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EMS-INDUCED CYTOMICTIC
VARIABILITY IN SAFFLOWER
(CARTHAMUS TINCTORIUS L.)

Seeds of safflower (Carthamus tinctorius L.) were subject-
ed to three treatment durations (3h, 5h and 7h) of 0.5 % Ethyl
Methane Sulphonate (EMS). Microsporogenesis was carried
out in the control as well as in the treated materials. EMS
treated plants showed interesting feature of partial inter-meio-
cyte chromatin migration through channel formation, beak
formation or direct cell fusion. Another interesting feature
noticed during the study was the fusion among tetrads due to
wall dissolution. The phenomenon of cytomixis was recorded
at nearly all the stages of microsporogenesis connecting from a
few to several meiocytes. Other abnormalities such as lag-
gards, precocious movement, bridge and non-disjunction of
chromosomes were also recorded but in very low frequencies.
The phenomenon of cytomixis increased along with the
increase in treatment duration of EMS. Cells with these types
of cytomictic disturbances may probably result in uneven for-
mation of gametes or zygote, heterogenous sized pollen grains
or even loss of fertility in future.
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Introduction. Since the first discovery of
cytomixis in Crocus sativus by Kornicke [1] it has
been reported in a number of plant species [2—7],
but reports on cytomictic variations in safflower is
meager due to pure staining ability, problem of
chromosome stickiness and lack of research work
on its cytogenetical aspects. The phenomenon of
cytomixis is characterized by the migration of
chromatin/chromosomes between the surround-
ing meiocytes through cytoplasmic channels or
direct fusion among PMCs.

Although cytomixis has been reported in a
number of plant species, its origin is still an enig-
ma. Among the factors proposed to cause cytomix-
is are: 1) the influence of genes [8]; 2) abnormal
formation of the cell wall during premeiotic divi-
sions [9]; 3) action of chemical agents such as
colchicine and methyl methane sulphonate [10]
rotenone [11]; 4) changes in the biochemical
process that involves microsporogenesis modifying
the microenvironment of affected anthers [12]; 5)
the effect of gamma radiation resulting in an
imbalanced and sterile genetic system [13]; 6) the
presence of a male-sterile mutant gene and its fre-
quency altered by environmental factors [14], or
environmental stress, and pollution [15].

The persistence of cytomictic channels has sig-
nificant effect on the meiotic process, its end
products and fertility of the plant. This process
seems to be of evolutionary significance, which is
endorsed by many authors [16, 17] and is more fre-
quent in species with unbalanced genomes such as
haploids, aneuploids, hybrids [18], mutants [2]
triploids [19] and apomicts [20]. It may lead to the
production of aneuploid plants with certain mor-
phological characteristics [21] or produce unre-
duced gametes as reported in several grass species
including Dactylis [22] and Aegilops [23]. Unreduced
gamete formation is of evolutionary importance
leading to the production of plants with higher ploidy
levels. Aneuploid pollen grains produced as a result
of cytomixis may also be responsible for reduction
in pollen fertility of the Stipa species [24].

Material and Methods. Seeds of C. tinctorius L.
were obtained from the Genetics Division, Indian
Agricultural Research Institute (IARI), New
Delhi. Healthy seeds of the plant were pre-soaked
in distilled water and then treated with ethyl
methane sulphonate (EMS) at three treatment
durations (3 h, 5 h and 7 h) of 0.5 % EMS. The
treated seeds were washed in running tap water to
remove the residual effect of the mutagen sticking
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to the seed coat. One set of seeds was kept untreat-
ed to act as control for comparison. For meiotic
studies, young flower buds were randomly selected
and then fixed in freshly prepared Carnoyrs fluid
(alcohol: glacial acetic acid in a 3:1 ratio) for 24h
and preserved in 70 % alcohol at 4 °C. The anthers
were squashed in 2 % acetocarmine, and photo-
graphs were taken from freshly prepared slides
using Nikon Image capturing system.

Results. The meiosis in control plants was
absolutely normal with 12 bivalents at metaphase-1
and 12:12 separation at anaphase-I without any
evidence of chromosomal anomalies or cytomictic
variations. Cytomixis, the inter PMC (Pollen
Mother Cell) transfer of chromatin material is
observed only in the populations treated with EMS.
Data regarding types of karyological abnormality,
cytomictic abnormality, total cytoplasmic abnor-
mality and pollen fertility is provided in the Table.
The frequency and intensity of cytomixis depended
on the nature of connection between adjacent cells.
Maximum amount of cytomixis is contributed to
inter-chromatid migration through tube or beak
formation (Fig. 2, 3) with a frequency of 1.95 % at
7 h treatment duration followed by cytomixis
among PMCs either at same phase of division (Fig.
1, 4, 6) or at different phase (Fig. 5) being 0.85 %,
then comes cytomixis through wall dissolution
between pollen tetrads being 0.80 % (Fig. 8). Inter-
meiocyte transfer of genetic material as micronu-
clei was also noted in considerable amount (Fig. 7).
Total frequency of cytoplasmic connections was
recorded to be 0.85 £ 0.66 %, 1.62 £ 0.53 % and
3.55 £ 0.72% at 3, 5, 7 h treatment duration
respectively as also depicted in the Fig. 9.

As regard the karyological abnormality per-
centage, abnormal meiotic course is characterized
by the occurrence of chromatin stickiness predom-

Fig. 1. Migration of chromosome between same phase of
three PMCs

Fig. 3. Cytomixis through Beak formation

EMS induced cytomictic variations in Carthamus tinctorius L.

Treatment dose | No. of PMCs | Karyological Cytoplasmic abnormality, % nl;(i)(t:a;bcéf(t)(ﬁzlsi-_ Pollen fertility,
(h) Scored abnormality, % cy icm cwd ty, % %
Control 465 - - - - - 96.95
3h 451 8.33 0.38 0.25 0.22 0.85 £ 0.66 88.15
Sh 463 17.65 0.32 0.95 0.35 1.62 £ 0.53 70.92
7h 492 32.16 0.85 1.95 0.80 3.55£0.72 68.65

Abbreviations: cycytomixis between PMCs, icm— inter chromatid migration, cwd— cytomixis through wall dissolution.
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Fig. 4. Cytomixis through cell wall dissolution between simi-
lar stages involving movement of extra chromosomal mass

Fig. 7. Cytomixis involving elimination of nucleic material as
micronuclei

Fig. 5. Cytomixis between more two PMCs of dissimilar
stages

Fig. 6. Cytomixis between two PMCs of similar stages (me-
taphase-I)

inantly at MI and unequal separation of biva-
lents/chromosomes at Al/II, bridges and laggards
at anaphases were also present in significant
amount (Table). Consequent effect of these abnor-
malities on the microsporogenesis is evident from
the occurrence of abnormal tetrads configurations
and microsporocytes with micronuclei.

The test for pollen fertility showed fewer
amounts of sterile pollen grains in control plants as
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Fig. 8. Direct fusion of tetrads due to cell wall dissolution

compared to treated sets. Pollen fertility recorded
in control plants was found to be 96.65 % which
decreased to 68.65 % at 7h treatment duration
sets. No significant correlation was found between
cytomixis and pollen viability.

Discussion. Cytomixis, the migration of chro-
matin material between and among the meio-
cytes, meristimatic, tapetal, integumental, nucel-
lar and ovary cells through cytomictic channels or
direct adhesion is a well established phenomenon
reported in large array of plants [5, 7, 25].
Cytomixis is a potential means to conserve the
genetic heterozygosity of gametes [26] and addi-
tional means of phylogenetic evolution of kary-
otypes by reducing or increasing the basic series
[27, 28] creation of aneuploids and polyploids
[29]. This is a peculiar type of cytological anom-
aly reported in number of angiosperm species
[30, 31]. According to Heslop- Harrison [32] and
Risueno et al. [33] the role of cytoplasmic chan-
nels is related to transport of nutrients between
meiocytes. Although the phenomenon of cytomix-
is is reported in a number of plant species but the
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Fig. 9. Percentage of cytomixis at three different time dura-
tions of 0.5 % EMS

chromosome transfer in true sense is rare. Kamra
[9] working on PMC of Hordeum believed that no
amount of defective squashing or application of
pressure could produce such small protusions so
close to one another or to form PMCs with extra
fragments or increase in the number of bivalents in
them especially at metaphase. In recent years
there is accumulating evidence that cytomixis is a
normal, genetically controlled phenomenon
influenced by physiological and environmental
factors [7, 35, 36] rather than being due to fortu-
itous causes such as fixation, mechanical injuries
or pathological anomaly. Cytomixis as a cause of
inducing meiotic irregularities and formation of
hypo-and hyperploid PMCs has also been report-
ed in several plants [29, 30, 32, 37]. The study
revealed that all the stages of meiosis were sus-
ceptible to cytomixis as contrary to the general
belief that early stages are more favourable [38].

The possible implications of cytomixis are 1.
either it may give rise to pollen sterility due to
degeneration of cells with no or very little genetic
material and 2. most of the cells completing all
meiotic stages, would be genetically imbalanced
because of less or more number of chromosomes
than normal ones [39].

All of the meiotic abnormalities found in the
EMS treated set of safflower analyzed revealed
that there was no correlation between cytomixis
and decrease in pollen fertility percentage but
type of meiotic anomalies had direct correlation
with pollen fertility. Fertility depends on the effi-
ciency of the meiotic process. Increase in meiot-
ic aberrations caused decrease in pollen fertility
percentage which was in concordance with stud-
ies conducted by various workers on Allium,
Pilocarpus [40—43].
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HUTOMUKTUYECKASA BAPUABEJILHOCTD
Y CADJIOPA (CARTHAMUS TINCTORIUS L.),
NMHAYLUMPOBAHHAA 5MC

CemeHa cadopa (Carthamus tinctorius L.) o6padaThi-
Banmu 0.5%-HbiM aTunMeTaHcynbdoHaTtoM (DMC) B on-
HOM W13 TpeX peXuMoB — 3, 5 u 7 4. MUKpocmoporeHes
U3yJaal Kak B KOHTPOJIE, TaK M B 00pabOTaHHOM MaTepu-
ane. Pacrenusi, oopabotanHbeie DMC, TIpOSBIAIA MHTE-
PECHYI0O OCOOEHHOCTb YaCTMYHOW WHTEP-MEUOUMTHOMN
MUTPALNY XpPOMAaTHUHA TIpU (GOPMUPOBAHUY KAHAJIOB, 00-
pa3oBaHUM KIIOBOOOPA3HOTO BBHICTYIIA WIJIM TIPSIMOM CJTU-
STHUM KJIeTOK. JIpyruM OOHapy>XeHHBIM B MCCIIEIOBAHUM
SIBJICHWEM ObUIO CIUSTHUE TeTpaja M3-3a PAcTBOPEHUS
creHkn. ®OeHOMeH IMTOMUKCUCA OTMEYascs TOUYTU
Ha BCeX CTaausIX MUKPOCIIOPOTeHEe3a U 3aTparuBajl OT He-
CKOJIbKUX JI0 MHOTUX MeiionnToB. [Ipyrue anomanuu, ta-
KM€ KaK OTCTaBaHWs, TMPeXIeBPEMEHHbIE NBUXEHUS,
MOCTBI U HepaseJeH!sT XPOMOCOM, OTMEYATCh C HE3HA-
YUTETBbHOI YacToToll. PeHOMEeH IIMTOMUKCHCA BO3pacTal
C YBEJIMYEHHUEM JITUTEIbHOCTH 00padoTkn DMC. Knetku
C OTUMH TUTIAMU ITUTOMUKTUYECKUX HAPYIIEHWI MOTYT,
BEPOSITHO, TIPUBOMIUTE K HEPETYISIPHOMY (POPMUPOBAHUIO
TaMeT WV 3UTOT, TeTEPOTEHHBIX TI0 Pa3Mepy TbLTbIEBBIX
3epeH, WK Jaxe K rmotepe GepTUIbHOCTU B OyayIem.
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LIMTOMIKTHUYHA BAPIABEJIbHICTDb
Y CADJIOPA (CARTHAMUS TINCTORIUS L.),
IHAYKOBAHOI'O EMC

Hacinua cadnopy (Carthamus tinctorius L.) o6po0sin
0.5%-num erunmerancynbbonatom (EMC) B omHOMy 3
TphOX peXuMiB — 3, 51 7 ron. MikpocrioporeHe3 BUBYAIN
SIK 'y KOHTPOJIi, TaK i B 00pobsieHoMy Marepiani. Pocaunu,
00po6aeHi EMC, BUSIBISIIH 1iKaBY OCOOJIMBICTh YaCTKOBOL
iHTep-MeHOIMTHOI Mirparii xpoMaTuHy mpu (HopMyBaHHi
KaHaJliB, YTBOPEHHI /131000M01i0HOrO Yu TPSIMOMY 3JTUTTI
KJTTUH. [HIIIMM BUSIBAEHUM B JOCTIIKEHHI sIBULLIEM OYyJ10
3ITUTTS TETPAM Yyepe3 PO3IMHEeHHST CTiHKM. DeHOMEH IIiTo-
MiKcica BiI3Ha4yaBCsl Maifke Ha BCiX CTalisix MiKpo-
CroporeHesy i 3auinas BiJl KiJTbKOX 10 6araTboxX MEMOIIUTIB.
[H11i aHomanii, Taki SIK BincTaBaHHS, TepeavyacHi pyxu,
MOCTH i HEPO3IiIEHHS XPOMOCOM, 3YCTPiYaIncCh 3 He3HAU-
HOWO 4YacToTolo. MeHOMEH IMTOMIKCUCY 3pOCTaB i3
301TBIIEHHSIM TpUBaocTi 00podkn EMC, Kititku 3 umu
TUTIAMU [TUTOMIKTUYHUX TIOPYIIEHb MOXYTb, WMOBipHO,
TPUBOIUTU JI0 HEPETYJISIPHOTO (DOpPMyBaHHSI TameT abo
3UTOT, TETEPOTEHHUX 32 PO3MIpOM TMWJIKOBUX 3epeH, abo
HaBiTb 10 BTpaTh (PepTUIIHLHOCTI B MaiiOyTHHOMY.
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