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Abstraet. 2,4-D was applied to the roots of diploid and tetraploid corn. After the application
the mitotic division in the meristem of root tips was blocked; the mitotic division in dif-
ferentiated cells of cortex and central cylinder, on the other hand, was provoked. In the
cortex of diploid corn (variety Ceské) predommantly tetraploid were found cells with 28 chromo-
somes and, to a lesser extent, octoploid and diploid ones with 56 and 14 chromosomes res-
pectively. In the cortex of tetraploid corn (variety Bernburger Tetraroggen), most cells were
octoploid with 56 chromosomes; the metaphase levels with 112 and 28 chromosomes, e.g. 16-ploid
and tetraploid cells, were found less frequently. The relations between the numbers of cells with
different polyploidy were similar in both the varieties. The first endoreduplication cycle was
found to occur in the region where the cortex cells finish their elongation. In the central cylinder
of the roots of diploid corn most cells were found to be diploid, m tetraploid corn most cells were
tetraploid.

The differentiation of plant tissue is in many cases accompanied by cellular
endopolyploidy. The endopolyploidy is a result of one or several consequent
endomitotic cycles. In some tissues of higher plants the endopolyploidy
occurs quite regularly, taking place in the cells of tapetum, endosperm
(PunnETT1953; KATO 1957; KAPOOR, TANDOM 1964), cortex cells (HuskiIns,
STEINTTZ 1948) as well as in endoderm, metaxylem and in other tissues. The
occurrence of endopolyploidy in the tissues of higher plants has been reviewed
for example by TscHERMAK- WoESs (1956), LIPAYEVA (1962), ZAKRHARYEVA
(1962). Huskins and STEINITZ found that in the roots of Rhoeo discolor the
polyploidy gradually increased with the increasing distance of the cells from
the root tips. They found that the first endoreduplication cycle was situated
4—5 mm from the root tips. LEvax and Lorry (1948) described the poly-
ploid metaphase plates in the differentiated cells of the Allium cepa L. roots.

The present work aims at determining the karyological changes during
the course of differentiation of the rye roots.
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Material and Methods

The number of chromosomes has been determined during the metaphases
of mitotic division of differentiating cells brought about by the application of
2,4-dichlorophenoxyacetic acid (2,4-D). The material used was a diploid rye
(variety Ceské) and a tetraploid one (variety Bergenburger Tetraroggen).
The seeds were germinated in Petri dishes at room temperature. After
four days the roots were immersed for 3, 14, and 24 hours respectively in
2,4-D solution of the following concentrations: 10 p.p.m., 30 p.p.m., 50 p.p.m.,
100 p.p.m. The sample treated 3 hours by 2,4-D was immersed in water for
14 hours. During the application of 2,4-D as well as during recovery period
in water the plants were kept in a constant temperature chamber at 22° C.
Pretreatment was carried out 2-5hours in 0-002 M solution of 8-oxyquinoline
at 18° C (Tyro, LEvaN 1950). Whole seedlings were fixed in alcohol-acetic
acid (3 : 1) for 24 hours. The 15—20 mm long pieces of the roots were then
cut and stained by the modified Feulgen method. The roots were hydrolyzed for
15 min. in 1~ HCI at 62° C, washed in water and stained for 30 sec. by warm
Schiff reagent. After the staining they were squashed and differentiated for
5—10 min. in 509%, acetic acid. The strips of cortex set free from the squashed
roots were separated by a needle on a slide and arranged side by side in
order to improve the quality of the preparation.

Results

For the investigation of endopolyploidy in differentiated tissues we can
use either indirect methods (determination of the number of heterochromatic
regions in the nuclei or the cytophotometrical determination of the amount
of DNA in the nuclei) or a direct determination of the number of chromosomes
during the metaphase of the postendomitotic mitoses. The method is based
on the stimulation of mitotic division in differentiated cells by growth-active
substances, e.g. B-indolylacetic acid, a-naphtylacetic acid, 2,4-D and others.
During the metaphase of these mitotic cycles we can determine the level of
polyploidy. The results may be rendered unreliable by the fact that, apart from
the normal mitosis, 2,4-D might bring about the process of endoreduplication.
To eliminate this effect, we use four different intervals of the application of
2,4-D. A concentration of 30 p.p.m. was found most suitable and was applied
in further experiments. The sample, treated for 3 hours by the 2,4-D and then
kept in water for 14 hours, partly recovered its mitotic activity in the meristem
of the root tip and exhibited the following characteristics: the cortex contain-
ed cells with different levels of polyploidy as shown in Fig. 1. and described
further. The number of chromosomes was determined in 114 metaphase
plates from the embryonic region (a total of 20 plants from each variety was
investigated). None of these plates showed a higher level of polyploidy;
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14 chromosomes were found in the 65 metaphase plates of the diploid rye and
the number of chromosomes in 49 metaphase plates of the tetraploid rye did
not exceed 28.

No differences were found in the frequency of cortex cells with different
levels of polyploidy in the samples treated for 3 hours and those treated for
14 and 24 hours by 2,4-D. The first sample showed the following distribution
of cortex cells with different endopolyploidy in the diploid rye: diploid cells
119,; tetraploid cells 72%,; octoploid cells 179%,. The roots of plants treated
for 24 hours by 2,4-D showed a similar distribution: diploid cells 129, tetra-
ploid cells 75%,; octoploid cells 139%,.

According to the analysis of the metaphase plates of cortex cells of the va-
riety Ceské, one or two endoreduplication cycles occur in the nuclei of dif-
ferentiating cells. Most cells exhibit a tetraploidy with 28 chromosomes. These
cells appear in the zone of termination of the elongation growth of the differen-
tiating cells. At a higher distance from the root tip the octoploid metaphase
plates with, 56 chromosomes were observed. These cells appeared more rarely
than the tetraploid ones. Apart from the cells with pronounced polyploidy,
there are also the diploid cells with 14 chromosomes in the cortex. The precise
determination of the number of cells with particular numbers of chromosomes
is very difficult because of a relatively low mitotic index of the cortex of
most roots; 139 metaphase plates were tested for the number of chromosomes.
Diploidy was found in 11-5%, of the cells; tetraploidy — 72-79,, octoploidy
— 15-8%,. The cortex cells usually undergo one or two endoreduplication
cycles during the course of differentiation, while the cells of the central cylinder
retain their diploidy. There the tetraploid cells were observed only rarely.

A similar situation was found in the roots of tetraploid rye variety Bern-
burger Tetraroggen. In the embryonic region of the root tips of this variety
the cells with 28 chromosomes were found. In the cortex cells occurred, in

Fig 5. The distribution of endopolyploidy in the cortex of diplod rye (variety Ceské) and
tetraploid rye (variety Bernburger Tetraroggen).
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addition to the metaphase plates with the original number of 28 chromosomes;
most frequently the plates with 56 chromosomes and, to a lesser extent,
those with 112 chromosomes. The exact number of chromosomes was deter-
mined in a total of 132 cells which gave the following relation between tetra-
p oid, octcp'oid and 16-ploid cells: 12:1%, - 789, : 12.99%,. In Fig. 5 the compa-
rison of the percentage of different degrees of cortex polyploidy in diploid
and tetraploid rye is given. The relation between diploid, tetraploid and
octoploid cells in the diploid variety Ceské and that between tetraploid,
octoploid and 16-ploid cells in the tetraploid variety Bernburger Tetraroggen
are nearly the same.

In most cells subjected to one endoreduplication cycle the diplochromo-
somes containing two complete chromosomes attached by a centromere can
be observed during the prophase. Bundles of four chromosomes can be found
in cells subjected to two endoreduplication cycles. The separation of particular
chromosomes takes place obviously in late prophase or early metaphase.

We have confirmed the findings of LEvAN and Lorry (1949) on the stimula-
tion of mitotic abnormalities by higher concentrations of growth-active sub-
stances. In our experiments, the irregularities of the spindle resulting in
multipolar mitotic processes and sometimes in the formation of anaphase
bridges were observed. These irregularities, however, cannot affect the results
because of their very low frequency.

Discussion

As indicated by the above results, the cells of differentiated tissues of rye
roots have different levels of endopolyploidy. The endopolyploidy of cortex
cells is significantly higher than that of the cells of the central cylinder; in
which the endoreduplication takes place only exceptionally. Many cells of
the central cylinder have therefore an equal number of chromosomes as the
cells of root tips, e.g. 14 in the diploid variety and 28 in tetraploid one.

Further problems concern the effects of growth-active substances on the
endomitotic process. The question arises, whether the polyploidy observed
in differentiated tissues of rye roots, is natural or evoked by the application
of 2,4-D. From the different level of endopolyploidy in the cortex and in the
central cylinder, the natural polyploidy can be postulated. The above dif-
ference may be also attributed to a different sensitivity of these tissues to the
application of 2,4-D, which is not, however, very probable. From the mode of
action of 2,4-D (no differences between the endopolyploidy in the samples
treated for 3, 14, 24 hours by 2,4-D, the original number of chromosomes in
meristem cells of the root tips) we can conclude that 2,4-D acts only as
a stimulating agent of the mitotic division but does not affect the endo-
reduplication. On the basis of his experiments PARTANEN (1965) came to a
similar conclusion. In his experiments, the onion roots were subjected for
8 hours to the action of 30 p.p.m. of 2,4-D and then transferred for 3 days
to water containing tritiated thymidine. By means of the autoradiographic me-
thod the activity of DNA was then determined. The low activity showed that
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the DNA synthesis took place before the application of 2,4-D. Similarly,
according to D’AmaTto et al. (1948), the growth-substances do not affect the
endomitotic process.

We found a similar percentage of diploid, tetraploid and octoploid cells
in the cortex of diploid rye with that of tetraploid, octoploid and 16-ploid
cells in tetraploid rye. On the contrary, PARTANEN (1961) found the changes
in the percentage of different polyploidy levels with the increasing total poly-
ploidy in the gametophytes of Osmunda cinnamomea. By means of apospory
the diploid gametophytes were obtained from a diploid sporophyte; this
procedure was repeated several times. By means of a photometric determina-
tion of the quantity of DNA in the nuclei was found the increasing cellular
endopolyploidy with the increase in the total polyploidy of the gameto-
phyte.

The tissue cultures exhibit also certain relation in the frequency of endo-
polyploid cells. CooPER et al. (1964) established in two tobacco clones cul-
tivated for 8 years, apart from prevailing diploid cells, the tetraploid and,
exceptionally, the octoploid ones. One should realize, however, that the
conditions in the culture are not identical with those in the organism. More-
over, the final state is often affected by the composition of the medium
(STrEET, HENSHAW 1963).
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J. DvoRAg, Vyzkumny ustav obilndisky, Kromériz: Endopolyploidie v kotenech Zita Secale
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Na koteny diploidniho a tetraploidniho #ita byla aplikovéna 2,4 D. Po ovlivnéni kofent 2,4 D
doslo k blokovéni mitotického déleni v meristému kofenové 3pitky a naopak vyprovokovani
mitotického déleni v diferenciovanych bufikdch cortexu a centralniho cylindru. V cortexu byly
u diploidniho zita odriady Cesks, zjistény buiiky pfevéind tetraploidni s 28 chromosomy, v mensi
mife oktoploidni s 56 chromosomy & diploidni se 14 chromosomy. V cortexu tetraploidniho Zita —
odriady Bernburger Tetraroggen, byla vétsina bundk oktoploidnich s 56 chromosomy, ménd
byly zastoupeny metafdzové roviny se 112 a 28 chromosomy, tj. buiiky 16ploidni a tetraploidni.
Pomé&r mezi kategoriemi bunék s riznou trovni polyploidie byl u obou odriad obdobny. Prvy
cyklus endoreduplikace byl lokalisovdn do oblasti, kde buliky cortexu ukonéuji prodluZovaef
rist. V centralnim cylindru kofenti diploidniho Zita byly ve v&t8in® piipadu nalezeny buiiky
pouze diploidni & u tetraploidniho %ita buiiky tetraploidni.

A. IBormak, HayuHo-ucciefoBaTesbcKuil HCTHTYT segnonoro xo3diicTBa, KpoMepsKmx:
dpponoaumronnA B Kopusx pka Secale cereale 1..— Biol. Plant. 10 : 112—117, 1968.

Hopau pumtounsoil m rerpamronaroit pm obpabarmBanm 2,4 Il. B peaynsrare Bo3-
[eHCTBHA NPEKPATHIIOCh MUTOTHYECKOE felleHNe KJIETOK MepHCTeMhl BEpXYIIKM KOPHA W Ha-
qasca MrTO3 B nuQdepeHNUPOBARHEIX KIeTKAaX KOPHeBOH NApeHXEMH E JIeHTPaJLHOro IHu-
ampppa. B ropuepofl napenxmme punnoujmEoii pkm copra Yecka obmapyMReH:M KIIETKH
B GosbmAHCTBE ClIy4aeB TeTPAINIOMAHEE — ¢ 28 XpOMOCOMaMH, W TUINIOMAHHE — ¢ 14 xpo-
mocoMaMH. B KopeeBo#l mapenxuMe TeTpamiongaoil p:xm copra Bepmbyprep Terpaporren
GOJIBIIEHCTBO KIIETOK OHIIO OKTOIVIOMIHEIME ¢ 56 XpOMOCOMaMu, MeHbIe OHITO MeTa(I)Iz)isﬂux
ypoBHe#r ¢ 112 m 28 xpomocomMamm, T. €. KIeTOK 16-TH-IVIOEMEHHIX E TeTPaIIOMEHEIX.
OTHoOIIeHAe MEIKIy KareTOPHAMH KJIETOK ¢ Pa3iMdHKM yPOBHeM mIomfHOcTH Obuto y ofomx
COPTOB aHAJOTHUHEIM. IIePBEIA OUKI SHAOPEAYIIMKALUA OCYIIECTBIIANICA B oOjactm, rhe
KIIETKA KOPHeBOH NapeHXVMHl 3aKaHYABAJM yineEeHEne. B menTpassHoM LmimBape KopHeH
gumronpuoi p;xu Onyn B GoNpIIMHCTEE CIyIaes HaliIeHE! IANME JMIJIONTHELE, 4 ¥ TeTPANION/-
HOH DKM — TeTPaNIOUIHEE KICTKH.
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Fig. 1. Diploid cell mn the cortex of diploid rye.
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Fig. 2. Tetraploid cell in the cortex of diploid rye



J. DVORAK
ENDOPOLYPLOIDY IN ROOTS

Fig. 3. Diplochromosomes in the cortex of diploid rye.
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Fig. 4. Octoploid cortex cell in tetraploid rye.



