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Abstract: Kenaf (Hibiscus cannabinus L.) is known as a multipurpose crop producing biomass for energy thus, the study was
conducted to select the elite mutants with higher biomass produced through mutation. Obtained from the National Agricultural
Genetic Resources Center (NAGRC) in Korea, the seeds of the original natural resource named 1T202801 (control) were irradiated
with 250 Gy gamma-ray. The agronomic performances, genetic variation and histological analysis of the elite mutant lines were
investigated at M, generation in comparison with the control. Significant differences were observed from the previous three
evaluations of the eight mutants. Nine plants, including the control and eight mutants, had little difference in the number of flowering days
from July 23 to July 25. The leaf shape of the control was entire, while the leaf shape of the mutant was palmate. Of the eight lines,
M,IT20-5 showed better performance in regard to diameter, dry weight and seed weight per plant. The random amplified
polymorphic DNA (RAPD) analysis produced a genetic diversity of 72.7% within the genotypes used. A dendrogram was
constructed based on the RAPD fragments. Differentiation was demonstrated between the control and kenaf mutants. Taken together,
the mutant line, M,IT20-5, can be useful as a resource for high biomass production.
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1. Introduction industrial uses [4].

. . . This plant was introduced in South Asia around
Kenaf (Hibiscus cannabinus L.), which belongs to ) ) ) o
) ) 1900, and in Korea in the 60’s, however, it has limited
the family of Malvaceae, is an annual C3 and a i . .
. . use in the country. In recent years, its value in Korea
common warm season fiber plant native to India and . ) .
] o has been increasing as it has been used as forage, and
Africa [1]. The chromosome number of kenaf is in the

multiple number of 18 with 2n = 36 to 2n = 180 [2].
Although, kenaf is a tropical plant, its cultivars are

for biomass and fuel production. Researches on kenaf
have been done by the different research institutions in

) ) ) o Korea since 2003, which focus on the development of
now well adapted in a wide geographical and climatic . . .
) new varieties, agronomic practices and downstream
range [3]. Kenaf plants have been widely used for the L. ) )
. . . application development studies such as animal feed
production of paper, biocomposites, fiber boards and . )
) ) o [5, 6]. To successfully cultivate kenaf in Korea, the
bioplastics and as well as source of material in the . . . )
o ) ] ] development of its new varieties producing high
textile industry. It is an important crop in many . . . .
) ; biomass is essential. Unfortunately, the yield of an
developed countries such as USA and Japan where it ) o o
. . . early maturing kenaf variety in Korea is still very low.
is being used for the production of fiber cordage and . . . .
. . . The highest yields achieved for early maturing
forages. Due to its promising growth, height and fiber o i
] ] . varieties were 14.8 t/ha and 16.1 t/ha only in Jeokbong
content, kenaf was identified as a multipurpose crop ) . )
. . and Jangdae, respectively, thus becoming a major
producing biomass for energy and natural fiber for L ) )
limitation for commercial use [7]. Of all the available

early maturing kenaf varieties, only a few were
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the most essential trait required for growing in Korea
to increase biomass production. However, this variety
was not able to bear seeds in Korean climate. Thus, in
order to overcome the problem on the lack of varieties,
the development of a new kenaf variety with selected
target traits is imperative.

Genetic variability is a prerequisite for any
successful breeding programme, and the creation and
management of such induced variability, these then
become a central base for the improvement of any
crop species. Mutation induction is one appropriate
way to develop a new variety with desirable traits in a
short period of time compared to cross-breeding.
Spontaneous mutation was not expected to serve
effectively in the improvement of a crop due to its
very low: 10°-107 [8]. Nowadays, this technique has
become popular to plant breeders who are into
developing new varieties through generating and
utilizing genetic variability in both chemical and
physical mutagenesis [9]. Also, mutation induction
becomes an effective tool to broaden existing
germplasm and improve cultivars in certain specific
traits [10]. Physical mutagens (X-rays, UV light,
neutrons-alpha-beta particles, fast and thermal
neutrons, especially gamma rays) are used more
widely than chemical (ethyl methanesulfonate (EMS))
ones to artificially induce mutations (mutagenesis).
Gamma-rays are widely used among the physical
mutagens.

Thus, the main objective of this study was to
generate new kenaf varieties with high biomass
through mutation breeding. Also, it aimed to describe
mutants in regards to their morphological, genetic and
histological traits in comparison to the control variety,
17202801 line, in M, irradiated generation.

2. Materials and Methods
2.1 Seed Material and Experimental Location

The kenaf seed variety used for the control was
“IT202801”, acquired from the National Agricultural
Genetic Resources Center (NAGRC) in Korea. The

experiment was conducted at the Agricultural
Research and Extension Services in Iksan from 2017
to 2018. The average temperature of growth period

was 21.3 °C from May to October.
2.2 Screening of Mutants and Performance Evaluation

A selection step of the elite mutants was done
(Fig. 1). Approximately 100 g of kenaf seeds were
irradiated with 200 Gy from ®°Co sources located in
Korea Atomic Energy Research Institute (KAERI).
Each of the 500 plants (1st generation, M;) was
planted in 2017, grown to maturity in an upland field,
and assigned numbers at harvest time. In 2018, the
200 plants of 2nd generation (M,) were planted and
the mutants showing normal seed fertility were
investigated on individual plants. The plant height,
diameter, branch number, dry weight and seed weight
were recorded for the isolated eight mutants and
compared to the control plants, then later evaluated in
five replications. Standard crop management practices
were followed, such as the application of 15, 10,
10/1,000 m® of N, P, K. Results were analyzed for
analysis of variance (ANOVA) using SAS Enterprise
Guide 4.2 (Statistical Analysis System, 2009, SAS
Institute Inc., Cary, NC, USA). Also, comparison of
means was done at 5% level of significance using

Duncan’s multiple range test (DMRT).

Irradiated to 1T202801 resource
with gamma-ray of 250 Gy in 2017

\ 4

Selection of 1st generation (M,) in 2017

\ 2

Evaluation of 2nd generation (M,) from

May to October in 2018

$

Selection of eight elite mutants

at M, generation in 2018

Fig. 1 Selection steps of kenaf elite mutants.
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2.3 Polymerase Chain Reaction (PCR) Amplification
and Gel Electrophoresis

Genomic DNA was isolated using the DNA
Extraction Kit (PowerPrep™, kogenebiotech, Seoul,
Korea). Eighteen primers (Operon Technology) to
generate reproducible random amplified polymorphic
DNA (RAPD) bands were chosen. PCR amplification
was done with the premix kit (2X TOPsimple™
PreMIX (aliquot)-Tenuto, enzynomics, Daejeon,
Korea) of 20 pL in combination with each DNA
sample (5 ng/puL). The PCR reaction mix was
preheated at 94 °C for 1 min followed by 45 cycles of
1 min denaturation at 94 °C, 30 s annealing at 36 °C,
and band elongation at 72 °C for 2 min. After the last

cycle, a final extension of 10 min at 72 °C was added

to allow complete extension of all amplified fragments.

The amplified product from each sample was
separated electrophoretically on 1.2% agarose gel in a
1 x TAE buffer at 120 V for 40 min. Two molecular
weight markers (100 bp DNA markers) were run
alongside the RAPD reactions. The gels were stained
with ethidium bromide, bands were observed and
photographed by a gel documentation system
(AE-9000 E-Graph, Atto, Tokyo, Japan).

2.4 RAPD Analysis

Gene alteration caused by gamma-ray induction has
been detected using RAPD. Fragments were scored as
1 if present and O if absent. The scores were then

pooled for constructing a single data matrix. This was

used for comparing the frequencies of all polymorphic
RAPD markers and estimating genetic distance. To
estimate phylogeny among all plants, heuristic search
to find parsimonious unweighted tree was carried out
using nearest-neighbor-interchange (NNI) branch
swapping program (PAUP 4.0 beta version) [11].

2.5 Scanning Electron Microscope (SEM) Image

The stems were air-dried for 48 h at 30 °C. Each
stem was then fastened using a nipper before cutting
vertically to avoid mechanical injury for the vertical
section filming. The specimens were air-dried for 20 h
at 80 °C to shoot, then placed on an aluminum stub,
and plated with gold using a gold ion sputtering
device (Jeol, JFC-1100E, Fine Coat, Tokyo, Japan) at
10 mA for 400 s. A mutant stem plated with gold was
observed using an SEM (Jeol, JSM-5410LV, Tokyo,
Japan) at 15 kV condition [12].

3. Results and Discussion

3.1 Plant Characteristics: Stem Color, Leaf Shape and
Flowering Date

Results on stem color, leaf shape and flowering date
of the control and mutants were presented (Table 1).
The stem color (red and light red) among the eight
mutants was significantly observed when compared to
the control in green. The leaf shapes of the kenaf were
divided into two types: the control with entire, and the
eight mutants with palmate leaves. Gamma-ray was

effective in producing mutant. Similarly, a useful

Table 1 The different characteristics among various M, generation kenaf mutants from vegetative to reproductive growth

period.

Lines Stem color Leaf shape Flowering date
1T20 Green Entire 7.23
M,IT20-1 Red Palmate 7.24
M,IT20-2 Red Palmate 7.24
M,IT20-3 Red Palmate 7.23
M,IT20-4 Red Palmate 7.23
M,IT20-5 Red Palmate 7.25
M,IT20-6 Red Palmate 7.24
M,IT20-7 Light red Palmate 7.24
M,IT20-8 Light red Palmate 7.25

In the lines, IT20 means the control; lines indicating from M,IT20-1 to M,IT20-8 are mutants of M, generation.
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mutant through this technique was obtained by other
13]. Mutagen
caused insertion or deletion of nitrogen base which

studies for roselle and kenaf [7,

led to serious genome damage [14]. Nine plants,
including the control and eight mutants, had little
difference in the number of flowering days from July 23
to July 25.

3.2 Plant Characteristics: Plant Height, Diameter,
Branch Number, Dry and Seed Weight

plant height was higher in the eight mutants of M,

generation than the control. However, no big
difference was noted when comparing the control and
the eight mutants individually (Fig. 2b). The result
shows that gamma-ray did not greatly influence the
plant height. No statistical analysis for the eight
mutants was carried out because there was only one
mutant in M, generation. The result, however, was
contrary to another study which showed that the kenaf

and the amethyst flower mutants of the 2nd generation

Fig. 2 shows the varying plant height by the gave a significantly physiological difference in
treatment. In box plot analysis (Fig. 2a), the range of comparison to the control [15, 16].
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Fig. 2 Box plots (a) of plant height of 1T20 (control) and M, eight mutants, and difference (b) of plant height compared with
1T20 (control) and individual eight mutants in 170 d after planting.

Result of IT20 in Fig. 2b is a mean + standard deviationof five replications. M1, M2, M,3, M4, M,5, M6, M,7 and M,8 indicate
M,IT20-1, M,IT20-2, M,IT20-3, M,IT20-4, M,IT20-5, M,IT20-6, M,IT20-7 and M,IT20-8 in Table 1, respectively.
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Fig. 3 shows the results on the effect of mutation to
the diameter of the test plants. From the box plot (Fig.
3a), the mutants were significantly different among
each other in comparison with the control. Individual
comparison of the control and the mutants indicated
only one mutant (M,5) having a wide gap with the
control and other mutants (Fig. 3b). In another study,
a significant difference was also observed in the
diameter between the control and mutants [13]; but the
diameter in kenaf was not mutated [7], suggesting
varietal difference as the cause.

Result from Fig. 4a indicated that the range of
branch number of the mutants was different from the
control. The means of branch number for the control
was 20, while the mutants ranged from 10 to 31 (Fig.
4b). There was a highly significant genotypic variation
among the genotypes. Based on the results, mutant
line M55 had the largest number of branches that is 31,
followed by mutant line M6 with 22, and the lowest

60 1
(a)
50 |
40

30

Diameter (cm)

in mutant line M,3 with 10. This confirmed the results
of previous studies on the variation in number of
branches per plant [7, 8]. Also, number of branches
per plant exhibited higher percentage of genetic
advance [17]. It was indicated that this trait is under
the control of additive gene action and would respond
very well to continuous selection [18]. Also, mutagen
influenced Rmsl, Rmsl and Rms5 activities and
caused variation on branching habit [19].

As to a dry weight range per plant, the mutants
were significantly different in box plot analysis
compared to the control (Fig. 5a). In individual
comparison with the control, wide variation was
observed in the kenaf mutants (Fig. 5b). The means of
dry weight for the control is 332 g/plant, while
mutants ranged from 572 g/plant to 1,008 g/plant (Fig.
5b). Notably, the highest dry weight among mutant is
line M,5, followed by line M,3, and the lowest was
line M,1. Overall, the mutant line M,5 has more numerous
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Fig. 3 Box plots (a) of diameter of 1T20 (control) and M, eight mutants, and difference (b) of plant height compared with
1T20 (control) and individual eight mutants in 170 d after planting.

Result of IT20 in Fig. 3b is a mean + standard deviation of five replications. M,1, M,2, M,3, M,4, M,5, M,6, M,7 and M,8 indicate
M,IT20-1, M,IT20-2, M,IT20-3, M,IT20-4, M,IT20-5, M,1T20-6, M,1T20-7 and M,IT20-8 in Table 1, respectively.
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Fig. 4 Box plots (a) of branch numbers of 1T20 (control) and M, eight mutants, and difference (b) of branch numbers
compared with I1T20 (control) and individual eight mutants in 170 d after planting.
Result of IT20 in Fig. 4b is a mean =+ standard deviation of five replications. M1, M,2, M,3, M4, M,5, M6, M,7 and M,8 indicate
M,IT20-1, M,IT20-2, MpIT20-3, M,IT20-4, M,IT20-5, M,1T20-6, M,1T20-7 and M,1T20-8 in Table 1, respectively.
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Fig. 5 Box plots (a) of dry weight of 1T20 (control) and M, eight mutants, and difference (b) of dry weight compared with
1T20 (control) and individual eight mutants in 170 d after planting.

Result of IT20 in Fig. 5b is a mean =+ standard deviation of five replications. M1, M,2, M,3, M4, M,5, M6, M,7 and M,8 indicate
M,IT20-1, M,IT20-2, M,IT20-3, M,IT20-4, M,IT20-5, M,IT20-6, M,IT20-7 and M,IT20-8 in Table 1, respectively.
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leaves than the others. Some authors [20, 21] likewise
noted significant effect on dry weight for the mutants
when compared to the control. Another study [13]
reported that the weight of dry calyx in mutant was
also increased as compared with the parent line.
However, there were also studies with results in
contrary [22]. Previous report on soybean showed a
strong association between increase of leaf area
growth and improvement of plant productivity [23].
Fig. 6 shows the analysis of seed weight per plant
between the control and the mutants. In box plot
analysis, the range of seed weight was heavier in the
(Fig. 6a).
comparison of the control and the mutants showed

mutants than the control Individual
that mutant line M,5 had significant variation (Fig.
6b). The means of seed weight for the control is 22.9
g/plant, while mutants ranged from 23 g/plant to 200
g/plant (Fig. 6b). Among the mutants, the line M,6

with weight of 200 g had the highest mean and the

line M,8 with 23 g weight had the lowest mean.
Results indicated that most of the new mutants
showed better performance than the control with the
significant variations in weight of seeds per plant,
with these result confirmed in other studies [13, 24].

3.3 Genetic Diversity of Genotypes: RAPD Analysis
and Phylogenetic Tree

RAPD analysis was done to detect genetic diversity
at the DNA level. Eighteen primers were selected
based on their ability to generate reproducible bands.
Of the 18 primers, six primers showed monomorphic
bands,
polymorphic bands in the mutants (Fig. 7a). Primer
OPA11 generated the highest number of bands
whereas the OPB2 yielded the least number of bands
with its absence for the control (Fig. 7a). The RAPD
analysis produced a genetic diversity of 72.7% within

while 12 primers produced specific

the genotypes used. The result of the RAPD technique

250 -
= (a)
S 200 —
o
S 150 -
£ 100 —
s 50 -
© -
(;8) O |
IT20 M, mutants
250 - ®
& 200 -
2
S 150 -
S 100 -
[}
3 il m
N 0
IT20 Myl M2 M3 M4 M5 My M7 M8

Fig. 6 Box plots (a) of seed weight of 1T20 (control) and M, eight mutants, and difference (b) of seed weight compared with
1T20 (control) and individual eight mutants in 170 d after planting.

Result of IT20 in Fig. 6b is a mean =+ standard deviation of five replications. M1, M,2, M,3, M4, M,5, M6, M,7 and M,8 indicate
M,IT20-1, M,IT20-2, MpIT20-3, M,IT20-4, M,IT20-5, M,1T20-6, M,I1T20-7 and M,1T20-8 in Table 1, respectively.
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demonstrates that it is capable of revealing nuclear
DNA variation in kenaf genotypes. A similar study on
genetic diversity of 21 variants of kenaf recorded
68.18% polymorphism [25].

The genetic distance was calculated using NNI
branch swapping program to clarify the genetic
relationships. The dendrogram grouped the populations
into two main clusters (Fig. 7b), which revealed a wide
range of genetic identity. The control with mutant lines
M;1 and M;2 were clustered in one group and
remaining genotypes were in the other group. The first
group was divided into two subgroups. The second
group consisted of four subgroups. Based on the result,
a degree of genetic variation existed between the
control and the mutants, thus indicating that gamma-ray
treatment could produce polymorphic regions in the

M IT20 Ml

M,2  M,3

kenaf mutant. Similar results were reported in previous
studies [25, 26].

3.4 Comparison of SEM

Histological alteration caused by gamma-ray was
detected using SEM image (Fig. 8). The SEM image
of stem tissue between the control and the mutant line
M,5 differed significantly. In particular, the vessels (v)
in core fiber of the mutant were significantly bigger
compared to that of the control (Fig. 8b) attributed to
the mutation induced by gamma-ray. The difference of
the SEM image for the control and mutants was
consistent with the previous report [27].

From all the experimental results, the selection for
isolating the elite mutants was highly probable for
high biomass production.

M.4 M,5 M,6 M,7 M,8

0.200

Fig. 7 The RAPD profiles using primer OPA18 (a) for 1T20 (control) and eight mutants; phylogenetic tree (b) of 1T20

(control) and eight mutants.

M,1, M2, M3, M»4, M,5, M,6, M,7 and M,8 indicate M,IT20-1, M,IT20-2, M,IT20-3, M,IT20-4, M,IT20-5, M,IT20-6, M,1T20-7
and M,IT20-8 in Table 1, respectively. M: 100 bp molecular markers.
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o]

(b)

Fig. 8 Histological analysis of 1T20 (control, a) and mutant line M,5 (b) by scanning electron microscope (SEM) image.
There are many bigger vessels (v) in the mutant than the control. Bar = 100 pm.

4. Conclusions

To develop new superior mutants compared to its
parent, gamma-induced mutation is the fastest and
quickest method. Screening and selection of desired
mutants were the most critical step in early generation.
Assessment of important morphological traits in M,
progeny is common.

The morpho-agronomic traits, genetic diversity and
histological characteristic were used to identify
various attributes of these new mutants developed
from 1T202801 line as the control. The mutants
exhibited significant differences for plant characteristics.
Some mutants showed better performance in all eight
studied parameters compared to the control, IT202801
line. Among morpho-agronomic traits, the dry weight
of the mutants was significantly different from the
control highly suggesting that gamma irradiation
could be effective for inducing mutagenesis. Notably,
the mutant line M,5 presented better performance than
this parent IT202801 line based on four parameters of
plant characteristics such as diameter, number of
branches per plant, dry weight per plant, seed weight
per plant, while plant height was comparable with the
control.

The variation could be seen as a manifestation of
environmental response, so a genetic variation of
DNA level was estimated to avoid this effect. From
the RAPD analysis, a wide genetic diversity in terms
of DNA level was obtained from M, progenies in
comparison with the control. Phylogenetic cluster
analysis on RAPD profiles in kenaf IT202801 and M,

mutants shows that the genotypes were classified into
six groups: kenaf IT202801 parental line with two
mutants fell into the same group, and another group
accounted for the highest number of genotypes.
Histological analysis showed that the mutant line M5
had discriminatory mutation when compared to the
control.

Finally, the selection in M, generations can increase
the probability of identifying superior mutations,
while the mutant line M,5 can be useful as a resource
for high biomass production in Korea.
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