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Abstract 

T
he present study aimed to characterize 17 new lentil mutant 
lines for their seed yield, daylj. to maturity, physical, 

. chemical, and molecular characteristics in comparison with 
their mother lentil cultivar 'Giza 9' and two common cultivars 'Sinai 
1' and 'Giza 51'. In addition, genetic variation and relatedness of 
the highest yielding eight lentil lines along' with Giza 9, out of the 
17 tested lines were investigated by PCR based RAPD technique. 
The field trials were. conducted at Gemmeiza Research Station, 
ARC, Egypt, during 201112012 and 2012/2013 winter seasons, and 
the laboratory investigations were made in the labofatory of Seed 
Technology Research Department, ARC during 2013/2014. The 
average seed yi,eld of the 17 mutant lines wen~ 4.64 ardab fed:1

, 

indicating their , superiority over the three check cultivars. 
Moreover, eight mutant lines produced higher seed yi~ld ranging 
from 4.85 to 5.99 ardab fed:1

, and exceeded their mother cultivar 
Giza 9 by 29-59.3%. These eight lines also exceeded Giza 9 in 
their ·seed phosphorus and potassium content. Siriai 1 cultivar was 
the earliest in maturity, where it matured at 119 days. Giza 9 was 
the best in electrical conductivitY test, while the hydratio11 
coefficients before (HCB) and after cooking (HCA) indicated that 
the 17 mutant lines have better seed quality than Giza 9. Molecular 
analysis of nine lentil lines showed that a total of 94 markers were 
amplified of which 35.1 % were polymorphic. Genetic similarity 
among the genotypes revealed a strong relationship between 
mutant lines M48 and M49 (similarity inde)< 100%), while a weak 
relationship was observed between line M40 and M46 (similarity 
index 87%). · Cluster analysis divided the nine lines of lentil into 
three main cl&sters. All genotypes except lines M48 and M49 could 
be discriminated from one another using RAPD-PCR. Five bands 
were found to be u5eful as genotype-specific markers. Despite the 
observed low level of genetic diversity, genetic differences existed 
among Giza 9 and other eight mutant lines. 

Keywords: Lens cu/inaris L., Mutant lentils, 'similarity index, RAPD 
technique. 

INTRODUCTION 

.!"' 

. Lentil (Lens culinarls subsp. culinaris 1'4edikus) is an ancient crop as it was among 

· the earliest of humankind's plant domesticates ( einkom and emmer wheat, pea, flax 

and lentil). The crop is also associated with the start of the 'agricultural revolution' in 

the Near East (Cubero et. al., 2010). Lentil has a high nutritional value, as its seed is a 



424 III.2 YIELD, QUALITY, AND MOLECUl!.AR MARKERS OF NEW LENTIL MUTANT LINES 

rich source of protein, minerals (K, P, Fe, Zn) and vitamins for human nutrition 

(Grusak, 2010). Lentil straw is also a valued animal feed (Erskine et. al., 1990). 

In Egypt, the cultivated. area of lentil has sharply decreased during the !ast ~.''>JO 

decades, where Its area in 1993 was 19040 fed (8000 ha) and total produc {;;~ 

\5000 ton with a productivity of 4.93 ardab fed.-1 (1.875 t ha-1). A dramatic redu:'<.;;;1 · 

been occurred, where the cultivated area in 2013 reduced to 862 fed. only (362 t~ 

total production of 735 ton and 5.33 ardab fed:1 (2.030 t ha-1
) {Anonymous, 2013) 

lentil production in 2013 covered only 2.2% of the country requirements, The strate{; 

Food Legume Research Section (FlRS) in Egypt is to increase lentil planted area , 

its productivity. Development of high yielding !entH genotypes with good seed qu.:~1tji· 

is one of the Important factors to improve lentil production. Recently, 20 high yielding 

lentil genotypes have been developed through mutation breeding program at FLRS, and 

these genotypes being evaluated for their yield potential and agronomic characters 

(Hamdi et al, 2013). There is a need to evaluate these genotypes for their seed quality 

characters and determine their molecular markers. 

Seed protein content and :rig quality are the most important qualicy 

characters in lentil (Abu-Shakr.L. :·~1' 1 Tannous, 1981). Under rainfed conditions, a 

range of seed protein of 18 · ,,.i.% was found when 1853 lentil accessions of 

germpla!?m collection at IC/'. 1A were tested by Erskine and Witcombe (1984). In 

smaller tested lentil collection, seed protein content in 34 lentil lines ranged from 22.1 

to 26.9% (Hamdi et al., 1991). In ocher studies under irrigation conditions, the range 

of seed protein contents for 24 lentil genotypes was 17.6-24.8% (Hamdi et. al., 

2002a} and 22.1-28.1% for 20 lentil genotypes (Hamdi and Elemery, 1996). Several 

characters such as seed hydration and electrical conductivity are important aspects of 

seed•quality in lentil (Hamdi and Elemer(, 1996, and Hamdi et. al., 2002a). 

Among the different molecular markers, RAPD is used friendly oligomer which tlas· 

the potentiality to amplify reproducible DNA fragments among different genotypes. 

RAPD markers provide a fast, efficient technique for variability assessment that 

complements methods currently being used in genetic resource management. RAPD 

markers have proven to be a powerful tool for molecular genetic analysis of lentil 

cultivars for plant breeding programs to assess genetic diversity for the development 

of improved cultivars able to withstand biotic and abiotic stresses. RAPD markers have 

been used for the identification of genetic relationship among lentil genotypes (Eujayl 

et. al, 1997; Eujayl et. al, 1998; Chowdhury et; al; 2001; Tullu et al, 2003; 

Shaaban et. al., 2009, and Megahed and Hassanein, 2010). Sharma et al.. (2004) 

suggested that RAPD markers may be an appropriate technology for the construction 

of genetic linkage maps between closely related Lens accessions. 
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The present study aimed to characterize 17 new lentil mutant lines for their seed 

yield, time to maturity, physical and chemical characters in comparison with their 

mother lentil cultivar 'Giza 9' and other two common cultivars 'Sinai 1' and 'Giza 51'. 

In addition, genetic variation and relatedness of the highest yielding eight lentil lines 

with Giza 9, were investigated by PCR based RAPD technique . . 
MATERIALS ANDJ ~fE1T'HODS 

field w~rll 

A two-year field experiment was conducted to ident:ify the yield potential and 

t!me to m.~turity for the new ienti! mutant lines. A total of 20 lentil genotypes were 

used in 'this investigation, Th.e genotypes included 17 mutant lines derived from the 

Egyptian wide spread cuitivar 'Giza 9' treated with Gamma rays (Hamdi et. al.1 2012) 

in addition to the three cultivars: 'Giza 9', 'Giza 51' a,nd the drought tolerant and very , 
early maturing cultivar 'Sinai 1' (Hamdi et. al.r 2002b)o The field experiments were 

mnducted at Gemmeiza J\~r!cu!tyral Rese:Eirch Station, ARC, during 2011/2012 C:Wd 
~ . 

2012/2013 winter seasonso Dates of planting w·e:re 15 l\IO~lie:mber 2011 and 27 

November 2012. The randomized complete block rexpeirimental design with three 

reptications was used. Each experimental plot consisted of four rows 3-m long and 

0.3-m apart (experimental plot area = 3.6 m2
). Fertilizers were used at the rate of 30 

kg P205 and 15 kg N fed:1
• All other agronomic practices were applied as 

recommended. Days to 90% maturity and seed yield ardab fed.-1 (ardab = 160 kg; 

one feddan = 4200 m2
) were recorded in each experimental plot. 

ll..aborato..Y work 

The laboratory works were made to identify electrical conductivity (EC), 

hydration coef'.ficients before cooking (H.C.B.) and after cooking (H.C.A.) as physical 

characters; and seed crude storage protein, seed contents of phosphorus and" 

potassium as chemical characters. Fresh seeds of the tested genotypes were obtained 

from plants of the 20 genotypes grown for evaluation in a field trial at Gemmelza, in 

2012/2013 winter season. The laboratory work for seed protein content, EC, H.C.B. 

and H.C.A. was made In the laboratory of Seed Technology Research Department, 

Field Crops Research Institute, ARC in Egypt. 

For seed protein, samples of 50 g of air dried finely ground seeds of each 

genotype were used to estimate the seed crude pmtein by using the Kjeldahl method 

. and the percentage of seed protein content was calculated by multiplying the total 

nitrogen by 6.25 according to AOAC (2000). For electrical conductivity (EC), four 100-

seed counts from. each genotype were weighed, washed and then transferred to 400 
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ml conical flasks containing 125 ml de-ionized water, and incubated at 25°C for 24 h. 

Th~ seeds were removed from the solution with a coarse plastic sieves, and then the 

conductivity of the solution was determined using the electrical conductivity meter 

(Jenway 4010 model). A blank solution was also prepared as control, and the blank 

reading was subtracted from all the sample readings. The corrected condu~ivity 

readings were divided by corresponding seed dry weight of the samples. The electrical 

conductivity was expressed as u mhos/g/seed (!STA, 1993). 

To estimate hydration coefficient of seeds before cooking (H.C.B.), three dry 

seed samples {lOg/each, each sample represented a replicate) for each genotype .. 
were soaked in tap water for 8h, then H.C.B. was calculated as [(weight of soaked · 

seeds - weight of dry seeds) + (weight of dry seeds) x 100]. The hydration 
4 

coefficient of seeds after cooking (H.C.A.) was estimated by placing three dry seed 

samples, 10g/each (each sample represented a replicate) for each genotype in 9 

placed glass tube (100 cm3
) containing enough water. The tubes were put in oven for 

2h.at lOO°C. Then H.C.A. was calculated as [(weight of cooked seeds - weight.Gf dry 
\. 

seeds) + (weight of dry seeds) x 100] according to Fahmy et al. (1996) and Hamdi 

et al. (2002a). 

For potassium analysis, seed samples were weighed and heated at 55 °C, 

then the ashes were dissolved with 100 ml 1 M HCL. Ash was analyzed for potassium 

content using the method described by AOAC (2000). Perkin Elmer (Model 3300, USA) 

Atomic Absorption Spectrophotometer was used to determine potassium. Phosphorus 

was determined according to the method of Trough and Mayer (1939). 

The statistical analysis of variance for seed yield and maturity characters was 

made separately for each season, and then combined analysis of variance for both 

seasons was performed (Gomez and Gomez, 1984). Whereas, the statistical analysis 
~ -

of variance for EC, .H.C.B., H.C.A., and seed crude protein, potassium, and 

phosphorus contents was performed separately for each character (Gomez and 

Gomez, 1984). 

Molecular markers 

Genomic DNA was extracted from young, healthy leaf tissue from plants of 

the eight high yielding mutant lines (MlO, M37, M40, M46, M47, M48, M49, M50) and 

Giza 9 using the DNA extraction kit (Quigen Inc., Cat. no. 69104, USA). DNA quality 

was tested using 1 % agarose gel electrophoresis and its concentration was 

determined spectrophotometrically. For RAPD- PCR analysis, a total of 30 

oligonucleotide primers were assayed, and nine of them which produced easily 

observable and repeatable fragments were ·Used in PCR amplifications. These primers 

sequences are shown in Table 1. 
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Table 1. Name and sequence of primers used in RAPD- PCR analysis. 

Primer name Sequenee 

OP-A08 S' GGTCCCTGAC 3' 

OP-All S' CAATCGCCGT 3' 

OP-801 S' CAGCACCCAC 3' 

OP-B07 S' GGAGGGTGTT 3' 

OP-B18 S' CCACAGCAGT 3' 

OP-COS S' GATGACCGCC 3' 

OP-C07 S' GTCCCGACGA 3' 

OP-D09 S' lTGGCACGGG 3' 

.r' 

OP-D17 S'TfTCCCACGG 3' 

The reaction conditions were optimized and mixtures prepared (30 µI total 

volume) consisting of the following, DNTPs 2.4 µI, MgCl2 3.0 µI, 10 x buffer 3.0 µI, 

Primer (10 um ) 2.0 µI, Taq (Su/µI ) 0.2 µI, Template DNA (SO ng / µI )2.0 ul, H20 

(dd) 17.4 ul. Amplification was carried out in a PTC- 200 thermal cycler (MJ Research, 

Watertown, USA) programmed as follows: Denaturation, 94°C for 10 minutes, 

followed 40 cycles. Each cycle consisted of 1 minute at 94oc, 1 minute at 37°C, 2 

minutes at 72oc, followed by a final extension time of 10 minutes at 72oc and 4°C 

(infinitive). Gel electrophoresis was applied according to Sambrook et. al (1989). 

RAPD products were separated on 1.2% agarose gels and bands were visualized with 

ethidium bromide. 

To ana~yzf'· the d~ta, bands were detected on UV-transilluminator and 

photographed by Gel Documentation 2000; Bto- Rad. Similarity coefficients were 

calculated according to Dice matrix (Nei and Li, 1979). Construction of the 

dendrogram tree was performed using the un-weighted pair group method based on 

arithmetic mean (UPGMA) in the 'SPSS' program version 10. 

RESULTS AND DISCUSSION 

5eed yield and days to maturity 

The data of seed yietd fed.-1 and days to 90% maturity are presented in Table 2. 

The overall mean of seed yield fed.-1 was 4.28 ardab. Significant difference was 

observed between both seasons, where the first season performed higher seed yield 
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(4.61 ardab fed.-1
) than the second season (3.95 ardab fed.-1

). This difference may be 

due to the variation in climatic conditions and interactions. The average seed yield of 

the 17 mutant lines were 4.64 ardab fed. feddan-1
, indicating their superiority over the 

. three check cultivars. Amongst, eight mutant lines (MlO, M37, M40, M46, M47, M48, 

M49, and M50) performed higher seed yield ranged from 4.85 to 5.99 ardab fed.-1
, 

exceeding their mother cultivar Giza 9 by 29 - 59.3%. 

Table 2. Average seed yieJd (ard. fed.-1
) and days to maturity of the tested lentil 

genotypes evaluated at Gemmeiza Research Station in 2011/12 and 2012/13 

winter seasons. -
No Genotype Seed yield Maturity 

Season 1 Season 2 Mean Season 1 Season 2 Mean 

1 M7 4.29 3.54 3.92 149.0 127.7 138.3 . 
2 M 10 5.50 4.20 4.85 156.7 128.3 142.5 

3 M 13 4.45 3.75 4.10 159.7 127.0 143.3 

4 M 30 3.58 3.75 3.67 151.0 124.3 " 137.7 .. 

5 M 33 4.03 3.60 3.82 151.7 120.3 136.0 

6 M 35 4.38 3.54 3.96 154.0 126.3 140.2 

7 M 37 6.04 4.50 5.27 155.3 125.7 140.5 

8 M 38 2.97 2.01 2.49 155.7 124.0 139.8 

9 M40 5.48 4.34 4.91 155.0 126.7 140.8 

10 M45 4.27 3.75 4.01 155.0 J.28.3 141.7 

11 M46 5.13 6.84 5.99 155.0 1?6.3 140.7 
--· 

12 M47 5.70 5.34 5.52 155.0 127.7 141.3 

13 M48 5.45 4.50 4.98 154.7 128.0 141.3 

14 M 49 6.68 4.62 5.65 155.0 125.7 140.3 

15 M 50 5.08 4.98 5.03 155.0 129.0 .14?.0 

16 M 52 4.59 3.21 3.90 155.0 126.7 140.8 
-

17 M 55 3.69 3.06 3.78 158.3 128.3 143.3 

18 Giza 9 3.97 3.54 3.76 154.3 124.7 139.5 

19 Sinai 1 2.46 2.79 2.62 119.0 119.0 119.0 

20 Giza 51 4.39 3.09 3.74 156.7 127.7 142.2 

Mean 4.61 3.95 4.28 153.1 126.1 139.6 

L.S.D. 0.05 0.57 0.79 0.34 4.17 2.67 1.73 
-

CV% 7.42 f 12.12 . 9.72 1.65 1.28 1.52 

The levels of seed yield fed.·1 for the promising lines obtained in the present 

study (4.85-5.99 erd. fed:1
) are higher than those reported in lentil by many scientists 

such as Ezzat et. al. (2005) (3.34 ard. fed:1
); H9mdi et. al. (2004) (2.29 ard. fed:1

); 

Hamdi et al. (2011) (3.18 ard. fed:1
) and Raslan (2011) (4.35 ard. fed.-1

), indicating 
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their high yield potentiality. These promising eight lines should be exploited in lentil 

breeding programs in Egypt. 

Concerning days to maturity, the data in Table 2 show dramatic sea5onal 

effect on days to maturity. The average days to maturity in the first season was 153.1 

but it was shortened to 126.1 days in the second season. Such seasonal effects on 

lentil maturity were reported previously (Hamdi, 1987; Hamdi et. al, 2002b; Hamdi 

et. al, 2003a, and Hamdi et. al, 2003b ). lJlat is logic since first season was warmer 

than second season at Gemmeiza. In this regard, Rahman et. al (2010) mentioned 

that it is well known that in lentil (as many other crops) the rising temperatures 

coupled with receding soil moisture push the plants into forced maturity; thus the crop 

duration in hot region is shorter than cooler region. Also, Summerfield et. al. (1989) 

reported that under controlled conditions, progressively warmer post-flowering 

restricted vegetative growth, accelerated progress towards reproductive maturity and 

reduce seed yield. High temperatures associated with dry soils (and strong wind) are 

especially damaging. .!' 

The cultivar Sinai 1 was the earliest in maturity, where it matured at 119 days 

in both seasons. The earliness of Sinai 1 in flowering and maturity was previously 

reported by several scientists (Hamdi, 1987; Hamdi et. al, 2002b; Hamdi et. al, 

2003a; Hamdi et. al, 2003b and Hamdi et. al, 2004). It should be mentioned that 

four out of the eight promising mutant lines (M37, M40, M46 and M49) matured at 

140.3 - 140.8 days with no significant differences with Giza 9 (139.5 days). Significant 

genotype x season interaction has been observed in the present study for both yield 

and maturity traits, suggesting that varietal evaluation should be done in more than a 

single season and/or location. 

Physicalmaracteristics 

The averages of physical characters for all tested genotypes are presented in 

Table 3. Regarding electrical conductivity (EC}, the data showed clear differences 

among genotypes. The average values ranged from 19.8 for Giza 9 to 51.9 u 

mhos/g/seed .for Sinai 1. Since 'EC is measuring electrolytes leached from the seeds 

soaked in water, so low EC value indicates good seed viability (Powel, 1986). 

The average 'EC values for the 17 mutant lines ranged from 23.6 to 34.4 u 

mhos/g/seed. For hydration coefficients, the averages of HCB for all genotypes ranged 

from 89.4 for Sinai 1 to 133.2 for mutant line MlO. The high value of HCB means that 

seeds have potential to imbibe water, and a high capacity to absorb water indicates 

good seed quality. Accordingly, the HC8 values d the 17 mutant lines were higher 

than the mother cultivar Giza 9 (Table 3). Simllarty, the HCA values d the 17 mutant 

Ines were also higher than those d the mother cultivar Giza 9 {except MSO, which 
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was lower than Giza 9 but with no significant difference), indicating their better seed 

quality than Giza 9. The hydration coefficients before cooking (HCB) and after cooking 

(HCA) indicating that the 17 mutant lines have better seed quality than Giza 9. 

Chemical characteristics 

The overall average of seed protein content was 25.93% (Table 4). There were 

consistent differences among genotypes in protein content, with a range of 20.56 -

31.13. The cultivar Giza 9 had 24.52% seed protein content. The average of seed 

protein content for the 17 mutant lines was 25.82%, with a range of 20.56 - 29.81%. 

In contrast 11 mutant lines showed significantly higher seed protein contents than 

Giza 9, with percentage increases ranged from 3.6 to 21.6%. Five mutant lines (MlO, 

M46, M47, M48, and MSO) out of the high yielding eight lines had higher protein 

content than Giza 9, and hence they combined high seed yield and protein content. 

Table 3. Average values of physical characters: electrical conductivity (E.C.), 

hydration coefficient before cooking (H.C.B.) and after cooking (H.C.A.) 

~ d f th t t d I t"I t "" or see so e es e en 1 geno :ypes. 
No. Genotype E.C. H.C.B. H.C.A. 

1 M7 31.899 129.516 128.084 

2 M 10 25.283 133.167 107.979 

3 M 13 24.782 126.330 109.602 

4 M 30 30.262 127.471 103.572 

5 M 33 29.829 127.527 101.582 

6 M 35 24.365 122.960 110.453 

7 M 37 31.624 126.275 121.709 

8 M 38 25.838 126.999 111.321 

9 M40 32.317 127.641 116.582 

10 M45 28.316 128.573 126.326 

11 M46 34.376 128.427 102.508 
-

12 M47 30.288 127.412 121.393 

13 M48 27.354 129.304 104.167 

14 M49 29.199 125.109 129.959 

15 M 50 27.128 131.321 98.608 

i6 M 52 29.522 131.071 102.352 

17 M 55 23.582 127.469 124.083 

18 Giza 9 19.771 120.706 99.632 
-

19 Sinai 1 51.864 89.397 95.512 

20 Giza 51 29.031 125.464 98.135 

Mean 29.331 125.608 110.678 

L.S.D. 0.05 3.699 2.348 4.393 

i CV% 7.57 1.13 2.40 

I 
I 
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Concerning seed phosphorus content, the data in Table 4 show that the 

phosphorus contents of all genotypes ranged from 3.40 g/lkg seeds for M13 to 8.47 

g/lkg seeds for M7, with an overall average of 5.82 g/lkg seeds. The eight mutant 

genotypes (M10, M37, M40, M46, M47, M48, M49, and MSO), which exceeded the 

seed yield of Giza 9 also had higher average seed phosphorus content of 6.45 g/lkg 

seeds and surpassed seed phosphorus content of Giza 9 by 13.16%. The range of 

seed phosphorus content in lentil reported by other authors were 2.94 - 7.25 g/lkg 

seeds (Andrews et al, 2001; Urbano et. al, 2007 and Yadav et al, 2007), which 

agreed with the range found in the present study. 

Table 4. Average values of seed storage protein (N%), phosphorus (P) and potassium 

(K) contents (g/1 kg seeds) in seeds of the tested lentil genotypes. 

No. Genotype N% p K 

1 M7 20.56 8.47 20.03 

2 M 10 28.44 6.00 20.17 
n 

3 M13 29.47 3.40 17.53 
.. 

4 M 30 26.50 4.83 18.30 

5 M 33 26.63 4.50 9.90 

6 M 35 25.47 5.80 18.87 

7 M 37 23.76 8.00 22.73 

8 M 38 24.96 5.50 20.03 

9 M 40 24.48 5.10 21.70 

10 M45 25.40 4.20 19.37 

11 M 46 26.20 6.80 21.70 
----

12 M 47 27.23 6.73 22.87 

13 M 48 26.22 6.20 21.47 

14 M49 22.11 6.80 20.97 

15 M 50 29.81 6.00 18.57 

16 M 52 24.42 6.90 20.17 

17 M55 27.34 6.10 18.43 

18 Giza 9 24.52 5.70 10.40 

19 Sinai 1 31.13 5.20 19.90 

20 Giza 51 23.95 4.10 17.70 

Mean 25.93 5.82 19.04 

L.S.D. 0.05 0.56 ' 0.28 0.68 

CV% 1.31 2.91 2.16 
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Regarding seed potassium content, the overall average of potassium content 

was 19.04 g/lkg seeds (Table 4), with a range of 9.90 g/1 kg seeds for M33 to 22.87 

g/lkg seeds for M47. Giza 9 had 10.40 g K/lkg seeds. The eight mutant genotypes 

(MlO, M37, M40, M46, M47, M48, M49, and MSO), which exceeded the seed yield and 

"seed phosphorus content of Giza 9 also had higher average seed potassium content of 

21.27 g/lkg seeds and surpassed seed potassium content of Giza 9 by 105%. The 

range of seed potassium content in lentil was reported to be 2.4 - 23.7 g/lkg seeds 

(Andrews et al., 2001; Urbano et. al., 2007 and Yadav et. al., 2007), which agreed 

with the range found in the present study. 

The results of chemical characteristics indicated that there were considerable 

protein, phosphorus and potassium contents in lentil seeds of the tested genotypes. It 

is well known that lentil seeds contain several minerals that are required by humans 

(12 of the 17 human essential elements), although not all are necessarily required by 

lentil itself (Grusak, 2010). Potassium and phosphorus constitute the bulk of the 
• mineral profile, and lentil is a very good source for phosphorus and copper and 

providing about half of the USA recommendation (Grusak and DellaPenna, 1999). 

Molecular marker 

Thirty primers were initially screened for their ability to amplify polymorphic 

DNA. Out of them nine primers, OPAOS, OPAll, OPBOl, OPB07, OPB18, OPCOS, 

OPC07, OPD9 and OPD17 (Table 1) showed reproducible and distinct polymorphic 

amplified products as shown in Fig. 1. The polymorphism in Table 5 show that, a total 

of 94 bands were scored, 33 of which (35.1%) were polymorphic and 61 (64.9%) 

were monomorphic. The amplification products ranged from 140 to 2026 bp. Primer . 
OPC07 scored the highest number of bands; whereas the lowest number of bands 

was produced by primer OPB01. In addition, the maximum number of polymorphic 

bands (80%) observed in primer OPD17, while, primer OPA08 and OPB18 generated 

the least (18.2%) polymorphic bands. 

Despite the observed results indicated low level of genetic diversity, genetic 

differences among Giza 9 and other eight" mutant lines existed. Similarly, Rana et. al. 

(2007) also found low level of genetic diversity in the studied lentil material using 

RAPD markers. Also, Sharma et al. (2004) found that 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 lentil 

accessions. 

The highest number of cultivar specific RAPD markers was scored for 

genotype M40, which revealed two markers at 1427, 747 bp in primer OP-All; while, 

the lowest number of RAPO-PCR markers was scored for genotypes M37, M46 and 

M49 (1 markers) at 753, 844 and 277 bp in primers OP-607, OPD17 and OPC07, 

respectively. 
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Table 5. Levels of polymorphism based on RAPD analysis. 

Primer TB PB MB P% Unique bands 

Cultivar MS 
OP-A08 11 2 9 18.2 - -
OP-All 11 4 7 36.4 M40 (2) 1427 747 

, OP-BOl 5 1 4 20.0 - -
OP-B07 11 4 7 36.4 M37 (1) 753 

OP-B18 11 2 9 18.2 - -
OP-COS 11 6 5 54.5 - -
OP-C07 14 4 10 28.6 M49 (6) 277 

OP-009 10 2 8 20 - -
OP-017 10 8 2 80 M46 (3) 844 

Total 94 33 61 35.1 

T.B: Total' bands, PB: Polymorphic bands, MB: Monomorphic bands, P0/o: Polymorphism%, and MS: Molecular size. 

Genetic distance among genotypes 

The dendrogram (Fig. 2) based on genetic distance indicates classification of 

the nine lines of lentil into three main clusters; M40 (no. 2), M47 ( 4), M48 (5), M49 

(6), M50 (7),.MlO (8) and Giza 9 (9) were grouped in cluster 1, while cluster 2 
.n 

included line M37 (3) and cluster 3 included line M46 (6). The line M48 was closest to 

the line M49 with 100% similarity (Table 6) and the highest genetic distance was 

found between M40 and M46 with 87% similarity. These results were in agreement 

with Hoque and Hasan1(2012) who fbund that RAPD markers have proven to be a 

powerful tool for molecular genetic analysis of lentil cultivars for plant breeding 

programs to assess genetic diversity for the development of improved cultivars. 

Table 6. Similaritv matrix amen 1 the nine lentil qenotvoes based on RAPD analvsis. 

Line M37 M40 M46 M47 M48 M49 MSO MlO 

M37 -

M40 0.89 

M46 0.88 0.87• 

M47 0.89 0.95 0.89 

M48 0.89 0.96 0.88 0.97 

M49 0.89 0.96 0.88 0.97 1.00 

M50 0.88 0.97 0.89 0.97 0.99 0.99 

MlO 0.89 0.97 0.89 0.98 0.99 0.99 0.99 

Giza 9 0.89 0.95 0.90 0.96 0.96 0.96 0.97 0.97 
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Figure 1. RAPD fingerprinting of the nine lentil genotypes from left lo right: M= Marker, (1) M37, (2) M40, 

(3) M46, (4) M47, (5) I 
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Fig. 2. Dendrogram of the genetic distances among the nine lines of lentil based on RAPD 
analysis. (1) M37, (2) M40, (3) M46, (4) M47, (5) M48, (6) M49, (7) MSO, (8) MlO, 
and (9) Giza 9. 
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