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Trisomics and Aneuploids of Ryegrass 
B. S. AHLOOWALIA 

P l a n t  Breeding D e p a r t m e n t ,  Agr icu l tu ra l  I n s t i t u t e ,  Oakpark ,  Carlow (Ireland) 

Summary. Primary trisomics (2 n + I = 15), double trisomics (2 n + I q- 1 = t6) and aneuploids with 24 to 30 
chromosomes, as well as a diploid and tetraploids, were found in the progeny of a hypertriploid (2 n = 22) plant  of 
perennial ryegrass, Lolium perenne L. Trisomics and double trisomics differed in their mean chromosome association, 
chiasma number and spike morphology. A few aneuploids and tetraploids had reciprocal translocations. The diploid, 
primary trisomics and tetraploids were more fertile than tile double trisomics and aneuploids. Most trisomics and aneu- 
ploids were probably produced through female transmission. One double trisomic had a high univalent  number, a low 
chiasma number  and loose chromosome coiling. Both the extra chromosomes carried secondary constrictions. The 
gene for desynapsis might be located on one of these chromosomes. 

I n t r o d u c t i o n  

Trisomics have  been isola ted and  produced  in  a 
n u m b e r  of p l an t  species, e.g. bar ley ,  Da t u r a ,  maize,  
rye, sugar  beet ,  tobacco,  t oma to  etc., and  the i r  value 
in gene loca t ion  and  chromosome m a p p i n g  has been 
well d o c u m e n t e d  (Hermsen,  1970). However ,  very  
l i t t le  is known  abou t  t r i somy  and  i ts  effects in 
ryegrasses.  

Pe renn ia l  ryegrass,  Lol ium perenne L. is a diploid 
species (2 n = 14). I n  this  species, the occurrence of 
t r isomics,  t e t rasomics  and  aneuplo ids  wi th  chromo-  
some n u m b e r s  from 15 to 18 has been repor ted  in  the 
p rogeny  of a t r ip lo id  p l an t  (Myers, t944).  T h e ' t r i -  
somics were, in general ,  weak and  had  reduced 
v iab i l i ty .  Two t r isomics  were also l is ted by  Essad 
et al. (1966), w i thou t  a n y  reference to the  pheno typ ic  
effects of the  ex t ra  chromosomes.  

I n  the  presen t  s tudy ,  tr isomics,  double  t r isomics 
and  aneuplo ids  were ob t a ined  in the p rogeny  of a hy-  
per t r ip lo id  p lan t .  This  repor t  presents  da t a  on the i r  
f requency,  meiot ic  behav iou r  and  fer t i l i ty  and des- 
cribes the effects of the  ex t ra  chromosomes on p l a n t  
morphology .  

Materia ls  and M e t h o d s  

A hypertriploid plant  (2 n = 22) was open-pollinated 
with a diploid, tetraploid and several aneuploids (2 n = 25 
to 30). The hypertriploid plant  was tetrasomic for chro- 
mosome VI and trisomic for each of the remaining six 
chromosomes, and perhaps carried the desynaptic gene 
ds in a triplicate condition (Ahloowalia, 1970). 

One hundred seeds were germinated, giving sixty-one 
seedlings. Eight of these died soon after transplanting. 
Of the surviving plants, 46 plants were examined for 
chromosome number from the pollen mother cells 
(p.m.c.'s) at first metaphase and anaphase. 

Two spikes per plant  were fixed in a solution of ethanol, 
chloroform and acetic acid (6:3: t  v/v) mordanted with 
a saturated solution of ferric chloride in 45% acetic acid 
(5 ml/100 of the fixative). Smears of p.m.c.'s were 
stained with 0.5% acetic carmine. Pollen from freshly 
dehiscing anthers was stained with a solution of 1% 

alcoholic safranin, glycerol and water (1:2: t v/v) and no 
less than one hundred pollen grains per plant  were count- 
ed to determine pollen fertility. Seed set was obtained 
by mutual  open-pollination of the progeny. 

R e s u l t s  

The chromosome n u m b e r  of the p rogeny  ranged  
from 2 n =  14 to 30. P l a n t s  wi th  2 n  = t6,  25 and  
26 were more f requen t  t h a n  the other  types  (Table t).  
If the  func t iona l  pol len from the s u r r o u n d i n g  p lan t s  
was e i ther  n = 7 or n = 14, t hen  the  zygote fre- 
quency  represents  the  f r equency  of female gamete  
fo rmat ion  a nd  t r ansmiss ion  in  the  mo the r  p lan t .  
Thus ,  egg cells n = 7 to t 6  were produced,  and  
those with n = 9, 11 and  ! 2 were formed and  t rans-  
mi t t ed  more f r equen t ly  t h a n  the other  types.  

Table 1. Frequency of zygotes, their chro- 
mosome number and likely mode of for- 

mation in ryegrass 

Chromosome Zygote Parental gametes 
number (n) >4 (n) 
(2 n) frequency c) 3 

t4 0.02 
/5 0.07 
t6 0.20 
24 o. 02 
25 0.20 
26 0.22 

27 0.11 
28 0.13 

29 0.02 

7 •  7 
8 •  7 
9 •  7 

t0 • 14 
11 x 14 
12 • 14 
t3 • t3 
1 3 •  14 
14 • 14 
13 • t5 
15 x 14 

31) 0.02 16 x 14 

Meiotic Behaviour o] the Diploid and Trisomics 

The diploid p l a n t  showed a m e a n  associat ion of 6.9 
b iva l en t s  per cell and  occasional  cells wi th  two uni -  
va lents .  One of the b iva len t s  was often present  off 
the me taphase  I plate,  and  s ta ined  very  deeply. 
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Fig. I. t I -}- 7 I I ;  Fig. 2. 6 I I  4- I III ;  Fig. 3. 2 I q- 7 I I ;  

Fig. 4. 5 li + 2 I l l  and one pair of B-chromosomes 

All the plants  with 15 chromosomes  were p r imary  
tr isomics (2 n + 1) (Figs. I and 2) and those with 
2 n = 16 double tr isomics (2 n + I + 1) (Table 2). 
The three p r im a ry  trisomics differed in their  mean  
univalent  and t r iva lent  number  per cell (Table 2), 
indica t ing tha t  the ex t ra  chromosomes  were different.  
In  the double trisomics, the ex t ra  chromosomes  either 
formed the expected  two t r iva lents  or s tayed  as 
univalents  (Figs. 3 and 4), and varied in f requency  
of univalent  and t r ivalent  format ion  (Table 2). One 
tr isomic (No. 40) had one chromosome with a large 
deletion in one arm, which ei ther  formed a hetero-  
morphic  t r iva lent  or remained as univalent .  This 
ex t ra  chromosome m a y  be a t e r t i a ry  t r isomic;  the 
expected pen tava len t  was preven ted  b y  its small size. 

Table. 2. Mean chromosome association and chiasma num- 
ber in diploid and trisomics of ryegrass 

Mean number of 
Mean No. per cell chiasmata 

Plant No . . . . . . . . . . . . . . . . . . . .  
I I I  l I I  per per 

cell bivalent * 

2 n = 1 4  
17 O.O2 6.9O -- 13.6 1.98 

2 n = 1 5  
47 0.60 6.60 0.50 14.4 2.04 

0.75 6.60 0.35 13.4 1.91 
15 0.97 6.27 0.50 14.o 2.05 

2 n = 1 6  
39 0.50 5.35 1.60 15.3 2.12 
32 0.95 5.35 t.45 1t.3 1.48 
t9 a.O5 6.O5 O.95 16.9 2.43 
11 1.t3 6.03 0.93 16.8 2.40 

7 1.20 6.05 o.9o 16.3 2.35 
30 t.3o 5.70 1.IO 13.1 1.87 
40 1.44 5.96 o.88 12.6 1.75 
t3 2.73 5.oo 1.o9 11.6 1.78 
56 4.75 4.65 o .65  8.9 1.6o 

* contributing bivalents only. 

Ano the r  double tr isomic had a pair  of B chronm- 
somes (Fig. 3) which did not  synapse  with o ther  
chromosomes.  One double tr isomic (No. 56) had  up 
to 10 univalents  per cell, with uncoiled and e longated 
bivalents .  B o t h  the ex t ra  chromosomes  were nucleo- 
lar, and f rom the size of the  t r ivalents ,  t hey  were 
perhaps  chromosomes  I I  and IV. This p lant  showed 
a reduced chiasma n u m b e r  of 8.9 per cell (see below). 
E i the r  one or bo th  of the chromosomes  m a y  ca r ry  
the gene ds which determines  desynapsis  (Ahloowalia, 
t969). 

Chiasma Number at Metaphase I 

The mean chiasma n u m b e r  of the diploid, p r ima ry  
trisomics, and double tr isomics is given in Table 2. 
Some of the  tr isomics appa ren t ly  affected ch iasma 
n u m b e r  per cell, as shown b y  the chiasma number  
(chiasma number  of bivalents /no,  of bivalents)  of the 
diploid, p r imary  tr isomics and double trisomics. This 
ranged in double tr isomics f rom 1.48 to 2.43 per 
b ivalent  (Table  2). 

Segregation at First Anaphase 

The p r ima ry  tr isomics showed segregations of 7 :8  
and 7:7 + I univalent  laggard.  I n  the double tri- 
somics (2 n = 16), however ,  segregat ions of 7:9,  
8 : 8, 7 : 7 + 2 lagging univalents ,  6 : 6 + 4 univalent  
laggards,  and 4 : 4  plus 8 univalent  laggards were 
observed.  

Obviously,  the ex t ra  chromosomes  affected the 
synapsis  and segregat ion of non-homologous  chromo-  
somes. 

Meiotic Behaviour o/Aneuploids and Tetraploids 

The mean chromosome associat ions in tim aneu- 
ploids and te t raploids  are given in Table 3. The 
aneuploid with 24 chromosomes  showed a m a x i m u m  
associat ion of 4 I I I  + 3 IV. Other  observed asso- 
ciations could be explained on the assumpt ion  tha t  
the p lant  was te t rasomic  for 3 chromosomes  and tri- 
somic for four chromosomes.  Most univalents  at 
me taphase  I resul ted from the t r iva lent  forming 
chromosomes.  In  segregat ions such as 9 : 10, 10:11 
with 5 and 3 univalents ,  t h e y  lagged and divided 
precociously.  

The plants  with 25 chromosomes  were t e t rasomic  
for four  chromosomes  and tr isomic for 3 chromo-  
somes each, since a few cells showed 3 I I I +  4 IV. 
However ,  a pen tava len t  association in one of them,  
and others such as 5 1I + I I I I  + 3 I V ,  I I + 6, I I  
+ 3 IV, and I I + 4 I I  + 4 I V ,  indicated  at least 
one reciprocal  t ranslocat ion.  These plants  showed a 
re la t ive ly  higher mean  bivalent-  and a reduced 
t r iva len t -number  per cell than  the other  two plants  
wi thou t  a t ranslocat ion.  I t  is obvious  tha t  a large 
reciprocal  t rans locat ion  in two chromosomes  present  
3 t imes each produced  a univalent  and a pen tava len t ,  
or three bivalents,  ins tead of the expected  two tri- 
valents.  In  a few cells, he te romorphic  bivalents ,  tri- 
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Table 3. Mean chromosome association at firstmetaphase Of the  th ree  p l a n t s  w i th  27 ch romosomes ,  one 
in aneuploid and tetraploids of ryegrass (No. 38) showed an occas iona l  p e n t a v a l e n t  while  

Plant Nol of ~Mean ass~ciation~at M~I -- - a n o t h e r  (No. 48) showed a con f igu ra t ion  of 7 ch romo-  
No. (2 n) pmc's I I I  -- I l l -  IV V Others somes.  Such assoc ia t ions  invo lve  c h romosome  t r a n s -  

loca t ions ,  and  could  be e x p l a i n e d  if s ix ch romosomes  
. . . . . . .  were p resen t  4 t imes  each  and  one was p re sen t  t h r ee  

lo  24 20 2.5 4.3 2.1 1.7 
3 25* 21 1.9 5.0 1.7 1.5 0.4 - 

22 25 15 1.7 3.5 2.t 2.5 
31 25* 21 1,3 3.9 1.8 2.7 
45 25 20 1.2 3.1 2.1 2.9 
53 25* 20 1.2 4.2 1-9 2.4 

4 26 23 1.1 4.7 /.3 2.9 
14 26 10 0.8 3.3 1.4 3.6 
21 26* 11 1.7 4.7 1.6 2.4 0.1 -- 
23 26 20 0.8 4.2 1.5 3,1 
42 26 10 1.4 2.6 2.2 3.2 
46 26* 13 7.2 4.2 1.3 1.3 0.2 -- 
57 26 ~4 1.4 5.2 1.2 2.6 
58 26 20 0.9 4.3 1.7 2.9 

36 27 10 --  1.8 l .o 5.1 
38 27* 20 1.7 5.0 1.6 2.7 0.2 
48 27* 20 1.o 4.9 0.8 3.4 -- 

59 29 20 0.6 3.7 0.5 4.6 0.3 
41 30* 20 1.1 3.5 1.3 3.2 1.1 

24 28 12 -- 4.7 -- 4.6 
33 28* 2O 1.4 4.0 0.8 3.6 O.2 
34 28 2O O.6 5.6 0.3 3.8 
61 28 22 0.3 7.1 0.2 3.2 

0.05 VII  

0.05 VI 

o.1 VI 

t imes .  A n a p h a s e  I s eg rega t ions  such as 13:14,  
t 2 : 1 4 ,  12:13,  12:12,  1 t : 1 2  wi th  0 to  4 u n i v a l e n t  
l agga rds  were c o m m o n  in such p lan t s .  

The  single p l a n t  w i th  2 n ~ 29 showed the  ex-  
pec t ed  assoc ia t ion  of 6 IV + I V and  al l  the  o t h e r  
a ssoc ia t ions  sugges ted  t h a t  one c h r o m o s o m e  (VI or  
VI I )  was p re sen t  f ive t imes .  This  p l a n t  showed  
a n a p h a s e  I segrega t ions  of 14 : t 5, 14 : 14 + I l agga rd  
a n d  t 3 : 1 5  + I l aggard .  

Tile p l a n t  w i th  30 ch romosomes  showed the  ex-  
pec t ed  2 p e n t a v a l e n t s  occas iona l ly ;  however ,  a hexa-  
v a l e n t  t o g e t h e r  wi th  2 IV  + 7 I I  + 2 I, or asso- 
c ia t ions  such as 1 I + I I I I  + 4 I V  + 2 V  or  2 I  + 
+ 2 I [  + 6 IV  etc. ,  were also o b s e r v e d  and  could  
no t  be a c c o u n t e d  for unless  one he t e rozygous  reci-  
p roca l  t r a n s l o c a t i o n  was also p resen t .  This  p l a n t  
showed segrega t ions  of 13 : 17, t 4 : 16, 15 : 15, 14 : 15 + 1 
l agga rd ,  13 : 15 + 2 l agga rds  etc.  

Seven q u a d r i v a l e n t s  were seen in a few cells of t he  
t e t r a p l o i d s .  One t e t r a p l o i d  (No. 33), however ,  h a d  
a p e n t a v a l e n t  and  a h e x a v a l e n t ,  sugges t ing  the  

* likely presence of a reciprocal translocation in the genome. 

v a l e n t s  a n d  q u a d r i v a l e n t s  con f i rmed  the  presence  of 
a r ec ip roca l  t r a n s l o c a t i o n .  P e r h a p s  h e t e r o m o r p h i c  
b i v a l e n t s  a n d  m u l t i v a l e n t s  i n v o l v e d  d i f fe ren t  t r ans -  
l oca t ions  in p l a n t s  w i th  t he  same  ch romosome  n u m -  
ber .  I n  one. p l an t ,  one c h r o m o s o m e  of t he  he t e ro -  
m o r p h i c  b i v a l e n t  was ac rocen t r i c ,  while  in the  o the r s  
such  ch romosomes  h a d  m e d i a n  to  s u b m e d i a n  cen t ro -  
meres .  

P l a n t s  w i th  25 c h r o m o s o m e s  showed  12:13 segre-  
g a t i o n  a t  a n a p h a s e  I in  a b o u t  30% of t he  cells. 
O the r  segrega t ions ,  such  as 11 :14  ( t 3 % ) ,  12 :12  + 1 
l a g g a r d  (13%) a n d  11:12  q- 2 l agga rds  (20%),  were 
also obse rved .  T y p e s  such as 1 0 : t 5 ,  t 0 : 1 4 ,  10:13 
and  t 0 : 1 0  w i th  0, 1, 2, a n d  5 u n i v a l e n t  l a g g a r d s  were 
r a r e l y  seen. The  l agg ing  ch romosomes  a lways  d i v i d e d  
p recoc ious ly  and  s i s te r  c b r o m a t i d s  were u sua l l y  
i n c l u d e d  in t he  t e l o p h a s e  I nuclei .  

Most  p l a n t s  w i th  26 c h r o m o s o m e s  showed  asso-  
c i a t ion  of 2 I I I +  5 IV,  i n d i c a t i n g  t h a t  two ch romo-  

presence  of two rec ip roca l  t r ans loca t i ons .  The  an t i -  
c i p a t e d  assoc ia t ion  of 7 q u a d r i v a l e n t s  was no t  seen;  
i n s t ead ,  6 IV  + t I I I +  2 I were observed .  Ye t  an-  
o the r  t e t r a p l o i d  (No. 61) h a d  a h igh  b i v a l e n t  n u m b e r  
pe r  cell and  the  sp ikes  were h igh ly  a b n o r m a l .  

Fert i l i ty  

A m o n g  the  c ha r a c t e r s  of pol len  fe r t i l i ty ,  sp ike  
numbe r ,  and  seed set,  on ly  the  f i rs t  c h a r a c t e r  was 
a s soc ia t ed  wi th  c h romosome  n u m b e r  (Table  4). The  
mean  pol len  f e r t i l i t y  of d ip lo id ,  p r i m a r y  t r i somics  
and  t e t r a p l o i d s  was h igher  t h a n  of a n y  o t h e r  t y p e  
of aneup lo id .  Spike  n u m b e r  pe r  p l a n t  d id  not  show 
a n y  specif ic  p a t t e r n ,  b u t  seed set  per  sp ike  was the  
h ighes t  in 2 n = 28 p l a n t s  and  dec l ined  in p l a n t s  
w i th  e i ther  h igher  or lower c h romosome  n u m b e r .  

"Fable 4. Fertility of diploid, trisomics, aneuploids and 
tetraploids of perennial ryegrass 

Chromo- Pollen fertility No. of spikes Seed No./spike 
some No. (%) per plant 

somes  were  p r e sen t  3 t imes .  
(No. 21 a n d  46) showed  an  occas iona l  p e n t a v a l e n t .  14 
Such  as soc ia t ions  sugges t  a r ec ip roca l  t r ans loca t i on .  15 
A l t e r n a t i v e l y ,  one c h r o m o s o m e  was p r e se n t  f ive 16 
t imes ,  four  ch romosomes  p re sen t  four  t imes  each,  24 

25 
one p r e s e n t  t h r ee  t imes  and  one p r e sen t  twice.  One 26 
of these  p l a n t s  showed  up  to  15 p recoc ious ly  d i v i d e d  27 
u n i v a l e n t  l agga rds  wi th  5 : 6 seg rega t ion  a t  a n a p h a s e  I. 28 
Othe r  p l a n t s  showed  segrega t ions  such as t 1 : 1 5 ,  29 
13:13 and  12"13 + t u n i v a l e n t  l aggard .  3o 

H o w e v e r ,  two  p l a n t s  (2 n) Range Mean Range Mean Range Mean 

- -  9 0  - -  6 - -  1 

76--87 80 t4 - -28  21 1 --3 2 
13--78 46 2--45 20 1--5 2 

- -  6 8  - -  3 - -  0 

35--86 58 7--30 17 1 6 3 
10--86 65 3--35 19 1--16 7 
48--89 75 2--24 9 3 - -9  6 
49--96 81 4--30 22 1--18 8 

- -  6 6  - -  t 9  - -  6 

- -  5 1  - -  2 5  - -  4 
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Morphology 

The trisomics, double trisomics and aneuploids 
showed marked differences in their  morphology,  i.e. 
leaves and spikes. Most of the plants were highly 
vigorous and tillered profusely. In leaf shape, tri- 
somics and double trisomics approached the diploid 
plant,  while aneuploids with 24 to 30 chromosomes 
resembled the tetraploids. The diploid, trisomics and 
double trisomics could-be  distinguished from the 
other aneuploids and tetraploids by  their  narrow 
leaves, thinner and slightly smaller spikes, and fewer 
florets in their spikelets. Some plants  with 2 n ~-- 26 
had compact  spikes. In one double trisomic and 
one 25-chromosome aneuploid, the rachis was very 
thin and elongated. One tetraploid,  a double trisomic 
and a 25-chromosome plant  showed viviparous devel- 
opment.  The compaction,  crinkling and in some 
cases branching of the rachis at the internodes, gave 
most  of the trisomics and aneuploids a very distinctive 
appearance compared with the normal  diploid and 
tetraploid plants  (Figs. 5--9).  

Fig. 5. Extreme left: Diploid. Right: Prinlarv trisomics 

Fig. 6. Extreme left: Diploid. Right: Double trisomics Fig. 7. Extreme left: Diploid. Extreme right: Tetraploid. 
Middle : Aneuploids with 25 chromosomes 

Fig. S. Extreme left: Diploid. Extreme right: Tetraploid. Fig. 9. Extreme left: Diploid. Extreme right: Tetraploid. 
Middle: Aneuploids with 26 chroinosonms Middle: Aneuploids with 27 chromosomes 

Figs. 5--9. Spikes of diploid, trisomics, aneuploids and tetraploids 
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D is cu s s ion  
The survival  and part ial  fert i l i ty of trisomics and 

double trisomics with highly vigorous growth habit  
opens up the possibility of chromosome mapping,  
gene location and chromosome transfer,  hi ther to 
lacking for ryegrasses in general and L. perenne in 
part icular .  Although the ext ra  chromosomes have 
not been identified yet, the var ia t ion in meiotic 
behaviour ,  fertili ty, and morphology of trisomics 
s trongly suggests tha t  they  represent  the seven differ- 
ent chromosomes of the genome. Hence, the seven 
p r imary  trisomics in perennial ryegrass could be 
isolated and are likely to show the characterist ic 
phenotypes  known for the trisomics of Datura, 
t oma to  and tobacco (Ref. Hermsen,  1970). The 
range in chromosome number  in the present  s tudy  
is parallel with tha t  of the pale-sterile asynapt ic  
genotype in Nicotiana tabacum L. used for obtaining 
monosomics and trisomics (Clausen and Cameron, 
1944). The mother  plant  in the present  s tudy  was, 
however, desynaptic.  Thus the value of asynapt ic  
and desynaptic  genotypes in obtaining new variants ,  
an essential step in the improvement  of any crop, 
can be fully appreciated.  

Some of the trisomics and double trisomics ob- 
tained are highly vigorous compared with the weak 
types  repor ted by  Myers (1944). Since no fur ther  
reports  appeared on trisomics, it is assumed tha t  
most  of the mater ia l  developed by  Myers was lost. 

Some of the chromosome associations in the 
aneuploids and tetraploids,  and the presence of a 
deleted chromosome in a double trisomic, suggest 
tha t  chromosome breakages in the mother  plant  
produced reciprocal t ranslocations and deficiencies. 
This suggests the possibility of obtaining more te r t ia ry  
trisomics and establishing new linkage groups. 

The meiotic behaviour  in the aneuploids and tri- 
somics suggests tha t  most  of the aneuploids are pro- 
duced by  transmission through the egg cell, as pro- 
posed for aneuploids in an earlier report  (Ahloowalia, 
t97t) .  If  the zygote f requency represents the fre- 
quency of egg cell t ransmission (since pollen t rans-  
mission will be equal to one), then egg cells with 
n = 7 to 16 chromosomes are viable, bu t  are selec- 
t ively fertilized, i.e. egg cells with 7 to 9 chromosomes 
combine with 7-chromosome pollen, while the egg 
cells with 10 to 16 chromosomes are fertilized with 
pollen with 14 chromosomes (Table 1). Absence of 
the expected zygotes with t7 to 23 chromosomes 
would also emphasize a mechanism of selective 
fertilization. Further ,  it appears  tha t  the egg cells 
with n = 9, 11 and 12 are more viable than  the 
other types.  I t  is possible, however,  t ha t  the in- 
creased viabi l i ty  also reflects the formation of egg 
cells with certain chromosome numbers.  The mother  
plant  had shown chromosome segregations of 8:9, 
8:12, 9:9, 9:10, 9:12, 10: t2 ,  1 t : 1 t  with varying 
numbers  of univalent  laggards at the first anaphase 
in the pollen mother  cells (Ahloowalia, t970). A 

similar pa t te rn  of segregation might  occur in the 
formation of the egg cells. Thus, egg cells with 9, t 1, 
and 12 chromosomes both  form and function more 
frequent ly  than  the other types,  so tha t  zygotes with 
t6, 25 and 26 chromosomes are more frequent than  
the other types.  

The variat ion in univalent  and chiasma number  of 
p r imary  and double trisomic warrants  a comment  
here. E x t l a  chromosomes, when present as bivalents,  
contr ibuted to chiasmata  in varying numbers,  sug- 
gesting in t ragenomal  differences in ehiasma control. 
Since the female parent  carried the desynaptic  gene 
in triplicate, some of the double trisomics could carry  
the same gene in a heterozygous (Ds ds ds) condition 
and perhaps  show part ial  expression. One such 
double trisomic had a reduced chiasma number,  and 
the two ext ra  chromosomes were associated with 
the nucleolus, which in turn  is the main organelle of 
RNA synthesis. I t  is thus t empt ing  to correlate 
these observat ions and surmize tha t  defective RNA 
synthesis in a genotype of Ds ds ds m a y  be involved 
in post-chromosomal  synaptic  stages --  e.g. conden- 
sation, coiling, chiasma format ion and terminali-  
zation. However,  such a hypothesis  needs critical 
exper imental  evidence. Perhaps  the cistrion for this 
control is located on one of the two nucleolar chromo- 
somes (II  or I I I ) .  

The trisomics and aneuploids showed marked  
differences in their  leaf and spike morphology.  In 
a previous report ,  it was s ta ted tha t  aneuploids with 
26 to 30 chromosomes could not be distinguished 
from the tetraploids (Ahloowalia, t971). I t  appears  
tha t  the highly heterozygous nature  of the aneuploids 
masks the effects of ext ra  chromosomes. The mother  
plant  in the present  s tudy is of inbred origin. Fur ther  
inbreeding by  sib-mating should produce still more 
marked  differences between the different trisomics. 
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