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SUMMARY

Random amplified polymorphic DNA (RAPD), inter simple sequence repeat (ISSR), and UPQOV
phenotype markers were used to study the DNA polymorphism in gamma-ray induced morphological
mutants of Celosia argentea var. plumosa Hungarian variety ‘Arrabona.’ In the experiments, the study
determined the radio sensitivity and the genetic diversity of gamma radiation of C. argentea var.
plumosa 'Arrabona.’ Seeds of C. argentea var. plumosa 'Arrabona’ were irradiated with gamma rays to
increase their genetic diversity. The irradiation doses consisted of 0, 75, 150, 300, 450, and 600
Grays (Gy). The germination percentage, survival rate, and phenotype of irradiated plantlets
underwent evaluation in the first (M1) and second (M2) generations. The investigation of genetic
diversity used the ISSR and RAPD primers. Based on the results, the first-generation genetic distance
increased as the doses increased. But the trend changed considerably through the generation due to
the low condition and fertility of the high doses of gamma-irradiated plants. These individuals did not
show at the next mutant generation, changing the population gene pool. In addition, open pollination
has also changed genetic diversity. The RAPD and ISSR primers proved proper to evaluate the genetic
diversity, nonetheless fewer direct connection occurred between the appearance and the used RAPD or
ISSR markers. The LDsg dose between 150 and 300 Gray treatments and the radiation between 300-
450 Gray induced the median growth reduction in the mutant ‘Arrabona’ population. Based on these
results, the study concluded that both UPOV-based phenotyping and molecular marker analysis
revealed appropriate for determining genetic divergence, but detecting greater genetic distance
resulted in molecular markers.

Keywords: Celosia argentea var. plumosa, gamma irradiation, genetic variability, RAPD and ISSR
primers, UPOV

Key findings: This paper determined the optimal gamma-radiation dose range to generate new C.
argentea var. plumosa varieties. Results defined the LDsy and GRsy values as the best adequate data
for predicting the irradiation effectiveness for mutant variant induction. The UPOV phenotypic
determination method and the RAPD and ISSR primers determined the genetic distance within the M1
and M2 generations.
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INTRODUCTION

A mutation is a sudden heritable change in the

genome of the living cell, which happens
randomly and rarely in nature. Mutation
breeding is the decided application of

artificial/induced mutations in plant breeding
by chemical and physical mutagen agents.
Mutation breeding is a beneficial opportunity to
create new varieties of seedless crops
(Pathirana, 2011; Gupta et al., 2016).
Mutation breeding in ornamental crops is well
studied and successful in ornamental plants for
decades because of the easy detection of

changes in phenotypic characteristics like
flower color, shape and size, chlorophyll
variegation in leaves, and growth habit

(Mohan, 2006; Sood et al., 2016; Saika and
Hee, 2020). In addition, it easily propagates
many  ornamental species  vegetatively,
facilitating the reproduction of the variable
mutant and sports lines (Ibrahim et al., 2018;
Yamaguchi, 2018). At the end of the 1990s,
the generation of ‘'sports families' by
mutagenesis has become a routine practice for
several important ornamental genera. Breeders
became interested in producing new flower
color mutants from crossing mutant
populations before the original genotype was
spread in the market (Broertjes et al., 1980)
because former plant breeders' rights
regulations allowed the breeder of a sport to
take advantage of it commercially. The
situation has changed as most countries
followed the UPOV convention of 1991 that
determined the variety rights of every sport to
the breeder of the original cultivar (Schum and
Preil, 1998).

Celosia species belong to the family

Amaranthaceae, whose common name is
cockscomb or feathered amaranth. It
originates from tropical and subtropical

regions. The wild form is C. argentea, and
cultivars divide into C. cristata and C. plumosa
(Kanu et al., 2017). Each represents three
groups of Celosia based on the inflorescence
size and shape. The plants served bedding
purposes, as potted plants or cut flowers
(Kovats, 2009). According to Cai et al. (2005)
and Spoérna-Kucab et al. (2018), among other
bioactive components, Celosia species contain
betalains (betacyanins, betaxanthins),
flavonoids, saponins (celosins), and phenol
glycosides (Miguel, 2018; Thorat, 2018).

The wide range of varieties provides a
good source for brief breading programs, which
can strengthen the genetic stress tolerance
and the secondary metabolite content,
increasing the medicinal values (Aisyah et al.,
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2019, 2022; Yudha et al., 2022) besides the
ornamental value. Hence, the varieties’ uses
serve many purposes even under extreme
environmental conditions. Hungary had pivotal
decorative breeding activity in the 70s, thanks
to the dedicated work of Dr. Zoltan Kovats, a
famous Hungarian ornamental plant breeder
(Fari et al., 2019). Dr. Zoltan Kovats bred the
investigated 'Arrabona’ variety (named after an
ancient Hungarian city), which has received the
Fleuroselect Gold Medal and Approved Novelty
of Fleuroselect (Naric Research Institute,
Hungary). A low-maintenance dwarf variety
with a 35-cm height, Arrabona has a long
flowering season and tolerates drought and
heat. Its feathery flower spikes are orange-red,
making it suitable for bedding (edging borders)
or as a container plant for parks and
landscaping in tropical, subtropical, and
continental climates (Fleuroselect, 2022).

Using mutagenesis by gamma radiation
(GR) for plant breeding purposes requires the
determination of the optimal radiation doses,
which can cause a wide range of genetic
diversity, such as, the dosage when the
population reduction is 50% (median lethal
dose, LDsg) (Sholihin et al., 2019; Aisyah et
al., 2021). The adequate parameters, among
others, include survival rate, the radiation dose
that reduces growth in 50% of the population
(median growth reduction, GRs), and the
mass or number of germinated specimens
(FAO/IAEA, 2015). These parameters depend
on the dosage, species, varieties, plant tissue
(seed, meristem, callus, etc.), stage of
development, and moisture content in the
radiation time (Riviello-Flores et al., 2022).

Low radiation can cause a smaller or
larger vitality improvement. Meanwhile, the
high radiation doses induce radio inhibition by
affecting growth regulators and secondary
metabolites and, eventually, tissue destruction
in most cases (Surakshitha and
Soorianathasundaram, 2017; Mostafa et al.,
2019). Many authors so far reported a
reduction of regenerative capacity and
malformation of plant tissues, as well as, tissue
destruction due to the high dose of radiation
(Chakravarty and Sen, 2001; Yamaguchi,
2018; Andrew-Peter-Leon et al., 2021). Radio
sensitivity tests are essential for determining
the appropriate radiation dose to induce the
highest genetic diversity with the most useful
fixed mutations (Songsri et al., 2019; Riviello-
Flores et al., 2022). Studies also stated that
irradiation with low radiation doses stimulates
the plants’ vitality, which is beneficial for plant
regeneration (Jala and Bodhipadma, 2011;
Abubakar et al., 2017; Surakshitha and
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Soorianathasundaram, 2017; Aisyah et al.,
2021). Some studies have reported radiation
stimulation by GR in some plant varieties of
Ocimum basilicum or cowpea (Enkhbileg et al.,
2019; Aisyah et al., 2021).

Modern molecular tools, like a
polymerase chain reaction (PCR)-based
method, have been given a new opportunity to
detect the genetic diversity of a plant’s mutant
population even before reaching the proper
vegetative stage (the appearance of
inflorescence or fruit or reaching the final
habit). Time-saving and cheap PCR-based
methods include inter simple sequence repeat
(ISSR) and random amplified polymorphic DNA
(RAPD) used by many scientists to clarify the
genetic diversity of mutant populations
(Mostafa et al., 2014). This study aims to
determine the gamma-radiosensitivity of C.
argentea var. plumosa 'Arrabona' varieties and
the second-generation genetic diversity to
predict the effectiveness of gamma irradiation
in the Celosia spp. breeding program.

MATERIALS AND METHODS
Gamma-ray irradiation of seeds

Seeds of Celosia argentea var. plumosa
‘Arrabona’ underwent irradiation using a 60Co
(Cobalt 60) gamma source in ambient
conditions, observing all required safety
procedures. The standard radiation dose (0O-
600 Gy) was used during the radiosensitivity
test, as determined by the Plant Breeding and
Genetics Laboratory, FAO/IAEA Division of

Nuclear Techniques in Food and Agriculture,
Department of Nuclear Sciences and
Applications. The seeds were irradiated on 11
July 2018. The seeds (20 seeds per dose in
three replications) received irradiation in paper
bags and remained in the same bags until the
examinations.

Germination and plant growing conditions

Sowing of the treated seeds (M0O) proceeded
at equal depths in a 58 cm x 38 cm x 12 cm
tray filled with soil/compost containing the five
treatments in rows of 20 seeds each -
including the control and each other treatment,
based on the standard operating procedure
(Konzak et al., 1967; Van-Harten, 1998). Each
test performed three replicates, one tray per
replicate (Figure 1). The trays were placed in a
greenhouse of the University of Debrecen
Faculty of Agriculture, Food Science, and
Environmental Management (MEK) at a
temperature of 25°C. Fourteen days after
sowing, measuring the seedling height of the
M1 population proceeded to determine the
Growth Reduction Value 50 (GR50). Seedling
height measurement began from the soil level
to the tip of the primary leaves. The seed
collection of the M1 population took place in
September 2018, while the sowing of the
collected seeds occurred in March 2019 (M2).
Growing the plantlets of the M2 population
used pots under semi-covered conditions
proceeded in the same place as that of 2018,
as extreme environmental conditions affected
the tests that year.

Figure 1. The gamma radiosensitivity test of Celosia argentea var. plumosa 'Arrabona.’
A: 10 days after sowing, the control plants were sown on the right side, the 600 Gy plants were on the
left side, B-D: 40-day-old plantlets.



Kurucz et al., (2022)

Survival rate calculation

Every irradiated germinated plantlet of the first
mutant generation, after the GR50
measurement, underwent transplanting under
field conditions in Debrecen, Hungary (GPS:
47°59' E, 21°55' N), except for the individuals
surviving from the 600 and 450 Gy irradiated
plantlets. Transplanting occurred due to their
very low vitality (in the case of 600 Gy) or to
improve their health and chance for seed
production. Calculating the survival rate of the
field population consisted of the rate of
transplanted plants to the only remaining
plants from the M1 generation.

DNA isolation

Total genomic DNA isolation from three-month-
old plants took place, wherein the collection of
three plants” young shoots from each
subpopulation ensued and mixed for DNA
isolation in M1 and one to three plants in M2
populations. Isolation of DNA from the
prepared plant sample used the Zymo Quick-
DNA Plant/Seed Miniprep Kit (Zymo Research
Corp., USA) based on the manufacturer's
protocol. The quantity of isolated genomic DNA

checking the quality underwent UV light
illumination after electrophoresis on 0.8%
agarose gel. The stock DNA dilution made the
required working solution of 10 ng/ul.

ISSR and RAPD-PCR amplification

The PCR for DNA amplification used the ISSR
primers. Comparing the DNA fingerprinting
profiles helped evaluate the clonal fidelity and
genetic stability. Amplification proceeded in a
50 pL PCR mixture consisting of 47uL
DreamTaq Green PCR Mastermix (which
contains DreamTaq Green DNA polymerase,
dNTP [dATP: dTTP: dCTP: dGTP in 1:1:1:1
parts], and DNA polymerase buffer with
MgCl,), 2puL genomic DNA, and 1pyL ISSR or
RAPD primer, following the methods of Fatinah
et al. (2012) and Oduwaye et al. (2014) to
determine the genetic diversity within the
Amaranth family (Table 1).

The obtained PCR reactions used a
thermal cycler (MJ Research PTC-150 Thermal
Cycler) based on the parameters in Table 1.
Amplicons were electrophoresed on 1.5%
agarose gel and stained with ethidium bromide
(5 pL/gel). The DNA marker used 100bp plus
DNA Ladder (ThermoFisher Scientific Co.),

samples occurred spectrophotometrically bands’ visualization used a UV light, while
(UVS99-Avans Biotechnology Corporation) by photographing them used the Gel
measuring absorbance at 260 nm and 280 nm Documentation equipment (Bio Rad
for the OD260/0D280 ratio. Also, visually Laboratories Inc.).
Table 1. The Primers sequences and the PCR steps.
Primer name Sequence Melting Num. of Denat. Program End
5'-3' temp. (°C) cycles temp. (°C)
UBC-807 AGAGAGAGAGAGAGAGT 47 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72°C-2 min. min.
UBC-810 GAGAGAGAGAGAGAGAT 51 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72°C-2 min. min.
UBC-818 CACACACACACACACAG 52 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72°C-2 min. min.
UBC-835 AGAGAGAGAGAGAGAG(CT)C 49 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72 °C-2 min. min.
UBC-836 AGAGAGAGAGAGAGAGYC 50,2 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72°C-2 min. min.
UBC-840 GAGAGAGAGAGAGAGAYT 47,4 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72°C-2 min. min.
UBC-841 GAGAGAGAGAGAGAGAYC 48,5 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72°C-2 min. min.
UBC-856 ACACACACACACACACYA 52,8 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72°C-2 min. min.
OPZ-09 CACCCCAGTC 35,8 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72°C-2 min. min.
OPz-10 CCGACAAACC 33,2 40 94°C- 94°C-20 sec, a.h-20 sec, 72°C -6
1 min. 72°C-2 min. min.
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Based on their appearance (plant height,
inflorescences or leaf color, and shape), the
different radiated populations were divided into
three subpopulations. Then, the subpopulations
underwent examination according to the UPOV
standards (UPQOV, 2002) concerning the Celosia
species (Table 2). Removing some of the traits
ensued (as shown in the serial number)

because these parameters proved irrelevant to
C. argentea var. plumosa that participated in
the data collection. The generated matrix
based on the UPOV guidelines proceeded
conversion to the NTSYS-PC 2.02j (Rohlf,
1998), similar to what was used in the ISSR
and RAPD data in creating the similarity
matrixes.

Table 2. Plant features considered in this study based on the UPOV test guidelines for Celosia species

(UPOV 2002).

1 Plant: height
very short Super Dwarf Kimono Orange 1
Short Century Rose 3
Medium Martine 5
Tall Bombay 7
very tall 9
2 Stem: thickness
Thin Yellow Flame 3
Medium Bombay Gold 5
Thick Boscorsun 7
3 Stem: presence of anthocyanin coloration at
base
Absent Yellow Flame 1
Present Bombay, Purple Martine 9
4 Stem: intensity of anthocyanin coloration at the
base
very weak Bombay Yellow, Yellow Flame 1
Weak Bombay Gold 3
Medium Boscorcass 5
Strong Bombay, Bombay Purple 7
very strong Enterprise Wine-red 9
5 Stem: color of basal part
light green Enterprise White 1
medium green 2
dark green 3
Yellow Celrayel, Martine Salmon 4
Orange Bombay Salmon, Super Dwarf Kimono Orange 5
pinkish red Super Dwarf Kimono Cherry-red 6
purple red Celkopured, Enterprise Wine-red 7
6 Stem: color of upper part
light green Bombay Rose, Celrayel 1
medium green Martine Salmon 2
dark green 3
Yellow 4
Orange 5
pinkish red Celkopured 6
purple red Super Dwarf Kimono Red 7
7 Stem: shape in cross section
Circular Enterprise White 1
Flattened Boscorcass 2
8 Stem: ribs
Absent Martine Pink, Startrek lilac 1
Present 9
9 Stem: flowering laterals
Absent Bombay Pink, Boscorsun 1
Present Enterprise White, Startrek Lilac 9
10 | Petiole: length
Short Celkopured 3
Medium Bombay 5
Long Enterprise White 7
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Table 2. (cont’'d).

11 | Petiole: presence of anthocyanin coloration

Absent Bombay Rose, Celrayel 1

Present Caripe, Celkopured 9
12 | Leaf blade: length

Short Bombay Fire 3

Medium Martine 5

Long Bombay Rose, Caripe 7
13 | Leaf blade: width

Narrow Bombay Fire 3

Medium Bombay, Caripe, Martine, Salmon 5

Broad Bombay Rose, Enterprise White 7
14 | Leaf blade: shape

Narrow elliptic Sharon 1

Elliptic Bombay Rose 2

Ovate Bombay Purple 3

broad ovate 4
15 | Leaf blade: shape of apex

Acute Caripe, Sharon 1

short acuminate Bombay Salmon 2

long acuminate Celkopured 3
16 | Leaf blade: color

light green Bombay Salmon, Enterprise White 1

medium green 2

dark green Celkopured 3

greenish red Flamingo Feather 4

red purple 5
17 | Leaf blade: presence of anthocyanin coloration of

the main vein

absent Enterprise White 1

present Celkopured 9
18 | Leaf blade: blistering

absent or very weak Bombay Pink 1

weak Celrayel, EnterpriseWine-red, Startrek Lilac 3

medium Bombay Rose, Celkopured 5

Strong Enterprise White 7

very strong 9
19 | Leaf blade: undulation of margin

absent Bombay Rose, Enterprise White 1

present 9
20 | Leaf blade: the curvature of the longitudinal axis

Upwards 1

Straight 2

downwards 3
21 | Inflorescence: main shape

Spicate Enterprise Wine-red, Flamingo Feather 1

Plumose Hiryu no.2, Kimono Cherry-red 2

paniculate Gerana Orange 3

Cristate Bombay Rose, Martine 4
22 | Inflorescence: length of main inflorescence

Short Enterprise Salmon, Martine Pink 3

Medium Bombay Salmon 5

Long Caripe 7
23 | Inflorescence: width of main inflorescence

Narrow Caripe, Enterprise Wine-red 3

Medium Bombay Fire, Martine Pink 5

Broad Bombay Salmon, Boscorcur 7
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Table 2. (cont’'d).

24 | Inflorescence: color

white

Enterprise White

green

yellow

Martine Yellow

orange

Super Dwarf Kimono Orange

orange pink

pink

Bombay Rose

red

Red Chief

purple

XN (U |h|[W[N =

28 | Tepal: shape

elliptic

Enterprise White, Enterprise Wine-red

[y

ovate

Martine, Martine Scarlet

N

30 | Stamen: color of filament

white

Enterprise White, Martine Scarlet

green

yellow

orange

orange pink

Boscorkir

pink

Bombay Orange, Canaima

red

purple

Bombay Purple, Boscorcass

XNV |h|W[N|=

31 | Pistil: color of style

white

green

yellow

Martine Yellow, Yellow Flame

orange

orange pink

Bombay Salmon, Bombay Velvet

pink

Martine Salmon, Martine Scarlet

red

purple

Bombay Purple

N[N |R[(WIN [

32 | Pistil: color of stigma

white

green

yellow

orange

orange pink

pink

red

purple

NN |h|W|N|=

Statistical analysis

The PhylElph software analyzed the amplified
PCR products. The scoring of binary matrixes
for band presence or absence for each
accession consisted of presence = 1 and
absence = 0, with the Microsoft Excel program
designing the binary data matrix in a separate
datasheet for each primer. Primer banding
characteristics, such as, the number of total
bands (TB), the number of polymorphic bands
(PB), and the percentage of polymorphic bands
(PPB) resulted. Summarizing all the data in
one data sheet proceeded its conversion to
NTSYS-PC 2.02j (Rohlf, 1998) software, used
to determine the genetic relationships among
the C. argentea var. plumosa 'Arrabona’ and its
mutants. Generating the pairwise similarity
matrices used Jaccard’s coefficient of similarity
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(Jaccard, 1908). This matrix underwent the
unweighted pair-group method for the average
arithmetic analysis (UPGMA) procedure to
create a dendrogram using the average linkage
procedure.

RESULTS

Irradiation effects on the germination of
C. argentea var. plumosa

In the first mutant generation (M1 from MO
seeds) the gamma irradiation had no negative
effect on the germination percentage (Figure
1/A; Figure 2). In contrast with the M2
generation, the rate of germinated seeds
decreased dramatically among the mutant
populations from 83.3% to 61.6% to 35% in
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Figure 2. The germination percentage of the MO (left) and M1 (right) generations of gamma-
irradiated Celosia argentea var. plumosa ‘Arrabona’ population. The different letters at the top of the
column represent the significant differences, which were determined with Dunnett’'s test at a

probability level of 5%.

Celosia argentea var. plumosa “~Arrabona’
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150 Gray
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Figure 3. The seedling height changes among the radiation doses in M1 generation of gamma-
irradiated Celosia argentea var. plumosa 'Arrabona.’

the case of 300 Gy and 6.6% within the 450
Gy irradiated plants (Figure 2). This reduction
could be due to the low fertility of the first
generation caused by the low vitality of the
pollen or the less developed inflorescent within
higher, even moderate dosage. In the case of
okra, Jadhav et al. (2012) reported that first-
generation pollen sterility increased in line with
the increasing gamma irradiation (150-600
Gy), but it reduced in the second generation to
the control level (2%-3%). The plants treated
with the highest dosage did not produce seeds
at all. This tendency results from the co-effect
of high irradiation damage and extreme
climate conditions during the vegetation phase,
which harmed the vitality. The proponents also
considered the negative effect of the extreme
environmental conditions in the field during the
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data analysis. Most M1 mutant plants treated
with the higher dose (450-600 Gy) did not
produce seeds in general. In the case of the
450 Gy treatment, only two plants had
developed vital seeds, grown in a 12-cm
diameter pot.

Irradiation effect on 14-day-old plantlets
of C. argentea

Based on the FAO/IEAE protocol in general, the
effective dosage caused a 50% height
reduction in the 40-day-old plantlets compared
with the control plants. In the case of the C.
argentea var. plumosa 'Arrabona,' the effective
mutation induction dosage showed between
300 and 450 grays (Figure 3). The lower dose
of gamma irradiation had some increasing
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Figure 4. The survival rate of M1 generation of gamma-irradiated Celosia argentea var. plumosa

‘Arrabona.’

Table 3. The information value of different primers in different mutant generations.

Total Pol hi Total Pol hi
M1 number of olymorphic P% M2 number of olymorphic P%
bands bands bands bands
UBC-807 8 8 100 UBC-807 8 2 25
UBC-818 6 0 0 UBC-818 6 3 50
UBC-836 13 2 15 UBC-836 13 11 85
UBC-835 11 10 91 UBC-835 10 8 80
UBC-840 7 1 14 UBC-840 6 3 50
UBC-841 7 0 0 UBC-841 12 10 83
UBC-856 9 3 33 UBC-856 7 4 57
OPZ-09 5 2 40 OPZ-09 7 2 29
OPZ-10 10 10 100 OPZz-10 6 0 0
OPI-10 6 4 67
Note: M1: first mutant generation.
effect on the plants' height—within 75 Gy gamma irradiation should be suitable for

treatment, the plant height ranged from
103%-115% of the control. According to Fehr
(1978) the objective is to use dosage and rate
in which 50% of the M1 seeds will germinate
and produce seed for the next generation. The
300-400 gray gamma irradiation proved
effective based on the abovementioned
expectations.
The survival rate of the M1 mutant
population

The mutant plants irradiated with higher
dosage had poor vitality and condition, thus
reaching vegetation shortly after the
transplantation, only 13% of 450 Gy treated
plants survived, while no crucial plants
stemmed in the 600 Gy dosages treated
population (Figure 4.). Given the low survival
rate of the higher dosage, the 200-300 Gray
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breeding Celosia ssp. The LDsg dosage ranged
between 150 and 300 Gray of gamma
irradiation.

Genetic diversity and ISSR and RAPD
profile of the mutant populations

The ISSR and RAPD marker efficiencies varied
in the different mutant populations. The M1
generation derived 82 bands, with 40
polymorphic (46%). The second mutant
generation (M2) resulted in 67 total bands
during the PCR reactions. One of the RAPD
primers could not generate assessable
products (Table 3). Some of the primers had

identified higher polymorphism (more
polymorphic bands) in the first generation
(UBC-807, UBC-835, OPz-10), and some

primers revealed most effective in the second
generation in identifying genetic diversity
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Figure 5. The agarose gel electrophoresis results of the OPZ-09 primer.
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Figure 6. Dendrogram of M1 population based on ISSR and RAPD primer.

(Figure 5). The different levels of
radiosensitivity within the varieties result in
divergent gene pools in the following
generations in the case of the C. argentea var.
plumosa ‘Arrabona.’ Determining the ideal dose
and optimizing it for the types should be
beneficial information for future breeders.

The genetic diversity changed from
0.32 to 0.03 in the first generation, which
remained at the same level as the second
generation, but the cluster analysis showed
gene pool realignment. In the first generation,
the genetic distance has grown together with
the radiation dosage. Meanwhile, the next
generation with lower irradiation shows greater
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genetic distance. It is due to the mutation
fixation by self-pollination of the low-fertility
mutated plants. The genetic distance of the
third mutant generation of soybean was 15%
compared with the control plants, and the M3
generation had divided into two groups (Anwar
et al., 2021). Based on the clustering analysis,
the first generation subdivided into two groups,
which had a 0.32 genetic distance. One of the
groups included the higher dosage mutant
(450 Gy), and the other group with 0.27
genetic distance underwent further division
into two subgroups. This group undergoes
further subdividing into subclusters. As the
dendrogram shows (Figure 6), the genetic
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Figure 7. Dendrogram of M2 population based on ISSR and RAPD primer.

relationship between the mutant populations
proved parallel to the irradiation dosage. Thus,
the higher dose of gamma irradiation resulted
in a higher genetic distance in the first mutant
generation (0.32-0.25), except for the 75 and
150 Gy dosages, where the genetic similarity
was better than other treatments (100%-
90%).

The dendrogram of the M2 population
depicts that the genetic relations have
changed, proving the mutation fixing from
generation to generation (Figure 7). Based on
the ISSR and RAPD markers, the genetic
distance between the 75 and 150 Gy displayed
greater (0.53 dissimilarity) compared with
control in the second-generation plants. The
lower dose of irradiation could nearly result in
a higher genetic distance. The dendrogram
shows more defined groups, and some with
lower dosage treatments seem to have a
genetically higher genetic distance. However,
the plants irradiated with higher dosages kept
the higher genetic distance (Figure 7).

Phenotypic marker assay based on UPOV
guidelines

The generated dendrogram, based on the
matrix (Tables 4 and 5) according to the UPOV
formula, shows that the genetic distance based
on the phenotypic marker occasionally
correlated with the results of the ISSR and
RAPD primers. Most often, the plants' height,
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habit, inflorescence size, and/or color tend to
change with the irradiation dosage. Given the
generated dendrogram based on UPOV
standards, the first irradiated generation (M1)
undertook division into two main groups,
where one included the control and a lower
dose treatment (Figure 8). On the other hand,
the second group contained a higher dose of
GR that caused malformation of the stems and
inflorescences, resulting to poor vitality and
fertility at the first generation (Figure 9). These
individuals did not pass on their mutations, so
these mutants did not appear in the
subsequent breeding program. In some cases,
the leaf morphology and anthocyanin content
can also change. Observation revealed that the
simple PCR method effectively detected the
genetic distance, even if these differences did
not refer to the proper phenotypic traits. The
M2 generation displayed quite a uniform
appearance among and within the treatments.
Most plants' phenotypes resemble the control
ones, but one or two within the same
treatments were completely different. The
second generation formed two main clusters,
the 300 Gy/2 represented the principal group
and the rest of the subpopulation was divided
into four groups, the largest group including
the control (Figure 10). The appearance of the
M2 generation showed similarity to the control,
except for two individuals, which produced pink
flowers (75 Gy), and two plants had shorter
internodes (300 and 150 Gy) (Figure 11).
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Table 4. The phenotypic matrix of M1 generation based on Celosia UPOV standards and descriptions.

M1 75/1 5/3 150/1 150/2 150/3 300/1 300/2 300/3 450/1 450/2 450/3

Plant: height

Stem: thickness

Stem: presence of anthocyanin coloration at base
Stem: intensity of anthocyanin coloration at base
Stem: color of basal part

Stem: color of upper part

Stem: shape in cross section

Stem: flowering laterals

Petiole: length

Petiole: presence of anthocyanin coloration

Leaf blade: length

Leaf blade: width

Leaf blade: shape

Leaf blade: shape of apex

Leaf blade: color

Leaf blade: presence of anthocyanin coloration of main vein
Leaf blade: blistering

Leaf blade: undulation of margin

Leaf blade: curvature of longitudinal axis
Inflorescence: main shape

Inflorescence: length of main inflorescence
Inflorescence: width of main inflorescence
Inflorescence: color

NUUNRFRFRERNFENNNUOUOROIORUUTUIOUIO VOO
NUUNRFRFRERNFENNNUOUOROIORUTUTIOUIO OV OO
NUUWRHERERNFEFNNNUOUOROITORUTUTIOIO O OO

7 7
5 7
5 5
9 9
5 7
5 6
5 5
1 1
9 9
5 5
1 1
5 5
5 5
2 2
2 2
2 2
1 1
7 7
1 1
1 1
2 2
5 5
5 5
7 6

NUUNFEFERNFENNNOOROTOROCTOIO0O OO
NUUNFEFRERNENENOOROITORCTOIO0TIO OO
NUWNFEFRERNFEFNNNUOWROTOROTOIOTIO OO
NUUFRFFEFERNEFEFNNNOOROORUUTON OO
NUUOUNFOORNENUOUOFROTORUTOTOUTIO U
NWUOUNFEFERNFENENUOOROORUOTOUOUOWW
NUWNREFRNENNRUOIUORUITORUITO N OO U
NUUFRF,OOFRNENUOWFEFOOFEFUTUNUO WW
NUUuFErFRFOOFRNFEFFEFWWRUOORFRUOTUIULO WEE
NWWHRFROOFRNRRFRWWRUORREROUOUUOUOWW

Note: M1: first mutant generation, C: Control.

Table 5. The phenotypic matrix of M2 generation based on Celosia UPOV standards and descriptions.

0O
0O
0O

M2 75GY/1 75GY/2 75GY/3 150GY/1 150GY/2 150GY/3 300GY/1 300GY/2 300GY/3 450GY/1 450GY/2 450GY/3

Plant: height

Stem: thickness

Stem: presence of anthocyanin coloration at base
Stem: intensity of anthocyanin coloration at base
Stem: color of basal part

Stem: color of upper part

Stem: shape in cross section

Stem: flowering laterals

Petiole: length

Petiole: presence of anthocyanin coloration

Leaf blade: length

Leaf blade: width

Leaf blade: shape

Leaf blade: shape of apex

Leaf blade: color

Leaf blade: presence of anthocyanin coloration of main vein
Leaf blade: blistering

Leaf blade: undulation of margin

Leaf blade: curvature of longitudinal axis
Inflorescence: main shape

Inflorescence: length of main inflorescence
Inflorescence: width of main inflorescence
Inflorescence: color

NUUNFEFRERNFENNNUUUOUROIOROGIOIUOIOUUTO
NUUNFEFRERNFENNNUUUOUROIOROGIOIUOIOUUTO
NUUNFEFRERNFENNNUUUOUROIOROGIOIUOIOUUTO
NUUNFEFRERNFEFNNNUOUOROTOROGIOIUTIO OOV
NUUNFEFRERNFENNNUUUOUROIOROGIOIUOIOUOUTO
NUUNKFRFRERNRFEFNNNUUROORUONOUTN
NUUNKFERRERNRFERNRERNUUUOUROIOROIOIUOUIOUUTO
VUV WNHEENFEFNNNUUOROTOROGIOIUOTIO OO
NUURFEFRERERNFEFNNHEHUOUOROOFRWOUTO OOV
NUUNKRERRNRERNRNUUOUOUROIOROIOIUOUOUTO
NWUNFEFRERNFENRERNUOUOROIOROIOTUTIO WU
NUWNFHFRERNFEFNNNUUOROTORUOUIOUTOUTUL
NUUNRFRENENNNOOROTOROITOIONTO U0
NUUNRFRENENNNUOOROTOROIOIONTIO 00
NUUNFRRERNFEFNNNUUOROIOROGIOTUTIO OO

Note: M2: second mutant generation, C: Control.
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Figure 9. M1 mutant population under field condition in 2018, in Debrecen (Hungary).
A: The mutant population 22.08.2018; B-G: The mutant population 14.09.2018; C: 450 Gy mutant;
D: 300 Gy mutant; E: 300 Gy mutant; F: 150 Gy mutant; H: 75 Gy mutant.
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Figure 10. Dendrogram of M2 population based on phenotypic markers.
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Figure 11. The M2 mutant generation of gamma-irradiated Celosia argentea var. plumosa 'Arrabona’

(2009, Debrecen, Hungary).

DISCUSSION

Based on the results, the gamma irradiation
did not affect germination in the first
generation in the case of C. argentea var.
plumosa, as confirmed by other studies dealing
with the irradiation effect on germination
(Melki and Marouani, 2010). The germination
percentage of seeds from the next generation
reduced significantly due to the poor condition
of the mother plants from the previous
generation. Based on the study of Melki and
Marouani (2010), the lower dosage of gamma
irradiation had a positive effect on the
germination percentage of hard wheat, and
Beyaz et al. (2016) demonstrated that the
Lathyrus chrysanthus was insensitive to even
the highest doses (100-150 Gy). In addition, in
the case of cowpea, the germination was not
inhibited by even 500 Gy of gamma rays (Bind
and Dwivedi, 2014). However, the high dosage
(100-1000 Gy) harmed the germination
percentage in several plant species (maize,

okra, and groundnut) (Mokobia and
Anomohanran, 2005; Um et al., 2017).

Based on study observations, the
higher irradiation (450-600 Gy) affected the
plants” health and the survival rate
undesirably. Meanwhile, the 75-150 Gy

resulted in the highest genetic diversity, with
no vital degradation observed. The results are
in line with other studies that have also
reported negative effects of higher irradiance
(Sood et al., 2016; Mahla et al., 2018; Majeed
et al., 2018), but the results of this study show
better resistance in the case of C. argentea
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var. plumosa. Based on the study of Aisyah et
al. (2021), the differences between varieties
are quite large and need further investigation.
In the case of in vitro culture, the condition can
enhance the radiosensitivity of Celosia species
(Hayati and Aisyah, 2016), but such a method
is very expensive and time-consuming for an
annual ornamental species.

The genetic diversity in the mutant
generation varied among the irradiation doses
in the first generation. Generally, it is higher
within the increased mutagen dosage, even if it
is a physical or chemical mutagen agent.
Single primer-based PCR techniques like ISSR
and RAPD can determine genetic diversity
(Fatinah et al., 2012; Chikmawati, 2019; Ho
and Tu, 2019), but the results should only be
interpreted in conjunction with the phenotyping
results. The inheritance of the effective
mutation depends on the species and the
generative-specific features. Related species
sometimes have different radiosensitivity, i.e.,
C. cristata, which has lower radiosensitivity.
Even the 75 Gray dosages radically reduced
the plant height and changed some
characteristics—traits inherited by the second
and third generations (Hayati and Aisyah,
2016). The clustering results based on the
morphological data  demonstrated very
complicated genetic relationships. The study of
Lefebvre et al. (2001) about the peppers,
grapevine by Martinez et al. (2003), and rice
by Andrew-Peter-Leon et al. (2021), generated
a better-divided dendrogram based on the
morphological characteristics between the
mutants. The recent experiment observed a



SABRAO J. Breed. Genet.54 (5) 1049-1065. http://doi.org/10.54910/sabrao2022.54.5.8

very low connection between the morphological
and ISSR and RAPD marker data. The low
correlations  between  morphological and
molecular marker data have been similarly
reported in pepper (Lefebvre et al., 2001;
Kwon et al., 2005; Kim et al., 2011).

This experiment verified the hypothesis
that UPOV morphological traits could be
objectively measured and utilized in genetic
diversity and cultivar identification studies. The
ornamental plants have a critical role in
providing an alternative method for faster and
inexpensive genetic diversity measurements
compared with molecular marker tools.
However, the study detected a low correlation
between UPOV morphological and ISSR marker
genetic similarities, as shown in other studies,
including the pepper (Lefebvre et al.,, 2001;
Kwon et al., 2005), wheat (Mari¢ et al., 2004),
and grapevine (Martinez et al., 2003).

CONCLUSIONS

The recent study aimed to enhance academic
understanding of the factors affecting the
change in gene pool composition through the
gamma-irradiated C. argentea var. plumosa
‘Arrabona.’ Results showed that low dosages of
gamma radiation (75-300 Gy) cause valuable
genetic differences. Consequently, identifying
new dedicated ornamental varieties of C.
argentea var. plumosa 'Arrabona' based on
UPOV morphological data requires objective
facts for statistical analysis. These include the
removal of environmentally influenced
morphological data or repeated measurements
conducted in many recurrent plants under
varied environmental conditions. Non-visible
traits, like drought tolerance, disease
resistance, etc., marker-assisted breeding
could be beneficial.
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