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Asexual propagation could be an escape to sustain the constraints
of inefficient gametic system in the evolving endemic species:
evidence from meiotic anomalies encountered in Aponogeton
bruggenii (Aponogetonaceae)
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Abstract

The present study deals with the cytogenetics of Aponogeton bruggenii S.R.Yadav and Govekar (Aponogetonaceae) sporting
asexual propagation. Mitotic metaphase in the root-tips revealed that the species is a polyploid with 2n =56 chromosomes.
Male meiosis was mostly abnormal. A total of 2023 pollen mother cells were observed, of which 448 showed normal and
the remaining 1575 abnormal meiosis. Mostly, the stickiness and precocious separation was recorded at diakinesis and meta-
phase (I and II), respectively. Chromatin bridges, laggards, disorientation, ring formation were detected at various stages
of meiosis ranging from diakinesis to telophase. Consequent to chromatin transfer, heterogeneously sized pollen grains, i.e.
small, normal, large and fused were observed, hampering gametic efficiency and fruit set. However, the species resorts to
vegetative propagation by means of underground tubers, possibly as a survival strategy to sustain dispersion and speciation.
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Introduction

Aponogeton L.f. (Aponogetonaceae) is a genus of aquatic
plants which is distributed in the tropical and subtropical
regions of the Old World [19]. Plants usually bear tubers
except A. rigidifolius H.Bruggen which is rhizomatous
[12]. The genus consists of 60 species, of which ten species
occur in India [2]. Most of the species are bisexual but there
are five dioecious species (A. decaryi Jum. ex Humbert, A.
dioecus Bosser, A. nudiflorus Peter, A. satarensis Sundara-
ragh., A.R.Kulk. & S.R.Yadav and A. troupinii J.Raynal)
[19].

Karyological studies on the family are far from complete.
So far chromosome numbers are known for only 16 spe-
cies [15]. It has been observed that the small size of the
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chromosomes (0.5-2.5 um long) and their strong tendency
to stick together makes it very difficult to analyse even the
best metaphases [20]. The chromosome number ranges from
2n=16 (A. distachyos and A. madagascariensis) to 2n=126
(A. junceus Lehm.) (modified after Chougule et al. [3]). A
base number of x =8 has been suggested for the genus [20].
Aneuploidy and infraspecific polyploidy are commonly
observed in the genus [20]. The polyploidy phenomenon
is important in plant evolution and also it is considered as
an important biodiversity engine that promotes speciation,
adaptation and expansion of range. The species exhibiting
polyploidy are ecologically more tolerant than their progeni-
tor species [18].

Aponogeton bruggenii S.R.Yadav & Govekar is an
endemic species of the Western Ghats, India that grows in
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the paddy fields along the Tarkarli river at Nerurpar in Sind-
hudurg district, Maharashtra [23]. As a part of our ongoing
studies on Aponogeton [2—4] we observed that although A.
bruggenii exhibited abundant flowering in nature, the fruit
set was quite low. Nevertheless, there was no decline in the
population of this species and plants propagated vegeta-
tively. Therefore, we studied the cytogenetics of this species
in order to analyse the meiotic course, microsporogenesis
and pollen viability. In the present study the absence of fruit/
seed set correlated to irregular synapsis leading to abnormal
meiosis and heteromorphic pollen grains and low genetic
diversity on account of small population size.

Materials and methods

Plant collection: Aponogeton bruggenii was collected from
its type locality (Nerurpar in Sindhudurg district, Maharash-
tra) (16°01' 08.0” N, 73° 37' 32.4" E, 32 m msl) and main-
tained in the Botanical Garden of the Department of Botany,
Shivaji University, Kolhapur, Maharashtra, India. Voucher
specimens (RNC 232, RNC 245, RNC 257) were depos-
ited in the Herbarium of the Department of Botany (SUK),
Shivaji University, Kolhapur. Observations on morphology
and ecology were made in the field.

Fruit set: For determining fruit set, plants (N=20) grow-
ing in the collection locality were randomly selected. The
values were presented as mean + standard error. Morpho-
logical features such as inflorescence per plant and number
of flowers per inflorescence were recorded by observing live
plants. The percentage fruit set was calculated by using the
following formula:

Percentage fruit set = Fruits per inflorescence

/Total flowers on the same inflorescence x 100

Cytogenetics and pollen viability: The methodology for
preparation of meiotic and mitotic chromosomes is pro-
vided elsewhere [2]. Freshly prepared slides were exam-
ined to determine the chromosome number and meiotic
abnormalities at different stages using the LEICA DM750
microscope. A total of 2023 Pollen mother cells (PMCs)
were observed. Pollen viability was estimated through
stainability using glyceroaceto-carmine (1:1) mixture. A
total of 1110 pollen grains were observed. Stained pollens
were taken as fertile while shrivelled and unstained pollens
sterile. For calculating the diameter, pollen grains (N=15)
were measured and the values presented as mean =+ stand-
ard error. Suitable mitotic cells and PMCs at different
stages were photographed from freshly prepared slides

with LEICA DM 750 microscope with attached camera
at 1000 x and photo plates were prepared by using Adobe
Photoshop 7.0 software.

Results
Plant morphology and ecology

Aponogeton bruggenii is a tuberous plant and grows as a
weed in rice fields (Fig. 1a). Each individual produces a
single spike with dark pink flowers (Fig. 1b—d). The spe-
cies starts growing with the onset of monsoon and as the
monsoon recedes, the above-ground leaves wither and the
plant undergo dormancy till the next monsoon. However,
by the end of each growing season, a new tuber is added to
the previous one. Consequently, a chain of tubers is formed

(Fig. 1g).

Fruit set

The average number of inflorescences per plant was
1.1+0.07 whereas the average flowers per inflorescence
47.95 +2.56. Fruit set was observed in only six individuals
and hence the fruit set 4.37% (Fig. le, f).

Cytogenetics

The root-tip mitosis revealed the presence of 2n =56 chro-
mosomes. Karyotype characterization does not fall under the
scope of the present work and hence not dealt in herewith.
The meiotic course of A. bruggenii was observed and
diakinesis revealed the presence of n =28 bivalents.
Most of the PMCs exhibited abnormal meiosis. Obser-
vation of 2023 PMCs revealed that only 448 (22.15%)
underwent normal meiosis whereas the remaining 1575
(77.85%) exhibited anomalies. Anomalies, namely chro-
mosome bridges (single/multiple), disorientation, lag-
gards, ring formation, stickiness and precocious separa-
tion were recorded. Stickiness contributed to 89.72% of
the anomalies at diakinesis whereas precocious separation
was responsible for 67.05%, 68.52% and 56.67% of the
anomalies at metaphase I, metaphase II and meta-anaphase
11, respectively. Laggards dominated anaphase I (38.55%),
anaphase 11 (38.85%), telophase 1 (45%) and telophase II
(52.83%). At anaphase II, single bridge and laggards were
the most common and observed in 43.88% of PMCs. The
phase-wise occurrence of various meiotic anomalies is
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Fig. 1 Vegetative propagation in Aponogeton bruggenii by means
of tubers. a, b habit, ¢, d inflorescence showing anther dehiscence
(arrowheads), e abortive inflorescence, f infructescence showing

listed in Table 1 and depicted in Figs. 2 and 3. Despite
considerable meiotic anomalies, high pollen viability
(88.83%) was observed. Pollen grains of heterogeneous
size (diameter) were observed. Based on diameter, pollen
grains were categorized as small (14.48 +£0.76 pm), nor-
mal (23.13 £0.51 um), large (30.47 £ 0.72 pm) and fused
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Chain of
tubers

some follicles (arrowheads), g formation of new plantlet on tuber
(arrow), note chain of tubers. Scale bars=1 cm

(35.43+3.86 um) (Figs. 3 z-bb). Normal pollen grains
were the most common (77.30%) followed by the small
ones (11.08%). Large and fused pollen grains were rep-
resented by 8.74% and 2.88%, respectively. Small pollen
grains were completely sterile whereas normal, large and
fused pollen grains were fertile.
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Table 1 Anomalies observed during the meiotic course and microsporogenesis in Aponogeton bruggenii

Phases Total number Normal cells Number and % of  Abnormalities Number of cells
of cells abnormal cells
Diakinesis 141 34 107 (75.88) Stickiness 96
Stickiness and ring formation 2
Stickiness and bivalents arranged in S shape 1
Inter bivalent connections 8
Metaphase I 639 38 601 (94.05) Stickiness 24
Precocious separation 403
Stickiness and precocious separation 170
Ring formation 2
Disorientation of chromosomes 2
Anaphase [ 347 85 262 (75.50) Laggards 101
Precocious separation 14
Single bridge 31
Multiple bridges 19
Single bridge and laggards 33
Multiple bridges and laggards 44
Disorientation of chromosomes in multiple groups 20
Telophase 1 136 76 60 (44.11) Laggards 27
Bridges 9
Single bridge and laggards 16
Multiple bridges and laggards 8
Metaphase 11 325 55 270 (83.07) Stickiness 8
Stickiness and precocious separation
Precocious separation 185
Laggards 6
Bridges 25
Bridges and precocious separation 40
Ring formation 1
Meta-ana II 35 5 30 (85.71) Stickiness 4
Precocious separation 17
Laggards 3
Bridges 4
Bridges and laggards 2
Anaphase 11 147 8 139 (94.55) Stickiness 1
Precocious separation 4
Laggards 54
Bridges 8
Stickiness and laggards 3
Single bridge and laggards 61
Multiple bridges and laggards 4
Disorientation of chromosomes 4
Telophase 11 191 85 106 (55.49) Laggards 56
Single bridge 16
Single bridge and laggards 30
Multiple bridges and laggards 4
Triad 9 9 Nil - -
Tetrad 53 53 Nil - -
Total 2023 448 - - 1575
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Fig.2 Somatic chromosomes
and meiotic abnormalities

in Aponogeton bruggenii. a
Mitotic metaphase chromo-
somes (2n=56), b-e PMCs in
prophase I: b PMC at leptotene,
¢ PMC at zygotene, d PMC at
pachytene, e PMC at diplotene,
f PMC showing n=28 bivalents
at diakinesis, g PMC showing
chromatin material arranged in
S shape at diakinesis, h PMC
showing stickiness and typi-

cal ring formation (arrow) at
diakinesis, i PMC showing ring
formation (arrowhead) and extra
chromatin material (arrow) at
diakinesis, j PMC showing inter
bivalent connections (arrow)

at diakinesis, k PMC showing
stickiness (arrow) at diakinesis,
1 PMC at normal metaphase-I,
m PMC showing stickiness

at metaphase-I, n, o, p PMCs
showing precocious separa-
tions (arrow) at metaphase-I, q
PMC showing ring formation at
metaphase-I, r, s PMCs showing
disorientation of chromosomes
at anaphase-I, t PMC at normal
anaphase-1, u PMC show-

ing stickiness and precocious
separation (arrow) at anaphase-
I, v PMC showing laggards
(arrowhead) and precocious
separation (arrow) at anaphase-
I, w PMC showing laggards
(arrowhead) at anaphase-I, x
PMC showing single bridge
(arrow) at anaphase-I, y PMC
showing single bridge (arrow),
laggards (arrowhead) and preco-
cious separations (encircled)

at anaphase-1, z PMC show-
ing multiple bridge (arrow) at
anaphase-1, aa PMC show-

ing multiple bridges (arrow),
laggards (arrowhead) and
precocious separations (encir-
cled) at anaphase-I, bb PMC
showing 14:14 chromosomes at
anaphase-1. Scale bars=5 pm
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Fig.3 Meiotic abnormalities in
A. bruggenii. a PMC at normal
telophase-I, b PMC showing
laggards (arrowhead) at telo-
phase-I, ¢ PMC showing single
bridge (arrow) at telophase-I,

d PMC showing single bridge
(arrow) and laggard (arrow-
head) at telophase-1, e PMC at
normal metaphase-1I, f PMC
showing precocious separa-
tions (arrow) at metaphase-II, g
PMC showing bridge (arrow) at
metaphase-1I, h PMC show-
ing bridge (arrowhead) and
precocious separations (arrow)
at metaphase-II, i PMC showing
stickiness at metaphase-I1, j
PMC showing ring (encir-
cled) at metaphase-II, k PMC
at meta-anaphase-11, 1 PMC
showing bridge (arrowhead)
and precocious separations
(arrow) at meta-anaphase-1I, m
PMC at normal anaphase-II, n
PMC showing bridge (arrow),
laggards (arrowhead) and preco-
cious separations (encircled)

at anaphase-II, o, p, ¢ PMCs
showing laggards (arrowhead)
and bridge (arrow) at anaphase-
II, r PMC at normal telophase-
1L, s, t PMC showing laggard
(arrowhead) at telophase-1I, u
PMC showing single bridge
(arrow) at telophase-1I, v PMC
showing single bridge (arrow)
and laggards (arrowhead), w
PMC showing multiple bridges
(arrow) and laggards (arrow-
head) at telophase-II, x triad,

y tetrad, z heterogeneous sized
pollen grains, aa normal, large
sized fertile pollen and small
sized sterile pollen, bb fused
fertile pollen grains (arrow-
head). Scale bars=5 pm
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Discussion
Plant morphology and ecology

Aponogeton bruggenii is an endemic species of Maha-
rashtra state [14]. It has been placed under the Vulnerable
category of IUCN red list [21]. It is so far known from
only two localities in Sindhudurg district, i.e. Nerurpar,
Kudal taluka (type locality) and Satose village, Sawant-
wadi taluka [6]. Both the localities have been considered
as one location [21]. Also, the estimated area of occupancy
(AOO) and the estimated extent of occurrence (EOQO) for
the species are 3 and 25 km?, respectively [21] which indi-
cates small population of the species.

The species grows in the rice fields and since rice cultiva-
tion and growing season of the species coincide, the under-
ground tubers get split (during field preparation/ploughing
and rice plantation) and start serving as a new plant.

Fruit set

In general, Aponogeton species have features that indicate
pollination by tiny insects [19]. Also, the presence of spi-
nules on the pollen suggest aerial pollination by insects
[19]. Aponogeton bruggenii bears a pink-coloured spike.
The exine of the pollen is microreticulate and microechinate
[16]. Although no pollination study is on record, aforemen-
tioned features indicate insect pollination syndrome. Meiotic
anomalies leading to failure of sexual reproduction account
for the low fruit set. Also, small population and multiplica-
tion by means of vegetative propagation (through tubers)
seem to be responsible for the low genetic diversity that
severely impact subsequent fruit set.

Cytogenetics and pollen viability

Chromosomal pairing during meiosis is crucial to the under-
standing genome homology, particularly in polyploids and
interspecific hybrids (homoploid and alloploid) as it provides
information on the reproductive success of these species. In
the present study, the meiotic course in the meiocytes of A.
bruggenii was examined in detail for the first time. The mei-
otic course was found to be abnormal. Anomalous behaviour
observed in the meiocytes varied across the stages of meio-
sis. In general chromosome stickiness dominated the pro-
phase of meiosis I (diplotene and diakinesis) and continued
to later stages such as metaphase II, anaphase II. Kaur and
Singhal [7] observed frequently chromosome stickiness in
metaphase I of many dicot plants from Indian cold deserts.
The precocious separation, bridges and laggards were more
prominent in the later stages such as I and II metaphase,
anaphase and telophase. Similar observations were made
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by Kumar et al. [9] in Clematis flammula L. Kumar et al.
[9] also reported chromatin bridges in anaphase and telo-
phase. In the present study we also observed the single or
multiple chromatin bridges in metaphase and anaphase 1/
II. Chromosome stickiness was responsible for the disori-
entation of chromosomes, delayed separation of bivalents
at anaphase I and II (laggards) and chromosomal bridges.
Both genetic and environmental factors are responsible for
chromosome stickiness, see Mendes-Bonato et al. [13]. It
is difficult to ascertain the cause of chromosome stickiness
in A. bruggenii at this point of time. At diakinesis bivalents
(synapsed homologues) exhibited fuzzier appearance and
some were seen falling apart indicating irregular synapsis.
This kind of chromosomal behaviour at diakinesis is char-
acteristic of synaptic mutants [8]. Synaptic mutants have not
been reported so far in Aponogetonaceae, see Koduru and
Rao [8], but the occurrence of this phenomenon cannot be
ruled out in the family. Synaptic mutations leading to asyn-
apsis or desynapsis are common in apomicts [8]. Aponoge-
ton decaryi, a Madagascan species is a well-known apomict
[22]. Megaspore mother cell (MMC) exhibited asynapsis
during first meiotic division [22]. Yadav [22] studied the
megasporogenesis in this species and reported the species as
gametophytic apomict exhibiting diplospory. However, male
meiosis has not been studied in this species so far as male
plants are very few in numbers as compared to females [19].

Nonsynchronous early disjunction of bivalents or preco-
cious separation was mainly observed at metaphase I, II and
meta-anaphase II. Precocious separation at metaphase can
be accounted for by precocious terminalization of chiasma
at diakinesis [17]. Also, structural differences in homolo-
gous chromosomes can lead to precocious movement of
chromosomes [1]. Structural differences in the homologous
chromosomes may arise as a result of some mutation or in
case of interspecific hybridization which brings two dif-
ferent genomes together. The late disjunction of bivalents
on account of stickiness was responsible for lagging chro-
mosomes and chromatin bridges. Chromatin bridges (1-3)
were responsible for chromatin transfer which resulted in
heterogeneous sized pollen grains. The large pollen grains
(30.47 £0.72 um) were double the size of the smaller ones
(14.48 +0.76 um). The size of the normal pollen grains
(23.13+0.51 pm) was intermediate between large and small
grains whereas fused pollen grains (35.43 +3.86 um) were
even bigger than the large ones. Smaller pollen grains might
be the product of hypoploid PMCs and larger ones hyper-
ploid PMCs. The double-sized large pollen grains are in fact
unreduced (2n) gametes and can act to produce a polyploid
population. Fusion of two pollen grains by the formation of
cytoplasmic channels was also observed, however the per-
centage was quite low (2.88%). Pollen grains of heterogene-
ous size have also been observed in Clematis flammula [9],
Echinodorus palaefolius (Nees & Mart.) J.F.Macbr. [11],
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Clematis graveolens Hook. [7], etc. Stress conditions like
low temperature may lead to fusion of PMCs and pollen
grains [7].

Anomalous meiotic course in A. bruggenii did not have
much effect on the pollen viability. High pollen viability in the
presence of erratic meiosis has also been observed in Ledebou-
ria revoluta (L.f.) Jessop population collected from Ratnagiri
district, Maharashtra, India (pers. obs.). These bulbous plants
exhibited an odd chromosome count in the root-tip cells, i.e.
2n=45 but the pollen viability (based on staining by 1% ace-
tocarmine) was very high (78.14%). Fruit set is almost absent
and the leaf-tips produce bulbils which later on get detached
and become an individual plant. The glyceroaceto-carmine
(1:1) pollen staining is not very specific and hence cannot be
the absolute measure of pollen fertility. Pollen germination test
(in vivo and in vitro) should be performed to assess the actual
fertility. Also, it is possible that bulbous/tuberous or geophytic
monocots have resorted to vegetative propagation to circum-
vent the ill-effects of abnormal meiosis. Moreover, maintain-
ing high pollen viability enables them to participate in hybridi-
zation events (wherever and whenever different populations of
a species overlap) in nature and produce a gamut of cytotypes/
species adapted to varied ecological niches. Hence, high pollen
viability despite anomalous meiosis could be advantageous
to generate genetic diversity during the course of evolution.
Contrastingly, vegetative propagation in A. bruggenii reduced
the genetic diversity of the small population by ensuring mul-
tiplication. Consequently, the fruit set is adversely affected.

Conclusion

Habitat divergence and environmental stress may impose
meiotic and mitotic errors in germline and somatic tissues,
enabling the establishment of new genomic states facilitat-
ing fixation of reproductively isolated lineages [10]. This is
consistent with the evolutionary events of genome duplication
encountered at the end of the Cretaceous as a surviving escape
strategy [5]. Accordingly, an escape route to asexual reproduc-
tion seems to be in order to overcome the limitation of sexual
inefficiency in the endemic zone where species is thought to
be in evolutionary flux.

A. bruggenii is a polyploid species with 2n=>56 chromo-
somes. Male meiosis is abnormal on account of irregular syn-
apsis and consequently many anomalies (chromosome bridges,
disorientation, laggards, ring formation, stickiness and preco-
cious separation of chromosomes, etc.) and pollen grains of
heterogeneous size are observed. Erratic meiosis along with
low genetic diversity hinders fruit set. Vegetative propagation
in this species seems to be a survival escape route to overcome
sexual inefficiency.
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