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Background: Camelina sativa is one of the most important oilseeds that has a proportionate profile of essential unsaturated
fatty acids that are suitable for human nutrition. In this regard, we can mention a high percentage and a reasonable ratio
of omega 3 and omega 6.

Objectives: In the current study, the created variation of second-generation mutant (M2) camelina lines in terms of fatty
acid profiles and ISSR molecular markers in C. sativa was evaluated.

Materials and Methods: For this purpose, while producing the first-generation of mutant plants (M1), 200 M2 seeds with
0.1% and 0.5% ethyl methanesulfonate (EMS) mutations were treated in two replications for 8 and 16 hours based on a
completely randomized design.

Results: The results of mean comparisons showed that there was no significant difference between treatments in terms of
fatty acids of palmitic acid, stearic acid, linoleic acid, eicosadienoic acid, oleic acid and erucic acid. The cluster analysis
revealed that all the treatments used with five replications were divided into eight groups. It was found that all replications
of the treatment with a concentration of 0.1% and a time of 16 hours (C1T2) were in the second group with the lowest
palmitic acid was present among other treatments. Therefore, C1T2 treatment is recommended as the best treatment to
reduce palmitic acid. Examination of the information content of ISSR molecular markers also showed that markers 2, 5,
and 6 were the best informative markers in the detection of camelina fatty acid profiles.

Conclusion: A significant variation has been created in the fatty acids profile and it can be applied in future breeding
programs depending on the intended purpose.
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1. Background

Camelinasativais an annual flowering plantthatbelongs
to the Brassicaceae family (1). It is a dicotyledonous
plant whose morphological ductility is high in response
to environmental changes and is a prominent feature of
this plant. The height of this plant is usually between
65-115 cm (1). The seeds of this plant are very small

(0.7 to 1.5 mm in terms of length), its one thousand seed
weight range 0.8-1.8 g depending on the cultivar and
their growth conditions during seed development (2, 3).
The amount of seed oil has been reported from 30 to 40
g.kg! (4-7). However, there is no high diversity for oil
percentage and fatty acid content in this plant among
its different accessions. Nevertheless, high diversity is
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required to carry out selection and breeding projects.
Lack of interspecies and intraspecific diversity among
crops can cause many problems (8-10).

One way to create diversity in low-diversity plant
populations is to induce mutations (11, 12). Induction
mutations create new alleles that can break the
functional limitations of plant function (13). One of the
methods of mutagenesis in plant seeds is the use of ethyl
methanesulfonate (EMS), which is a multifunctional
ethylation agent and in various types of genetic
testing systems, its mutagenicity has been proven to
break chromosomes (14). This mutagenic compound
helps breeders to make the selection more easily by
diversifying plants. (15). Research has also shown
that the use of ethyl EMS significantly reduces the
composition of vernolic acid and significantly increases
the composition of linoleic, oleic, palmitic, stearic, and
arachnid fatty acids in mutants of the plant Vern onia
(Centrapalus paucifiorus (Willd) H.Rob) (16).
Advances in biotechnology in recent years have helped
to identify genetic and phylogenetic relationships as
well as plant breeding. In the last two decades, DNA-
based molecular markers have been widely used for
various purposes in plants and animals (17).

2. Objectives

This study aimed to induce mutation via EMS treatment
of seeds in camelina and investigate the genetic changes
of mutant lines by ISSR (Inter Simple Sequence
Repeat) molecular marker and biochemical changes in
fatty acid profiles.

3. Materials and Method

3.1. Select Plant Material and Induction of Mutation
The seeds of camelina (Soheil cultivar) were prepared
from Biston Shafa Company, Iran. In order to induce
mutations in this experiment, ethyl methanesulfonate
(EMS) was used with concentrations of 0.1 and 0.5%
in two periods of 8 and 16 hours on 200 seeds (for
each treatment) in separate petri dishes (50 seeds per
petri dish). Other steps were performed based on the
method of Jander ef al. (2003) (18). EMS-treated seeds
were planted in a completely randomized design with
5 replications in separate pots inside the greenhouse as
the firstgeneration mutant (M1). Then the seeds of each
treatment were harvested separately and planted for the
next generation (M2) via selfing.
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3.2. Extraction of Oil from Seeds and Measurement of
Fatty Acid Profiles

M2 generation was used to extract the oil and three
replications were considered for each sample. In this
way, the seeds of camelina mutant lines were powdered
by mortar and pestle separately after cleaning from
external contaminants. Then, oil was extracted from
500 mg of powdered seed samples using a Soxhlet
apparatus and normal hexane as a solvent for eight
hours. The free fatty acids in the oil were soaped by
the method of Lopez Martinez et al. After removal of
the solvent under vacuum conditions (19), the obtained
fatty acids were then methylated using Lepage and Roy
method (1984) (20). The methyl derivative of fatty
acids was separated for the Gas Chromatography (GC)
method after cooling at room temperature and removal
of the solvent. Identification of fatty acids of gas
chromatography device (Varian CP 3800) connected
to FID detector and equipped with polar silica column
(column length: 60 m, inner diameter: 0.25 mm, film
thickness: 0.2 um) was carried out. The GC was used to
measure the profile of fatty acids and this analysis was
carried out in Kermanshah’s Mahidasht Agricultural
Industrial Complex (Nazgol), Iran.

To separate and identify fatty acids, gas chromatograph
(Varian CP3800) was used with connected to FID
detector and equipped with polar silica column (TR-
CN100 poly (bicyanopropyl) siloxane capillary)
(column length: 60 m, inner diameter: 0.25 mm),
Film thickness: 0.2 um) (Teknokroma Co, Barcelona,
Spain). The oil content of seed samples was calculated
and reported based on their dry weight percentage and
the amount of fatty acids based on the percentage of
total oil and by comparing their subspecies level with
standard samples including Palmitic acid (C16:0),
Stearic acid (C18:0), Oleic acid (C18:1), Linoleic acid
(C18:2), Alpha-Linolenic acid (C18:3), Arachidic acid
(C20:0), Eicosenoic acid (C20:1), Eicosadienoic acid
(C20:2), Eicosatrienoic acid (C20:3), Behenic acid
(C22:0), Erucic acid (C22:1) and Nervonic acid (C24:1)
(C: 12-C: 24, Sigma Company).

3.3. Extraction, Determination of Quality and Quantity
of DNA

To extract DNA, the first five seed samples were
prepared from each of the treatments. Then DNA
samples were extracted from leaf samples separately
by Doyle & Doyle method (1990) (21). The samples

Iran. J. Biotechnol. January 2022;20(1): 2948



Kiani S et al.

were stored in the freezer at -20 °C for the next stages
of the experiment. A specific concentration of DNA is
required to perform the ISSR amplification reaction.
Therefore, the quality and quantity of the extracted
DNA were evaluated before the reactions.

Horizontal electrophoresis on 1% agarose gel in the
presence of TBE buffer was used to determine the
quality of the extracted DNA samples and to ensure
that they were not broken. The presence of unclear
and weak bands indicates fracture and poor DNA
quality, and the presence of light polynucleotide bands
at the end of the electrophoresis gel indicates RNA
contamination. Samples with clear and sharp bands
were considered as high-quality DNA. To quantify
DNA samples, spectrophotometry was performed by
optical absorption of DNA and proteins at 260 and 280
nm and by UV/VIS spectrophotometer.

So that if the OD260/0D280 ratio was in the range of
1.8-2, DNA would be of good quality. To calculate the
appropriate DNA concentration, the absorbance at 260
nm was used according to the following formula.

DNA ng.uL") =0D260 x Inverse dilution coefficient x 50

3.4. Molecular Analysis of DNA with ISSR Markers

To investigate genetic diversity, at the molecular level
of DNA, 10 ISSR primers were used, the characteristics
of which are listed in Table 1. According to the most
polymorphic primers reported in camelina and rapeseed
in different previous reports, primers were selected.
Thus, for each treatment, 5 samples were considered
for PCR reaction. In this experiment, the method of
Williams et al. was used for polymerase chain reaction

(22). The volume of the solution used was 25 pL and 100
samples of the master mix were prepared from Pishgam
Company, Iran. The components of the reaction were:
0.5 uL DNA template (10ng), 2.5 pL primer (10mM), 4
uL Master Mix and 18 uL DDW. The reaction mixture
corresponding to each sample was poured into separate
microtubes and placed in a thermocycler. For the ISSR
initiator, the reaction time program was executed as
1 cycle first denaturation (94 °C, 5 min), 30 cycles
amplification [(denaturation 94 °C, 30 sec), (annealing
in specific temperature, 40 sec) and (extension 72 °C,
80 sec)] and 1 cycle final extension (72 °C, 5 min).

3.5. Agarose Gel Electrophoresis and Staining

In order to separate the amplified DNA bands, 2%
agarose gel was used in the TBE buffer. At this stage, 8
pL of DNA was gently mixed with 3 pL of loading buffer
and each sample was loaded in a separate well. Gel
electrophoresis was performed with a voltage of 100 for
one hour and 30 minutes, then the strips were observed
in the presence of UV rays with the Gel Doc device.

3.6. Analysis of Fatty Acid Profile Data

Data analysis including analysis of variance and mean
comparison were performed by the LSD method using
SAS software. Cluster analysis, detection function,
correlation analysis and factor analysis were performed
using SPSS ver: 21 software.

3.7. Molecular Data Analysis
After performing the polymerase chain reaction with
ISSR primers, the presence and absence of each strip

Table 1. ISSR primers used for investigating the diversity of camelina mutant lines

No Name Sequence (5°-3°) Annealing (C°)
1 mm14 5’-CTC TCT CTC TCT CTC TRA-3’ 49
2 mml5 5’-ACACACACA CACACACYT-3® 53
3 mml6 5’-ACA CAC ACA CACACACYA-3» 49
4 pl 5’-GAG CAA CAA CAA CAA CAA-F 49
5 p4 5’-CTG GTG TGT GTG TGT GTG T-3° 59
6 p6 5’-AGA GAG AGA GAG AGA GGC C-3° 60
7 p7 5’-AGA GAG AGA GAG AGA GGT G-3° 59
8 p8 5’-GAG AGA GAG AGA GAG AAC C-3° 59
9 P9 5’-GAG AGA GAG AGA GAG AAT C-3° 52
10 pl0 5’-ATG ATG ATG ATG ATG-3’ 37

Single-letter abbreviations for mixed-base positions: (Y=T or C, R=G or A)
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were determined with numbers one and zero for all
treatments.

After forming the raw data matrix, the marker
parameters were calculated using Excel.2010. To
calculate genetic similarity, the Jaccard similarity
coefficient and principal component analysis were used
by NTSYSpc 2.02e software. Treecon software was
used to obtain dendrograms and bootstrap calculation,
GenAlex software was used to analyze molecular
variance XLSTAT ver: 2015 software was used for
correlation between matrices obtained from ISSR
molecular marker similarity coefficients and fatty acid
profile data.

4. Results

4.1. Analysis of Variance and Mean Comparison

Examination of the results of the analysis of variance
of fatty acid profile showed that a significant difference
was observed for the treatment used in all fatty acids
except behenic acid and omega-9-neuronic acid.
The results of the mean comparison are presented in
Table 2. Based on the comparison means results,
the mutation induction by C2T16 treatment (7.67%)
caused a significant increase in palmitic acid compared
to the control (6.73%). Also, the use of C2T16

(7.67%) treatment increased the amount of palmitic
acid compared to C1T16 (6.50%) and C2T8 (6.59%)
treatments. However, the application of C1T16 (6.50%)
and C2T8 (6.59%) treatments significantly reduced the
amount of palmitic acid compared to the control. The
highest and lowest levels of palmitic acid were observed
for C2T16 (7.67%) and CIT16 (6.50%) treatments,
respectively. For stearic acid, treatments C1T8 (3.52%),
CI1T16 (3.24%), and C2T16 (3.68%) significantly
increased the amount of stearic acid compared to the
control (2.53%). There was a significant difference in
the amount of this fatty acid between C2T8 (3.29%) and
CITS8 (3.52%), C1T16 (3.24%), and C2T16 (3.68%)
treatments. The highest and lowest levels of stearic acid
were (3.68%) C2T16 and (3.24%) C1T16, respectively.
Comparison of the mean profile of fatty acids showed
that the amount of omega-9-oleic acid in all treatments
CIT8 (14.37%), C2T8 (14.37%), and C2T16 (14.53%)
caused a significant decrease in this fatty acid compared
to the control (17.20). The highest and lowest values of
this fatty acid were observed for C1T16 (15.1%) and
CITS8 (14.37%) treatments, respectively. The amount
of omega-6-linoleic acid showed a significant increase
inall C1T8 (24.07%), C1T16 (23.97%), C2T8 (23.6%),
and C2T16 (24.47%) treatments compared to the control
(20.15%). There was no significant difference between

Table 2. Mean comparison of the effect of different concentration and time treatments of
EMS on fatty acid profiles of camelina mutants

Means
) = = = Q £
Treat o s H o 9 2 £ 2 g 2= s 5
= = 9 2 = = 23 T3 £°3 2 £
£ s = = = = g = 2 = S < g S
z % = = 2 s | a3 S g z
. ? = = < = =
](“jglh 7.25ab | 3.52ab | 1437b | 24.07a | 24.65b | 298a 14.65b 1.86 a 0.53a 4.14a 0.69 a
T’Clzéh 6.50c | 3.240 15.1b 2397a 2532b | 3.09a 14.47b 1.65b 0.49 a 3.53 be 0.50 ab
"1?82}1 6.59¢c | 3.29¢ | 1437b 23.6a 25.76b | 3.07a | 14740 1.75 ab 0.57 a 3.93 ab 0.64 a
T'Cl:éh 7.67a | 3.68ab | 14.53b | 2447a | 2451b | 2.72a | 1534 ab 1.61b 0.57 a 3.51be 0.23b
control | 6.73bc | 2.53¢c | 17.20a | 20.15b 28.74a | 1.86Db 16.26 a 1.64b 0.4b 341c 0.26b

The means with a common letter indicates insignificance
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the treatments for this fatty acid. The highest and lowest
values of this fatty acid were for C2T16 (24.47%) and
C2T8 (23.6%) treatments, respectively.

There was a significant decrease in the amount of
omega-3-linoleic acid between C1T8 (24.65%), C1T16
(25.32%), C2T8 (25.76%), and C2T16 (24.51%)
treatments compared to the control (28.74%) but we
were found no significant difference between the
treatments. The highest and lowest values of this fatty
acid were in C2T8 (25.76%) and C2T16 (24.51%)
treatments, respectively. There was a significant
increase in the amount of arachidic acid in all treatments
as C1TS8 (2.98%), C1T16 (3.09%), C2T8 (3.07%), and
C2T16 (2.72%) compared to the control (1.86%) but no
significant difference was found between the treatments.
The lowest and highest levels of this fatty acid were
C2T16 (2.72%) and CI1T16 (3.09%), respectively.
Applications of CI1T8 (14.65%), CIT16 (14.47%),
and C2T8 (14.74%) treatments caused a significant
reduction in the amount of omega-9-Eicosenoic
acid (DK1) acid fatty acid compared to the control
(16.26%). There was no significant difference between
the treatments for this fatty acid and the highest and
lowest values of this fatty acid were for C2T8 (14.74%)
and C1T16 (14.47%) treatments, respectively.

There was a significant increase in the amount of
omega-6-Eicosadienoic fatty acid for C1T8 treatment
(1.86%) compared to the control (1.64%). Also, C1T8
(1.86%) treatment showed a significant increase
compared to CI1T16 (1.65%) and C2T16 (1.61%)
treatments. The highest and lowest levels of this
fatty acid were C1T8 (1.86%) and C2T16 (1.61%),
respectively. For omega-3-eicosadienoic acid, CI1TS8
(0.53%), C1T16 (0.49%), C2T1 (0.57%), and C2T16
(0.57%) treatments significantly increased the amount
of this fatty acid compared to the control (0.40%)
but no significant difference was observed between
treatments. The highest and lowest values of this fatty
acid were for C2T16 (0.57%) and C1T16 (0.49%)
treatments, respectively. Treatments CI1T8 (4.14%)
and C2T8 (3.93%) significantly increased the amount
of omega-9-uric acid compared to the control (3.41%).
Also, CIT8 (4.14%) treatment compared to C1T16
(3.53%) and C2T16 (3.51%) treatments showed a
significant increase in the amount of this fatty acid. The
highest and lowest levels of omega-9-erucic acid were
CI1T8 (4.14%) and C2T16 (3.51%), respectively. The
amount of other fatty acids measured generally showed
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a significant increase compared to the control (3.41%)
under the influence of C1T8 (0.69%) and C2T8 (0.64%)
treatments. Also, C1T8 (0.69%) and C2T8 (0.64%)
treatments significantly increased the amount of these
fatty acids compared to C2T16 (0.23%) (Table 2).
Therefore, according to the comparison of the obtained
average, there is a great variety in terms of the amount
of fatty acids among the treatments and this allows for
a better breed of camelina. Since linolenic acid (omega
3), linoleic acid (omega 6), and oleic acid (omega 9)
are essential components of fatty acid profiles and the
human body is not able to produce them due to the lack
of proper enzymes (23, 24). It was found that the use
of mutagenic treatments increased the content of fatty
acids in camelina compared to the control. The use of
these mutated seeds is highly recommended to enhance
the content of this essential fatty acid.

4.2. Correlations Between Fatty Acid Profiles

The matrix of correlation coefficients by the Pearson
method based on fatty acid profiles is presented in Table
3. Palmitic acid had a positive and significant correlation
with stearic acid. Stearic acid had a negative and
significant correlation with omega-9-oleic acid, omega-
3-linoleic acid, and omega-9-Eicosenoic acid and had
a positive and significant correlation with omega-6
linoleic acid, arachidic acid and omega-6-Ficosadienoic
acid. The correlation between omega-9-oleic acid with
omega-3-linoleic acid and omega-9-Eicosenoic acid
was positive and significant, also had a negative and
significant correlation with omega-6-linoleic acid,
arachidic acid, omega-6- eicosadienoic acid, and other
fatty acids. Omega-6-linoleic acid had a positive and
significant correlation with arachidonic acid, omega-9-
Eicosenoic acid, and omega-6- eicosadienoic acid and
had a negative and significant correlation with omega-
3-linoleic acid. The correlation between omega-3
linoleic acid with omega-9-Eicosenoic acid and omega-
9-neuronic acid was positive and significant, also had
a negative and significant correlation with arachidonic
acid and omega-6- eicosadienoic acid. There was a
positive and significant correlation between arachidonic
acid and omega-6- eicosadienoic acid and this fatty acid
had a negative and significant correlation with omega-
9-Eicosenoic acid and omega-9-neuronic acid.

The correlation between omega-9-Eicosenoic acid and
omega-9-neuronic acid was positive and significant,
also had a negative and significant correlation with
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Table 3. Correlation coefficients based on fatty acid profiles in camelina mutant lines

Name (acid) Palmitic | Stearic g::z Sijl-l?leic fi(:o:;lnic Arachidic | Eicosenoic | Behenic | Eicosadienoic | Nervonic
Stearic 0.57

(®-9) Oleic -0.25 0.79™

(0-6) Linoleic 0.21 0.73" |[-0.81"

(o-3) linolenic | -0.32 081" |[0.81™ -0.74™

Arachidic acid 0.05 0.66™ |0.69™ 0.63" -0.68"

Eicosenoic 0.02 -0.51" | 0.60" 0.58" 0.53" -0.83"™

Behenic acid -0.01 0.15 -0.46™ 0.33 -0.13 0.14 -0.34

Eicosadienoic 0.4 0.85™ [0.78" 0.62° -0.66™ | 0.61 -0.57" 0.23

Nervonic -0.18 -0.57" 1045 -0.43 0.51" -0.55 0.67" -0.06 -0.73™

Others -0.08 0.33 -0.58" 0.37 -0.39 0.45 -0.23 0.64™ 0.21 0.15

omega-6-eicosadienoic acid. Behenic acid had apositive
and significant correlation with other fatty acids. A
significant negative correlation was observed between
omega-6- eicosadienoic acid and omega-9-neuronic
acid. Mostafavi et al.( 2011) in evaluating yield, fatty
acid composition, and amount of seed micronutrients
in high-yielding rapeseed cultivars under the influence
of different amounts of sulfur showed that oleic acid
had a significant correlation with linoleic and linolenic
palmitic fatty acids (25).

4.3. Factor Analysis Based on Fatty Acid Profiles
Factor analysis was performed by the principal
component’s method and varimax rotation on data.
Eigenvalues of the amount of changes justified by
each factor and the cumulative percentage of changes
justified are presented in Table 4. The first three factors
explained a total of 96.99% of the total variance. The
first factor explained 62% of the total diversity. This
factor was mainly affected by stearic acid, omega-6-
linoleic acid, arachidic acid, and omega-9-neuronic
acid with a positive factor charge and omega-9-oleic
acid, omega-3-linoleic acid, and omega-9with negative
factor charge.

The second factor explained 22.05% of the total
diversity. This factor was mainly affected by behenic
acid, other fatty acids, and palmitic acid with a positive
factor charge. The third factor explained 12.93% of
the total changes. This factor was mainly affected by
palmitic acid with a positive factor charge. The use of
factor analysis by the modifier can increase the ability
to understand the relationship between variables and
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create the best choice in breeding programs. The agents
were shown that for the combination of oil fatty acids,
meal glucosinolates, and grain yield, four factors could
explain 66.2% of the changes (26).

4.4. Cluster Analysis of ISSR Marker Results

Dendrogram obtained from cluster analysis based
on ISSR marker using the Ward method in camelina
mutant lines. The result of cluster analysis has been
demonstrated in Figure 1. The numbers in parentheses
indicate the type of treatment reported, which includes
the type of concentration and time, and the numbers after
the parentheses indicate the replication of that treatment.
The clusters members were included as the first group:
control samples, the second group: (C1T1) 1, (C1T1)
2, (C1T2) 2, (C1T2) 3, (C2T1) 3, (C1T2) 1, (C1T1) 3,
(C1T1)5,(C2T22,(C2T1) 2, (C1T2) 4, (C1T2) 5, third
group: (C2T1) 4, (C2T1) 5, (C2T2) 1, fourth group:
(C2T2) 3, fifth group: (C2T1) 1, sixth group: (C2T2) 5,
seventh group: (C1T1) 4 and the eighth group (C2T2)
4. According to the mean comparison results, except for
(C2T2) 2 from the second group and (C2T2) 1 from
the third group, the other replications of the (C2T2)
were grouped separately in the fourth, sixth, and eighth
groups, and all of them had the highest levels of palmitic
acid, stearic acid, omega-6-linoleic acid, arachidic acid,
omega-9-Eicosenoic acid and omega-3-eicosatrienoic
acid among the fatty acid profiles. In the third group,
except for (C2T2)1, the two other cases, both of which
were (C2T1) treatments, and had the highest significant
levels of omega-6-linoleic acid, arachidic acid,
omega-6- eicosadienoic acid, omega-3-eicosatrienoic
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acid, omega-9-erucic acid. Except for (C1T1) 4, which
is grouped separately in the seventh group, the other
replications of the (C1T1) were all in the second group
and had the lowest significant levels of omega-9-oleic
acid, omega-3-linoleic acid, and omega-9-iconic acid.
It was important to note that all treatment replications
of (C1T2) were in the second group and had the lowest
palmitic acid content among the other treatments. Since
palmitic acid is one of the most saturated and harmful
fatty acids for the human and increases the risk of

heart attacks and increases LDL cholesterol (26), use
a treatment with a concentration of 0.1% EMS with a
time of 16 hours for it is recommended to reduce it.

In 2017, Yaman et al. identified two different clusters
in the genetic region by examining 11 ISSR markers
for camelina genetic diversity (27). Khatamian et al.
1390 to evaluate the yield, yield components, and some
morphological characteristics of 16 rapeseed cultivars
in the Arak region used cluster analysis to group the
cultivars. They were divided into three separate groups

Table 4. Factor analysis of fatty acids in camelina mutant lines

Name First factor Second factor Third factor

Palmitic acid 0.22 0.01 0.97
Stearic acid 0.88 0.19 0.41
-9 Oleic acid -0.9 -0.36 -0.13
-6 Linoleic acid 0.96 0.18 0.16
-3 linoleic acid -0.91 -0.24 -0.28
Arachidic acid 0.90 0.35 -0.23
-9 Eicosenoic acid -0.80 -0.44 0.32
Behenic acid 0.11 0.99 -0.01
-6 Eicosadienoic acid 0.87 0.15 0.22
®-9 Nervonic acid 0.95 0.25 0.14
Others 0.32 0.92 0.01
Palmitic acid 0.01 0.88 0.36
Stearic acid 0.35 0.84 -0.39
eigenvalue 8.06 2.86 1.68
relative variance 62 22.05 12.93
Cumulative variance 62 84.05 96.99
‘ontrol

(CITI1

(CIT1)2

(C1T2)2

(CIT2)3

(C2T1)3

(CIT2)1

- (CIT1)3

_[:(cm)s

(C2T2)2

» C2T1)2

(C1T2)4

R

(C2T1)4

_I_|:(c2m5

(C2T2)1

212)3

C2T)1

C2T2)5

CITI4

C2T2)4

038 T 050 062 T074 036
Coefficient

Figure 1. Dendrogram obtained from cluster analysis based on ISSR marker and using the Ward method.
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and in each category were cultivars with similar traits
(28). Talebi et al. In 2016 in the study of safflower
genetic diversity through ISSR marking parameters
showed that the samples were divided into three distinct
groups (29). Li et al. In 2009 by studying the genetic
diversity of Vernicia fordii, which is an oily plant,
identified ISSR markers for three distinct groups (30).

4.5. ISSR Marker

In this study, 10 markers were used and the results of
each marker are presented in Table 5 separately. A
total of 136 bands were produced by these markers,
of which 113 were polymorphic bands (Fig. 2).
The results showed that the average percentage of
polymorphisms was 81.22%. The lowest polymorphic
percentage was for marker 10 (46.66%) and the highest
was for markers 2 and 5. Also, the highest content of
polymorphic information was for marker 6 (1) and the
lowest was for marker 9 (0.22). The highest resolution
was 0.57 for marker 5 and the lowest was for marker
10 at 0.18. The highest marker index was related to
marker 6 (14.06) and the lowest was related to marker
10 (0.84). The results of this Table showed that
markers 2, 5, and 6 are the best informative markers
in the recognition of camelina lines. Najaphy et al.
(2011) also examined the ISSR marker parameters in
the study of wheat genetic diversity and introduced the
resolution and marker index as the best parameters for
informative markers (31).

5. Discussion

Generally, the analysis of variance results of the
treatments used to induce mutations showed that there
were significant differences between the treatments in
terms of the amount of fatty acids except for behenic
acid and omega-9-neuronic acid. Comparison of
means also showed a significant difference at the
level of 5% for palmitic acid, stearic acid, omega-6-
eicosadienoic acid, and omega-9-uric acid between the
treatments. The results of cluster analysis showed that
all treatments used with five replications were divided
into eight different groups and it was found that all
replications of treatment (C1T2) were in the second
group and this regard had the lowest amount of palmitic
acid among There were other treatments. Since palmitic
acid is one of the saturated fatty acids and increases
bad cholesterol, C1T2 treatment is recommended as the
best treatment to reduce this harmful fatty acid. Simple
correlation analysis between fatty acid profiles showed
a significant relationship between most fatty acids.
Principal factor analysis of Fatty acid profiles identified
three factors as the main factors.

Examination of the information content of ISSR
molecular markers also showed that markers 2,
5, and 6 are the best informative markers in the
detection of camelina fatty acid profile. The prepared
mutant lines and the marker information obtained
from this research can be used for further research.
For example, for drought resistance, there is little

Table 5. Investigation of ISSR marker parameters used in camelina mutant lines

Marker | Polymorphic Total number of Number of polymorphic | Content of polymorphic | Polymorphism | Marker Resolution
No. ratio amplified fragment fragment information (%) index
6.23 13 9 0.61 63.29 3.81 0.29
14.00 14 14 0.49 100 6.92 0.42
12.07 14 13 0.56 92.85 6.83 0.41
11.26 15 13 0.44 86.66 4.99 0.43
16.00 16 16 0.71 100 11.49 0.57
14.06 15 15 1.00 93.75 14.06 0.42
9.09 11 10 0.65 90.90 9.1 0.56
7.14 14 10 0.36 71.42 2.59 0.33
4.00 9 6 0.22 66.67 0.91 0.25
3.26 15 7 0.25 46.66 0.84 0.18
Total 97.67 136 113 5.29 812.2 61.54 3.86
Mean 9.767 13.6 11.3 0.529 81.22 6.154 0.386
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information in camelina (4, 5); this is while the trait
of drought resistance is very important (32). Also, it
may be to study the feasibility of their cultivation; as
it has been done in previous reports about camelina
(7). Plant growth is of great agronomic and economic
importance (32-34). The mutant lines obtained may
also be used to study growth diversity. The presence
of erucic acid may cause deposition in the heart and
arteries and lead to cardiovascular disease (35).
None of the treatments used were able to reduce
erucic acid. Other molecular markers may be used to
examine the more accurate diversity of mutant lines.
Nanoparticles may also be used in the relationship
(36). To further investigate the cause of fatty acid
changes, additional analyses such as gene expression
and proteomics are required. In recent years, new
methods have been developed to study expression,
gene sequencing, protein and mechanisms (37, 38).
These methods can be used to evaluate the results
more accurately.

If there are no changes in some traits after camelina
mutation, it could be for several reasons. Mutations
in the gene encoding that trait may not have been
targeted (39). Another reason could be due to the
genetics of camelina that is an allohexaploid plant
and there are three copies of most genes (40). If the
mutation manages to affect one version, there are
still two untouched versions. This mutation may
not affect the desired phenotype. Therefore, before
modifying the camelina mutation, it is recommended
that the purpose of the change be determined. If the
trait is encoded by genes, each of which has three

Figure 2. A sample of agarose electrophoresis gel of ISSR
markers of camelina mutant lines. Lanes: M (size marker)
and other lanes: ISSR marker of mutant lines.

Iran. J. Biotechnol. January 2022;20(1): e2948

copies, we do not recommend the mutation method.
For these, we recommend genomic editing methods
such as CRISPR (41). However, there are reports
(that the mutation has altered the expression of three-
copy genes such as FAE1 in camelina. This gene is
important in fatty acid biosynthesis (42). Due to the
strategic importance of oilseed plants, it is necessary
to conduct further studies of these plants (43-45).

6. Conclusion

According to these results, it can be said that there
is variation in the profile of fatty acids and the plant
breeder can use this variation in breeding programs
depending on the intended purpose.
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