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Abstract

Tissue  culture was used in  an attempt to obtain a fertile  perennial ryegrass  Y tall fescue hybrid.
Regenerated hybrid plants were found to be morphologically vatiable  and contam extenswe  chromosome
rearrangements. Spontaneous chromosome doubling had occurred as well as chromosome elimin8tion.
though no fertile hybrid plants have been obtained to date.
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INTRODUCTION

In creating a hybrid between perennial ryegrass  (Lolium  perenne) and tall fescue
(festuca  arund inacea) ,  i t  i s  poss ib le  to  comb ine  the  genera l  pa la tab i l i t y  o f  pe renn ia l  ryegrass
with the hardiness and persistence of tall fescue. Hybrids created have been generally

sterile, though fertility can be restored by doubling the chromosome number. Chromosome
doub led  p lan ts  have been found to  be  uns tab le  and exper ience chromosome loss .  Thus  one
o f  the  ma in  obs tac les  in  b reed ing  a  perenn ia l  ryegrass  x  ta l l  fescue hybr id  i s  overcoming the
prob lem of  hybr id  ins tab i l i ty .

Who le  p lan ts  can  be  regenera ted  f rom p lan t  ce l l s  g rown in  t i ssue  cu l tu re .  Ce l l s  cu l tu red

as a callus (unorganised group of cells) can undergo sponteaneous permanent changes
(somaclonal variation) and some of this variation is reflected in the plants (somaclones)
regenerated from callus cultures (Larkin & Scowcrofl 1981). Somaclones derived from the

same parent have been found to differ in a variety of characters such as leaf width, tiller
dens i ty ,  hab i t  and chromosome number  and s t ruc ture .

The  techn ique  o f  t i ssue  cu l tu re  o f fe rs  a l te rna t i ve  approaches  to  ob ta in ing  fe r t i l e ,  s tab le

perennial ryegrass  x tall fescue hybrids through tissue culture induced mutation, chromo-
some doubling or introgression. The rate of spontaneous mutation generated is very high
when compared to natural spontaneous mutation rates (Evans & Sharp 1986) and thus it is

possible that a fertile variant may be created by spontaneous mutation. Fertility in
intergeneric hybrids can often be restored by doubling the hybrid’s chromosome number
(Cocking 1984). In general the chromosome number of grasses is difficult to double by

conventional techniques (Rybczynski et a/,  1983) whereas spontaneous chromosome
doubling occurs frequently in callus tissue culture and has been exploited as a means of
obta in ing  chromosome doub led  p lan ts  in  a  w ide  var ie ty  o f  spec ies  (Karp  &  Br igh t  1985) .  The
enhanced level of chromosome rearrangement and elimination obtained in callus tissue

culture can be used to facilitate introgressive breeding (Larkin  & Scowcroft 1981) involving
the incorporation of desirable plant genes from one species into another. An extensive
backcrossing programme is normally required in introgressive breeding and is thus
dependent on some fertility in the created hybrids. It is also tedious, time consuming and
sometimes unsuccessful. Tissue culture offers a mechanism whereby chromosome shuffling

can be obtained without the requirement for backcrossing. It is also possible that a stable
chromosome con f igura t ion  i s  ob ta ined  dur ing  the  chromosome shu f f l i ng  p rocess  tha t  resu l ts
in  subsequent  p lan t  fe r t i l i t y .

We have produced somaclones of a number of perennial ryegrass  x tall fescue hybrids
to determine whether the tissue culture process can be used to produce a stable, fertile
hybr id.



METHODS
Emasculated flowers of a perennial ryegrass  plant (2n=14) were crossed with pollen

f rom four  d i f fe ren t  ta l l  fescue  p lan ts  (2n=6x=42).  A  p lan t  o f  the  SRl  genotype was se lec ted

as the ryegrass  parent in the cross since callus from this genotype has been previously
demonst ra ted to  produce a  pro l i f i c  number  o f  h igh ly  var iab le  somac lones.  immature  embryos
resulting from these crosses were dissected out and cultured on Murashige & Skoog (1964)
media with 2.0 mg 2,4-D and 0.01 mg BAP per litre. Callus cultures were established from

four different embryos (lines l-h,  HZ, H3,  H4)  and plantlets were regenerated on MS media
with O.Olmg  BAP per litre. Mature plants were assessed for morphological variation. Four
rep l i ca tes  o f  each  somac lone  were  g rown under  g lasshouse  cond i t ions  in  a  randomised  sp l i t

b lock des ign.  Measurements  were taken f rom the f i rs t  fu l ly  expanded leaf  f rom mature t i l le rs .
Chromosome counts were determined from root-tip squashes.

RESULTS AND DISCUSSION

Regenerat ion
Thi r ty  e ight  p lants  were regenerated f rom the four  ca l lus  l ines .  Most  o f  the  regenerat ion

(67%) occurred in the H2 and H5 series. The genotype of the tall fescue parent apparently

in f luenced the amount  o f  regenerat ion f rom the hybr id  cu l tures.  The f requency o f  perenn ia l
ryegrass regeneration is also known to be genotype dependent (unpublished results).
Overall plantlet  regeneration was very poor in comparison with SRI perennial ryegrass

regeneration. Only a small number of plantlets were obtained from each cross in the first
subculture. In the second subculture it was possible to obtain only a few plantlets from one
line.

Somaclonal  var iat ion
Somac lona l  va r ia t ion  (bo th  morpho log ica l  and  cy to log ica l )  was  exh ib i ted  in  3  ou t  o f  the  4

lines. No variation was observed among somaclones of the H5 series. Others (Karp & Bright
185) Scowcroft 1985) have also noted that the amount of somaclonal variation observed is
in f luenced by the genotype o f  the p lant .  Thus the ab i l i t y  to  regenerate  and the f requency o f

var ia t ion  are  both  fac tors  in f luenced by the genotype o f  the p lant  but  are  independent  o f  each
other .

Only  a  few p lants  were obta ined in  the H3  and f-f4  se r ies .  A l l  o f  the  p lan ts  examined  had

tissue culture induced chromosome changes (table 1). Hybrid plants resulting from a cross
between d ip lo id  perenn ia l  ryegrass  (2n=14)  and  hexap lo id  ta l l  f escue  (2n=5x=42)  would  be
expected to  have a chromosome number  o f  28 ( the haplo id  complement  o f  the two parenta l
genomes). Somaclones from both H3  and H4 series had more than the expected number of

chromosomes.
Most  o f  the  somac lona l  var ia t ion  occur red in  the  H2 ser ies  ( tab les  1  and f igure  1) .  F igure

2 describes the most probable phylogeny of somaclonal events that occurred in the series.
Somaclones obtained from the second subculture (H&Z)  were more variable than those
derived from the first subculture. This is in agreement with the general observation that

higher rates of somaclonal variation are associated with increased periods of tissue culture
(Scowcrof t  1985) .

One highly polyploid (more than two sets of chromosomes) somaclone (HZ& 15) was

observed wi th in  the HZ  se r ies .  Th i s  p lan t  was  uns tab le  and  con ta ined  ce l l  l i nes  w i th  d i f f e ren t
chromosome numbers but stable counts were obtained from a few tillers. These tillers were
main ta ined as  separa te  l ines .  H igh ly  po lyp lo id  ce l l s  a re  known to  be  uns tab le  and i t  appears

that there has been chromosome erosion until a stable chromosome configuration was
reached.  Mean lea f  w id th  measurements  obta ined f rom the s tab le  and mixop lo id  t i l le rs  were

considerably smaller than in other somaclones in the H&j  series (see Figure 2). Karp &
Br igh t  (1985)  a lso  no te  tha t  inc reased p lo idy  leve ls  can reduce p lan t  v igour .
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Three of the 28 chromosomes in the karyotype possessed prominent secondary
constrictions and were able to be individually recognised.  A structural rearrangement
involving the C2 chromosome was observed in some of the somaclones from the first and

second subcultures in the HZ  series (see Table 1). Thus all these plants were probably
descended from the same cell line (see Figure 2). The rearrangement involved the
movement of the secondary constriction from the long arm to the short arm of C2
chromosome (see Table 1). Most of the somaclones with this structural rearrangement

Callus Plant Cell Line
n=28a (sg HZSI  1)
Normal Leaf Size

/ \
nr28b Mixoploid 46+

Normal Leaf Size
H2S,  13

Reduced Leaf Size
H,S,  15

n /xrnal[\

: t n=28a n =28a
Reduced Normal Normal Reduced
Leaf Size Leaf Size Leaf Size Leaf Size

HA2 W26 H,S,4a

I

a=Normal  secondary
constrictural pattern

btStructuraJ rearrangement

F i g u r e  2 :  P h y l o g e n y  O f  t h e  t i s s u e  c u l t u r e  i n d u c e d  e v e n t s  t h a t  o c c u r r e d
in  the  H2  ce l l  l ine .
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showed no  reduc t ion  in  v igour  when compared w i th  o ther  somac lones  o f  th is  ser ies .  The fac t

that these somaclones were morphologically normal is not unusual since structural
chromosome rearrangements often have no effect on the phenotype (Karp &  Bright 1985).
Other  s t ruc tura l  rear rangements  may a lso have occur red but  would  be detec tab le  a t  mi tos is

on ly  i f  they  produced a  v is ib le  change in  chromosome morpho logy  (Jones 1978) .  S ince i t  was
not possible to identify all individual chromosomes, other changes could have easily been
missed. Structural changes are more readily detectable at meiosis. Because the hybrid

plants in this study were sterile and did not produce anthers this form of analysis was not
p o s s i b l e .

Among the HZ somaclones from the second subculture were some very fine leaved

regenerants (Figure 1). Unlike the other somaclones, these plants were not intermediate in
size between tall fescue and perennial ryegrass, but closely resembled the SRl ryegrass
paren t  in  lea f  s i ze  and  t i l l e r  dens i ty .  These  p lan ts  were  an  example  o f  somac lona l  induced

mutation not involving visible chromosomal change. Cytologically normal, fine leaved
variants have also been observed among ryegrass  somaclones derived from the SRI
perennial ryegrass  parent used in this study (White, this proceedings).

Chromosome elimination was observed in some of the fine leaved somaclones (see
Table 1). These somaclones showed no reduction in vigour when compared with other
cytologically normal, fine leaved somaclones. Thus in this case, aneuploidy (chromosome

loss  o r  ga in )  was  no t  a f fec t ing  the  v igour  o f  these  p lan ts .  A l though aneup lo idy  i s  one  o f  the
most  de t r imenta l  ch romosome changes  and  i s  usua l l y  assoc ia ted  w i th  reduced p lan t  v igour ,
Karp &  Br igh t  (1985)  no te  tha t  no t  a l l  aneup lo ids  a re  g ross ly  abnorma l .  I t  i s  a lso  poss ib le  tha t
the polyploid nature of the hybrid (as it derives 3 sets of chromosomes from its tall fescue

parent )  may buf fer  i t  aga inst  the e f fec ts  o f  aneuplo idy .
Desp i te  the  ex tens ive  chromosomal  changes  produced in  t i ssue  cu l tu re  we were  unab le

to produce a fertile perennial ryegrass  x tall fescue hybrid. Evidence of chromosomal

rearrangements that could facilitate introgression and polyploidy events were obtained,
though a  comple te ly  doub led  (2n=56)  amph id ip lo id  p lan t  was  no t  found .  Th is  was  su rp r i s ing
s ince  Kasperbauer  e t  a/ .  (1979)  have  success fu l l y  used  t i ssue  cu l tu re  to  ob ta in  amph id ip lo id

(2n=56)  annua l  ryegrass  x  ta l l  fescue hybr ids .  They exper ienced no d i f f i cu l ty  in  regenera t ion
and found that 8% of somaclones regenerated from late subcultures were amphidiploid.
They also observed phenotypic variation among the somaclones involving chahges  in leaf

width. As in this study, they found plants with very narrow leaves but Kasperbauer et al.
(1979) also found a similar number of wide leaf regenerants. The phenotypic variation
obtained in the perennial ryegrass  x tall fescue hybrids is potentially very useful. If for

example an amphidiploid plant was obtained, tissue culture could be used to generate
var ia t ion  w i th in  the  l i ne .

Rybczynski et a/. (1983) have also used tissue culture to induce chromosome doubling
in a variety of Lolium  x Festuca hybrids. Of the 154 somaclones regenerated, 14% were
found to be amphidiploid. However, they were unable to obtain any regeneration from

perenn ia l  ryegrass  x  ta l l  f escue  hybr id  ca l l us  cu l tu res .
To  ob ta in  an  amph id ip lo id  pe renn ia l  ryegrass  x  ta l l  fescue hybr id  i t  may be necessary  to

inco rpo ra te  co lch ic ine  in  the  t i ssue  cu l tu re  med ia  as  th i s  chemica l  wou ld  enhance  the  leve l  o f
chromosome doubling. For the process of introgression to be successful, genetic exchange
between the  paren ta l  genomes must  occur  as  we l l  as  chromosome e l im ina t ion .  We ob ta ined
some chromosome rearrangement and some chromosome loss. The herbicide CIPC

induces  chromosome loss  (Roth  8 Lark  1984) .  By inc lud ing CIPC  in  the  t i ssue  cu l tu re  med ia ,
it may be possible to increase the amount of chromosome elimination and thus facilitate
in t rogress ion .

Given the success of other workers in obtaining amphidiploid plants from other Lolium  x
festuca  hybrids, it should be possible to also obtain a perennial ryegrass  x tall fescue

amphid ip lo id  us ing  t i ssue  cu l tu re  now tha t  we  a re  ab le  to  regenera te  p lan ts  f rom ca l lus .
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