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Anther androgenesis in response to culture media and donor genotypes in brinjal
(Solanum melongena L.)

Jasmeen Kaur', Mohinder Kaur Sidhu'* and Navraj Kaur Sarao?

Abstract

Androgenesis offers a rapid approach for development of completely homozygous lines, however its efficiency depends upon donor
genotype and culture conditions. This study aimed to optimize the androgenesis using different donor hybrids and Murashige and
Skoog (MS) medium supplemented with different concentrations and combinations of growth regulators for callus induction and
regeneration in brinjal. Among different media combinations, MS medium supplemented with 2 mg/I1AA and 0.5 mg/I Kinetin developed
the highest and earliest calli (65.8% in 28.5 days). Among donor hybrids, SC-15-2 x MR-319 produced the maximum (73.4%) calli in
13.5 days. Following subcultures of induced calli, MS supplemented with 0.2 mg/I IAA and 4 mg/l Zeatin achieved the highest regeneration
(19.5%) in 21.4 days. Among donors, SR-5 x SR-9322 revealed 15.5% calliregeneration in 21.7 days. This donor hybrid also demonstrated
direct regeneration from cultured embryos in MS + 2 mg/I IAA + 0.5 mg/I Kinetin medium which turned into shoots and developed roots
upon sub-culturing. In addition, 2 MS added with 0.5 mg/l IBA induced rooting in 58.3% of rootless cut-shoots that were hardened to
complete plants following in-vitro and ex-vitro methods for acclimatization. An SSR marker emf21MO05 confirmed gametic origin of 20
regenerants. Cytological analysis of metaphase-1 stages in dividing pollen mother cells of 24 regenerants categorized the plants into
diploid (4), haploids (9), doubled-haploids (11) for further crop improvement in brinjal.
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Introduction

Brinjal (Solanum melongena L., 2n = 24) is an often cross-
pollinated crop that largely relies on conventional breeding
approaches for genetic improvement with respect to
nutritional quality, stress tolerance, and yield potential. Its
substantial genetic variability, encompassing diverse fruit
types, offers considerable scope for crop enhancement
(Kalloo 1993). Despite this variability, heterosis breeding
depends on the availability of uniform and stable inbred
lines. The development of such inbreds through traditional
selfing requires 6 to 7 generations and is constrained by
limitations of time, land, and labor.

Doubled haploid (DH) technology provides a rapid
alternative for achieving complete homozygosity within 1
to 2 years via androgenesis. Among the various approaches
for haploid production, androgenesis, gynogenesis, and
irradiated pollen techniques have been widely explored
(Murovec and Bohanec 2012). In androgenesis, uninucleate
microspores within cultured anthers are induced to form
haploid plants, which can subsequently be converted into
doubled haploids through chromosome doubling. These DH
lines are highly valuable for genetic studies, including gene
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transfer, detection of recessive mutations, linkage mapping,
marker-trait association, and gene tagging (Sahana et al.
2024).

Although androgenic response in brinjal was first
reported by Raina and lyer (1973), subsequent studies by
Isouard et al. (1979) and the Chinese Research Group of
Haploid Breeding (1978) successfully achieved haploid
production. The efficiency of androgenesis is influenced
by several factors, including genotype, season of donor
plant growth, developmental stage of the anther, flower
bud maturity, explant pre-treatments, culture media
composition, and in-vitro incubation conditions. About
4 hours temperature pre-treatment (33-35°C) to anthers for
microspore culture has been shown to enhance androgenic
response and induce spontaneous chromosome doubling
in uninucleate microspores that notably produced relatively
high frequency (up to 69.3%) of spontaneous doubled
haploid formation in both anther and microspore cultures
(Rivas-Sendra et al. 2015).

However, haploid plants are generally weak, small,
and sterile, necessitating artificial chromosome doubling.
Colchicine, a widely used antimitotic agent, disrupts
microtubule formation by binding to tubulin, resulting
in chromosome doubling efficiencies of 50 to 70%
(Gemesne Juhasz et al. 2001). Reliable determination
of ploidy levels in regenerated plants can be achieved
through cytological analysis and flow cytometry, while the
gametic (homozygous) or somatic (heterozygous) origin
of regenerants can be confirmed using co-dominant SSR
markers (Murovec and Bohanec 2012). Despite previous
reports of successful androgenesis, complete information
of regeneration efficiency in different fruit group donors
and their validation through SSR markers and cytology was
insufficient. Therefore, the present study was undertaken to
evaluate the influence of donor genotype and culture media
on anther androgenesis in brinjal.

Materials and Methods

Plant material and explant preparation

The experimental material comprised of eight hybrid
combinations derived from stable germplasm lines
representing diverse fruit groups, maintained at the
Department of Vegetable Science. Immature, healthy flower
buds were excised from fully grown donor plants, placed
in an ice box, and transported to G.S. Khush Laboratories,
School of Agricultural Biotechnology, PAU, Ludhiana.
The buds were identified for early- to late-uninucleate
microspore stage, corresponding to 4.5 mm greenish-yellow
anthers as shown in Figure 1A & B (Ellialtoglu et al. 2012).
Aseptic conditions were maintained by UV-sterilizing the
laminar airflow cabinet for 15 minutes, followed by air drying
in the laminar air flow for 30 minutes. All culture accessories
were surface-sterilized using 70% ethanol. The excised buds

were pre-cooled at 4°C for 3 hours, rinsed with autoclaved
distilled water, and surface-sterilized with 70% ethanol
for 30 seconds. Subsequently, they were treated with 10%
(10 mL/100mL solution) commercial Rin Ala Fabric Whitener
(4% Sodium hypochlorite, 1% sodium hydroxide and
1% amine oxide) for 15 minutes under aseptic conditions
(Figure 1C) and rinsed three times with sterile distilled water
to remove residual disinfectant.

Callusing and regeneration

Anthers were aseptically excised from surface-sterilized
buds using sterile forceps and scalpel (Figure 1D), and
cultured in jam jars (110 X 65 mm) containing pre-poured
MS medium (Murashige and Skoog 1962) containing 20%
sucrose, solidified with 0.8% agar, and maintained at 5.8
pH and supplemented with different concentrations and
combinations of plant growth regulators for callus induction.
For each treatment, three replicates were maintained, each
consisting of 12 culture jars containing 15 anthers per jar. The
inoculated culture vessels were sealed with parafilm and
incubated at 35°C in dark for 8 days to initiate cell division
in microspores (Basay and Ellialtioglu 2013), followed by
callusing at 25 = 2°Cin the dark.

Theinduced embryogenic calliwere then transferred to a
solid MS medium supplemented with various concentrations
and combinations of BAP (0.5-5 mg/I), Kinetin (0.5-5 mg/I),
IAA (0.2-4 mg/Il), and Zeatin (0.2-4 mg/I) along with 20 g/I
sucrose. Cultures were incubated at 25 + 2°C under a 16/8
h light/dark photoperiod with a light intensity of 4000
lux (80 micromoles m? sec’), with subculturing at 3-week
intervals until complete plantlet regeneration. Directly
regenerated embryos emerged from expanded anthers
were also repeatedly cultured on same medium for plantlet
formation. Unrooted shoots were excised and transferred
to half-strength MS medium supplemented with 0.5 mg/I
IBA for root induction.

Rooted plantlets were carefully removed, washed to
eliminate adhering medium, and placed on moist sterile
cotton for hardening for one week. Moisture was maintained
by daily application of sterile distilled water. Hardened
plantlets were subsequently transferred to black polythene
bags (12 x 7.5 cm) containing sterilized substrate (cocopeat:
FYM: perlite: vermiculite in 2:2:1:1 ratio) and maintained at
25°C, 70 to 80% RH and 16/8 h light/dark photoperiod for
acclimatization. The observations were recorded for anther
expansion, callus formation, direct, callus regeneration, and
plantlet survival.

Confirmation of genetic origin

For the confirmation of the genetic origin, one SSR markers
viz; emf21MO05 (FP-5'- CTCCCAAGACCTGGAAGTCACCTA-3'
and RP-5-AGAAGCCTTGCCACTTGGCTTAAC-3') polymorphic
to the donor hybrid was used to ascertain the presence of
maternal/paternal alleles only. The genomic DNA of the
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parents, donor and regenerated plants was extracted in
triplicates from young growing leaves (1g approx.) as per
the CTAB method Doyle and Doyle (1990). Each DNA sample
received 5 pL of 40 U/ul RNase treatment and one-hour
incubation in a water bath set at 37°C. A Nano-DropTM
1000 spectrophotometer (Thermo Scientific) was used to
examine the purity and quantity of isolated DNA samples.
DNA dilution for each sample @50 ng/mL was prepared for
polymerase chain reaction (PCR). PCR was performed with
a 12.4 pL reaction mixture containing 6 pL of master mix
(Takara, Japan), 0.7 uL of MgCl2 (25 mM), 1.5 pL of forward
and reverse primer (5uM), 1.8 pl of nuclease-free water, and
1.5 uL of total genomic DNA (50 ng/uL). In an Eppendorf
thermocycler, PCR underwent four steps. Initial denaturation
took place in stage 1 for 3 minutes at 95°C. In stage 2, twenty
additional cycles of denaturation at 95°C for 45 seconds
were followed by 45 seconds of primer annealing at 58°C
(-0.5°C/cycle) and 45 seconds of DNA chain extension at
72°C. In stage 3, 10 cycles of denaturation at 95°C for 45
seconds were followed by the primer’s annealing at 50°C
for 45 seconds and the extension of the DNA chain at 72 °C
for 45 seconds. Stage 4 involved a final extension at 72°C for
7 minutes and a hold at 4°C for an infinite time. The amplified
products were resolved at 100 volts for 5 to 6 hours on a
3% agarose gel using 0.05 pL/mL ethidium bromide. The
amplified bands were visualized under UV illumination and
pictures were taken using the Gel Documentation System
(Alpha Imager HP, USA). Plants that amplified only a single
band (200-300 bp) parallel to either of the parents were
considered to have originated from haploid microspores.
Plants that amplified two bands parallel to the heterozygous
donor were considered to have appeared from somatic
origin (Figure 2).

Cytological analysis was necessary to distinguish the
ploidy status of haploid and doubled-haploid regenerants.
To perform this analysis, immature flower buds (10 mm)
with actively dividing pollen mother cells were excised from
the regenerant at the reproductive stage and subjected to
cytological examination. The cell division in pollen mother
cells from the regenerants and diploid donor was fixed
separately in 40 mL of Carnoy'’s fixative (ethanol: chloroform:
acetic acid in a ratio of 6:3:1) for 24 hours, then transferred to
70% alcohol and kept at 4°C until their better visualization.
To visualize, the anthers of fixed buds were removed and

crushed in 2% acetocarmine. Pollen mother cells showing
diakinesis or M-I (metaphase-I) and anaphase-1 stages of
cell division were focused and photographed for counting
the chromosome numbers. Several meiotic stages from
each slide were analyzed in several pollen mother cells
for selected plantlets. Based on the chromosome count
at metaphase-1 and succeeding stages (Anaphase-1), the
ploidies of different regenerants cells in five slides for each
were ascertained in comparison to their diploid donors.

Statistical analysis

Factorial CRD design (Fisher 1935) was used to conduct
statistical analysis of variance from replicated data of
media (first factor) and genotype (second factor) for various
callusing and regeneration parameters, and Tukey's test was
applied to compare the means with p < 0.05 using SPSS
statistical software (SPSS, 2008).

Results and Discussion

Anther callogenesis in response to media
combinations
In the present study, only media that produced non-
watery, creamy-white, compact-embryonic calli and later
regenerated into plantlets are presented in Table 1 &
Figure 1E). Excluding the effect of donor hybrids, anther
expansion on selected media combinations the varied
between 49.31 and 68.47%. The MS medium supplemented
with 2 mg/I lAA and 0.5 mg/I Kinetin produced 65.8% calli,
which was statistically comparable to MS + 2 mg/l NAA +
1 mg/l BAP (65.5%), and greater than MS + 2 mg/I NAA + 2
mg/| BAP (58.1%). However, MS + 2 mg/1 2, 4-D + 1 mg/| BAP,
being at lowest level, induced 55.4% calli. MS fortified with 2
mg/l lAA and 0.5 mg/I Kinetin formed the earliest calli (28.5
days) in comparison to other media combinations. While the
callus initiation times of MS + 2 mg/I NAA + 1 mg/I BAP and
2 mg/I NAA + 2 mg/l BAP were statistically similar with 29.6
and 30.1 days, respectively. It took the longest (33.9 days)
for calli to initiate in MS medium added with 2 mg/I 2,4-D,
and 1 mg/l BAP. On an average, only MS supplemented
with 2 mg/l IAA and 0.5 mg/I Kinetin demonstrated direct
embryogenesis from anthers (2.6%) (Figure 1G).

Among the 20 media combinations evaluated for
standardization, MS medium supplemented with 2,4-D, IAA,
NAA, BAP, and Kinetin (0.5-2 mg/ | in various combinations)

Table 1: Anther callogenesis in response to different growth hormones in brinjal

Media combination Anther expansion (%) %Callusing Days taken to calli initiation ~ Direct embryo regeneration (%)
MS + 2 mg/I |1AA + 0.5 mg/I Kin 68.47° 65.8° 285+7.1¢ 2.6°

MS + 2 mg/I NAA + 1 mg/I BAP 55.6¢ 65.5° 29.6 + 14.4° -

MS +2 mg/l 2,4-D + 1 mg/| BAP 49.31¢ 55.4¢ 33.9+124° -

MS + 2 mg/I NAA + 2 mg/I BAP 60.97° 58.1° 30.1 £ 14.1° -

Means are separated using a Tukey'’s test (p < 0.05).
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Figure 1: Anther anderogenesis in brinjal: A. flower buds, B) early binucleate stage of pollen, C) bud sterilization, D) greenish-yellow anther excision,
E) calli popping out of anther, F) calli regeneration, G) direct embryo regeneration, H) regenerated plantlets, I) root induction in half strength MS
medium, J) In-vitro hardening on moist cotton, K) hardening of plantlets in polythene bags, L) F, donor, M) haploid plant, N) doubled haploid plants

supported effective callus induction and embryogenesis.
Auxins promoted cell division and dedifferentiation of
anther wall tissues, while microspores responded rapidly,
leading to anther swelling and, in some cases, rupture.
However, higher concentrations of the strong auxin
2,4-D resulted in excessive, friable, and watery callus that
lacked regenerative potential. Improved callus quality was
observed when weaker auxins such as IAA and NAA were
combined with cytokinins (BAP or kinetin) at moderate levels
(0.5-1 mg/l). These combinations facilitated the formation
of compact, embryogenic callus, typically emerging either
from the tip or through the rupture of the anther. A balanced
auxin—cytokinin ratio appeared critical in directing the
developmental pathway of callus toward embryogenesis
and subsequent plant regeneration in literature (Sahana
et al. 2024). The role of auxins in initiating cell division in
microspores was evident, with 2,4-D showing the strongest

effect, whereas IAA and NAA were more favorable for
producing regenerable callus when used in combination
with cytokinins. To improve direct regeneration, which can
transform microspores to embryoids just after their initial
divisions, our results suggested that initially expanded
anthers be transferred to a medium with an increased level
of cytokinins ranging from 0.5 and 1.0 mg/I.

Anther callogenesis in response to donor

The response of different donor hybrids for anther expansion,
callogenesis, and embryogenesis are summarized in
Table 2. Anther expansion in different donors was observed
in a range of 32.7-80.8%. Further, expanded anthers from
SC-15-2 x MR-319 could induce 73.4% calli which was
statistically similar to 71.3% calli induced in SR-5 x SR-9322.
SVL-359 x BLW-231 and SR-9322 x W-230 responded
moderately, whereas PSB-7-2 x P-219 showed the lowest

Table 2: Anther callogenesis in response to different donor hybrids in brinjal

Donor hybrids Expanded anthers (%) %Callus induction Days taken to calli initiation Direct regeneration (%)
SC-15-2 x MR-319 79.7° 73.4° 13.5+2.4f -

SVL-359 x SR-9322 40.2f 56.1¢ 41.8+6.8° -

SVL-359 x BLW-231 71.1¢ 61.2° 24.7+8.54 -

SR-9322 x W-230 56.8° 60.4° 37.3+£2.2¢ -

V-230 x BRG-111 38.3¢ 57.8« 37.3£5.9¢ -

PSB-7-2 x P-219 69.6¢ 51.5¢ 24.7+8.04 -

W-230-42 x WOB-406 32.7h 58.4b¢ 44.5+8.4° -

SR-5 x SR-9322 80.8° 71.3° 20.5+2.9¢ 4.5°

* Means are separated using a Tukey'’s test (p < 0.05).
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Table 3: Regeneration response of anther tip calli using different growth hormones in brinjal

Media composition

% Calli regeneration

Days taken to calli regeneration

MS + 2 mg/I BAP + 0.5 mg/I Kinetin 9.8¢
MS + 0.2 mg/I IAA + 4 mg/| Zeatin 19.5°
MS + 2.5 mg/I Kinetin + 0.5 mg/I BAP 11.3¢
MS + 2 mg/I Kinetin + 0.5 mg/| BAP 17.0°
MS + 3 mg/I Kinetin + 0.5 mg/| BAP 11.2¢
MS + 3.5 mg/I Kinetin + 0.5 mg/| BAP 3.2¢

29.8+3.4¢
214+2.7¢°
344£9.1°
34+8.1°

32.1+94¢
36.5+8.3°

* Means are separated using a Tukey'’s test (p < 0.05).

callusing ability. In terms of callus initiation, SC-15-2 x MR-319
exhibited the fastest response (13.5 days), followed by SR-5
X SR-9322 (20.5 days), while SVL-359 x BLW-231 and PSB-7-2
x P-219 required relatively longer durations. In contrast,
W-230-42 x WOB-406 required the longest duration (44.5
days) for callus initiation. Notably, SR-5 x SR-9322 also
exhibited 4.5% direct embryogenesis from expanded
anthers on callus induction medium (Figure 1G).

The observed variation in callus formation and
embryogenesis among donor hybrids in the present study
may be attributed to differences in intrinsic auxin levels
(Corral-Martinez and Segui-Simarro 2012). Microspores
(gametic cells) appeared to respond variably to callogenesis
under both higher and lower concentrations of exogenously
applied growth regulators. Differential endogenous
hormone levels in different donors and their calli might have
influenced dedifferentiation, acquisition of embryogenic
competence and subsequent embryo development, and
to some extent, direct embryogenesis as reported earlier
(Caeiro et al. 2022). Following in-vitro culture, these donors
exhibited the highest percentages of anther expansion and
callus formation, likely due to an optimal auxin—cytokinin
ratio. The differential response among donor genotypes
observed in this study is consistent for the findings of
significant influence of donor genotype on androgenic
development (Sun et al. 2023; Sahana et al. 2024).

Calli regeneration response to media combinations

In the present study, MS medium supplemented with
different combinations and concentrations of growth
regulators significantly influenced callus regeneration. Only
creamy-white to brownish, embryogenic calli emerging
or protruding from tip of cultured anthers were the most
suitable for further regeneration. Across the variable
regeneration response of media combinations (Table 3 &
Figure 1F), MS medium supplemented with 0.2 mg/I IAA and
4 mg/l zeatin presented the highest regeneration frequency
(19.5%), followed by MS + 2 mg/I Kinetin + 0.5 mg/ | BAP
(17.0%). MS + 2.5 mg/| kinetin + 0.5 mg/lI BAP and MS +
3 mg/l kinetin + 0.5 mg/l BAP recorded the statistically
similar regeneration rates (11.3 and 11.2%, respectively). MS +

3.5mg/lkinetin+0.5 mg/IBAP displayed the poorest response
(3.2%) for calli regeneration. In terms of regeneration time,
MS + 0.2 mg/l IAA + 4 mg/| zeatin revealed the earliest
response (21.4 days), followed by MS + 2 mg/I BAP + 0.5 mg/I
kinetin (29.8 days), whereas MS + 3.5 mg/I Kinetin + 0.5 mg/I
BAP recorded the longest duration (36.5 days).

Callus regeneration was influenced by the physiological
state of the callus, endogenous hormone levels, and
the balance of exogenously applied growth regulators.
The results suggest that a balanced auxin-cytokinin
ratio is critical for embryoid formation and subsequent
differentiation (Caeiro et al. 2022). Regeneration was
most effectively induced at lower auxin concentrations
(0.2-0.5 mg/l) in combination with moderate cytokinin levels
(2.0-2.5 mg/I). This balance likely facilitated coordinated
cell division and differentiation during plant regeneration.
An increase in cytokinin concentration up to an optimal
level enhanced regeneration efficiency; however, further
increases resulted in a marked decline. This reduction may be
attributed to hormonal imbalance, where elevated cytokinin
levels without adequate auxin limited cell division prior to
differentiation. Notably, higher zeatin levels in combination
with low IAA enhanced shoot regeneration, indicating its
specific promotive role in morphogenesis through cell
division and differentiation. Conversely, excessive cytokinin
concentrations alone inhibited regeneration, especially
elongation of embryos into plantlets, thus suppressing shoot
growth. Further, an optimized hormone concentration,
particularly by increasing zeatin (up to ~6 mg/l) in
conjunction with a proportional increase in auxin (0.5-
1.0 mg/l) can potentially improve regeneration efficiency.

Calli regeneration response of donor hybrids

As presented in Table 4 and Figure 1F, the donor hybrids
exhibited significant variation in callus regeneration
response irrespective of media combinations. Among
the hybrids, SR-5 x SR-9322 recorded the highest callus
regeneration (15.5%), followed by SC-15-2 x MR-319 (14.3%).
The hybrids PSB-7-2 x P-219 (13.6%) and SR-9322 x W-230
(13.1%) were statistically at par. In contrast, V-230 x BRG-111
exhibited the lowest regeneration response (7.5%). The time
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Table 4: Regeneration response of anther tip calli of different donor
hybrids in brinjal

Donor hybrids :/;gceiwlgration Zag};sngﬁig);o cal
SC-15-2x MR-319 14.3° 25.6 £4.29
SVL-359 x SR-9322 11.7¢ 33.2+544
SVL-359 x BLW-231 11.7¢ 341 £54¢
SR-9322- x W-230 13.1¢ 26.8 +3.7°

V-230 x BRG-111 7.5 47114
PSB-7-2 x P-219 13.6¢ 29.8 £5.3¢
W-230-42 x WOB-406 8.7¢ 378+7.7°

SR-5 x SR-9322 15.5° 21.7 £3.0"

Means are separated using a Tukey'’s test (p < 0.05).

required for callus regeneration also varied significantly
among the anther donors. Calli derived from SR-5 x SR-9322
differentiated into plantlets earliest (21.7 days), followed
by SC-15-2 x MR-319 (25.6 days), SR-9322 x W-230 (26.8
days), and PSB-7-2 x P-219 (29.8 days). In contrast, V-230 x
BRG-111 required the longest duration (41.7 days) for callus
regeneration. In the present study, the hybrid SR-5 x SR-9322
also exhibited direct regeneration through anther bursting
when cultured on MS medium supplemented with 2 mg/ |
IAA and 0.5 mg/ | kinetin. Repeated subculturing at 15-day
intervals on the same medium promoted simultaneous
shoot development and root initiation in 41.6% plantlets
(Figure 1TH). Further, shifting of unrooted shoots onto half-
strength MS medium supplemented with 0.5 mg/ | IBA and
8 g/l agar induced rooting in 58.4% of the plantlets (Figure
11). Following one week of in-vitro hardening on moist
cotton in jam jars, 57 regenerated plantlets (73%) survived
(Figure 1J). Subsequently, 40 plantlets (70%) were successfully
acclimatized at 25°C for 15 days in black polythene bags
(12 x 7.5 cm) containing a substrate mixture of cocopeat,
FYM, perlite, and vermiculite (2:2:1:1) with regular watering
(Figure 1K), but 24 plants acclimatize on transplanting
in soil in net house during spring summer season and
reached reproductive maturity under protected conditions
(Figure 1L-N).

The variation in regeneration response among donor
hybrids may be attributed to differences in callus quality
arising from genotype-specific hormonal balance (Sahana
et al. 2024). Genotypes exhibiting higher regeneration
efficiency may possess an optimal endogenous ratio of
auxins and cytokinins conducive to enhanced cell division
and differentiation. The low survival of anther-derived plants
might be due to weak root systems, altered physiological
characteristics developed under in-vitro conditions, and
difficulties in acclimatization (Hazarika 2003). Additionally,
genetic and ploidy abnormalities associated with callus-
mediated regeneration may reduce plant vigour and field
establishment.

Confirmation of genetic origin

During in-vitro culture, some regenerants exhibited slow
growth which were characterized by smaller, thinner leaves
and shorter stems at full grown stage indicating haploid
origin (Figure 1M), while showing normal development to
complete fertile plants indicated diploid or doubled haploid
origin. Notably, the plants with week morphology showed
complete sterility at reproductive stage and other plants
showed complete fertility (Figure 1N) as also reported earlier
(Winarto et al. 2011). In the present study, the regenerated
plants were considered to be of possible gametic origin
because the calli originated from the tips of swollen anthers,
suggesting their derivation from microspores rather than
somatic tissues. The presence of proembryos beneath
swollen and ruptured anthers further confirmed the
microspore-derived nature of directly regenerated plantlets
and was consistent with the findings of Dissanayake et al.
(2020) in cassava.

A polymorphic SSR marker emf21MO05 for the donor
hybrid (SR-5 x SR-9322) further distinguished microspore
origin (gametic origin) of 20 regenerated plantlets from
4 somatic regenerants (Figure 2). This marker exhibited
heterozygosity in the donor hybrid and somatic regenerants
corresponding to polymorphism between the parental lines
(P; = SR-5 and P, = SR-9322). Due to the diploid nature of
brinjal, the heterozygous F, hybrid and somatic regenerants
amplified a maximum of three polymorphic alleles inherited
from the two parents. However, distinguishable mono or
di-allelic plants parallel to either parent were assumed to
have gametic origins and homozygosity for said allele as
per earlier molecular evidence for confirming haploids and
diploids in cassava (Dissanayake et al. 2020).

In further cytological confirmation, the meiotic studies
of anther-derived regenerants at metaphase-1 stage in
pollen mother cells at reproductive stage further revealed
a chromosome configuration of heterozygous regenerants
as diploid (2n = 12 bivalents), homozygous as true doubled
haploids (2n = 12 bivalents), and haploids (n = 12 univalents)
in comparison to diploid donor parent (12 bivalents)
as shown in Figure 3A-C. Therefore, among 24 plants
established from anther culture of F, donor SR-5x SR-9322, 4
(16.7%), 9 (37.5%) and 11 (45.8%) were diploid, haploids and,
doubled-haploids, respectively. Among doubled haploids,
cytological examination of pollen mother cells at early
metaphase and anaphase stages revealed the presence of 12
bivalents, and at late metaphase stage showed 24 separating
chromatids, indicating homologous chromosome pairing
and normal cell division in double-haploids. The likely
appearance of univalent formation at late metaphase -1
may be attributed to desynapsis (early pairing followed
by chromosome separation) (Figure 3 C) which have been
reported in tissue culture-derived regenerants, but plant
remains fertile due to balanced segregation and normal
division at anaphase-1 (Figure 3D). However, these plants
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Figure 2: SSR confirmation (emf21MO05) of gametic origin of anther-derived regenerants from SR-5 x SR-9322 showing polymorphism among
parents (P1 =SR-5, P2 = SR-9322), segregation in anther derived regenerants

-l

Figure 3: Cytological confirmation of ploidy of regenerants: A) A PMC at metaphase-l showing 12 bivalents (diploid donor) B) A PMC at metaphase-|
showing 12 univalents (haploid), C) A PMC at metaphase-I showing 12 bivalents (doubled-haploid), D) Anaphase -1 (12:12 normal separation), E)

pollen fertility and F) fruit set ability of in doubled haploid

produced fully fertile pollen and set fruits (Figure 3E and F),
indicating normal cell division. Haploid plants had thin long
buds with complete sterility. Our results of spontaneous
development of doubled-haploids were substantiated with
the findings of Rivas-Sendra et al. (2015), and Vural and Ari
(2020) in brinjal.

Conclusion

In the present study, immature anthers at the uninucleate
to early binucleate stage yielded regenerants of confirmed
gametic origin. Genotype and growth regulators significantly
influenced callus induction and plant regeneration. Among
the tested media, MS supplemented with 0.2 mg/I IAA and
4 mg/l zeatin achieved 19.5% regeneration efficiency that
can be attributed to a balanced auxin and cytokinins ratio
essential for cell division and cell differentiation, respectively.
Additionally, MS medium supplemented with 2 mg/I IAA
and 0.5 mg/I kinetin induced direct embryo regeneration
in burst anthers, indicating an alternative regeneration
pathway. Fine-tuning the balance and proportion of auxins
and cytokinins to optimize both callus-mediated and

direct regeneration responses can improve androgenesis
in future. Overall, genotype-specific responses and precise
hormonal regulation is required for enhancing androgenic
regeneration efficiency in brinjal. Molecular confirmation
of genetic origin along with PMC cytology is necessary to
ascertain true doubled-haploids for crop improvement.

References

Basay, S., & Ellialtioglu, S. (2013). Effect of genotypical factors on
the effectiveness of anther culture in eggplant (Solanum
melongena L.). Turkish Journal of Biology, 37, 499-505.

Caeiro, A., Caeiro, S., Correia, S. & Canhoto, J. (2022). Induction of
somatic embryogenesis in Tamarillo (Solanum betaceum
Cav.) involves increases in the endogenous auxin indole-3-
acetic acid. Plants, 11(10), 1347.

Chinese Research Group of Haploid Breeding (1978). Induction
of haploid plants of Solanum melongena. In: Proceedings
of the Symposium on Plant Tissue Culture, Peking. Science
Press, pp 227-232.

Corral-Martinez, P., & Segui-Simarro, J.M. (2012). Efficient
production of callus-derived doubled haploids through
isolated microspore culture in eggplant (Solanum melongena
L.). Euphytica, 187(1), 47-61.



Kaur et al.: Influence of culture media and genotypes on brinjal androgenesis 19

Dehkehan, M. E., Moieni, A., & Movahedi, Z. (2017). Effects of
zeatin riboside, mannitol and heat stress on brinjal (Solanum
melongena L.) anther culture. Iranian Journal of Genetics and
Plant Breeding, 6(1), 16-26.

Dissanayake, L., Perera, P., Attanayaka, T., Heberle, E., &
Jayawardhana, M. (2020). Early development of direct
embryos in the cultured anthers of Manihot esculenta Crantz.
Plants, 9(10), 1315. https://doi.org/10.3390/plants9101315

Doyle, J. J., & Doyle, J. L. (1990). Isolation of plant DNA from fresh
tissue. Focus, 12, 13-15.

Ellialtioglu, S., Basay, S., & Kusvuran, S. (2012). Investigations on the
pollen dimorphism and its relationship with anther culture in
brinjal. Research Journal of Agricultural Sciences, 5(1), 149-152.

Fisher, R. A. (1935). The design of experiments. Hafner Press. New
York, London, pp. 1-243.

Gemesne Juhasz, A., Petus, M., Venczel, G., Zatyko, L., Gyulai, G., &
Cseplo, M. (2001). Genetic variability of anther donor versus
spontaneous doubled haploid descendents and colchicine
induced doubled haploid sweet pepper (Capsicum annuum
L.) lines. Acta Horticulturae, 560, 149-152.

Hazarika, B.N. (2003). Acclimatization of tissue-cultured plants.
Current Science, 85(12), 1704-1712.

Isouard, G., Raquin, C., & Demarly, Y. (1979). Production of haploid
and diploid plants by in vitro culture of eggplant (Solanum
melongena L.) anthers. Comptes Rendus de '’Académie des
Sciences Paris, 288, 987-989.

Kalloo, G. (1993). Eggplant: Solanum melongena L.( p 587-604)
In: Kalloo, G., Bergh, B.O. (eds.) Genetic Improvement of
Vegetable Crops, Elsevier Science Publishers, Oxford, UK.
https://doi.org/10.1016/B978-0-08-040826-2.50047-3

Murashige, T., & Skoog, F. (1962). A revised medium for rapid
growth and bioassay with tobacco tissue culture. Physiologia

Plantarum, 15(3), 473-497.

Murovec, J., & Bohanec, B. (2012). Haploids and doubled haploids
in plant breeding, pp 87-105. In: Abdurakhmonov, I. (Ed.),
Plant breeding. China InTech. https://doi.org/10.5772/29982

Raina, S. K., & lyer, R. D. (1973). Differentiation of haploid plants
from pollen callus in anther culture of Solanum melongena
L. Zeitschrift fiir Planzenziichtung, 70(4), 275-280.

Rivas-Sendra, A., Corral-Martinez, P., Camacho-Fernandez, C., &
Segui-Simarro, J. M. (2015). Improved regeneration of brinjal
doubled-haploids from microspore-derived calli through
organogenesis. Plant Cell, Tissue and Organ Culture, 122(3),
759-765.

Sahana, K. P, Srivastava, A., Khar, A., Jain, N., Jain, P. K., Bharti, H.,
Harun, M., & Mangal, M. (2024). Anther-derived microspore
embryogenesis in pepper hybrids Orobelle and Bomby,
Botanical Studies, 65(1), 1-13. https://doi.org/10.1186/s40529-
023-00408-6

SPSS Inc. (2008). SPSS statistics for Windows, version 17.0. Chicago:
SPSS Inc.

Sun, B., Ding, X., Ye, J,, Dai, Y., Cheng, C., Zhou, J,, Niu, F,, Tu, R., Hu,
Q, Xie, K., Qiu, Y., Li, H,, Feng, Z., Shao, C., Cao, L., Zhang,
A., & Chu, H. (2023). Unveiling the genetic basis underlying
rice anther culturability via segregation distortion analysis in
doubled haploid population. Genes, 14(11), 2086.

Vural, G. F, & Ari, E. (2020). Triple synergistic effect of maltose,
silver nitrate and activated charcoal on high embryo yield
of eggplant (Solanum melongena L.) anther cultures. Scientia
Horticulturae, 272, 109472.

Winarto, B., Rachmawati, F., Pramanik, D. and Teixeira da Silva, J. A.
(2011). Morphological and cytological diversity of regenerants
derived from half-anther cultures of Anthurium. Plant Cell,
Tissue and Organ Culture, 105, 375-382.

-

IR

TEISHTEE I aig T THET SH1ergy 3 faem & foig Ue i e g e 8, gieifts s8dh! & g sii-iergy o e feafat
R AR EEN R | ST ST I LT ST H erd 716 TR YAST o foiq e et & s diga ok garsri & gre gzas faferm
TR gRfie SR FRIFRNT 3R w1 (THTE) dear Hifeaw &1 SUdT &idh Ggromad i STaferd s o | fafe wifear e & o,
2 foreftom/eftex 38 € U 3R 0.5 fefiom/elier fehmfer & a1e URes U U8 A1eas 3 Seiad 3R el Wi Sherans faesfad &t (28.5
ot # 65.8%) | SR gEfoe #, SC-15-2 x MR-319 9 13.5 &l & 1fSeran (73.4%) Fe1ag o1 3cregH foran | IR FeAars &
UG o 916, TH T &l 0.2 fHefum/diex ey ofiR 4 fAcium/diex Stenfed & 1y e &2 W 21.4 o & Iwaw gaoim
(19.5%) WITe g3 | a3t & &te, SR-5 x SR-9322 ¥ 21.7 fart & 15.5% Fe1aTE G &l Gard o | 39 SR gefos Aunwg
2 fefiom/eftex 3 7 T 0.5 fAcium/de frafen mrem & Gafiia yoif & werer gt o1 off uge= f&ar St 9u-gadq | 3igd & a5
T 37 ST faefad g2 | 36 STerman, 58.3% 7S Afed Fe-Rek # 0.5 fiefium/diex sy M wfn 3 arg 1 wred Sier T, o
TR & feiq 31 faiet 31X Uo faiet ddieht ol T aheah U bl YT e o folq ok okl 77T T | Ueh T8 TF 3T HTh STAUH2 1TH05
F 20 TSI HATaT g Ieaft S il | ST H 3 6 wHe gUR & foig ety gaatsh gt st aweT w4 Hifkemrsi w6 gt
A H HeTlhal - 1 TRT & HIgelaiitoiehel faRasor 3 det ot fggfore (4), for (9), SRAT-emford (11) & afigpa famar |
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