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Chromosome Behavior in a Hypertriploid Plant of Ryegrass 
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Summary. A hypertriploid (2,z -- 22) was detected in the progeny of a desynaptic diploid (2,~ = ~ 4) plant of peren- 
nial ryegrass, Lolium peren~,,e L. The hypertriploid did not differ in morphology from its maternal-sib diploids, but 
showed larger stomata and pollen. The microsporocytes showed a mean chromosome assdciation of 4.3 I -- 3.4 11 { 
3.2 l l I +  0.3 IV at metaphase I with a mean chiasma number of 14.4 per cell. The 33 types of observed chromos(mle 
configurations could be explained by assuming that  the plant was trisomic for 6 chromosomes and tetrasomic for one 
chromosome. Karyotype analysis confirmed the above assumption and revealed tetrasomy of chromosome number V1. 
However, two chromosoine associations, I 1 # 4 i1 !- 3 I l l  + I IV and 2 [ t 5 i i  ~ 2 I I l  - I IV suggested tht: 
presence of displaced duplications within the genome of ryegrass. The tetrasomic chromosome formed mostly a quadri- 
valent, which often broke down to form 2 II or I i ~ I l I I  and rarely 2 I --~- I 1[ or 4 univalents. Most of the univalents 
arose from the trisomic chromosomes and divided precociously at anaphase [, producing diads and tetrads with un- 
equal chromosome numbers. The plant was highly sterile and set no seed on controlled crossing. 

Introduct ion  

Perennial  ryegrass, Lolhtm perenne L. is a diploid 
(2n = 14) species. The in ter -pol l ina t ion  of diploids 
with induced te t raplo ids  seldom, if ever,  produces 
viable t r iploids (Griffiths and Pegler,  t964). A rare 
case of t r ip lo idy  was described by Myers (1944), who 
ob ta ined  a single t r iploid  p lan t  (2n 2t) by, pol l inat-  
ing a te t rap lo id  with diploids. The progeny of this 
t r iploid,  obta ined  by pol l inat ion with  diploids, in- 
c luded a large number  of aneuploids such as triso- 
mies, te t rasomies ,  etc., wi th  chromosome numbers  
ranging from 2n = 14 to t8. The avai lable  in for -  
mat ion  on chromosome behav ior  in t r iploid  ryegrass  
is thus  l imited.  

Dur ing inves t iga t ions  on desynapsis  in diploid and 
te t rap lo id  clones of ryegrass,  a hyper t r ip lo id  2n = 22 

was de tec ted  in the progeny of a desynapt ic  diphfid 
plant .  This paper  reports  the behav ior  of chromoso-  
mes dur ing meiosis in pollen mothe r  cells of this near- 
t r iploid plant .  

Materia ls  and M e t h o d s  

The hypertriploid plant was ohtained in the progeny of 
a diploid desynaptic seed parent which had been open- 
pollinated with normal diploids and desynaptic tetra- 
ploid clones. The hypertriploid was increased vegetatively 
into 15 clones and grown in a glass house along with its 
maternal-sib diploids. The somatic chromosome number 
was determined from root tip squashes stained with 
aceto-orcein, and meiosis was studied in microsporocytes. 

The techniques for studying the somatic and meiotic 
chromosomes were the same as described earlier (Ahloo- 
walia, 1969a). All photomicrographs were made from 
freshly prepared slides at an original magnification of 
x 1 o(~0, by using Kodak ortho-metallographic plates. 

Fig. 1. I,~aryotype of hypertriploid, note tetrasomy for chromosome No. \:I 
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R e s u l t s  

Morphology: The hype r t r i p lo id  p lan t  could not  be 
d i s t ingu i shed  from diploid  ma te rna l - s ib s  by  any  
visible morpholog ica l  cha rac t e r  such as leaf shape and  
size, spike morphology ,  f i l le t ing c a p a c i t y  or g rowth  
vigor  etc.  The hyper t r ip lo id ,  however,  had  longer 
s t o m a t a  (~2.6 u) t han  t ha t  of the  dit)loids (42.1 g). 

Karyotype oJ somatie chromosomes: A s t u d y  of the  
id iogram pret )ared from the root  t ip  squashes  showed 
tha t  the  p l an t  under  s t u d y  had  22 chromosomes  of 
which six ( I I V  and VII)  were presen t  '~ t imes  each 
and one (No. VI) was present  four  t imes  (Fig. 1). 
The l a t t e r  is a sub-med ian  ch romosome  and  is s l igh t ly  
longer than  the shor tes t  ch romosome  (VII)  in the  
genonle.  

(Tkromosome association at metalbkase 1 : The nficro- 
sporoeytes  at  m e t a p h a s e  I showed a high f requency  of 
un iva len ts ,  ranging  from zero to t 2 per  cell, a l though  
it was not  possible to f ind unpa i r ed  un iva l en t s  a t  
pachy tene .  There  was a wide va r i a t ion  in observed  
chromosome associa t ions  (Figs. 2 - -~)  and  :$3 d i f ferent  

Tal)lc 1. l'ariatio,z oJ chromosome 
configurations in microsporoo, tes 

at melaphase I 

.NO. of ( ' h ron loso l i l e  ~tssociation 

cells 1 l [ l 11 IX." 

1 - 6 1 
3 1 1 5 1 
1 3 --- 5 1 
S 2 2 4 1 
6 3 3 3 1 
l 5 2 3 l 
1" 1 4 3 1 
1" 2 5 2 1 
2 4 4 2 1 
2 6 3 2 1 
1 5 5 I 
3 7 4 l 1 
4 - 2 6 - 
2 2 / 6 
3 l 3 5 
3 3 2 5 
2 5 / 5 
S 2 4 4 
7 4 3 4 
3 6 2 4 - 
5 3 5 3 
6 5 4 3 

7 3 3 
2 9 2 3 
2 11 1 3 
3 4 6 2 
2 6 5 2 
3 8 4 2 
4 5 7 1 
3 7 6 I 
4 9 5 1 - 
2 11 4 1 
1 12 5 

* [hlexpected associations, inchuh. 
I achiasmatic bivalent each. 

t ypes  of conf igura t ions  were found in one h u n d r e d  
cells (Table I). The m a x i m u m  and m i n i m u m  associa-  
t ions observed  were 6 I I I  -b I IV and 1 2 I - 4  5 I I  
r espec t ive ly  ; the  mean  associa t ion  was 4.3 1 - -  3.4 I I  + 
+ 3.2 I I I  + 0 3  IV per  cell. The obse rved  chromo-  
some conf igura t ions  could be accoun ted  for b y  assum- 
ing t ha t  six chromosomes  were presen t  three  t imes  
each and one was presen t  four  t imes.  In  two cells, 
however,  chromosolne  associa t ions  of 2 I + ~ I I  + 
+ 2 l I I +  I IV and 1 I + 4 1 I - -  ~ I I I +  I IV were 

observed.  F, ach of these associa t ions  inc luded one 
ach iasmat ic  b iva len t ,  sugges t ing  t ha t  a t  least  two 
nonhomologous  chronmsomes  wi th in  the  genome 
shared  some homology.  

The observed  q u a d r i v a l e n t  f requency  of ().~ per  
cell was lower t han  the expec ted  of one per  cell. The 
( luadr iva len t  forlning chromosonms often formed two 
b iva len ts ,  somet imes  ! i ~ 1 I I I  and  very  r a re ly  
21 + 1 I I  or 4 I .  Most of the  un iva len t s  a p p e a r e d  
to or ig ina te  from the t r i va l en t  forming chromosomes.  
Near ly  f i f ty  per  cent  of the  cells had  3 - - 4  t r iva len t s ,  
6~ ~ had 2 - - 4  b iva l en t s  and  abou t  600.. o, showed 2 -  
un iva l en t s  ( ' fable  2). 

Chiasma number at melaymse I:  The ch iasma 
number  in the  hype r t r i p to id  ranged from 7 to 23 with 
a mean  of t4 .4  z~ ~.4 per  cell or 0.6 per  chromosome.  
This  number  was lower t han  t h a t  of d ip lo id  m a t e r n a l -  
sibs Ds ds, with  1 to  0.9 c t f iasmata  per  ch romosome  
bu t  near ly  the  same as of d ip lo id  ma te rna l - s ib s  ds ds, 
with 0.~ to  0.8 c h i a s m a t a  per  ch romosome (Table 3). 
The hype r t r i p lo id  had  a lower n u m b e r  of c h i a s m a t a  
per ch romosome than  t h a t  of the  t r ip lo id  (I.42) 
r epor t ed  b y  Myers (1944). 

An increase  in n u m b e r  of c h i a s m a t a  was s t rong ly  
assoc ia ted  wi th  an increased  n u m b e r  of t r i va l en t s  
per  cell (Fig. 4). The increase  in n u m b e r  of un iva l en t s  
and  b iva len t s  reduced  the chias lna  n u m b e r  (Figs. S- -  
6). 

Segregation at anaphase I and subsequent stages: 
Various kinds  of segregat ions  such as 10 : t 0 ,  10:9,  
9 :9 ,  9 :8 ,  8 :12 ,  8 : 6 w i t h  2, 3, 4, 5, 2 a n d g u n i v a l e n t  
l aggards  were observed.  The 11:11 segregat ions  

Fi~ 2. 71 ', 0[1 1 III t"it~ 3 . { , 1  i 311 2111 1 1 IV 

lqg. 2 ;. ( 'hloll]l)soH|e associa t ion a l  l l / e t ap ]Hl s t ,  ] 
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Fig. 4. Trivalcnts 

l:igs 4 (i. Inter-relationship of chiasma 

5 
Number 01 biv01ents/cett 

];ig. 5- llivalents 

Iltlllll)CF a l ld  ChFOIllOSOlIIC associations at lnetaphase I 

4 i ~ 
Number of univolents/ce[I 

l,'ig 6. 1711ivalcnts 

l:ig. 7. Anaphasc 1, 9:9 segregation with 4 preco- 
ciously dividin R univalents 

Vig. 9. A diad at t)rophase I[ with 9 chromo- 
SOi l ]US a l l d  one chromatid 

lqg. S. Telophase I nuclei with chromatin lllaSScs 
and micronuclei 

occurred in about  8~ of the microsporocytes.  The 
un iva len t s  near ly always divided precociously;  the 
sister chromat ids  were most ly  inc luded in opposite 
nuclei at telophase I bu t  sometimes formed micro- 
nuclei (Figs. 7--8) .  At telophase II ,  however, a num-  
ber of chromat ids  appeared as 1--~ micronuclei  or 
chromat in  masses in the cytoplasm. Such segrega- 
t ions produced diads and tetra(Is with unequal  chro- 
mosome numbers  (Figs. 9 10). 

Fig. 1o. Anaphase I I showing unequal chromosome 
immbers in resulting tetrads 

Fertility: The hyper t r ip loid  p lant  showed a high 
degree of sterili ty.  Wi th  alcoholic-safranin (Essad, 
1962), about  54% of the pollen appeared to be normal  
bu t  included pollen grains of va ry ing  sizes. However,  
when germina ted  on 20~ sucrose solut ion with 1 o.~, 
boric acid, only I--2~ of these pollen produced 
pollen tubes. It is likely tha t  the differences in pollen 
size were related to varying  chromosome numbers  in 
them. A comparison (ff the large-sized pollen of the 
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Table 2. Percentage of microsporocytes wilh varying num- 
ber o/c]u'omosolne associations 

Type of 
associ~ttion 

Nulnber of associations 
per cell 

(~ 1 2 3 4 5 6 7 S - - 1 2  

Unix,alents 5 7 19 15 12 14 7 7 14 
Bivalents 1 9 21 19 25 14 6 .... 
Trivalents  l 17 | 3 24 26 12 7 
Ouadrivalents  71) 3o . . . . . . . .  

Table 3. Chiasma number at melaphase I in diploid and 
hyperlriploid microsporocyles 

*.Mean N{}. Chiasnmta 

~llSpecte([ 211 ~Ie~lll Assoc. I )er Per Vari- 
(;enotype at MI cell chromo- ante 

SOl]le 

I)sds  i 4  7.()() 11 13.3 0.9 3.1 
1)s ds 14 7.OO Ii  14.4 1.() 1.8 
l)s ds 14 7.0O 11 13-3 O.9 3.3 
l)s ds 14 7.0() 11 14.() 1.() 1.4 
l )sds 14 7.0()11 12.9 ().9 2.6 
dmds 14 6.68 II 11.() ().8 6.5 
dsds  14 5.8{) II 7.() ().5 2.4 
ds ds ds 22 4.3 I = 3 .4  11 + 

3.2 I11 5-().3 IV 14.4 <6 i l .7  

* B a s e d  (m a m i l f i n m m  of  25  c e l l s .  

h y p e r t r i p l o i d  and  d ip lo ids  showed tha t  pollen from 
the  former  measu red  on an average  36.4 E\ • ~1.9/x 
and t h a t  of the  l a t t e r  } t .0b ,  • 28.6bt. The d ip lo id  
pol len of a Ds ds ma te rna l - s ib  showed 91.3% s ta in-  
ab i l i ty .  The  hype r t r i p lo id  set no seed on cont ro l led  
po l l ina t ion  with (Is ds diploids.  

D i s c u s s i o n  

The study" (of k a r y o t y p e  and  chromosome behav io r  
a t  m e t a p h a s e  I showed t h a t  the  p lan t  was a near-  
t r ip lo id  ( 2 n -  22) in which six ehronmsomes  were 
presen t  three  t imes  each and  one was presen t  four 
t imes.  The n a t u r a l  s u r v i w d  of such a p l an t  is a rare  
event .  This  p lan t  could or ig ina te  e i ther  when an 
aneuplo id  egg cell n 8 was fer t i l ized bv  n = 14 
male  game te  from a t e t r ap lo id  p lan t  or a haph)id egg 
('ell n 7 was fer t i l ized by  an aneuph)id  n : :  I ~ p()l- 
len. Al though,  it  is usual to assume tha t  t ransmiss ion  
of aneup lo idy  is be t t e r  th rough  the female than  male 
gametes ,  no o ther  a n e u p M d s  were found in the  pro- 
geny  of the  female parent .  The female pa ren t  as well 
as the  remain ing  p rogeny  were all diploids.  Since 
ch romosome  segregat ions  of 13:1~ at  anaphase  i 
have often been obse rved  in mic rosporocy tes  of nor-  
mal  as well as de synap t i c  t e t raph) ids  (Ahloowalia ,  
/967, 1969a), it  would al)l)ear t ha t  an aneuph) id  
t)()llen (n 1 S) had fert i l ized a hat)h)id (n 7) egg 
cell. 

The hype r t r i p lo id  p lan t  showed a higher  n u m b e r  of 
un iva len t s  per  cell and  a lower n u m b e r  of c h i a s m a t a  
per  ch romosome than  t ha t  r epo r t ed  for the  t r i p M d  
b y  Myers (1944), even though most  of the  un iva l en t s  
o r ig ina ted  from the t r i va l en t  forming chromosomes.  
The exp lana t ion  for the  difference be tween  the  two 
( t r i p M d  and hyper t r ip lo id )  is in the  na tu re  of the i r  
origin. The hype r t r i p lo id  o r ig ina ted  from a desynap -  
tit" d ip lo id  (ds ds) and t e t r ap lo id  (ds ds ds ds) and 
hence had the geno type  ds ds ds, assuming t h a t  the  
e x t r a  chronmsome (No. VI) did  not  carryo the gene ds. 
Since the ds gene has been shown to be the rmosens i t i -  
ve (Ahloowalia ,  1969b), the  wide v a r i a b i l i t y  in 
chromosome associa t ion  and a high n u m b e r  o ( u n i -  
va len t s  perhaps  resul ted  from t e m p e r a t u r e  va r i a t ions  
in glass house. This would also account  for the  ab-  
sence of unt)aired chromosonms at  p a c h y t e n e  and 
thei r  high f requency at  m e t a p h a s e  1. 

The chromosome conf igura t ions  of 2 i q ~ II q 
~- 2 I I l q -  I I V a n d  t [ + 4 1 i  + ~ [I1 q- t IV were 

unext)ected,  since the number  of b iva len t s  plus tr i-  
va len t s  should  not  exceed six when a q u a d r i v a l e n t  
was t)resent. Each of these associa t ions  included an 
ach iasmat ic  b iva len t .  Such " i l l e g i t i m a t e "  pa i r ing  of 
n(m-honaologous chromosomes  was also observed  t)v 
Myers (t944). I t  is obvious  t h a t  a very  small  in ter -  
ca l a ry  t r ans loca t ion  or a d i sp laced  dup l i ca t ion  wi th in  
the  genome would  resul t  in a s imi lar  conf igura t ion .  
Since a p e n t a v a l e n t  or two quad r iva l en t s  were not 
observed,  it would  a p p e a r  t h a t  d isp laced  dup l i ca t ion  
showed up as an aeh iasmat ic  b iva len t ,  pa r t i cu l a r ly  
when a synap t i c  gene m u t a t i o n  was also present  wi th in  
the  genome.  Such d i sp laced  dup l i ca t ions  indeed may  
be common wi th in  the  species Loll.urn perenne. 
Myers (t944), s t a t ed  tha t ,  " a m o n g  the seven chromo-  
somes of the  haplo id  set numerous  dup l i ca t ions  bo th  
wi th in  and be tween ch romosomes"  would be expec ted .  

Since the hype r t r i p lo id  did  not  differ  in morpho-  
logy from the  diploid  mate rna l - s ibs ,  such p lan t s  
would remain  unde t ec t ed  even if t hey  were formed 
more f r equen t ly  than  found. Such a behav io r  is 
d i f ferent  from tha t  of the  in tergener ic  a t l o t r i p M d s  of 
ryegrass  and meadow fescue (Festuca pratensis),  
where both  the syn the t i c  as well as n a t u r a l  hyb r id s  
can be d i s t ingu ished  from the i r  dit)loid pa ren t s  and 
hybr ids  (Ahh)()walia, 196~ ' Essad,  1962 ; Wit ,  1964). 

The high s t e r i l i ty  of the  hypertr iph>id once again  
is d i f ferent  from the pa r t i a l  fertility, of the  t r iph) id  
rep()r ted by  Myers (t944). This  can be exp la ined  
again by  desynap t i c  na tu r e  of the  h y p e r t r i p l o i d  r a the r  
than  to the  presence of the  e x t r a  chromosome.  I t ,  
however,  r emains  to be s tud ied  if f e r t i l i t y  m a y  be 
res tored  by  growing the clones at  a low t e m p e r a t u r e .  
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