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Y-Chromosome Hyperploidy in Rumex 

JERZY ZUK 

D e p a r t m e n t  of Genetics,  Polish Academy of Sciences, Warsaw (Poland) 

Summary. 1. Male and female Y-chromosome hyperploid plants were obtained and morphologically and cytologi- 
cally investigated. 

2. Conjugation of sex chromosomes was investigated i n~  plants with 1, 2 and 3 additional Y chromosomes. Conjuga- 
t ion between sex chromosomes was end-to-end. Association between Y-chromosomes was part ly based on conjugation 
between homologous segments and part ly due to heterochromatin fusion. 

3. Transmission of the additional Y chromosome to the progeny was studied. In  all cases transmission of the extra Y 
chromosome was very low. The reasons for this phenomenon are probably nonrandom fertilization, nonrandom 
degeneration of megaspore, and reduced seed setting and seed fertility in plants with additional Y chromosomes. 

4. The phenotypic effect of Y chromosome hyperploidy was investigated. Plants  with extra Y chromosomes are 
shorter and die earlier. The fertility of such plants is low. Thus, although Y chromosomes are heterochromatic and 
nonactive (except in the premeiotic interphase of microsporogenesis) they have a marked influence on the appearance 
of Y-chromosome hyperploid plants. 

Introduction 

Y chromosomes in Rumex  thyrsiflorus are hetero- 
chromat ic  and  late-repl icat ing,  and  they  have no 

effect on sex de t e rmina t ion  (Zuk, 1963, t 969 a, 1969 b). 
However,  they  are no t  genet ical ly  iner t  as da ta  were 
ob ta ined  ind ica t ing  t ha t  they  are responsible for the 

fer t i l i ty  of male p lan ts  and  for the sex rat io (Zuk, 
1970). 

The da ta  here presented concern the effect of ex t ra  
Y chromosomes on sex chromosome conjuga t ion  and  
on the fer t i l i ty  and  morphology of male a nd  female 
plants .  The pa t t e rn  of t ransmiss ion  of s u p e r n u m e r a r y  
Y chromosomes to the progeny is also discussed. 

Material and Methods 
In  the course of studies on polyploidy and sex deter- 

mination in R. thyrsiflorus one particular female plant  
with karyotype X X Y Y  + 12 A = 16 instead of X X  + 
+ 12./1 = 14 was obtained (Fig. 1). The cross of this 

female plant  with a normal male plant  X Y Y  + ! 2 A = t 5 
gave many male and female plants with additional Y 
chromosomes. Male plants X Y Y Y Y  + 12 A = 17 and 
female plants X X Y Y +  12A = t6 were chosen as 
parental  forms for further crosses, giving more Y-chro- 
mosome hyperploid plants with t, 2 and 3 additional Y 
chromosomes (Figs. 2, 3, 4). 

The methods of cytological analysis were the same as 
described previously (Zuk, 1963, t 969c). 

Results 

I. Sex chromosome conjugation in male plants with 
additional Y chromosomes 

In  normal  male p lan ts  X Y  1 Y2 + 12A  ---- t5 sex 
chromosomes form a t r iva len t  Y I - - X - - Y , .  The 
homologous segments  of X and  Y chromosomes are 
very  short,  and  at  diakinesis  sex chromosomes asso- 
ciate end to end giving a long character is t ic  t r iva len t  

Figs. 1--4. Metaphasal plates from root tips. • 1700 
Fig. t. Female plant with karyotype 16 = X X Y Y  + 12 A Fig. 3. Male plant with karyotype 17 = X Y Y Y Y  + t2 A 

t;ig. 2. Male plant with karyotype 16 = X Y Y Y  + 12 A Fig. 4. Male plant with karyotype 18 = X Y Y Y Y Y  + t2 A 
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Figs. 5-- 8. Chromosome association at meiosis in normal male plants and in those with additional Y chromosomes. • 1700 
Fig. 5. Diakinesis in normal plant with karyotype 15 = XYY Fig. 7. Diakinesis in plant with karyotype t 6 = X YY Y + 

+ 12,4. Arrow indicates YXYtr iva len t  12-//. Arrows indicate YXYtrivalentandunivalent formedby 
Y chromosome 

Fig. 6. MI in plant with karyotype 16 = X Y Y Y  + 12A. Fig. 8. Late metaphase in PMC of plant with karyotype 
Arrow indicates Y X Y Y  tetravalent t6 = X Y Y Y  + t2 A. Note prereduction of Y Y  bivalent 

wi th  the  X chromosome occupy ing  the  cen t ra l  posi-  
t ion (Fig. 5). I n  p l an t s  wi th  add i t i ona l  Y chromo-  
somes var ious  modi f ica t ions  of sex chromosome con- 
j uga t ion  were observed.  

Conjugation in  plants  with an additional Y chromo- 
some. Male p l an t s  w i th  ch romosome  cons t i t u t ion  
X Y Y Y  + t 2  A = t6  (Fig. 2) m a y  possess e i ther  one 
Y1 chromosome and  two homologous  Y, chromo-  
somes or one Y2 chromosome  and  two homologous  Y1 
chromosomes.  U n f o r t u n a t e l y  Y1 and  Y, chromo-  
somes are  u sua l ly  no t  morpho log ica l ly  d i s t inguish-  
able.  In  such p l an t s  four  d i f ferent  p a t t e r n s  of sex 
chromosome con juga t ion  were obse rved :  Y X Y Y  
(Fig. 6), Y X Y  + Y (Fig. 7), X Y  + Y Y  and  
X Y  + Y + Y .  Associa t ion  be tween  sex chromoso-  
mes was as a rule  end- to-end .  Two di f ferent  confi- 
gu ra t ions  of the  t e t r a v a l e n t  X Y Y Y  were observed.  
In  the  chain  conf igura t ion  Y X Y Y ,  presen ted  in 
Fig.  6, two Y chromosomes  con juga te  wi th  two ho- 
mologous  ends  of the  X chromosome  as in a no rma l  
t r iva len t .  The  th i rd  Y chromosome is a t t a c h e d  to 
the  end of t he  Y chromosome no t  invo lved  in conju-  
ga t ion  wi th  the  X chromosome.  I t  is known t h a t  in 
R u m e x  Y chromosomes  are  he t e roch roma t i c  and  
unab le  to t ake  p a r t  in con juga t ion  wi th  X chromo-  
somes excep t  for the  smal l  t e r m i n a l  f ragment .  Thus,  
in the  t e t r a v a l e n t  in ques t ion  the  add i t i ona l  Y 
chromosome  is obv ious ly  a t t a c h e d  to  the  ful ly  he te ro-  
ch roma t i c  and  nonhomologous  end of the  o the r  Y 

chromosome,  and  this  associa t ion  should  be con- 
s idered  as a he t e roch roma t i c  fusion r a t h e r  t h a n  a 
real  con juga t ion .  I n  ano the r  t e t r a v a l e n t  configu- 
r a t ion  all  homologous  ends  of Y chromosomes  are  
invo lved  in con juga t ion  in such a w a y  t h a t  two Y 
chromosomes  (obvious ly  two Y1 or two Y~) con juga te  
wi th  one end of an X chromosome,  s chema t i ca l l y  

- / Y 2  y/Y1 Y1 - -  A ~ y ,  or Y2 --  ~ ' \ , Y I "  The th i rd  Y chromo-  

some con juga tes  wi th  the  second a rm of the  X chro-  
mosome in the  no rma l  way.  As seen in Table  t ,  the  
mos t  f requen t  associa t ions  were Y X Y  + Y (tr i-  
va l en t  and  Y chromosome  as a un iva len t )  and  
X Y  + Y Y  (two b iva len ts ) .  I n  the  first  case the  
add i t i ona l  Y chromosome does not  affect  no rma l  sex 
ch romosome  con juga t ion  because  a no rma l  Y X Y  
t r i va l en t  is formed.  However ,  qu i te  f r equen t ly  the  
e x t r a  Y chromosome  t ends  to con juga te  wi th  i ts  
homologue  fo rming  a b i v a l e n t  (Y1 Y1 or  Y2 Y2) and  
p reven t ing  fo rma t ion  of the  no rma l  sex chromosome 
t r iva len t .  In  such a case two sex chromosome bi-  
va len t s  were observed.  The  fo rma t ion  of one sex 
ch romosome  b i v a l e n t  X Y  and  two Y ch romosome  
un iva len t s  was also obse rved  b u t  th is  phenomenon  
canno t  be r ea sonab ly  expla ined .  I t  is, however ,  
possible  t h a t  the  associa t ion  be tween  Y homologues  
is less pe r s i s t en t  t h a n  the  Y - - X  associa t ion,  and  the  
two Y chromosomes  obse rved  as un iva l en t s  are  the  
resul t  of some k ind  of desynaps is .  P re r educ t ion  of 

Table !. Sex chromosome conjugation in male plants of R. thyrsiflorus with one additional Y 
chromosome 

Pattern of sex chromosome association in diakinesis 
No. of Karyotype Total 
plant Y X Y Y  Y X Y  + Y X Y  + Y Y  X Y  + Y +  Y 

22 1 6 = X Y Y Y  + 12A 3 42 40 6 91 
26 1 6 ~ X Y Y Y  + 12A 6 22 18 11 57 
61 t 6 = X Y Y Y  q- 12A 8 18 11 14 51 
65 1 6 = X Y Y Y  + 12A 12 12 28 8 60 

Total  29 94 97 39 259 
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Table 2. Sex chromosome segregation in Anaphase I in 
male plants of R. thyrsiflorus with one additional Y chro- 

mosome 

Pattern of sex chromosome 
No. of Karyotype segregation 
plant 

X Y - -  Y Y  X - -  Y Y Y  

22 16 = X Y Y Y + I 2 A  t7 2 
26 16 = X Y Y Y  + 12A 20 6 
61 1 6 =  X Y Y Y  + t 2 A  6 6 
65 1 6 =  X Y Y Y  + t 2 A  2 3 

Total  45 17 

the  sex chromosome,  obse rved  somet imes  in M I 
(Fig. 8), suggests  such a poss ib i l i ty .  

Sex chromosome segrega t ion  in A I was also ana-  
lyzed.  As m a y  be  seen f rom Tab le  2, the  mos t  fre- 
quen t  was segrega t ion  X Y  ~ Y Y .  A n o t h e r  possible  
p a t t e r n  of segregat ion ,  X ~ Y Y Y ,  was much  less 
f requent .  This  f i ts  well  wi th  the  d a t a  concerning  
ch romosome  con juga t ion  as i t  was to  be expec ted  
t h a t  segregat ion  of the  mos t  f requen t  associa t ions  
Y X Y +  Y and  X Y +  Y Y  should  be of the  
X Y  ~ Y Y  type .  A p a r t  f rom the  two m e n t i o n e d  
above ,  no o the r  t y p e s  of sex ch romosome  segregat ion  
were found.  

Conjugation in  plants with 2 additional Y chromoso- 
mes. F o u r  male  p l an t s  w i th  ch romosome  cons t i tu t ion  
X Y Y Y Y  were ob ta ined .  In  one p l a n t  two Y 
chromosomes  were shor t  and  me tacen t r i c ,  two o thers  
were longer  and  s u b m e t a c e n t r i c  (Fig. 3). I t  is v e r y  

l ike ly  t h a t  th is  p l a n t  h a d  two homologous  Y1 chro-  
mosomes  and  two Y, chromosomes.  

I n  th is  p l a n t  var ious  combina t ions  of sex chromo-  
some associa t ion  were observed,  as shown in Tab le  3- 
Most  f requen t  was the  assoc ia t ion  X Y  + Y Y  + Y 
(Fig. 9)- This  conf igura t ion  is s imi la r  to  the  associa-  
t ion X + Y + Y Y  obse rved  f r equen t ly  in the  X Y Y Y  
p lan t  (Table 2). Surpr i s ing ly ,  conf igura t ions  wi th  an  
Y X Y  t r i v a l e n t  were less f requen t  t h a n  in p l a n t s  
w i th  one add i t i ona l  Y chromosome.  W h e n  a sex 
t r i v a l e n t  was formed,  the  two add i t i ona l  Y chromoso-  
mes  were seen as a b i v a l e n t  or  as two un iva l en t s  
(Fig. t 0). The  r e l a t i ve ly  low f r equency  of such confi-  
gu ra t ions  m a y  be  exp la ined  as the  resul t  of the  pre-  
sence of two homologous  pa i rs  of Y chromosomes  
(Yx Y1 and  Y2 Y~). I t  seems t h a t  in such a case 
homologous  Y chromosomes  t e n d  to  con juga te  wi th  
one ano the r  p r even t i ng  fo rma t ion  of the  sex chromo-  
some t r iva len t .  A few p e n t a v a l e n t s  and  t e t r a v a l e n t s  
wi th  one u n i v a l e n t  (Fig. 11) were also observed .  In  
such conf igura t ions  associa t ions  be tween  Y chromo-  
somes seem to be  the  resul t  of he t e roch roma t i c  fusion, 
as homologous  p a r t s  of one Y1 and  one Y2 chromosome  
are  a l r e a d y  invo lved  in assoc ia t ion  wi th  the  X chro-  
mosome.  I n  one cell, on ly  un iva l en t s  were obse rved  
(Fig.  12), b u t  i t  m igh t  have  been  mere ly  a t echn ica l  
a r te fac t .  

Segrega t ion  of sex chromosomes  in th is  p l a n t  was 
no t  ana lyzed ,  b u t  p r o b a b l y  segrega t ions  X Y  --  Y Y Y  
and  X Y Y  -- Y Y  were mos t  f requent .  

Conjugation in plants with 3 additional Y chromo- 
somes. In  the  male  p l a n t  wi th  k a r y o t y p e  X Y Y Y Y Y  

Table 3. Sex chromosome conjugation in male plant of R. thyrsiflorus with two additional Y chromosomes 

Pattern of sex chromosome association in diakinesis 

Karyotype Y Y X Y Y  or Y X Y  + Y Y  Y X Y +  Y X Y +  Y Y  X Y +  Y X +  Y +  Y Total 
Y X Y Y Y  Y X Y Y  + Y or 

X Y +  Y Y Y  + Y + Y + Y +  Y + Y +  Y 

1 7 = X Y Y Y Y + I 2 A  4 5 1o 1t 53 9 l 

Figs. 9-- t 2. Chromosome association at meiosis in male plants with additional Y chromosomes. • 1700 

Fig. 9. Diakinesis in plant with karyotype t 7 = X Y Y Y Y + Fig. t t. Diakinesis in plant with karyotype 17 = X Y Y Y Y + 
t2 A. Arrows indicate two bivalents X Y ,  Y Y and a Y univa- 12 A. Arrow indicates tetravalent formed by sex chromoso- 

lent mes 

Fig. 10. Diaki~esis in plant with karyotype 17 = X Y Y Y Y + Fig. 12. Diakinesis in plant with karyotype 17 = X Y Y Y Y + 
12 A. Arrows indicate Y X Y  trivalent and two Y univalents t2 A. Arrow indicates X and Y univalents 
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Table 4. Sex chromosome conjugation in male plant of R. thyrsiflorus with three additional Y chromosomes 

Pattern of sex chromosome association in diakinesis 

Karyotype Y Y X Y Y  Y X Y  Y X Y  + Y Y  X Y  + Y Y  X Y  + Y Y  X Y  + Y +  Y Y X Y  + Y Total 
+ Y  + Y Y Y  + Y  + Y Y  + Y + Y  + Y + Y  + Y + Y  

t 8 = X +  Y Y Y Y Y +  
+ t 2 A  t 1 t7 21 34 4 3 81 

+ t2  A = t8  (Fig. 4) Y1 and Y, chromosomes  were 
indistinguishable.  Only  one such plant  was obtained.  
Analysis  of diakinesis revealed the combinat ions  of 
sex chromosome associations shown in Table 4. 
Again, as in plants  X Y Y Y  and X Y Y Y Y ,  combina-  
t ions with the  X Y  bivalent  were more  frequent  than  
combinat ions  wi th  the  sex chromosome t r ivalent  
Y X Y .  I t  was observed tha t  three addi t ional  Y 
chromosomes m a y  form a t r iva lent  Y Y Y ,  or a biva-  
lent and a univalent  Y Y  + Y,  or only  univalents  
Y + Y + Y. The Y chromosome t r ivalent  was 
observed in one cell only. Pen tava len t s  Y Y X Y Y  
were also ve ry  rare and should be considered as being 
due to he terochromat ic  fusion between Y chromoso-  
mes. 

Segregation of sex chromosomes  was not  analyzed.  
In  all plants  with addit ional  Y chromosomes there 

was no indicat ion of loss of addit ional  Y chromosomes  
in ontogenesis or during meiotic division. 

2. Transmission of additional Y chromosomes 
to progeny 

Transmission of addit ional  Y chromosomes was 
invest igated in the  progeny  of two crosses: 

~ _ X X Y Y + t 2 A  = t6  • d ~ X Y Y + I 2 A  = t5 
X X Y Y + I 2 A  = 1 6  • d ~ X Y Y Y Y + t 2 A  = t 7  

Table 6. Pollen fertility of plants with additio- 
nal Y chromosomes 

Pollen 
No. Karyotype fertility 

t X Y Y + I 2 A  = t5 85% 
2 X Y Y + t 2 A  = 15 86% 
3 X Y Y + t 2 A  ---= 15 89% 
4 X Y Y Y + I 2 A  = 16 78% 
5 X Y Y Y + I 2 A  = 16 25% 
6 X Y Y Y + t 2 A  = 16 89% 
7 X Y Y Y + I 2 A  = 16 52% 
8 X Y Y Y Y + t 2 A  = 17 90% 
9 X Y Y Y Y Y + I 2 A  = t8 47% 

In  bo th  crosses female plants  had two addit ional  Y 
chromosomes.  I t  seems probable  tha t  in such plants  
two X chromosomes conjugate  side to side as in 
a normal  female plant .  Two Y chromosomes m a y  be 
a t tached  (by their homologous ends) to the X-chro-  
mosome bivalent  or m a y  form two univalents.  The 
most  l ikely segregation of sex chromosomes is X Y  
and X Y ,  so the gametes  X Y  + 6 A should be the 
mos t  frequent.  I n  the first cross the male parent  
produced two types  of gametes,  X + 6 A = 7 and 
X Y  + 6 A ---- 8, in equal propor t ion  ; therefore in the  
progeny  the ka ryo types  $ X X Y  + t2  A = 15 and  
~ ) X Y Y Y  + t 2 A  = 16 should be the most  fre- 
quent .  In  the second cross, the  male parent  X Y Y Y Y  
should produce main ly  four types  of gametes,  X Y ,  
X Y Y ,  Y Y Y ,  Y Y ,  roughly  in equal proport ions.  
Thus  in the progeny  of this cross plants  with karyo-  
t ypes~  X X Y Y Y  + 12 A = 17, c~ X Y Y Y  + 12 A =  
= 16 and c~ X Y Y Y Y  + t2  A = t7  should be the 
mos t  frequent.  

As shown in table 5, in bo th  crosses plants  with 
addit ional  Y chromosomes were less f requent  than  
could have been expected f rom the presumed pa t t e rn  
of sex chromosome segregation. Most plants  had 
normal  ka ryo types  or only one addit ional  Y chromo- 
some, which suggests t h a t  transmission of ext ra  Y 
chromosomes to the progeny  is very  restricted. I t  
seems tha t  gametes  with addit ional  Y chromosomes 
m a y  be el iminated in fertilization as a result  of com- 
pet i t ion with normal  gametes.  

3. Fertility of plants with additional Y chromosomes 

Pollen fert i l i ty was es t imated in 6 plants  with ! ,  2 
and 3 ext ra  Y chromosomes and compared  with t h a t  
of normal  male plants  (Table 7). All Y hyperploid  
and normal  plants  (Nos. t - - 7  in Table 6) were the 
p rogeny  of the cross ~ X X Y Y + t 2 A  = t6  • 
c~ X Y Y  + t2  A = 15 described in the previous 
section. P lan t  No. 8 with 3 ext ra  Y chromosomes was 

Table 7. The seed fertility in crosses involving plants with extra Y chromosomes 

The number The number The percent 
Cross of seeds of seeds of seed 

collected sown germinated 

QXX--}-12A = I 4 x d X Y Y Y + I 2 A  = t 6  240 240 t4 
Q X X + I 2 A  = I 4 •  130 130 23 
9 X X + t 2 A  = I 4 •  100 100 79 
9 X X Y + I 2 A  = t 5 x d X Y Y + I 2 A  =15  330 150 24 
9 X X Y Y + t 2 A = I 6 •  =15  -- t00 79 
Q X X Y Y W I 2 A = I 6 •  = 1 6  13o 130 42 
Q X X Y Y + I 2 A = t 6 x c ~ X Y Y Y Y + I 2 A = t 7  t64 t64 42 
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obtained from the cross ~ X X Y Y  + 12 A = t6 • 
X Y Y Y Y  + t2 A = t7. Normal plants produced 

from 85 to 90% of morphologically good pollen. 
The pollen fertility of Y-hyperploid plants varied 
between 25 and 90%. I t  was interesting that  among 
plants with one additional Y chromosome, one 
exhibited markedly reduced pollen fertility (up to 
25~ while in the other two pollen fertility was more 
or less normal (78 and 89%). The fertility of the plant 
with two extra Y chromosomes was quite normal 
(90%), and in the plant with 3 additional Y chromo- 
somes it was reduced to 470/0 . These data indicate 
tha t  in most cases additional Y chromosomes do not 
reduce pollen fertility in any drastic way. 

Ferti l i ty of plants with additional Y chromosomes 
was also estimated by  comparison of seed setting 
and seed germination in crosses involving plants 
with additional Y chromosomes, and in crosses be- 
tween normal plants. The results are given in Table 7. 
Seed setting in crosses between normal plants was 
about t 000 seeds per cross. Seed setting in all crosses 
involving Y hyperploid plants was drastically redu- 
ced even to as little as 100 seeds. Seed germination 
varied from cross to cross but  usually was much lower 
( t4--79%) than germination of seeds from the cross 
between normal plants (80~ It  was surprising 
that  in two crosses between plants with identical 
chromosome constitution but  of different origin 
(crosses No. 2 and No. 3) seed germination was 23% 
and 79~ respectively. I t  resembles the variation in 
pollen fertility observed for male plants not differing 
in their karyotypes. The cause of this phenomenon 
remains obscure, but  genetic rather than chromoso- 
mal factors should be responsible for the differences 
observed. 

4. The phenotypic effect of Y chromosome hyperploidy 

Male and female plants with one additional Y 
chromosome are indistinguishable in their morpholo- 
gy from normal plants. The presence of two or more 
additional Y chromosomes usually influences strongly 
the morphological features of plants. Leaves of such 
individuals, especially when young, are curled, pale 
green and their shape different than that  typically 
observed in normal seedlings. Moreover, the number 
of leaves and flower stems is markedly reduced and 
such plants are shorter than normal individuals. 
Table 8 presents the results of measurements of the 
progeny obtained from two crosses between plants 
with additional Y chromosomes. I t  is seen that  the 
height of the plant is inversely proportional to the 
number of additional Y chromosomes. Even plants 
with one additional Y chromosome, whose leaf 
morphology is not changed, are shorter than normal 
plants. Also, the viability of Y chromosome hyper- 
ploid plants is lower than that  of normal plants. 
R. thyrsiflorus is a perennial species and normal di- 
ploid individuals remain vigorous for several years; 

the longevity of Y hyperploid plants was markedly 
reduced in comparison to that  of normal plants. 

Discuss ion  

In mammals including man (Hayward, 1962; 
Utakoji, 1966; Mittwoch, 1967; Solari, 1969), and in 
dioecious plants (Jacobsen, 1957; Westergaard, 
t958; Smith, 1964), the most common association 
between X and Y chromosomes during meiosis is 
the end-to-end configuration. I t  has been demonstrat- 
ed in various organisms that  the end-to-end associa- 
tion of the X -- Y pair is the result of chiasma for- 
mation between minute homologous regions (Ohno, 
Kaplan and Kinosita, t959; Utakoji, 1966; Solari, 
t969). Data presented in this paper show that  in 
Rumex thyrsiflorus, both in normal and Y-chromosome 
hyperploid plants, associations between sex chromo- 
somes are usually end to end. Autoradiographical data 
and cytological observation (Zuk, t969 a) showed that  
both Y chromosomes are entirely late-replicating (hete- 
rochromatic) and the X chromosome is entirely 
euchromatic. Thus if the association between sex 
chromosomes Y X Y  in Rumex is based on synapsis 
between homologous segments of X and Y chromo- 
somes, these homologous segments in Y chromosomes 
are very short, below the resolving power of auto- 
radiography. Thus it is possible tha t  Y chromosomes 
in R. thyrsiflorus are composed of large differential 
heterochromatic segments, and very small euchroma- 
tic ones homologous to the X chromosome. 

In Rumex, as well as forming chiasmata between 
the distal homologous ends of X and Y chromosomes, 
Y~ and Y2 chromosomes can produce associations by  
heterochromatic fusion. If a sex trivalent is formed 
in an X Y Y Y  + 12 A = t6 plant, association be- 
tween the chromosomes I/-1, X and Y2 is based on the 
homology between Y1, Y2 and X chromosomes. 
Association of an additional Y1 or Y, chromosome 
with the trivalent is based on heterochromatic fusion 
because homologous segments of Y and X chromoso- 
mes are already involved in association. I t  seems 
that  association by  heterochromatic fusion can take 
place mainly between par t ly  homologous }71 + I71 or 
Y2 -~- Y2 chromosomes, because in normal Y X Y  + 
+ 12 A = t 5 plants it has never been observed. This 
is not surprising, because in the opposite case the 
regular behaviour of the sex chromosome mechanism 
would be highly disturbed. Association between the 
nonhomologous Y and the heterochromatic S chro- 
mosome has already been reported in Rumex (Zuk, 
1969b) and in other organisms (Riley and Law, 1965). 
Recently Maguire (1969) has shown that  distribution 
of large heterochromatic knobs in premeiotic inter- 
phase nuclei of maize is not random. Two large hetero- 
chromatic K t0 regions were found to be localized 
very significantly nearer to each other than random 
expectations predicted. Thus it seems that  the ten- 
dency of heterochromatin to clump during inter- 
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phase, especially during premeiotic interphase, may  
be the reason for nonhomologous heterochromatic 
association in meiosis. 

Analysis of anaphase cells in plants with one addi- 
tional Y chromosome revealed tha t  segregation of sex 
chromosomes was nonrandom. S e g r e g a t i o n X Y - - Y Y  
was about  3 times more frequent than segregation 
X -  Y Y Y ,  and not one case of segregation Y -  
- - X Y Y  was observed. Nonrandom segregation of 
sex chromosomes in X Y Y Y  + 12 A = t6 plants is 
par t ly  the result of the pat tern  of sex chromosome 
association in meiosis. Associations Y X Y  + Y and 
X Y  + Y Y  were very frequent. The most  frequent 
segregation resulting from such association should be 
X Y  -- Y Y .  Non-random segregation of sex chromo- 
somes has also been shown in X Y Y  males of Droso- 
phila by  Grell (i969). 

In Rumex, transmission of extra  Y chromosomes to 
the progeny was great ly reduced. This was true for 
both female and male gametes. Low transmission of 
extra  chromosomes of the trisomics have been re- 
ported in many  plants (Burnham, t962). This is 
also true for heterochromatic Y sex chromosomes in 
R. thyrsiflorus. 

What  mechanism may  be responsible for low trans- 
mission of additional Y chromosomes to the progeny. 
In male plants with extra  Y chromosomes no case of 
loss of the extra  Y chromosome during ontogenetic 
development or during meiotic division was observed. 
All Y chromosomes were t ransmit ted  to the gametes. 
Pollen fertili ty of male plants with additional Y 
chromosomes is usually quite good, so tha t  selective 
degeneration of pollen grains with additional Y 
chromosomes is almost excluded. Therefore the most 
probable explanation is nonrandom fertilization. 
The more Y chromosomes are present in pollen grains 
the poorer their chance to fertilize. This may  be 
connected with the deleterious effect of extra  Y 
chromosomes on germination and growth of pollen 
tubes. 

Meiosis in female plants was not investigated but  it 
is probable, tha t  if the basal megaspore contains th.e 
extra  Y chromosome it  fails to produce the embryo 
sac. Consequently the embryo sac may  be produced 
by  another megaspore with the normal haploid 
complement.  A similar possibility was postulated by  
McClintock and Hill (i931) to explain the failure of 
the extra  chromosome to be t ransmit ted  to 50% of 
the progeny in trisomics of maize. In Rumex, even 
in normal plants, transmission of Y Y  + 6 A gametes 
is much lower than of X + 6 A, and the resulting 
female plants are much more numerous in the popu- 

lation (Zuk, 1963). I t  may  be speculated tha t  in both 
cases the mechanism of low transmission of Y chro- 
mosomes is the same. 

Y-chromosome hyperploid individuals have been 
obtained in Drosophila (Dronamraju, 1965; Mitt- 
woch, 1967; Lewis and John,  t 968; Grell, 1959, t969), 

in humans (Chu, 1964; Jacobs, Brunton and Melville, 
t965), in mouse (Cattanach, 1961; Russell and Chu, 
t96 t ;  Mittwoch, 1967) and in Melandrium (Wester- 
gaard, t958). In man, mouse and Melandrium, 
individuals with an extra  Y chromosome were male, 
because in these organisms the Y chromosome is 
strongly male-determining. In Drosophila the Y 
chromosomes carry no male-determining genes but  
the addition of an extra  Y chromosome affects fer- 
tility. The fertility of X Y Y  males is only about  
0,5--3.0~o. Similarly, by  comparing females with 
0, 1, 2 Y chromosomes Grell (t969) has found tha t  
the fertility varied inversely to the hyperploidy. In 
man, X Y Y  males are mental ly  subnormal and behave 
aggressively, and X X Y  and X X  Y Y have Klinefelter 's 
syndrome. X X Y  mice are morphologically indistin- 
guishable from normal males, but  they are sterile. I t  
is possible, as postulated by  Mittwoch (1967), tha t  
the apparent  lack of phenotypic abnormalities in 
mice with an abnormal sex chromosome is connected 
with the fact tha t  the chromosomes in mouse contain 
a large proportion of heterochromatin,  so tha t  modifi- 
cations of the karyotype  may  be less damaging than 
those in man. The same is also true for Rumex: both  
the Y chromosomes are heterochromatic.  Male and 
female plants with one extra  Y chromosome are 
almost normal in appearance. They are only about 
20 cm lower. Morphological pollen fertility of male 
plants with one extra  Y chromosome ranges between 
50--90%. Seed setting and germination of female 
plants with one additional Y chromosome is 30%. 

Two or three extra  Y chromosomes have a much 
more pronounced effect. Female plants are about 30 cm 
and male plants about  30 cm lower than normal ones. 
The leaves are often curled and pale. Seed setting 
and seed germination are much lower than in normal 
plants. The female plant with three extra  Y chro- 
mosomes is completely sterile. 

Thus additional Y chromosomes in Rumex have 
some effect on the phenotype and fertility of plants. 
This effect is much less pronounced than  in other 
organisms because Y chromosomes are heterochroma- 
tic and have no male-determining genes, and probably 
because in plants the shift in chromosomal balance 
has less drastic effects than in organisms with a much 
higher level of organization like mammals  including 
man. 
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Zusammenfassung 
Die Arbeit berichtet  von Untersuchungen tiber die 

Wirkung tiberz/ihliger Y-Chromosomen auf die Paa- 
rung der Geschlechtschromosomen und die Fertilit/it 
und Morphologie m/innlicher und weiblicher Pflanzen 
von Rumex thyrsiflorus. 
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Die Geschlechtschromosomen bei den un t e r such t en  
c~ Pf lanzen mi t  1, 2 u n d  3 iiberz~ihligen Y-Chromoso- 
men  zeigen end  to end-Paa rung .  Die Assoziat ion der 
Y-Chromosomen basier t  teils auf einer P a a r u n g  homo- 
loger Segmente,  teils auf einer He te rochromat in -  
fusion, In  allen un t e r such t en  F~llen war eine 0 b e r -  
t r agung  des tiberz~hligen Y-Chromosoms auf die 
Nachkommenschaf t  sehr gering. Die Gri inde hierftir 
s ind m6glicherweise pr~iferentielle Befruchtung,  pr~i- 
ferentielle Degenera t ion  der Megaspore sowie gerin- 
ger Samenansa tz  u n d  geringe Fertilit~it der Pf lanzen  
mi t  iiberz~ihligen Y-Chromosomen.  Auch der ph/ino- 
typische Effekt  einer Hyperploidie  yon  Y-Chromoso- 
men  wurde un te rsuch t .  Pf lanzen mi t  iiberzAhligen 
Y-Chromosomen sind kiirzer u n d  s te rben  friiher ab. 
Ihre  Fer t i l i t i i t  ist  gering. Obwohl die Y-Chromosomen 
heterochromat isch u n d  i nak t i v  s ind (aul3er in  der 
pr~meiot ischen In te rphase  der Mikrosporogenese), 
haben  sie doch einen deut l ichen EinfluB auf den Habi -  
tus  von  Pf lanzen mi t  tiberz~ihligen Y-Chromosomen.  
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