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Abstract. Measurements of the size of the nuclei of dioecious plants showed that  the nuclei 
of male and female plants differ in agreement with the larger quanti ty of chromatin.  The male. 
plants of R u m e x  aeetoseUa and M e l a n d r i u m  album had larger nuclei, their Y chromosome being 
larger than the X chromosome, the same is true for R u m e x  acetosa where the Y chromosome is 
smaller but  there are two in the sot. Ginkgo biloba had larger female nuclei because the Y chromo- 
some was smaller than the X. The curves obtained by grouping all the nuclei of both sexes 
never had two peaks with regard to the small differences between the classes of maximum ~ 
frequency. 

Up to the present caryological research of the dimorphism of dioecious 
plants was limited practically to studies of the chromosome set and the de- 
scription of the sex chromosomes in connection with the study of the sexual 
mechanism.: In this work an attempt has been made to find other criteria of 
this differentiation, especially in the interkinetic nucleus to which little in- 
terest has been shown previously from this point of view. The quantity of 
chromatin is known to affect tbe size of the nucleus and of the cell. As a typical' 
example of this relationship the size of the nuclei and of cells of variously 
ploid material can be given. I t  can, therefore, be assumed that also in cases, 
where two types of gametes with different X and Y chromosomes are formed, 
or where Y is missing, differences appear in the size of the gametes. This 
assumption has been confirmed by H. B. GooI)RIC~ (1916), who measured 
the spermatozoids of Asearis incurva, where a curve with two peaks appeare d 
after the grouping of values. Similar results were also obtained with other 
zoological and botanical material. Experiments with measurements of gametes 
of pollen grains (u Sn~oro 1929) permitted the assumption that differences 
appear not only with different numbers of chromosomes but also when one 
set is larger than another in which the heteromorphie homologues has 
a smaller mass. On the basis of this data it was interesting to determine 
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whether these differences manifested themselves in the size of the nuclei of 
cells of differentiated tissues as well. 

Material and Methods 

The plant material was Rumex acetosella L., Rumex acetosa L., Melandrium 
album (MILL.) GARCKE and Ginkgo biloba L. The material came from cultures 
grown in the genetical garden of the Charles University in Praha and from 
wild growing plants from the vicinity of Plzefi and Prfihonice. For studies 
of Ginkgo biloba the samples were taken from trees in the botanical garden 
of the Charles University in Praha. 

With this material the caryograms and the size of the nuclei were studied. 
The caryograms were made in order to determine the exact dimensions of 
the individual chromosomes, especially of the sex (h~omosomes, and to gain 
thus a detailed picture of the chromosome set of the plants investigated. 

The nuclei were measured in permanent preparations. The objects were 
fixed by  FAA and the preparations were stained by a modified Guard's method 
(PAzOURKOVX 1964). Caryological analysis of the plants was carried out by  
the usual rapid meth)ds  and by  a modified staining method with Schiff's 
reagent according to the following procedure: 

1) Fixing with alcohol-acetic acid fixing fluid in 3 : 1 ratio for 10--30 min. 
2) Maceration and simultaneous hydrolysis in a mixture of cone. HC1 and 

96% alcohol (1 : 1) for 10 rain. 
3) Washing in distilled water for 10 min. 
4) Material placed into S(hiff's reagent for 1 to 1/2 hr. 
5) After staining (in bulk) the material is transferred to a slide, a drop of 

levulose sirup is added and a cover slip placed on top. The object is thor- 
oughly squashed with rubber and observed. 

When coloration of the material is too weak, it is gently heated over 
a flame. After heating the ehromatin is intensively stained but  the slight 
plasma staining does not interfere with the determination of the number 
of chromosomes. 

With Rumex acetosella the nuclei were measured in the roots, leaves and 
the stem, with lCumex acetosa in the roots of germinated seeds and in the 
leaves and with .Melandrium album and Ginkgo biloba in the leaves. The di- 
mensions of the nuclei were evaluated from the means of two values measured 
perpendicularly in the plane of the field of view of the microscope. Since the 
third dimension was not measured, some inaccuracies cannot be excluded. 
For  this reason the nuclei were measured in all organs only with Rumex 
acetosella, with the other plants, h3wever, only the nuclei in the leave cells 
were measured where they have almost a slcherical shape. This removes one 
source of possible errors. The difference in this evaluation consists, therefore, 
only in the comparison of longitudinal instead of spacial units, possible errors 
due to the omission of the third dimension being eliminated by  the different 
orientation of the nuclei in the cells. This method of evaluation was fully 
satisfactory, because it concerned the relative comparison of the observed 
differences and not the determination of the absolute size of the nucleus. 



88 ZDENKA PAZOURKOV/k 

Results 

~[h9 l~umex acetosella L. plants studied had a diploid number of (hromosomes 
2n ~- 14. According to the localization of the centromer the male plants had 
th~ following types of (h.~omosomes in th9 (hromosome set: 4V ~- 2L ~ 4i 
+ 2r  + xY.  Th~ earyotype of the male plants contained morl~hologically 
analogous chromosomes: 4V ~- 2L ~- 4i ~- 2T ~- XX (Fig. 1). 

9 

Fig. 1 Caryograms of male and female Rumex acetosella L. plants. 

Th~ results of measurements of the nuclei are summarized in Table 1 
and Fig. 2. 

~h~ nuclei in the somatic cells of the male plants are significantly larger 
(t771 = 7-297). Only the nuclei in the preparations of leaves cut parallel to 
the leave surface are at the limit of significance (tps = 1.932). 

Table  1 

Comparison of the size of nuclei in the somatic cells of Rumex acetosella L. (The values are given 
in pro) 

Root  

Stalk 

L e a v e  a c r o s s  

Leave cut parallelly to 
the surface 
Whole plant  

I 
I Female plants Male plants 

x S S x X 8 S X 

13.34 

9.29 

11.66 

12.37 
11.56 

2.77 

1"40 

1.89 

3.17 
2.71 

0.277 

0.140 

0-188 

0.449 
0.145 

14-80 

10-11 

13-53 

13.66 
13.01 

2.66 

1.55 

2.29 

3.161 
2.84 

0.266 

0.155 

0.174 

0.447 
0-138 

The chromosome set of l~umex acetosa L. differs in male and female plants 
by the number of (hromosomes. Male plants in the diploid state contain 15 
and female plants 14 chromosomes. The species used did not h~ve morpho- 
logically very different autosomes. Only the first autosomal pair with medially 
placed centromer and the heterochromosomes differed expressively. The caryo- 
type of the male plants was of the type: 10i ~ 2V + YY ~- X, that  of the 
female plants of type: 10i ~- 2V W XX (Fig. 3). 
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Fig. 2. Frequency polygons of  the size of  nuclei in somatic cells of  R u m e x  aeetosel la L. (1 part =ffi 
1-35pro}. 

With this material besides the nuclei in the leaves also the nuclei in the 
differentiation zone of the roots germinated from seeds in Petri dishes were 
measured. 

u 

Fig. 3. Caryograms of  male and female R u m e x  acetoaa L. plants. 

There are no significant differences in the average size of the nuclei of the 
root cell from the individual plants, as can be seen from the values given 
in Tab. II. 

Table 2 

Average size of  nuclei in the roots of  R u m e x  ace~osa L. (in pm} 

 oo  oll  1.t.I 0 0 7 8 1 9  10 
nuclei 10.2 9.9 9.7 10.1 10.2 10.4 10-8 10.4 10-3 10-0 
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When all the values measured from all roots are summarized, a polygon 
characterized by  a clear one-peak curve with a comparatively high maximum 
(Fig. 4) is obtained. 

50 

4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.571 

90  ZDENK~k P A Z O U R K O V / k  

Fig. 4. F requency  polygons of the size of  nuclei in the differentiation zone of  germinated  roo ts  
of  Rume~ acetosa L. (1 p a r t  ~--- 1.35/~m). 

Table 3 

Average size of  nuclei in the  somatic  cells of Rumex  acetosa L. ( in /zm) 

Female  p lan ts  Male p lan ts  

x s s x x s s x 

5"314 0"755 0-034 5"665 0"805 0"036 

t(998 ) ~ 7-11 

Table 4 

Average size of  nuclei in the  somatic  cells of  Melandrium album (Mil l . )  G&RCKE (in p m )  

Female p lan ts  Male p lan t s  

Q 

x s s x x s s x 

5"96 0.86 0"054 4.51 0"86 0"054 
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Fig. 5. Froquoncy polygons of the  sizo of nuclei in somatic cells Rumex acetosa L. (1 par t - -~ 
1.35/~m). 

cf  9 

Fig. 6. Caryograms of malo and  female Melandrium album (MILL.) GARCKE plants.  
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Fig. 7. Frequency polygons of the  sizo of nuclei in somatic cells of Melandrlum album (MILL.) 
G ~ c x ~ .  
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A different situation prevails, hpwever, with the size of the nuclei of the cell 
from lhe mesophyll of male and female plants. The difference between the 
sexes is highly significant, as can be seen in Tab. 3 and Fig. 5. 

Another plant investigated was Melandriu~ album (MILL.) GA~CKE, which 
has 24 chromosomes in th~ somatic cells. 3h~ material h~d the caryotype 
12L to J ~ 10V ~- XY in male plants and 12L to J ~- 10V ~- X X  in female 
plants (Fig. 6). 

7 

Fig. 8. Caryograms of male ~nd female Ginbgo biloba L. plants. 

For the determination of differences in the size of the nuclei in differentiated 
tissues the nuclei of lh~ cells of lh~ leave mesophyll were measured. The 
results are given in Tab. 4 and Fig. 7. 

~:he differences in the size of th~ nuclei of male and female plants are highly 
significant also in this c a s e  ( t998 ~ -  6.9). 

Wilh  Ginkgo biloba L. lh~ number of chromosomes is th~ same as in the 
preceding species, i.e. 2.1 = 24. According to lh~ morth)lo~ical ~h~pe, the 
diploid set of  male plants contained 23 subtelocentrical chromosomes (i), 
2 metacentrical chromosomes (V) W XY. 'Ih~ caryotype of the female plants 
was 20i -~ 2V Jr XX. (Fig. 8.) 
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Fig. 9. Frequency polygons of the size of nuclei in somatic cells Ginkgo biloba L. 
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Table 5 

Average size of  nuclei in the  somatic  cells of  Ginkgo biloba L. (in ;urn) 

93 

Female  p lan t s  Male p lan ts  

s s X x- s s x 

11-36 1.09 0.05 10.89 1.01 0.05 

In  order to investigate the possible sexual dimorphism in the size of the 
nuclei, the cell nuclei from differentiated leaves were measured again. The 
results are summarized in Tab. 5 and Fig. 9. The differences in size of the 
nuclei from male and female plants are highly significant (t99s ---- 7.03). 

Diseussion 

l~umex acetosella L. is a diploid species with the basic chromosome number 
x - ~  7. According to the morphological character the whole group differs 
cytologically from the other groups of th~ family Rumex. I t  has small chromo- 
somes and a different mechanism of the determination of sex. The diploid 
species have 12 autosomes and two X chromosomes in female plants and 
12 autosomes and X -t- u chromosomes in male plants, with a medium sized 
X and a large Y (hromosome. The whole sexual mechanism of th9 family 
Rumex is being studied by LSv~. (1957). According to the occurrence of poly- 
ploids, from detailed studies and th~ comparison of th~ sex ch.~omosomes and 
their pairing thv author concludes tha t  the sexual me(hanism in this group 
follows the typical Melandrium pattern with very dominant male determinants 
in th~ Y (hromosomes. 

The nuclei of Rumex acetosella are larger in the male plant. The polygon 
illustrating the variability of the male nuclei sh)ws a curve with two peaks 
and besides a smaller peak in class 14.5. The polygon of the female nuclei 
has one peak, whose maximum coincides with one peak of thv polygon of the 
male nuclei in the class 7.5, besides the same peak above 14-5. A difference 
is seen, however, here also in class 9.5 where the polygon of the female nuclei 
has the main peak. By adding these polygons, a curve with two peaks arises 
which could be considered characteristic for a system composed of cells belong- 
ing to two sexes. With regard to the character of the polygon of both sexes 
it can be seen that  two peaks of the curve originate from the unhvmogeneous 
material represenfed by nuclei from various organs and not from the difference 
between the sexes. The statistical differences, on the oth~r hand, are highly 
significant in all organs as well as in total evaluation, with a single exception. 
The cell nuclei of the male plants are larger than those in female plants, which 
probably corresponds to the larger u (hromosome in the set of the male sex. 

The cytology of l~umex acetosa L. has been studied more intensively than 
tha t  of the other types of the family Rumex, because of its interesting con- 
figuration of the sex chromosome. In  the first meiotic division of PMC KI~ARA 
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and ONo (1925) found six autosomal chromosome pairs and one triple chromo- 
some which is a complex of sex chromosomes connected by  their ends. The 
central chromosome, which is largest, was identified as the X chromosome, 
both terminal chromosomes being only a little smaller and of about  equal 
size are the Y clu'omosomes. There are 14 chromosomes in the somatic cells of  
female plants. Two of these chromosomes are noticeably larger than the 
other (XX). In the cells of male plants there are 15 chromosomes: one is large 
and unpaired (X) and the two other chromosomes, which are paired, differ 
from the others (YY) by their size and mor I h~logy. 

The mechanism of sex determination is based, similarly as with Drosophila, 
on the equilibrium between the X chromosomes and the autosomes. 0~o  
(1935) and YA~L~MOTO (1938) observed according to the triploid interscxes 
that  the Y chromosomes do not carry the male determinant, these are localized 
in some autosomes. The female determinant genes are localized in the X 
chromosomes and the sex is therefore determined by  the equilibrium between 
the genes determining female sex and the genes determining t h e  male sex, 
which are contained in the autosomes. 

In  Eumex acetosa a his significant difference in the size of the nuclei of 
the mesophyll of the male and the female plant was also observed. The poly- 
gons of the nuclei of the individual sexes have a single peak of practically 
the same width, only the peaks are somewhat shifted and differ by  one class. 
Therefore, the polygon characterizing the variability of the nuclei of both 
sexes summarily has also only one peak. Still, the nuclei of the rootes were 
also measured in this material, since it appeared interesting whether there 
are any large differences in the nuclei of the cells just beginning to differ- 
entiate. The single peak polygon formed on account of this measurement 
shows that  here also the difference between the classes with the highest 
frequencies is so small tha t  a curve with two peaks cannot arise. 

I t  can be summarized that  the male nuclei are significantly larger in Rumex 
acetosa as well as in Rumex acetosella which could with this sex correspond 
again to three sex chromosomes, as compared to two X chromosomes in the 
set of the female cells. However, the differences are so small that  it is possible 
to differentiate male and female individuals according to the size of the nuclei. 

With Melandrium allure male plants the pair of sex chromosomes are 
unequal, the u chromosome being larger. 

Melandrium represents the classical simple type of sex mechanism. The 
experiments carried out by  WARMKE and BLAKESLEE (1939, 1940), W]~STE~- 
GAA_RD (1938, 1940) and O~o (1939, 1940) showed that  with Melandrium the 
Y chromosome contains very significant male determinants. Male sex develops 
already if a single Y chromosome is present in the whole multiplied set (e.g. 
4A + XXXXY) .  

In Melandrium album the polygons of the nuclei of both sexes differ con- 
siderably and are completely shifted mutually except for the negligible fre- 
quency in the highest classes in female plants. However, no clear sharp peaks 
appear in any case, therefore the total curve does not have two peaks although 
in class 4.0 it has a tendency to form a double peak. This difference between 
the sexes again corresponds to a larger Y chromosome as in the case of Rumex 
acetoseUa. 

In  the case of Ginkgo biloba cytological investigation is somewhat more 
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difficult and for this reason the American authors NEWCOM~.R (1954) and 
LEE (1954) independently undertook the identification of the heterochro- 
mosomes only recently, i.e. more than 40 years after the determination of 
the number of the chromosomes. However, just as other authors did not 
agree in the number and shape of the autosomes, these authors also disagreed 
in the determination of the sex chromosomes. LnE found a difference in one 

A 

Fig. 10. Sex chromosomes of Ginkgo biloba according to 

8i 

B 

NEWCOr~ER (A) and  LEE (B). 

pair of small subtelocentrical chromosomes: in male plants one chromosome 
has a satellite, which is missing in the other pair chromosome, whereas in 
female plants both homologous chromosomes have a satellite. NEWCOMER 
found a difference in the pair of the largest chromosomes. In his opinion in 
the female plants the chromosomes of the largest pair have a medially placed 
eentromer, in male plants this pair is formed by one isobrachial chromosome 
(V) and by one chromosome in which the centromer is shifted closer to the 
end of one branch, the length being the same (Fig. 10). 

According to my observations one branch of this apparently u chromosome 
is considerably shorter, whereas the other keeps the same length. Although 
in this case a variability of the morphology of the chromosomes is possible, 
it can still be assumed in analogy to other dioecious plants tha t  this difference 
in the largest pair is connected with the determination of sex. For this reason I 
assume, as NEWCOMER but in contrast to LEE, tha t  the sex chromosomes are 
the two largest chromosomes, however, in contrast to his opinion the Y 
chromosome is shorter. 

The peaks of the polygons of the nuclei in different sexes of Ginkgo biloba 
differ by one class. For this reason the total polygon again does not have 
two peaks and is similar to that  of Rumex acetosa. However, the difference 
in size of the nuclei between the male and female sex in this case is in favour 
of the female sex in contrast to the preceding plant. The fact that  the nuclei 
in the leaves of female plants are larger is probably connected with the 
findings reported by G~EGVSS (1929). When comparing the assimilation areas 
of the leaves he found tha t  the leave area of female plants is larger by 340/o 
than that  of the male plants. The differences in the weight of fresh leaves, 
however, were still more marked, the difference being 54~ in favour of the 
female sex. The weight was investigated with 200 leaves of male and the same 
number of female plants. 

When the results of the measurements of nuclei are summarized it can be 
seen that  in all the investigated cases differences were observed between the 
nuclei in plants of different sex which were correlated to the larger quanti ty 
of the chromosome mass. The male plants of Rumex acetosella and Melandrium 
album whose u chromosome is larger than the X chromosome, and of Rumex 
acetosa whose Y chromosome is smaller but there are two in the set, have 
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larger nuclei. Ginkgo biloba had  larger female nuclei, the  Y chromosome being 
smaller t han  the  X chromosome.  The  curves obta ined  b y  grouping of  the  
values of  all nuclei of  bo th  sexes, however ,  never  have two peaks wi th  regard  
to  the  small differences between the  classes wi th  the  m a x i m u m  frequencies.  

The  results  show t h a t  sexual d imorphism manifests  i tself  cytological ly  in 
different  sex chromosomes as well as in the  significant size of  the  in terk ine t ie  
nuclei. 
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a dhle  u R u m e ~  acetosa, kde  je siee Y e h r o m o z 6 m  menw ale j sou  v s~dee dva .  V~t~ii j h d r a  samib i  
b y l a  u Ginkgo  biloba,  kde  j s c m  zj is t i la  menw Y c h r o m o z b m  ne~. X.  K f i v k y ,  vznikl~ g r u p o v g m i m  
v~tech j ade r  obou  poh lav i  n e b y l y  vhak  v z h l e d e m  k mal~0n rozdi l f im mezi  m a x i m ~ l n 5  f r ekven to -  
v a n ~ n i  t H d a m i  n i k d y  dvouvrcho lov~ .  

3 .  I~A3OYPKOBA, Kaq~e~pa Ml~po6HoJIor~III I~ FeHeTHK~I eCTeCTBeHHOrO ~}a~y~It, TeTa I~ap-  
~IOBa yHtIBepC~ITeTa, IIpara: Ce~cyam,Hb~fi ~HMOp~II3M B pa3~epax ~ e p  ~yaosH~x p a -  
c T e n H f i .  - -  Biol. Plant. 7 : 86--96, 1966. 

Ha OCHOBaHH~ H3MepeHHfi paaMepoB ff~ep ~ny~0MHhtX pacTeHufi ycTauon~eHo, gTO ~ p a  
;~eHCKI~IX ~I My~cKHx pacTen~f i  BaarIMItO OTJIE[~aIOTCH B C00TBeTCTBHH C ~0JII~IIIHM I~OJIHqe- 
CTBOM XpOMaT~HOBOrO BeI~eCTBa. BOY~h~M~ g~paM~ o b ~ a ~ a ~  Myh~c~ne p a c T e H ~  R u m e x  
ace tose l la  ~ M e l a n d r i u m  a l b u m ,  y UoTop~tx xpoM0coMa Y 6 o ~ m e  no cpasnenHIO c xpo -  
MOCOMOH X,  I~I ~aJIIMIIe ~ u m e x  acetosa ,  r~e  XOT~[ ~ xp0Moc0Ma Y Mer~bu~e, HO e r a  npHCyT- 
CTByeT a ~abope ~ u~c~e ~nyx. }t~eHc~e ~ p a  5o~ue  y Ginkgo biloba, r~e ycTano~e~a 
MHO~O xpoMocoMa Y Me~5tue X.  HpnB~e, BOa~cm~e rpvmmposaH~eM ncex ~ e p  obonx 
IIOJIOB, o~ItaKo, B CBH3H C Ma~M~I  p a 3 J ~ f f ~ M ~  M e ~ I y  MaKcHMaJIbH0 ~pegBeHTHpOBaHH~[MH 
K~IaccaMH H~Kor~a He 0 6 ~ a ~ a ~  ;~nyMff HHI~aM~. 


