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Abstraet .  2,4-D was apphed to the roots of d*ploid and tetraploid corn. After the application 
the mitotic division in the meristem of root tips was blocked; the mitotic d~vls,on in dif- 
ferentiated cells of cortex and central cylinder, on the other hand, was provoked. In the 
cortex of diploid corn (variety ~esk6) predominantly tetraploid were found cells with 28 chromo- 
somes and, to a lesser extent, oetoploid and diploid ones with 56 and 14 chromosomes res- 
pectively. In the cortex of tetraplold corn (variety Bernburger Tetraroggen), most cells were 
octoploid w*th 56 chromosomes; the metaphase levels with 112 and 28 chromosomes, e.g. 16-ploid 
and tetraplo*d cells, were found less frequently. The relations between the numbers of cells with 
d*fferent polyploidy were similar in both the varieties. The first endoredupheat,on cycle was 
found to occur in the region where the cortex cells finish their elongatmn. In the central cylinder 
of the roots of d*plold corn most cells were found to be diploid, m tetraploid corn most ceils were 
tetraplo,d. 

T h e  d i f f e r e n t i a t i o n  o f  p l a n t  t i s s u e  is  in  m a n y  cases  a c c o m p a n i e d  b y  c e l l u l a r  
e n d o p o l y p l o i d y .  T h e  e n d o p g l y p l o i d y  is a r e s u l t  o f  one  o r  s e v e r a l  c o n s e q u e n t  
e n d o m i t o t i c  cyc les .  I n  s o m e  t i s s u e s  o f  h i g h e r  p l a n t s  t h e  e n d o p o l y p l o i d y  
o c c u r s  q u i t e  r e g u l a r l y ,  t a k i n g  p l a c e  in  t h e  cel ls  o f  t a p e t u m ,  e n d o s p e r m  
(PuNZqETT1953; KATO 1957; KAPOOR, TANDOM 1964), c o r t e x  cei ls  ( H u s K I N S ,  
ST~I~ITZ 1948) a s  wel l  as  in  e n d o d e r m ,  m e t a x y l e m  a n d  in  o t h e r  t i s s u e s .  T h e  
o c c u r r e n c e  o f  e n d o p o l y p l o i d y  in  t h e  t i s s u e s  o f  h i g h e r  p l a n t s  h a s  b e e n  r e v i e w e d  
fo r  e x a m p l e  b y  T S C H ~ M A K -  WOESS (1956),  L I rAYEVA (1962),  ZAKKAI~YEVA 
(1962).  HUSKIES a n d  STEINITZ f o u n d  t h a t  in  t h e  r o o t s  o f  Rhoeo discolor t h e  
p o l y p l o i d y  g r a d u a l l y  i n c r e a s e d  w i t h  t h e  i n c r e a s i n g  d i s t a n c e  o f  t h e  cel ls  f r o m  
t h e  r o o t  t i p s .  T h e y  f o u n d  t h a t  t h e  f i r s t  e n d o r e d u p l i c a t i o n  cyc l e  w a s  s i t u a t e d  
4 - - 5  m m  f r o m  t h e  r o o t  t i p s .  L~,VAN a n d  LOFTY (1948) d e s c r i b e d  t h e  p o l y -  
p l o i d  m e t a p h a s e  p l a t e s  in  t h e  d i f f e r e n t i a t e d  cel ls  o f  t h e  A l l i ~ m  cepa L.  r o o t s .  

T h e  p r e s e n t  w o r k  a i m s  a t  d e t e r m i n i n g  t h e  k a r y o l o g i c a l  c h a n g e s  d u r i n g  
t h e  c o u r s e  o f  d i f f e r e n t i a t i o n  o f  t h e  r y e  r o o t s .  

* Address: Havli6kova 2787, Krom~H~,, Czechoslovakia. 
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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  b y  the application of 
2,4-dichlorophenoxyacetie acid (2,4-D). The material used was a diploid rye 
(variety Cesk6) 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 t reated 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. 
Pre t rea tment  was carried out  2-5 hours in 0.002 M solution of 8-oxyquinoline 
at 18~ (TJIO, LEvA~ 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 b y t h e  modified Feulgen method. The roots were hydrolyzed for 
15 min. in 1~ HC1 at 62 ~ C, washed in water and stained for 30 see. by  warm 
Sckiff reagent. After the staining they  were squashed and differentiated for 
5--10 min. in 50% 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 heteroehromatic 
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. ~-indolylaeetic acid, a-naphtylaeetic 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 endoreduplieation. 
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, t reated for 3 hours by  the 2,4-D and then 
kept  in water for 14 hours, part ly recovered its mitotic act ivi ty 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 t reated 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 
11 ~ tetraploid cells 72 ~ octoploid cells 17 ~o. The roots of plants t reated 
for 24 hours by  2,4-D showed a similar distribution: diploid cells 12 ~o, tetra- 
ploid cells 75%; octoploid cells 13~ 

According to the analysis of the metaphase plates of cortex cells of the va- 
r iety Cesk~, 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 --  72-7%, 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 var ie ty  
the cells with 28 chromosomes were found. In the cortex cells occurred, in 

Fig 5. The distribution of endopolyploidy in the cortex of diploid rye (varmty (~esk6) and 
tetraplold rye (varmty 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 te t ra-  
p oid, oetcp'oid and 16-ploid cel]s: 12"1% �9 7~/o : 12.9~/o. 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 Cesk6 and tha t  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 at tached 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 LE VAN and LOFTY (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. 

Diseussion 

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. 

Fur ther  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 at t r ibuted 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 
t reated for 3, 14, 24 hours by 2,4-D, the original number  of chromosomes in 
meristem cells of the root tips) we can conclude tha t  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 PA~TAN~I (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 trit iated thymidine. By means of the autoradiograpkic me- 
thod the activity of DNA was then determined. The low activity showed tha t  
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the DNA synthesis took place before the application of 2,4-D. Similarly, 
according to D'A~ATO 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 quanti ty 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. CooPE~ et al. (1964) established in two tobacco clones cul- 
t ivated 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, HE,SHAW 1963). 
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~rIHIIAEBA, ~. ]/I : IIoJIgH~og~n3aRgg THaHe~ B OHTorenege pacTeHH~. -- Tp. costa,  no 
n o n n n n  y pacTcH~Ifi 90- -97 ,  t962.  [L~eA~EVA, L. I . :  Tmsue polyploid~zatmn in p lant  on- 
togenesm.] 

3AXAPEBA, 0 I/I.: l-lo~I~n~IOH~II~ B OHTOre~c3e pacTeHH~. - -  Tp.  conn,, no n o ~ m ~ ,  y pac- 
T e H ~  98- -109 ,  i962.  [Z~-~H~RmV~, O. I.:  Polyploidy in plant  ontogenems.] 

J.  DVO~t.~K, V~rzkumn:~ fistav obilng~sk:~, Krom~H~: E n d o p o l y p l o i d i e  v k o ~ e n e e l l  ~ita Secale 
cereale  L .  - -  Biol. Plant .  10 : 112--117, 1968. 

Na ko~eny diploidniho a te t raplmdnlho ~ t a  byla aplikov~na 2,4 I). Po ovlivn~inl ko~onfi 2,4 D 
dow k blokov~ni mitotick~ho d~leni v merist~mu ko~enov~ w a naopak vyprovokovs 
mitotick~ho d~leni v diferenciovan~ch bufik~ch cortexu a centrAlniho cylindru. V cortexu byly 
u diploidm~no ~ita odrfldy ~esk~, zjiift~iny buffky p~ev~n~ tetraploidni  s 28 chromosomy, v menhi 
rnffe oktoploidnl s 56 chromosomy a diploidni so 14 chromosomy. V cortexu to~raploidnlho ttlta --  
odrfidy Bernburger  Tetraroggen, byla v~thina bun~ik oktoploidnich s 56 chromosomy, m~n~ 
byly zastoupeny metafs rovmy se 112 a 28 chromosomy, tj. bu~ky 16ploidni a tetraploidnL 
Pom~r mezi kategoriemi bunitk s rflznou ftrovni polyptoidie byl u obou odrfld obdobn~-. P rv~  
cyklus endoreduplikace byl  lokalisovAn do oblasti, kdo bufiky co~%exu ukonSuji prodlultovaci 
rflst. V centrAlnlm cylindru ko~enfl d iploidn~o ~.ita byly  ve v~ft~inif pHpadfl nalezeny bufiky 
pouze diploidni a u tetraploidnfho ~ t a  buflky tetraploidni.  

~I. ~BOPH~AK, Hayq_ao-nccae~oBaTenbcHHfi IIHCTHTyT 3epHoBOrO XO3HHCTBa, KpoMepmnm: 
Dmlono~Hn~OX~u~ B ~opnnx  p~gH Secale cereale L . -  Biol.  P l a n t .  | 0  : 112 - -1 i7 ,  t968.  

HopH~ ~ n n n o ~ o f i  ~ TeTpannomI~ofi pm~ o6paSaT~Bazm 2,4 ~ .  B peay~J, TaTe BOa- 
)Ie~CTBH~ npeKpaTnnOCb Mn'roTnqecEoe ~enenne mUeTOX MepHcTe~i~ Bepxym~K Kopn~ n Ha o 
qaJICH MIITO3 B ~ i~epeHIIHposaHRHx KneT~ax ~opHeBofi HapeHxnM~ ~ ~eHTpanbHOrO an-  
a n ~ p a .  B ~opHeBofi napeHx~Me ~ n a o ~ ; I ~ o f i  pm~  CopTa t Iec~a o S ~ a p y z ~ e ~  ~aeT~H 
B 60~bm~HC~Be cnyuaeB T e w p a n a o H ; ~ e  - -  c 28 xpOMOCOMa~, ~ ~ n n n o ~ e  ~ c 14 xpo- 
MOCOMaMI4. B ~opHeBO~ nape~xnMe TeTpanno~;~HOfi pmH COpTa BepHSyprep TeTpaporre~ 
5OYH, m~IHCTBO IrJIeTOK 5hIJIO OI~TOHX~OH~HkrMH C 56 XpOMOCOMaMII, MeHbIIIe 5M~O MeTa~a3n~x 
ypos~ef i  c t t 2  ~ 28 XpOMOCOMaMn, T. e. m~eToR i6 -T~-nnO~H~X ~ T e ~ p a n a o n ~ x .  
OwHomeHne ~ e r ~ y  ~aTeropn~M~ ~neTOR C paan~m~iM ypoB~eM naO~aHOCT~ 5 ~ O  y O60~X 
COpTOB ananor~ma~Im IIepB~fi a ~ n  OH~ope~Iynnnnaa~ ocymecvBn~ncu B o 6 n a c w ,  rae  
HneTI~H ~opneBo~I napenxnM~ 3a~an~iHBaJIn yTInHneHHe. S IIenTpaXi5HOM ~ n H H ~ p e  I~OpHefi 
~IIIIJIOI4~HOI~ p;-HH 5hITIII B 5OJII~IZIHIICTBe cnyqaeB Hafi~en~ nnm~ ~ n n o ~ I H ~ e ,  a y T e T p a n n o ~ -  
HO~ p ~ I  - -  TeTpan~IoH~IH~e H~eTKII. 
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Fig. I. Diploid cell m t he  cor tex  o f  diploid rye.  
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Fig. 2. Te t rap lo ld  cell m the  cor tex of  diploid rye  



J .  DVOi~/~K 
E N D O P O L Y P L O I D Y  IN  R O O T S  

:Fig. 3. D lp loch romosomes  m t he  cor tex  of  diploid rye.  
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Fig. 4. Octoploid cortex cell m tetraplold rye. 


