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ABSTRACT- Plant breeders are constantly evaluating genetic diversity resources to lay a

ARTICLE INFO foundation for crop improvement. Tissue culture techniques have been applied successfully in

many species to generate genetic variation in plants. Researches on lentil genetic diversity
KEYW9fd51 and parameter estimation under tissue culture conditions are relatively limited. Therefore, this
Genetic parameters research was carried out in three separate experiments for genetic parameters estimation and
Heritability to understand the response of 14 lentil genotypes to callus induction using kinetin (Kin) and
Plant growth regulators 2,4-dichlorophenoxyacetic acid (2,4-D) growth regulators; shoot production using thidiazuron
Regeneration (TDZ), 2-1sopentyladenine (2iP), benzylamino purine (BAP), and Kin growth regulators; and

rooting the plants using NAA growth regulator. Results showed that the best treatments were
1 mg/L Kin and 2 mg/L 2,4-D for callus induction, 3 mg/L BAP, 4 mg/L Kin, and 2 mg/L
TDZ for shoot regeneration, and 3 mg/L NAA for rooting. The 09S 83259-
141LL6994/ILL5480 and FLIP2010-40L-10770-1LL8119/ILL7686 genotypes were the best
in term of callus, shoot, and root induction. The broad sense heritability of most of the traits
was high demonstrating lower contribution of environmental factors in phenotypic variances.
Overall, large diversity identified among genotypes in vitro conditions and high heritability
estimates indicated that selection based on the measured traits including callus, shoot, and
root induction will be efficient in tissue culture conditions.

Bagheri (2010) on Gachsaran and Philip lentil

INTRODUCTION genotypes indicated that a modified MS culture medium
. o ] . o is appropriate for in vitro culture of cotyledon. Embryo
Lentil (Lens culinaris Medik.) has a specific nutritional  explant in 2 mg/L BAP generated the highest number of

value due to its high percentage of protein, significant  snoots. For induction of root in regenerated shoots, a
amounts of folic acid, fiber, iron, niacin, vitamin, and  cyjture  medium containing 10 mg/L NAA as

minerals. Moreover, it is considered to be a beneficial  pretreatment for 3 days and an in vivo condition

2019). Lentil is suitable for areas with limited rainfall  officient for root development. The results of Zaker
and drier growing season. These characteristics provide  Tavallaie et al. (2009) indicated that the cotyledon
lentil as an important crop and ensured its survival to explant of lentils along with a minor part of the
the present day (Kumar, 2019). o embryonic axis was the best. Furthermore, MS culture
Successful plants regeneration system in tissue culture  medium fortified by 7.5 mmol/L 2-Isopentyladenine
depends on use of appropriate explants (Chen and  (2ip) 4 mmol/L Kin, and 2 mmol/L Thidiazuron (TDZ)
Chang, 2002). Bayrac (2004) examined regeneration of  \yas the best composition for shoot induction. So that
lentil in response to cotyledon petiole and epicotyl  more than 96% of shoot regeneration induction was
explants treated with different plant growth regulators  gptained. and in some cases, each explant produced 40
(PGR) and the results indicated that the type of explant elongated shoots. Williams and McHughen (1986)
require different medium combination to callus and  opducted a study on lentil shoot regeneration in a
shoot induction. Moreover, the highest percentage of  cyltyre medium containing Kin. Only 11% rooting was
shoot induction were observed 40 and 60 percent for  gptained by transforming the regenerated shoots to sand.
cotyledon petiole and epicotyl explants, respectively.  Khawar et al. (2004) claimed that an MS culture
Altaf et al. (2000) used cotyledon node explants for  medium with 0.25 mg/L indole-3-butyric acid (IBA)
growing lentil seedlings in Murashige and Skoog (MS)  \yas the best shoot regeneration culture medium for 10-
culture medium containing 5 mg/L benzyladenine (BA)  gay flentil callus. However, the rooting percentage in
and 3% fructose. The results of Ghasemi Omran and their study was so low (nearly 20%). Gulati et al. (2001)
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used cotyledon node explants of lentil in an MS culture
medium containing BAP. They produced mature plants,
successfully.

The variation identified in tissue culture in the callus
induction process is referred to somaclonal variation
that might provide new variations for production of new
genotype and expand genetic diversity in a plant (Kaya
et al. 2015). Induction of somaclonal variation increases
the success probability of plant selection in vitro
conditions (Anil et al. 2018).

Despite reports on the optimization of in vitro
regeneration of lentil, little information about genetic
diversity, heritability of traits, somaclonal variation, and
genotype x PGR interaction for selection of the best
stress-tolerant plants in lentil is available. Therefore, the
objective of this study was investigating the genetic
diversity, genetic parameters estimation, and genotype x
PGR interaction in lentil under in vitro culture
condition.

MATERIALS AND METHODS

Healthy and uniform seeds of 14 lentil genotypes
including 12 new breeding lines and two common
cultivars were provided from Gachsaran Agricultural
Research Station, Iran (Table 1). The seeds were
immersed in a 2% sodium hypochlorite solution for two
minutes. The sterilized seeds were cultured in the petri
dish and explants were removed from healthy seedlings.

Table 1. The names and pedigree of studied genotypes

Genotype No. Name and Pedigree

1 GACHSARAN

2 KIMIA

3 ACC 5588 ILL116 Sel

4 ACC 4605

5 ILL 7979

6 09S 83259-14 1LL6994 / ILL5480

7 FLIP2010-40L-10770-1LL 8119/
ILL768

8 FLIP2011-6L ILL 6434 /1LL6972-11

9 FLIP 2005-53L-7

10 FLIP 1996-15L(Ibla 1) ILL 6209 /
ILL5671-12

11 ILL 7547 / ILL 6002 2006-03-0G-
0GA-0GA-11

12 ILL 4605 / ILL 6002 2066-02-0G-
0GA-0GA-11

13 ILL 4605 /ADDA 2006-06-0G-0GA-
0GA-11

14 ILL 6211/ILL 6002 2006-07-0G-0GA-
0GA-11

The response of the lentil genotypes to PGR
(containing 1 and 2 mg/L Kin and 1 and 2 mg/L 2,4-D)
for callus induction was examined using embryo and a
quarter of its cotyledon as explant in a modified MS
culture medium (Ye et al. 2002). After 14 days, some
important characteristics of the produced callus, such as
length, height, volume, fresh weight, and callus
induction percentage were measured.
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For shoot production, the generated calluses of the
above materials were placed on the MS culture medium
containing two levels of PGR, including 4 mg/L Kin + 2
mg/L TDZ + 3 mg/L BAP and 4 mg/L Kin + 2 mg/L
TDZ + 3 mg/L 2ip. For appropriate shoot production,
the cultured samples were kept in a growth chamber
(Arvin Tajhiz Espadana Company, Isfahan, Iran) under
the following conditions: photon flux density of 400 *
50 pmol/m%/s, photoperiod of 16 h, and relative
humidity of 65-70%. After 40 days, fresh shoot weight,
shoot length, number of leaves, number of shoots, and
shoot induction percentage were measured.

For root induction, the regenerated shoots of
genotypes were cultured in a modified MS culture
medium containing 2 and 3 mg/L NAA. Afterwards,
these shoots were transferred into an in vivo
environment containing sponge-like peat, sand, and
perlite that were divided equally into covered small
pots. Root fresh and dry weights, root length, number of
roots, and root induction percentage were measured 14
days later. Finally, the seedlings were transferred into
small pots containing sponge-like peat, sand, and
perlite. To increase the adoptability of plants to the new
conditions, the pots were covered with transparent
plastics. Hoagland and Arnon's (1950) solution was
used for irrigation and feeding of seedlings.

Statistical analysis of data in the above-mentioned
stages was carried out separately in a factorial
experiment based on a completely randomized design
(CRD) with three replications. Mean values of
significant main and interaction (PGR x Genotype)
effects were compared based on least significant
differences (LSD) and least square means (Ls means),
respectively. Genetic parameters including, phenotype
(Cvp) and genotype (Cvg) coefficients of variation, and
broad sense heritability (hb2) were estimated using the
expected mean of square (replication was considered as
random and all other factors as fix effects) and
following equations (Sharma, 2006):

I Ea. (1)

C'Up = ? x 100
\/:3 Eqg. (2)

C‘Ug = = x 100
hg =% x 100 Eq. ()

2
9

In these equations, o°p, 6°g, and o’ are phenotypic,
genotypic, and environmental variances, respectively
and calculated as bellow:

o} = oF + 0} Eq. (4
Msy—Ms,

of = =1 Eq. (5)

62 = Ms, Eq. (6)

Msy and Ms, are genotype and error mean sguares,
respectively.
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Analyses were performed in SAS 9.1 (Goodnight and
Sall (2003) software.

RESULTS AND DISCUSSION

Callus induction: Variance analysis results (Table 2)
indicated that the effects of main factors, including 2,4-
D, Kin, and genotype were significant for all the
measured traits. The interaction of Kin x 2,4-D for dry
and fresh weights, the interaction of Kin x genotype for
callus width, and the interaction of genotype x 2,4-D for
all the traits were significant except for callus width.
The triple interaction of Kin x genotype x 2,4-D was
not significant for the callus characters.

A comparison of means for the two Kin
concentrations showed that the highest callus length
(3.615 mm) and the highest callus volume (0.0259 mL?)
were observed in the 1 mg/L concentration of Kin. The
highest callus width (0.422 mm) was observed in a 2
mg/L concentration of 2,4-D. As shown in Table 3, the
highest callus volume (0.0471 mL3), callus length
(6.012 mm), callus fresh weight (130.574 mg), callus
dry weight (88.402 mg), and callus induction (83.33%),
observed in 09S 83259-14 1LL6994 / ILL5480 genotype
and MS medium supplemented with 2 mg/L 2,4-D (Fig.
1a). In addition, the highest callus width (3.363 mm)
was observed in 1 mg/L Kin in 09S 83259-14 ILL6994 /
ILL5480 genotype. The highest callus fresh weight
(76.639 mg) and the highest callus dry weight (50.6544
mg) were observed in MS medium containing 2 mg/L
2,4-D, and 1 mg/L Kin. Although the reaction of
genotypes to 2,4-D was different, at both levels of 2,4-D
the highest percentage of callus formation was recorded
to genotype 09S 83259-14 1LL6994 / ILL5480 and the
lowest to genotype FLIP 2005-53L-7 (Table 3). It
means that the initial potential of the genotype is
important in callus formation, although increasing the
concentration of 2,4-D leads to an increase in callus
formation.

It is identified that auxin hormones such as 2,4-D,
with high and medium concentrations, are the most
common hormone which is used for callus induction.
Callus induction of some plant species can be increased
with high auxin and low cytokinin concentrations in the
culture medium (Gordon, 2008). Saxena and King
(1987) used embryo explants of lentil including embryo
axis in MS culture medium containing 2,4-D. They
concluded that 1 mg/L 2,4-D is the most efficient for
callus induction which is lower than our experiment
result (2 mg/L). They reported that higher than 5 mg/L
of 2,4-D suppressed callus induction and growth.

Taleb Bidokhti et al. (2003) used shoot apex and
cotyledon node explants of lentil for callus induction in
an MS culture medium containing  different
concentrations of 2,4-D. Maximum callus growth was
observed in 0.5 mg/L of 2,4-D. Callus growth decreased
by increasing 2,4-D concentration. Callus induction of
some plant species is only possible with one of the
auxin or cytokinin regulators. But, some other species
require both of these regulators (Chawla 2009). In our
study, a combination of these two PGRs caused callus
induction with more appropriate traits. Ghanem et al.
(1989) used to leave, root, and epicotyl explants of lentil
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in an MS culture medium containing various
concentrations of Kin and 2,4-D. The best callus
induction in their research occurred in a culture medium
containing 0.5 mg/L 2,4-D and 1 mg/L kinetin. Singh
and Raghuwanshi (1989) reported that callus induction
was achieved in a single node and apical shoot explants
of lentil in an MS culture medium containing 1 mg/L
Kin and 10 mg/L 2,4-D. In comparison to our results,
these reports showed different concentrations of 2.4-D
to callus induction. This is due to the difference in the
type of explant and genotype.

Shoot regeneration: The effects of plant growth
regulators (BAP, 2iP, Kin, and TDZ) and genotypes on
all the measured traits were significant (Table 4).
Moreover, genotype x PGR interaction for shoot fresh
weight, shoot dry weight, shoot length, and shooting
percentage was significant.

Analysis of the PGR effects indicated that the
highest number of leaves (4.524) and shoots (1.4048)
belonged to the culture medium containing 3 mg/L
BAP. BAP is more effective in combination with two
other growth regulators, namely Kin and TDZ. As
shown in Table 5 09@ 83259-14 1LL6994 / ILL5480
genotype had the highest number of leaves (6 leaves)
and the highest number of shoots (2 shoots).
Comparison of means for genotype x PGR interaction
(Table 6) indicated that the highest shoot length (48.36
mm), shoot fresh weight (26.70 mg), shoot dry weight
(16.38 mg), and shoot induction (90.47%) observed in 3
mg/L BAP concentration for 09S 83259-14 ILL6994 /
ILL5480 genotype (Fig. 1b). FLIP2010-40L-10770-ILL
8119 / ILL 7686 genotype also showed the same shoot
induction (90.47%) at this BAP concentration.

To generate shoots from callus tissues, auxin
concentration can be decreased and cytokinin
concentration can be increased (Chawla 2009). For the
first time, Bajaj and Danju (1979) investigated the
regeneration of lentil from the meristem tip. They
cultured meristem tip in an MS culture medium
containing different PGR concentrations of Kin, 2,4-D,
NAA, IAA, and casein hydrolysate. The most efficient
amounts of growth and differentiation were observed in
a culture medium containing 0.5 mg/L Kin and 2 mg/L
IAA that are different from our results. Ye et al. (2002)
used MS and B5 culture media containing different
concentrations of Kin, BA, and TDZ, to regenerate
lentil in vitro conditions. The results of their study
indicated that BA and TDZ generated a similar number
of shoot induction. While a lower number of shoots was
produced in a culture medium supplemented with Kin
treatment. Sarker et al. (2003) analyzed lentil
regeneration from in vitro embryo culture, epicotyl,
immature embryos, shoot nodes, and shoot tips explants
on an MS culture medium containing different PGR
concentrations. Eventually, cotyledon node explants on
MS medium culture containing 0.5 mg/L BAP, 0.5
mg/L Kin, 0.1 mg/L GA3, and 5.5 mg/L tyrosine,
produced 2 to 6 shoots per explant and selected as the
best explant and PGR combination treatments which
had lower concentrations than our experiment. This is
due to the difference in the type of explant and
genotype.
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Root induction: Variance analysis (Table 7) indicated
that NAA and genotype had significant effects on all the
measured traits. However, their interaction was significant
for root fresh and dry weights and rooting percentage.

The highest root length (5.92 mm) and the highest
number of roots (2.12) were observed in 3 mg/L
concentration of NAA. According to the comparison of
genotype means (Table 8), it was observed that the highest
root length (14.43 mm) and the highest number of roots
(3.67) were related to 09S 83259-14 ILL6994 / ILL5480
genotype. Table 9 represents that the highest root fresh
weight (28.45 mg), root dry weight (17.19 mg), and root
induction (90.47%) are related to 3 mg/L NAA and 09S
83259-14 1LL6994 / 1LL5480 genotype (Fig. 1c).

Lentil is one of the tough legumes regarding root
induction and regeneration. There are inconsistent reports
about the rooting of lentil in in vitro conditions. Williams
and McHughen (1986) and Singh and Raghuwanshi (1989)
reported on shoot regeneration of lentil in Kin and BAP-
contained culture media but, in the first study, by
transforming the regenerated shoots to sand, only 11% of
rooting was obtained, also in the second one, by
transforming the generated shoots to the hormone-less
culture medium, few roots were generated. In these two
studies, rooting percentage was higher in media containing
BAP that is different from our study. Polanco et al. (1988)
and Khawar et al. (2004) reported an MS culture medium
containing 0.25 mg/L IBA as the best medium for rooting
induction of shoots separated from 10 days’ seedlings of
lentil. However, the rooting percentage in their experiment
was so low. In the study of Fratini and Ruiz (2001), the
highest percentage of rooting was observed in the
regenerated shoots in a culture medium containing 1.25-
micromole zeatin. Taleb Bidokhti et al. (2003) reported
root induction of lentil shoots in hydroponic culture
containing NAA treatment (1 mg/L). Aasim (2012)
conducted a study on lentil and reported that the best
treatment for shoot regeneration was 10 mg/L BA, and for
rooting was 0.25 to 1 mg/L IBA, or 1 mg/L 1AA. He
concluded that lentil regeneration in tissue culture is a
complex process. Altaf et al. (2000) claimed that the best
treatment for callus induction of lentil was 10 mg/L kinetin
and 1 mg/L GA in dark conditions. Finally, they cut the
shoots and placed them in soil conditions and generated
roots and whole plants. Bagheri et al. (2012) reported a
medium culture containing 1 mg/L NAA and 1 mg/L
zeatin as the best treatment for lentil callus induction. They
also introduced decapitated embryos with 1.4 cotyledons as
the best explants. They concluded that the best condition
for shoot regeneration and rooting was culture medium
without PGR. They observed an expansive diversity
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among genotypes regarding embryonic callus production.
Ye et al. (2002) introduced BA and TDZ as the best PGR
combination for shoot regeneration. They also considered
1.5 mg/L NAA as the best treatment for rooting. In the
investigation of Naqvi and Sultana (2010), maximum
rooting was obtained at 48% in direct regeneration of lentil.
They suggested that type of explant is important in root
induction from shoot segments. Combinations of any
concentration of IBA with any concentration of IAA in the
rooting medium are inhibiting (Aasim, 2012). The root
percentage induction in our study ranged from 14.28-
90.47%. The highest rooting percentage was obtained in
the current study for some genotypes (for example 09S
83259-14 1LL6994 / ILL5480 genotype treated with 3
mg/L NAA). But in other genotypes, as in other studies,
root formation was low. The reason for the difference in
the percentage of rooting in different studies can be related
to the type of explant, the type and concentration of PGR,
and the type of genotypes. Different approaches to plant
regeneration from callus tissue culture have led to the
formation of new plant forms with different phenotypic
and genetic characteristics.
Genetic parameters: The phenotypic, genotypic, and broad-
sense heritability of traits in the callus, shoot, and root
induction stages are shown in Table 10. The highest
phenotypic (46.62%) and genetic (45.72%) coefficients of
variation were observed for callus volume and the highest
value of broad sense heritability was related to callus fresh
weight (96.46%). The lowest phenotypic (26.68%) and
genetic (25.51%) coefficients and broad sense heritability
(89.32%) were related to callus width. There was little
difference between phenotypic and genetic coefficients,
indicating of low effects of environmental factors.
According to Table 10 at the shooting induction stage,
shoot dry weight had the highest values for phenotypic
(58.43%) and genetic (57.82%) coefficients and broad
sense heritability (97.94%). The lowest values of
phenotypic (33.41%) and genetic (21.06%) coefficients
and broad sense heritability (39.74%) were observed for
the number of leaves. As the result of callus induction, the
differences between phenotypic and genetic coefficients of
variation was low (except for the number of shoot per
plant), indicating low effects of environmental factors. It
also indicates that phenotypic coefficients of variation are
higher than genetic coefficients of variation. Similar to
callus induction, most of the traits in this stage are heritable
and can be used in the improvement of lentil in in vitro
conditions. In this step, the number of shoots per plant had
low heritability, which is indicative of the high effects of
the environment on this trait.

Table 2. Mean square of source of variation for the measured traits at callus induction stage in lentil

I I I
Source of Callus Callus Callus Callus Callus . Ca u_s
- df ; fresh dry induction
variation volume length width . .
weight weight
2,4-D 1 0.0003573" 644.814" 334.1227 4087.437" 1997797 160654~
Kin 1 0.0001366™ 275.985"™ 107.355™ 1815.038™ 879.24™ 42282
Genotype (Gen) 13 0.0015701"™ 2432673 400.952™ 9633.921" 4710.03"  6069.17
2,4-D*Kin 1 0.0000008" 2.133" 0.1430™ 173.740° 84.943" 30.4™
Kin*Gen 13 0.000056" 13.215" 10.270" 19.020" 9.648" 1104
2,4-D*Gen 13 0.0000131" 30.976" 6.374" 122.087" 59.995" 45577
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2,4-D *Kin*Gen 13 0.0000057" 8.151" 3.855" 14.503" 7.059" 9.44™
Error 112 0.0000052 12.556 3.952 29.343 14.350 40.09
CV (%) - 9.12 10.15 8.72 7.80 8.32 15.35
Table 3. Means comparison of 2,4-D x genotype intraction for callus length, volume, fresh and dry weight, and induction in
lentil
Treatments Traits

2,4-D Genotvpe Callus volume Callus length  Fresh weight ~ Dry weight Callus
(mg/L) P (mL?) (mm) (mg) (mg) induction (%)

1 1 0.0280™ 4.0657™" 74,5079 49.1559 45.24%9

1 2 0.0346° 4.4290°° 89.645% 59.751% 59.52¢

1 3 0.0232" 3.6444™ 66.379" 43.465" 45.24%9

1 4 0.0331° 44655 83.597° 55.518° 45.24d-g

1 5 0.0286" 3.98919" 78.879™ 52.215M 45.24%9

1 6 0.0419° 5.3432" 112.722° 75.905° 73.81%%¢

1 7 0.0387% 5.0713% 101.066° 67.746° 59.52"¢

1 8 0.0209" 3.24851 58.6311 38.0921 40.48%"

1 9 0.0112" 1.7271" 36.184°" 22.329 14.29

1 10 0.0133"" 1.8800™ 41.216™P 25.851™ 16.67"

1 11 0.0117" 1.6275" 33.955" 20.964¢ 16.67"

1 12 0.0179* 2.7705* 47.584"" 30.309"" 21.43"

1 13 0.0109" 1.6504" 35.127% 21.639¢ 14.29"

1 14 0.0151%™ 2.2216" 43.564"° 27.595"° 30.95%

2 1 0.0304f 4.4287%9 86.122% 57.286% 54.76f

2 2 0.0411% 5.4219" 109.725° 73.808° 78.57%®

2 3 0.02739 4.13871 78.877% 52.264% 45.24%9

2 4 0.0373¢ 5.0153% 93.003° 65.602° 64.29%

2 5 0.0341° 4.7139% 90.616¢ 60.431¢ 64.29%

2 6 0.04712 6.0119°% 130.574% 88.402° 83.33%

2 7 0.0415" 5.5212" 112.664" 75.865" 78.57%

2 8 0.0226" 3.4438" 62.721" 40.904" 40.48%"

2 9 0.0117" 1.7126" 39.451°" 24.849°¢ 14.29

2 10 0.0131"" 1.7850™ 37.908°" 23.336°1 16.67"

2 11 0.0162 2.3354' 49,3984 315794 14.29"

2 12 0.0197" 3.0491% 54,619% 35.233* 21.43M

2 13 0.0124™ 1.8126™ 42.198™P 26.678™P 14.29"

2 14 0.0156% 2.2292'm 48.289™ 30.852%™ 35.71"
LSD 5% 0.0013 0.4250 6.2549 4.3742 7.31118

Means followed by the same letter in each column are not significantly different at P < 0.05. The name of genotypes can be

found in Table 1.

Table 4. Mean square of source of variation for the measured traits at shoot production stage in lentil

Source of df Leaves Shoots Shoot Shoot fresh Shoot dry Shoot induction

variation number number length weight weight

PGR 1 3.857 17147 639.217 99.69" 34737 6047.78"

Gen 13 4.458" 0.531" 618.74" 280.38" 113.78™ 4586.73"

PGR*Gen 13 0.319"* 0.125"* 24.81" 262" 0.84™ 260.70"

Error 56 0.286 0.108 8.77 1.17 0.397 38.88
CV (%) 12.40 25.94 11.95 9.16 8.38 11.75

*, ** showed significant at 5% and 1% probability levels, respectively and ns showed non-significant.

Table 5. Means comparison of genotypes for number of shoots and leaves in lentil plants

Traits
Genotype No. Leaves number Shoots number
1 4.1667% 1.3333%¢
2 5.1667 1.5000%
3 4.1667% 1.1667¢
4 5.0000% 1.3333%¢
5 4.6667¢ 1.3333%¢
6 6.0000 2.0000°
7 5.50000° 1.6667%
8 3.8333 1.0000°
9 4.1667% 1.0000°
10 4.0000% 1.0000¢
11 3.8333°f 1.0000¢
12 3.0000¢ 1.0000¢
13 3.1667% 1.1667%
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14 3.6667° 1.1667¢
LSD 5% 0.618 0.378

Table 6. Means comparison of PGR x genotype intraction for shoot length, fresh and dry weight, and induction in lentil

PGR Traits
Ba 2% Shoot Shoot fresh Shootdry  Shoot induction
p P Genotype No. length (mm weight (m weight (mi %
(mglL) (mg/L) yp g ght (mg ght (mg

3 - 1 27.283% 14.1333%9 8.9747°9 76.18™
3 - 2 38.333% 20.2333% 13.1815° 85.71®
3 - 3 26.411" 10.9500" 6.9533" 76.18>
3 - 4 31.815% 18.8667° 11.9803" 85.71®
3 - 5 29.653% 15.0000° 9.5250° 85.71®
3 - 6 48.360° 26.7000% 16.3778° 90.47°
3 - 7 42 552° 24.1333° 15.3242° 90.47%
3 - 8 19.4134 8.5667* 5.43994 66.66*
3 - 9 23.337™ 5.6267" 3.6946™ 14.28
3 - 10 25.023% 9.0000 5.7150% 61.90
3 - 11 16.493" 8.9000/ 5.6515* 52.38
3 - 12 19.733" 5.9233"" 12.7613™ 19.04"
3 - 13 19.0674 6.3600"" 3.8269™ 28.57%"
3 - 14 18.273“" 6.0733" 3.8566™ 2857
- 3 1 22,603 12.5667%" 7.7998%" 71.42%
- 3 2 32.347* 18.4000° 11.5940° 71.42%
3 3 20.633" 10.4000" 6.4060" 38.09°
- 3 4 28.594°" 15.6333° 9.9272° 71.42%
- 3 5 27.833°" 13.7000% 8.6995" 71.42%
- 3 6 47.444° 22.6300° 15.3701° 85.71%
- 3 7 34.880% 20.5000° 12.6842™ 80.95%*
- 3 8 12.260™ 6.4300"™ 4.4164"™ 33.33%
- 3 9 11.880™ 5.6640"" 3.5067" 14.28
- 3 10 10.600° 7.0000% 4.4450™ 33.81"
- 3 11 13.540™ 6.5333' 4.1487™ 19.04"
- 3 12 11.337™ 4.3600" 2.7686" 4.28
- 3 13 16.433"" 1.6700° 1.1826° 428
- 3 14 18.123%M 4.4767™ 2.8427" 428
LSD 5% 4.836 1.7663 1.2145 10.1823

Means followed by the same letter in each column are not significantly different at P < 0.05. The name of genotypes can
be found in the Table 1.

Table 7. Mean square of source of variation for the measured traits at rooting stage in lentil

Source of df Root Root Root Root Root
variation number length fresh weight dry weight induction
NAA 1 8.048™ 47.485" 297.215" 143.25™ 6825.28”
Genotype 13 3.842” 102.483™ 270.766™ 89.588"™ 4415.01"
NAAX 13 0.176" 1.609" 6.283" 3.960" 320177

Genotype
Error 56 0.155 1.052 1.333 0.932 19.44
CcV - 21.740 19.848 10.696 14.624 9.03

** showed significant at 1% probability level, and ns showed non-significant.

Table 8. Means comparison of genotypes for umber of roots and root length in lentil

Genotype No. Root number Root length (mm)
1 1.8333° 5.1753%
2 2.5000° 9.6447°
3 1.5000% 431421
4 2.3333% 6.9038"
5 2.0000% 5.8860"
6 3.6667° 14.4302°
7 3.0000° 11.2874°
8 1.1667° 3.5760%"
9 1.5000 3.0902%"
10 1.1667° 1.9182"
11 1.1667° 2.8124"
12 1.1667° 1.0534*
13 1.1667¢ 2.0903"
14 1.1667° 0.1533"
LSD 5% 0.455 1.18
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Means followed by the same letter in each column are not significantly different at P < 0.05. The name of
genotypes can be found in the Table 1.

Table 9. Means comparison of PGR x genotype intraction for root fresh and dry weight and root induction in

lentil
NAA (mg/L) Genotype No. Traits Root
Root dry Root fresh induction
weight (mg) weight (mg) (%)
3 1 7.3870%¢ 12.8686" 71.43°
3 2 12.4286° 19.7083¢ 85.71%
3 3 7.9173%9 12.0667% 71.43°
3 4 9.8953¢ 15.5333% 85.712
3 5 8.1142°9 14.9900° 76.19%
3 6 17.1915° 28.4500 90.47°
3 7 14.5308" 23.1960° 85.71°
3 8 5.4486" 8.4067" 52.38°
3 9 7.2493%" 9.9333" 19.04"
3 10 6.48849 10.3603%" 71.43°
3 11 470411 7.4080" 33.33¢
3 12 2.4500™" 4.0000™° 14.28"
3 13 5.5582" 8.6207" 38.09¢
3 14 1.2239" 1.9273°% 14.29
2 1 6.366791 10.263%" 57.14°
2 2 8.6255% 15.3333% 71.43°
2 3 5.1044" 7.9147" 33.33¢
2 4 8.3182%f 13.9000° 71.43°
2 5 6.5684" 10.4857%" 57.14°
2 6 11.9464° 22.3382° 85.71°
2 7 9.9798¢ 17.1727¢ 71.43°
2 8 3.5983™M 5.9333k™M 14.28"
2 9 3.2385™ 5.3400™" 14.28"
2 10 1.8203™° 2.8667° 23.81°
2 11 3.5765¢! 5.6323"" 14.28"
2 12 1.9833™° 3.12333° 14.28"
2 13 2.3915™ 3.7960™ 14.28"
2 14 0.5944° 0.9360° 14.28"
LSD 5% 1.2427 1.7773 7.2000

Means followed by the same letter in each column are not significantly different at P < 0.05. The name of
genotypes can be found in the Table 1.

c B

Fig. 1. Plants produced from embryo and a quarter of its cotyledon explant of 09S 83259-141LL6994/ILL5480 lentil genotype in: (a) 1
mg/L Kin and 2 mg/L 2,4-D for callus induction, (b) 3 mg/L BAP and 4 mg/L Kin and 2 mg/L TDZ for shoot production, and
(c) 3 mg/L NAA for root induction.

At the rooting stage (Table 10), the highest and the values of genetic coefficient of variation were related to
lowest values of the phenotypic coefficient of variation  the root length (79.58%) and number of roots (43.32%),
are related to root length (82.01%) and number of roots  respectively. Root induction had the highest amount of
(48.47%), respectively. Also, the highest and the lowest



H. Ashoordan, et al.

broad sense heritability (97.42%) and the lowest amount
was related to the number of roots (79.88%).

There is little information about the study of the
genetic diversity of lentil plants in in vitro conditions.
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Kaya et al. (2015) conducted a study on the somatic
embryogenesis of 11 lentil in tissue culture. Similar to
the current study, they reported high genetic diversity
among the studied genotypes. Somaclonal variation can

Table 10. Phenotypic and genotypic coefficient of variation and broad sense heritability of the measured characters

on lentil genotypes in in vitro condition

Callus induction stage

Shoot induction stage Root induction stage

Genetic Callus Callus Callus Callus Callus Shoot Shoot Shoot Shoot Root Root Root Root

Parameters fresh  volume length width induction dry length number induction  dry length number induction
weight weight weight

Phenotypic 4414 46.62 4192 26.68 56.48 58.42 4238 33.41 53.20 60.05 82.01 48.47 56.18

coefficient of

variation (%)

Genotypic 4335 4572 40.68 25.21 54.35 57.82 40.66 21.06 51.88 58.24 79.58 4332 55.45

coefficient of

variation (%)

Broad sense  96.46 96.18 94.14 89.33 92.61 97.94 92.06 39.74 95.12 94.07 94.14 79.88 97.42

heritability

(%)

be attributed to the genetic heterogeneity of somatic cells
of donor plants, induced genetic and epigenetic variation
due to in vitro culture medium conditions, the composition
of culture media, plant growth regulators, genotype, and
type of mother plant (Kaya et al. 2015). Naqvi and Sultana
(2010) reported the key role of genotype on the
regeneration of lentil plants in in vitro conditions.

Generally, the broad sense heritability of most of the
traits was so high which approves low effects of
environmental factors. Therefore, selection based on these
traits will be efficient. High broad sense heritability and
genetic diversity were also reported for vyield and
morphological traits of lentil in the field conditions
(Bakhsh et al. 1992; Gupta et al. 1996; Stoilova and Pereira
1999). Also, Ates (2019) for SNP markers, Chowdhury et
al. (2020) for morphological and SSR markers, and Kumar
(2019) for morphological traits reported wide genetic
diversity among lentil genotypes.

CONCLUSION

One of the problems of tissue culture is the existence of
epigenetic diversity, which causes misdirection and waste
of time to breeders in selection programs. In this
experiment, by using different genotypes and calculating
genetic parameters, the contribution of genetic and non-
genetic variances in tissue culture related traits was
assessed. In general, the results of this study indicated a
high diversity among different genotypes for callus
induction, shoot production, and rooting stage for the
measured traits which shows an efficiency of selection and
breeding through lentil somaclonal variation. In this regard,
09S 83259-14 1LL6994 / ILL5480 and FLIP2010-40L-
10770-1LL 8119 / ILL 7686 genotypes had the best
response to tissue culture in all the three stages of callus
induction, shoot regeneration, and root formation. The
interaction of genotype and growth regulator was
significant for several traits indicating that genotypes had
different responses to plant growth regulators. Most of
traits showed a high broad sense of heritability in in vitro
culture indicating the selection based on these traits is
efficient. Generally, the best PGR combination for callus

induction, shoot regeneration, and rooting were 1 mg/L
Kin and 2 mg/L 2,4-D, 3 mg/L BAP, 4 mg/L Kin, and 2
mg/L TDZ, and 3 mg/L NAA, respectively. The results of
this study can be used in lentil breeding programs in in
vitro conditions.
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