HhaI, HaeIII, RsaI, SstI, Xho I.
ApaI, BgiI, B gill, HaellI, RsaI, Sail.
Ec0RV*, Sail, SmaI, SstI, XbaI.
BamHI, Sail, SstI*.
BamHI, BglI*,HaeIII, HhaI, SstI, XbaT.

The high or medium copy probes (e. g. Fig. 10.2.5) detected a large

number of restriction fragments suggesting that the DNA sequence was repealed

in the genome. A majority of the bands were monomorphic. In some cases,

despite the large number of monomorphic bands shared by the different varieties,

an individual variety could be distinguished by specfic DNA bands (e. g. Fig.

10.2.10). It was too premature however to conclude whether these differences

were sufficient to assign them as "variety specific" RFLP fingerprints. More

individuals of the same variety will have to be tested before this observation can

be attributed with absolute certainty (see Section 10.2.5).

101
104
116
120
122
124
128
129
132
133
134
135
138
148
166
185
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Figure 10.2.5 Restriction fragment length polymorphism analysis in date
palm. RFLP analysis of date palm using probe 133 and EcoRI enzyme.

Figure 10.2.6 Restriction fragment length polymorphism analysis in date
palm. RFLP analysis of date palm using probe 148 and EcoRV enzyme.
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Figure 10.2.7 Restriction fragment length polymorphism analysis in date palm.
RFLP analysis of date palm using probe 124 (low copy) and SstI enzyme.

Figure 10.2.8 Restriction fragment length polymorphism analysis in date
palm. RFLP analysis of date palm using probe 116 (low copy) and BamHI
enzyme.

140



I
r.

Figure 10.2.9 Restriction fragment length polymorphism analysis in date
palm. HindIII digest DNA blot hybridised with probe 124 (low copy) showing a
simple profile.

e

Figure 10.2.10 Restriction fragment length polymorphism analysis in date
palm. SstI digest DNA blot hybridised with probe 166. An example of the
detection of "variety specific" Profiles (Absence and presence of specific band*).
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As expected, the low copy probes detected either a single (Fig. 10.2.9) or

a small number of restriction fragments (e. g. Fig. 10.2.7 and 10.2.8). What

was noticeable was the high proportion of monomorphic fragments present in the

Southern analyses and when a polymorphism was present it was very easy to

score. Once again, these observations would have to be repeated using DNAs

from different individuals of the same variety before assigning such differences

as "variety-specific".

Based on the probe-enzyme combinations tested, it was evident that the degree of

variation within the selection of accessions used was low. The observed limited

variation could be due to various reasons. For example, if the probes used were

derived from highly conserved regions of the date palm chromosomes with very

little variation for restriction enzyme sites within them it was very unlikely that

such probes were able to detect any variation. The most appropriate solution to

this problem would be to screen more probes and more enzymes or use probes

which are more likely to detect polymorphisms, as reviewed earlier in Chapter 8.

Finally it is also possible that the reason for the minimal variation observed was

because of the narrow genetic base of the selection used in this study. This

possibility was also evident from the results of the studies using RAPD markers

described later in Section 10.3.

An important observation which had a bearing on the suitability of RFiPs

as a procedure for routine genetic analysis was the duration of exposure

necessary to obtain a signal during autoradiography. Most of the high- and

medium-copy DNA fragments could be detected by autoradiography with an

exposure of five to six days (Fig 10.2.5 and 10.2.6). However some of the

single copy probes provided a signal only after an exposure to the radioactively

labelled probe of three weeks or more. Such exposure times severely limited the

number of samples that could be processed at any one time.
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10.2.5 Conclusion on establishing procedures for analysis of

RFLPs in date palms

One of the future and long term aims of the RFLP and PCR-based

approaches in the Moroccan date palm programme is to fingerprint the well

established date palm varieties using adult palms from the germplasm collection in

Zagora with the established adult phenotypes as the reference plants. The main

problems for the extraction of DNA from mature leaves of date palm was the

fibrous nature of this tissue and the presence of contaminants that inhibited

restriction enzymes possibly polysaccharides and/or polyphenolics. These

experiments showed that extraction of DNA with phenol and precipitation with

ethanol does not eliminate the various contaminants that interferes with the

restriction of the DNA with endonucleases. CsC1 gradient centrifugation (Murray

and Thompson, 1980) is often a preferred supplementary step; however, this is a

long procedure and not suitable for processing a large number of samples. The

DNA obtained using the CTAB based buffer was a good substrate for restriction

enzymes. The same procedure was used successfully to extract DNA of equally

good quality from callus and axilary buds of date palm in tissue culture.

In order to obtain the date palm specific DNA probes, EcoRl and PstI fragments

of leaf DNA were cloned in plasmid vectors. The cloned fragments were of

variable size and their size distribution was skewed towards a large number of

small fragments. The EcoRI fragments which were cloned contained a very high

proportion of high copy and repeated DNA sequences. However, by cloning

PstI fragments a very high proportion of single copy sequences could be

recovered.

Since these were pilot experiments, no attempt was made to maximise

fragments cloning efficiency. The skewed distribution and the unusually large

proportion of smaller fragments in the above experiment could be rectified by size

fractionating the restriction fragments (by electrophoresis or by sucrose gradient

centrifugation) prior to cloning. These extra steps should also help in obtaining a
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more representative and larger collection of DNAs for use as probes in RFLP

studies and for other applications in future experiments. Enriching for nuclear

DNAs (Watson and Thompson, 1986) will also be beneficial for obtaining probes

that will detect polymorphisms specifically within the nuclear genome of date

palm. Despite the limited number of probe-enzyme combinations used it was

possible to identify probe-enzyme combinations which detected variations in the

different accessions tested. These combinations will be a priority in future

experiments using DNA samples from different individuals of the same variety.

Questions about the level of polymorphisms in date palms will be answered by

analysing more probe-enzyme combinations and using DNA samples from a large

panel of varieties from different geographic locations.

The RFLP strategy is clearly limited by many disadvantages: namely the

problem with the development of probes, the necessity of large quantities of DNA

and fmally the limited level of polymorphism in cultivated date palm varieties. An

alternative approach based on PCR amplification of DNA has the potential to

overcome some of these disadvantages. The experiments carried out to investigate

the possibility of using such an approach are presented in the following sections.

144



10.3 RAPD ANALYSIS IN DATE PALM

10.3.1 INTRODUCTION

Random amplified polymorphic DNA technology has been successfully

used in conventional DNA fingerprinting in plants (e. g. Caetano-Anollés et a!.,

1991a,b). The RAPD technology has the potential to be a powerful tool for

identifying date palm varieties and estimating the genetic diversity in germplasm

collections. However, a commonly experienced problem with RAPD analysis, is

its poor reproducibility (e.g. Devos and Gale, 1992). Since the final product is

derived from exponential amplification of the template DNA, minor differences in

amplification efficiencies can result in large differences in the overall product

pattern and yield. It is therefore essential to optimise the PCR to obtain

reproducible and interpretable results. Experiments were therefore conducted

using date palm DNA to assess the effects of the major RAPD reaction

components on reproducibility of amplification. The optimised RAPD conditions

were then used to screen and identify primers which detected polymorphisms in

different date palm varieties. Such polymorphisms were used to estimate the

genetic diversity of a set of date palm accessions in the Moroccan germplasm

collection at Zagora.

10.3.2 OPTIMISATION OF THE GENERATION OF RAPDs IN DATE

PALM.

The PCR conditions for RAPD analysis can be optimised by varying the

many components, namely, type and concentration of thermostable polymerase,

deoxynucleotide triphosphates, Mg 2 ions, primer and DNA template

concentration, and other reaction factors such as primer annealing, primer

extension, denaturation time and temperature. All these factors can influence a

PCR reaction, and this is exacerbated by the fact that not all processes and
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mechanisms involved in such reactions are as yet understood fully (Wolff et a!.,

1993).

In order to study the effects of the different PCR reaction components on

the amplification of date palm DNA a randomly chosen "reference template DNA"

was amplified under varying conditions. The 25 tl PCR reaction mixture

consisted of varying amounts of template DNA (2.5, 5, 10, 15, 17.5 25, 50 or

100 ng of total DNA from the variety "Ahrdane"), MgC12 (0.5, 1, 1.5, 2, 2.5, 3,

3.5, 4, 4.5, 6,7, or 8 mM), thermostable DNA polymerase (0.4, 1, 2, 3, or 4

U), dNTPs (50, 100, 200 or 250 tM of each dATP, dCTP, dGTP and dl'TP)

with 0.4 iM primer in lx reaction buffer supplied with the respective

polymerases. The different polymerases tested included Taq polymerase from

The rmus aquaticus (Promega, NBS), "Vent" polymerase from Thermus liroralis

(New England Biolabs), Tfl polymerase from Thermus flavus (Promega) and

"PrimeZyme" from Thermus brockianus (Biometra). The random lO-mer

primers were purchased from Operon Technologies.

In order to minimise experimental error during the preparation of a PCR

reaction, a master mix of all the common components were prepared and only the

varying components were adjusted individually in the relevant treatments. The

reactions were also carried out in duplicates, triplicates or repeated more than

three times to estimate experimental error. The standard PCR conditions used.for

testing the different parameters consisted of a preliminary 4 mm denaturation at

95° C followed by 35 cycles of 1 mm at 94° C, 1 mm at 35° C and 2 mm at 72° C

or 74° C (depending on the enzyme), using the fastest possible transition between

each temperature. The amplification finished with an incubation at 72° C for 10

mm, followed by a 4° C soak until recovery.

The alterations in the different parameters tested influenced the RAPD patterns

and their reproducibility to varying degrees. The relative importance and effects

of these parameters on RAPD amplification are presented and discussed below.
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10.3.2.1 Effects of template DNA concentrations on RAPD pattern

An efficient protocol for RAPD analysis should be reasonably resistant to

variations in template concentrations. For most species of plants, good results

have been achieved using 50 to 100 ng in 50 j.l reaction mixtures (Caetano-

Annoles eta!., 1991b).

In these experiments identical profiles were obtained over a range of

concentrations of template DNA from 2.5 ng to 25 ng in a 25 il reaction.

However, when the template DNA concentration was raised to 50 ng to 100 ng

per reaction extra low molecular weight bands appeared, although the relative

intensity of the other products was not affected. In contrast to some other studies

(Williams et a!., 1990), experiments with date palm DNA showed that the limits

to template DNA were not narrow and that the patterns obtained were relatively

constant even over a 40-fold difference in concentrations (Fig. 10.3.1). Similar

observations have been reported for chrysanthemum DNA where amplification

was relatively constant between 1 and 500 ng template DNA (Wolff et aL, 1993).

These results suggested that DNA quantification might not be critical or even

necessary when a standard DNA extraction and purification procedure is used

with set amounts of fresh weight of tissues. This is particularly important when

large numbers of samples have to be analysed. The fact that small quantities of

DNA are sufficient for PCR amplification and that polysaccharides, which jre

common contaminant in DNA preparations, are unlikely to affect the PCR

reactions (Demeke and Adams, 1992), indicates that RAPD analysis of date palm

DNA can be effectively performed using a more crude DNA preparation.
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Figure 10.3.1 Effect of template DNA concentration on RAPD pattern.

Increasing amounts of date palm (cv. Ahrdane) DNA (2.5 ng, lane 1; 5 ng, lane

2; 10 ng, lane 3; 15 ng, lane 4; 17.5 ng, lane 5; 25 ng, lane 6; 50 ng lane 7 and

100 ng, lane 8) were amplified with primer OPI1 1 (5'ACATGCCGTG). Lane C

is a control with all the reaction components except template genomic DNA. Lane

M-lKb ladder size marker (BRL).
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10.3.2.2 Effect of MgCl2 concentrations on RAPD pattern

Magnesium is an essential component of PCR reactions and affects the

quality of RAPD profiles obtained (Munthaly et al., 1992). It is known to affect

primer annealing and template denaturation, enzyme activity and fidelity and the

formation of primer-dimer artefacts (Wolff et a!., 1993). Generally, increasing

amounts of Mg2+ will result in the accumulation of non-specific amplification

products, although insufficient Mg2 will reduce the yield (Williams et a!.,

1993).

The use of MgC12 at concentrations greater than 1 mM has been reported to be

generally necessary for good levels of DNA amplification in bacterial and plant

DNAs (Bassam et a!., 1992). Typically MgC12 concentrations range from 1-8

mM in most cases of the RAPD analyses reported in the literature. Concentrations

as high as 5 mM have been used successfully in RAPD analyses of plant species

such as poplar (Castiglione et a!., 1993). In the present study, MgC12

concentration was important for the RAPD pattern obtained, but had only a minor

influence on DNA yield. Amplification products were detected when MgC12

concentrations ranged from 1 to 7 mM. The number of detectable products

increased from two (600 bp and 2 Kb) at 1 mM to at least six (from 300 bp to 2

Kb) at 2.5 mM. From 4 to 7 mM, amplification of the larger fragments

decreased. Profiles obtained using 3 to 4 mM MgC12 were similar.

Concentrations of 6 to 7 mM of MgC12 amplified only small molecular weight

products (Fig. 10.3.2). Similar observations have been reported in RAPD studies

on other plants like chrysanthemum (Wolff et a!., 1993).

10.3.2.3 Effects of thermostable polymerase types and enzyme

concentration on RAPD patterns

Since the initial use of a thermostable polymerase for PCR amplification

(Mullis and Faloona, 1987), a large number of variants of Taq (e.g. ampliTaq)

and thermostable polymerases from other organisms (e.g. The rmus brockianus,
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Figure 10.3.2 Effect of magnesium chloride concentration on RAPD pattern

30 ng of date palm DNA (cv. Ahrdane) was amplified with the primer OPI1 1

(5'ACATGCCGTG) in reactions containing varying concentrations of Mg 2 (0 to

7; as indicated above each lane). In lane C is a control without template genomic

DNA (2.5 mM MgC12). Lane M-lKb ladder size marker (BRL). A stable RAPD

pattern can be observed between 3 and 4 mM MgC12.
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Thermus flavus, Thermus litoralis, Thermus the rmophilus, The rmococcus

litoralis and Thermoroga maririma) have been isolated and shown to be suitable

for PCR amplification of DNA. These enzymes have varying conditions for

optimal performance and amplification. The choice can also depend on the

requirements of the PCR experiment especially with respect to specificity,

efficiency or fidelity (reviewed by Cha and Thilly, 1993).

The major factors that governed the choice of enzymes were their

availability, potential efficiency and cost. The results obtained in the current study

indicated that all of the enzymes amplified date palm DNA but at different

concentrations. All but one required a minimum of 1.5 U per 25 il reaction for

consistent amplification. The The rnzus brockianus polymerase PrimeZyme was

the only one that amplified at low concentrations; and as little as 0.4 U per 25 il

reaction was sufficient for consistent amplification. Based on these results

PrimeZyme was therefore used in the optimisation of the other parameters.

An increasing number of bands were observed with increasing enzyme

concentration and these bands were more distinct at enzyme concentration > 2U

(Fig. 10.3.3). Devos and Gale (1992) reported a similar observation and

suggested that such extra bands were due to a non-specific amplification. It must

be pointed out that the efficiency of the same polymerase can vary significantly

depending on the nature of the target sequence, the primer sequences, and the

reaction conditions (Eckert and Kunkel, 1991). Therefore, the efficiency of

PrimeZyme reported here might not necessarily reflect the efficiency of a different

PCR that is carried out under different conditions.

10.3.2.4 Effects of deoxynucleotide (dNTP) concentrations on

RAPD pattern

The dNTP concentrations have often been reported as having little

influence on the patterns of DNA amplified; 100 to 200 p.M of each of the four
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Figure 10.3.3 Effect of PrimeZyme concentration on RAPD pattern

30 ng of date palm DNA (cv. Ahrdane) was amplified using the primer OPI1 1

(5'ACATGCCGTG). PrimeZyme polymerase (Biometra) was used at 0.4, 1, 2, 3,

and 4 units per 25 tl reaction. The pattern obtained is similar when 0.4 to 1 U of

enzyme were used. Two new high molecular weight bands (>2Kb) appeared when

more than 1U of enzyme was used per reaction. The reaction products obtained

using 3 to 4 U of enzyme also contained a smear of high molecular weight DNA.

Lanes Cl and C2 are controls containing all the PCR components except genomic

DNA (lane Cl) or enzyme (lane C2). Lane M-lKb ladder size marker (BRL).

152



nucleotides have been quoted as being optimal for most reactions used in RAPD

analyses (Williams eta!., 1990, Caetano-Anolhs eta!., 1991).

In the current study on date palm DNA, amplification products were obtained

using dNTP concentrations of 50 to 250 RM (Fig. 10.3.4). However, the

profiles and intensities of the products obtained were significantly influenced by

the dNTP concentrations. At 50 riM, only relatively small products (< 1.6 Kb)

were amplified and the intensities of banding patterns were poor. Similar results

have been reported by Williams et a!. (1993); concentrations < 100 .tM gave

decreasing intensities of the bands in the gel. With date palm DNA extra bands of

high molecular weight (>1.6 Kb) were amplified with increasing concentrations

of dNTPs. The intensity of this higher molecular weight bands was significantly

greater at the highest concentrations (250 .tM). This also resulted in the

concurrent loss of some of the low molecular weight bands (between 300 bp and

1 Kb) and some of the weak amplification products. Based on the quality of the

amplification products (size, numbers, intensity), it is tempting to use 250 pM

dNTPs or more. However, it is known that dNTPs chelate magnesium and

thereby change the effective optimal magnesium concentrations. Moreover, high

concentrations of dNTPs increase the error rate of the polymerase; for instance,

millimolar quantities have been found to actually inhibit Taq DNA polymerase

(Gelfand, 1989). It is not clear if the above observations were a result of

interactions between dNTPs and MgCl2 resulting in a lower amount of available

Mg2 and its effect on primer annealing.

10.3.2.5 Effects of cycling parameters on RAPD patterns

The different PCR parameters namely temperatures, duration and

'ramping' of denaturation, annealing and extension steps, as well as the number

of amplification cycles can be altered to obtain optimal RAPD banding patterns.

The thermocycling conditions described earlier and found to be adequate for
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dNTPs concentrations in fvI

50	 104)	 200	 250

Figure 10.3.4 Effect of dNTP concentration on RAPD pattern

30 ng of date palm DNA ( cv. Ahrdane) were amplified using three

concentrations of dNTPs (50,100, 200 and 250 liM) with the primer OPF2O

(5'GGTCTAGAGG). Lane M-lKb ladder size marker (BRL).
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RAPD analysis of date palm DNA were arrived at either empirically or based on

product specifications provided by suppliers.

The first 4 mm at 95° C besides denaturing the DNA can also inactivate any

nucleases. This step does not affect the enzyme activity because PrimeZyme is

highly thermostable (the half life at 96° C is 2.5 hr). The extension temperature

of 72° C was as recommended by the manufacturer for optimal activity of

PrimeZyme. At this temperature, 2 mm was sufficient for extension of products

up to 4 Kb. The annealing temperature set at 35° C was as recommended by

Operon Technologies. Annealing temperatures reported in the literature for

arbitrary short primers range from 34 to 36° C but can clearly be defined with

more precision depending on the melting temperature of each primer. Methods

have been developed to calculate the optimum annealing temperatures in a PCR

reaction (Rychlik et a!., 1990). However, these formulae are inaccurate for short

primers about 10 bases in length used in RAPD assay. Optimal annealing

temperature for RAPD must consequently be determined empirically. In the

present study as little as 30 cycles of amplification was sufficient to obtain

amounts of DNA which could be detected by agarose gel electrophoresis. The 35

cycles which were used in the standard amplification protocol was chosen to

minimise unspecific amplification products. Sampling of PCR products has been

recommended to be carried out during the exponential phase (Cha and Thilly,

1993). This exponential phase of the reaction is defined as the period during

which the products accumulate in an exponential manner beyond which

amplification often results in the production of unspecific bands. The undesirable

effects of over-amplification are presumably attributable to the fact that as the

number of cycles increases and more products are generated, some components

of the PCR could become limiting.
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10.3.2.6 Conclusion on optimisation of RAPD conditions

The reproducibility of RAPD amplification is known to be highly

influenced by experimental conditions (Devos and Gale, 1992; Wolff et a!.,

1993), but their is usually a "window" through which reproducible results can be

obtained (Bassam et a!., 1992; Williams et a!., 1993). Using date palm DNA

prepared using the CTAB procedure developed during the course of this study

(Aitchitt et a!., 1993), it was possible to identify such a "window" for

reproducible RAPD amplifications. The standard reaction developed included: 25-

30 ng DNA extracted using a CTAB-based protocol, 3 mM MgCl2, 0.4 RM

primer, 200 .tM each dATP, dGTP, dCTP and d1TP and with 0.5 U PrimeZyme

DNA polymerase per 25 j.tl PCR reaction.

10.3.3 USE OF RAPD FOR EVALUATING GENETIC DIVERSITY AMONG

12 DATE PALM CULTIVARS.

As reviewed earlier in Section 8.2.2, RAPD markers have been used to

fingerprint a wide range of plants (Williams et. a!., 1990, Klein-Lankhorst et. a!.,

1991, Hu and Quiros, 1991). The polymorphism in RAPD markers has also been

used to assess the genetic diversity and to evaluate genetic relationships between

accessions or cultivars in several species (alfalfa, Yu and Pauls, 1993; poplar,

Castiglione et a!., 1993; papaya, Stiles et a!., 1993; rice, Yu and Nguyen, 1994;

rapeseed, Mailer et a!., 1994; Avena sterilis L., Heun et a!., 1994). This

approach is also being increasingly used in systematics. It can also provide key

answers when planning breeding programmes for trees. An extensive list of

studies using RAPDs for cultivar identification, phylogenetic studies, segregation

analysis and gene mapping are presented later in Table 11.1.

The possibility of using RAPD markers for the identification of date palm

cultivars and their use in estimating genetic diversity and relationships between a

set of 12 accessions (Section 9.2.5) were investigated and are described below.
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10.3.3.1 Selection of primers revealing polymorphism

A total of 130 primers were tested. They consisted of 124, 10-mers from

Operon Technologies and 6 longer primers based on the sequence of cloned date

palm DNA (described earlier in Section 10.2). Among the lO-mers, the first

primers screened were the ones recommended by Frisch et a!. (1993) as being

more likely to detect a polymorphism. Almost all of the Operon primers acted as

efficient RAPD primers and generated a minimum of 2 to over 15 different

fragments. A majority of these fragments were, however, monomorphic and

were present in all the 12 varieties tested. Out of the 124 short primers only 10

(less than 10%) produced RAPD polymorphisms. In comparison 3 out of the 6

longer primers detected polymorphisms. The final list of the 13 primers which

were selected for use in the subsequent analysis is listed in Table 10.3.1.

Table 10.3.1. Primers used in this study.

Primer	 Nucleotide sequence (5' to 3')

BOl	 G1TFCGCTCC

B07	 GGTGACGCAG

B12	 CCrTGACGCA

B15	 GGAGGGTGTF

B16	 1TFGCCCGGA

C20	 ACYFCGCCAC

D02	 GGACCCAACC

D13	 GGGGTGACGA

F20	 GGTCTAGAGG

Ill	 ACATGCCGTG

W36	 CTGCAGCTGCCCCCCATCCCTA

W52	 CTGCAG1TGTGCGTFCCG

W06	 CTGCAGCAGTGAATFGGCCG

Primers W36,W52 and WO6 were synthesised based on the end sequence of
clone 203, 101and 148 respectively.
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10.3.3.2 RAPD products obtained using the selected primers

Depending on the primer and cultivar used, a single to more than fifteen

amplification products ranging from 300 bp to 3.5 Kb in length were obtained.

All these bands were reproducible in independent experiments using DNAs

extracted on separate occasions. In this study only the bands which could be

easily detected using the ethidium bromide staining and that were repeatable were

scored. The faint bands which varied in intensities between samples and which

were not always reproducible, were not considered (typical RAPD patterns are

presented in Appendix 12).

10.3.3.3 Varietal identification based on RAPD polymorphism

A common feature for all the lO-mer primers was the high proportion of

monomorphic bands but variety-specific banding patterns were also observed.

For any given primer, when a polymorphism was observed it was not always

specific to a single variety. A pair-wise comparison of the banding patterns

obtained with all the selected 13 primers had to be considered in order to obtain a

satisfactory criterion to discriminate between the accessions in this study.

10.3.3.4 Estimation of genetic distances and similarities based on

RAPD markers.

In order to analysis on genetic similarities between the date palm

accession used in this study, RAPD profiles were scored and analysed as

follows. The bands of similar molecular weight were scored as 1 when they

were present or 0 when they were absent for all of the cultivars studied and for

each of the selected primers used. These scores were then assembled into a binary

data matrix for the total RAPD bands scored. Using the binary matrix,

coefficients of similarity as described by Jaccard (1908) were calculated (using

the MVSP software for IBM; Kovach, 1993). Jaccard's coefficient was

calculated as Jc 1 = a/(a+b+c), where a was the number of bands present in both

variety "i" and "j"; b, the band number present in "i" and absent in "j"; c, the band
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number present in "j" and absent in "i". The similarity matrix obtained (Table

10.3.2) showed the similarity index for each accession compared to all the others

based on the number of bands shared between them. In order to group the most

similar varieties together, a cluster analysis was carried out. This procedure

performed hierarchical agglomerative cluster analysis of the matrix of similarity

measures. The clustering scanned through the similarity matrix looking for the

next pair of varieties to fuse. This analysis gave groups of most similar accession

and the indices of similarity between the fused groups (Table 10.3.3). A better

visualisation of these groups (nodes) was achieved when a dendrogram was

assembled (Fig. 10.3.5).

Coefficients of similarity ranged from 0.789 for the most closely related

cultivars (TDT and SLY) to 0.320 for those more distantly related (NP3 and

BRH). Based on the clustering analysis (Appendix 12.1) it was possible to group

these cultivars into five main sets: 1(BRH), 2(BSK), 3(JHL, NP3, M), 4(TDT,

SLY, BFG, BGM) and 5(IKL, BST, AOL).

Table 10.3.2. Similarity matrix for Jaccard's coefficient showing degrees of

similarities between the twelve accessions of date palm analysed. The

range of values from 0.320 to 1 indicates increasing similarity.

IKL TDT SLY BFM BST BRI-1 BSK BFG AGL JHL NP3 M

na	 I

TDT 0.554 1

SLY 0.583 0.789 1

BFM 0.583 0.645 0.667 1

UST 0.660 0.579 0.556 0.633 1

BRH 0.408 0.434 0.400 0.355 0.469 1

BSK 0.466 0.614 0.613 0.493 0.492 0.423 1

BFG 0.478 0.656 0.701 0.652 0.569 0.375 0.529 1

AGL 0.630 0.508 0.5 15 0.585 0.655 0.400 0.409 0.574 1

il-IL	 0.464 0.662 0.681 0.611 0.529 0.406 0.559 0.667 0.493 1

NP3	 0.429 0.539 0.603 0.563 0.507 0.320 0.533 0.593 0.494 0.70 1 1

M	 0.507 0.586 0.700 0.566 0.529 0.368 0.514 0.618 0.534 0.712 0.718

See Section 9.2.5 for full details of accessions.
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IKL

BST

AGL

TDT

SLY

BFG

BFM

JIlL

NP3

M

BSK

BRH

Table 10.3.3 Groups obtained in the clustering analysis of RAPD data used to

construct the dendrogram (Fig 10.3.5).

NODE GROUP1	 GROUP2 SIMILARITY	 CVs IN

1	 TDT	 SLY	 0.789
	

2

2	 NP3	 M	 0.718
	

2

3 JHL	 NODE 2	 0.707
	

3

4 NODE 1 BFG	 0.679
	

3

5	 IKL	 BST	 0.660
	

2

6 NODE 4 BFM	 0.655
	

4

7 NODES AOL	 0.643
	

3

8 NODE 6 NODE 3	 0.616
	

7

9 NODE8 BSK	 0.551
	

8

10 NODE 7 NODE 9	 0.524
	

11

11 NODE 10 BRH	 0.396
	

12

0.40 0.50 0.60	 0.70 0.80	 0.90	 1

I	 I	 I	 I	 I	 I	 I

Figure 10.3.5 Dendrogram constructed using UPGMA based on Jaccard's

similarity coefficients illustrating the genetic relationships

among 12 Moroccan date palm genotypes.

Scale on top is Jaccard's coefficient of similarity.

The dendrogram and the coefficients of similarity are consistent with the

predicted expectations based on the known history or pedigree of the accessions

used in this analysis. For example, BRH clusters in a different category with the

lowest similarity index of 0.396. This was expected because this cultivar

originates in the Middle East in comparison to the others which are native to
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Morocco. NP3 and M are both male trees. The cultivar M is known to be a

seedling derived from the cultivar JHL (but not from the particular individual

used in this analysis) and NP3 a selected male probably from the same lot of

seeds. The history of these three accessions explains their high coefficient of

similarity (0.707). Since resistance to Bayoud was another significant character

which distinguished the different accessions in the 12 selected for this study it

was tempting to see if there was any relationship between similarity in RAPD

patterns and resistance or sensitivity to this disease. However no such

relationship was observed. In fact the accessions in group 4 contained BFG

which are very sensitive together with TDT, SLY, and BFM which are resistant.

Similarly group 5 contains AGL which is sensitive as well as IKL and BST

which are highly resistant

10.3.3 5 Conclusion on the diversity study

The present analysis shows that the RAPD approach can be used to reveal

consistent DNA polymorphism among date palm cultivars. This approach also

has greater potential compared to previously described molecular markers to

discriminate between date palm accessions. This was noticeable when the

resolution achieved using RAPD markers was compared to that described earlier

using isoenzyme markers. Based on esterase phenotypes, Baaziz and Saaidi

(1988) singled out the cultivar BSK which is in concordance with the present

dendrogram (Fig.10.3.5). However, the isozyme system did not discriminate

between JHL and IKL which had a coefficient of similarity of 0.46 according to

the RAPD markers obtained in this study. In contrast, accessions TDT and SYL

which had even a higher similarity coefficient (0.79) could be discriminated in the

present study. This observation reflects the major limitation of using isozyme-

based markers which does not have the potential to be polymorphic in

comparison to the extent of polymorphisms that can be detected using a

phenotypically neutral marker like RAPDs.
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CHAPTER 11

11 DISCUSSION AND CONCLUSIONS

At the start of this study no information was available on investigations

on DNA markers for the date palm. Therefore, it was essential to standardise all

the experimental procedures which are generally taken for granted in other

plants where such molecular biology studies have already been carried out and

are regularly being conducted. The first stage was the development of a

procedure for DNA extraction from easily available tissues. It was also

essential that such a procedure be convenient and sufficiently rapid to enable a

large number of samples to be processed per working day. The DNA yields

must be high and the DNA obtained should also be suitable for RFLP and

RAPD - procedures which imply manipulations involving different molecular

biology enzymes such as restriction endonuclease, ligases and DNA

polymerases. The second stage involved testing the feasibility of the two

different DNA-based approaches namely RFLP and RAPD for detecting genetic

variability in the date palm genome. Such information was then to be used to

identifying the problems associated with each in order to make

recommendations about the most appropriate approach for analysing the genetic

variability in this species considering local Moroccan conditions.

11.1 DNA extraction and RFLP analysis

The DNA extraction procedure which was standardised during this study

was suitable for isolating DNA from mature leaves; the primary tissue which is

readily available from adult palms of known pedigree. The procedure was fast,

simple and yielded high amounts of DNA. The DNA was of sufficiently high

quality to enable RFLP and RAPD analyses. The procedure did not require

expensive equipment such as an ultracentrifuge and was therefore ideally suited

for laboratories such as the newly established unit in Date Palm Programme at
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INRA-Marrakech. The resources in such a centralised laboratory can be better

utilised if the DNA extraction procedure is adapted to enable DNA isolation

from tissue shipped over long distances without stringent storage conditions

using dry or wet ice. For example, lyophilisat.ion has become a common

practice in some laboratories because in this freeze-dried state it is not necessary

to keep the tissue in a freezer and so shipping of such material is relatively easy

and cheap. Another inexpensive approach has been described by Tai and

Tanksley (1990) where DNA could be extracted from dehydrated tissues. This

procedure is particularly suitable to laboratories with few facilities since several

dehydrators can be set up for a fraction of the cost of one lyophilisation unit

(Tai and Tanksley, 1990). Another useful modification in DNA extraction is the

development of a procedure for mini preparation. This will be specially useful

for PCR based procedures where even a small amount of template DNA can be

used to conduct the analysis.

DNA probes which detect RFLPs are gaining importance in plant

varietal identification and breeding. Extensive RFLP maps already exist for a

number of crop species including maize (Hoisington and Coe, 1990), tomato

(Bernatsky and Tanksley, 1986), potato (Bonierbale et a!., 1989) and soybean

(Keim et a!., 1990). In date palm (Phoenix dactylfera L.) the lack of markers

and its long life cycle are probably the reasons why so few genetic studies have

been conducted previously in this species. The development of RFLP probes for

date palm will therefore provide genetic markers that will facilitate selection

and breeding. However, the usefulness of RFLP as genetic markers in date palm

as in any crop depends basically on how much variability exists among the

varieties of interest. The degrees of polymorphism vary depending on species. It

can be very high such as in maize (Helenjaris et a!, 1985; Evola eta!., 1986) or

very limited, such as in the case of wheat (Gale et a!., 1989). In the present

study, using a panel of cloned date palm DNA as homologous probes and a

selection of accessions from the date palm germplasm collection it was possible
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to evaluate the level of RFLP polymorphisms in this species. The results

obtained indicated limited polymorphisms but this could have been one effect of

the probe/enzyme combinations tested. The panel of homologous DNA probes

developed in the current study are valuable materials for future work since a

large combination of probes/enzymes can still be tested. This, and the analysis

of a large spectrum of date palm varieties, will enable a better evaluation of the

degree of genetic variations in date palm detectable by RFLPs.

11.2 RAPD analysis and other PCR-based alternatives

One of the major inherent and occasionally reported drawbacks of the

RAPD analysis is the low reproducibility and the potential to generate false

polymorphisms. The results of the study showed that the RAPD profiles are

indeed dramatically influenced by the reaction conditions but there is a safe

window where small alterations in the reaction conditions do not influence the

amplification profiles. This indicated that identifying the optimum reaction

conditions is critical prior to further RAPD analysis.

The results of the current study suggest that longer primers (20-mers)

are more likely to detect polymorphisms compared to the Operon primers.

Because high stringency conditions can be used with such primers, it is also

very likely that the repetitivity of the profiles obtained from one laboratory to an

other will be greatly inhenced. The date palmEcoRl clones obtained at the

begening of this study can serve to generate more long primers since repetitive

sequences can be used for this purpose. However, the use of more sensitive

detection techniques can allow a better use of short primers which are

commercially available (e.g. Operon Technologies, California, USA). For

example, the use of polyacrylamide gel electrophoresis and DNA silver staining

can adequately resolve the spectrum of amplified products into detailed and

164



reproducible patterns (Bassam et a!., 1992) that might reveal more than just a

few scorable bands as was the case in the current study.

11.3 Suitability of RFLP or RAPD analysis for the I.N.R.A. date palm

programme

The major drawbacks of using an RFLP-based approach in date palms

were the low number of polymorphisms and the long exposure time. The need

for a specialised laboratory also makes it a less attractive procedure for a

location like the newly developed Molecular Biology Unit at I.N.R.A.-

Marrakech. In comparison, PCR-based approaches seemed a better alternative.

To make the PCR-based approach more attractive some alternatives that can be

recommended are the use of longer primers and the detection of polymorphisms

within the amplified fragments (Cleaved Amplified Polymorphisms, CAPs).

The use of more sensitive separation and staining systems (polyacrylamide and

silver staining) may also produce more easily scorable polymorphisms. All

these modifications, together with the possibility of processing a large number

of samples, makes the PCR-based technique a preferred procedure to obtain

molecular markers for analysing genetic variations in date palm. The ease of

RAPD technology has already made a significant impact in almost all the areas

of plant molecular genetics (Table 11.1). Giving the difficulties in the

reproducibility of RAPD patterns using short primers and the advantages of

longer primers as shown in this study, a set of long primers will be, therefore,

more suitable for confirming the results of the similarity analysis obtained in the

previous chapter for the particular varieties analysed.

165



Table 11.1 RAPD applications in plant species.

ye oi me assay
ecies studied

Apium graviolens
Arachis hypogea
Arachis sp.
Avena sativa.
Brassica napus
Brassica oleracea

Carica papaya
Gliridicia sp.

Hordeum vulgare
Malus domestica

Ozyza sativa
Populus spp.
Solanum tube rosom
Triticum aestivum
Theobroma cacao

Phvlogenetic studies
A ilium
Avena saliva
Beta spp
Brassica oleracea

Carica papaya
Coffea arabica
Hordeum vuigare

Medicago sativa
Oryza sativa
Sty!osantes sp.
Triticum aestivum

Segregation analysis
Arabidopsis tha!iana
Arachis hypogea
Beruia alleghaniensis
Brassicajuncea
Juniperus spp
Picea gkzuca

Gene mapping
Arabidopsis thaliana
Avena saliva
Beta vulgaris
Lactuca saliva
Lycopersicun esculentum

Phaseolus vu!garis

Saccharum

umnors

Yang and Quiros (1993)
Hallward et a!. (1992)
Lanham eta!. (1992)
Dweikat et aL (1993)
Mailer et aL (1994)
Kresovich eta!. (1992)
Jinguo and Quiros (1991)
Stiles eta!. (1993)
Chalmers et aL (1992)

Benito et aL (1993)
Koller eta!. (1993)

Fukuoka et a!. (1992)
Castiglione et aL (1993)
Demeke eta!. (1993)
Dweikat et aL (1993)
Wilde eta!. (1992)

WillcieetaL (1993)
Dweikat eta!. (1993)
Jung eta!. (1993)
Kresovich eta!. (1992)
Dos-Santos eta!. (1994)
Stiles et aL (1993)
Orozco-Castillo. 1994
Benito er a!. (1993)
Dweikat eta!. (1993);
Tinker eta!. (1993).
Kangfu et a!. (1993)
Yu and Nguyen (1994)
Kazan eta!. (1993)
Dweikat eta!. (1993)
Vierling eta!. (1992);
Joshi and Nguyen (1993)

Reiter era!. (1992)
Haliward eta!. (1992)
Roy eta!. (1992)
Jam eta!. (1994)
Adams eta!. (1993)
Carlson eta!. (1991)

Reiter eta!. (1992)
Penner etaL (1993)
Uphoff and Wricke (1992)
Paran and Michelmore (1993)
Foolad et aL (1993)
Klein-Lankhorst et a!. (1991)
Martin eta!. (1991)
Mikias eta!. (1993)
Haley et a!. (1993)
Sobral and Haneycutt (1993)
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CHAPTER 12

12 GENERAL DISCUSSION

Despite date palm's major position as a cultivated tree crop, very little

information is available on its genetics and virtually none on its molecular

genetics. This situation has not developed further even during the time that this

study was undertaken between 1991-1994: so far not even a single gene for a

morphological character or an agronomically important trait such as disease

resistance has yet been identified in this crop according to the review of Omar et

a!. (1992). The most significant limiting factor in date palm breeding is the time

required for maturation of plants. The average cycle from seed to flowering is 6

to 7 years (Toutain, 1967; Saaidi et a!., 1981). Even if only 5 years are required

for achieving a backcross, it would require at least 25 years in order to make

three backcrosses and a first selection from an intervarietal cross. Again when a

clone is selected there is still the bottleneck of vegetative propagation (Section

2.1.4). A minimum of 6 years after planting is required before a seedling can

produce an offshoot that can be transplanted, and again several years before

other offshoots can be produced and removed. Thus more than 30 years may be

required to make three backcrosses and to obtain the first offshoot from an

intervarietal cross. Even after 30 years, such offshoots will only be available in

limited numbers (Section 2.1.4.1). To produce sufficient offshoots for evalualion

(e.g. for resistance to Bayoud or any other key character) in the field, other

generations are required and if the criteria is the yield or the quality of the fruit

even more time will be needed as a date palm does not reach full production

until it is 10 to 15 years of age (Toutain, 1967 ). It is therefore not surprising that

very little has been carried out so far on date palm breeding and in the North

African situation it is conceivable that, with only the traditional means available,

Bayoud resistant varieties might never be made available before the complete

destruction of the date palm groves by the disease itself. In order to speed up the
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progress of any date palm breeding programmes, biotechnology tools such as

tissue culture and DNA-based markers will be an absolute necessity.

Tissue culture is the only way to clone date palm on a large scale and

within a comparatively short period of time. The rarity of some varieties makes

the price of offshoots very high and so clonal multiplication using tissue culture

methods is likely to be a very profitable industry in the next few years. An

offshoot (3 to 5 years of age, ready for transplantation in the field) of the

"Sukari" variety, for example, can cost up to $1500 in Saudi Arabia (A. Al-

Harbi, pers. comm.). Consequently the relatively high cost of producing

microplants will be- insignificant if the price of a single plantlet can even reach

up to one tenth of that level at $150. In Morocco, plant tissue culture

(micropropagation) approaches represent more than a commercially interesting

technique with which to propagate date palm: it can facilitate , as stated earlier,

the bottleneck of the breeding programme for Bayoud control.

Micropropagation of date palm through tissue culture can be carried out

following two main routes: micropropagation by axillary shoot proliferation and

micropropagation by somatic embryogenesis.

The axillary shoot proliferation technique is based upon the availability

of meristematic tissues at the bases of young leaves in the apical dome of

offshoots that are capable of developing buds when induced in tissue cu1tire.

These buds develop directly from the explant without passage through a callus

phase. This technique was first initiated by Père Beauchesne in France (Rhiss et

a!., 1979) and later developed further in Morocco with a technical team

including myself. This approach is theoretically more likely to produce true-to-

type microplants compared to somatic embryogenesis and this is the reason why

INRA, in Morocco, has decided to put more effort into developing this

technique. This approach is, however, more difficult to standardise and time

consuming than somatic embryogenesis.
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By contrast, somatic embryogenesis relies on the induction of a callus that can

develop to produce somatic embryos giving plantlets similar in appearance to

germinating zygotic embryos. The callus phase is considered as presenting a

considerable risk of somaclonal variation and the conditions in which it is

obtained may be critical. This is the main reason why the present study was

concerned with this particular stage. The somatic embryogenesis technique

presents many opportunities and more applications and is more amenable to

large scale production for reasons discussed later in this section.

However, only superior genotypes with agronomically interesting

characters are worth propagating through tissue culture, which supposes that

they are first selected, and that tissue culture can not be fully exploited if there is

no means of properly accessing genetic fidelity of the microplants obtained.

This is where molecular genetics can play a major role in date palm

improvement.

In this section, it is shown how the results obtained in the current study

on date palm tissue culture and the development of DNA markers are inter-

linked with the different parts of the Moroccan date palm programme (Fig.

12.1).

12.1 Significance of current tissue culture studies

12.1.1 Somatic embryogenesis system

Until now, the commonly used protocols which have been recommended

in the literature for the induction of callus and somatic embryogenesis in date

palm make use of high concentrations of 2,4-D in the presence of activated

charcoal (e.g. Tisserat 1979, 1982; Omar et al., 1992). The high concentrations

of 2,4-D have been, and still were at the beginning of the current study, of major

concern regarding the possible negative effects that these may have on the short

and long term genetic fidelities of the ramets produced. Significant somaclonal

variations (in the form of abnormal flowering) have already been observed in oil
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palm propagated through embryogenesis and these variations have been linked

to the use of 2,4-D at high concentrations (Duval et a!., 1988) and/or to the fact

that numerous subcultures are required both for multiplication and culture

maintenance (Corley et a!., 1986).

The results obtained during the current study showed that it was possible

to induce embryogenic callus with other auxins related to phenoxyacetic acids,

and that picloram was found to be efficient even at low concentrations (Section

5.2.3). The results also agreed with previously reported conclusions that 2,4-D is

rapidly and extensively adsorbed by activated charcoal (Ebert and Taylor, 1990)

and the fact that low concentrations of picloram were effective in the absence of

this regularly used adsorbant but in the presence of 2 g 11 of PVP, consequently

questions the accepted idea that high concentrations of auxins are needed for

satisfactory callus induction in palms (e.g. Tisserat, 1982; Woo, 1990; Omar et

a!., 1992).

The findings of this study have therefore made a significant contribution

to the probability of reducing the risks of detrimental somaclonal variation in

elite date palm. However, further studies need to be carried Out to establish the

precise differences in the adsorption roles of PVP and activated charcoal. The

beneficial effect of PVP in the presence of relatively low levels of auxin (as

found in the current study) may be due to its selective adsorption capability.

Activated charcoal in the other hand appears to be a broad (rather non-specific)

adsorbant (e.g. Ebert et a!., 1993).

12.1.2 Acclimatisation of date palm microp!ant.s

The limited information available in the scientific literature at the

beginning of the current work on acclimatisation of date palm microplant.s was

probably a reflection of the many improvements still needed for optimising the

preliminary tissue culture processes necessary for consistent large scale plant

production in vitro. This has also been a constraint for other palms such as
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coconut (Blake, 1990). However, the results of the present study showed clearly

successful acclimatisation of date palm microplants also depends very much on

the type of microplant obtained in vitro. Therefore ex vitro acclimatisation of

date palm microplants can not be treated only as a nursery procedure. No

systematic study had been conducted previous to the current one to analyse the

reason for the low rates of success in weaning date palm microplants often

reported (e.g. Tisserat, 1982). In cases where high success rates were reported,

precise details of the weaning procedures were not provided (e.g. Daguin and

Letouze, 1988). The descriptions of microplants with high percentages of

survival reported previously were limited to heights of microplants and numbers

of leaves alone (Tisserat, 1982, Omar et a!., 1992). The results of the present

study showed that by systematic screening of plant morphology in vitro it was

possible to maximise the survival rates of microplants at the acclimatisation

stage (Stage IV). Thus, a date palm micropropagation system cannot be

considered to be efficient unless the entire process starting from the selection of

material to be propagated to the final product, i.e. acclimatised plantlets, is

optimised. It is therefore very important to link both aspects of tissue culture and

acclimatisation in order to develop an efficient and successful procedure for

micropropagating date palm.

In the current study, the different structures of in vitro microplants and tbeir

suitability for the acclimatisation stage were defined for the first time (Chapter

6). The results showed that by using microplants which had attained a suitable

level of development a high percentage of acclimatisation success could be

achieved. These were obtained in relatively inexpensive facilities and without

any sophisticated equipment.
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1.2.2 Integrated application of the current tissue culture results to the

Moroccan date palm improvement programme (Fig. 12.1)

A schematic representation of the major activities of the Moroccan date

palm improvement programme and the ways in which tissue culture and DNA

markers can be used at different phases is shown in Figure 12.1. The different

phases are numbered 1-11 and are used in the description below.

12.2.1 Bulking of Bayoud "resistant" trees

The available varieties that showed resistance after 25 years of

continuous trials (Saaidi, 1992-phases 1, 2 and 3) can now be propagated on a

large scale and replanted in their areas of origin (e.g. "Bou-Sthammi" in the

Draa Valley and "Sayer Layalet" in the Bani region). The possibility of using

picloram at low concentrations means that this approach can be used with more

confidence as far as the genetic stability of the regenerated plantlets is

concerned. Tissue culture is also needed to conduct experiments on Fusarium

oxysporum f sp. albedinis such as for developing an efficient screening method

of seedlings in controlled environments (phase 4). Such studies are being

conducted at the INRA plant pathology laboratory (Marrakech, Morocco) to

optimise the conditions of infestation of young seedlings by Fusarium

oxysporum under glasshouse conditions in order to permit a rapid screening at

an early stage of a progenies from specific crosses by artificial inoculation

(Sedra, 1992). These tests, however, need appropriate controls consisting of

known resistant and sensitive varieties (phases 5 and 6) in order to estimate

experimental errors and to define optimum conditions for the infection by the

fungus (i.e. concentration of inoculum to be used, effect of growth substrate

etc.). Tissue culture is the only way to have such plantlets in sufficient numbers

(phase 8) due to the reasons highlighted earlier in Chapter 2.

Homogenous plantlets in large numbers from selected material is also

needed to confirm the resistance of selected clones to Bayoud (phase 9). In fact
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some clones which have been observed to be "resistant" to Bayoud after several

years at the Zagora Experimental Station (using the artificial inoculation

approach) are represented only by a single individual and the numbers of

offshoots they produced varies from only 10 to 20 per tree (Sedra, 1992). The

availability of larger numbers of these clones will permit the confirmation of

resistance under different environment and also with numbers that are

statistically interpretable and so confirm that the resistance is not due to

unfavourable conditions, for example the local edaphic factors, for the

expression of the disease. Phase 10 will be deployed once Bayoud resistant

materials had been confirmed. Phase 11, the final goal, will involve the

distribution of elite disease resistant date palms to farmers via the National Date

Palm Improvement Programme.

12.2.2 Prospects for future work

a) Short term

Synchronisation of embryo germination

Somatic embryogenesis is certainly the most adaptable technique to mass

commercial micropropagation of date palm as it has been proven in the case of

other species (Evans et aL, 1981). Some aspects still need, however, to be

optimised. One of the most important for a commercial laboratory in Morocco,

is to synchronise the embryo germination and to have more clearly defined steps

in culture which would then enable better planning of microplant production.

The efforts made during the course of this study to define with more precision

the different stages of culture were part of this effort to provide answers to the

previously unclear descriptions of the different stages of date palm

micropropagation. Homogenisation could conceivably be obtained by including

an intermediate phase of liquid culture once embryos structures had been

obtained (i.e. after Stage hA). The feasibility of using liquid cultures for date

palm have been demonstrated by Daguin and Letouze (1988) and by Bhaskaran
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and Smith (1992). The availability of liquid culture systems for date palm augers

well for the future of large scale micropropagation of date palm in Morocco.

However, its exploitation depends very much on the capacity of the

micropropagator to manipulate and to control synchronous somatic embryo

development. One way of producing synchronous cultures apart from using

semi-solid media and callus systems is through the induction of synchronised

embryogenic cell suspensions directly from auxin-induced nodular calli (i.e. as

early as possible say at Stage hA) using a liquid media phase.

Embryogenic cell suspension cultures for large scale propagation of

date palm

Embryogenic cell suspension cultures have been exploited since the

early 1970's when Kessel and Carr (1972 ) used this type of culture system in

carrot. The advantages of suspension culture technique in micropropagation

have been extensively reviewed by several authors (e.g. Ammirato et a!., 1984).

The applicability of such a technique to palms has been evaluated for oil palm

(Malaurie, 1987; Touchet et al., 1991) and its potential extension to a bioreactor

scale has been described as one solution for future micropropagation of this

species (Jones, 1983). This method was described as being particularly

adaptable to automation procedures by reducing the numbers of manipulations

and the time required for microplant production. A systematic study of the

advantages of this latter route for date palm micropropagation still needs to be

carried out. Calli obtained under the conditions described in the present study go

some way to forming a sound basis for future experiments on this topic.

However, it must be stressed that at this stage, it is known that liquid culture

systems can generate various forms of hypervariability associated with the

mitochondrial or nuclear genomes, e.g. maize and sorghum (Chourey et a!.,

1986). The availability of DNA fingerprinting techniques as developed in the

current study will now enable an assessment of the scale of such types of

variations.
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b) Long term

National and regional date palm germplasm bank (Phase 10)

Cryopreservation of date palm somatic embryos rather than callus

(Tisserat eta!., 1981) is an attractive means of preserving endangered varieties

such as "Mejhool" in Morocco and "Deglet Noor" in Algeria. The use of

differentiated somatic embryos (at late Stage IIB) is probably less likely to

induce somaclonal variations in such a germplasm bank. This could also lead to

greater levels of plant recovery following cryoconservation and facilitate the

exchange of material between producing countries in an extensive regional date

palm programme such as the one initiated with FAO in Morocco, Algeria and

Tunisia (Projet regional de lutte contre le Bayoud, FAOIRAB/84/018 and 024).

It will be necessary to optimise the best stages of somatic embryo development

to be used for this purpose (i.e. one of the phases of SE1-SE4) as well as the

development of a procedure to cryopreserve somatic embryos similar to those

used successfully for oil palm (Dumet et a!., 1993). Alternatively, long-term in

vitro storage procedures under minimal growth conditions can be used to

preserve cultures using both the somatic embryogenesis and the axillary

branching techniques. Such procedures have already been developed and have

been found effective for a number of species (e.g. Colocasia esculenta,

Bessembinder et aL, 1993) where germplasm is under threat of diversity

erosion. This approach can lead to an international germplasm collection of date

palms similar to the one established for Musa spp. (Banerjee and De Langhe,

1985).

Artificial seeds

A better control of the different stages involved in date palm somatic

embryogenesis will permit the exploration of the feasibility of mass production

using suspension culture techniques and the possibility of producing artificial

seeds (e.g. Gray and Purohit, 1991). Some preliminary results have been
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reported in attempts to encapsulate date palm embryos (Daikh and Demarly,

1987) but no further work has been reported since. This approach might be a

cheaper way of maintaining a germplasm collection and for the exchange of

plant material between date palm programmes of the Maghreb countries thus

avoiding the risks of spreading the Bayoud disease. It is unlikely that artificial

seed would be used for the large scale planting of date palm since it is not a

traditionally seed propagated crop.

Cell lines resistant to Fusarium toxins

A more precise characterisation of the Bayoud toxins responsible for cell

degradation in date palm (El Fakhouri, 1990) might allow experiments to be

performed on the feasibility of selecting resistant cell lines by using toxins from

Fusarium oxysporum f sp. albedinis in cell cultures. This would be feasible only

if toxins were identified which were specific to Bayoud disease induction and

development. The feasibility of using in vitro selection strategies for this

purpose has been reviewed critically by Daub (1986). This approach can also be

used for screening a large number of date palm varieties for resistance to

Bayoud as an alternative to field inoculation. This technique has been used

successfully, for example, for screening peaches for resistance to Xanthomonas

campestris (Joung et a!., 1987)

12.3 Significance of current molecular biology studies

12.3.1 Results obtained

The present study tested the possibilities of developing RFLP and

RAPD-based markers and the feasibility of using these in the context of the

INRA date palm improvement programme. An efficient DNA extraction

procedure was developed so that DNA could be isolated from adult leaves.

Extractions from several varieties yielded DNA which was satisfactory as a
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substrate for both restriction enzymes and thermostable polymerases. Cloned

restriction fragments, when used as RFLP probes, revealed various degrees of

polymorphism. RAPD polymorphisms were also detected in a small sample of

date palm accessions from the Zagora date palm germplasm collection.

These preliminary studies now merely set the stage for more elaborate

investigations which will ultimately help integrate these techniques into the date

palm programme in Morocco. Some of the areas where these will have an

immediate impact and some medium and long term significance are presented

below.

12.4 Integrated application of molecular markers to Moroccan date palm

improvement programme (Fig. 12.1)

12.4.1 Immediate applications

Variety fingerprinting and the assessment of genetic fidelity in tissue

culture

The development of "DNA-fingerprints" is likely to bring answers to

several so far answered questions in the Moroccan date palm programme,

particularly from the point of view of accomplishing the objectives outlined

below:

-To provide more sharply defined and repeatable genotype descriptions base4 on

RFLP or RAPD profiles and so clarify the confusion associated with use of local

denominations. For example, the same cultivar may have been given different

names or different cultivars the same name in different date growing regions-

"Bou-Feggous" in Morocco and Algeria or very close names such as "Sekri" in

Algeria, "Bou-Sekri" in Morocco and "Sukari" in Saudi Arabia. The use of

RAPD to evaluate genetic similarities as shown in the present study may help

distinguish between such clones.

-To enable the recognition of cultivars at any developmental stage extending

from tissue culture to plants in the field.
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-To screen tissue culture-derived plantlets, if necessary, to confirm their genetic

stability during the micropropagation process and also to avoid the long delay in

identification of cultivars based on adult phenotypes.

- To compare the efficiency of the embryogenesis to axillary branching in

producing true-to-type plants and possibly in providing answers about the

"safest" routes for date palm propagation.

- To catalogue highly valuable clones in the germplasm collection such as the

ones selected by INRA which were observed to resist to Bayoud disease in the

experimental field and producing high quality fruits comparable to well known

"Mejhoul" and "Bou-Feggous". These clones are destined to be used to replant

Moroccan date palm groves destroyed by the Bayoud. They will also have a

very high commercial value in the future because they can potentially be used in

all North African countries immediately threatened by the disease (Algeria,

Tunisia, Mauritania, Libya). Such resistant clones have been selected only in

Morocco due to the history of Bayoud and only one other variety from Algeria

("Takerboucht") is known to be resistant (Djerbi, 1982).

12.4.2 Prospects for future work.

a) Short term

The RFLP probes developed during this study, as well as the RAPD

primers which were identified, can be used to screen a very large spectrum of

varieties currently represented in the Zagora station germplasm collection or at

other locations. It will be essential to screen more enzyme/probes combinations.

These results will help to assess the degree of relatedness among populations of

date palm which can serve as appropriate parents in the development of crossing

schemes, thus minimising population sizes while keeping genetic diversity high.
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b) Medium term

In the context of the Moroccan Programme, and as a continuation of the

current work, one of the future goals is the development of more probes from

genomic and cDNA libraries of date palm. To overcome the immediate shortage

of date palm-specific probes it may be possible to use heterologous probes from

other palms such as oil palm (Elaeis guineensis Jacq.) especially ones which

have been shown to detect polymorphisms. The date palm probes developed

during this study were shown to cross-hybridise to oil palm DNA (Peter Jack,

pers. corn) so, it is possible that the reverse may also be true.

A more oriented cDNA library can be constructed from specific tissues in order

to detect tissue-specific transcripts. For example a library could be constructed

from young male and female inflorescences to identify potentially sex-specific

probes.

Genetic fingerprinting approaches based on PCR can also be expanded

and investigated depending on the specific objective of the study (Fig. 12.1). For

example, longer random primers or the dedicated primers used in this study may

lead to an efficient procedure for obtaining variety-specific fingerprints for more

varieties. The use of more sensitive detection systems such as polyacrylamide

gels/silver staining rather that agarose gel electrophoresis/ethidium bromide

system may also facilitate the detection of more polymorphisms.

c) Long term.

The invaluable long term goals will be identification of markers linked to

agronomically important characters like sex type, Bayoud resistance and fruit

quality. Sex identification would be very useful to any date palm breeding

programme. Predicting sex of breeding lines would facilitate large scale

breeding at early seedling stage, without having to wait for the development of

inflorescences (a process that can take 5-7 years). This would greatly reduce the

cost of maintaining in the field large numbers of unproductive plants especially
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when it is considered that approximately 50% of the progeny of date palm seed

is male and one male can provide enough pollen to pollinate 50 females. So far,

there is no means of determining the sex of the progeny at an early stage.

The search for linkages between specific DNA markers and genetic traits of

economic importance, such as fruit quality or resistance to Bayoud, will require

intensive backcrossing work. With such material it should be possible to

establish the genetics of resistance. But the lack of efficient inoculation and

screening procedures have so far prevented the formulation of any definite

conclusions about the genetics of Bayoud resistance or sensitvity. The

possibility of screening plantlets for a marker linked to Bayoud resistance would

have a huge impact in the control of the pathogen in several ways.

A large number of plants could be screened at any stage of their development

since this would also avoid errors due to unreliable inoculation procedures. The

expression of resistance would not be altered by edaphic conditions as has been

reported in some soils that do not support development of Bayoud because their

microflora contain antagonists that prevent the growth of the Fusarium

oxysporum f. sp.albedinis (Sedra and Rouxel 1989).

Other date producing countries can select for Bayoud resistance without having

to carry out artificial inoculations with the fungus. This is particularly important

for neighbouring countries of Morocco such as Tunisia which, up to now, has

remained Bayoud-free.

The feasibility of the genetic transformation of date palm has not yet

been investigated. The availability of an efficient somatic embryogenesis

regeneration system and the initiation of embryogenic callus that could be used

for cell culture opens new possibilities for genetic transformation experiments.

The availability of callus cultures makes possible the use of particle

bombardment (reviewed by Klein et a!., 1990) or possibly transformation by

Agrobacterium since other monocotyledons have now been transformed

efficiently by this procedure. In fact, recently, Yukoh et a!. (1994) reported that
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co-cultivation of calli, derived from rice scutella, with A. tuinefaciens can

produce rice transformants with an efficiency similar to that of transformation in

dicotyledons. However, such an approach supposes that genes controlling

important traits are first identified and isolated which is still very much a

prospect for the future in the case of date palm.
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Legend of Figure 12.1 Descriptions of the different steps in the date palm
improvement programme in Morocco.

Phase 1-Individuals with good quality fruits are selected from populations growing
in a Bayoud infected area on the assumption that they may be resistant to
the disease. These individuals are from seedlings and are consequently of
unknown genetic makeup (they are refetTed to as "Khalts' or "Sairs").

Phase 2-Back crosses are carried out in an attempt to select clones which are resistant
to the disease and also produce fruits of good quality. The parents are either
resistant males to sensitive females or males with good quality pollen (with
metaxinic effect) to resistant female.

Phase 3- Offshoots from phase 1 as well as pre-screened seedlings from phase 4 are
planted in Zagora station and artificially infected with Fusarium to assess
their resistance.

Phase 4- Artificial inoculations in glasshouse allow a pm-screening of seedlings from
back crosses (phase 2) and microplants of varieties not previously tested for
Bayoud resistance (phase 8). Ideally controls used in these experiments
should be the known resistant and sensitive varieties (phases 5 and 6)
produced in vitro.

Phase 5- The varieties with the best fruit quality are the most sensitive and have to be
conserved and propagated before they are extinct.

Phase 6-Six varieties have been selected for their resistance to Bayoud. Most of them
produce fruits of poor quality. It is crucial however that these varieties are
propagated for their resistance and also their use as controls in all the
inoculation experiments in phases 3 and 4.	 -

Phase 7-After artificial inoculation of the fungus in a field trial a number of clones
are selected as being presumably resistant. They need to be cloned to obtain
large quantities for performing more extensive tests to confirm their
resistance

Phase 8-Tissue culture techniques permit the production of large quantities of
micropropagated plant material. These may be from selected clones (phase
7) as well as from known varieties with different degrees of resistance to be
used in phase 4.

Phase 9-Microplants from known origin and reaction to Bayoud will at this stage be
used in phytopathology tests or other academic studies, and also for.
germplasm collection plantations and distribution to farmers.

Phase 10-A germplasm collection already exists at Zagora Station and Nebch Station
(Errachidia) in south Morocco. A recent project was also launched in 1990
to establish a collection in Marrakech (a zone which is still free from the
Bayoud). Cryopreservation can also play an important role in the
preservation of hundreds of cultivars in limited space and at lower cost.

Phase 11-Selected clones will be distributed to farmers. This operation will be
conducted in collaboration with the extension to ensure that a high diversity
is maintained in the oases in case different races of the fungus appear.

DNA markers if available will clearly play a crucial role at all levels of this
programme. Tissue culture plays a central role and make possible to test plantlets in a
scale and time that is not possible by using offshoots. In an ideal situation where
markers R,F,D,S are available a single step would be sufficient from (2) and (1) to
(8) then (11).
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APPENDICES

I BACTERIAL GROWTH AND SELECTION MEDIA

1.1 LB-media

lOg NaC1

10 g Bacto tryptone

10 g Yeast extract

Adjusted to pH 7.5 with NaOH, made up to 11 and autoclaved.

1.2 Ampicillin

100 mg m1 1 in sterile distilled water aliquot (stored at -20° C)

1.3 X-Gal

5-bromo-4-chloro-3-indolyl-B-D-galactoside was dissolved in

dimethylformamide to make a 20 mg m1 1 solution and stored in dark at -20° C.

1.4IPTG

50 mg of isopropylthio-B-D-galactoside was dissolved in 1 ml sterile distilled

water and stored at -20° C.

2 GENOMIC DNA EXTRACTION BUFFERS

2.1 Extraction buffer "S"

100mM Tris-HC1 pH 8.0

100 mM NaC1

50 mM EDTA pH8.0

2% SDS

2.2 Dellaporta buffer (Dellaporta et a!., 1983)

100 mM Tris-HC1 pH8.0

50 mM EDTA

500 mM NaC1

10 mM 2-B mercaptoethanol

2.3 CTAB buffer

3% (w/v) CTAB

1.4 M NaC1

20 mM EDTA

100 mM Tris-HC1 pH 8.0

1% (vlv) 2-B mercaptoethanol
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3 DNA PURIFICATION FROM AGAROSE GELS (QIAGEN kit)

3.1 QX1 Solution

3MNaJ

4 M NaC1O4

5 mM Tris-HCI pH 7.5

0.1% Na2SO4

3.2 QX2 Solution

8 M NaC1O4

10 mM Tris-HC1 pH 7.0

3.3 QX3 Solution

70% Ethanol

100 mMNaC1

10 mM Tris-HC1.

1 mM EDTA pH7.5

4 PLASMID DNA PREPARATION (QIAGEN kit)

4.1 P1 Solution (stored at 4° C)

100igml1RNAseA

50 mM Tris-HC1

10 mM NaOH

1% SDS

4.2 P2 Solution

200 mM NaOH

1% SDS

Solution P3 (stored at 4° C)

3.0 M KAc pH 5.5.

4.3 QBT Solution

750 mM NaC12

50mM MOPS

15%Triton X100

15% ethanol

4.4 QC Solution

1 M NaCl2

50 mM MOPS

15% ethanol
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4.5 QF Solution

1.25 M NaCl2

50 mM MOPS

15% ethanol

5 DNA "MINIPREP" SOLUTIONS

5.1 M-STET

5% Triton X-100

50 mM EDTA

50 mM Tris-HC1 pH8.0

5% sucrose

5.2 Tris sucrose

50 mM Tris-HC1 pH 8.0

25% sucrose

5.3 T.E. Buffer

10 mM Tris-HC1 pH 8.0

1 mM EDTA pH 8.0

6 GEL ELECTROPHORESIS BUFFERS AND DYE

6.1 TAE (50 X)

484gTrisbase

114.2 ml glacial acetic acid

33.72gEDTA

6.2 TBEpH9.O(lOx)

162 gTrisbase

27.5 g boric acid

9.5 g EDTA

Made up to 11 with distilled water (pH should be approximately 8.9)

6.3 DNA Loading dye for agarose gel electrophoresis

40% (v/v) glycerol in water

5 mM EDTA (pH 8.0)

0.25% (w/v) bromophenol blue

0.25% (w/v) xylene cyanol
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6.4 FSUDS loading dye for agarose gel electrophoresis

10% Ficoll

0.1 M EDTA (pH 8.0)

2% SDS

Bromophenol blue and xylene blue Ca. 0.25%.

7 SOUTHERN BLOT ANALYSIS BUFFERS AND SOLUTIONS

7.1 Depurination solution

0.25 N HC1

7.2 Denaturing solution

0.5 M NaOH

1.5MNaC1

7.3 Neutralisation solution

1.5MNaCI

0.5 M Tris-HC1

1 mM EDTA

adjust to pH 7.2 with concentrated HC1.

7.4 SSC x 20 (standard saline citrate)

3MNaC1
0.3 M Na3Citrate

Adjust pH to 7.0 with HC1.

8 NUCLEIC ACID HYBRIDISATION SOLUTIONS

8.1 HSB x S (hybridisation salt buffer)

175.3gNaCl

30.3 g PIPES

7.45 g Na2EDTA 2H20

dissolved in 11 water, pH 6.8 was adjusted with 4 M NaOH, autoclaved and

stored in small aliquots at room temperature.

8.2 Denhardt's Ill solution

2 g gelatin

2 g Ficoll-400

2 g PVP-360

dissolved in 500 ml water and autoclaved. After cooling, 500 ml 20% SDS was

added and stored in small aliquots at -20' C.
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8.3 Carrier DNA
500 mg of salmon sperm DNA (Sigma type III) was dissolved in 100 ml

distilled water, autoclaved dispensed in 5 ml sterile tubes and stored at -20° C.

8.4 Klenow polymerase buffer (10 x)

0.5 M Tris-HCI pH 7.2
0.1 M MgSO4

10 mM DTF

8.5 Pre-hybridisation/hybridisation solution

60% water

20%5xHSB

10% Denhardt's Ill

10% SSDNA (salmon sperm DNA) (5 mg mi- 1) boiled for 5 minutes before use.

8.6 Membrane washing and stripping solutions

Low stringency filter wash solution

2xSSC

0.1 % SDS

High stringency filter wash solution

0.2 x SSC

0.1 x SDS

9 SOLUTIONS FOR DNA SEQUENCING

9.1 TBE pH 9.0 (10 x)

324 gTris Base

55 g boric acid

19 g Na2EDTA

made up to 2 1 with distilled water.

9.2 Sequencing gel mix (for 1 I)

57 g acrylamide (ultra pure)

3 g bis acrylamide (ultra pure)

420 g urea (ultra pure)

2 g Amberlite MB! ion exchange resin

Made up to 500 ml with deionized water and stirred at room temperature until

the urea was dissolved. The amberlite was removed by filtering through
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Whatman filter. 100 ml 10 x TBE buffer (above; Appendix 9.1) was then added

to the filtered solution and the total volume adjusted to 11.

9.3 AMPS

10% (wlv) ammonium persuiphate (made fresh).

9.4 Annealing buffer (5 x)

280 mM Tris-HC1 (pH 7.5),

10 mM MgC12,

350 mM NaCI

9.5 Termination mixes
dATP, dCTP, dTTP provided as 100 mM stocks (Pharmacia) were diluted to 5

mM (5 p.1 of 100 mM dNTP +95 p.1 water).

7-deaza-dGTP and dideoxy NTPs were supplied as 5 mM (Pharmacia).

The components (in p.1) were combined as follow for each 1 ml reaction

mixtures:

_______________ A-mix C-mix G-mix T-mix

5 mM dATP	 20	 20	 20	 20

5mMdCTP	 20	 20	 20	 20

5 mM 7-deaza dGTP	 20	 20	 20	 20

5mMd1TP	 20	 20	 20	 20

5 mM ddATP	 2

5 mM ddCTP	 2

5mMddGTP	 2

5mMddTFP	 2

5MNaC1	 10	 10	 10	 10

T0.1E	 908	 908	 908	 908

Aliquoted (100 p.1) and stored at -80° C.

9.6 Labelling mix

5 mM dNTP stocks were diluted to 25 p.M (5 p.1 of 5 mM dNTP + 995 p.1 water)

and combined to give 7.5 p.M each as follow:

300 p.1 of 25 p.M dCTP

300 p.1 of 25 p.M deaza-dGTP

300 p.1 of 25 p.M dTTP

100 p.1 water
Aliquoted (100 p.1) and stored at -80° C.
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9.7 Enzyme dilution buffer

10 mM Tris-HC1 pH 7.5

5mMDTF

0.5 mg mi- 1 BSA

9.10 Stop Solution

95% deionised formamide

20 mM EDTA (pH 7.5)

0.05% (w/v) xylene cyanol

0.05% (wlv) bromophenol blue

9.11 TE0.1

10 mM Tris-HC1 pH 8.0

0.1 mM EDTA

9.12 Reaction buffer (annealing buffer; 5 x)

200 mM Tris pH 7.5

100 mM MgC12

250 mM NaC1

9.13 Enzyme

T7 DNA polymerase (Pharmacia)

9.14 Label

[a-35 SI dATP

9.15 Tris borate buffer (10 x TBE; for sequencing pH 9.0)

324 g Tris base

55 g boric acid

19gNa2EDTA

Made up to 2 1 with distilled water and after filtration through Whatman (3 MM)

stored at room temperature.

9.16 Gel fixing solution

10% (wlv) acetic acid,

10% (vlv) methanol

in deionized water.
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10 DNA SEQUENCING

10.1 Denaturation of plasmid DNA

In order for the primer molecule to bind efficiently to the template to be

sequenced, the template needs to be single-stranded. This is achieved by

denaturing the DNA with NaOH.

15 p.g super-coiled plasmid DNA [miniprep, CsCI or Qiagen purified; Section

9.2.1.) was denatured in 250 mM NaOH in 20 p.1 volume reaction (5 p.1 1M

NaOH, 10-15 p.1 DNA, distilled water to 20 p.1) at 
370 C for 15 mm. The

denatured DNA was purified (to remove NaOH and any other contaminants) by

spun column chromatography on mini-cohimn of Sepharose CL-6B from

Pharmacia (Section 9.2.4).

10.2 Primer annealing

8 p.1 denatured DNA (6 jig) was added to 2 p.1 5 x annealing buffer ( 200

mM Tris-HC1 pH7.5, 100 mM MgC12 and 250 mM NaC1) and 1 p.! (10 jig ml1)

of either primers M13 reverse (5' GTACCAGTATCGACAA 3') and M13

forward (5' GTAAAACGACGGCCAGT 3') and incubated at 
370 C for at least

15 mm. The tubes were briefly spun to bring all the solution to the bottom. 2.4

p.1 template-primer mix was aliquoted in four different tubes for the A,G,C and

T reactions.

10.3 Labelling and chain termination.

Depending on the number of reactions to be set, the labelling reactions

mixes were prepared by using the reagents (in p.1) listed in the table below.

___________ 2 sets 4 sets 	 6 sets 8 sets 10 sets

TE01	 11.2	 22.4	 33.6	 44.8	 56

DTT.1M	 2.2	 4.4	 6.6	 8.8	 11

Label mix	 1	 1.8	 2.7	 3.6	 4.5

TlPolymer.	 1	 2	 3	 4	 5

35SdATP	 1	 2	 3	 4	 5

Enzy. dii. buff.	 2	 4	 6	 8	 10
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2 il labelling mix was aliquoted on side of each tube containing 2.4 Iii

template-primer, mixed by a short spin and incubated at 42° C for 3 mm. 2 tl

termination mix (listed in Appendix 9.5) were spotted on the side of the

respective tubes. The different reactions were started simultaneously by a short

spin. Tubes were incubated at 42° C for a minimum of 5 mm and the reactions

stopped by adding 4 jil stop mix (95% deionised formamide, 20 mM EDTA pH

7.5, 0.05% (wlv) bromophenol blue and 0.05% (wlv) xylene cyanol). The

reactions were either stored at 800 C or separated immediately on a 6%

polyacrylamide gel (Appendix 10.4.2).

10.4 Preparation of sequencing gels

10.4.1 Sequencing apparatus

The glass plates were washed using a detergent, rinsed in running water,

dried with a clean towel and polished dry with ethanol (100%). When plastic

spacers were used they were treated in the same manner. The notched plate was

wiped with a silanizing reagent (dimethyichiorosilane, BDH) in the fume

cupboard. The gel did not adhere to the silanised plate and, hence, when the gel

plates were separated the gel remained on the un-notched plate. The excess

reagent was rinsed under the tape and the plate was left to dry. The sequencing

plates were then clamped together using plastic or 3MM paper strips as spacers

(usually 0.4 mm thick). They were then assembled carefully and clipped tigitly

together.

10.4.2 Gel preparation and assembly

The polyacrylamide sequencing gel was prepared by adding 150 .t1 freshly

prepared 10% ammonium persulphate and 80 il TEMED to 65 ml gel mix

(Appendix 9.2). The roles of the ammonium persulphate and the TEMED were

to facilitate polymerisation of the acrylamide mixture. Once they have been

combined, it was important to pour each gel quickly before it set.
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Gel mixture was slowly poured between the plates from one corner avoiding

trapping of air bubbles. The straight edge of the comb was inserted (4-5 mm)

between the plates to form the bottom of the wells. After polymerisation (1-2

hr), the gel was mounted onto the sequencing gel tank containing 1 x TBE

buffer ( Appendix 9.15) in both top and bottom reservoirs. The wells were

formed by inserting the teeth of the comb into the gel.

10.4.3 Loading of the sequencing gels

The gel wells were washed with 1 x TBE buffer using a syringe and

needle to remove the excess urea. The gel was pre-run for 20-30 mm at the

required voltage to warm the gel. Before loading, the reactions were denatured

by heating at 98° C for 2 mm in a dry bloc and then placed on ice. Using a long

sequencing tip, 2 tl each reaction mixture were loaded. The samples were

separated by electrophoresis at constant power of 35 W (approximately 1500 V)

for 1-6 hr depending on the respective lengths of the DNA to be resolved.

10.5 Gel fixation and autoradiography

DNA migration was monitored by following the bromophenol blue and

xylene cyanol bands. After the desired migration (3.5 - 4 h) each gel was

dismantled. The plates were carefully separated, leaving each gel attached to the

back plate. The gel along with the plate was placed in fixing solution (Appendix

9.16) for 10-20 mm. After fixing, the gel was carefully transferred to 3MM

Whatman filter paper, covered with SaranWrap and dried on a gel drier at 70° C

for 1 hr. The SaranWrap was removed and each gel was then exposed to Kodak

high sensitive film (X-OMAT-AR) at room temperature for 24-48 hr.

10.6 Sequence analysis

The different programmes in the DNASTAR sequence analysis package

were used to enter the sequences (EDITSEQ) and analyse them (MAPDRAW)

on a Apple Macintosh computer. The saved sequences were then used to scan
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the DNA and protein databases for homologous sequences available on CD

ROM (using the program GENEMAN).

11 STATISTICAL ANALYSES OF TISSUE CULTURE EXPERIMENTS.

11.1.a Effects of 4 auxins at different concentrations on callus production

Source	 df Sum of Squares Mean Square F-Value P-Value

Auxins	 3	 30.219	 10.073	 26.739 0.0001

Concentration	 5	 204.604	 40.921	 1.09	 0.0001

Auxins*Concent. 15	 71.545	 4.770	 12.661 0.0001

Residual	 645 242.679	 0.377

Dependent: Callus scores

Means comparisons

Comparison 1

Effect: Auxins * concentrations

Dependent: callus scores
Cell Weight

picloram 10 tM	 1.000

dicamba 30 p.M	 -1.000

df	 1

Sum of squares 1.185

Mean Squares 1.185

F-Value	 3.146

P-Value	 0.0766

Comparison 2

Effect: Auxins * concentrations

Dependent: callus scores
Cell Weight

picloram 10 j.tM	 1.000

picloram 30 p.M	 -1.000

df	 1

Sum of squares 6.000

Mean Squares 6.000

F-Value	 15.927

P-Value	 0.0001
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Std. Dev

0.000

0.000

0.467

0.619

0.7 11

1.133

0.000

0.594

0.7 11

0.535

0.465

0.000

0.934

0.859

0.844

0.662

0.000

0.626

0.772

0.898

0.661

Std. Error

0.000

0.000

0.081

0.108

0.132

0.214

0.000

0.114

0.132

0.101

0.090

0.000

0.168

0.165

0.162

0.12 1

0.000

0.114

0.143

0.173

0.121

Comparison 3

Effect: Auxins * concentrations

Dependent: callus scores
Cell Weight

2,4-D 100 jiM	 1.000

picloram lOjiM	 -1.000

df	 1

Sum of squares 1.845

Mean Squares 1.845

F-Value	 4.899

P-Value	 0.0272

Means Table

Effect: Auxins * Concentrations

Dependent : Callus scores

______________	 Mean

Control	 0.000

2,4-D 1	 0.000

2,4-D 3	 0.697

2,4-D 10	 0.848

2,4-D 30	 1.172

2,4-D 100	 1.893

2,4,5-T 1	 0.000

2,4,5-T 3	 0.74 1

2,4,5-T 10	 0.828

2,4,5-T 30	 0.7 14

2,4,5-T 100	 0.296

picloram 1	 0.000

picloram3	 1.161

picloram 10	 2.259

picloram 30	 1.593

picloram 100	 1.100

dicamba 1	 0.000

dicamba 3	 0.767

dicamba 10	 1.103

dicamba 30	 1.963

dicamba 100	 1.333
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11.1 b Effect of 4 auxins for each concentration tested on callus production.

Concentration 3 .tM

Source	 df	 Sum of Squares Mean Square F-Value P-Value

Auxins	 3	 2.402	 0.801	 2.006	 0.1176

Residual	 105	 41.910	 0.399

Fisher's Protected LSD

Effect: Auxins

Dependent: concentration 3

Significance level: 0.05

Mean

dicamba	 0.630	 a

2,4-D	 0.643	 a

2,4,5-T	 0.74 1	 a b

picloram	 1.000	 b

Concentration 10 M

Source	 df	 Sum of Squares Mean Square F-Value P-Value

3	 40.019	 13.340	 24.866 0.0001

105	 56.329	 0.536

Fisher's Protected LSD

Effect: Auxins

Dependent: concentration 10

Significance level: 0.05

Mean

2,4-D	 0.679	 a

2,4,5-T	 0.74 1	 a

dicamba	 1.037	 a

picloram	 2.185	 b

Concentration 30 jiM

Source	 df	 Sum of Squares Mean Square F-Value P-Value

Auxins	 3	 24.311	 8.104	 13.769 0.0001

Residual	 105	 61.799	 0.589
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Fisher's Protected LSD

Effect: Auxins

Dependent: concentration 30

Significance level: 0.05

Mean

2,4,5-T	 0.667	 a

2,4-D	 1.143	 b

picloram	 1.593	 c

dicamba	 1.926	 c

Concentration 100 iM

Source	 df	 Sum of Squares Mean Square F-Value P-Value

Auxins	 3	 35.704	 11.901	 21.189 0.0001

Residual	 105	 58.975	 0.562

Fisher's Protected LSD

Effect: Auxins

Dependent: concentration 100

Significance level: 0.05

Mean

2,4,5-T	 0.296	 a

picloram	 1.000	 b

dicamba	 1.222	 b

2,4-D	 1.893	 c

11.2 Effect of 3 cytokinins (2iP, BAP, KIN) on callus induction (transforiffed

data)

Source	 df	 Sum of squares Mean Square F-Value P-Value

Cytokinins	 2	 0.391	 0.195	 0.369	 0.6915

Concentrations	 3	 0.689	 0.230	 0.434	 0.7286

Cyt. * concent.	 6	 3.723	 0.620	 1.173	 0.32 14

Residual	 228	 120.564	 0.529

Dependent: Callus induction
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Fisher's Protected LSD

Effect: Cytokinins

Dependent: callus induction

Significance level: 0.05

Mean

KIN	 0.432	 a

BAP	 0.471	 a

2iP	 0.530	 a

None were significantly different at this level.

11.3 Effects of NAA and IBA on secondary rooting production with or

without trimming of the primary root.

Source	 df Sum of squares Mean Square F-Value P-Value

Trimming	 1	 442.514	 442.514	 4.99E2	 0.0001

Auxins	 9	 219.857	 24.429	 27.564	 0.0001

Trimming*Aux	 9	 129.771	 14.419	 16.269	 0.0001

Residual	 260	 230.429	 0.886

Dependent: number of roots.

Fisher's Protected LSD

Effect: Auxins

Dependent: number of roots

Significance level: 0.05

Mean

NAAO	 2.000 a

IBAO	 2.000 a

IBA 0.05	 2.143 a b

NAA 0.05	 2.500	 b c

NAA 5.4	 2.750	 c

NAA 0.5	 3.393	 d

NAA 2.7	 3.464	 d

IBA 5.4	 3.7 86	 d e

IBA 0.5	 3.964	 e

IBA2.7	 4.714	 f
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T=Trimmed

I = Intact

Means Table

Effect: Auxins * Trimming

Denendent: number of roots

TINAA 0

T/NAA 0.05

TINAA 0.5

T/NAA 2.7

TINAA5.4

TIIBAO

TuBA 0.05

TIIBAO.5

TuBA 2.7

TuBA 5.4

I/NAA 0

I/NAA 0.05

L'NAA 0.5

IJNAA 2.7

I1NAA 5.4

IIIBAO

IIJBA 0.05

JJIBAO.5

IIIBA2.7

JJIBA5.4

Mean

2.57 1

3.429

4.357

4.786

3.7 14

2.57 1

2.857

6.35 1

7.286

5.357

1.429

1.57 1

2.429

2.143

1.786

1.429

1.429

1.57 1

2.143

2.214

Std. Dev

1.016

0.852

1.008

1.188

0.994

1.016

0.949

1.277

1.490

1.393

0.646

0.756

0.756

0.5 35

0.802

0.646

0.5 14

0.756

0.770

0.699

Std Error

0.272

0.228

0.269

0.318

0.266

0.272

0.254

0.341

0.398

0.372

0.173

0.202

0.202

0.143

0.214

0.173

0.137

0.202

0.206

0.187

11.4 Effect of root system type on microplants survival during weaning

(transformed data)

Source	 df Sum of Squares Mean Square F-Value P-value

Root type	 2	 25.296	 12.648 32.700 0.0001

Time	 4	 20.385	 5.096 13.176 0.0001

Interaction	 8	 2.169	 0.271	 0.701	 0.6909

Residual	 1935	 748.424	 0.387

Dependent: Weaning success
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Fisher's Protected LSD

Effect: Root type

Dependent: Weaning success

Significance level: 0.05

Mean

Ri	 1.083	 a

R2	 1.303	 b

R3	 1.341	 b

11.5 Effect of stem type on microplants survival during weaning

(transformed data)

Source	 df Sum of Squares Mean Square F-Value P-value

Stem type	 2	 199.450	 99.725 3.95E2 0.0001

Time	 5	 92.536	 18.507 73.251 0.0001

Interaction	 10	 49.740	 4.974	 19.687 0.0001

Residual	 1062	 268.317	 0.253

Dependent: Weaning success

Fisher's Protected LSD

Effect: Stem type

Dependent: Weaning success

Significance level: 0.05

Mean

Si	 0.445	 a

S2	 1.113	 b

S3	 1.484	 c

All were significantly different at this level.

11.6 Effect of four growth substrates mixtures on microplants survival

during weaning (transformed data)

Source	 df Sum of Squares Mean Square F-Value P-value

Substrate	 3	 32.441	 10.814 30.907 0.0001

Time	 5	 18.551	 3.710 10.605 0.0001

Interaction	 15	 7.089	 0.473	 1.351	 0.1660

Residual	 696	 243.513	 0.350

Dependent: Weaning success
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Fisher's Protected LSD

Effect: Growth substrate

Dependent: Weaning success

Significance level: 0.05

Mean

Treatment 4 0.934	 a

Treatment 1	 1.126	 b

Treatment 2	 1.414	 c

Treatment 3	 1.449	 c

12 RAPD FIGURES.

The following figures (Figure 13.1 to 13.10) shows typical RAPD

profiles obtained during this study.
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Figure 13.1 RAPD profiles obtained with the primer B12.

Lane 1: IKL Lane 2: TDT. Lane 3: SYL. Lane 4: BFGM. Lane 5: BST.

Lane 6: BRH. Lane 7: BSK. Lane 8: BFG. Lane 9: AGL. Lane 10: JHL.

Lane 11: NP3. Lane 12: M. (Refer to Table 9.1 for the full names of

accessions).

Lane M-lKb ladder size marker (BRL).

Arrows indicate the bands scored and used in RAPD analysis.
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Figure 13.2 RAPD profiles obtained with the primer BOl.

Lane 1: IKL. Lane 2: TDT. Lane 3: SYL. Lane 4: BFGM. Lane 5: BST.

Lane 6: BRH. Lane 7: BSK. Lane 8: BFG. Lane 9: AGL. Lane 10: JHL

Lane 11: NP3. Lane 12: M. (Refer to Table 9.1 for the full names of

accessions).

Lane M- 1Kb ladder size marker (BRL).

Arrows indicate the bands scored and used in RAPD analysis.
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Figure 13.3 RAPD profiles obtained with the primer B07.

Lane 1: IKL. Lane 2: TDT. Lane 3: SYL. Lane 4: BFGM. Lane 5: BST.

Lane 6: BRH. Lane 7: BSK. Lane 8: BFG. Lane 9: AOL. Lane 10: JHL.

Lane 11: NP3. Lane 12: M. (Refer to Table 9.1 for the full names of

accessions).

Lane M-lKb ladder size marker (BRL).

Arrows indicate the bands scored and used in RAPD analysis.
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Figure 13.4 RAPD profiles obtained with the primer F20.

Lane 1: IKL. Lane 2: TDT. Lane 3: SYL. Lane 4: BFGM. Lane 5: BST.

Lane 6: BRH. Lane 7: BSK. Lane 8: BFG. Lane 9: AGL. Lane 10: JHL.

Lane 11: NP3. Lane 12: M. (Refer to Table 9.1 for the full names of

accessions).

Lane M-lKb ladder size marker (BRL).

Arrows indicate the bands scored and used in RAPD analysis.
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Figure 13.5 RAPD profiles obtained with the primer Ill.

Lane 1: IKL Lane 2: TDT. Lane 3: SYL. Lane 4: BFGM. Lane 5: BST.

Lane 6: BRH. Lane 7: BSK. Lane 8: BFG. Lane 9: AGL. Lane 10: JHL.

Lane 11: NP3. Lane 12: M. (Refer to Table 9.1 for the full names of

accessions).

Lane M-lKb ladder size marker (BRL).

Arrows indicate the bands scored and used in RAPD analysis.
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Figure 13.6 RAPD profiles obtained with the primer C20.

Lane 1: IKL. Lane 2: TDT. Lane 3: SYL. Lane 4: BFGM. Lane 5: BST.

Lane 6: BRH. Lane 7: BSK. Lane 8: BFG. Lane 9: AGL. Lane 10: JHL.

Lane 11: NP3. Lane 12: M. (Refer to Table 9.1 for the full names of

accessions).

Lane M- 1Kb ladder size marker (BRL).

Arrows indicate the bands scored and used in RAPD analysis.
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Figure 13.8 RAPD profiles obtained with the primer W36.

Lane 1: IKL. Lane 2: TDT. Lane 3: SYL. Lane 4: BFGM. Lane 5: BST.

Lane 6: BRH. Lane 7: BSK. Lane 8: BFG. Lane 9: AGL. Lane 10: JHL.

Lane 11: NP3. Lane 12: M. (Refer to Table 9.1 for the full names of

accessions).

Lane M-lKb ladder size marker (BRL).

Arrows indicate the bands scored and used in RAPD analysis.
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Figure 13.9 RAPD profiles obtained with the primer W52.

Lane 1: IKL. Lane 2: TDT. Lane 3: SYL. Lane 4: BFGM. Lane 5: BST.

Lane 6: BRH. Lane 7: BSK. Lane 8: BFG. Lane 9: AOL. Lane 10: JHL.

Lane 11: NP3. Lane 12: M. (Refer to Table 9.1 for the full names of

accessions).

Lane M-lKb ladder size marker (BRL).

Arrows indicate the bands scored and used in RAPD analysis.
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A Rapid and Efficient Method for the Extraction
of Total DNA from Mature Leaves of the Date

Palm (Phoenix dactylifera L.)

Key Words: date palm, Phoenix dactylifera L, DNA extraction, CTAB precipita-
tion.

Abstract: A method is presented for the rapid isolation of high-molecular-weight
DNA from mature leaves of date palm (Phoenix dactylifera L.), using a CTAB-
based buffer.The method yields up to 800 ig of DNA from 1 g of leaf tissues. The
procedure was also suitable for DNA extraction from callus or buds from tissue
culture. The DNA obtained through this method was a good substrate for at least
seventeen restriction endonucleases. This method was also uced to extract DNA
from mature leaves of coconut and may he applicable to other species of palms.

T

he date palm (Phoenix dactylifera) is a monocotyledonous woody
perennial belonging to the Arecaccac Family, which comprises
200 genera and more than 2500 species (Moore, 1973). Date palm

breeding has relied and continues to rely on traditional methods. Ad-
vances in selection for agronomically important traits, such as fruit
quality or disease resistance, have been slow due to the long generation
time: the first flowers do not appear until alter three to live years of
growth. Genetic engineering and molecular markers have not been used
so far for the improvement of the date palm, hut are likely to play an
important role in the future development of the crop. DNA fingerprint-
ing using RAPD and RFLI' is a powerful method to analyse genetic
variation in plants for improvement of agricultural spccies (Bcckmann
and Soller, 1986; Soller and Beckmann, 1983; Welsh and McClclland,
1990; Williams Ct al., 1990). These methods require DNA that can serve
as a good substrate for restriction enzymes and DNA polymerases. It is
also advantageous that the DNA be purified using a rapid and simple
procedure to facilitate analyses from a large number of samples. Extrac-
tion of DNA with phenol and precipitation with ethanol does not always
eliminate the various contaminants that might interfere with the restric-
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tion of the DNA with endonucleases. CsCI gradient centrifugation
(Murray and Thompson, 1980) is a preferred supplementary step; this,
however, is a long procedure and not suitable for processing a large
number of samples.

Our attempts to use the general method of Dellaporta et al. (1983) or
Murray and Thompson (1980) for the isolation of total DNA from leaves
were not successful. In the first method the DNA could not be digested
because of the presence of contaminants (polysaccharides and polyphe-
nolics), and in the second method the DNA became degraded during the
steps required for density gradient centrilugation.

Here we describe the extraction of DNA from fresh tissues based on
a modification of a combination of methods using CTAB precipitation
(Murray and Thompson, 1980; Saghai-Maroof et al., 1984; Webb and
Knapp, 1990). The major modifications were increased CTAB concentra-
tion, a single extraction with chioroform-isoamyl alcohol, and an addi-
tional precipitation of DNA with sodium acetate and ethanol.

Procedure

Leaf tissues from adult palms can be harvested at any season of the
year. Leaf tissue (1 g) was cut into small pieces and frozen in liquid
nitrogen. The frozen tissue was then ground to a fine powder using a
mortar and pestle prechilled with liquid nitrogen. Since the Icavesof date
palm are very fibrous, it was necessary to assist grinding with the
addition olacid-washcd sand or glass powder (crushed Pasteur pipette).
Still frozen, the powdered tissue was homogenised in 7 mL of DNA
extraction buffer (1 .4 M NaCI, 20 mM EDTA, 100mM tris HCJ pH 8.0,3%
tv/v CTAB, 1% v/v 2-niercaptocthanol) and incubated at 65°C for 30
miii. This mixture was then extracted with an equal volume of chloro-
form-isoamyl alcohol (24:1), and the DNA in the aqueous phase precipi-
tated with an equal volume of isopropanol. The DNA was pelleted by
centrifugation, washed with 70%(v/v) ethanol and dissolved in 3 mL of
TE buffer (10mM tris, 1 mM EDTA, p1-1 8.0). The DNA solution was then
treated with RNasc (10 j.ig/mL at 3PC for 30 mm), re-precipitated with
7.5 mL ethanol-0.3 M sodium acetate and dissolved in 1 ml of TE buffer.

The yield ranged from 600 to 800 ig of DNA per g of fresh tissue.
Agarose gel electrophoresis confirmed that the DNA was of high mo-
lecular weight as compared to undigested X DNA, with no degradation
or contaminating RNA. The extracted DNA was completely digested
with all the seventeen restriction endonucleases tested: Eco RI, Eco RV,
Ba,,, lit, Egi It, CIa I, l-lae 1, Ii ha 1, Hind III, Kpn 1, Pvu I, Psi I, Sal 1, Sma I,
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Sau 3A, Sst I, Xba I, Xho I, and was successfully used in RFLP and RAPD
analysis (manuscript in preparation).

Comparing the quality of date palm DNA obtained with those using
various other extraction procedures, we found that the modifications
described above were essential for obtaining DNA of a quality suitable
for the analyses mentioned above. Secondly, because the procedure was
fast, it was also suitable for processing DNA from a large number of
individuals.

The same procedure was used successfully to extract DNA from callus
and axillary buds obtained by tissue culture of date palm. We have
obtained similar results with adult coconut leaves, and it is likely that the
procedure will also prove useful for the extraction of DNA from other
species of palms %vith inherently fibrous tissues.

Mustapha Aitchitt, Charles. C. Ainsworth,
and Madan Thangaz'elu

Department of I3iochcmistry and Biological Sciences
Wye College University of London

Wyc, Ash ford, Kent TN25 5AH, England
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