SABRAO Journal of Breeding and Genetics ,H/-//";{:V/i{r\\\
55 (1) 115-122, 2023 IS B s eauco
http://doi.org/10.54910/sabrao2023.55.1.11 W o M SEARCA
http://sabraojournal.org/ %Q_//

pISSN 1029-7073; eISSN 2224-8978

IN VITRO DIPLOIDIZATION OF HAPLOID PLANTLET FROM ANTHER CULTURE OF
EGGPLANT (Solanum melongena L.) USING PENDIMETHALIN

A. MULYANA!, B.S. PURWOKO'", I.S. DEWI? and A. MAHARIJAYA'3

!Department of Agronomy and Horticulture, IPB University, Bogor, Indonesia
2Research Organization of Agriculture and Food, National Research and Innovation Agency (BRIN), Jalan Raya
Jakarta-Bogor Km 46, Cibinong 16911, Indonesia
3Center for Tropical Horticulture Studies, IPB University, Bogor, Indonesia
*Corresponding author’s email: bspurwoko@apps.ipb.ac.id
Email addresses of co-authors: mulyana.dhtech@gmail.com, iswari.dewi01@gmail.com,
awangmaharijaya@apps.ipb.ac.id

SUMMARY

The availability of anther culture methods for producing pure lines in a doubled-haploid (DH) plant
form makes it possible to accelerate the development of hybrid varieties in eggplant. Previous studies
have developed an efficient eggplant anther culture method. However, the formation of spontaneous
DH plants through this method is relatively low, ranging from 25%-30%. Recently several studies
reported that pendimethalin effectively duplicates the chromosome numbers of several plant species in
vitro. This study aimed to determine the pendimethalin effect on the diploidization of eggplant haploid
plantlets from anther culture. The study compared three concentrations of antimitotic pendimethalin:
100 pM, 300 pM, and 1000 pM in three incubation durations: two, four, and six days. The results
showed the treatment with a pendimethalin concentration of 300 uM incubated for two days gave the
highest level of plantlet diploidization at 75.0%. In vitro, chromosomal duplication treatment using
pendimethalin with different concentrations and duration of incubation time affected the plantlet
survival and growth of eggplant haploid plantlets. The increase in pendimethalin concentration and
incubation duration inhibited the physiology and growth of plantlets and affected alteration in the
ploidy level of eggplant haploid plantlets.
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INTRODUCTION

The development of eggplant hybrid varieties is plant form makes it possible to accelerate the
highly dependent on the available selected development of hybrid varieties in eggplant.
pure lines as parents (Mir et al., 2021). The The time required for producing DH plants
availability of anther culture methods for through anther culture techniques is much
producing pure lines in a doubled-haploid (DH) faster than conventional methods through
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selfing and recurrent selection. Obtaining
doubled haploids can occur only in one
generation of offspring so that it can reduce
the plant breeding cost and time (Rotino et al.,
1997; Caguiat and Hautea, 2014; Kumar et al.,
2016). The DH plants produced can be directly
evaluated and selected as new hybrid parents.

Spontaneous formation of DH plants
can occur during the anther culture process,
mainly due to the activity of cell fusion,
endoreduplication, and endomitosis (Segui-
Simarro and Nuez, 2008). Previous studies
reported the development of an efficient
eggplant anther culture method (Chauhan et
al., 2016; Mulyana, 2022). However, the
formation of spontaneous DH plants through
this method is relatively low, ranging from
25%-30%. Therefore, it is necessary to carry
out the diploidization process of haploid plant
chromosomes to obtain DH plants and restore
their fertility for use in the breeding scheme.
Basay et al. (2011) stated that the optimal
method for DH plant production through anther
culture gains support from the availability of
optimal haploid chromosome diploidization
methods.

Generally, chemical antimitotic agents,
such as colchicine, are used for in vitro
chromosome duplication in various plant
species (Blrtn and Emiroglu, 2008; Solmaz et
al., 2011; Cola et al., 2014; Mo et al., 2020).
Colchicine use as a chromosomal duplication
agent can inhibit the alignment and separation
of chromosomes during mitosis (Touchell et al.,
2020). However, colchicine as an anti-mitotic
agent is not always applicable, whereas the
diploidization process often occurs in a sectoral
manner. In addition, colchicine is carcinogenic
and needs skilled personnel for its effective
handling. It is also relatively expensive and
unaffordable for some laboratories.

Recently several studies reported that
pendimethalin could effectively duplicate the
chromosome numbers of several plant species
in vitro (Suping et al., 2016; Aslam et al.,
2017; Ren et al., 2018; Jiang et al., 2020).
Generally, pendimethalin use helps control
broadleaf weeds and annual grasses at pre-
growth and post-growth stages (Anghel et al.,
2019). Pendimethalin is an herbicide belonging
to the dinitroaniline class that can act as an
anti-microtubular that inhibits chromosome
separation and cell wall formation in mitosis
(Promkaew et al., 2010). This anti-
microtubular activity is similar to colchicine’s
ability to cause a chromosomal doubling in
plant cells. In addition, pendimethalin is much
more economical than colchicine and can serve
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as its alternative. This study aimed to
determine the effect of pendimethalin on the
diploidization of eggplant haploid plantlets from
anther culture.

MATERIALS AND METHODS
Plant material

The research took place from December 2021
to March 2022 at the Laboratory of the Cell
Biology and Tissue Culture Research Group of
ICABIOGRAD, Bogor, Indonesia. The plant
material was haploid plantlets from anther

culture obtained from previous studies
(Mulyana, 2022).

Experimental design

The experiment arrangement wused a

completely randomized factorial design of two
experimental factors, i.e., the antimitotic agent
pendimethalin added to the Murashige and
Skoog (1962) medium (K) and the duration of
chromosomal duplication induction (D). The
antimitotic agent pendimethalin factor (K)
included three concentrations: 100 uM (K1),
300 uM (K2), and 1000 pM (K3). The
chromosomal duplication induction duration
factor comprised of three levels: two days
(D1), four days (D2), and six days (D3). Each
treatment combination was replicated four
times to obtain 36 experimental units. One
experimental unit consisted of one bottle
containing 10 haploid shoots. The haploid
shoots were treated in the treatment medium
under light conditions with a temperature of
+25 °C for the duration of each treatment. For
the ploidy examination, a control treatment
comprised of haploid shoots not treated with
pendimethalin was used.

Chromosomal duplication treatment

The performed chromosomal duplication in
vitro followed the modified method of Ren et
al. (2018). Culturing haploid plantlet shoots
occurred on an MSO medium containing the
anti-mitotic agent pendimethalin with
concentrations of 100 pM, 300 pM, or 1000
HUM. Afterward, the shoots received incubation
under light conditions for two, four, or six
days. At the end of the duration treatment,
transferring the shoots proceeded to a new
medium with the formulation of B5 (Gamborg
et al., 1968) + 0.5 mg/l IBA + 2% sucrose, pH
5.8 to stimulate new root growth (Hassanein et
al., 2020).
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Ploidy level analysis

Plantlets to be checked for ploidy levels were
fully rooted plants. Cell nuclei were extracted
from in vitro young leaf tissues by employing
the modified method of Dolezel et al. (1989)
and then stained with propidium iodide. The
ploidy analysis was conducted using flow
cytometry Guava EasyCyte 5 (Luminex, USA).

Experimental observations

Observations were conducted on the following:
1) the number of surviving explants and the
percentage of surviving explants (the number
of surviving explants divided by the number of
explants treated multiplied by 100%); 2) the
number of short stature plantlets and the
percentage of short stature plantlets (the
number of short stature plantlets divided by
the number of explants treated and multiplied
by 100%); 3) the number of plantlets with a
certain ploidy level and the percentage of the
number of plantlets with a certain ploidy level
(the number of plantlets with a certain ploidy
level [1%x, 2%, 3%, 4%, or mixoploidy] divided
by the number of plantlets checked for ploidy
multiplied by 100%), and 4) the percentage of
root formation (the number of rooted plantlets
divided by the number of total treated plantlets
multiplied by 100%). Observations and
analysis of ploidy level by flow cytometry were
carried out at 30 days after culture.

Statistical analysis

Statistical analysis used analysis of variance
(ANOVA) and continued with Duncan’s Multiple
Range Test at a significant level of 5% if a
substantial effect occurred. Data on ploidy
observation were analyzed as a single-factor
experiment, using Rstudio and MS Excel 2010
software.

RESULTS

Effects of pendimethalin
survival and growth

on plantlet

Figure 1 presents the different stages of in
vitro diploidization of eggplant haploid plantlets
using the pendimethalin. The results showed a
significant effect of differences in
pendimethalin concentrations and incubation
duration on the growth of eggplant haploid
plantlets. The results reveal the observation
variables for the number and percentage of
surviving explants and the observed variables
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for the number and percentage of short-stature
plantlets (Figure 2). The interaction of
pendimethalin concentration and incubation
duration was not significant.

The highest number and percentage of
surviving plantlets resulted from explants
treated with the pendimethalin concentration
of 100 uM and incubation duration of two days.
Likewise, the highest nhumber and percentage
of short-stature plantlets resulted from in vitro
shoots treated with the pendimethalin
concentration of 1000 pM and incubation
duration of six days.

The results showed no significant effect
of  differences in the pendimethalin
concentration and incubation duration on the
percentage of root formation in eggplant
haploid plantlets (Figure 3A). Pendimethalin
treatment with different concentrations and
incubation duration did not affect root
formation. Most of the shoot’s explants used
were still able to form roots after the treatment
of pendimethalin (Figure 3B).

Effect of pendimethalin treatment on
chromosomal duplication

Analysis of ploidy levels using flow cytometry
results in the peak of histograms indicating
differences in the ploidy level of regenerants
(Figure 4). The average histogram peaks of
haploid plantlet (1x) appeared around gate 103
epifluorescence emitted by the cell nucleus,
with the diploid/DH (2x), triploid (3x), and
tetraploid (4x) plantlet histogram peaks
appearing in multiples of 2, 3, and 4 times of
the plantlet haploid (1 x) gates.

The results showed a significant effect
of differences in the pendimethalin
concentration and incubation duration on the
number and percentage of eggplant haploid
plantlet chromosome duplications (Figure 5).
The highest number and percent chromosomal
duplications resulted from in vitro shoots
treated with a pendimethalin concentration of
300 pyM and an incubation duration of two
days. The 300 pM pendimethalin treatment
increased the number and percentage of
chromosomal duplications. When amplified to
1000 pM pendimethalin treatment, these
decreased. The number and percent of
chromosomal duplications decreased as the
duration of treatment increased. Both of these
may have connections with the low number of
explants that survived when treated with
increasing concentrations of pendimethalin up
to 1000 puM and incubation duration from two
to six days, reducing the number and
percentage of chromosome duplications. The
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Figure 1. Stages of in vitro diploidization of eggplant haploid plantlets using pendimethalin. A)
Healthy haploid shoot, B) Chromosomal duplication treatment using pendimethalin 300 uM for two
days, and C) Rooted plantlets 21 days after transfer to fresh medium ready for ploidy checked.
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Figure 2. Number and percentage (%) of surviving explants and number and percentage (%) of short
stature plantlets A) Based on pendimethalin concentration (uM) and B) duration of incubation
treatment (days).
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Figure 3. A) Percentage of root formation of eggplant haploid plantlet after chromosome duplication
treatment (%) and B) Root formation of eggplant plantlets after chromosomal duplication treatment.
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Figure 4. Overlay of histogram peaks resulted on the ploidy level analysis of eggplant using flow

cytometry.
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Figure 5. Average number and percentage (%) of chromosome duplication of eggplant haploid

plantlet to doubled haploid form.

total number and percent of chromosomal
duplications of haploid plantlets and plantlets
with a certain ploidy level (1x, 2%, 3%, 4%, or
mixoploidy) in this study appear in Table 1.

DISCUSSION

Previous studies reported that increasing
concentrations and incubation periods in media
containing pendimethalin affected plantlet
growth by inhibiting physiological processes
(Ren et al., 2018; Jiang et al., 2020). Growth
is the best variable to evaluate plants exposed
to pendimethalin treatment (Promkaew et al.,
2010). Symptoms of short-stature plantlets,
characterized by shortening distance between
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nodes, also emerged in cucumber plantlets
treated with pendimethalin (Kennedy et al.,
1991). Short-stature plantlets in this study
experienced growth retardation as
characterized by growth inhibition of plantlet
height and size. Pendimethalin is an herbicide
that can affect plantlet growth by inhibiting
physiological processes and causing short-
stature plantlets. This process is detrimental
because the treated plantlets need to restore
their normal growth status to survive. In this

study, high percentages of short-stature
plantlets occurred, followed by a Ilow
percentage of surviving plantlets. Figure 6

compares the appearance of control, short-
stature, and normal plantlets.
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Table 1. The total number and percentages of chromosomal duplications of haploid plantlets and
plantlets with a certain ploidy level (1%, 2%, 3%, 4%, or mixoploid).

Treatment Sample Sample of Number (in %)

combination number ploidy checked 1x 2% 3X 4x mixoploid NM*
Control 40 40 40 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
100 uM - 2 day 40 40 18 (45.0) 20 (50.0) 0 (0) 1(2.5) 1 (2.5) 0 (0)
100 pM - 4 day 40 37 18 (48.6) 11 (29.7) 0 (0) 0 (0) 1(2.7) 7 (18.9)
100 uM - 6 day 40 34 14 (41.2) 13 (38.2) 0 (0) 2(5.9) 0(0) 5 (14.7)
300 uM - 2 day 40 39 9 (23.1) 30 (76.9) 0 (0) 0 (0) 0 (0) 0 (0)
300 pM - 4 day 40 32 17 (53.1) 14 (43.8) 1(3.1) 0(0) 0 (0) 0 (0)
300 uM - 6 day 40 27 9 (33.3) 16 (59.3) 0 (0) 0 (0) 0 (0) 2(7.4)
1000 pM -2 day 40 35 7 (20.0) 13 (37.1) 0 (0) 7 (20.0) 0 (0) 8 (22.9)
1000 uM -4 day 40 25 3 (12.0) 18 (72.0) 0 (0) 0 (0) 0 (0) 4 (16.0)
1000 pM - 6day 40 18 3 (16.7) 13 (72.2) 0(0) 0 (0) 0 (0) 2 (11.1)
Total 400 327 138(42.2) 148(45.3) 1(0.3) 10(3.1) 2 (0.6) 28 (8.6)

* NM = Not observed = sample was not good and could not be read by flow cytometry.

Control

Short

Normal

Figure 6. Types of eggplant plantlets formed from the treatment of chromosome duplication.

In vitro pendimethalin treatment with a
concentration of 30 uM for six days effectively
duplicated the chromosomes in onion (Ren et
al., 2018). Jiang et al. (2020) reported the
highest in vitro chromosomal duplication in
Plumbago auriculata Lam. by using
pendimethalin with a concentration of 800 uM
and a period of eight days of incubation. In this
experiment, a pendimethalin concentration of
300 pM and incubation duration of two days
gave the highest number and percentage of
chromosomal duplications altering ploidy level
status from haploid to doubled haploid in
eggplant plantlets. Therefore, it is indicative
that pendimethalin treatment will give different
results depending on the species. According to
Promkaew et al. (2010), pendimethalin caused
plant genotoxicity. Genotoxicity is the genome
alteration due to disturbances in the division
and distribution of chromosomes during
mitosis.
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Pendimethalin can be an alternative
anti-mitotic agent that is more effective and
inexpensive than colchicine. Basay et al.
(2011) reported that soaking plantlets with
0.5% colchicine for two hours proved the best
method. However, the results of this colchicine
method have shown the inability to
significantly increase the number of DH plants
in eggplant anther cultures. Corral-Martinez
and Segui-Simarro (2012) stated that the
application of lanolin paste containing 0.5%
colchicine to the axillary shoots of haploid
eggplants from anther culture resulted in
diploidization rates of 25%. In this experiment,
a concentration of 300 pM pendimethalin
treatment, with a two-day incubation duration,
resulted in 75.0% diploidization rates of
eggplant haploid plantlets. Thus, pendimethalin
is superior to colchicine as a diploidization
agent for haploid eggplants from anther
culture. In addition, colchicine is more



SABRAO J. Breed. Genet.55 (1) 115-122.

http://doi.org/10.54910/sabrac2023.55.1.11

expensive than pendimethalin and it may be
unaffordable for some laboratories. Colchicine,
also known as carcinogenic, usually requires a
higher concentration when used as an anti-
mitotic agent (0.5% - 1%); thus, it needs
special handling by skilled personnel.

CONCLUSIONS

In vitro chromosomal duplication treatment
using pendimethalin at different concentrations
and duration of incubation time affected the
plantlet survival and growth of eggplant
haploid plantlets. The increase in
pendimethalin concentration and incubation
duration inhibited the physiology and plantlet
growth and influenced alteration in the ploidy
level of eggplant haploid plantlets. The
pendimethalin treatment at a concentration of
300 pM and incubation duration of two days
gave the highest level of plantlet diploidization
at 75.0%.

REFERENCES

Anghel AM, Sirbu AGG, Ostan S, Iandas C, Corneanu
M (2019). The assessment of pendimethalin
cytotoxicity by Allium assay. Res. J. Agric.
Sci. 51(2): 3-10.

Aslam M, Farid B, Khakwani K, Magbool MA, Zou H
(2017). In vivo maternal haploid seed
production and chromosome doubling with
different anti-microtubular agents in maize.
Int. J. Agric. Biol. 19(1): 114 120.
doi:10.17957/1JAB/15.0251.

Basay S, Seniz V, Ellialtioglu SS (2011). Obtaining
dihaploid lines by using anther culture in the
different eggplant cultivars. J. Food. Agric.
Env. 9(2): 188-190.

Biiriin B, Emiroglu U (2008). A comparative study on

colchicine application methods in obtaining

doubled haploids of tobacco (Nicotiana

tabacum L.). Turk. J. Biol. 32(2): 105-111.

XGI, Hautea DM (2014). Genetic diversity

analysis of eggplant (Solanum melongena

L.) and related wild species in the

Philippines using morphological and SSR

markers. SABRAO J. Breed. Genet. 46(2):

183-201.

Chauhan A, Chandel KS, Kumari S (2016). Genetic
variability, character association and path
analysis for fruit yield components and
quality traits in eggplant (Solanum
melongena L.). SABRAO J. Breed. Genet.
48(4): 536-546.

Cola GPA, Marques AM, Damasceno S, Carvalho CR,
Clarindo WR (2014). In vitro polyploidization
in Solanum lycopersicum Mill. ‘Santa Cruz
Kada Gigant'. Cytol. 79(3): 351-358.

Corral-Martinez P, Segui-Simarro JM (2012). Efficient
production  of callus-derived doubled

Caguiat

121

haploids through isolated microspore culture
in eggplant (Solanum melongena L.).
Euphytica 187: 47-61. doi:10.1007/s10681-
012-0715-z.

Dolezel J, Binarova P, Lcretti S (1989). Analysis of
nuclear DNA content in plant cells by flow
cytometry. Biol. Plant. 31(2): 113-120.

Gamborg OL, Miller RA, Ojima K (1968). Nutrient
requirements of suspension cultures of
soybean root cells. Exp. Cell. Res. 50(1):
151-158. doi:10.1016/0014-
4827(68)90403-5.

Hassanein AM, Salem JM, Hassan RA, Soltan DM
(2020). Morpho-molecular characterization
and differential totipotency of three
Solanum taxa. Phy. Ann. R. Bot. 60 (1-2):
145-159. doi:10.12905/0380.phyton60-
2020-0145

Jiang Y, Liu S, Hu J, He G, Liu Y, Chen X, Lei T, Li Q,
Yang L, Li W, Hu D (2020). Polyploidization
of Plumbago auriculata Lam. in vitro and its
characterization including cold tolerance.
Plant Cell Tissue Organ Cult. 140(2): 315-
325.

Kennedy JM, Caponetti JD, dan Jeffery LS (1991).
Response of several cucumber cultivar
seedlings to ethalfluralin and pendimethalin
in vitro. J. Tennessee Acad. Sci. 66(3): 111-
114,

Kumar SR, Arumugam T, Ulaganathan V (2016).
Genetic diversity in eggplant germplasm by
principal component analysis. SABRAO J.
Breed. Genet. 48(2): 162-171.

Mir R, Calabuig-Serna A, Segui-Simarro JM (2021).
Doubled haploids in eggplant. Biol. 10(7):
685. doi:10.3390/biology10070685.

Mo L, Chen J, Lou X, Xu Q, Dong R, Tong Z, Huang
H, Lin E (2020). Colchicine-induced
polyploidy in Rhododendron fortunei Lindl.
Plants 9(4):424.

Mulyana A (2022). Optimasi metode produksi
tanaman  dihaploid  terong (Solanum
melongena L.) melalui kultur antera. Thesis.
Grad. Sch. IPB Univ.

Murashige T, Skoog F (1962). A revised medium for
rapid growth and bioassays with tobacco
tissue cultures. Physiol. Plant. 15(3): 473-
497.

Promkaew N, Soontornchainaksaeng P, Jampatong S,
Rojanavipart P (2010). Toxicity and
genotoxicity of pendimethalin in maize and
onion. Agric. Nat. Res. 44(6):1010-1015.

Ren J, Wu X, Song C, Liang Y, Gao W, Wang Y
(2018). Induction of polyploid tillered onion
using colchicine and pendimethalin. Sains.
Mal. 47(11):2617-2624. doi:10.17576/jsm-
2018-4711-04.

Rotino GL, Perri E, Acciarri N, Sunseri F, Arpaia S
(1997). Development of eggplant varietal
resistance to insects and diseases via plant
breeding. Adv. Hort. Sci. 193-201.

Segui-Simarro JM, Nuez F (2008). Pathways to
doubled haploidy: Chromosome doubling
during androgenesis. Cyt. Gen. Res. 120:
358-369. doi:10.1159/000121085.


http://sabraojournal.org/wp-content/uploads/2018/01/SABRAO-J-Breed-Genet-48-4-536-549-Chauhan.pdf
http://sabraojournal.org/wp-content/uploads/2018/01/SABRAO-J-Breed-Genet-48-4-536-549-Chauhan.pdf
http://sabraojournal.org/wp-content/uploads/2018/01/SABRAO-J-Breed-Genet-48-4-536-549-Chauhan.pdf
http://sabraojournal.org/wp-content/uploads/2018/01/SABRAO-J-Breed-Genet-48-4-536-549-Chauhan.pdf
http://sabraojournal.org/wp-content/uploads/2018/01/SABRAO-J-Breed-Genet-48-4-536-549-Chauhan.pdf
http://sabraojournal.org/wp-content/uploads/2018/01/SABRAO-J-Breed-Genet-48-2-162-171-Kumar-1.pdf
http://sabraojournal.org/wp-content/uploads/2018/01/SABRAO-J-Breed-Genet-48-2-162-171-Kumar-1.pdf

Mulyana et al., (2023)

Solmaz 1, San N, Giirsoy I, Kasapoglu S (2011).
Comparison of in vivo and in vitro colchicine
application for production of dihaploid
‘Kirkagac’ and ‘Yuva Hasanbey’ Melons. Afr.
J. Biotechnol. 10(70):15717-15724.

Suping K, Naibin D, Bingjiang L, Limin G, Bo L, Kun X
(2016). Study on tetraploid induction by

122

different mutagens in garlic. J. Nuc. Agric.
Sci. 30(6):1067.

Touchell DH, Palmer IE, Ranney TG (2020). In vitro
ploidy manipulation for crop improvement.
Front. Plant Sci. 11:722. doi:10.3389/
fpls.2020.00722.



