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Summary. Triploid hybrids of Lolium multiflorum (4x) 
• L. perenne (2x) behaved cytologically as autotriploids 
but the segregation of isozyme variants did not always 
agree with the expected trisomic ratios. The overall effect 
of these deviations from expectation was a greater pro- 
portion than expected of diploid progeny from the cross 
L. multiflorum (2x)x triploid hybrid which did not in- 
clude any of the L. perenne alleles at the three marker 
isozyme loci. The possible mechanisms for these aberrant 
segregation ratios are discussed together with the advan- 
tages of the crossing scheme to accelerate the recovery of 
the genotype of the recurrent parent in a backcrossing 
programme to transfer characters from one species to 
another. 
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Introduction 

The scope for the use of interspecific hybrids in the breed- 
ing of improved forage grasses has been realised for a 
number of years (Breese and Lewis 1984) and the main 
effort has concentrated on breeding fertile and stable am- 
phiploids which include the complete genomes of two 
species. Such breeding programmes attempt to combine 
the complementary attributes of two parental species in 
a synthetic amphiploid as in the tetraploid hybrids com- 
bining the genomes of the closely related diploid species 
Lolium multiflorum and L.perenne (Breese et al. 1981). 
The commercial exploitation of this particular amphi- 
ploid was made possible because it was sufficiently stable 
to retain most of the hybrid characteristics for the genera- 
tions required to multiply the seed stocks for the release 

of the cultivars. This was primarily due to the meiotic 
behaviour of the amphiploids where a degree of preferen- 
tial chromosome pairing leading to a mode of inheritance 
varying from disomic to polysomic slows down the segre- 
gation of species characters and hence conserves advan- 
tageous hybrid gene combinations (Breese et al. 1981). 

An alternative approach to amphiploid breeding 
would be to transfer characters from one species to an- 
other, which can be achieved by a backcrossing program- 
me. In the perennial forage grasses where only one gener- 
ation per year is possible any backcrossing programme 
would be a protracted process. Using isozyme variants as 
genetic markers, Tanksley et al. (1981) demonstrated that 
it should be possible to reduce the number of backcrosses 
required to re-establish the recipient genotype including 
the transferred gene. They exploited natural differences in 
isozymes between the donor and recurrent parent in 
crosses between Lycopersicon esculentum and Solanum 
penelli which were used as markers of the genomes of the 
two species. The backcross (BC) progeny which were 
closer to the recurrent species in terms of a range of 
isozymes were also closer to the mean values of the recur- 
rent parents for a number of quantitative characters. The 
ability to identify genotypes resembling the recurrent pa- 
rent as young seedlings would be an advantage in a BC 
programme because it would allow the breeder to con- 
centrate on fewer plants for succeeding backcrosses and 
possibly reduce the number of backcrosses required to 
restore the genotype of the recurrent parent. 

An extension of this scheme using isozyme variants 
would be to impose some restriction on the recombina- 
tion of species characters which would facilitate a spee- 
dier recovery of the genotype of the recurrent parent. 
Establishing a situation where a certain degree of prefer- 
ential chromosome pairing is possible could be a method 
of restricting recombination. In the present experiment 
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triploid hybrids, in which the diploid complement of 
L. multiflorum chromosomes is combined with the 
haploid set of L. perenne, were made as the initial hybrid 
in a study to investigate the introgression of characters 
of L. perenne into L. multiflorum. Both genomes were 
marked by isozyme variants on three different chromo- 
somes and this paper describes an analysis of the proge- 
nies of the first backcross generation. 

Materials and methods 

The triploid hybrids were produced by crossing a tetraploid line 
of L. multiflorum with a diploid genotype of L. perenne. The 
embryos were excised 15-18 days after pollination and cultured 
on a modified Gamborg and Miller's B5 medium (without 2,4 D 
and kinetin but including 3% sucrose). The genotypes of the 2x 
and 4x parents with regard to three enzyme systems, phospho- 
gluco-isomerase (PGI/2), glutamate oxaloacetate transaminase 
(GOT/3) and superoxide dismutase (SOD/I) were selected to 
ensure that the L. perenne (Lp) allele could be distinguished in all 
progeny arising from crosses involving the triploid hybrid. Two 
appropriate triploids P122/6/12 and P122/6/16 were identified 
from the following 4x x 2x crosses: 

PGI/2 GOT/3 SOD/1 

L. perenne (2 x) bb ab bb 
L. multiflorum (4 x) bddd bbbb aaaa 
Triploid P122/6/16 ddb bba aab 
Triploid P122/6/12 

For the PGI/2 locus it was possible to identify plants with the 
double dose of the 'd' allele because of the greater intensity of the 
band. The triploid hybrid has the L.perenne chromosomes 
marked by the 'b' allele at the PGI/2 locus, the 'a' alMe at the 
GOT/3 locus and the 'b' allele at the SOD/1 locus. 

The third triploid P122/5/2 derived from the following 
4x x2x cross: 

PGI/2 GOT/3 SOD/1 

L. perenne (2 x) bb ab bb 
L. multiflorum (4 x) aabd bbbb aaaa 
Triploid P122/5/2 adb bba aab 

The alleles at the GOT/3 and SOD/1 loci were the same as 
the other two triploids but differed at the PGI/2 locus (adb) with 
the L. perenne chromosome marked by the 'b' allele, 

The triploid hybrids were sufficiently male fertile to be 
crossed reciprocally with diploid L. multiflorum lines. The 
L. multiflorum genotypes used in the backcrosses (BC) were se- 
lected so that the Lp alleles of the triploids could be readily 
identified in the BC progeny. The chromosome number of the 
BC progenies was determined and all the euploid (2 n = 14) seed- 
lings retained. The phenotype of all the euploid BC seedlings was 
scored for all three enzyme systems using gel electrophoresis 
techniques (Hayward and McAdam 1977; Humphreys 1984). 

For mitotic analyses root tips were collected, pre-treated in 
chilled distilled water at 1~176 fixed in a solution of 3 parts 

alcohol to 1 part acetic acid, hydrolysed in NHC1 at 60 ~ for 
10 rain and stained in Feulgen solution. The root tips were 
squashed in 45 % acetic acid and the chromosome number deter- 
mined. For meiotic studies immature spikes were fixed in 6 : 3 : 1 
solution of ethyl alcohol, chloroform and acetic acid. Anthers 
were stained in alcoholic hydrochloric acid-carmine (Snow 1963) 
and squashed in 45% acetic acid. 

Results 

Chromosome pairing in the triploid hybrids 

Chromosome pairing in the triploids Lm Lm Lp was typ- 
ical of an autotriploid with a high frequency of trivalents 
(Table 1). The maximum pairing of 7 trivalents was 
recorded in 3 out of the 64 PMCs scored in the two 
hybrids P122/5/2 and P122/6/12. The third triploid had 
20 chromosomes only but it also had a mean of 5.13 
trivalents. The mean number  of open chain trivalents was 
2.32 compared with 2.56 pan-handle configurations. 
There was little evidence of the preferential pairing of the 
homologous pairs of the L. multiflorum chromosomes 
since the frequency of cells with only bivalents and uni- 
valents was low. 

Chromosome numbers o f  the progeny 
o f  the L. multif lorum x triploid hybrid 

The triploid hybrids were sufficiently male fertile to result 
in the dehiscence of the anthers and they could be used as 
either the male or female parents in crosses with 
L. multiflorum. In the cross using the triploid as the fe- 
male parent the majority of the progeny were aneuploids 
(Table 2). Theoretically it should be possible to recover 
plants with chromosome numbers ranging from 2 n =  
14-21 however, the only progeny with more than 18 
chromosomes found was a single seedling with 23 chro- 
mosomes. 

In the reciprocal cross using the triploid hybrid as the 
pollen plant 87.69 % of the progenies were euploid plants 
with 14 chromosomes. The preponderance of euploid 
progeny indicates that pollen with the haploid number  of 
7 chromosomes had a selective advantage over aneuploid 
gametes, a feature commonly observed in aneuploid 

Table 1. Chromosome pairing in triploid hybrids L. rnultiflorum 
(4x) • L. perenne (2x) 

Mean number of Chias- 
mata 

Plant no. III II I 

P122/6/12 5.00 (2-7) a 2.00 (0-5) 2.00 (0-5) 16.37 
P122/5/2 4.53 (1-7) 2.47 (0-6) 2.47 (0-6) 15.70 
P122/6/16 5.13 (3-6) 1.87 (1-4) 0.87 (1-3) 16.10 

a Figures in brackets are the ranges 
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Cross Chromosome number 

14 15 16 17 18 21 

3x x 2x 23 (29.11) ~ 34 (43.04) 18 (22.78) 2 (2.53) I (1.26) - 
2x x 3x 741 (87.69) 94 (11.12) 7 (0.80) 1 (0.12) - 1 (0.12) 

Figures in brackets are percent 

Table 3. Estimated frequencies of gametes with different chromosome number in the triploid hybrid 

Chromosome number 

7 8 9 l0 11 12 

Expected 16 (8.33) a 62 (32.29) 52 (27.08) 44 (22.91) 16 (8.33) 2 (1.04) 
Observed 23 (29.11) 34 (43.04) 18 (22.78) 2 (2.53) I (1.26) - 

= Figures in brackets are percent 

Metaphase I 

Anaphase 1 

Tetrad 

7 14 

chromosomes chromosomes 

7 14 
chromosomes chromosomes 

VVVVVVVVVVVVVV 
Fig. 1. Diagrammatic representation of metaphase 1 and aria- 
phase 1 which could result in euhaploid gametes 

plants  (Khush 1973). Al though the selective advantage  of 
the euhaploid  pollen is indisputable  the chromosome 
pair ing observed in the tr iploid does not  readily indicate 
that  a large p ropor t ion  of the gametes formed are euha- 
ploid. Cells in which 71i 4-71 are formed with the lagging 
univalents being lost during meiosis would be the most  
obvious source of euhaploid  gametes but  not  a single 
P M C  with the max imum possible number  of univalents 
was recorded. However,  it is possible that  a P M C  with 7 
trivalents all or ientated in the same direction on the 
metaphase  plate (Fig. 1), would give rise to a 7 - 1 4  sepa- 
ra t ion at anaphase  1. 

The or ientat ion of tr ivalents in P M C s  at metaphase 1 
were scored in 50 cells and assuming that  the mult ivalents 
would remain at that  or ientat ion and separate according- 
ly at anaphase,  and that  univalents would be lost as 
micronuclei  during meiosis, an estimate of the frequency 
of gametes with 7 - 1 4  chromosomes  was made and pre- 
sented in Table 3. Only 8.33% of the gametes formed 
were expected to be euhaploid.  

In the cross using the tr iploid hybrid as the female 
parent  there would be no comparab le  selective advantage  

to the euhaploid gametes as occurs in the reciprocal 
cross. The dis tr ibut ion of the gametes with different chro- 
mosome number  can be obta ined  by substract ing the 7 
L. multiflorum chromosomes  from the numbers of the 
3 x x 2 x progeny. The frequencies of the different chro- 
mosome number  classes differed significantly from the 
expectat ion based on the calculated frequencies (Table 3). 
The main discrepancy between the observed and calcu- 
lated frequencies is the excess of euhaploid  gametes and 
a deficiency of gametes with 9, 10 and 11 chromosomes.  
The significant difference between the observed and cal- 
culated expectat ions could reflect errors in the method  
used to calculate the chromosome number  of the gametes 
or  inviabil i ty of zygotes with the higher chromosome 
numbers.  

Segregation of isozyme variants in progenies 
of L. mul t i f lorum x triploid hybrids 

If  each of the chromosomes  in the sets of three in the 
t r iploid hybrid are completely homologous  all three al- 
leles would have an equal chance of  being included in the 
euhaploid  gametes formed. Therefore as long as the posi- 
t ion of the three chromosomes  is at  r andom in the triva- 
lents there is a 1 in 3 chance of the gametes formed by the 
t r iploid containing the Lp allele and the expected rat io in 
the L. multiflorum x t r iploid progeny would be 2 Lm: 
1Lp. 

All the euploid progeny from the L. multiflorum 
x tr iploid BC progenies were scored for their phenotype  

with regard to the three enzyme systems. In Table 4 the 
da ta  are presented as the number  of progeny observed 
with the Lm and Lp allele for the PGI/2 ,  GOT/3  and 
SOD/1 loci. 
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All the three hybrids showed a significant deficiency 
of the Lp P G I / 2  allele as did the pooled da ta  for the three 
hybrids.  The heterogeneity X z was not significant. 

The pooled da ta  for the GOT/3  did not  deviate from 
the expected rat io but  the heterogeneity X 2 was signifi- 
cant. The cross involving P122/6/12 was in agreement 
with the 2:1  ratio but  the P122/6/16 cross yielded a 
significant excess of progeny with the Lp allele. In the 
P122/5/2 cross there was a significant deficiency of the Lp 
allele. 

Again the main feature of the SOD/1 da ta  was the 
significant heterogeneity between the three crosses, 
P122/5/2 showed a significant excess of the Lp allele in 
marked  contras t  to a 45% deficiency of the Lp allele in 
P122/6/12 and 32% in P122/6/16. 

Table 4. Segregation in the diploid progeny from L multiflo- 
rum x triploid hybrid crosses 

The objective of the experiment was to assess the 
possibility of reducing recombinat ion and accelerate the 
recovery of the genotype of the recurrent parent  in a BC 
programme;  therefore the number  of progeny with the 
different combinat ions of the three loci were recorded. 
The realised frequencies of the Lp alleles at each of the 
three loci were used to calculate the expected frequencies 
of the eight possible genotypes including all combina-  
tions of alleles at the three loci. The observed and ex- 
pected frequencies are presented in Table 5. The pooled 
da ta  over the three crosses agreed with expectation indi- 
cating that the three loci behaved independently and the 
frequencies of the combinat ions of the three loci are as 
predicted on a random basis. However,  the heterogeneity 
X 2 showed that  there were significant differences between 
the three crosses with P122/6/12 and P122/6/16 showing 
significant deviations from the calculated expected ratios. 

Cross Lp Lm X 2 

PGI/2 
P122/6/12 92 497 82.70 
P122/6/16 27 305 94.55 
P122/5/2 29 129 15.97 
Total 148 931 183.35 
Heterogeneity X 2 P=0.20-0.10 

GOT/3 
P122/6/12 174 392 1.72 
Pt22/6/16 144 188 12.96 
P122/5/2 21 137 28.55 
Total 339 717 1.04 
Heterogeneity X 2 P < 0.001 

SOD/I 
P122/6/12 109 483 58.92 
P122/6/16 75 257 17.54 
P122/5/2 67 90 6.21 
Total 251 830 49.48 
Heterogeneity X 2 P < 0.001 

D i s c u s s i o n  

Interspecific hybridisat ion is a means of extending the 
range of variat ion beyond that  encompassed by the pa- 
rental species. Provided the parental  species are inter- 
fertile backcrossing is the most  plausible method to trans- 
fer desirable variat ion from one species to another.  
According to Allard (1960) up to six backcrosses are 
usually required to recover the genotype of the recurrent 
parent  and in a perennial forage crop with specific verna- 
l isation and light requirements for floral initiation, where 
only one generation per year is possible, the procedure is 
protracted.  Tanksley et al. (1980, 1981) have shown that  
by using isozymic variat ion between Lycopersicon escu- 
lentum and Solanum pennelli to mark  the specific genomes 
it should be possible to reduce the number  of backcrosses 
required. Seedlings which are homozygous for the major-  

Table 5. Expected and observed progenies of the cross L. multiflorum • triploid hybrids in relation to their genotype for the three 
marker loci 

Genotype Cross Totals 

PGI GOT SOD P122/5/2 P122/6/16 P122/6/12 

+a  _ _  _ 14(13.86) b 9 (29.03) 51 (20.23) 74 (76.82) 
- + - 8 (12.13) 100 (69.97) 121 (178.60) 229 (225.14) 
- - + 51 (46.07) 36 (35.62) 68 (68.03) 155(146.18) 
+ + - 3 (2.72) 8 (12.94) 23 (15.55) 34 (35.21) 
+ - + 8 (10.32) 4 (6.59) 7 (5.90) 19 (23.47) 
- + + 9 (9.04) 32 (15.79) 21 (53.18) 62 (68.29) 
+ + + 1 (2.02) 3 (2.68) 6 (4.51) 10 (10.67) 
- - - 64 (61.84) 139 (157.99) 281 (232.93) 484 (482.28) 

~z = 3.010 X 2 = 48.163 y 2 = 97.349 ,~ = 2.224 
P =0.90-0.80 P <0.001 P <0.001 

a _~_ denotes presence of Lp allele 
b Figures in brackets are the expected numbers 
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ity of isozymic alleles of the recurrent parent could be 
selected for backcrossing and would lead to a quicker 
recovery of the genotype of the recurrent species. The 
restriction on recombination imposed by the polyploid 
structure of the triploid hybrids expedites further the re- 
covery of the genotype of the recurrent parent. 

Using three marker loci in a diploid backcross the 
proportion of progeny expected without any of the Lp 
alleles would be 0.125 compared with 0.296 from the 
triploid backcross. These frequencies are based on each 
chromosome of the sets of three being completely homol- 
ogous and behaving like primary trisomics. Since each 
locus can be assumed to mark a segment of chromosome, 
scoring for the absence of the Lp alleles is a measurement 
of the recovery of the recurrent L. multiflorum genotype. 
Therefore, even when the triploid hybrid behaves meioti- 
cally as an autotriploid a smaller BC population would 
be required to isolate genotypes similar to the recurrent 
parent at these particular loci than in a diploid backcross. 
When the realised data for each of the three loci were 
used to calculate the expected frequencies of the different 
combinations involving all three loci the proportion of 
the progeny expected without one of the Lp alleles is 
0.452 (Table 5). This represents a 52% increase over the 
theoretical expectation from a cross involving an autotri- 
ploid. 

Cytologically the triploid hybrids showed a typical 
autotriploid behaviour, but the segregation ratios ob- 
tained for the Lp PGI/2 and the Lp SOD/1 b alleles indi- 
cated degrees of preferential chromosome pairing be- 
cause there was a deficiency of progeny including the Lp 
alleles. Since the loci mark different chromosomes of the 
genome the variation between loci indicate that differen- 
tiation leading to preferential pairing was not distributed 
evenly throughout the genome. Some chromosomes have 
a greater potential to pair preferentially than others. Al- 
though Breese and Thomas (1977) reported 33% prefer- 
ential pairing when they used PGI/2 locus as the genetic 
marker Lewis (1981) found less evidence of preferential 
pairing when he used the 'non red' base character as a 
genetic marker in L. perenne x L. multiflorum tetraploid 
hybrids. The significant deviation at the PGI/2 locus con- 
firms the data of Breese and Thomas (1977) that a degree 
of preferential pairing could be demonstrated using this 
particular locus. The heterogeneity between the crosses 
using the three triploid genotypes was significant for the 
GOT/3 and SOD/I loci and for the overall frequencies 
involving the combinations of the three loci. Variation in 
the control of preferential chromosome pairing between 
plants within populations of the tetraploid hybrids 
L. perenne x L. multiflorum has been demonstrated by 
Lewis (1981) and this probably accounts for the hetero- 
geneity of the segregation ratios in the BC progeny. 

Euhaploid (n= 7) pollen had a selective advantage 
over gametes with more than the haploid number of 

chromosomes in the L. multiflorumxtriploid hybrid 
crosses (Table 2). The frequency of the haploid gametes 
formed was not only dependant on the number of triva- 
lents within a PMC but also the orientation of the triva- 
lents within a cell. As a consequence of the failure of the 
L. perenne chromosome to form a chiasmate association 
with the homologous pair of L. multiflorum chromosomes 
the L. perenne univalent would have a high probability of 
being lost during the later stages of meiosis. This would 
be a contributory factor in the significant deficiency of the 
L. perenne allele within the progeny from L. multiflorum 
x triploid crosses, The position of the L. perenne chro- 

mosome within a trivalent and the orientation of the 
trivalent on the metaphase plate could also have a signif- 
icant effect on the incorporation of the Lp allele in the 
haploid gamete. If the position of the Lp chromosome 
within the trivalent was at random all three chromo- 
somes would have an equal chance of being included in 
the haploid gametes. However, if the Lp chromosome 
was one of the terminal chromosomes in an orientated 
chain trivalent or the handle in a pan-handle configura- 
tion, the chances of the chromosome being included in 
any balanced haploid gamete would be reduced (Fig. 1). 
Since the central chromosome of the chain trivalent or 
one of the chromosome forming the ring in a pan-handle 
configuration would be positively selected for in the ha- 
ploid gametes the inclusion of the Lp allele would be 
dependant on recombination between the Lp and Lm 
loci. Only one of the arms of the Lp chromosome would 
be paired with the Lm chromosome and assuming that 
each arm had an equal chance of pairing this would 
reduce the probability of the inclusion of the Lp allele in 
a balanced haploid gamete by a half and could account 
for the deficiency of the Lp allele in the diploid x triploid 
progeny. However, if the chromosome arm carrying the 
Lp marker gene paired at a frequency greater than ran- 
dom the chances of recombination would be increased. 
The L. multiflorum chromosome would be at a selective 
advantage in the formation of euploid gametes and the 
recombined Lp allele would be positively selected and 
this could account for the significant excess of the Lp 
GOT/3 and SOD/1 alleles in some crosses. The variation 
between triploids probably reflects genotypic differences 
in the control of meiotic behaviour as reported by Lewis 
(1981). 

The use of the triploid hybrid does provide an oppor- 
tunity for controlled introgression of genes and gene 
complexes between the two species L.perenne and 
L. multiflorum. The two species have a number of comple- 
mentary attributes that would be desirable to incorporate 
in stable hybrid derivatives and although the species are 
interfertile producing fertile F 1 and F2, there is evidence 
of genetic deterioration in later generations with varying 
degrees of sterility (Naylor 1960). Using the isozyme 
variants as genetic markers of the two diploid genomes in 
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the t r iploid hybrid it has been shown that  the recovery of 
the recurrent  genotype could be accelerated and the num- 
ber of backcrosses reduced. The procedure would pro-  
vide the oppor tun i ty  to select at the seedling stage proge-  
nies resembling the recurrent  species and would reduce 
the number  of plants to be assayed as established plants 
for introgressed characters.  Only 3 of the 7 chromosomes 
were marked  and the efficiency of the system in accelerat- 
ing the recovery of the recurrent genotype would be in- 
creased if all the chromosomes had specific markers.  Tests 
would also have to be undertaken to determine whether 
the gene or  gene complex to be transferred were l inked 
with any of the isozyme loci. Linkage could be advanta-  
geously used because selection for agronomic characters 
could be based on the seedling genotype at the isozyme 
locus. 
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