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Cytomixis in Lolium perenne 

M. K.  Omara  

Welsh Plant Breeding Station, Plas Gogerddan, Aberystwyth, SY23 3EB, Wales, U .K.  

Abstract. Cytomixis is a spontaneous process occurring through the formation of cytoplas- 
mic bridges between adjacent pollen mother cells. This phenomenon was observed in the pollen 
mother cells of 3 genotypes of Lolium perenne which had been subjected to directional selection 
for productivity of green material. - -  The process has led to the formation of up to 34.8% of 
PMCs with chromosome numbers deviating from the normal diploid number 2n ~ 14. The 
abnormal PMCs contained chromosome numbers ranging from 2-56 as observed at first 
metaphase. - -  Abnormal PMCs were also observed with approximately the same frequency in 
Meiosis II.  This phenomenon is under genetic control. The evolutionary significance of cyto- 
mixis and the cytological consequences are discussed. 

Introduction 

Since Gates  (1911 ) in t roduced  the  t e r m : ' c y t o m i x i s "  to  descr ibe the  mechanism 
of ch romat in  passage f rom one pol len  mo the r  cell (PMC) to an ad j acen t  PMC, 
repor ts  have been publ i shed  of this  phenomenon  in m a n y  p l an t  species (see 
Kamra~ 1960). Cy~omixis was recorded  in grasses b y  Church (1929), who s t a t ed  
t h a t  " t he  occurrence oi th is  a b n o r m a l i t y  in connect ion  wi th  hybr id s  is ve ry  
s tr iking.  I n  contras t ,  the  examina t i on  of considerable  ma te r i a l  in the  case of 
Phalaris arundinacea, a normal  diploid ,  has revea led  no cy tomix i s " .  

K a m r a  (1960) in reviewing the  occurrence of cy tomix i s  r epor t ed  t h a t  i t  could 
be found  in normal  species, hyb r id s  and  apomicts .  More recent ly ,  however ,  
Salesses (1970) es tab l i shed  i ts  occurrence in bo th  n a t u r a l  and  ar t i f ic ia l  t r ip lo id  
hybr id s  of Prunus  spinosa (2x ~ 32) • P .  cerasi]era (2n ~ 16), bu t  no t  in d ip lo id ,  
t e t r ap lo id  or hexap lo id  species of Prunus .  Similar ly ,  S e m y a r k h i n a  and  K u p t s o u  
(1974) found  t h a t  cy tomix is  occurred more f r equen t ly  in the  an thers  of t r ip lo id  
and  a u t o t e t r a p l o i d  t h a n  in d ip lo id  sugar beet .  I t  can be c lear ly  seen t h a t  cyto-  
mixis  occurs in a whole range of p l an t s  a l though i t  is diff icul t  to es tabl i sh  precise 
condi t ions  unde r  which the  phenomenon  occurs. The evo lu t iona ry  significance of 
the  process is s imi la r ly  open to ques t ion (see Brown and  Ber tke ,  1969). The  
presen t  r epor t  records  the  occurrence of cy tomixis  in the  d ip lo id  species Lol ium 

perenne. 

Materials and Methods 

Out of 403 plants examined from within a series of lines of Lolium perenne, which had 
been subjected to directional selection for productivity of green material (Vivero, 1975), 
three were found which showed cytomixis. Genotype number B424-6 derived from an un- 
selected control population which had been maintained by the random mating of forty geno- 
types collected in the wild and was the same as population 6 used by Hayward and Breese 
(1966). Genotypes B512-67/1 and B512-761/3 came from the first and third selection cycles, 
respectively, of two lines, the former (67/1) being a line from population 7 and the latter (761/3) 
originated from an interpopulation hybrid (pop. 1 • pop. 7) of Hayward and Breese (1966). 
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Panicles were fixed in Carnoy's solution (6: 3:1), and the anthers stained in alcoholic hydro- 
chloric acid carmine (Snow, 1963) followed by aeeto-orcein. Chromosome pairing and chiasma 
frequency were recorded in 90 fo 135 PMCs. 

Results 

The spontaneous migrat ion of chromat in  from one pollen mother  cell (PMC) to 
another  was observed in each of the three genotypes.  Bridges joining two adjacent  
cells, sometimes three, were clearly visible, with bivalents moving from one cell 
into another  (Figs. 1 and 2). As a result of this passage of bivalents PMCs occurred 
within each plant  with chromosome numbers  deviat ing from the basic diploid 
complement.  The frequency distribution of the PMCs with different chromosome 
numbers  in the three plants is presented in Table 1. 

I n  genotype B424-6, a plant  derived direct ly from a wild populat ion,  24.4% 
of the PMCs were abnormal  with chromosome numbers  ranging from 2 to 26 per 
cell (Fig. 4). The remaining two plants, B512-67/1 and B512-761/3 showed a 
higher f requency of aberrant  cells, - -  33.3% and 34.8% respectively. I n  both of 
these plants the major i ty  of the deviant  cells were tetraploid with 28 chromosomes, 
together  with a few hexaploid cells (Figs. 5 and 7) but  in B512-761/3 cells with up 
to 58 chromosomes were observed (see Table 1). 

I n  all aneuploid cells, the chromosomes paired as bivalents and orientation on 
the metaphase  plate was regular. Anaphase 1 analysis revealed tha t  some cells 
contained variable separations such as 13:13, 11 : 15 and 8:8  (see Figs. 3, 6 and 8) 
in addit ion to 7 : 7, 14 : 14 and 21 : 21 separations. At  the second meiotic division, 
cells with abnormal  chromosome numbers  were observed with approximate ly  the 
same frequency as found in meiosis I. The occurrence of cells with more than  28 
chromosomes would indicate tha t  in some instances more t h a n  two cells had been 
involved in the migrat ion of chromatin.  Associated with the differing ploidy 
levels were marked differences in size of PMCs suggesting tha t  the process of 
transfer involved cytoplasmic as well as chromat in  material.  

Discussion 

Several explanations for the process of eytomixis have been put  forward. 
Mar6chal (1963) proposed tha t  nuclear fragments  and entire nuclei pass from one 
cell to  another  via plasmodesmata,  whilst Heslop-Harriso~, (1964) suggested the 
existence of "communica t ing  channels".  Wi th  regard to the former explanat ion it 
is difficult to  envisage how nuclear material  could pass through such fine pores 
and, furthermore,  implies the r andom nature  of the phenomenon.  The present 
observations indicate tha t  "communica t ing  channels" (Figs. 1 and 2) are formed 
which Mlow the complete or part ial  migrat ion of cell contents from one or more 
PMCs to another.  Tha t  this phenomenon was found in only three plants, which 

Figs. 1--8. The bars represent 10 ~m. Fig. 1. Cytomixis in Metaphase I - -  Note the cytoplas- 
mic bridge between two PMCs and the chromatin migration from one PMC to the other. 
Fig. 2. Cytoplasmic bridge between two PMCs. Note the high number of bivMents in one cell 
which indicate that more than two cells were involved in the process. Fig. 3. Two normal cells 
with 7 bivMents at Metaphase I and one cell at Anaphase I with 21 : 21 separation. Note the 
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size difference between the two cell types. Fig. 4. Cell wi th  9 bivalents  as a result  of incomplete 
transfer  of cell contents. Fig. 5. Normal cells with  7 bivalents,  one cell wi th  14 bivalents  and a 
cell with chromatin passing into it. Fig. 6. Abnormal  Anaphase I with 8:8 separation. Fig. 7. 
Abnormal  cell with 21 bivalents. Fig. 8. Abnormal  Anaphase I with  26 chromosomes 13:13 

separation 
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Table 1. Diploid PMCs with abnormal numbers of chromosomes 

Humber of 
chromosomes 

No. of PMCs of each genotype 

B4~4-6 B51~-67/1 B512-7~/8 

2-12 6 0 0 
14 normal 68 82 88 

16-26 16 8 6 
28 0 29 24 

3040 0 0 3 
42 0 4 8 

44-54 0 0 3 
56 0 0 2 

58 and over 0 0 1 

Total 90 123 135 

Percentage of 24.4% 33.3% 34.8% 
abnormal cells 

formed part  of an extensive cytological study, together with the fact tha t  two 
of the genotypes (67/1 and 761/3) had a common parent, would suggest tha t  this 
mechanism is subject to genetic control as proposed by Brown and Bertke (1969). 
The absence of any multivalent configurations in the hyperploid cells suggests 
tha t  eytomixis in this instance occurs after the initiation of chromosome pairing 
since it would be reasonable to expect multivalents to be formed if the aberrant  
chromosome numbers had arisen before the beginning of synapsis. This is also 
supported by the fact tha t  there was an even number  of chromosomes in the 
deviant cells indicating that  chromosomes had migrated in pairs. This would also 
indicate tha t  these communicating channels probably occur after the early 
phases of meiosis and could be associated with possible changes in the structure of 
the cell wall at this time. 

The significance of cytomixis as a force in evolution is not clear. Sarvella 
(1958) suggested cytomixis as a possible mechanism which could explain the 
origin of aneuploid plants. Mar6chal (1963) claimed tha t  although the result of 
cytomixis is the production of a certain amount  of pollen with a chromosome num- 
ber less than the haploid number  the viabili ty and competitive ability of such 
aneuploid gametes would probably be reduced and therefore unlikely to be of any 
significance. On the contrary, Salesses (1970) mentioned some possible genetic 
consequences of cytomixis. He speculated tha t  the production of aneuploid 
PMCs and unreduced gametes could be an important  factor leading to spontaneous 
variation in Prunus. For example the coincidence of unreduced gametes and 
total  cytomixis could give rise to hexaploid plums by direct hybridization between 
trip]oid hybIids. 

In  the present case it is arguable whether unreduced and aneuploid gametes 
would be able to compete effectively with euploid pollen and participate freely 
in fertilization. However, if the same phenomenon occurs in the female side as 
suggested by Sarvella (1958) the absence of competition would mean tha t  these 
aneuploid gametes would function and produce aneuploid genotypes. The signifi- 
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cance of such genotypes would be less in  a crop which reproduces by  sexual 
reproduct ion t h a n  in  species which are na t u r a l l y  ma in t a ined  by  vegetat ive 
propagat ion or apomixis. Therefore the evolut ionary  significance of this phenom- 
enon would probably  be more meaningful  in genera in  which a polyploid series 
exists as being one of the methods  for producing unreduced  gametes and polyploid 
forms in  nature .  However,  considering the tota l  absence of polyploid species in 
Lolium such a role has been of l i t t le consequence in speeiation in  this genus. 
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