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Abstract Ploidy level and intergenomic recombi-
nation was studied in interspecific hybrids between
Longiflorum x Asiatic lilies (LA hybrid) backcross
to Asiatic parents in order to assess the possibility
for analytic breeding in lily. By backcrossing the
diploid (2rn=2x=24) F1 Iinterspecific hybrid
between Longiflorum x Asiatic lilies to Asiatic par-
ents, 104 BC1 progeny plants were produced. Among
these, there were 27 diploids, 73 triploids (2n = 2x =
36) and 4 aneuploids (2x — 1, 2x+2 or 2x+ 3). In
addition, by backcrossing triploid BC1 (LAA) plants
to diploid Asiatic parents in 2x — 3x and reciprocal
combinations, 14 diploid BC2 progenies were pro-
duced. Genomic in situ hybridization (GISH) was
performed to study the intergenomic recombination
and karyotype composition. GISH indicated extensive
intergenomic recombination among the chromosomes
in LA hybrids. A large number of Longiflorum
chromosomes were transmitted to the BC1 progenies
from LA hybrids. However, very few Longiflorum
chromosomes were transmitted from the BC1 triploid
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(LAA) plants to the BC2 progenies. The occurrence
of diploid plants in the BC progenies of LA hybrids
has opened the prospects of analytic breeding in lilies.
In this approach, the selection of superior genotypes
can be carried out at the diploid level and polyploid
forms are synthesized from superior diploid parents.
The advantages of analytic breeding are evident: (a) a
maximum level of heterozygosity can be attained in
the synthetic polyploids and (b) introgression can be
achieved with a minimum of linkage drag. Based on
GISH results the potential application of analytic
breeding in lily allopolyploids has been discussed.
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Introduction

Generally, it is difficult to breed polyploid crops as
compared to diploid forms. This is true for both auto-
and allopolyploids for different reasons. Autopolyp-
loids display polysomic inheritance, the segregation
of characters is not clear cut and this complicates the
process of selection for desirable combinations of
traits (Peloquin 1981). On the other hand, allopolyp-
loids which are also called functional diploids, behave
as “permanent hybrids” because of the preferential
chromosome pairing between the parental genomes
during meiosis (Barba-Gonzalez et al. 2005; Feldman
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and Levy 2005). As a result, hardly any genetic varia-
tion occurs in the progenies of allopolyploids due to
fixed heterozygosity and this is not favourable for the
process of selection. In view of these differences,
auto- and allopolyploids require different breeding
approaches.

For autopolyploids, Chase (1963) proposed a novel
approach, the so called “analytic breeding”, which
was applied in the case of cultivated potato, Solanum
tuberosum L. (Mendiburu et al. 1974). This approach
involves the reduction of tetraploids to diploid level
followed by intensive selection of superior genotypes
through breeding at this level and in the final step tet-
raploid cultivars are produced (through sexual poly-
ploidization) from the selected diploid parents
(Jacobsen et al. 1991). Many practical advantages of
breeding at the diploid level, such as relatively simple
Mendelian segregation of characters and the require-
ment of smaller size of population for selection, have
been highlighted along with other theoretical consid-
erations (Bingham et al. 1994). Analytic breeding has
also been relevant in other crops like alfalfa (Mariani
and Tavoletti 1992; Barcaccia et al. 2000) and cran-
berry (Lyrene et al. 2003; Zeldin and McCown 2004).
In view of the attractiveness of analytic breeding in
autopolyploids, the question arises whether such an
approach can also be relevant for breeding allopolyp-
loids.

Breeding at the diploid level implies that the
genotypes used in this approach necessarily produce
haploid (n) gametes so that they give rise to diploids
in the subsequent generations (Zeldin and McCown
2004). In the hybrids of species that possess very
closely related or similar genomes (the case for
autopolyploids) it is not a problem to have diploid
forms that can produce functional n gametes due to
normal segregation of chromosomes during meiosis
(Weiss and Maluszynska 2000; Lopez-Lavalle and
Orjeda 2002; Gu et al. 2005; Hoya et al. 2007; Zhang
et al. 2007). On the contrary, in interspecific hybrids
of distantly related species (allopolyploid types) it is
very difficult to have genotypes that can produce nor-
mal n gametes. This is because such diploid hybrids
are mostly sterile due to a disturbed segregation of
chromosomes during meiosis (Estilai 1977; Van Tuyl
and De Jeu 1997; Lim et al. 2000; Barba-Gonzalez
et al. 2006b). However, if diploid (distant) interspe-
cific hybrids that can produce both n as well as 2n
gametes become available, there might be a potential
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for analytic breeding even in the case of allopolyp-
loids. Once the selection has been made at the diploid
level, then the unilateral sexual polyploids can be
achieved by using 2n gametes to reach the optimum
ploidy level, e.g., triploid in lilies (Van Tuyl and Lim
2003; Zhou et al. 2008). Hence, the analytic breeding
scheme might be possible when genotypes producing
both n and 2n gametes are available. The cultivated
lilies appear to possess such a potential. There are
three important groups of cultivated lilies (Lilium),
viz., Longiflorum, Asiatic and Oriental, which were
predominantly diploid (27 =2x =24) until recently
(Lim et al. 2000). During the last few decades, polyp-
loids have been replacing the diploid forms due to
their superior characteristics of the former. These
polyploid cultivars have originated from hybridiza-
tion of cultivars that belong to different taxonomic
sections of lilies such as Longiflorum x Asiatic (LA)
[Lim etal. 2001; Zhou et al. 2008] or Oriental x
Asiatic (OA) [Barba-Gonzalez et al. 2004; 2005].
Because the three groups possess clearly differenti-
ated genomes, their hybrids have given rise to
typical allotriploid (ALA and AOA) or allotetraploid
(LLAA) cultivars (Barba-Gonzalez et al. 2005; Zhou
2007; Zhou et al. 2008). These polyploids are difficult
to use as parents in breeding because the triploids are
mostly sterile and the allotetraploids are permanent
hybrids as was mentioned earlier. A salient feature of
some of the diploid LA hybrids was that they pro-
duced not only 2n gametes but also n gametes (Zhou
2007). This provides unique opportunities for gener-
ating allotriploid (2n =3x=36) as well as diploid
(2n = 2x = 24) BCI progenies from backcrossing LA
hybrids to Asiatic parents. In addition, diploid BC2
progenies were also generated from backcrossing
allotriploid (ALA or LAA) to diploid Asiatic parents,
ie., 3x —2x or reciprocal crosses. These initial
attempts indicated that it might be possible to gener-
ate fairly large numbers of diploid BC1 and BC2
progenies from LA hybrids and their backcross prog-
enies. With the aim of evaluating the prospects of
using diploid backcross progenies in analytic breed-
ing, quite a number of diploid BC progenies from LA
hybrids were produced and the genome composition
of the diploid BC1 and BC2 progenies were analysed
by GISH. Based on these results the potential applica-
tion and significance of these hybrids is discussed
with particular reference to analytic breeding in
allopolyploids lilies.
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Materials and methods
Plant material

Most of the diploid F1 Longiflorum x Asiatic hybrids
(2n =2x =24), and allotriploids i.e., LAA and ALA
(2n =3x =36) cultivars were supplied by Dutch lily
breeding companies: De Jong Lilies BV, Royal Van
Zanten BV, Testcentrum BV, Vletter and Den Haan
BV and World Breeding BV. One F1 LA hybrids i.e.,
024004-5 was developed at Plant Breeding, Wagenin-
gen UR. As the two groups which belong to two
different taxonomic sections, the cultivars of different
sections could be hybridized, or backcrossed, only
through special techniques (Van Tuyl et al. 1991; Lim
et al. 2001; Barba-Gonzalez et al. 2004). For back-
crossing, the F1 LA hybrids were used both as female
and male parent and crossed with eight different
Asiatic parents to get LAA or ALA progenies
(Table 1). Furthermore, the triploid genotypes from
the breeders (which were BC1s) were backcrossed to
diploid Asiatic parents by using both 2x — 3x or
reciprocal combinations (Table 2). All the plant mate-
rial is being maintained vegetatively at Wageningen
UR, Plant Breeding, Wageningen, The Netherlands.

Pollen germination

Pollen was collected on day of anthesis and cultured for
5-20h at 25°C in an artificial agar medium containing
100 g/1 sucrose, 5 g/l of bacteriological agar, 20 mg/1 of
boric acid and 200 mg/1 of calcium nitrate. The percent-
age of germinating pollen was determined based on the
growth of pollen tube under an anatomical microscope.

Flow cytometry

Flow cytometry was done to evaluate the ploidy level
of the BC1 and BC2 progenies. The germinating
embryos were transferred into the propagation
medium and allowed to grow until leaves developed.
One leaf or scale was collected from each seedling for
testing ploidy level as described by Van Tuyl and
Boon (1997).

Mitotic chromosome preparation

For mitotic metaphase chromosome analysis, root tips
were collected early in the morning, incubated in

0.7 mM cycloheximide solution for 4-6h and then
fixed in ethanol-acetic acid (3:1) solution for 12-24 h
and stored at 4°C until use. The root tips were washed
in distilled water and incubated in a pectolytic enzyme
mixture containing 0.2% (w/v) pectyolase Y23, 0.2%
(w/v) cytohelicase and 0.2% (w/v) cellulase RS in
10 mM citrate buffer (pH 4.5) at 37°C for about 1 h.
Squash preparations were made in a drop of 45% acetic
acid and frozen in liquid nitrogen. The cover slips were
removed by using a razor blade. The slides were then
dehydrated in absolute ethanol and air dried.

Genomic in situ hybridization (GISH)

Genomic DNA of Longiflorum cultivar ‘White Fox’
was used as probe in GISH and labelled with Digoxi-
genin-11-dUTP by nick translation (Roche Diagnostics
GmbH, Mannheim, Germany). The GISH procedure
was performed as described by Lim et al. (2003) and
Zhou et al. (2008). Briefly, the hybridization mixture
contained 50% (v/v) deionized formamide, 10% (w/v)
sodium dextran sulphate, 2x SSC, 0.25% (w/v)
sodium dodecyl sulphate, 1-1.5ng/ul Digoxigenin
labelled DNA from Longiflorum cultivars and
25-100 ng/pl block DNA of the Asiatic cultivar. DNA
was denatured by heating the hybridization mixture at
70°C for 10 min followed by incubation in ice for
5 min. The hybridization mixture (40 pl) was then
applied on each slide. The chromosome preparations
were denatured at 80°C for 5 min immediately prior
to incubation. After overnight hybridization in a
humid chamber at 37°C the slides were washed at
room temperature in 2x SSC for 15 min followed by
stringent washing with 0.1x SSC for 30 min at 42°C.
Digoxigenin labelled DNA was detected with antidi-
goxigenin—fluorescein raised in sheep (Boehringer,
Mannheim, Germany) and amplified with fluorescein
anti-sheep immunoglobulin raised in rabbit (Vector
Laboratories). Preparations were analysed using a
Zeiss Axiophot epifluorescence microscope and pho-
tographed by Canon digital camera. For each plant,
the total number of chromosomes and the number of
recombinant points were determined.

Chromosome identification, measurement
and determination of genome contribution

For karyotyping in both genomes (L and A), chromo-
somes are arranged in sequence of decreasing short-arm
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Table 1 The frequencies of diploid (2n = 2x = 24), or aneuploid, and triploid (2n = 3x = 36) BC1 progenies resulting from crosses be-
tween different genotypes of LA hybrids and the Asiatic parents

Cross Genotype Parents No. of plants Ploidy level®
code analysed
Female Male 2x 3x Others

LAA 044511 041543 Mont Blanc 2 2

LAA? 044512 041558 Mont Blanc 1 1

LAA 044518 041543 Pollyanna 1 1

LAA 044525 041556 Mont Blanc 1 1

LAA 044535 041562 Pollyanna 1 1

LAA 044536 041563 Pollyanna 1 1

LAA 044538 041560 Pollyanna 4 4

LAA 044539 041558 Pollyanna 5 5

LAA 044541 041549 Pollyanna 1 1

LAA 044567 041548 Pollyanna 1 1

LAA 044571 041557 Mont Blanc 4 4

LAA 044611 041559 Pollyanna 1 1

LAA 044624 041565 Pollyanna 1 1

LAA 044630 041502 Mont Blanc 1 1

LAA 062035 041560 Sarina 2 2

LAA 062071 041560 Montreux 4 1 3

LAA 062074 041560 Montreux 5 2 3

LAA 065051 024004-5 061095 4 2 1 12x—1)
LAA 066828 041543 051072 5 1 4

LAA 066960 041543 Lanzarote 18 3 14 1(2x+2)
LAA 066963 041543 Gironde 7 2 5

LAA 066994 041560 Alaska 13 6 5 2(2x+3)
LAA 066995 041560 031040 1 1

ALA? 044595 Pollyanna 041519 3 1 2

ALA 044601 Mont Blanc 041502 9 9

ALA 044602 Mont Blanc 041557 2 2

ALA 044608 Vivaldi 041502 6 6

Total 104 27 73 4

* Denotes only the direction of the crosses but not the ploidy level. LAA indicates that the hybrid LA was the female parent and ALA

indicates that LA hybrid was the male parent
b Estimated cytologically

length according to Stewart (1947). Some of the chro-
mosomes in the somatic karyotype could be identified
on the basis of total length and arm ratios (e.g., 1, 2, 3
10, 11 and 12). In other cases, however, the differences
in the lengths of short-arms were used for identification.
By identifying recombination sites analysed by GISH,
the same chromosome could be accurately identified in
5-10 cells and compared with the previous and the suc-
ceeding chromosomes in the karyotype. Furthermore,
the centromeric index (short-arm length/short-arm
length + long-arm length) and the relative chromosome
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length index (individual chromosome length/total
length of all chromosomes) were determined for all
genotypes (Barthes and Ricroch 2001). For the mea-
surements and determination of genome contribution,
images of mitotic metaphase chromosomes from each
genotype were collected and were measured in micro-
metres (pm). The contribution of the amount of both L
and A genomes (in terms of percentage) in BC proge-
nies was determined using the computer programme
MicroMeasure (Reeves and Tear 2000; http://www.
colostate.edu/Depts/Biology/MicroMeasure).
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Table 2 The ploidy level of BC2 progenies resulting from crossing triploid BC1 plants with diploid Asiatic parents

Interploid crosses Parents No. of plants No. of diploid
analysed plants®
Female Male
2x — 3x (BC2)
044529 Pollyanna 041513
044530 Mont Blanc 041513 5 5
3x — 2x (BC2)
044519 041513 Pollyanna 3 3
044524 041513 Mont Blanc 1 1
044634 041552 Pollyanna 3 2
Total 15 14

4 Estimated cytologically

Results

Production of BCland BC2 progenies from LA
hybrids

In order to assess the possibility to produce relatively
large number of diploid backcross progenies from the
LA hybrids or from its BC1 progenies a large number
of crosses were made. For this purpose, several LA
hybrids and allotriploid BC1 (LAA) genotypes were
backcrossed to diploid Asiatic parents and the ploidy
levels of these progenies were determined through
flow cytometry (data not presented) as well as by
cytological chromosome counting (Tables 1 and 2).
Not all LA hybrids were successful as male and
female parents. Viable pollen grains (5-30%) were
produced in some cases (e.g., F1 hybrids 041502,
041519, 041557) and these could be used successfully
as male parents (Table 1). Other genotypes could only
be used as female parent. By crossing LA hybrids
both as female and male parent, a total of 104 BClI
progenies were obtained of which 27 (26%) were
diploid, 73 (70.2%) were triploid and four were
aneuploid (3.8%) with 2x — 1, 2x+2 and 2x+3,
respectively. This indicated the occurrence of haploid
(n), diploid (2n) and aneuploid gametes in the LA
hybrids (Table 1). Analysis of the different BC1 types
produced by each genotype indicated that three geno-
types produced only n eggs. All other produced both n
and 2n eggs although in the majority of cases 2n eggs
are produced. Similarly, there was one genotype that
produced only n pollen (041557), one that produced
both 7 and 2n pollen (041519) and one genotype pro-
duced only 2n pollen (041502). The observations

indicated that it was possible to produce reasonable
numbers of diploid BC1 progenies along with a large
number of triploid progenies from LA hybrids despite
possessing highly differentiated genomes and abnor-
mal meiosis in these hybrids.

Apart from producing BC1 progenies from diploid
LA hybrids, an attempt was also made to obtain dip-
loid progenies by backcrossing allotriploid (LAA and
ALA) BCI1 plants with different diploid Asiatic par-
ents. From the flow cytometric determination of the
ploidy levels of the progenies of 2x — 3x and recipro-
cal crosses, it was established that 90.33% of the BC2
plants showed diploid chromosome numbers and this
was confirmed cytologically (Table 2; Fig. 1c). Obvi-
ously, despite being allotriploids, they produced bal-
anced haploid gametes both male and female, giving
rise to diploid BC2 progenies on back crossing.

Genome composition and the extent of crossing-over
in BC progenies

Through GISH analysis, the genome composition was
determined in 24 diploid BC1 (Table 3) and five BC2
plants (Table 4). Among BC1 progenies, 20 had the
expected 24 chromosomes and four were aneuploid
(2x — 1, 2x + 2 or 2x + 3). Because the Asiatic parent
was used for backcrossing, the number of A genome
chromosomes (chromosomes of which the centro-
mere was of Asiatic genome) predominated in the
BC1 progenies and varied from 15 to 23 (Table 3).
On the other hand, the chromosomes with the centro-
mere of the L genome varied from only one (044602-
2) to nine (066960-2 and 066963-2) (Table 3). There
were obviously four type of chromosomes; two
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Fig. 1 Chromosome identification and identification of recombi-
nation sites with GISH. a and b BC1 LA diploids (044538-2;
066963-7). ¢ BC2 LA diploid (044529-2). Recombinant chromo-

non-recombinant chromosomes, L and A and two
recombinant chromosomes L/A and A/L. Those with
a centromere of Asiatic chromosome with a recombi-
nant segment of Longiflorum, are indicated as A/L,
and vice versa, i.e., L/A (Table 3; Fig. la—c). In all,
there were 71 L/A and 86 A/L types of recombinant
chromosomes found in the total of progenies
analysed. Taking the total length of both A and L
chromosomes in the BC1 progenies, the percentages
of each genome present in the BC1 progenies was
estimated (Table 3). The percentage of L genome
deviated from the expected (25%) and it varied from
3.3% (044602-2) to as high as 32.5% (066960-15),
nearly a ten fold variation. In order to estimate the
number and types of recombinant chromosomes and
the lengths of recombinant segments, the karyotypes
of some of the BC1 progenies were determined as
shown in Fig. 2. It was found that a considerable
amount of Longiflorum genome was transmitted from
LA hybrids to BC1 progenies, however, the BC2
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somes are marked with arrow heads indicating both types of re-
combinant chromosomes either L/A (centromere of Longiflorum
genome with Asiatic recombinant segment) or vice versai.e., A/L

progenies possessed hardly any of the alien genome
or segments of L genome (Fig. 1c).

Discussion

Nearly 30% of the 104 BC1 progenies produced from
LA hybrids in this investigation turned out to be
diploid or near diploid (i.e., aneuploid with almost
diploid chromosome count). This shows that there is a
prospect for producing sufficient number of diploid
BC1 progenies suitable for analytic breeding in LA
hybrids. An attractive feature of these progenies is
that it might be possible to monitor the segregation of
distinctive genetic traits that distinguish the two
parental species. The inheritance patterns of some of
the desirable horticultural traits in these progenies
might provide an insight into how such traits can be
utilized in breeding lilies. Because the generation time
of lilies is long (two or more years) the segregation of
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Table 3 Genome composition of BC1 (diploid and aneuploid) LA hybrids and the number of recombinant chromosomes among differ-

ent genotypes

Cross Genotype code Ploidy level Genome composition Genome percentage No. of recombinant
o A L% A ) chromosomes
LAA 044511-1 2x 3(1) 21(2) 12.55 87.45 3
LAA 044538-1 2x 7(7) 17(4) 24.37 75.62 11
LAA 044538-2 2x 7(6) 17(3) 28.6 71.4 9
LAA 044538-3 2x 412) 20(4) 17.84 82.15 6
LAA 044538-4 2x 5(2) 19(5) 24.32 75.67 7
LAA 062704-2 2x 42) 20(4) 25.6 74.63 6
LAA 062704-5 2x 6(4) 18(4) 16 84 8
LAA 065051-3 2x 33) 21(2) 8.81 91.18 5
LAA 065051-5 2x — 1 3(2) 20(3) 17.80 82.20 5
LAA 065051-6 2x 7(6) 17(3) 27.5 72.5 9
LAA 066828-5 2x 5(4) 19(2) 15.2 84.8 6
LAA 066960-2 2x 9(5) 15 26.88 73.11 5
LAA 066960-15 2x+2 7(2) 19(1) 32.52 67.47 3
LAA 066960-17 2x 8(4) 16(3) 31.88 68.11 7
LAA 066960-22 2x 5(5) 19(4) 13.9 86 9
LAA 066963-2 2x 9(5) 15 28.9 71.09 5
LAA 066963-7 2x 7(3) 17 25.2 74.8 3
LAA 066994-1 2x 6(3) 18(4) 27.81 72.18 7
LAA 066994-2 2x 4(4) 20(5) 29.28 70.72 9
LAA 066994-5 2x 7(5) 17(4) 21 79 9
LAA 066994-6 2x+3 7(4) 20(4) 359 64.1 8
LAA 066994-7 2x+3 7(3) 20(4) 24.37 75.63 7
LAA 066994-10 2x 6(3) 18(4) 26.2 73.8 7
ALA 044602-2 2x 1(1) 23(2) 3.34 96.66 3

Table 4 Genome composition of BC2 (diploid and aneuploid) LA hybrids and the number of recombinant chromosomes among differ-

ent genotypes analysed by GISH

Cross Genotype Ploidy Genome composition No. of recombinant
code level Lo D) chromosomes

ALAA 044529-2 2x 1(1) 23 1

ALAA 044529-3 2x - 24 0

ALAA 044529-4 2x 24 0

ALAA 044530-1 2x - 24(1) 1

LAAA 044634-1 2x+ 1 1 24(2) 2

traits has not yet been analysed in the present study.
Nevertheless, a cursory look at the karyotypes of BC
progenies (Fig. 2) does indicate that there is a poten-
tial for genetic variation and consequently a possibil-
ity for selection at the diploid level. From the point of
view of breeding allopolyploid crops, the results of

the present investigation are relevant to other orna-
mental. Just as in Lilium, an important group of tulips,
the so called “Darwin Hybrids”, have originated from
interspecific hybrids between Tulipa gesneriana x
T. fosteriana (Marasek at al. 2006; Marasek and
Okazaki 2008). Despite having genetically differentiated
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Fig. 2 Diagrammatic rep-
resentation of recombinant '
chromosomes in BC diploid

LA hybrid. 044538-2 and g o - o o o

hybrids); 044602-2 (BC1

ALA hybrid) and 044529-2

(A LAA BC2 hybrid). In L

this figure the black colour 1 2 3 4
represents the Longiflorum

genome while grey colour

represents the Asiatic one

065051-6 (BC1 LAA type I

genomes, these F1 hybrids have been shown to pro-
duce both n and 2n gametes so that both diploid (2n =
2x =24) and triploid (2n =3x=36) BC1 progenies
can be obtained by backcrossing with one of the
parent i.e., T. gesneriana (Marasek and Okazaki 2008).

Similarly, occurrence of both n and 2n gametes has
also been reported in other ornamentals like Als-
troemeria aurea X A. inodora (Kamstra at al. 1999).
This indicates that there are prospects of using ana-
Iytic breeding in more ornamental crops other than
lily. The potential for genetic variation and conse-
quently the possibility for selection at the diploid
level has been practiced in some other crops of
economic importance like Lycopersicon esculentum x
Solanum lycopersicoides (Chetelat etal. 1997) and
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044538-2
i:' o o ; o !" ! o !::' : o : o
s 6 7 8 9 10 1 12
065051-6
U R I
s 6 7 8 9 10 1 12
044602-2
s 6 7 8 9 10 11 12
044529-2
5 6 7 8 9 10 1 12

Festuca x Lolium etal. 1998;
Thomas et al. 2003).

Three important aspects of analytic breeding are,
(a) conventional breeding at diploid level for
improved quality and high yield traits (b) the maximi-
zation of heterozygosity in the polyploids that might
be produced from the selected diploid genotypes and
(c) introgression of desirable traits from on species to
the other. For good reasons, it has been argued that a
higher degree of heterozygosity can be achieved at the
polyploid rather than at the diploid level (Bingham
1980; Sanford 1983). The reason being that polyp-
loids have a greater probability of possessing three or
more different alleles at the same locus whereas it is

restricted to only two in diploids. The importance of

(Zwierzykowski
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poly allelic loci for inducing vigour and fertility in
autopolyploids has been demonstrated in the case of
Medicago sativa (Busbice and Wilsie 1966). This
aspect can be verified by using diploid BC progenies
for breeding and selection followed by polyploidiza-
tion in lilies. A hypothetical analytic breeding
scheme for lily LA hybrids has been represented in
Fig. 3.

The traditional method of introgressing traits into
allopolyploids was through the re-synthesis of the
crop by using the putative parental species as has been
done in Ipomea spp. (Orjeda etal. 1991), Aegilops-
Triticum (Feldman etal. 1997; Ozkan et al. 2001),
Spartina spp. (Baumel et al. 2002), Musa Spp. (Ortiz
1997), and Brassicas (Lukens et al. 2006; Nicolas
et al. 2007). Hybridization of such re-synthesized allo-
polyploid with elite cultivars adds the entire genomes
of the alien species rather than only the chromosome
segments that possess the desirable traits. The addition
of entire genomes, obviously, adds many undesirable
traits along with the desirable ones into the cultivars
enhancing so called, linkage drag (Hospital 2001).
One effective way of preventing linkage drag is to add
specific recombinant segments that possess desirable
traits (Servin et al. 2004). An important requirement
for this is that, (a) homoeologous recombination must
be accomplished in the hybrids of the putative paren-
tal species and (b) the recombinant chromosomes

Diploid cultivars as source of material

LL X AA 1
LA X AA 2

(Haploid gametes)
(Diploid gametes) l

LA A X AA 3
(Diploid BC 1)
(Triploid BC 1) l

LAA A X AA 4
(Diploid BC 2) l (2n gametes)
LAAA AA 5
(Triploid progenies)

Fig. 3 Hypothetical analytic breeding scheme for LA hybrids,
L—Longiflorum genome, A—Asiatic genome

must be recovered in the progenies of the F1 hybrids.
These two requirements are most ideally achieved in
the case of LA hybrids studied here and a wide range
of recombinant chromosomes with varying numbers
and lengths of recombinant segments have been
recovered in the BC1 progenies (Table 2; Figs. 1a, b
and 2). Besides, it has also been possible to produce
BC2 progenies from the triploid BC1 genotypes
(Table 2). In a previous study it was found that in the
progenies of 3x — 2x crosses of Longiflorum x
Asiatic and 3x — 2x and reciprocal crosses of Oriental x
Asiatic hybrids lilies, predominantly near diploid (i.e.,
aneuploid) or diploid progenies occurred indicating
that triploid BC1 plants produced both balanced »n as
well as near haploid (e.g., n + 1 or n + 2 etc.) gametes
(Lim et al. 2003; Barba-Gonzalez et al. 2006a). Simi-
larly, present investigation shows that most of the
BC2 progenies obtained after 2x — 3x and in recipro-
cal crosses produced mostly diploid progenies.
However, there is no convincing explanation for the
occurrence of balanced n gametes in triploids used in
the present study. This appears to be genotype depen-
dent that needs to be confirmed by further analysis.
Therefore, more progenies from this cross have to be
analysed. A notable feature of the BC2 progenies
obtained from 2x — 3x and reciprocal crosses is that
they transmit very short recombinant segments or
very few alien chromosomes to the progenies. These
might be especially favourable in avoiding linkage
drag. The scarcity of L genome chromosomes or seg-
ments in these BC2 progenies might have resulted
from a process of selection of gametes during fertil-
ization or embryo development or due to non-inclu-
sion of L genome chromosomes during gamete
formation. This implies that introgression of some
desirable Longiflorum traits into an Asiatic cultivar
could be realized at BC2 level. Similar results have
been found in Festuca—Lolium intergeneric hybrids
where freezing tolerance genes were successfully
introgressed into Lolium multiflorum from Festuca
pratensis in a back cross breeding programme
(Kosmala et al. 2006).

Besides their relevance to analytic breeding, the
diploid BC progenies can be useful for molecular
mapping of useful traits as exampled in other crops
like banana (Fauré et al. 1993; Raboin et al. 2005),
wheat (Dubcovsky etal. 1996), alfalfa (Barcaccia
et al. 1999) and cotton (Desai et al. 2008). Especially
when quantitative traits are to be transferred, diploids
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might more conducive for tagging the quantitative
loci that might be used in marker assisted selection
(Dirlewanger et al. 2004). Diploid BC1 ALA and
LAA plants can be backcrossed with the recurrent
Asiatic parents to get the genes of interest in
backcross progenies. Finally, the concept of hybrid
vigour resulting from the degree of heterozygosity of
the polyploid progenies can be assessed through the
use of molecular methods and the advantages of ana-
lytic breeding can be determined.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which
permits any noncommercial use, distribution, and reproduction
in any medium, provided the original author(s) and source are
credited.
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