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Abstract: Karyotype and C-banding patterns of mitotic chromosomes i 10 cultivars and landraces of lentil were
studied. Aceto-iron-hematoxilin staining and Giemsa C-banding techniques were used to staining
choromosomes and banding patterns analysis, respectively. Clromosome characteristics including long arm,
short arm and chromosome lengths, total length of chromosome set, arm ratio mdex, relative chromosome
length, the width and position of each band, heterochromatin percent per chromosome and per chromosome
set were measured using Micromeasure software. The results of this study revealed that the genome of this
species consisted of four pairs of metacentric and three pairs of submetacentric chromosomes. Chromosome
4 had a secondary constriction near centromeric region of its long arm. Arm ratio index of chromosomes ranged
from 1.24 m chromosome 3 to 2.38 in chromosomes 6. Each chromosome, having a distinctive banding pattern,
was recognizable. Karyological characteristics and banding patterns of all materials studied were similar to each
other, however, some polymorph C-bands were observed on chromosome arms.
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INTRODUCTION

Lens culinaris Medik 1s a diploid (2n = 2x = 14), self-
pollinating, annual crop and one of the oldest
domesticated cool-season gramn legumes. Remains of this
species were found i archaecological sites dated 6 to 7
thousand years ago (Cubero, 1981). Originated in West
Asia, its cultivation rapidly spread to the Mediterranean
and Africa (Zohary, 1999). Lentils are a major source of
protemns. There are several reports on chromosome
number, karyotypes and idiograms for L. culinaris
(Ladizinsky, 1979; Mehra et af., 1986; Ahmad ef al., 1992,
Ramesh and Salimuddin, 1992; Kumar and Gupta, 1997,
Kumar et al., 2001). However, we are still far from an
unambiguous 1dentification of each chromosome pair and
some disagreement still exists on the exact karyotype. To
establish an accurate karyotype of L. culinaris 1s
becomimng mmportant for plant breeding programs,
providing the assignment of genetic linkage groups to
chromosomes and the integration of physical and genetic
recombination  maps. Moreover, phylogenetic
relationships and chromosome evolution in the genus can
be studied if the Lens chromosomes can be distinguished
using a well described karyotype as reference. In species
with highly symmetrical karyotypes and very similar
chromosome morphology, in fact, clromosome length,
arm length and ratio and position or number of secondary

constrictions may not be sufficient criteria to differentiate
individual chromosome pawrs. Galasso ef al. (2001)
proposed the karyotype of Lens with three pairs of
metacentric or submetacentric chromosomes, three pairs
of acrocentric chromosomes and one satellited pair of
chromosomes.

Giemsa C-banding technique, which stains
constitutive heterochromatin (Arright and Hsu, 1971),1s a
powerful technique that can be used to identify individual
chromosomes. In this study we attempt to identify
individual chromosomes of lentil with C-banding
procedure and chromosome arm length ratio, to develop
more detailed karyotypes than those previously available
and to evaluate the polymorphism of C-bands among this
crop cultivars.

MATERIALS AND METHODS

This study was conducted at cytogenetic laboratory
of Mohaghegh Ardabili University of Iran m 2006. Seeds
of ten lines and landraces of lentil including (Flip 92-15L,,
T1-6002, T1-6468, T11-7523,T11-6206 and Khalkhal, Koraeim,
Ardebil, Moghan and Ahar landraces from northwest of
Tran) were germinated on moist blotting paper and the root
tips were obtained. Staining method and C-banding
technique has been used as described earlier by
Asghari-Zalkaria et al. (2002).
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Chromosome measurements including long arm,
short arm and chromosome lengths, total length of
chromosome set, arm ratio index, relative chromogome
length, the width and position of each band,
heterochromatin percent per chromosome and per
chromosome set were made from 10 enlarged well -spread
metaphase cells, using Micromeasure software developed
by the Biology department of Colorado State University,
available on internet at http: //www. colostate. edu/Depts/
Biology/Micromeasure. Homologous chromosomes were
identified based on similarities of C-banding patterns and
the position of centeromers. The nomenclature followed
Levan ef ¢l. (1964) and chromosomes were namedas 1,2,
3,4,5, 6 and7 in descending order of length.

RESULTS AND DISCUSSION

Mitotic chromosomes and their C-banding patterns
are shown in Fig. 1 and 2, respectively. Karyotypic and
C-banding characters of the seven mitotic chromosomes
are shown in Table 1 and 2 and the mean position (the
distance of the band center from the centeromer in % of
the chromosome arm length on which the bandis located)
and width (in % of the chromosome arm length on which
the band is located) of the C-bands in the 10 lentil lines
and landraces are shown in Table 3.

The analysis of karvotype showed that this species
has 2n = 2x = 14 chromosomes (Fig. 1). Chromosome
length in lentil ranged from 5.59 pm in chromosome 7 to
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Fig. 1: Somatic metaphase chromosomes of L. cudinaris stained with aceto-iron-hematoxilin. The chromosome
4 shows secondary constriction near its centromeric region
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Fig. 2: Giemsa C-banded chromosomes in some genotypes of L cufinaris: a) Moghan, b) ILL-6002, ¢) Flip-92-157,
d) Koraim, ) ILL-6468, ) ILL-7523, g) ILL-6206

Table 1 : The karvotrpic characters of seven mitotic chrom osomes in ten genotypes of lentil

Lentil genotype
Chr.  Character Lacal 6002 6468 7523 6206 Flip K oraim Ahar Ioghan Khalkal
length 8734132 70540 66 8564025 8294135 Q.10+0.31 TI5H120 6.964).14 Q.17+0.29 9.67£0.45 2.23340.23
FL 17 5140 3 17.6+0.382 16.741.1% 17.140.17 16,4133 1714131 17.0+0.18 16.7H1.27 17.141.20 1714026
1 L 4964120 4.67+0.39 4964015 4904123 522019 4544111 4.0140.08 527017 5.78+0.25 4724013
3 3764114 3.2840.22 361012 3354114 3.88+0.15 3214011 2.9440.07 3.90+0.16 3.89+0.21 3524012
L& 1324103 1.43+0.05 1 384004 1 444103 1.35+0.04 1438004 1374103 1.37+0.04 1.504£0.04 1.3540.03
length T.47H 27 7.19+0 56 3384027 7744133 2.60+0.30 7224118 6.7140.18 2674022 9.15+0.37 7 66+0.32
EL 15.0+0.28 15.840.30 16.341.19 16.040.24 1554123 1594125 16.4+£0.23 157418 16,24 31 1594044
2 L 4394116 4.10+0.33 4764017 432417 4.98+0.17 4054110 3.8340.10 4084015 5124022 4354017
51 309413 3.08+0.25 3.6240.11 341417 361015 317H109  2.8940.09 373015 4.03£0.16 3314017
L& 1.4341.04 1.36+0.07 1324002 1284103 1.39+0.04 1284102 1.3340.03 1.34+0.03 1.28+0.03 1344005
length 7494121 6.46+0.42 7544051 7124 37 2324020 6554116 5884011 T.R2+0.31 2.28+0.38 7.1640.27
FL 1514027 14.340 28 1474127 14 641.22 1514017 144418 14.4+0.33 1434012 146418 149434
3 L 4174114 3.66+0.25 4.07£0.15 399419 4524011 3644111 3254007 441017 4.67£0.25 3864016
3 3334109 2.7940.12 3.47£0.17 313419 3.80+0.10 2914108 2.634.06 351017 3.60£0.15 330+0.12
L 1264104 1.32+0.04 1194003 1294104 1.19+0.02 1268004  1.2440.03 1.27+0.05 1.294£0.04 1.1740.03
length 729427 6.2640.44 7524028 6.97+H1.30 2.12+0.30 6794122 5.874).14 2.22+0.35 3.19+0.42 6834012
RL 1464021 13.540.23 14.641.25 14.440.32 1464 26 150435 14.3+0.29 1494135 14.441 27 142430
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Lentil genotype

Chr. Character Local 6002 6468 7523 6206 Flip Koraim Ahar Moghan Khalkal

4 L 4.17+0.15 3.78£0.26 4.31+0.18 4.01£0.17 4.59+0.18 3.97+0.12 3.43£0.09 4.66+0.21 4.80£023 4.004£0.10
S 3.1240.13 2.48+0.20 3.22+40.11 2.95+0.14 3.54+0.13 2.83+0.11 2.44+0.06 3.56+0.16 3404020  2.83+0.05
L/s 1.34+0.03 1.56+0.05 1.34+0.03 1.37+0.03 1.30+0.02 1.42+0.04 1.41+0.02 1.32+0.04 1.43+0.04 1.41+0.04
length 6.91+0.22 6.47+0.46 6.83+0.17 6.59+0.33 7.51+0.22 6.40+0.20 5.55+0.09 7.7240.33 7.68+035 6454022
RL 13.9+0.23 14.3+£0.32 13.4+0.25 13.5+0.20 13.6+£0.17 1414027 13.5+0.17 13.9+0.24 13.6+0.30 13.4+0.27

5 L 4.85+0.17 4.60£0.35 4.73+0.13 4.63+£0.25 5.34+0.14 4.54+0.13 3.77£0.07 5.42+0.25 5431029 4381017
) 2.06+0.08 1.87+0.13 2.10+0.08 1.96+0.09 2.17+0.09 1.86+0.07 1.77+£0.04 2.29+0.10 225£009 2.07£0.08
L/s 2.38+0.08 2.48+0.11 2.29+0.09 2.35+0.07 2.49+0.07 2.45+0.03 2.14+0.06 2.37+0.07 2424011 2134008
length 6.16+0.22 5.71+0.37 6.38+0.19 6.10+0.28 7.13+0.20 5.56+0.16 5.18+0.08 6.97+0.24 7.06+0.27  6.01+0.19
RL 12.3+0.15 12.6+0.28 12.4+0.15 12.5+0.20 12.9+0.23 12.2+0.18 12.6+0.09 12.6+0.15 12.5+0.19 12.5+0.20

6 L 4.34+0.15 4.03£0.27 4.54+0.15 4.35+£0.23 4.98+0.16 3.92+0.13 3.55+£0.06 4.93+0.20 497£0.18 4.18+£0.14
) 1.821+0.09 1.69+0.11 1.84+0.06 1.75+0.07 2.15+0.08 1.64+0.04 1.63+£0.04 2.04+0.07 2.08£0.11 1.83+0.06
/s 2.43+0.11 2.40£0.09 2.47+0.06 2504012 2.3540.10 2.40£0.07 2.20£0.05 2.43+0.09 242£008 2294007
length 5.69+40.17 5.12+0.33 5.90+0.16 5.65+0.29 6.45+0.17 4.99+0.10 4.70+0.12 6.32+0.19 6.44+0.29  555+0.18
RL 11.4+0.16 11.3+0.29 11.5+0.13 11.6+0.16 11.6+0.16 11.0+0.13 11.5+0.20 11.5+0.18 11.4+0.15 11.6+0.17

7 L 3.96840.14 3.52+0.26 4.05+0.11 3.99+0.20 4.51+0.14 3.32+0.07 3.28+0.09 4.40+0.12 4524023  3.84+0.12
) 1.71+0.06 1.61+0.08 1.85+0.07 1.66+0.10 1.941+0.06 1.67+£0.05 1.42+0.05 1.92+0.09 192+008 1.71+0.07
LS 2.35+0.09 2.16+0.08 2.21+0.06 2.42+0.06 2.34+0.08 2.01£0.06 2.33£0.09 2.33+0.09 237£0.10 2274008

RL = chromosome relative length, I. = Long arm length, 5 = Short arm length, L/S = Arm ratio Index

Table 2: The mean karyotypic characters of seven mitotic chromosomes in lentil

Chr. Type Chromosome (um) Relative length (%) Long arm (um) Short arm (wm) Arm ratio

1 m 8.36+0.25 17.10+£0.11 4.86+0.15 3.50+0.10 1.40=0.02

2 m 7.76+0.25 15.88+0.13 4.41+0.14 3.35+0.11 1.33+0.02

3 m 7.1740.25 14.64+0.09 3.98+0.14 3.19+0.12 1.26+0.02

4% m 7.13+0.26 14.57+0.11 4.14+0.13 3.00+0.13 1.40+0.02

5 sm 6.77+0.21 13.83+£0.10 4.75£0.16 2.02+0.05 2.37+£0.04

6 sm 6.15+0.21 12.56+0.06 4.32+£0.15 1.83+0.06 2.38+£0.03

7 sm 5.5940.19 11.42+0.06 3.87+0.15 1.72+0.05 2.26+0.04

* SAT-chromosome

Table 3: The mean position (the distance of the band center firom the centeromer in %6 of the chromosome arm length on which the band is located) and width
(in %% of the chromosome arm length on which the band is located) of the C-bands in the 10 lentil lines and landraces

Chromosome BRand Position Width Masxcimum heterochromatin (%6)
1 117 100.0+0.00 5.59+0.47 19.37+2.81
*1L 71.00+3.47 4.82+0.37
#1173 43.90+2.48 4.78£0.26
1L 12.02+1.04 5.31+0.55
#18! 18.14+2.49 5.31£0.56
19 62.67+£8.35 6.91+0.88
18* 100.04+0.00 5.87+0.47
2 214 100.0+0.00 6.74=0.51 23.19+2.60
217 61.53+4.17 7.51+0.74
#2102 43.48+1.11 3.91+0.00
2L} 21.93£2.01 6.69+0.42
#2581 43.69+4.61 8.75+0.66
28 73.201.45 6.11+0.22
25° 100.04+0.00 6.16+0.92
3 313 100.04+0.00 6.71+0.62 19.23 £2.00
312 61.44+2.97 7.07+0.54
#3L} 20.91+3.07 6.02+0.89
35! 23.67+1.41 6.01+1.00
38 59.36+4.05 6.39+1.01
35 97.61+£2.25 6.13+0.64
4 417 100.0+0.00 8.30+0.75 19.11+1.61
412 59.46+2.89 5.99+0.51
41! 31.63+2.77 5.31£0.66
48! 28.23+2.03 5.81+0.64
#4452 66.45+£2.99 5.24+0.97
48 100.04+0.00 7.00+0.64
5 5L* 100.04+0.00 8.01+0.48 23.18+2.12
*517 73.48+£2.02 6.70+0.42
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Table 3: Continued

Chromosoime BRand Position Width Maximum heterochromatin (%)
*512 45.87+2.46 6.53+0.54
SL* 23.14+1.86 6.094+0.56
55! 38.09+2.54 5.91+0.63
582 100.0+0.00 7.88+0.82
6 6L’ 100.04+0.00 7.8440.51 28.38+1.37
*HLA 77.85+1.61 6.75+0.42
6L? 55.62+2.78 8.14+0.45
*eL2 43.07+1.11 6.24+0.21
6L! 23.43+1.68 5.3440.75
*HS! 39.21+£2.91 5.21+0.45
652 100.04+0.00 10.0+0.76
7 712 100.0+0.00 8.39+0.67 19.85+1.77
7L? 71.97£1.54 6.8620.28
L 47.91+1.55 T1240.54
78! 23.60+1.55 T7.01+0.45
78 43.18+1.53 7.21+0.48
* Polymorph bands

8.39 um in chromosome 1. On the other hand, arm ratio
index values ranged from 1.26 in chromosome 3 to 2.38 in
chromosome 6 (Table 1). The ratio between the largest
and the smallest chromosome was 1.49: 1. Since, Lentil has
chromosomes with median or sub-median centeromers, it
shows a symmetric karyotype. The distinct morphological
characters and C-banding patterns for each chromosome
are described as follows:

Chromosome 1: Was the largest chromosome among the
chromosomes of lentil. There were one proximal and one
telomeric band on its long arm and one and distal one
telomeric band on its short arm. Another one interstitial
and one distal band were also observed in some of
genotypes m long arm and cne proximal band on its short
arin.

Chromosome 2: The banding pattern of this chromosome
consisted of one proximal, one interstitial, one distal and
one telomeric band on its long arm and one distal, one
interstitial and one telomeric band on its short arm. The
interstitial bands on its long and short arm showed

polymorphism.

Chromosome 3: Tt showed three C-bands on proximal,
interstitial and telomeric regions on its long and short
arms. The proximal band of the long arm was not seen in
some of genotypes and showed polymorphism.

Chromosome 4: (SAT chromosome), was distinguishable
other through a secondary
constriction located near the centromeric region of its
long arm. Three sharp bands were observed at proximal,
interstitial and telomeric regions on its long arm and two

from chromosomes

others at proximal and telomeric regions on its short arm.
Another band was also observed in distal region of the
short arm in some studied genotypes.

Chromosome 5: The banding pattern of this chromosome
consisted of one proximal and one telomeric band on its
long and short arms and a two other polymorphic bands
on interstitial and distal regions of its long arm.

Chromosome 6: Had prominent C-bands at telomeric
region of its short arm and three others at proximal,
interstitial and telomeric regions of its long arm. Another
distal or interstitial band on its long arm was also seen in
some genotypes.

Chromosome 7: The smallest one in the chromosome set
of lentil. Tt had one proximal and one telomeric band on its
short arm and one proximal, one interstitial and one
telomeric band on its long arm.

The results of this study revealed that the genome of
this species consisted of four pairs of metacentric and
three pairs of submetacentric chromosomes. Chromosome
4 had a secondary constriction near centromeric region of
1ts long arm. Shinkard (1985), Raziuddin et al. (1990) and
Ahmad et al. (1992) showed that the karyotype of lentil
composed of four metacentric and three sub-metacentric
chromosomes according to Levan et al. (1964). Whereas,
according to Galasso er al. (2001) lentil has three
submetacentric, three acrocentric and one pair metacentic
chromosome with secondary constriction very close to its
centromeric region. It seems that they used another
criterion for naming chromosomes. Ahmad ef al. (1992)
suggested that unlike earlier works (Sinha and Singh,
1982 Sindhu et al., 1984; Slinkard 1985; Raziuddin et ai.,
1990) there 1s only one SAT chromosome m lentil which
was the second chromosome in length and the secondary
constriction of this chromosome is near centromeic region
of its long arm. However, Kumar and Gupta (1997)
reported that in pachytene chromosomes of lentil three
NOR regions are seen on chromosomes 1, 2 and 3, but
in mitotic chromosomes the secondary constriction is
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located on the chromosome 4 near centromeic region of its
long arm. Abbo et al. (1994) and Galasso et al. (2001) also,
reported only one nucleolar organizing chromosome in
lentil through ir sifu hybridization. Use of a ribosomal
DNA probe (pTa71) for FISH, Kumar ef af. (2001 ) revealed
only one pair of nucleolar orgamzing chromosomes on
mitotic metaphase chromosomes, but at spore quartet
stage, they suggested the presence of two nucleolar
organizing chromosomes.

The SAT chromosome of lentil in this study was the
fourth chromosome in average length, which was in
agreement with Kumar and Gupta (1997) and Galasso ef al.
(2001). In three lines of studied materials (Flip 92-15L, TlI-
6468 and Ahar landrace) it was the third chromosome
(Table 2). However, Ahmad et al. (1992) reported this
chromosome 15 the second m length.

There are a few reports on chromosome banding
patterns n lentil. Mehra ef af. (1986) usmg N-banding
technique reported N-bands near centromeric region of
lentil chromosomes. In this study each chromosome had
a distinct C-banding pattern and this technique provided
adequate mformation to identify all of lentil chromosomes.
The mean amount of heterochromatin percent m each
metaphase cells of these lines were 22%. Besides of
prominent menomorph bands a considerable amount of
polymorphism was observed in banding pattern. These
results can be used in chromosome engineering of lentil
chromosomes for transferring of alien chromatin mto this
species.

CONCLUSIONS

The results of this study revealed that while there are
minor differences among genotypes of lentil in
chromosome morphology a considerable polymorphism
are seen in C-banding patterns of chromosomes.
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