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ABSTRACT 
The Lupinus genus is strongly monophyletic with a 
distinct lineage clearly separated from other groups 
of legumes. The precise number of lupin species is 
unclear but could be in excess of 300 taxa, the 
majority occurring as the New World species where 
taxonomic classification is still in progress. Wild 
lupins, which include perennial and annual species, 
are distributed across climatic ranges from sub-
arctic Alaska, Mediterranean and semi-desert 
climates; highland and mountain regions of east 
Africa, Mexico, the Andes and High Rockies; the 
warm temperate climates of south-eastern USA and 
sub-tropical regions of eastern South America. 
Lupins therefore represent a range of adaptation 
ranges and plant characteristics.  

 The three major crop lupin species, Lupinus 
albus (2n = 50), L. angustifolius (2n=40) and L. luteus 
(2n = 52) originate from the Mediterranean and 
African regions. The fourth species under 
cultivation, L. mutabilis (2n = 48), comes from South 
America. Interspecific crossing in lupins has a 
history over 70 years. Some of the earliest work 
produced hybrids between several New World 
species without embryo rescue, including the well-
known Russell lupins. Among the crop lupin species, 
interspecific crossing is made more difficult due to 
their different chromosome numbers. Work in 
Poland on hybridisation between L. albus x 
L. mutabilis, as well as analysis of chromosome 
behaviour at meiosis indicates differences in progeny 
but also certain similarities between genomes of the 
parental genotypes. With more advanced cytological 
methods and using in vitro embryo culture there is 
the potential to overcome interspecific hybridisation 
barriers. This paper reviews past and recent 
progress with interspecific hybridisation in Lupinus 
and reports on evidence supporting the generation of 
hybrids between L. albus and L. mutabilis. 
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INTRODUCTION 
 In the process of evolution, the genus Lupinus has 
developed cytogenetic barriers which prevent 
interspecific hybridisation. As a consequence, the 
breeding of each cultivated species is carried out 
independently. 

 The lupins of the Mediterranean region and Africa 
(Old World) have been divided into two sections: 
smooth-seeded and rough-seeded. The Old World lupin 
species differ in the number of chromosomes depending 
on the species e.g. L. angustifolius 2n = 40, L. albus 
2n =50 and L. luteus and L. micranthus 2n = 52. It is 
possible to obtain interspecific hybrids within particular 
sections, the easiest in the albus group, which allowed 
the verification of taxonomy in the section. Gladstones 
(1974, 1998) distinguished one sensu lato species -  
Lupinus albus with two varieties albus and graecus. 

 The American species are characterised by the 
widest diversity with respect to ecological distribution 
and adaptive abilities. The majority of American species 
have 2n = 48 with the except of eastern American 
species (for example L. texensis and L. subcarnosus). 
Presumably, their genomic number is x = 6, which 
indicates their long path of polyploidisation. Lupinus 
mutabilis (pearl or Andean lupin) is the only cultivated 
species of the ca 200 species known to occur in both 
Americans continents. Among the cultivated species of 
Lupinus (L. albus, L. angustifolius, L. luteus) the pearl 
(Andean) lupin has the highest protein and oil content 
(Sawicka 1993; Cowling et al. 1998). Therefore, the 
effort was undertaken for obtaining interspecific hybrids 
between L. albus and L. mutabilis to produce hybrids 
with good adaptation to moderate climatic conditions 
and potentially high seed quality characteristics. 

DIFFICULTIES OBTAINING HYBRIDS WITHIN THE 
GENUS LUPINUS: A NUMBERS OF ESSENTIAL PROBLEMS 
1. Relatively few breeders and researchers conducting 

genetic and cytological research into species 
representing the genus Lupinus. 

2. According to numerous specialists, the process of 
plant domestication has finished and is not going to 
be continued. Besides, there is little interest in 
increasing the commercial attractiveness of lupin 
cultivars through interspecific hybridisation. 
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Table 1. Size of amplification products using of RAPD (bp) primers. 

Parents and hybrids 

Primer 
Fragment 

length (bp) L. albus 
(L. termis) 

L. albus 
(L. termis) 

x 
L. mutabilis 

XM.5 

L. mutabilis 
XM.5 

L. albus 
WAT 

L. albus WAT 
x 

L. mutabilis 
136 

L. mutabilis 
136 

1750 - - - - + + 

1500 monomorphic products + +? - 

1000 monomorphic products 

  900 + - - + - - 

800 - + - - + + 

600 - + - - - - 

500 monomorphic products 

OPA-4 

400 + - -  - - 

2800 - - - + - - 

2000 + - + + - - 

1900 + - - + - - 

1800 - + + - + + 
1400 monomorphic products 

1000 + + -         -                        -                       - 

900 - + + - + + 
800 monomorphic products + - + 

700 - + + 
+  

(double 
650-700) 

+ + 

600 - + + - + + 
450 + - - + - - 

CS-60 

350 - + - - + + 

2900 - - - + - - 

2800 + - - - - - 

1800 + - - - + - 

1400 + - + + - - 

1200 - + + - + + 
700 - - - + - - 

600 + + + - + + 

500 - - - - - + 

555 - + - - - - 

400 - + - - - - 

OPA-18 

300 - - - + + + 
+ Marker present. 
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Table 2. Size of amplification products using of RAPD (bp) primers. 

Parents and hybrids 

Primer 
Fragment 

length (bp) L. albus 
(L. termis) 

L. albus 
(L. termis) 

x 
L. mutabilis 

XM.5 

L. mutabilis 
XM.5 

L. mutabilis 
XM.5 

x 
L. albus 

(L. vavilovi) 

L. albus 
(L. vavilovi) 

1600 - - + - - 

1500 + - - - + 

1000 + - - - + 

900 + - - - + 

790 - + + + - 

650 - + + + - 

OPA-7 

250 - + - + - 

2500 - - + - - 

1750 + - - - + 

1600 + - - - + 

1260 - - + - - 

1031 - + + + - 

1000 + - - - + 

800 - + - + - 

550 - + - + - 

OPA-8 

500 - + - - - 

1300 - + - + - 

1260 + - - - + 

1100 - + + + - 

950 - + + + - 

800 - - - + - 

700 + - - - + 

350 - + + + - 

300 + - - - + 

OPA-13 

200 - + + + - 

1700 + + - + - 

1260 monomorphic products 

1200 + - - - + 

700 - + + + - 

600 monomorphic products 

500 + - - - - 

300 - + + + - 

OPA-14 

250 + - - - + 
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Table 2. Continued … 

Parents and hybrids 

Primer 
Fragment 

length (bp) L. albus 
(L. termis) 

L. albus 
(L. termis) 

x 
L. mutabilis 

XM.5 

L. mutabilis 
XM.5 

L. mutabilis 
XM.5 

x 
L. albus 

(L. vavilovi) 

L. albus 
(L. vavilovi) 

2050 + - - - + 

1750 + - - - - 

1600 + - + + - 

1500 - - + + - 

1260 + - + + - 

1200 + - - - - 

1100 - - + + - 

700 - - - + - 

650 + - - - - 

550 - - - + - 

450   monomorphic products  

300 - - + + - 

OPA-16 

200 - - + + - 

1500 - + - - - 

1200 - + - + - 

1100 + - - - + 

750 - - + + - 

650 - - - - + 

600 + - - - - 

550 - + - + - 

400 - - + - - 

350 - + + + - 

OPA-20 

200 - + + + - 
+ Marker present. 
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3. Difficulties resulting from low productivity of seeds 

from pollination, high percentage of flower 
abscission, and low pod set compared with other 
crops. 

4. Lupins have never been used as model plants and 
therefore biotechnological achievements involving 
these plants are less numerous compared with other 
groups of crops. 

5. Lack of fundamental knowledge about acquisition of 
interspecific lupin hybrids due to difficulties 
experienced in this field of research (Atkins et al. 
1998). 

WHAT WOULD HELP OVERCOME THE DIFFICULTIES ?  
 To obtain true hybrids between target lupin species, 
further development is required of successful in vitro 
culture methods for regeneration of embryos and 
protoplast fusion for inducing somatic hybridisation. 
Use of wild species for improving different traits of 
cultivated species is necessary to overcome these 
difficulties in connection with interspecific 
hybridisation. Significance ought to be applied to the 
use of the mutagenesis on a larger scale to induce 
genetic variability. In the process of domestication and 
adaptation to different conditions in the future could be 
facilitated by insertion mutagenesis could also be used 
for improving lupin varieties. 

EXAMPLE OF SUCCESSFUL HYBRIDISATION IN LUPINUS 
 Kazimierski (1961) performed 5730 crosses, over 
four years, covering 81 combination including L. albus, 
L. angustifolius, L. arboreus x L. hartwegii and partly 
compatible (the hybrids dropped flowers): 
L. subcarnosus x L. mutabilis, L. albus x 
L. angustifolius, L. pilosus x L. angustifolius. Some of 
the hybrids developed small pods: (L. albus x 
L. pilosus), (L. mutabilis x L. arboreus). The most 
serious problem reported was that the plants did not 
tolerate anther removal during crossing.  

 The Lupinus x Russell is example of an interspecific 
hybrid originating from two or more species from 
outcrossing without in-vitro methods (probably 
L. polyphylus x L. arboreus). Many authors have 
reported successful viable seeds from interspecific 
hybridisation (Clements et al. 2005) e.g 
L. nootkatensis x L. polyphylus; L. x hispanicoluteus; 
L. polyphyllus x L. mutabilis; L. hartwegii/L. mexicanus 
(e.g. Schäfer-Menuhr et al. 1988; Kasten et al. 1991; 
Clements et al. 2008 this conference); L. mutabilis x 
L. tomentosus (Clements et al. 2008 this conference). 
Interspecific hybrids have been produced without in-
vitro methods in the group of rough-seeded lupins, 
which were used in practical breeding programmes: 
L. atlanticus x L. cosentinii, L. cosentinii x L. digitatus, 
L. pilosus x L. atlanticus i cosentinii, L. pilosus x 
L. palaestinus (Roy and Gladstones 1985; Buirchell 
1994). 

SOME REMARKS ABOUT INTERSPECIFIC 
HYBRIDISATION BETWEEN L . MUTABILIS AND L . ALBUS 
 Lupinus mutabilis is the only cultivated American 
species that shows similarity to both groups of species 
simultaneously the New and Old World species 
(Kazimierski and Nowacki 1961; Wolko 1995). In the 
first trial of interspecific hybridisation by 
Williams et al. (1980), pollen tube growth of 
L. mutabilis was examined in the pistils of L. albus, 
L. angustifolius and L. luteus. The first results despite 
that of two seeds developed normally (Fig. 1).  

 A new series of crossing L. albus and L. mutabilis in 
different combinations resulted in viable F1 and further 
generations (Sawicka-Sienkiewicz and Brejdak, 1999), 
which was the beginning of the propagation of hybrids 
without in-vitro methods.  

 The hybrids obtained showed similarities to either 
the male or the female species. Morphological 
differences among the plants studied were not very 
distinguishable (Fig. 2 and 3). The amount of DNA 
demonstrated a similar trend to the morphology of 
plants and resulting seed size 
(Sawicka-Sienkiewicz et al. 2006 ; Sawicka-
Sienkiewicz and Galek, 2006). The chromosome 
number of putative hybrids was always 2n = 48 (similar 
to L. mutabilis) independent of the appearance of the 
hybrid plants (Fig. 4). 

POLYMORPHISM OF DNA IN THE HYBRIDS  
 Putative hybrid status was assessed using RAPD and 
ISSR molecular markers (Zoga et al. 2008 this 
conference). The results are presented in Tables 1, 2 
and 3. 

 The primers OPA-18 and CS-60 (Tab. 1) showed the 
similarity to the male species in the hybrids (L. albus 
‘WAT’ x  L. mutabilis MUT-136), and (L. albus var. 
albus - L. termis) x L. mutabilis MUT- 628). The size of 
band 1000 bp was present in female species and in 
hybrid L. albus-termis x L. mutabilis, when primer CS-
60 was used, and the band 900bp was present in both 
male and hybrids plants studied. 

 The parents and hybrids results of DNA 
polymorphism presented in Table 2. The hybrids were 
obtained from crossing combinations where L. mutabilis 
XM.5 was used as male in hybrids L. albus var. albus –
 termis x L. mutabilis XM.5 and as female in another 
putative hybrid L. mutabilis XM.5 x L. albus var. 
graecus – vavilovi. The analysis of six primers showed 
the same pattern of the bands for L. mutabilis and its 
hybrids in many cases. The primer OPA-14 gave the 
size of band 1700 bp in L. albus and both investigated 
hybrid plants. In some cases were observed appearance 
of the bands presented only in hybrids. 
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Table 3. Size of products of primers ISSR (bp). 

Parents and hybrid 

Primer 
Fragment lenght 

(bp) L. albus (L. termis) 
L.albus (L. termis) 

x 
L. mutabilis XM.5 

L. mutabilis XM.5 

1200 - + + 

1100 + + + 

  850 + - - 
ISSR-12 

  300 + - - 

1500 + - - 

1450 - + - 

1400 + - - 

  920 + - - 

  780 + - - 

  720 + - - 

ISSR-150 

  680 + - - 
 
 

 

Fig.1. Interspecific hybridisation – the first trials in 
1984. L. albus – H = variety Hetman; 21757 = 
L. mutabilis; Kontrola – control. 

 

 

Fig.2. Hybrids similar to male species. WTS – weight of 
thousand seeds. 
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 The results obtained after using ISSR-12 primer in 
one example showed similarity to L. mutabilis and 
hybrid where this species was male. The second ISSR-
150 visualised one band of 1450 bp size only for hybrid 
plants.  

The different primers used for analysing 
polymorphism of DNA gave bands characteristic only 
for L. albus or L. mutabilis. The preliminary results 
indicated some of primers are useful for hybrid 
detection. 

CONCLUSIONS 
 Interspecific crossing among Lupinus species has 
been demonstrated most successfully among the 
New World species sharing the same chromosomes 
number (2n = 48) and among closely related rough-
seeded species with varying chromosomes numbers. 
Some promising results however are emerging from 
attempts among crop lupin specie of the Old World 
group, although due to their more separates phylogenic 
relatedness, the use of in-vitro methods will in most 
cases be required. We have demonstrated that 
interspecific crossing between L. albus and L. mutabilis 
is one combination that can contribute useful genetic 
variation to the domesticated lupin species through 
production of hybrids in some cases without the need 
for embryo rescue. Hybrids will be evaluated further for 
evidence of introgression of traits such as higher seed 
protein or oil. 
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Fig. 3. The hybrids similar to female species. WTS – 
weight of thousand seeds. 

 

Fig. 4. Chromosomes of parental species and 
interspecific hybrid. 

 


