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Abstract: Pots experiments were conducted in Ismailia Agricultural Research Station to study the reaction of
three lupin cultivars (Dijon-2, Giza-1 and Giza-2) to Fusarium oxysporum f. sp. lupini. And to determine the
genetic relationship among the three cultivars using Randomly Amplified Polymorphic DNA (RAPD) markers.
The primers, 17898A, 17899 and 17898-B were used in this study. The results showed that the genotypes, Dijon-
2 and Giza-1 were the pest types of resistance for F. oxysporum f. sp. lupini. Results indicated that the
differences among all cultivars in their susceptibility to F. oxysporum f. sp. lupini, Dijon-2 cultivar was less
susceptible to F. oxysporum followed by Giza-1 and Giza-2 cultivars. The effect of infection with F. oxysporum
was reflected on weight of seeds and number of pods. The highest values were observed with Dijon-2 cultivar
comparing with Giza-2 cultivar which recorded the lowest values.

Kew words: Fusarium oxysporum f. sp. lupini  Lupin RAPD-PCR analysis.

INTRODUCTION seeds contain alkaloids, protein, oil, cholesterol, lecithin,

Lupinus,  commonly  known  as  lupin or lupine Soil-borne fungal diseases are among the most important
(North America), is a genus of flowering plants in the factors limiting the yield production of lupine, resulting in
legume  family (Fabaceae). The genus comprises about serious economic losses. Several soil-pathogens
280 species (Hughes), with major centers of diversity in including F. oxysporum attack the roots and stem base of
South America and western North America (subgenus lupine plants [5, 6]. Some chemicals are effective in
Platycarpos (Wats.) Kurl.), parts of the Southern controlling these diseases but, these chemicals are
Hemisphere (New Zealand and parts of Australia) and the expensive and not environmental friendly. Therefore,
Andes and secondary centers in the Mediterranean alternative control methods are needed. We are analyzing
region and Africa (subgenus Lupinus). Three in this work the responses of L. albus to infection by F.
Mediterranean species of lupine, blue lupine, white lupine oxysporum f. sp. lupini and F. moniliforme. Active
and yellow lupine, are widely cultivated [1]. White lupine defense in plants is associated with marked metabolic
(Lupinus albus L.) belongs to the leguminous family alterations, but little is known about the exact role of the
which has been cultivated in Egypt for human and animal reported changes in specific activity of several enzymes
nutrition, also for medical and industrial purposes. It can and proteins (particularly  PR  proteins)  in  infected
be considered as a friendly crop to the environment plants. Leaf proteins were separated by SDS-PAGE, a few
related to its efficient nitrogen fixation system, in addition polypeptides being accumulated as a consequence of the
to its improvement to the traditional cereal rotation and infections. To understand the resistance of cultivars of
protein supply in low input farming systems [2, 3]. Lupine lupine for F. oxyporum we need to make RABD-PCR

salts (phosphorus and potassium) and carbohydrates [4].
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analysis for these cultivars to identify the ability of
resistance under Egyptian condition against these
pathogens.

MATERIALS AND METHODS

Reaction of Some Lupine Cultivars to F. Oxysporum
under Greenhouse Conditions:
Isolation  and Identification  of  the  Causal  Pathogen:
F. oxysporum was originally isolated on potato dextrose
agar (PDA) medium from diseased lupine plants collected
from different localities of Ismailia, Sharkia, Assuit, Menia
and Beni-suef Governorates. Purification of the isolated
fungus was carried out using hyphal tip techniques as
described by Toussoun and Nelson [7]. Pure culture was
identified according to their morphological characters
according to Nelson et al. [8] and Barnett and Hunter [9]
in Agricultural Botany Department, Faculty of
Agriculture, Suez Canal University, Egypt.

Preparation of Fungal  Inoculum  and  Soil  Infestation:
A sterilized sorghum medium (100 g sorghum/bottle (1
Liter) and enough water to cover the sorghum) was used
for preparation of fungal inoculum. The medium was
autoclaved, then inoculated with the tested isolate and
incubated at 25±2°C for 15 days. Sandy clay pots (30 cm
in diameter) were used. The soil was infested with the
fungal inoculum at the rate of 3% (W/W) of soil weight
[10].The inoculated soils were watered and mixed
thoroughly for one week to ensure even distribution of
the inoculum.

Reaction of Some Lupine Cultivars to F. oxysporum
under Greenhouse Conditions: Three lupine  cultivars,
i.e. Giza 1, Giza-2 and Dijon-2 which kindly obtained from
Food Legumes Research Department, Field Crops
Research Institute, Agricultural Research Center (ARC),
Giza, Egypt were sown at the rate of five seeds / pot. Five
pots containing non-inoculated soil were used as a
control. Percentages of early and late wilt were recorded
at 30 and 90 days, respectively after sowing, while the
numbers of the survived plants (healthy and infected)
were recorded at 120 days after sowing. Infected survived
plants were evaluated by cutting longitudinally of stem
and root, healthy survived plants = no visual evidence of
the disease. Disease severity of visual wilt symptoms and
any discoloration of internal tissue were recorded at one,
three and four months after sowing according to the  scale

Table 1: Primers names used for random amplified polymorphic DNA
analysis in the cultivars of lupine. 

No. Primer Sequence

1 17898-A 5¯CAC ACA CAC ACA AC 3¯
2 17899-B 5¯CAC ACA CAC ACA GG 3¯
3 17898-B 5¯CAC ACA CAC ACA GT 3¯

PCR-Analysis Program:
Table 2: The methodology of RAPD – PCR analysis.

94°C 5 min
94°C 30 sec
42°C 1 min
72°C 2min
72°C 7 min
4°C 00
Z --

proposed by Ishikawa et al. [11] with some modifications,
based on 0-4 grades according to the percentage of inside
browning through stem and root: 0 = healthy, 1 = 0-25 %
browning, 2 = >25-50 % browning, 3 = >50-75 % browning
and 4 = >75-100 % browning. The same fungi were
reisolated from the diseased tested plants.

Molecular Markers: In this experiment, we need to make
RAPD-PCR analysis to identify the ability of resistance of
three lupine cultivars (Giza-1, Giza-2 and Dijon-2) for F.
oxysporum. Five lupine seeds of each cultivar were sown
in 30 cm pot filled with F. oxysporum infested soil as
previously mentioned.Samples of lupine leave tissues
were obtained from each treatment.

The Treatments Were as Follows:

Dijon-2 lupine plant seeded in infested soil
(infected).
Dijon-2 lupine plant seeded in infested soil (Healthy).
Giza-1 lupine plant seeded in infested soil (infected).
Giza -2 lupine plant seeded in infested soil (Healthy).
Dijon-2 lupine plant seeded in non-infested soil
(Control).
Giza -2 lupine plant seeded in infested soil (infected).
Giza -2 lupine plant seeded in non-infested soil
(Control).
Giza-1 lupine plant seeded in infested soil (Healthy).
Giza-1 lupine plant seeded in non-infested soil
(Control).

Random amplified polymorphic DNA (RAPD) and
analysis was applied three aligonucleotide primers names
17898–A, 17899–B and 17898–B in Table 1.
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RAPD–PCR Protocol: The Methodology of Reaction of the three lupine cultivars to F.
RAPD–PCR analysis was performed by the method oxysporum was noticed in pots experiment under
of Graham et al. [12] and the cycling program of greenhouse conditions. There were differences among all
denaturation (one cycle) 94°C for 5 min, followed by cultivars in their susceptibility to F. oxysporum. It was
40 cycles of 1 min, 94°C, 1 min at 30 sec, 1 min at 42°C clear that Dijon-2 cultivar was more resistant than other
and 2 min at 72°C, respectively and a final incubation cultivars followed by Giza-1 and Giza-2 cultivars,
at 72°C for 7 min. respectively. These  results   were   in   line   with  those

RESULTS AND DISCUSSION al. [18]. Moreover, Data in Table 3 showed that Dijon-2

Reaction of Some Lupine Cultivars to F. oxysporum weight of seeds, while Giza-1 gave the highest values of
f. sp. lupini and Some Growth Parameters under shoot weight, root length and number of pods comparing
Greenhouse Conditions with the lowest values recorded from Giza-2 cultivar.

Three lupine cultivars, i.e. Giza-1, Giza-2 and Dijon-2 Variation in reaction of the three lupine cultivars to F.
were tested against the wilt incidence in soil infested with oxysporum fungus under study may be due to their
F. oxysporum f. sp. lupini under greenhouse conditions physiological resistance to the infection and mechanical
Results in Table 3 revealed that the three tested cultivars resistance or environmental conditions or fungal
differed in their susceptibility to Fusarium wilt. Dijon-2 strains.In this concern, similar results were obtained by El-
cultivar was less susceptible to F. oxysporum, as it Barougy et al. [5], Rybus-Zajac and Markunas [19] and
recorded the highest percentage of healthy plants and the Ali et al. [20] on lupine. 
lowest disease severity score (48% and 1.8, respectively)
followed by Giza-1 (44% and 2.0, respectively) and Giza-2 Molecular Markers: The results in Table 4 revealed that
(24 % and 3.0, respectively). There were differences the bands number 1, 2, 7, 8, 9 and 10 with molecular night
among the three tested cultivars due to susceptibility to of 1444, 1156, 613, 461, 350 and 272 bp were observed in all
F. oxysporum. Giza-2 cultivar was the most susceptible parents studied which means that, these bands were
one, followed by Dijon and Giza-1 cultivars, respectively. common bands in these cultivars, while the bands number
Data presented in Table 3 indicated that the  effect of 4,5 and 6 with molecular weight of 968, 740 and 719 bp
infection with F. oxysporum was reflected on plant height; were showed in the cultivars. [ 6, 7, 8 ), (5) and (8,9)
shoot weight, root length, weight of seeds and number of respectively, so, the bands were common band in these
pods. Data showed that the highest values of plant height cultivars using 17898 – A Primer and were resistance for
and weight of seeds were observed with Dijon-2 cultivar diseases, similar results were reported by El-Said [21] and
(47.2 cm and 12.6 g, respectively, as a mean of five plants), Twenty three fragments were showed in the nine cultivars
while Giza-1 cultivar recorded the highest values of shoot of lupines against 17899 – B primer in table(5).
weight, root length and number of pods (66.3 g, 44.6 cm The bands number 1,6,12 and 18 with molecular
and 10, respectively, as a mean of five plants). Moreover, weight of 2013,1203,667 and 411bp were showed in all
Giza-2 cultivar recorded the lowest values (40cm, 25.6g, parents and were common bands in these cultivars. The
22.3cm, 5.6g and 6.2, respectively (as a mean of five bands number 2 (1892 bp), 3 (1514 bp), 4 (1423 bp), 5 (1337
plants). White lupine (Lupinus albus L.) has many bp), 7 (1096 bp), 8 (1063 bp), 9 (1030 bp), 10 (756 bp), 11
benefits for human and animal consumption, also for (746 bp), 13 ( 620 bp), 14 (561 bp), 15 (483 bp), 16 (474 bp),
medical and industrial purposes. It could be considered as 17 (466 bp), 19 (387 bp), 20 (307 bp), 21 (280 bp) 22 (276
a friendly crop to the environment related its efficient bp) and band number 23 with molecular weight of 260 bp
nitrogen fixation system, in addition to its improvement to were observed in the cultivars, (6), (2, 3, 4), (7), ( 9 ), (1, 2,3,
the traditional agricultural rotation and protein supply in 4), (7), (9), (5, 6,7,8, 9) (2,3,4), (6 ), (7) and (9) in Table (5),
a low input farming system [13, 14, 15]. White lupine is respectively.
suffering from infection with many diseases caused by Which indicated that these bands were marker for
fungi, bacteria and viruses. However, fungal diseases these cultivars.While, the bands number 1,3,4 and 5 with
especially wilt caused by F. oxysporum f. sp. lupini molecular weight of 2934, 1952, 1325 and glgbp,
considered the most serious disease of white lupine in respectively were observed in all parents which indicates
Egypt, causing a considerable damage and loss in seed that,  these  bands  were  common bands in these
yield [16, 17]. cultivars.

obtained  by El-Barougy et al. [5], Zian [6] and Baraka et

cultivar gave the highest values of plant height and
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Table 3: Reaction of some lupine cultivars to F. oxysporum f. sp. lupini and some growth parameters under greenhouse conditions.
F. oxysporum
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Wilted plants % Survived plants % Growth parameters
------------------------------------------------------------- -------------------------------------------- -----------------------------------------------

Genotypes One month after seeding Three months after seeding Infected  plants % Healthy plants % *Disease severity score P.h. S.w. R.l. W.s. N.p.

Giza -1 8 16 32 44 2.0 46.2 66.3 44.6 10.3 10
Giza -2 28 32 16 24 3.0 40.0 25.6 22.3 5.6 6.2
Dijon-2 12 16 24 48 1.8 47.2 44.7 40 12.6 9.4

LSD. 0.05 5.67 4.55 9.41 7.11 0.42 1.64 1.16 1.0 0.91 1.18

 - P.h.= plant height(cm), S.w.= Shoot weight(gm), R.l.= Root length(cm), W.s.= Weight of seeds /plant (gm),  N.p. = Number of pods/ plant  * 0 = healthy, 1 = 0-25 % browning, 2 = >25-50
% browning, 3 = >50-75 % browning and 4 = >75-100 % browning [11].Fig. 1: The densitometric analysis of RAPD-PCR for some cultivars of lupine under different level injury for F.
oxysporum using 17898A-primer.

Table 4: The densitometric analysis of RAPD – PCR products for all Table 6: The densitomebric analysis of RAPD – PCR products for all

genotypes studies of lupine using 17898 A – primer. genotypes studies of lupine using 17898 - B Primer.

Band no. MW bp 1 2 3 4 5 6 7 8 9 Band no. MW bp 1 2 3 4 5 6 7 8 9

1 1444 + + + + + + + + + 1 2934 + + + + + + + + +

2 1156 + + + + + + + + + 2 2469 + - - - - + + + +

3 1019 + + + + - - - - - 3 1952 + + + + + + + + +

4 968 - - - - - + + + - 4 1325 + + + + + + + + +

5 740 - - - - + - - - - 5 919 + + + + + + + + +

6 719 - - - - - - - + + 6 559 - - - - - - - + -

7 613 + + + + + + + + +

8 461 + + + + + + + + +

9 350 + + + + + + + + +

10 272 + + + + + + + + +

Table 5: The densitometric analysis of RAPD-PCR products for all

genotypes studies of lupine using 17899-B-primer.

Band no. MW bp 1 2 3 4 5 6 7 8 9

1 2013 + + + + + + + + +

2 1892 - - - - - - + - -

3 1514 - + + + - - - - -

4 1423 - - - - - - + - -

5 1337 - - - - - - - +

6 1203 + + + + + + + + +

7 1096 + + + + - - - - -

8 1063 - - - - - - + - -

9 1030 - 0 - - - - - - +

10 756 - + + + - - - - -

11 746 + - - - - - - - -

12 667 + + + + + + + + +

13 620 - - - - - - - - +

14 561 - - - - - - + - -

15 483 + + + + + + + - -

16 474 - - - - - - - + -

17 466 - - - - - - - - +

18 411 + + + + + + + + +

19 387 - - - - + + + + +

20 307 - + + + - - - - -

21 280 - - - - - + - - -

22 276 - - - - - - + - -

23 260 - - - - - - - - +

Primer 1: (17898-) 
17898-A

M 1 2 3 4 5 6 7 8 9

Fig. 1: The densitometric analysis of RAPD-PCR for some
cultivars of lupine under different level injury for
F. oxysporum using 17898A-primer.

On the other hand, the bands number 2 and 6 with
molecular weight of 2469 and 559 bp were showed in the
cultivars (6, 7, 8, 9) and (8), respectively, which means that
these bands were specific and primer for diseases
resistance in these cultivars using RAPD – PCR Analysis
against (17898– B) primer (Table 6). These findings are in
agreement with those reported by Badr et al. [22],
Domenyuk et al. [23], Fernandez et al. [24], Galvan et al.
[25],  Ainouche  et  al. [26]  and  Yorgancilar  et  al.  [27].



World Appl. Sci. J., 26 (8): 1064-1069, 2013

1068

Primer 2 (17899-B):
17899-B

M 1 2 3 4 5 6 7 8 9

Fig. 2: The densitometric analysis of RAPD-PCR for some
cultivars of lupine under different level injury for
F. oxysporum using 17899-B primer.

Primer 3 (17898-B):
17898-B

M 1 2 3 4 5 6 7 8 9

Fig. 3: The densitometric analysis of RAPD-PCR for some
cultivars of lupine under different level injury for
F. oxysporum using 17898-B primer.

From the previous results, it could be concluded that,
the best parents for diseases resistance were Dijon-2 and
Giza-l.

CONCLUSION

The results indicated that the cultivars of lupine were
different reaction for the resistance of F. oxysporum.

Three randomly polymorphic DNA (RAPD) markers
namely, 17898 A, 17899–B and 17898–B, respectively
were uses to screening the differences between all
genotypes of lupine. 
Dijon-2 cultivar gave the highest values of plant
height and weight of seeds, while Giza-1 gave the
highest values of shoot weight, root length and
number of pods comparing with the lowest values
recorded from Giza-2 cultivar which indicated that this
cultivar (Dijon-2) was the highest ability for
resistance of F. oxyporum.
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