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YUKSEK LISANS TEZI
DURUM BUGDAYI (Triticum durum) VE BUNUN YABANI AKRABALARINDAN
Aegilops spp.’NIN RUS BUGDAY AFIDI [(Diurophis noxia (Mordvilko)

(Homoptera: Aphididae)] NE KARSI DAYANIKLILIGI ve RUS BUGDAY APHIDI ?
NIN RAPD DNA ANALIZI ILE GENETIK VARYASYONUN BELIRLENMESI

Mohammed Izzat GHANNOUM

CUKUROVA UNIVERSITESI
FEN BILIMLER{ ENSTITUSU
BITKI KORUMA ANABILIM DALI

Danigman : Prof. Dr. Serpil KORNOSOR
Yil : 1998 Sayfa: 73
Jurn : Prof.Dr. Nedim UYGUN

Dr. Miloudi NACHIT

Dr. Moustapha EL. BOUHSSINI

Bu ¢alijma Durum bugday: ve bunun yabani akrabalarindan Aegilops tiirlerinin,
Diinyauin bir ¢ok iilkesinde hububatin 6nemli zararhsi olan Rus Bugday Afidi
[(Diuraphis noxia (Mordvilko) (Homoptera:Aphididae)’ne karsi dayamkliligimn
belirlenmesi amact ile gergeklestirilmigtir. Aym zamanda farkh tlkelerden getirtilen Rus
Bugday Afidi’nin RAPD DNA analiz ile genetik varyasyonlan belirlenmistir.

Caliyma sonucunda dayamklihifin antibiosis, antixenosis ve tolerans
mekanizmalarinda genotipler arasinda 6nemli farkliliklarin oldugu ortaya konulmustur.
Rus Bugday Afidi RAPD DNA analizi ile % 75 benzerlik serisinde 9 genetik gruba

aynilabilecegi bulunmustur.

Anahtar Kelimeler  : Bugday, Diuraphis noxia ,dayaniklhlik, genetik varyasyon
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ABSTRACT
M.Sc. THESIS

SOURCES OF RESISTANCE IN DURUM WHEAT (Triticum durum)
AND ITS WILD RELATIVES Aegilops spp. TO RUSSIAN WHEAT APHID
[Diuraphis noxia (Mordvilko)(Homoptera:Aphididae)]

AND USE OF RANDOM AMPLIFIED POLYMORPHIC
DNA (RAPD) ANALYSIS TO DETECT GENETIC VARIABILITY IN RWA

Mohammed Izzat GHANNOUM

DEPARTMENT OF PLANT PROTECTION
INSTITUTE OF NATURAL AND APPLIED SCIENCES
UNIVERSITY OF CUKUROVA

Supervisors: Prof.Dr. Serpil KORNOSOR
Year :1998, Pages: 73

Jury: Prof.Dr. Nedim UYGUN
Dr. M. Miloudi NACHIT
Dr. Moustapha EL BOUHSSINI

This study was carried out to identify sources of resistance and mode of resistance in

durum wheat and its wild relatives Aegilops spp. to Russian wheat aphid [Diuraphis noxia
(Mordvilko) (Homoptera:Aphididae)], one of the most serious pest of cereals in several parts
of the world, and to study the genetic variability in RWA populations from different countries
using Random Amplified Polymorphic DNA (RAPD) analysis to detect genetic variability in

RWA.

The results of the study showed significant differences among genotypes at the three

mechanisms of resistance measurement antibiosis, antixenosis, and tolerance. Based on RAPD

analysis of RWA, all the populations could be classified in to nine genetic groups at 75 percent

similarity levels.

Key words : Durum wheat, Diuraphis noxia, resistance, genetic variation.
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1. INTRODUCTION

Durum wheat covers 10% of the total wheat area in the world. About 50% of this area
is in the developing countries. Ninety percent of the world’s durum wheat area is found in the
Mediterranean region (Nachit, 1992). Durum is a traditional crop in the region; its grain is used
for several end products, e.g., pasta, couscous, burgul, and frike (roasted green wheat), and in
some areas is preferred for home bread-making. High and stable yielding germplasm with stress
resistance and good grain quality is the main objective of the CIMMYTand ICARDA joint
durum wheat breeding program. Several biotic stresses limit durum wheat production in the
region, of which Russian Wheat Aphid, (RWA) Diuraphis noxia Mordvilko, is an important
one. This insect is one of the most important insect pest of Cereals in many parts of the world
particularly in the dry areas. RWA originally collected from the Caucusus region, and then has
been reported in USA, Chile, Iran, Canada, Ethiopia, Australia, China and most countries
bordering the Mediterranean.

RWA feeds on new growth especially at the base of the new leaves, causes longitudinal
chlorotic streaks, spike deformation, convolute leaf rolling and stunting in the host plant
(Gilchrist et al., 1984). This results in lower grain yield and poor grain quality. RWA injects
phytotoxins during feeding. These phytotoxins causes breakdowns of chloroplast (Fouche et
al., 1984). RWA has been reported as a vector of viruses in South Africa, spreading barley

yellow dwarf, brome mosaic, and barley stripe mosaic (Von Wechmar et al., 1991).

1
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RWA often causes economic losses in cereals in the absence of control measures. Miller
and Haile (1988) reported 41 to 71% yield loss in barley and 60% yield loss in wheat from
small plots in Ethiopia. Yield losses between 35 and 60% have been reported in South African
wheat tests (Du Toit and Walters, 1984). Aalbersberg et al (1989) reported 21 to 92% yield
loss in wheat in South Africa. Economic losses from the RWA in the United States were more
than 200 million US$ (Burd et al., 1993). Insecticides are not generally effective in controlling
RWA, because of the insect’s habit of secluding itself within the rolled leaves.

Host plant resistance offers one of the few economical control methods that could reduce
yield losses due to feeding by RWA. Since 1984, increasing efforts have been made to find
sources of resistance to this pest in wheat and barley germplasm. Butts & Pakendorf (1984) and
Du Toit & Van Niekerk (1985) demonstrated that potential RWA resistance exists in the
ancestral wheat species Triticum monococcum, T. timopheevi, T. dicoccoides, and Aegilops
squarrosa. Resistance to RWA has also been identified in 7. aestivum lines in the ex USSR.
Three resistant bread wheat lines PI 137739, PI 262660, and P1 294994 were identified in
South Africa in 1986 (Du Toit, 1987 ; 1988). Webster .et al. (1993) and Mornhinweg et al.
(1995) identified RWA resistant barley genotypes. Kindler & Springer (1991) reported
resistance among wild hordeum species. So far, no resistance to RWA has been identified in
durum wheat (Nachit, Pers. Comm.).

Evolution of new biotypes in RWA is one of the major concern when developing host plant
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resistance. Populations within an insect species that have the ability to damage plant entries
normally resistant to that insect are considered as a new biotype (Puterka and Burton, 1991).
This phenomenon commonly occurs when aphids are managed with host plant resistance.
Differences among the individual insects in survival caused by the host plant resistance result
in natural selection. If the insect populations harbor genetic variability that circumvent control
measures, then evolution of virulent biotypes is virtually inevitable. Therefore, an understanding
of the genetic variability among populations is an essential step in identification and deployment
of suitable resistance genes. Although a variety of genetic markers can be used to study
variability in insect populations (Via, 1990; Munstermann and Conn, 1997), few have been
definitive for RWA. For example, Puterka et al. (1993) found that isozyme profiles of RWA
populations differ little among populations. On the other hand, they found that PCR-based
technique namely, Random Amplified Polymorphic DNA (RAPD) can be efficiently used to
detect genetic variability among geographically diverse populations of RWA. The objectives
of this study were to:

1 -Identify sources of resistance in durum wheat and their wild relatives and determine the

mechanisms in these identified sources.
2 -study genetic variability in RWA populations from Lebanon, Syria, Morocco, and

USA, using a PCR-based method namely, Random Amplified Polymorphic DNA

(RAPD) analysis.
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2. LITERATURE REVIEW
2.1. Description

RWA is a small (less than 2.3 mm), spindle-shaped aphid, pale yellow-green to grey-
green in color with a dusting of fine mealy wax (Stoetzel, 1987). The antennae are short anc
the cornicles are vestigial. A supra caudal process on the eighth abdominal tergite ir
combination with the cauda gives a characteristic “forked tail” appearance when viewed from
the side. RWA is probably the most easily identified aphid in small grains because of its unique
shape as well as the symptoms it produces on the plants. Scouting for plant damage symptom:
is the easiest method to detect RWA in the field. Damage appears as white to reddish streak:
running the length of the leaves, which may be tightly rolled. Plants are usually stunted. Th:
aphid most easily confused with RWA is the greenbug, Schizaphis graminum (Rondani). This
species is similar in color to RWA, but has cornicles present and may have a dark green strip:
running the length of its back. However, this characteristic is lacking in some biotypes of th:
greenbug. Greenbug damage appears as generalized red or yellow areas on the leaf where it
feeding has destroyed the chlorophyll. Greenbug tends to feed on the upper surface of the leaf
anywhere along its length, and doesn’t cause leaf rolling, whereas RWA tend to feed at the bas:

of the youngest leaf or within curled leaves prior to heading.
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2.2. Distribution

Reports of-a serious aphid pest of field crops in the southern Caucasus are found in
Russian publications dated before 1900. This aphid was identified by Mordvilko and named
Brachycolus korrotnewi in 1900. In 1912, Kurdjumov recognized that the “barley aphid” was
a different species, which he named B. noxius. Subsequently, the genus was renamed Diuraphis
(Aizenberg). Several other synonyms exist (Stoetzel, 1987).

Kovalev et al. (1991) detailed the history of D. noxia’s spread in Russia beyond its
primary range within the Iran-Turkestan mountains. One of the first reports on the pest status
of RWA outside this range was Alfaro (1947), who documented it as a pest of wheat (Triticum
aestivum L.), and barley (Hordeum vulgare L.), in Spain. There were few reports from thereon
until the aphid suddenly appeared as a serious pest of wheat in South Africa in 1978 (Walters
et al., 1980). and reached United State in 1987 (Webster et al., 1987). It reached Chile in 1987
(Zerene et al., 1988) and Canada in 1988 (Morrison, 1988). Its distribution also includes
Ethiopia (Haile and Megenasa, 1987), the Middle East, Central Asia, North Africa, southern
Europe (Blackman and Eastop, 1984), and areas as far east as Xinjiang Autonomous Region
in northwestern China (Zhang, 1991). Hughes and Maywad (1990) using the CLIMEX
computer model showed the potential areas of spread by this pest and the already infested

areas.
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Distribution

1912 Russian
1947 Spain

1978 N. Africa

1981 Mexico

1984 Middle East |7

1986 USA o

1987 Chile

1987 Ethiopia

:98$ :’:anada Delinated areas with recorded occurrences of the aphid.
1331 (';?,'i;,a @ Aphid recorded, but not included in a delineated area.
1992 Austratia Aphid not recorded, bul conditions considered favorable.

Figure 1. Areas of the world delinated by the CLIMEX model as favorable

for D. noxia.

2.3. Environment

Grossheim (1914) studied the influence of temperature and humidity on the aphid. "he
aphid favors dry, warm conditions, but is able to survive heavy rains(Araya and Fereres, 19¢1),
High temperatures such as those prevailing in Yemen (Erdelen, 1981), and temperature as ow
as -20°C recorded in Alberta (Butts, 1992). The aphids life span was shown to decrease with
increasing temperature from S to 30°C, but nymph production was shown to increase fron 5
to 20°C (Michels and Behle 1988). Nymph production peaks at about four per day, and nay

exceed 70 in a typical lifetime. Aalbersberg et al.(1987) found that high temperatures (aro:nd
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20°C) induced rapid development and early production of offsprings. Webster and Starks
(1987) studied RWA fecundity at three constant temperature regimes, and Kieckhefer and
Elliott(1989) at fluctuating temperatures. Their conclusions were that RWA was capable of
rapid population growth under a range of temperatures likely to be encountered during the
small-grain growing season in states of the western USA. Webster et al. (1993a), comparing
RWA from Stillwater, Oklahoma and Bethlehem, South Africa, established no difference in
fecundity between aphids from the two origins at 15°C, but at 25°C aphids from Stillwater had
lower fecundity and their rate of reproduction peaked sooner than for the aphids from
Bethlehem. Alternating temperatures were suggested to be better for rearing the aphid than
constant temperatures. Aalbersberg et al. (1989) reported logarithmic population build-up of
RWA in the field, in South Africa, and its deleterious effect on wheat yield.

Girma et al. (1990) showed that reproduction on wheat was optimal at the jointing stage.
Girma et al. (1993) found that wheat plants are particularly sensitive to RWA at any growth
stage before heading, even at initial infestations as low as three aphids per plant. Susceptibility
is increased if the plants are also drought stressed (Riedell 1989) or under nitrogen stress
(Riedell 1990). Burd el al. (1993) found that RWA caused a reduction in leaf turgor, which
was closely related to the degree of chlorosis of the leaves. Burd and Burton (1992) reported
that wheat plants rapidly recovered from the effects of infestation after removal of the aphids,

and that duration of infestation was more important than the level of infestation. Baugh and
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Phillips (1991) established a curvilinear relationship between water potential in the host-plant
and alate production. Vernalization was not shown to affect the performance of RWA, but
Thomas and Butts (1990: showed that, in Canada, infestation of winter wheat in the autumn
reduced the crop’s freezing tolerance, and increased the likelihood of winter-killing by severe
cold. Hammon and Peairs (1992) found that RWA overwintered in Colorado on south-facing

slopes of furrow-irrigatec fields.

2.4, Feeding Habits

Typically, the aphid feeds at the bases of newly formed leaves and floral parts of barley
and wheat. It also infest: rye, Scale cereals L.; triticale and a range of grasses (Kindler and
Springer, 1989).

The new leaves of sisceptible plants do not unroll and the spike becomes deformed and
the plant itself stunted (Fobinson, 1992b ; Burd and Burton 1992). It was suggested that a
toxin is introduced into tte plant when RWA feeds, which appears to destroy the chloroplast
membrance and be assocated with development of longitudinal chlorotic streaks (Fouche et
al., 1984), and ensuing reduction in photosynthetic capacity. Von Wechmar and Rybicki (1981)
reported that RWA transnits three plant viruses. On depletion of its food source, and under
adverse environmental corditions, viviparous winged females are produced in the colonies, and

are then borne by the wird to initiate new colonies.
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2.5. Damage and yield losses

RWA is devastating because of its direct injury to cereal plants and the effect of the
phytotoxin it injects during feeding, which causes breakdowns of chloroplasts. Fouche et al.
(1984), found that a reduction of the chlorophyll in infested leaves of up to 85% results in yield
reductions of 25-50%. Kruger and Hewitt (1984), found that if RWA feeding occurs in the flag
leaf, a contorted grain head interfering with head extension and self-pollination results. The
physiological effects of RWA feeding in many ways mimic drought stress, even in the presence
of ample soil moisture, and limit the ability of plants to adjust to soil moisture deficit (Riedell,
1989). Hewitt (1988) reported a 21 to 92% yield loss of wheat in South Africa. In 1988 wheat
production losses in the United States due to RWA damage were 130 million US$
(Anonymous, 1989). By 1989, economic losses from RWA in the United States were more
than 200 million US$ (Burton,1989). In the U.S the cumulative economic loss from 1987
through 1990 attributed to RWA exceeds 657 million US$ with over 70 million US$ being
spent on control, 250 million USS$ in lost production, and 325 million USS$ in additional lost
economic activity to local communities (Massey and Amosson., 1991).

In 1990, 100 U.S. scientists were working on the aphid and 3 million US$ were invested
in their research (Kessler, 1991). Archer and Bynum (1992) reported on economic injury levels
in wheat in Texas, concluding that a yield loss of 0.48% ensued from each 1% of infested

tillers.
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2.6. Control Methods
2.6.1. Chemical Control

Option for chemical management of RWA has been relatively restricted due to the aphid’s
habit of feeding deep within the leaf whorl and rolled leaves. Contact insecticides have not
generally been effective in controlling the aphid, although chlorpyrifos vaporizes is able to
penetrate rolled leaves(Hill and Butts, 1991, Hill et al., 1993). There was an interest in
developing insecticide, Imidaclorprid(NTN), a low-toxicity, broad spectrum, systemic
insecticide with good potential for seed and soil application (Anderson, 1990; Brenchley,
1990). There is the inevitable risk, however, that in using insecticides to control this aphid,
resistance may develop in the aphid. This will increase the difficulty of effective management

in the future.

2.6.2. Biological Control

RWA has become established in countries far from its primary range, without its naturally
occurring biological enemies (Table 1) . There have been collecting expedition to areas where
the aphid appears to be satisfactorily controlled in nature, to collect predatory and parasitoids
(Gonzalez et al.,1990;Mckinnon et al., 1992). Hymenopterous parasitoids, aphidophagous
coccinellids, predatory bugs, and predacious fly and midge larvae have been sought. Robinson

(1992a) documented the principle predators such as the lacewing and parasitoids occur in the
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High Valley of Mexico. Naranjo et al. (1990) researched the biology of Scymnus frontalis (F.)
for its use in the USA to control RWA. Although able to feed within rolled leaves. Many of
the predators and parasitoids native to the area of origin of RWA are also found in countries
where the aphid has become newly established. Stary and Gonzalez (1991) investigated the
possibility of using the parasitoid wasp Diaeretiella rapae (m’Intosh) for RWA control, and
Reed et al. (1992) provided life table for this wasp. In addition to aphidophagous insects, there
is an interest in the use of entomopathogenic fungi for the control of RWA. Feng and Johnson
(1991) and Feng et al.(1991) found that Zoophthora, Conidiobolus, and Pandora, species had
a significant effect on the population build-up of cereal aphids, including RWA. Wang and
Knudsen (1993) studied the effect of Beauveria bassiana (Bals), on the reproduction of RWA
and found that the fungus increased mortality. Wilson et al. (1991) and Clement et al. (1992)

reported that endophytic fungi adversely affect RWA.

Table 1. List of natural enemies of RWA from Syria and other Mediterranean rim countries.

Family Genus / Species Location
Aphidiidae Aphidius colemani Viereck Syria
Braconidae Diaeretiella rapae M’ Intosh Syria

“ Aphidius ervi Haliday Greece

“ Praon sp. Syria, Greece, France

({1

Lysiphlebus ambiguus (Haliday) Greece

11
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Braconidae Aphidius matricariac Haliday Turkey, Greece

“ Aphidius rhopalosiphi D.Perez Turkey, Spain

“ Aphidius uzbekistanicus Luzhetski Greece

“ Aphidius spp. France, Spain

“ Ephedrus plagiator (Nees) Turkey, France

“ Praon gallicum Stary France

“ Praon volucre (Haliday) Turkey, France
Coccinellidae Coccinella sp. Syria

“ Coccinella septempunctata L. Syria
Chamaemyiidae Leucopis sp. Syria
Encyrtidae Aphelinus asychis Walker Turkey
Encyrtidae Aphelinus nr. Varipes Turkey, France, Creece
Encyrtidae Aphelinus spp. France
Syrphidae Syrphus sp. Syria

12
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2.6.3. Host Plant Resistance

Wheat , l{a{lley and triticale are the preferred small-grain hosts (Walters et al., 1980).
Kindler and Springer (1989) found that jointed goatgrass (Zriticum cylindricumi was the most
suitable host, followed by barley, European dunegrass (Elymus arenarius L. ) and little barley
(Hordeum pusillum Nutt.). Webster et al. (1987) found that Russian wheat aphids could
damage other cereal grains including oats (Avena sativaL.) and rye (Secale cereale L.) as
well as kentucky bluegrass (Poa pratensis L.) and perennial ryegrass (Lolium perenne L.).
They also reported that Russian wheat aphids caused little damage to corn (Zea mays L.),
sorghum (Sorghum bicolor L.), pearl millet (Pennisetum americanum K.) , tall fescue (Festuca
arundinacea Schreber.), and bermuda grass (Cyrodon dactylon L.).

Host plant resistance offers one of the few economical control methods that could reduce
yield losses due to feeding by RWA. Since 1984, increasing efforts have been made to find
sources of resistance to this pest in wheat and barley germplasm. Butts and Pakendorf (1984);
Du Toit and Van Niekerk (1985) demonstrated that potential RWA resistance exists in the
ancestral wheat species Triticurn monococcum, 1. timopheevi, T. dicoccoides, and Aegilops
squarrosa. Resistance to RWA has also been identified in 7. aestivum lines from Soviet Union.
Two resistant bread wheat lines PI 137739, PI 262660 and PI 294994 were identified in South

Africa in 1986 (Du Toit, 1987 ; 1988). Webster .et al., (1993b) and Mornhinweg et al. (1995)
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identified RWA resistant barley genotypes. Kindler and Springer (1991) reported resistance
among wild Hordeum species. So far, no resistance to RWA has been identified in durum

wheat.

2.7. Genetic variability in insect population

Genetic variation in insect population provides a means of identifying the origin of newly
introduced populations (Tomiuk et al., 1979; Singh and Cunningham, 1981; Loxdale et al.,
1983). Identifying the breeding structure of the introduced insect species is necessary to
understand and monitor genetic changes that occur as populations adapt to new regions
(Puterka et al., 1993). The use of allozymes as genetic markers to study the breeding structure
of insect populations began in the late 1950s and continues to be widely applied.

However, there are a number of insect groups for which surveys have found little or no
electrophoretically detectable genetic variation. Low allozyme variability is notable throughout
the Hymenoptera (Graur, 1985). and in the Aphididae (Homoptera). Apparent low genetic
variability in the Hymenoptera has been attributed to deleterious and lethal recessive being
exposed directly to selection in the haploid male. Very few polymorphic loci have been detected
in the pea aphid, Acyrthosiphon pisum (Harris) (Suomalainen et al., 1980; Simon et al., 1982);

the rose aphid, Macrosiphum rosae (Linnaeus) (Tommiuk & Wohrmann, 1984); the English
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grain aphid, Sitobion avenae (Fabricus) (Loxdale et al., 1985a,b); the birdcherry-oat aphid,
Rhopalosiphuni " padi (Linnaeus) (Loxadale & Brookes, 1988); the corn leaf aphid,
Rhopalosiphum maidis (Fitch) (Steiner et al., 1985a); the green peach aphid Myzus persicae
(Sulzer) (May & Holbrook, 1978; Wool et al., 1978; Brookes & Loxadale, 1978); or in the
greenbug, Schizaphis graminum (Rondani) (Steiner et al., 1985b; Beregovy & Starks, 1986;
Abid et al., 1989). The low level of allozyme variation found in the Aphididae have not been
explained , although low variability is found generally in cyclical thelytokous species (Nevo et
al., 1984).

Very little genetic variability revealed by allozyme electrophoresis limit the use of this
technique in studying genetic variability of aphid population. During last decade, several
molecular marker systems have been developed which can detect genetic variation directly at
DNA level (Via, 1990; Munstermamn and Conn, 1997). One such technique is Restriction
Fragment Length Polymorphism (RFLP). Substantially more genetic variation has been
detected with this technique in mitochondrial DNA and genomic DNA with multicopy probes
(Carvalho et al., 1991; Shufran et al., 1991). Since middle of last decade, techniques using the
polymerase chain reaction (PCR) to amplify specific genomic regions have become widespread
(Saiki et al., 1985, 1988; Mullis and Faloona, 1987). Most of these techniques involve using
primers that flank and amplify specific regions of a genome. Recently, Williams et al. (1991)

described the development of a technique that uses a single 10bp primer to amplify arbitrary

15



LITERATURE REVIEW MOHAMED IZZAT GHANNOUM

regions of a genome PCR. The polymorphism at these arbitrary regions is termed as Random
Amplified Polymorphic DNAs (RAPDs). RAPD analysis is technically simple, fast, large
number of samples can be handled in a short period of time and requires only small quantities
of DNA. Using this analysis, they demonstrated that the RAPD process reveals polymorphisms
in the genomes of wide variety of different species. Some of these regions are repetitive,
whereas others arise from unique. Using RAPD analysis, Black et al. (1992) showed
substantially high level of polymorphism in several aphids and their parasitoids. Subsequently,
in RWA Puterka et al. (1993) showed that RAPDs are much more efficient than isozymes in
detecting genetic polymorphism among populations of USA, South Africa, Mexico, France and

Turkey.
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3. MATERIALS AND METHODS
3.1. Russian Wheat Aphid Rearing

Russian wheat aphid is reared in a greenhouse maintained at a temperature between 15
and 25 °C, relative humidity of 70% +5% and a photoperiod of 14:10 (L.D). The greenhouse
is located at Tel Hadya ICARDA’s headquarters in Syria. Haurani, a local susceptible wheat
cultivar, was used as the host for rearing the aphid. It was grown in plastic pots 17 cm
diameters in a soil mixture (soil: peat:sand, 2:1:1). Seeds of wheat were sown in hills around
the edge of each pot at the rate of approximately 15 seeds per pot, and kept on a metal table
(1m x 3m) which is caged (1mx1mx1m) with fine mesh on a metal frame. Pots were watered
twice per week. The Russian wheat aphid was harvested from stock colonies and used to infest
plants in both the greenhouse and the field experiments. RWA colonies were allowed to
develop for three weeks until they started to reproduce. The aphids were shaken off the leaves
onto large paper sheets with talcum powder. When needed, they were transferred to the field

in a cooling box.

3.2. Initial Evaluation
3.2.1. Field evaluation
Plant materials for testing were sown at Tel Hadya farm, on late November. Seeds were

planted in hill plots five seeds per hill and S0 cm apart. 144 Advanced durum genotypes with
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crosses made between durum and its wild relatives developed in the CIMMYT/ICARDA
durum breeding program (Nachit, 1994) were planted using a Lattice design, and the 72 lines
of advanced durum wheat lines were planted using RCB experimental design. Plants were
infested at GS 11 with 50 to 60 insects per hill in two applications, using an aphid’s pazoka,
corresponding to about 10 aphids per plant. Scoring was done three times during the season,
at tillering (GS 20), jointing (GS 30), and post-heading (GS 60), using an ascending damage
rating scale described by Du Toit (1987), from one to six, where 1 = Small isolated chlorotic
spots on the leaves; 2 = Larger chlorotic spots on the leaves; 3 = Chlorotic spots tend to
become streaky, 4 = Mild streaks visible and leaves tend to roll lengthwise; 5 = Prominent
white / yellow streaks present, leaves tightly rolled; 6 = Severe white / yellow streaks, leaves

tightly rolled and start to die.

3.2.2. Greenhouse evaluation

The same germplasm was planted in a plastic house at ICARDA, and the same
infestation and evaluation procedure for the field test was used, except that only two aphids

per plant were used.

3.2.3. Advanced evaluation

After the initial evaluation, those accessions that showed low level of infestation were

selected for advanced evaluation. Ten replications of each entry, including the susceptible
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control were seeded in flats, using a randomized complete-block design. Five seeds were
planted per hill, and upon emergence the number of plants was thinned to three. The evaluation
procedure was the same as described above. All data from previous experiments were analyzed

using MSTAT-C(Michigan State University Version 1.42).

3.3. Mechanisms of resistance

The entries that showed good level of resistance (score<3 in Du toit scale), were
studied for mechanisms of resistance. These lines are the following:
1- Aegilops biuncialis 400004.
2- Haucan/Aeg. 400020//omtel-1/3/omlahn DPT96 314.
3- RSP car DPT96 204.
4- Aegilops ovata 401650.
5- Aegilops ovata 401650.

6- Susceptible check (Korifla).

3.3.1 Antibiosis

Five seeds of each genotype were sown in a standard greenhouse soil mixture in plastic
pots (17 cm in diameter). An RCB design was used with 10 replications. After emergence,
plants were thinned to one seedling per pot. At one leaf stage, each individual leaf seedling was

infested by five adult aphids from the plastic house culture. The plants were covered with a
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plastic cage (15 cm in diameter by 30 cm high) with a cloth screen top and screened ventilation
holes on sides. Plants and aphids were observed daily, and the adults removed shortly after five
nymphs were present. The nymphs were held on the test plant until they matured and began to
reproduce. At this time all the aphids, but one were removed from the plant, and the number

of nymphs recorded daily until the adults stopped reproducing.

3.3.2. Antixenosis

In this test, the genotypes were planted in standard greenhouse soil mixture in plastic pots
(17 cm in diameter). Three seeds of each of the six genotypes were planted on the edge of
pots, and thinned to one plant per genotype. The experimental design used was an RCB with
10 replications. At one leaf stage when plants were 5-6 cm high, 60 adult apterous aphids
were released in the center of each pot. The number of aphids per plant was recorded at 24, 48

and 72h intervals.

3.3.3. Tolerance

Three seeds from each entry were planted in a plastic pot. Upon emergence, seedlings
were thinned to one per pot. Plant height from the soil surface of a seedling was recorded
before infestation, and plants with similar heights were paired together. For each pair, each

plant was infested with ten apterous adult aphids of various ages, and the other plant served
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as a control. All plants were covered with ventilated plastic cages (15 cm in diameter and 35
cm long). The expérimental design was a randomized complete block with three replications.
Plants were monitored at 48 h intervals. Aphids were removed or added to maintain the level
of 10 adults per plant, and the experiment was terminated 21 days after infestation. Plant height
was recorded for both infested and control plants. Damage rates were assigned to infested
plants using DuToit scale. The infested and control plants were cut at soil level, oven-dried

(70-75°C) for three days, and then weighed.

3.4. Genetic variability
3.4.1. Sampling of populations

The RWA used for this study were collected from wheat and barley from 4 countries. Six
populations were collected from 6 locations in Lebanon, Ryak, Ayat, Kfar Dan, Tal Amara,
Shams Tar and Ghazza, and one population of Rose wheat aphid Metopolophium dirhodum
was collected from Haush Harim, Lebanon. Two populations were collected from Ein Sharqi
and Mosiaf in Syria, and one population was sent from INRA (National Institute of Agricultural
Research, Settat, Morocco). The fourth collection used in this study was from USA, collected
and shipped by Ms. Aparna Telang from Nebraska, USA. All RWA populations were shipped
in 100 % ethyl alcohol. Twenty five aphids from each collection were collected and stored in

deep freezer at -82° C for DNA extraction.

21



MATERIALS AND METHODS MOHAMED IZZAT GHANNOUM

Table 2. Populations of D.noxia and M.dirhodum collected for RAPD analysis

SampleNo. ~ Species Origin/site -
1- D.noxia Nebraska, USA

2- D.noxia Settat, Morocco

3- D.noxia Ryak, Lebanon

4- D.noxia Ayat, Lebanon

5- M.dirhodum Haush Harim, Lebanon
6- D.noxia Kfar Dan, Lebanon

7- D.noxia Tal Amara, Lebanon
8- D.noxia Shams Tar, Lebanon
9- D.noxia | Ghazza, Lebanon

10- D.noxia Ein Sharqi, Syria

11- D.noxia Mosiaf, Syria
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3.4.2. Extraction of DNA

DNA extragction protocol adapted from Weigand et al.(1993), with few modifications. 25
insects per population were bulked to obtain a balanced of conservation and moderately
variable characters for detection by RAPD analysis. The insects, randomly selected from each
population, were ground with 500 ul of ice cold extraction buffer (5 nM ascorbic acid, 1.4 M
NaCl, 20 mM EDTA, 2% cetyltrimethylammonium bromide {CTAB] and 100mM Tris [pH
7.5]) in a microfuge tube using a miniature pestle. Samples were incubated at 57° C for 1 hour.
After the incubation the samples were extracted with one-third volume of chloroform: isoamyl
alcohol mix and centrifuged at 12000 rpm (Effendorf centrifuge) for 15 min to separate phases.
The aqueous phase was collected and 0.1 volume of 5M potassium acetate and 0.66 volumes
of cold, 2-propanol were added. After holding at -20 °C overnight, DNA pellets were obtained
by centrifugation at 14,000 rpm (Effendorf centrifuge) for 15min, rinsed in 70% ethanol, dried
briefly, and subsequently dissolved in 75 pl of 25mM Tris (pH 7.5) buffer overnight at 4 °C.
The isolated DNA was quantified by spectrophotometer (A260nm). The quality of isolated

DNA was tested by agarose gel electrophoresis (Weigand et al., 1993).

3.4.3. RAPD-PCR analysis
Forty two primers (kits C, E and F) obtained from Operon Technologies (Alameda,

California, QUSA), were tested on 11 bulk population. Sequence of these primers are presented
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in Table 3. Only the results of 21 primers which produced well separated and reproducible
banding pattern were scored for polymorphism and analyzed further. DNA amplifications were
performed in 20 pl reaction containing 1x PCR buffer (10 mM Tris-HCI, pH 8.3, 50 mM KCl,
2 mM MgCl, and 0.001% gelatin), 200 uM each of dATP, dTTP, dGTP and dCTP, S
picomoles of a single 10-base primer, 25 ng of genomic DNA, and 0.75 unit of Taqg DNA
polymerase (Bochringer Mannheim, Germany). Amplifications were performed in a
thermocycler (Perkin Elmer, 9600) programmed for 4 min at 94° C; for 40 cycles of 30 sec
each at 94°C, 1 min at 36°C and 2 min at 72°C; and a final extension of 10 min at 72°C. The
reaction mix without template DNA served as control and was electrophoresed along with the
samples. Amplified DNA products were loaded onto 1.5% agarose gels and electrophoresed
in 1x TAE (0.04M Tris-acetate, 0.001M EDTA). Gels were stained with ethidium bromide (0.5
pg/ml of distilled water) and photographed under UV light using Image analyzer (Egal eye,

Stratagene, USA).
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Table 3. Operon primer number and primer sequence used for RAPD analysis

of aphid populations:
Primer | Sequence (5'-3') | Primer | Sequence (5'-3') | Primer | Sequence (5'-3')
no. no. no.
OPC-01 | TTCGAGCCAG OPE-06 | AAGACCCCTC OPF-01 | ACGGATCCTG
OPC-02 | GTGAGGCGTC | OPE-07 | AGATGCAGCC | OPF-02 | GAGGATCCCT
OPC-03 | GGGGGTCTTT OPE-08 | TCACCACGGT OPF-03 | CCTGATCACC
OPC-05 | GATGACCGCC OPE-11 | GAGTCTCAGG | OPF-04 | GGTGATCAGG
OPC-06 | GAACGGACTC OPE-12 | TTATCGCCCC OPF-06 | GGGAATTCGG
OPC-07 | GTCCCGACGA | OPE-13 | CCCGATTCGG OPF-07 | CCGATATCCC
OPC-08 | TGGACCGGTG | OPE-14 | TGCGGCTGAG | OPF-08 | GGGATATCGG
OPC-09 | CTCACCGTCC OPE-15 | ACGCACAACC | OPF-10 | GGAAGCTTGG
OPC-10 | TGTCTGGGTG OPE-17 | CTACTGCCGT OPF-11 | TTGGTACCCC
OPC-11 | AAAGCTGCGG | OPE-18 | GGACTGCAGA | OPF-14 | TGCTGCAGGT
OPC-12 | TGTCATCCCC OPE-19 | ACGGCGTATG | OPF-15 | CCAGTACTCC
OPC-13 | AAGCCTCGTC OPF-16 | GGAGTACTGG
OPC-14 | TGCGTGCTTG OPF-18 | TTCCCGGGTT
OPC-17 | TTCCCCCCAG OPF-20 | GGTCTAGAGG
OPC-18 | TGAGTGGGTG
OPC-20 | ACTTCGCCAC
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3.4.4. Data analysis

The fragment pattern of each sample derived from RAPD analysis was coded in binary
form, i.e., as 1's and O's, representing the presence and absence of each fragment, respectively.
Nei's genetic distance (a dissimilarity index ; Nei, 1972) was computed from the binary data for
all pair-wise combinations of samples. The unweighted pair-group method for the arithmetic
average (UPGMA,; Sneath and Sokal, 1973) and neighbor joining (both mid-point and out-
group) method (NJM,; Saitou and Nei, 1987) were used to estimate phenogram and phylogram,
respectively, on the basis of the distance matrix data. All the data analysis was performed using

the software package NTSYS-pc (Rohif, 1993).
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4. RESULTS AND DISCUSSION
4.1. Mechanisms of Resistance
4.1.1. Initial ami Advanced Screening Tests

Of the 144 accessions of Aegilops and 72 lines of durum wheat screened in the initial

tests, five Aegilops and 14 durum wheat showed resistance to RWA. These five accessions and
14 durum wheat showed various levels of resistance in the advanced screening test based on
the DuToit Scale, the average damage ranged from 2.25 to 3.0. The highest levels of resistance
were found in Aegilops biuncialis, Aegilops ovata and durum wheat lines Haucan/Aegilops
Columnaris, RSP Car (Table 4&5). Most of the resistance germplasm has been found in barley,
wheat, and its wild relatives using the same evaluation and damage score (Du Toit 1987, 1989;
Webster et al. 1987; Formusoh et al. 1992, 1994). All these sources of resistance are being

used by CIMMYT/ICARDA durum wheat program to develop RWA resistant varieties.

Table 4. Reaction of selected accessions of Aegilops spp. for resistance to RWA.

SPECIES/GENE ORIGIN DAMAGE SCORE

Aegilops ovata Sefrou 3
Aegilops biuncialis SYR 3
Cham 5 APCB 95-10 5
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Table S. Reaction of selected genotypes of durum wheat for resistance to RWA.

NAME PEDIGREE DAMAGE

SCORE

Sbll/Aeg. IC400007ICD92-0437-WABL-0AP-1AP-0TR
Sbll/Aeg. IC4000071CD92-0437-WABL-0AP-9AP-0TR
Krf/BaladiaHamra//Krf/3/T.mon5566/4/Carzio  |ICD92-0744-WABL-0AP-10AP-0TR
Rufom-5/T . Araraticum 500140//Carzio ICD92-0764-WABL-0AP-1AP-0TR

RSP mono RSP93-0004-4AP-0AP-2AP-0TR

RSP mono RSP93-0004-4AP-0AP-3AP-0TR

Waha (Check)

Mrb5/T.mon522 1//Chah88/3/0Omguer-1

ICD91-0579-WABL-0AP-2AP-0AP-4AP-0TR

Haucan/Aeg.400020//Omtel-1/3/0Omlahn-3

ICD91-0604-WABL-0AP-10AP-0AP-7AP-0TR

Haucan/Aeg.400020//Omtel-1/3/0Omlahn-3

ICD91-0604-WABL-0AP-11AP-0AP-2AP-0TR

Haucan/Aeg.400020//Omtel- 1/3/0Omlahn-3

1CD91-0604-WABL-0AP-11AP-0AP-3AP-0TR

Haucan/Aeg.400020//Omtel-1/3/0Omlahn-3

ICD91-0604-WABL-0AP-11AP-0AP-6AP-0TR
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4.1.2. Mode of resistance
Antibiosis :

Signiﬁcant-l ;iiﬁ'erences (P<0.01) were found among genotypes in antibiosis as measured
by the number of nymphs produced per adult, which ranged from 4.2 nymphs from adults
feeding on the Aegilops biuncialis 400004, to 54.1 nymphs on the Susceptible control Korifla
(Table 6). The life span of RWA on A4. biuncialis 400004 was also significantly shorter (13.7
days) than that on the susceptible check (30.6 days). RWA resistance is most commonly
expressed through antibiosis (Du Toit 1987,1989;Webster 1990;Formoush et al. 1992,1994).
A. biuncialis 400004 was the highly antibiotic entry to RWA, with a fecundity of 4.2 nymphs.
Aphids feeding on antibiotic plants can experience reduced body size, delayed development
(Panda 1979). Significant correlation between fecundity and life span was found among all

entries in the antibiosis test.

Table 6. Fecundity, life span of RWA on durum wheat genotypes and Aegilops accessions.

Entry Fecundity Life span (days)
A. biuncialis 400004 42a 13.7
Haucan/Aeg.400020//Omtel-1/3/0Omlahn-3 26.6b 24.6

RSP car 33.0bc 26.6

A. ovata 401650 41.0bc 299

A. ovata 401650 295b 25.5
Susceptible check (Korifla) 54.1c 30.6

LSD (0.01) 21.72
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Antixenosis:

There was a significant difference (P<0.01) among genotypes of the number of
aphids/plant at"~ :24h, 48h and 72h after aphid release. The least preferred line is
Haucan/Aeg.400020//Omtel -1/3/Omlahn-3, which had about 4 aphids/plant across all three
period tests, which is about 2/3 less than that of the susceptible check (Table 7.). Apparently,
the aphid selected nearby plants soon after released and had not moved enough to show a
behaviorally based preference at 48h. After 72h, some aphids had left the plants, resulting in
a decrease in aphids per plant. The decrease in aphids on some entries was substantial and
clearly illustrated in the entry A. biuncialis 400004; at 72h, the number of aphids decreased

from 9.0 to 4.9.

Table 7. Antixenosis of RWA on durum wheat genotypes and Aegilops accessions.

Entry Interval after infestation

24h 48h 72h
A. biuncialis 400004 11.7b 9.0b 4.9 ab
Haucan/Aeg.400020//Omtel-1/3/0Omlahn-3 46a 42a 43a
RSP car 103b 9.7b 8.9bc
A. ovata 401650 100b 10.7b 10.1c
A. ovata 401650 7.4 ab 7.6 ab 7.5 abc
Susceptible check (Korifla) 112b 10.7b 11.8¢
LSD value at (0.05) 434 4.65 4.34
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Tolerance:

Significant differences (p<0.01) in tolerance to RWA were found among genotypes
based on plant (ié;hage, % plant height and dry weight. Significant differences were detected
between infested and noninfested tolerance test entries in plant growth and dry weight at the
end of the test. Growth of infested accessions ranged from 9 cm with the Aegilops ovata
401650 to 25 cm with the durum line RSP car, with an average of 16.16, while that of the non-
infested was 23.33.Similarly, dry weight of infested entries ranged from 0.20 g with 4.ovata
401650 to 0.50 in the Korifla with an overall test average of 0.36 g. Damage rating in tolerance
ranged from 1.4 in A.biuncialis and A.ovata 401650 to 2.9 in susceptible check based on D.toit
score (Table 8.).The most tolerant entries were A.biuncialis and A.ovata 401650.Du Toit 1987,
reported that PI 262660 also showed tolerance based on plant height and dry weight
measurements. Tolerance as mechanism of resistance may provide resistance that is more stable

than antibiosis and antixenosis (Smith 1989).
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Table 8. Damage score and percent loss in plant height and dry weight of durum wheat

genotypes and Aegilops accessions, due to RWA feeding.

Entry Plant height Dry weight Damage score
I NI (%loss| I NI Yoloss

A. biuncialis 400004 12 16 250 | 0.28 | 0.38 26.3 1.4
Haucan/Aeg.400020//Omtel-1/3/0Omlahn-3 21 30 | 30.0 | 047 | 0.71 33.8 22

RSP car 25 37 324|043 | 085 494 2.5

A. ovata 401650 09 16 |43.7 1 020 | 0.32 375 1.8

A. ovata 401650 10 13 | 230 | 033 | 042 214 1.4
Susceptible check (Korifla) 20 28 ] 285 | 050 | 0.69 27.5 29

CV (%) 17.06 31.20 40.47

I = Infested plants, NI = Noninfested plants
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4.2. Genetic Variability
4.2.1.Genetic variation among geographical populations of RWA

Previous studies in aphids have revealed that RAPD-PCR method is the most efficient
method for assessing genetic polymorphism in insect populations than allozymes (Black et al.,
1992; Puterka et al., 1993). Therefore in the present study we used only RAPD-PCR method
to assess genetic variation prevailing among populations of RWA from Syria, Lebanon,
Morocco and USA.

Initially, 42 different primers of arbitrary nucleotide sequence were used to amplify DNA
segments (genetic fingerprints) from the genomic DNA (extracted from bulk of 25 individuals
each) of 11 aphid (10 populations of RWA and one population of M.dirhodum) of the
populations. Figures (3-4,7-24) show the amplification products of the 21 primers, which were
resolved by agarose-gel electrophoresis and visualized by staining with ethidium bromide. Out
of 42 primers, only 21 (50%) primers gave reproducible and satisfactory amplification of the
PCR products among the 11 populations. Polymorphism revealed by different primers also
varied greatly (Table 9). For instance, the primer OPC-09 amplified the highest number (8) of
discrete polymorphic RAPD bands in 11 populations (Figure 3), while the primer OPC18
amplified only one polymorphic RAPD band (Figure 4). A total of 107 loci (bands) were

amplified and all of them showed polymorphism at least among two populations.
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Table 9. Operon Primer number, primer sequence and the number of polymorphic

RAPD bands resolved by the aphids population.

Operon no. Sequence (5'-3')  No. of polymorphic RAPD bands (Loci)
OPE-08 TCACCACGGT 5
OPE-11 GAGTCTCAGG 7
OPE-12 TTATCGCCCC 7
OPE-14 TGCGGCTGAG 6
OPE-18 GGACTGCAGA 6
OPE-19 ACGGCGTATG 4
OPF-02 GAGGATCCCT 6
OPF-03 CCTGATCACC 6
OPF-04 GGTGATCAGG 5
OPF-06 GGGAATTCGG 4
OPF-08 GGGATATCGG 7
OPF-14 TGCTGCAGGT 5
OPC-01 TTCGAGCCAG 4
OPC-05 GATGACCGCC 7
OPC-06 GAACGGACTC 7
OPC-09 CTCACCGTCC 8
OPC-11 AAAGCTGCGG 4
OPC-13 AAGCCTCGTC 3
OPC-14 TGCGTGCTTG 3
OPC-17 TTCCCCCCAG 2
OPC-18 TGAGTGGGTG 1
Total 107

35



RESULTS AND DISCUSSION MOHAMED IZZAT GHANNOUM

Kb

0.56 -

0.56 -

Figure 4. RAPD-PCR analysis of the aphid populations with primer, OPC-18.
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Bulk DNA approach used in this study is a powerful means to study genetic variability of
natural populations (Carter et al., 1996). With this method, a consensus fingerprint of a RWA
population for each randomly primed PCR reaction was obtained. By this bulking strategy,
uninformative data from individual-specific variation was minimized and polymorphisms
representing approximately 20% or more of the population were available for scoring
(Michelmore et al., 1991). Further more, it has been reported that genetic variation among
individuals of an aphid population is very low, because of its pathenogenetic mode of
reproduction in nature (Puterka et al., 1993). Therefore, bulking strategy followed in the
present study is most appropriate to study genetic variation among different populations of
RWA. Additionally, the bulking method was more efficient in time and resources than if it had
designed the study by using DNA from one individual per reaction (Carter et al. 1996). For
example, in the present study, to screen and replicate (two times) 25 individuals from 11
populations with 21 primers require 11,550 PCR reactions; whereas, use of population bulking
requires only 462 PCR reactions. By using this method, primers can be efficiently surveyed for
informative characters (loci). Twenty-one primers with 107 informative characters (loci) used
in the present study allowed greater confidence that estimates of the genetic relatedness are
broadly based. Presence and absence of a specific band scored at all the amplified polymorphic
fragments. A computer analysis based on Nei’s genetic distance (Nei, 1972) was performed.
Table10. shows the pair-wise genetic distance and geographic distance (kilometers) for thel |

populations.
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The genetic distance ranged from 0.016 (between USA and Morocco, geographical distance
5790 Km) to 1.621 (between Haush Harim, and Kfar Dan, Lebanon, geographical distance 80
Km). In general, higher genetic distance was estimated between the population from
(M.dirhodum) and rest of the RWA populations (the genetic distance ranged from 1.404 to
1.621). This observation of higher genetic distance between these two aphid species is obvious
and comparable to the observations of Black et al., 1992. in their study with RAPD analysis,
they observed higher genetic polymorphism between the aphid species than within the species
and were able to identify different species based on RAPD profiles. Within RWA species, the
genetic distance ranged from 0.016 to 0.088 indicating narrow genetic variability among the
geographical populations of RWA. These results of narrow genetic variability contradicts the
observations of Black et al. ,1992. in which they observed greater genetic differences among
the population from Syria and South Africa. Among the Lebanese populations of RWA, the
least genetic distance, 0.032 was observed between Shams Tar and Ghazza. Among the two
Syrian populations (Ein Sharqi and Mosiaf) the genetic distancz was 0.031. The narrow genetic
variability observed among the geographical populations of RWA in the present study, indicates
that the populations are under process of differention. Narrow genetic variability among the
populations of RWA could be attributed to directional selection acting on the parthenogenetic
clones (Blackman, 1985; Wool et al., 1978; Soumalainen et al., 1980; Simon et al., 1982) and

founder effects (May and Holbrook, 1978; Steiner et al.,1985b). The few surviving genotypes
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rapidly dominated niches within a geographic region through their well-developed migration
mechanism (flight) and parthenogenetic reproduction.

Correlation coefficient was estimated between genetic distance as estimated by
RAPD-PCR analysis and corresponding geographic distance. The correlation coefficient was -
0.1336, indicating no relationship between the genetic distance and the geographic distance;
population separation is independent of geographical distance. This result gives an indication
that the RWA populations are accidental introduction as reported in South Africa (Walters et
al., 1980), Mexico (Gilchrist et al., 1984) and USA (Stoetzel, 1987) rather than migration along
the land routs. This assumption is further supported by cluster analysis (see below) where
populations from Morocco and USA clustered very closely together. Further more these two
populations closely clustered with population from Ryak, Lebanon,

Genetic relatedness among the populations was determined by cluster analysis
(UPGMA, Figure 5. and NJM, figure 6.) based on the genetic distances. The analysis grouped
the populations into 11 distinct clusters (genotypes). In both the methods the population of
Haush Harim, Lebanon (unidentified species) clearly out-lied from the populations from other
RWA populations. Since NJM is most accurate (Rolf, 1993) than UPGMA, only result of the
NJM is described in detail. Among RWA populations, the population from Mosiaf, Syria
out-lied from the other populations. The population from USA and Morocco genetically more

related than other populations. At 75% similarity levels, all the populations could be classified
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into 9 groups; the populations from Lebanon, formed 4 groups, from that of Syria two groups,
and the population from USA and Morocco formed two groups. Of course, the M.dirhodum
species formed a separate cluster as well. The populations from Ayat and Kfar Dan, and
populations from Shamstar and Tal Amara, Lebanon merged into single group. Other

populations from Lebanon formed separate groups.
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Figure 5. Dendrogram of genetic relationships among 10 populations of RWA and
M.dirhodum species of aphid, based on genetic distances (Nei, 1072) of

RAPD-PCR data using UPGMA method.
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Figure 6. Dendrogram of genetic relationships among 10 populations of RWA
and M.dirhodum species of aphid, based on genetic distances (Nei,

1072) of RAPD-PCR data using NJM method.
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Figure 8. RAPD-PCR analysis of the aphid populations with primer, OPE-11.
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Figure 9. RAPD-PCR analysis of the aphid populations with primer, OPE-12.

Figure 10. RAPD-PCR analysis of the aphid populations with primer, OPE-14.
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Figure 11. RAPD-PCR analysis of the aphid populations with primer, OPE-18.

Figure 12. RAPD-PCR analysis of the aphid populations with primer, OPE-19.
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Figure 14. RAPD-PCR analysis of the aphid populations with primer, OPF-4.
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Figure 15. RAPD-PCR analysis of the aphid populations with primer, OPF-6.

056 -

Figure 16. RAPD-PCR analysis of the aphid populations with primer, OPF-8.
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Figure 17. RAPD-PCR analysis of the aphid populations with primer, OPF-14.

Figure 18. RAPD-PCR analysis of the aphid populations with primer, OPC-1.
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Figure 19. RAPD-PCR analysis of the aphid populations with primer, OPC-5.
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Figure 20. RAPD-PCR analysis of the aphid populations with primer, OPC-6.
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Figure 21. RAPD-PCR analysis of the aphid populations with primer, OPC-11.
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Figure 22. RAPD-PCR analysis of the aphid populations with primer, OPC-13.
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Figure 23. RAPD-PCR analysis of the aphid populations with primer, OPC-14.
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Figure 24. RAPD-PCR analysis of the aphid populations with primer, OPC-17.
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5. CONCLUSIONS AND RECOMMENDATION
5.1. Conclusions
5.1.1. Mechanisms of Resistance:

This study shows that the durum genotypes and accessions tested have different
mechanisms of resistance to RWA. The data also show that antibiosis and antixenosis are the
two most important mechanisms in the resistant accessions. It is also interesting to note that
genotype like Haucan/Aeg.400020//0Omtel-1/3/0Omlahn-3 has high level of antibiosis but at the
same time has a moderate level of antixenosis.

Combining different mechanisms should be sought in breeding for resistance to insects,
as this should slow down biotype development. The inheritance study is underway to determine

the number of genes and their mode of action.
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5.1.2. Genetic variability among geographical populations of RWA

The present study clearly demonstrated that RAPD markers are useful in detecting both
inter and intra specific polymorphism in the aphids. Bulking strategy followed in the present
study is most appropriate to study genetic variation among different populations of RWA. The
banding pattern revealed through RAPD-PCR are often species specific and offers the promise
of rapid species diagnostics. The genetic distance within the D. noxia ranged from 0.016 to
0.088 indicating narrow genetic variability among the geographical populations. The lack of
correspondence between geographical distance and genetic distance may suggest random
establishment of clones through commerce rather than through migration. This view was
further supported by cluster analysis.

More extensive sampling of populations from North America and Mediterranean regions
coupled with classical biotyping will be needed to eludiciate the evolutionary forces (like
selection, hybridization, migration and mutation) acting on the RWA populations. Knowledge
on evolutionary forces acting on the RWA. population will help in formulating integrated
management strategies, to manage this important pest of cereals. Distribution map of different
genotypes of RWA along with their biotype will help in deployment of suitable resistant

cultivars.

54



CONCLUSIONS AND RECOMMENDATION MOHAMED IZZAT GHANNOUM

5.2. RECOMMENDATIONS
5.2.1. Mechanisms of resistance

More effort should be put on screening durum wheat and its wild relatives to identify
additional sources of resistance to RWA. Biotype development should be monitored using a
set of differentials that will be planted in hot spot areas. All the new sources of resistance
should be studied for their mechanisms of resistance. Material with combined mechanisms of
resistance should be used in the breeding programs, as this should slow down biotype
development. The inheritance of resistance should be studied. Polygenic resistance should be
used in the breeding programs, as this may be durable compared to monogenic resistance.

5.2.2. Genetic variation among geographical populations of RWA

More geographical populations of RWA from different countries in West Asia and North
Africa should be periodically sampled and RAPD-PCR analysis coupled with biotype studies
should be performed. This will give a very clear picture on population structure of RWA and
evolutionary forces such as migration, selection, sexual hybridization, etc. acting on the
population. Information on these aspects may help in designing suitable IPM strategies to
manage this pest.

Further studies on Genetics of intra population variation as revealed by RAPD-PCR
analysis along with studies on ecologically important traits such as host alternation and

polyphenism could illuminate the nature of selective pressure on life-cycle expressions in RWA.
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Appendix 1. List of solutions used for RAPD-PCR analysis of aphids

Solutions

2x CTAB

Washing buffer

TE Buffer

Chlgroform/isoamylalcohol (24:1)

1 X TAE buffer

Loading buffer (10X)

Note: All the chemicals were procured from Sigma chemical company, St-Laris, USA.

2% CTAB (cetyltrimethy
lammonium bromide )
1.4 M NaCl

0.1 M Tns -HCL, pH 7.5
20 mM EDTA

5 nM Ascorbic Acid

76% ethanol /10 mM ammonium

acctate

10 mM Tris-base
1 mM EDTA,pH 8.0

24 ml/1 ml

40 mM Tris-acetate
1 mM EDTA pH 8.0

0.25% Bromophenol blue
50% Glycerol
60 mM EDTA, pH 8.0



