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A review of cytomixis, a cytological anomaly mostly prevalent during microsporogenesis in
flowering plants, is given. The phenomenon is more prevalent in genetically, physiologically
and biochemically imbalanced plants such as, haploids, aneuploids, triploids, hybrids and
apomicts. There are conflicting opinions and explanations regarding the causes and significance
of cytomixis. Recent evidences suggest that it is a natural genetically controlled phenomenon
influenced by physiological and environmental factors, and the anomaly may have some
evolutionary significance.
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INTRODUCTION

The phenomenon of cytomixis, defined as the migration of
chromatin material/chromosomes, cell organelles especially
nuclei, or cytoplasm between proximate meiocytes through
cytomictic channels or intercellular bridges or occasionally by
direct fusion, has been reported in numerous plant species. The
phenomenon was first described by Arnoldy (1900) in
reproductive organs of gymnosperms and then by Kornicke
(1901) in pollen mother cells (PMCs) of Crocus vernus and by
Miehe (1901) in the leaf epidermis of Allium cepa. Gates (1911)
observed this striking phenomenon during microsporogenesis in
Oenothera gigas and O. biennis and coined the term cytomixis.
Since then, this phenomenon was reported mainly during
microsporogenesis by many researchers in a wide range of
flowering plants (Levan 1941; Sarvella 1958; Tarkowska 1960,
1965; Bell 1964; Heslop-Harrison 1966; Gottschalk 1970; Cheng
et al .,1975; Shnaider 1975; Omara 1976; Saggoo and Bir 1983;
Singhal and Gill 1985; Guochang 1987; Soodan and Wafai 1987,
Bahl and Tyagl 1988; Sen and Bhattacharya 1988; Wang 1988;
Bedi 1990; Koul 1990; Kostritsyna and Soldatov 1991; Consolaro
and Pagliarini 1995; Haroun 1995; De Souza and Pagliarini 1997,
Bellucci et al.,2003; Bione et al. 2000; Ghanima and Talaat 2003;
Wu et al.,2003; Datta et al, 2005; Ghaffari 2006; Lattoo et al.
2006; Sheidai and Bagheri-Shabestarei 2007; Singh et al .,2007;
Sheidai 2008; Singhal and Kumar 2008; Maity and Datta 2009;
Song and Li 2009; Kumar et al. 2010; Mursalimov and Deineko
2011; Ranjbar ef al.,2011; Guan et al., 2012). However, cytomixis
is also known to occur, although rarely, in somatic cells such as
root meristematic cells (Jacob 1941; Sarvella 1958; Tarkowska
1960; Kostritsyna and Soldatov 1991), leaf epidermal and
subepidermal layers (Cooper 1952; Tarkowska 1960), ovary cells
(Koul 1990), tapetal cells (Cooper 1952) and shoot apex (Guzicka
and Wozny 2005), or between mitotic (tapetal) and meiotic cells
(Cooper 1952). Besides in natural species, cytomixis has also
been observed in artificially synthesized interspecific/generic
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hybrids (Li et al., 2005, 2009). The phenomenon has also been
reported in spermatogenesis in animals (Ventela ef al., 2003),
lower plants (Kwiatkowska et al., 2003) and gymnosperms
(Guzicka and Wozny 2005). Recently, it has also been reported
in transgenic plants of Nicotiana tabacum (Sidorchuk et al.,
2007). The migration of nuclei during cytomixis is believed to
be due to actin cytoskeleton because the migration of cell
contents through cytomictic channels is stopped due to
cytochalasin B, a chemical that prevents the growth of actin
filaments (Zhang et al., 1985).

Origin of cytomictic channels

Cytoplasmic connections between meiocytes originate from
the preexisting system of plasmodesmata which develops in
anther tissues and then, in general, becomes obstructed by the
progressive deposition of callose (Heslop-Harrison1966).
However, the plasmodesmata may sometimes persist during
meiosis and either increase in size (Mursalimov et al., 2010) or
several closely located plasmodesmata join together (Wang et
al,, 2004) to generate intermeiocytic connections known as
cytomictic channels. Sometimes such channels are formed de
novo during cell wall dissolution (Wang et al., 1998; Yu et al.,
2004). Through these channels, which look like stretched
strands, not only chromatin but even cytoplasmic organelles
may also pass (Risuefo ef al., 1969; Mursalimov and Deineko
2011). Sometimes the PMCs are directly fused to facilitate the
transfer of chromatin by dissolution of their cell walls without
involving the formation of channels (Lone and Wafai 2009;
Ranjbar et al., 2011).

Prevalence

Cytomixis occurs with equal or different intensity in all phases of
meiosis (Basavaiah and Murthy 1987; Bauchan 1987; Sapre and
Deshpande 1987; De Souza and Pagliarini 1997; Shamina et al.
2000; Ressayre et al. 2003), however others (Maheshwari 1950,
Kundu and Sharma 1988, Sen and Bhattacharya 1988, Haroun
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1995, Singhal and Kumar 2010, Kumar and Singhal 2011) are of
the opinion that early stages of meiosis-I are more favourable for
cytomixis. Song and Li (2009) in their communication on Salvia
miltiorrhiza, a well-known Chinese herb, reported that cytomixis
was observed mainly during early prophase I in PMCs and the
frequency was highest during pachynema. Cytomixis also occurs
during metaphase and anaphase I, but very rarely in meiosis II.
Liu et al .,(2012) while working on Pinellia ternata observed
cytomixis between meiocytes only during diakinesis or in early
stages of first division. Chromatin migration does not only happen
among cells that are in the same stage, but also cells in different
stages of meiosis. Further, the migration of chromatin occurs
through the formation of a single strand or multiple strands
(Belluci et al .,2003; Singhal and Kumar 2008) and that a
simultaneous transfer of chromatin from a single PMC to two or
more different PMCs has also been recorded (Bhat et al .,2006;
Singhal and Kumar 2008). The transfer of chromatin is either
partial, involving a small part, or complete, involving the entire
chromosome complement as a result PMCs with little or no
chromatin and PMCs with additional chromatin are observed
(Singhal and Kumar 2008). The extra chromatin masses present in
the PMCs do not pair with the main chromatin and remain in the
cell as a separate mass (Singhal and Kumar 2008, Ranjbar et al
.,2011). The fate of such additional masses of chromatin is not
known, but they probably form micronuclei or micro pollen as
suggested by Bhat et al .,(2006) and Ranjbar et al .,(2011).

The process is more prevalent in genetically, physiologically
and biochemically imbalanced plants such as, haploids,
aneuploids, hybrids (De Nettancourt and Grant 1964), triploids
(Salesses 1970), mutants (Gottschalk 1970), and apomicts
(Mantu and Sharma 1983) than their diploid counterparts.
While commenting on the prevalence of cytomixis in
tetraploid cytotypes of Ranunculus hirtellus and absence of
such anomaly in diploid cytotypes Kumar and Singhal (2011)
attributed it to genetic imbalance in tetraploid cytotypes, high
altitude and low temperature stress conditions prevailing in
cold deserts. Semyarkhinaand Kuptsou (1974) and Singhal et
al .,(2007) also inferred in “sugar beet” and “jamun” that
polyploid taxa are more prone to cytomixis than their diploid
counterparts. However, Singhal and Kumar (2008) while
working with Withania somnifera got contradictory results.
They found that cytomixis was much higher in the diploid as
compared to their tetraploid counterparts. In the diploid
chromatin transfer was observed to occur during the first and
second meiotic divisions compared with tetraploid where it
existed only during the first meiotic division. Presence of
cytomixis has been observed by Lone and Wafai (2009) in
some cultivars of Prunus avium (diploid), Prunus cerasus
(tetraploid) and P. domestica (hexaploid), under cultivation in
Kashmir, in almost equal frequency.

Causes

Although transfer of chromatin material has been reported in
countless species, there are conflicting opinions and
explanations regarding the causes of cytomixis. Possible
causes suggested earlier include the action of chemical agents
such as colchicines (Dwivedi et al. 1988), the use of herbicides
(Bobak and Herich 1978, Ajay and Sarbhoy 1987, Haroun
1995), pathological conditions (Bobak and Herich 1978,
Morisset 1978), physiological changes (Bell 1964, Bahl and
Tyagi 1988), mechanical injury (Sarvella 1958), temperature
(Narain 1976), the partial or total inhibition of cytokinesis
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during microsporogenesis (Risueno et al. 1969), changes in the
biochemical processes that involve microsporogenesis
modifying the microenvironment of affected anthers (Koul
1990). Pressure difference (Tarkowska 1965, Morisset 1978)
and clumped chromatin bridges during premeiotic anaphase
(Mendes and Rijo 1951) are other explanations put forth by
some researchers. Many authors suggest that cytomixis is an
artifact of fixation (Woodworth 1931; Jacob 1941; Takats
1959; Gottschalk 1970; Ahadi and Sharma 1988), however,
Haroun (1995) while working with Polygonum tomentosum
noticed the phenomenon at an equal frequency in fixed and
freshly stained material. Some researchers found that
cytomixis could be induced by chemicals like methyl methane
sulphonate (Bhat et al .,2006), ethyl methane sulphonate
(Srivastava and Kumar 2012) and sodium azide (Kumar and
Yadav 2012). Bell (1964) while working with Tauchia
nudicaulis reported that cytomixis is not a regular or constant
aspect of meiosis of a species but is, as in most other reported
cases, of limited occurrence, as no such phenomenon was
observed by him in earlier collections of the species from the
same locality. Recent evidence suggests that it is a natural
genetically  controlled  phenomenon  influenced by
physiological and environmental factors (Gottschalk 1970,
Bhagvandoss et al .,1973, Brown and Bertke 1974, Omara
1976; Mantu and Sharma 1983; Singhal and Gill 1985, Zheng
et al. 1987; Chatha and Bir 1988; Bedi 1990; Boldrini et al
.,2006; Singhal et al .,2007; Singhal and Kumar 2008; Ranjbar
et al .,2011) rather than being due to fortuitous causes such as
fixation, mechanical injuries or pathological anomaly etc.
Lattoo et al., (2006) in their study on Chlorophytum cosmosum
suggested that cytomixis is invariably associated with
anomalous microsporogenesis and that the genes responsible
for aberrant meiosis and cytomixis may be the same. The
authors viewed that these genes are operating through signal
transduction pathway triggered by the environmental stimuli.
Bellucci et al. (2003), on the basis of observation in Medicago
sativa that cytomixis occurs during a definite phase of meiosis
(prophase I) and persists in S; and F, progenies, concluded that
cytomixis is under direct genetic control, although
physiological factors certainly influence its manifestation but
the authors ruled out the effect of environment on this
phenomenon. According to Nirmala and Kaul (1994),
cytomixis as observed in Pisum sativum, is caused by a male-
sterile mutant gene and its frequency is altered by
environmental factors.

Consequences

Whether a spontaneous or an induced process, cytomixis may
have serious genetic consequences, such as the formation of
PMCs with anomalous chromosome numbers or
binucleated/anucleated PMCs (Gottschalk 1970; Ashraf and
Gohil 1994; Dagne 1994; Poggio et al .,1997; de Souza and
Pagliarini 1997), and of aberrant microspores (triads, pentads,
hexads), pollen sterility (Soodan and Wafai 1987), and
chromosome stickiness, unorganized and pyknotic chromatin
(Puneet et al .,2011), interbivalent connections, laggards and
chromatin bridges, desynapsis, and late disjunction (Mary
1979; Chauhan 1981; Mary and Suvarnalatha 1981; Singhal
and Gill 1985; Patra et al. 1986; Singhal and Kumar 2008;
Ranjbar ef al .,2011) and low pollen stainability and poor seed
set (Liu ef al .,2012). In addition to these anomalies Massoud
et al., (2011) have reported the formation of coenocytes in
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early prophase 1 of Astragalus cyclophyllos as a result of
cytomixis. The coenocytes formed due to cytomixis lead to the
formation of abnormal-sized pollen grains as suggested by
Mendes-Bonato et al, (2001). The role of cytomixis in
inducing such meiotic irregularities has been reported in
various plants such as Althea rosea (Mary 1979), Papaver
rhoeas (Chauhan 1981), Gossypium (Mary and Suvarnalatha
1981), Crotolaria (Akpabio 1990), Capsicum (Falusi 2006),
Meconopsis (Singhal and Kumar 2008), and Vicia faba
(Haroun et al, 2004, Bhat et al., 2006). However, these
workers are of the opinion that with the advancement of
meiosis there is a reduction in the frequency of interbivalent
connections.

Significance

Although opinions about the significance of cytomixis are
varied and conflicting, most researchers agree that it must have
evolutionary significance (Falistocco et al., 1995; Srivastav
and Raina 1980; Ghanima and Talaat 2003; Boldrini et al,
2006). But so far no consensus regarding its importance has
been developed due to different opinions and explanations.
Although some considered it a possible cause of aneuploidy
and polyploidy (Bell 1964; Lattoo et al. 2006), and even as
one of the modes of origin of B chromosomes (Cheng et al.
1975). It has also been propounded to promote a shift in the
breeding system from selfing to crossing over a period of time
or by generating the high levels of heterozygosity through
male track (Lattoo et al, 2006). The work of Singhal and
Kumar (2008) on Meconopsis and works of several other
authors (Soodan and Wafai 1987 on almonds; Kumar and
Singhal 2011 on Ranunculus hirtellus) reveal that cytomixis is
directly responsible for abnormal meiotic behavior,
development of different sized pollen grains and even for the
induction of pollen sterility. Similar findings have been
reported in Coix (Sapre and Deshpande 1987), Alopecurus
arundinaceus (Koul 1990), Polygonum tomentosum (Haroun
1995), Hordeum vulgare (Haroun 1996), Brassica napus var.
oleifera and Brassica comprestris var. oleifera (Alice and
Maria 1997), and Vicia faba (Haroun et al., 2004). Inversely,
the cytomictic plants of diploid Dactylis are reported to have
high pollen viability as the cytomixis is thought to be one of
the origins of 2n gametes (Falistocco ef al, 1995). In
Houttuynia cordata cytomixis is believed to have produced a
range of cytotypes (2n = 24-128) with x = 8,9,12 (Wu et al
.,2003; Gua et al .,2012) because it has been shown to be a
potential means to conserve the genetic heterozygosity of
gametes (Veilleux 1985) and additional means of phylogenetic
evolution of karyotypes by reducing or increasing the basic
series (Cheng et al .,1980, 1987), creation of aneuploids and
polyploids (Sarvella 1958, Falistocco et al .,1995). Therefore,
the relationship between cytomixis and pollen viability varies
from species to species (Guan et al., 2012).
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