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Abstract

Ten lentil genotypes were analyzed for their chemical
composition.. Crude seed protein ranged between 33.22% in FLIP
2003-57L and 23.52% in XG98-3-2. The range of total seed
carbohydrate percent was 63.60% for FLIP2003-54L and 55.87%
for XG 98-9-1. Iron level in the ten lentil genotypes ranged from
4.7 for Giza 9 to 20.8 for XG 98-9-1 (mg/100q). The level of zink
ranged from 2.6 for FLIP 2003-54L and 4.8 mg/100g for XG 98-9-
1.

Genetic diversity of the 10 lentil genctypes was studied
using RAPD-DNA markers and SDS-PAGE of seed proteins.
Application of 11 RAPD arbitrary primers resulted in & totat of 119
bands; of which 67 bands were polymorphic (56.30%]). The genetic
distance matrix based on Dice Distances, revealed a considerable
level of genetic diversity among genotypes. Maximum similarity
was observed between ILL7163 and each of XG 98-1-1 and Giza 51
with 95.5% similarity, while Sinai 1 and Giza 9 were distantly
related with 23.2% similarity. RAPDs generated a large set of
markers, which can be useful as specific markers for some
genotypes. Electrophoresis of total seed proteins revealed slight
variation in protein profiles among lentil genotypes. Cluster analysis
for the combined data of RAPD and SDS-PAGE revealed two main
clusters — Cluster T with Giza 9 and Cluster Il containing all the
remaining genotypes. Giza 9 was found to be the most distinct in
simple as well as combined analyses. The combined data also
showed that an average genetic similarity of 87.9% (ranging from
80.4 to 95.4) was found among the genotypes. The highest
similarity was observed between XG96-5-39 and XG 98-1-1 which
were 95.4% followed by 95% between {LL7163 and each of XG 98-
1-1, Giza 51 and XG 98-9-1. However, the lowest similarity was
80.4%, which observed between Giza 9 and Sinai 1. The resuits of
this study indicate that RAPD DNA markers and seed protein
profiles seem to be suitable for assessing genetic diversity among
lentit genotypes for future breeding programs. The result showed
one RAPD marker, which was finked to high fron at 1226 bp of
primer OP-A10, which could be used as rapid marker in selection
for this trait in breeding programs.

INTRODUCTION

Lentil {Lens culinaris Medik.) is one of the oldest and most important grain
legumes in the world, It acts as a vaiuable meat substitute in many subsistence
communities. Lentil is a highly valued annual food legume crop in the Near East area,
since 8000 years ago {Cubero, 1981). More recently, the crop has been successfuliy
introduced to the New World, where the I€ading producers are Argentina, Chile and
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the USA. The cultivated ientils and their wild relatives are self-pollinating diploids (2n
= 2x = 14). A pre-requisite for the efficient use of genetic resources in all plant-
breeding programmes is important for the extent and distribution of the genetic
variation available within the Genus. During the past 15 years numerous attempts
have been made to examine the diversity and phylogeny of Lens (Sharma et a/
1995). Lentil and other legumes have the third-highest level of protein, by weight, of
any plant-based food after soybeans and Hemp, Also, lentil has great potential as a
whole food source of Fe and Zn for people affected from nutrient deficiencies
(Thavarajaht et. z/, 2009). Deficlencies of Fe and Zn in human populations are
widespread, affecting up to two billion people. Although these trace elements are
required only in smail amounts, they are of comparable importance nutritionally to
vitamins.

Seed storage protein profiling based on SDS-PAGE can be employed for
various purposes, such as varietal identification, biosystematics analysis,
determination of phylogenetic relationship between different species, generating
pertinent information to complement evaluation and passport date ( Malviya et al
2008}, SDS-PAGE can be a useful technique in cultivar identification (Abdel-Tawab et
a/,1993). Hamdi and Omar (2006} used SDS-PAGE seed protein technique for
biological identification of five lentil cultivars.

The understanding and knowledge of genetic variation and genetic similarities
present within individuals or populations are useful for the efficient use of genetic
resources in breeding programs. The breeder can use the genetic similarity
information to complement phenotypic information in the development of breeding
populations. Patterns of genetic variation and genetic similarity have frequently been
studied within and among crop species using both morphological and isozyme
markers, but they have several drawbacks, such as their limited number,
environmenta!l dependence, and uneven distribution (Ertug et @/, 2006).

DNA marker systems are useful tools for assessing genetic diversity levels
amonhg germplasm (Lee, 1995, Karp ef af, 1996) compared with pedigree
information. DNA marker-based diversity estimates better reflect actual DNA
differences among lines. The PCR-based techniques such as randomly amplified
polymorphic DNA (RAPD) and simple sequence repeats (SSR) can provide useful
markers in studies of genome evolufion, analysis of genome composition, and genome
identification (Welsh et. af, 1991).
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MATERIALS AND METHODS

Ten lentil genotypes were used in this study, namely: Giza 9, XG 98-1-1, Giza 51,
XG96-5-39, Sinai 1, FLIP 2003-57L, XG 98-9-1, FLIP2003-54L, XG98-3-2 and ILL7163.
Chemical composition:

Samples of about 50g of air dried finely ground seeds of each genotype were used for
estimating seed chemical composition. Crude protein and fotal carbohydrates were
determined according to the methods of (AGAC 2000).

Micro-elements:

Fe and Zn in lentil genotypes were determined hy flame atomic ahsorption
spectrophotometer.

SDS-Polyacrylamide gel electrophoresis:

SDS-PAGE was performed according to the method of Laemmli (1970) as modified by
Studier (1973).

Molecular markers:

Genomic DNA extraction

DNeasy plant minikit (Quigen Inc., Cat.no.69104, USA) was used for DNA extraction.
RAPD-PCR analysis:

RAPD - PCR reactions were conducted using 11 arbitraty 10- mer primers with the
5 —+ 3’ sequences as shown in Table (1)}.

The reaction conditions were optimized and mixtures were prepared {30 ul total
volume) consisting of the following: dNTPs 2.4 ul, MgCl; 3.0 ul, 10 x buffer 3.0 pl,
primer (10 um ) 2.0 pi, Tag (5u/ul ) 0.2 pi, template DNA (50 ng / pl )2.0 ul, H20
(dd) 17.4 ul, Ampiification was carried out in @ PTC- 200 thermal cyder (M) Research,
Watertown , USA} programmed as follows : denaturation, 94°C for 3 minutes, then for
40 cycles. Each cycle consisted of 1 minute at 94°C, 1 minute at 37°C, 2 minutes and
30 second at 72°C, followed by a final extension time of 12 minutes at 729C and 4°C
(infinitive).

Gel electrophoresis was applied according to Sambrook €t al. (1989). Agarose
(1.2 %) was used for resolving the PCR products. The run was performed for one
hour at 80 volt in pharmacia submarine {20 x 20 cm). Bands were detected on UV-
transilluminator and phetographed by Gel documentation 2000, Bio- Rad.
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Table 1. Random primers codes and their sequences for RAPD- PCR analysis.

Primer name Seqguence

OP- A01 5" CAGGCCCTTC 3’
0P-AQ8 5 GTGACGTAGG 3’
0P-A10 5' GTGATCGCAG 3’
0P-A12 5’ TCGGCGATAG 3
OP-BO7 5' GGTGACGCAG 3’
0P-B11 5' GTAGACCCGT 3'
0oP-B13 5 TVCCCCCGLT 3
oP-B14 5 TCCGCTCTGG 3
0P-B18 5’ CCACAGCAGT 3’
OP-B19 5 ACCCCCGAAG 3'
0P-B20 5' GGACCCTTAC 3’

RESULTS AND DISCUSSION

Chemical Composition

Lentil seeds of the ten lentil genotypes were analyzed for their chemical
composition (Table 2). FLIP 2003-57L recorded the highest percent of crude protein,
which was 33.2% followed by 30.8% for XG96-5-39, while the lowest percent was
23.5% for XG98-3-2. The percent of total carbohydrates ranged from 63.6%
(FLIP2003-54L) to 55.9% (XG 98-9-1). These results were in agreement with those of
Khan et. ai (1987) and El-Nahry et al. (1980). Concentration of chemical composition
in lentil mentioned in this paper mostly agreed with those reported earlier.
Disagreement found in some genotypes could be due to genetic background and
agrodlimatic conditions in which the genotypes were grown.

Micro-elements:

The detected levels of Fe and Zn in the ten lentil genotypes ranged from 4.7
to 20.8 mg/100g and from 2.6 to 4.8 mg/100qg, respectively, which agreed with those
of Khan et al (1987). The highest values of Fe and Zn were found in XG 98-9-1,
while the lowest values of Fe and Zn were observed in Giza 9 and FLIP2003-54L,
respectively. Mestek ef, a/ {2002) reported that Fe and Zn contents in lentil were 8.15
and 4.21 mg per 100 g sample, respectively. In ancther study, Erdogan et al. (2006)
found that Fe and Zn contents in lentil have been reported as 8.24 and 2.46,
respectively, Some genotypes in our study were superior in these elements and can

be used as a good food source of Fe and Zn.
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Table 2. Chemical characteristics and micro-element of the ten lentil genotypes.

0 % [
g Cri:de Tozal s o
protein carbohydrates (mg/100g) (mg/100g)

Giza 9 28.4 59.9 4.7 32
XG 98-1-1 27.8 60.1 16.3 3.5
Giza 51 28.6 56.7 11.2 4.1
XG96-5-39 30.8 56.9 7.5 3.4
Sinai 1 27.3 60.1 15.8 3.5
FLIP 2003-57L 33.2 56.0 10.1 4.0
XG 98-9-1 24.3 55.9 20.8 4.8
FLIP2003-54L 26.7 B35 16.0 38 a2 |
XG98-3-2 23.5 59.6 11.6 3.6 |
1LL7163 24.2 56.6 10.6 3.1

Seed protein electrophoresis:

In the present study, total seed protein of 10 lentil lines was resolved on SDS-
PAGE (Figure 1). A maximum of 22 bands were exhibited in these lines. However, not
all of them showed such maximum number of bands. Most bands were common to all
the lines. The total number of bands and their respective molecular weight were
analyzed. Slight variation was observed in protein profiles among lentil lines, although
variation was observed in the density or sharpness of a few bands. These results are
in agreement with Malviya ef. &/ (2008) who found no significant variation in protein
profiles among accessions of pigeon pea, soya bean, lentil and chickpea, irrespective
of the source of germplasm. This indicates that, in addition to total seed storage
protein, other proteins, such as 115, 25 globulins, should be used for studying
polymorphism within varieties or within populations of these grain legumes.
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Figure 1. SD5-PAGE of the ten lentil genotypes, Lines from left to right: M= Marker,

Giza 9, XG 98-1-1, Giza 51, XG96-5-39, Sinai 1, FLIP 2003-57L, XG 88-9-1,
FLIP2003-54L, XG98-3-2, ILL7163.
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Refationship among the ten lines were analyzed using SPSS analysis. The
simitarity ranged from 92.7% to 100% (Table 3). The dendrogram divided the
genotypes into two sub cluster where, the first sub cluster included XG98-3-2,
117163, FLIP 2003-571, XG 98-9-1, Sinai 1 and FLIP 2003-54L. while, Giza 51,
XG96-5-39, Giza 9 and XG 98-1-1were in the second sub cluster (Figure 2).

Table 3. Similarity matrix among the ten genotypes based on SDS-PAGE analysis.

Giza XG 98- Giza XG96- Sinal  FLIP2003- XG 98- FLIP2003- XG9S8-
g 1-1 51 539 1 57L 9-1 54L 3-2
XG 98-1-1 1.000
Giza 51 1.000  1.000
X(G96-5-39 1.000 1.000  1.000
Sinai 1 .952 952 952 952
FLIP2003-57L 927 927 927 827 977
XG 98-9-1 .927 927 927 927 977 1.000
FLIP2003-54L 950 950 950 850 952 976 .976
XG98-3-2 927 9z7 927 927 977 1.000 1.000 .976
L7163 927 927 927 827 877 1.000 1.000 576 1.000
XG98-3-2
ILL7163
FLIP 20603-57L
XG 98-9-1
sinai i __‘i
FLIP2003-54L J
Giza 51
XG96-5-39 %
Giza 9
XG98-1-] _j

Figure 2. Dendrogram of the genetic distances between the ten lentil genotypes
based on SDS-PAGE analysis.
RAPD marker:

Template DNA was extracted from seed samples representing the ten lentil
genotypes. Amplification was performed with RAPD-PCR and each of eleven 10-mer
primers {Figure 3) which yielded 119 DNA fragments as shown in Table (4). Sixty
seven bands of them were polymorphic and fifty two bands were monomorphic
{common) for all genotypes. The highest level of polymorphism was abserved in
primer OP-B7, which gave 92.3%, while, the lowest ievel of polymorphism (12.5%)

was recorded in primer OP-B11,




M. A, H. MEGAHED AND AZIZA M. HASSANEIN 235

OP-AD1 OP-AO8

M 12345678910 M 123456789 10

1500

1000
80D
600
o
OP-A10 OPA12
M12345678910 M123456788910

OoP-BO7 OP-B11

M 12 345678 910 M12 345678910

i -
_l.uli
=51 | | 5 L

OP-B13 OPB14

M12 345678910 M 12345678910

=

e - —

1500
1000
= EREH B
]

Bl w




236

OP-Bl18

M12 345678910

1500

1000
800
800
500

Ann

OP-B20

M 12345678910

MOLECULAR AND BIOCHEMICAL CHARACTERIZATION OF SOME LENTIL GENOTYPES

OP-B19

M12 34 5678910

2.4 L XX -2 .8 % % .

i s

TT AT EYE O

i
e : | -
hr-v-'"—""h""!i

Figure 3. RAPD fingerprinting of the lentil genotypes using primers, Lines from left to
right: M= Marker, Giza 9, XG 98-1-1, Giza 51, XG96-5-39, Sinai 1, FLIP
2003-57L, XG 98-9-1, FLIP2003-54L, XG98-3-2, ILL7163,

Table 4. Levels of polymorphism and unique cultivar-specific bands based on RAPD
analysis. ek

Primer TB PR | M8 | P9 specific bands i
' JI Cultivar MS(bp) |

OP-A01 11 8 3 | R Giza® | 285 '

OP-AQ8 13 9 g I 69.2 I Giza9 | 1084, 750

OP-A10 10 3 7 | A ] - -

OP-A12 8 4 4 : 50.0 ! - -

OP-B07 13 12 £ | 823 | Sl 449,332,227,200

OPB11 8 7. | 185 EE -

OP-BI3 | 8 4 | 500 - | .

OP-Bl4 | 12 6 | 500 . . |

OP-B18 10 4 | 60.0 - - |

OP-B19 17 | 7 ! 58.8 Sinai1 | 2672 |

OP-B20 9 - s - T - [ -

Total 119 67 : 52 :

MS: Molecular Size, T.B: Total bands, PB: Polymorphic bands, MB: Monomorphic bands and P%a:

Polymorphism®s
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Only four of the eleven RAPD ~PCR primers were found to be useful as
specific marker for the genotypes Giza 9 and Sinai 1, where, Giza 9 has three specific
markers at 285bp of primer OP-AQ1 and at 1084, 750bp of primer OP-A08. However,
Sinai 1 has five specific markers, four of them observed in primer OP-BO7 at 449, 332,
227, 200 bp and one specific marker at 2672bp of primer OP-B19.

RAPDs can produce a large set of markers, which can be used for the evaluation of
genetic variations of both between and within species, more rapidly and easily than
Isoenzymes and microsatellites (Guadognuolo ef. at, 2001).

Table (5) shows the genetic similarities based on RAPD analysis among the
ten lentil genotypes. The lowest genetic similarity was observed between the
genotype Sinai 1 and Giza 9 with 76.8%, while ILL7163 and XG 98-1-1 and also,
ILL7163 and Giza 51 had the highest genetic similarity with 95.5%. An unweighted
pair-group method with (UPGMA) cluster analysis was performed on the distance
matrix using SPSS programme. The dendrogram clearly showed two distinct groups
(Figure 4), where Giza 9 was in a separate group while, the second group contains all
the other genotypes. This was in agreement with Abdel-Tawab et al. (2006) who
found that RAPD-PCR markers seemed o be one of the effective toois for detecting
polymorphism and could discriminate between wheat cultivars. RAPDs, however,
appear to provide a greater degree of resolution at a sub-species level. The level of
variation detected within cultivated lentils suggests that RAPD markers may be an
appropriate technology for the construction of genetic linkage maps between closely
related Lens accessions.

Table 5. Similarity matrix among the ten lentil genotypes based on RAPD analysis.

| Giza ' XG Giza | XG96- | Sinai | FLIP2003- XG FLIP2003- | XG98-
9 98-1- | 51 5-39 1 57L 98- 54L 3-2
1 9-1
XG 98-1-1 .804
Giza 51 802 ; 935
XG96-5-39 820 [ 944 | 923
Sinai 1 768 | 878 | 845 ] .852
FLIP2003-571 831 | 939 | .944 939 .862
XG 98-9-1 800 {925 | 914 ) .919 8§53 929
FLIP2003-54L J71 ) 876 | .885 | .88¢ 809 902 860
XG98-3-2 .805 | 922 | 521 .927 859 906 876 .867
ILL7163 .802 | 955 | 955 .950 864 .830 941 872 .918
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XG9g8-1-1
1LL7163
XG96-5-39
Giza51
FLIP2003-57L
XG98-9-1
¥G9g-3-2 oo ﬁ
FLIP2003-54L
Sinai 1
Giza @

Figure 4. Dendrogram of the genetic distances between the ten Lentil genotypes
based on RAPD analysis.

Overall combined class patterns

The similarity matrix among the ten lentil lines based on combined analysis of
SDS-PAGE and RAPDs is shown in Table (6), which revealed that the highest similarity
was hetween XG96-5-39 and XG 98-1-1, which were 95,4% foliowed by 95% betwaen
ILL7163 and each of XG 98-1-1, Giza 51 and XG 98-9-1. ,while, the lowest similarity
was 80.4% which can observed between Giza 9 and Sinai 1.
The dendogram (Figure 5) separated the ten lentit genotypes into two main sub
clusters. Where Giza 9 was in a separate sub cluster while, the second sub cluster
contains all the other genotypes. These results were similar with those of RAPD
analysis. This was in agreement with Guodagnuolo et al. (2001) who found that the
dendrogram obtained using combination of the three systems, isozymes, RAPDs and
microsatellites showed a higher similarity in those based on RAPDs and isozymes than
the one based on microsatellites. Also, Sun et al. (1999) suggested that the
combination of different kinds of markers to detect genetic diversity could be more
useful and perhaps less laborious than searching for the most polymorphic type of
markers. Rana et, a/, (2007) found that all cultivars and landraces of lentil except K-75
and 14076 could be discriminated from one another using combined data for the two
technigues RAPD and STMS,
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Table 6. Similarity matrix among the ten lentil lines based on combined analysis of SDS-
PAGE and RAPDs,

Sinai |
Giza 9

XG98- | Giza | XG96- FLIP2G0 | XG98- | FLIP2Q | XG98-
Giza 9 Sinai 1
1-1 51 5-39 3-57¢ 9-1 03-54L 3-2

XG 98-1-1 340
Giza 51 .839 949
XG%6-5-39 .853 954 .936
Sinai 1 .B04 .89 B4 903
FLIP20G3-57L 84S 933 841 937 .B82
XG 98-9-1 .824 .925 816 921 908 842
FLIP2003-54L .B06 889 .897 893 836 . 916 .881
XG98-3-2 .828 923 922 927 860 923 .898 887
L7163 .825 950 .950 .946 .501 .942 950 591 933

XG 98-1-1 j—

XG96-5-39

Giza 51 ;—-Aj—
XG 98-9-1
ILL7163 j
FLIP2003-57T.  — | L
XG9g3-2 —— ]
FLIP2003-541.

Figure 5. Dendrogram of the genetic distances between the ten lentil

genotypes hasad on combined analysis of SDS-PAGE and RAPDs.

Molecular marker for high iron

The resuits show one RAPD marker, which was linked to high iron at 1226 bp
of primer OP-A10, which was observed in genotypes, XG98-9-1, XG98-1-1 and
FLIP2003-541, which recorded the highest values in iron. These results need further
confirmation either by converting RAPD marker into SCAR or by using popuiation

specifically designed for this purpose. At this jevel the resulted RAPD marker may be

related to iron content in lentil and could be used as rapid marker to detect and assist

in selection for high iron content at early stages of the breeding program as a marker-

assisted selection in lentil.
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