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The intercellular translocation of chromatin material
along with other cytoplasmic contents among the proximate
meiocytes lying in close contact with each other commonly
referred as cytomixis was reported during microsporogenesis
in Phaseolus vulgaris L., a member of the family Fabaceae.
The phenomenon of cytomixis was observed at three
administered doses of gamma rays viz. 100, 200, 300 Gy
respectively in the diploid plants of Phaseolus vulgaris L.
The gamma rays irradiated plants showed the characteristic
feature of inter-meiocyte chromatin/chromosomes trans-
migration through various means such as channel formation,
beak formation or by direct adhesion between the PMC'’s
(Pollen mother cells). The present study also reports the
first instance of syncyte formation induced via cytomictic
transmigration in Phaseolus vulgaris L. Though the
frequency of syncyte formation was rather low yet these could
play a significant role in plant evolution. It is speculated that
syncyte enhances the ploidy level of plants by forming 2n
gametes and may lead to the production of polyploid plants.
The phenomenon of cytomixis shows a gradual inclination
along with the increasing treatment doses of gamma rays.
The preponderance of cytomixis was more frequent during
meiosis I as compared to meiosis I1. An interesting feature
noticed during the present study was the channel formation
among the microspores and fusion among the tetrads due
to cell wall dissolution. The impact of this phenomenon is
also visible on the development of post-meiotic products.
The formation of heterosized pollen grains; a deviation
from the normal pollen grains has also been reported. The
production of gametes with unbalanced chromosomes is of
utmost importance and should be given more attention in
future studies as they possess the capability of inducing
variations at the genomic level and can be further utilized
in the improvement of germplasm.
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Introduction. Cytomixis, a cytological event is char-
acterized by the migration of nuclear material as
well as other cell organelles along with cytoplasm
between the cells lying in close proximity with each
other through the cytoplasmic channels or by di-
rect fusion among the pollen mother cells (PMC’s).
Arnoldy [1] first reported this phenomenon in the
reproductive organs of gymnosperms followed by
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Koernicke [2] in the pollen mother cells of Crocus
vernus L. The term cytomixis was given by Gates
[3] who reported the phenomenon of intercellu-
lar chromatin migration among the pollen mother
cells, during the microsporogenesis in Oenothera
gigas and O. biennis. Since then it has been reported
in a wide array of flowering plants [4—9]. Though
cytomixis has been frequently reported during mi-
crosporogenesis however few instances of cytomic-
tic migration have also been reported in the somatic
cells such as root meristematic cells [10, 11], in
the ovary cells [12], in tapetal cells [13], in the
proembryos of graminaceous plants [14] and in the
shoot apex of trees [15].Cytomixis observed in veg-
etative tissues displayed a characteristic feature of
asynchrony as compared to microsporocytes [16].

The origin, development and the significance
of cytomixis are still an enigma. The role of this
phenomenon in the evolutionary pathway remains
speculative. The process seems to affect the devel-
opmental stages of microsporogenesis leading to the
production of aneuploid plants as well as polyploid
plants [10, 17, 18]. The cytoplasmic connections
among the meiocytes acts as an important avenue
for the exchange of cytoplasmic content as well
as nuclear content. Cytomictic transmigration has
been more frequently observed in plants with un-
balanced genomic constituent such as aneuploids,
haploids, hybrids [19], mutants [4], triploids [20]
and apomicts [21]. In some cases the prevalency of
cytomixis in tetraploids over their diploid counter-
parts has also been inferred [22, 23].

Cytomixis is distinguished into three groups on
the basis of its intensity-slight (local), intensive and
destructive [24]. The slight (local) type of cyto-
mixis doesn’t influence the meiotic course and do
not cause destructive effects contrary to intensive
and destructive type of cytomixis which affects the
meiotic course by causing multiple disturbances
considerably [25]. Until now cytomixis has been
reported in a number of plant species, but reports
on cytomictic transmigration in Phaseolus vulgaris
L. is meager due to lack of research work done on

its cytogenetical aspects. The present cytological
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Fig. 1. a — beak formation between PMC’s at pachytene stage;
b — direct fusion of PMC'’s at diplotene stage; ¢ — direct fusion
of PMC’s at diakinesis stage showing and extra bivalent in one
PMC:s (arrow indicates extra bivalent); d — fusion at metaphase I;
e — formation of cytoplasmic strands at metaphase II; f — direct
contact by amalgamation of wall between PMC’s; g — chromatin
transfer through broad channel formation between PMC’s at
metaphase I; # — fusion at telophase I through cell wall dissolution;

i — migration of chromosomes at metaphase II; j — cytomixis
involving elimination of nucleic material in the form of micronuclei between two PMC’s at different stages;
k — cytomixis involving transfer of chromosomes into an enucleated PMC; / — simultaneous transfer of chromatin

material from 1 PMC to 2 other PMC’s

proximate meiocytes have been recorded at all the
three administered doses viz.100, 200, 300 Gy re-
spectively. The data of the type and frequency of
cytomixis during various stages of meiosis have been
presented in Table 1. The percentage mean and
standard deviation of the frequency of PMC’s in-
volved in cytomixis are 6.94 + 0.60, 9.81 + 0.43
and 14.19 = 0.31 at 100, 200, 300 Gy respectively.
The maximum percentage of inter PMC (Pollen
Mother Cell) transfer of chromatin material is being
observed at the 300 Gy dose of gamma rays. The de-
gree of occurrence of this phenomenon concurred
with the increase in the dose of gamma rays.

The manifestation of cytomixis starts from early
prophase I and persists upto tetrad stage. However
the frequency of occurrence of this phenomenon
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during the later stages of meiosis i.e. meiosis II
was rather low. Generally 2 PMC’s are involved
in chromatin transfer but sometimes chromatin
migration is also observed in groups (Fig. 1, /).
The transfer of chromatin material among group
of PMC'’s occur in a relay fashion either in similar
directions or in different directions.

The intercellular chromatin transfer between
adjacent PMC’s has been exclusively observed in
two distinct patterns— it may occur either through
cytomictic channel formation or by direct fusion of
PMC’s. Among the two patterns, direct adhesion
between the PMC’s holds the highest share for
the efficient transfer of chromatin/chromosomes.
The cytomictic channel formation is further cat-

egorized into two categories as-broad channel and
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narrow channel. The formation of broad type of
channel was relatively more frequent (Fig. 1, g) as
compared to the latter type. Moreover, the direct
fusions of PMC’s were encountered with different
intensities at similar as well as different stages of
cell divison (Fig. 1, b, ¢, d, f, j). Interestingly, it
is noteworthy that channel formation among the
microspores (Fig. 2, f) and direct fusion among the
tetrads due to dissolution of cell wall (Fig. 2, g)
were also observed during the present study. The
intra-microsporal transfer of chromatin through
one or more narrow and broad channels or chro-
matin strands lead to the fusion of nuclei with
each other.

Another peculiar finding witnessed during the
present investigation was the presence of syncyte
(Fig. 2, ¢), though their frequency was relatively
low. The syncytes recorded were 2, 5 and 6 in
numbers at 100, 200, 300 Gy. Syncyte is formed

by the fusion of two PMC'’s together in which the
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Fig. 2. a — PMC with supernumerary nucleoli (two nucleoli) in
a single cell; b — a binucleated PMC; ¢ — syncyte with double
chromosome complement; d — hypoploid PMC; e — enucleated
PMC; f— tube formation between microspores; g — direct fusion
of tetrad due to cell wall dissolution; # — normal tetrad; / — dyad;
J — polyad; k — heterosized fertile pollen grains; / — fertile and
sterile pollen grains

chromatin material is subsequently transferred to a
single cell. After the fusion, the syncyte acts like
a single large-sized PMC having the double chro-
mosome complement. The syncyte PMC’s can be
easily differentiated from the normal ones owing
to their large size. The PMC with supernumerary
nucleoli (2 nucleoli) was observed during the pre-
sent finding (Fig. 2, @) .The migration of chromatin
material can either be partial or complete resulting
in the formation of binucleated PMC (Fig. 2, b),
hyperploid, hypolpoid (Fig. 2, d) and aneuploid
PMC (Fig. 2, e). As a consequence of cytomixis,
aberrant post meiotic products such as dyads (Fig.
2, i), polyads (Fig. 2, j), heterogeneous sized pol-
len grains (Fig. 2, k), sporads with micronuclei etc.
are formed which impairs the meiotic course of a
plant. The mean diameter and relative frequency of
large, medium and small sized pollen grains have
been presented in Table 2.The pollen fertility for
control plants was found to be 94.34 &+ 0.23 % while
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it was recorded 89.37 + 0.60 %, 81.99 £ 1.05 %,
75.33 £ 0.91 % for 100, 200, 300 Gy respectively.
The phenomenon had an impact on the meiotic
course and it might be the reason for the induc-
tion of various types of chromosomal aberrations.
The percentage mean of chromosomal anomalies
increase from 10.32 £ 0.22 to 17.98 * 0.63 with the
increase in the dose of gamma rays.

Discussion. Cytomixis, the phenomenon of in-
tercellular chromatin migration among two or more
cells lying in close vicinity with each other is an
active energy-dependent process and has been re-
ported in a number of higher plants. It is believed
that actin cytoskeleton rather than the tubulin
elements are involved in the process [26]. Apart
from the higher plants, the occurrence of this phe-
nomenon during spermatogenesis in animals [27]
and lower plants [28] have also been reported. It
is noteworthy that cytomixis is an efficient mean
of cell to cell communication as transportation of
nutrient and signaling molecule among the cells
occurs through cytomictic channels [29] and it
also accompanies the elimination of excessive and

Table 2. Effect of an increasing dose of gamma rays
on the fertility and relative frequency of large, medium
and small sized pollen grains

Relative
frequency
of large,
Treatment Fertility Diameter m(eldlumn
doses (%) (um) and sma
sized
pollen
grains
(%)
Control 89.25-95.86  42.64 - 30.16" 100
(94.34 £ 0.23)
100 Gy 77.68—92.03  41.60 - 31.51” 100
(89.37 £ 0.60)
200 Gy 69.84—83.58  63.44 - 54.08'  16.41'
(81.99 £ 1.05) 40.56 - 32.24™  73.66™
35.36 - 30.16° 9.92°
300 Gy 59.81-81.73  69.68 - 57.20' 21.46'
(75.33 £ 0.91) 41.08 - 34.32"  67.12"
32.24 - 29.43° 11.41°

Note. | — large, m — medium, s — small pollen grains.
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unclaimed cells both in plants and animals [25].
Besides this the histochemical results revealed that
the one way transport of nutritious substances and
several organelles also occurs through the cytomic-
tic channels into the actively functioning PMC at
the prejudice of the weaker ones [30]. The maximum
frequency of cytomictic activity has been observed
during prophase I in the present investigation and
it is in accordance with the earlier findings [5].The
reason cited for this is based on the fact that the
cytomictic canals are usually occluded by callose
plugs during the later stages [31].

Till date there are conflicting opinions among
researchers regarding the origin and cause of cyto-
mixis. According to Heslop-Harrison [32] cytomi-
ctic channels are formed de novo. They deny the
involvement of plasmodesmata in the formation of
cytomictic channels however, during later research
by Wang et al. [33], it was found that there might be
the possibility of the formation of cytomictic chan-
nels due to plasmodesmata fusion. From the physi-
ological perspective, the occurrence of cytomixis
in microsporocytes is attributed to the incomplete
formation of cell septums and cytoplasmic canals
between cells [34, 35]. It is assumed that due to
incompletely built cell walls the content of mi-
crospocytes became sensitive to hydrolytic enzyme
exposure which further led to the movement of
cytoplasmic contents between cells [32, 34].

Regarding the cause of cytomixis, different fac-
tors such as effect of gamma radiation [36], due to
the influence of genes [37], environmental stress and
pollution [6], changes in the biochemical processes
that involve microsporogenesis modifying the mi-
croenvironment of affected anthers [12], or action
of chemical agents such as colchicine [38], methyl
methane sulphonate [39], and sodium azide [8] etc.
have been assigned as the probable reasons for the
induction of this phenomenon in different plants.
While some researchers believed that the phenom-
enon of cytomixis originates as an artifact of fixa-
tion [40] or due to some fortuitous causes such as
pathological anomaly [4, 41], mechanical injuries
[10] etc. In the present study gamma ray is the causa-
tive agent responsible for the induction of cytomixis
and production of syncytes and gametes with altered
chromosome numbers which can be utilized for im-
proving some peculiar traits of the plant.

Cytomixis have a profound effect on the mei-
otic course and in the development of post-meiotic
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products. An array of meiotic abnormalities such as
laggards, chromosome stickiness, precocious mo-
vement of chromosomes, unorientation etc. has
been discernible in the treated sets at all the stages
of meiosis I and meiosis II. Unequal distribution
of chromatin was observed in small percentage of
cells at anaphase 1. High incidence of chromosomal
stickiness was visible in all the phases of meiosis I
and meiosis II. The occurrence of the induction of
meiotic irregularities as a consequence of cytomixis
in plants by different investigators are available as
well [18, 42]. The formation of binucleated PMC'’s,
aneuploid cells, hypolpoid cells, hyperploids cells,
syncytes and aberrant microspores such as monad,
dyads, polyads etc. are usually observed as a con-
sequence of cytomixis.

The manifestation of syncytes occurs through
cytomictic transmigration among the neighbour-
ing PMC’s through cell wall dissolution [17]. The
formation of syncytes during microsporogenesis
has earlier been reported in Phleum pretense [43]
Cyamopsis tetragonoloba [44], maize [45], Brachi-
aria decumbens |46], Chrysanthemum [47], interge-
neric hybrids of Triticeae such as Psathyrostachys
huashanica x Secale montanum 48], and Roegneria
ciliaris x Psathyrostachys huashanica [49] etc. The
syncyte PMC’s in the plants are destined to produce
heterosized pollen grains or 2# pollen grains due to
the non-reduction of gametes after meiosis [9, 17,
44, 50]. The 2n pollen grains play a significant role
in the production of infra-specific polyploids [47].
To our knowledge this is the first documentation
on the formation of syncytes and the occurrence
of intra-microsporal chromatin transfer within a
sporad through channel formation which conse-
quently results in the production of heterosized pol-
len grains in the species Phaseolus vulgaris 1.The
formation of abnormal sporads has an impact on
the pollen fertility also as a negative co-relation was
established between the increasing doses of gamma
ray and pollen fertility.

Conclusively, from the above study it can be
elucidated that the phenomenon of cytomixis in-
duced through gamma irradiation may be consid-
ered as an effective mechanism for the production
of aneuploid and polyploid gametes which could
be further exploited in breeding programmes to
generate variability in plants. Syncyte manifesta-
tion is another interesting feature on which de-
tailed study should be focused in future as they
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lend a major role in the production of infra-
specific polyploids.
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MHAYLUMPOBAHHbBLIE U3SMEHEHUWA
HUTOMUKCUCA U DOPMUPOBAHUA
CUHOWUTUEB B XOAE MUKPOCITOPOI'EHE3A
Y PHASEOLUS VULGARIS

G. Kumar, N. Chaudhary

MeXXKJIeTOUHbIe TepeMelleHUs] XpoMaThuHa W JIpYTUX
KOMIIOHEHTOB LIMUTOTUIa3Mbl MEXIY OJIVKaMIUMKU Meii-
OLMTaMU, HAXOMSIIMMMCS B TUJIOTHOM KOHTAaKTe, UTO
00BIYHO Ha3bIBAIOT LIUTOMUKCUCOM, TOKa3aHbl B X0
MuKpocnoporeHe3a Phaseolus vulgaris L., uneHa ce-
meiictBa Fabaceae. LluTomukcuc HaGmomany y AuIio-
WIHBIX pacTeHuit Phaseolus vulgaris ocne oOJyYeHUs!
ramMmma-jyyamu B Tpex mosax, 100, 200, 300 Gy. O6xny-
YEHHbIE PACTEHMST MPOSIBISUIM XapakKTepHble MPU3HAKU
MEXMENOLMUTHON TPaHCMUTPALIUM XpOMAaTHMHA/XPOMO-
COM, Takue Kak (opMHUpOBaHME KaHAaJOB, BBICTYIIOB,
WM HEMOCPEICTBEHHYIO aJre3ui0 MaTepUHCKUX KJIETOK
nbuiblibl (PMC’s). B HacTosiieit pabote BriepBbie CO00-
aeTcst 006 06pazoBaHUM CUHIUTHEB, MHAYLIMPOBAHHBIX
Npy LUUTOMMKTUYECKON TpaHcMmurpauuu y Phaseolus
vulgaris. Xots yactota ux (HOpMUpOBaHUsI ObLIa JOC-
TaTOYHO HM3KOH, OHM MOIJIM MTPaTh CYLIECTBEHHYIO
poJib B aBOJIOLIMM pacTteHuit. [Ipennonaraercsi, YTo CUH-
LIMTUU YBEJIMUMBAIOT YPOBEHb IJIOMIHOCTU PACTEHUH,
dopmupys 2n rameTbl, YTO MOXET MPUBECTU K obOpa-
30BaHUIO TOJUIUIOWAHBIX PAcTeHUi. fBjIeHUe LUTO-
MMKCHCA TOKa3bIBaeT MOCTENEeHHOe IMajieHrue C yBeIu-
YyeHUeM J03bl 00JyyeHus: ramma-iaydyamu. [Ipeobna-
JaHWe IIMTOMMKCHUCA ObLIO 0oJiee 4acTbiIM BO BpeMs
Meiio3a | mo cpaBHeHuio ¢ MeiiozoMm II. MIHTepecHbIM
saBisieTcs:  (hOPMUPOBAHUE KAHAJIOB MEXAY MUKPO-
cropamMu UM CIMSIHME TeTpaj Osiarofapsi pacTBOPEHMUIO
KJIETOUYHOI CTeHKU. DTO sIBJIEHUE OTpaxkaeTcsl M Ha
pPa3BUTUMU TMOCTMENOTUYECKUX MPoAyKToB. [lokazaHo
Takxke (HOpMUPOBAHME TMbUILLUEBbIX 3€PeH Pa3HOro
pa3Mepa M OTKJIOHEHUE OT HOPMAJIbHBIX TMbUIbLEBBIX
3epeH. [lponmykuusi ramer ¢ HecOaJaHCUPOBAHHBIMU
XpOMOCOMaMM YPE3BbIYAHO BaXXHa W 3aCHyXKUBaeT
0OJibllIer0 BHUMaHUSI B OyAylIMX HCCIAEIOBAaHMSIX,
TaK Kak OHU COXPaHSIOT CIMIOCOOHOCTb MHIYLIMPOBAThH
M3MEHEHUS] HA TEHOMHOM YPOBHE W MOTYT ObIThb Jajee
MCMOJIb30BaHbl B yayullleHUU TeHOdOHa.
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