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ABSTRACT

The Lupinus genus is strongly monophyletic with a
distinct lineage clearly separated from other group

INTRODUCTION
In the process of evolution, the gerluginus has
developed cytogenetic barriers which  prevent

of legumes. The precise number of lupin species isinterspecific hybridisation. As a consequence, the
unclear but could be in excess of 300 taxa, the breeding of each cultivated species is carried out

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) andL. 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 d
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 proggy
but also certain similarities between genomes of ¢h
parental genotypes. With more advanced cytological
methods and usingin vitro embryo culture there is
the potential to overcome interspecific hybridisatbn
barriers. This paper reviews past and recent
progress with interspecific hybridisation in Lupinus
and reports on evidence supporting the generationfo
hybrids betweenL. albusand L. mutabilis.
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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 depgndi
on the species e.d.. angustifolius2n = 40,L. albus
2n =50 andL. luteusand L. micranthus2n =52. It is
possible to obtain interspecific hybrids within tpaular
sections, the easiest in th#us group, which allowed
the verification of taxonomy in the section. Glauasts
(1974, 1998) distinguished ormensu latospecies-
Lupinus albuswith two varietiesalbusandgraecus

The American species are characterised by the
widest diversity with respect to ecological distiilon
and adaptive abilities. The majority of Americarcies
have 2n =48 with the except of eastern American
species (for examplé. texensisand L. subcarnosys
Presumably, their genomic number is x =6, which
indicates their long path of polyploidisatiohupinus
mutabilis (pearl or Andean lupin) is the only cultivated
species of the ca 200 species known to occur ih bot
Americans continents. Among the cultivated speoies
Lupinus (L. albus L. angustifolius L. luteug the pearl
(Andean) lupin has the highest protein and oil eont
(Sawicka 1993; Cowlinget al 1998). Therefore, the
effort was undertaken for obtaining interspecifibfids
betweenL. albusand L. mutabilisto produce hybrids
with good adaptation to moderate climatic condgion
and potentially high seed quality characteristics.

DIFFICULTIES OBTAINING HYBRIDS WITHIN THE
GENUS L UPINUSA NUMBERS OF ESSENTIAL PROBLEMS

1. Relatively few breeders and researchers conaycti
genetic and cytological research into species
representing the genusipinus.

2. According to numerous specialists, the procdss o
plant domestication has finished and is not gong t
be continued. Besides, there is little interest in
increasing the commercial attractiveness of lupin
cultivars  through interspecific  hybridisation.

IN J.A. Palta and J.B. Berger (eds). 2008 ‘Lupinms Health and Wealth’ Proceedings of the" 1fternational Lupin Conference,
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Table 1. Size of amplification products using of RAPD (lgpmers.

Parents and hybrids

L. albus L. albus WAT
Primer g;g?ﬂ%gt) L. albus (L. termig L. mutabilis | L. albus X L. mutabilis
(L. termig L mutabilis XM.5 WAT L. mutabilis 136
136
XM.5
1750 - - - - + +
1500 monomorphic products + +? -
1000 monomorphic products
OPA-4 900 ¥ - ; ¥ ) )
800 - + - - + +
600 - - - - -
500 monomorphic products
400 + - - - -
2800 - - - + - -
2000 + - + + i} )
1900 + - - + - -
1800 - + + - + +
1400 monomorphic products
1000 + + - - - -
CS-60 900 - * ¥ - * ¥
800 monomorphic products + - +
+
700 - + + (double + +
650-700)
600 - + + - + +
450 + - - + - -
350 - + - - + +
2900 - - - + - -
2800 + - - - -
1800 + - - - + -
1400 + - + + i} )
1200 - + + - + +
OPA-18 700 - - - + - -
600 + + + - + +
500 - - - - - +
555 - + - - - -
400 - + - - - -
300 - - - + + +

* Marker present.
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Table 2.Size of amplification products using of RAPD (bpinpers.

Parents and hybrids

L. albus L. mutabilis
Primer g;zg?q(%rg) L. albus (L. tirmis L. mutabilis Xl\)f'S L. albus
(L. termig L mutabilis XM.5 L albus (L. vavilovi
XM.5 (L. vavilov)
1600 - - + - -
1500 + - - - +
1000 + - - - +
OPA-7 900 + - - - +
790 - + -
650 - + + + -
250 - + - .
2500 - - + - -
1750 + - - -
1600 + - - - +
1260 - - + - -
OPA-8 1031 - + + + -
1000 + - - - +
800 - + - + -
550 - + - .
500 - + - - -
1300 - + - + -
1260 + - - - +
1100 - + + + -
950 - + + + -
OPA-13 800 - - - + -
700 + - - - +
350 - + + + -
300 + - - - +
200 - + + + -
1700 + + - + -
1260 monomorphic products
1200 + - - - +
700 - + + + -
OPA-14 )
600 monomorphic products
500 + - - - -
300 - + + + -

250 + - - - +
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Table 2.Continued ...

Parents and hybrids

L. albus L. mutabilis
Primer g;zg?q(%rg) L. albus (L tirmis L. mutabilis Xl\)f'S L. albus
(L. termig L mutabilis XM.5 L albus (L. vavilovi
XM.5 (L. vavilov)

2050 + - - - +
1750 + - - - -
1600 + - + + -
1500 - - + + -
1260 + - + + -
1200 + - - - -
OPA-16 1100 - - + + -
700 - - - + -
650 + - - - -
550 - - - + -

450 monomorphic products
300 - - + + -
200 - - + + -
1500 - + - - -
1200 - + - + -
1100 + - - - +
750 - - + + -
OPA-20 650 ) ) ) ) ¥
600 + - - - -
550 - + - + ;
400 - - + - -
350 - + -
200 - + + -

* Marker present.
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SOME REMARKS ABOUT INTERSPECIFIC
HYBRIDISATION BETWEEN L. MUTABILISAND L. ALBUS

3. Difficulties resulting from low productivity aseeds Lupinus mutabilisis the only cultivated American
from pollination, high percentage of flowerspecies that shows similarity to both groups ofcise
abscission, and low pod set compared with otheimultaneously the New and OIld World species
crops. (Kazimierski and Nowacki 1961; Wolko 1995). In the

4. Lupins have never been used as model plants af§t trial of interspecific  hybridisation by
therefore biotechnological achievements involvini/'"'ams etal (1980), pollen tube growth of

these plants are less numerous compared with ottlermutabilis was examined in the pistils ot. albus,
groups of crops. L. angustifoliusand L. luteus.The first results despite

5. Lack of fundamental knowledge about acquisitbn that of two seeds developed normally (Fig. 1).

interspecific lupin hybrids due to difficulties A new series of crossirlg albusandL. mutabilisin
experienced in this field of research (Atketsal different combinations resulted in viable &d further
1998). generations (Sawicka-Sienkiewicz and Brejdak, 1999)
which was the beginning of the propagation of hgbri

? . . .
WHAT WOULD HELP OVERCOME THE DIFFICULTIES 7 without in-vitro methods.

To obtain true hybrids between target lupin specie _ ) o _
further development is required of successfulvitro The hybrids obtained showed similarities to either
culture methods for regeneration of embryos and}€é male or the female species. Morphological
protoplast fusion for inducing somatic hybridisatio differences among the plants studied were not very
Use of wild species for improving different traies ~distinguishable (Fig. 2 and 3). The amount of DNA
cultivated species is necessary to overcome thedgmonstrated a similar trend to the morphology of
difficulties  in  connection  with interspecific Plants ~and  resulting seed size
hybridisation. Significance ought to be appliedthe (Sawicka-Sienkiewicet al 2006 ; Sawicka-
use of the mutagenesis on a larger scale to indugéenkiewicz and Galek, 2006). The chromosome
genetic variability. In the process of domesticatand humber of putative hybrids was always 2n = 48 (simi
adaptation to different conditions in the futurailcbbe 0 L. mutabili§ independent of the appearance of the
facilitated by insertion mutagenesis could alsoused hybrid plants (Fig. 4).

for improving lupin varieties. POLYMORPHISM OF DNA IN THE HYBRIDS
EXAMPLE OF SUCCESSFUL HYBRIDISATION IN L UPINUS Putative hybrid status was assessed using RAPD and

Kazimierski (1961) performed 5730 crosses, ovd®SR molecular markers (Zogat al 2008 this
four years, covering 81 combination includibgalbus, ~conference). The results are presented in Table3 1,
L. angustifolius L. arboreusx L. hartwegiiand partly and 3.

compatible ~ (the  hybrids ~ dropped  flowers):  The primers OPA-18 and CS-60 (Tab. 1) showed the
L. subcarnosus x  L.mutabilis  L.albus X  gimjlarity to the male species in the hybrids &lbus
L. angustifolius, L. pilosux L. angustifolius Some of wwaT x L. mutabilis MUT-136), and L. albus var.
the hybrids developed small poddlL. albus x  glpys - L. termipx L. mutabilisMUT- 628). The size of
L. pllosus), (L. mutabilis x L. arboreus). The mo_st band 1000 bp was present in female species and in
serious problem reported was that the plants dil Nayprid L. albus-termisx L. mutabilis when primer CS-
tolerate anther removal during crossing. 60 was used, and the band 900bp was present in both

The Lupinusx Russelis example of an interspecific Male and hybrids plants studied.

hybrid originating from two or more species from The parents and hybrids results of DNA
outcrossing  without in-vitro - methods  (probablypolymorphism presented in Table 2. The hybrids were
L. polyphylus x L. arboreug. Many authors have gptained from crossing combinations wherenutabilis
reported successful viable seeds from interspecifignm 5 was used as male in hybritlsalbusvar. albus—
hybridisation ~ (Clements etal ~ 2005)  €.d termisx L. mutabilis XM.5 and as female in another
L. nootkatensig L. polyphylus L. x hispanicoluteus pytative hybrid L. mutabilis XM.5 x L. albus var.

L. polyphyllusx L. mutabilis L. hartwegiiL. mexicanus graecus — vaviloviThe analysis of six primers showed
(e.g. Schafer-Menuhet al. 1988; Kasteret al 1991, the same pattern of the bands formutabilisand its
Clementset al 2008 this conference);. mutabilis x hybrids in many cases. The primer OPA-14 gave the
L. tomentosugClementset al 2008 this conference). sjze of band 1700 bp ib. albusand both investigated
Interspecific hybrids have been produced without IMybrid plants. In some cases were observed appesaran

vitro methods in the group of rough-seeded lupingf the bands presented only in hybrids.
which were used in practical breeding programmes:

L. atlanticusx L. cosentinij L. cosentiniix L. digitatus,
L. pilosus x L. atlanticus i cosentinii, L. pilosus
L. palaestinus(Roy and Gladstones 1985; Buirchell
1994).
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Table 3.Size of products of primers ISSR (bp).

Parents and hybrid

Primer Fragment lenght L.albus (L. termis)
(bp) L. albus (L. termis) X L. mutabilis XM.5
L. mutabilis XM.5
1200 - +
1100 + +
ISSR-12
850 + - -
300 + - -
1500 + - -
1450 - + -
1400 + - -
ISSR-150 920 + - -
780 + - -
720 + - -
680 + - -

Sanaratiens of Fy ond Fip

Tha hybrid lilli[" s maola spaciex

Fig.1. Interspecific hybridisation — the first trials in Fig.2. Hybrids similar to male species. WTS — weight of
1984. L. albus — H = variety Hetman; 21757 =  thousand seeds.
L. mutabilis Kontrola — control.



PROCEEDINGS 12" INTERNATIONAL LUPIN CONFERENCE 141

The results obtained after using ISSR-12 primer ifladstones. 1974. Lupins of the Mediterranean Regioth
one example showed similarity tb. mutabilis and Africa. WA Techn. Bull. 26: 1-48.
hybrid where this species was male. The second 1SS&ladstones, J.S. 1998. Distribution, origin, taxogp history
150 visualised one band of 1450 bp size only fdariay and importancelN: Eds.: J.S Gladstones, C.A. Atkins
plants. and J. Hamblin. Lupins as Crop Plants, Biology,

. ) ) Production and Utilisation. CAB International 1-37.

The Q'ﬁerent primers used for a_na,lys'ngKasten, W., T. Paradies, R. Kunert and P. Strak&1.19
polymorphism of DNA gave bands characteristic only  progress in realisation of interspecific hybrids tine
for L. albus or L. mutabilis The preliminary results GenusLupinusby means of an embryo rescue technique.
indicated some of primers are useful for hybrid Biol. Zent. Bl. 110: 290-300.

detection. Kazimierski, T. 1961. Interspecific hybridisatiof lbupinus
Genet. Pol. 2: 97-102.

CONCLUSIONS Kazimierski, T. and E. Nowacki.1961. Indigenouscige of

Interspecific crossing amonbupinus species has lupins regarded as initial forms of the cultivasgkcies:

been demonstrated most successfully among the Lupinus albusL. and Lupinus mutabilisSweet. Flora

New World species sharing the same chromosomes 151: 202-209.

number (2n=48) and among closely related rougﬁ{-OY'tN-N- _f_a”dh tfi ?'adStcf’“fS-_ 1985t-| Ft’_rozpzcstf for

seeded species with varying chromosomes numbers. 'NerSPECIc hybridisation of Lupinus atianticusaGst.

Some promising results however are emerging from V_\_"th L. cosentiniiGuss. TAG 71: 238-241. o

attempts among crop lupin specie of the Old WorI§°hgfeL'Me””hr' A Af' _thsmann_f_anﬂ ;._(g:zerlwunsF)kl.%gg

group, although due to their more separates phgioge Inrt];r%c;iozejcueLu?)inm e(;f)?]?gel(r:\cey rL’oSinanri rSo.land

:gs;idnﬁzs' r?(;auil;:g‘ Of\/\llg-wtr:gvemetggrizn\g:'laiggm(: t International Lupin Association, pp. 424-428.

. s L . awicka, E.J. 1993. Induced mutations in Andeaninlup

interspecific crossing betweén albusandL. mutabilis . o ,

is ong combinationgthat can contribute useful genet (Lupinus mUtabmSSV\;eeO' Prace Ogrodu BotamgznTgo
PAN, Seria: Monografie i Rozprawy, Z. 3: 1-101 (Esl

variation to the domesticated lupin species through symmary). g pravy (st

production of hybrids in_ SOME cases without thedneeSawicka-Sienkiewicz. E. and E. Brejdak. 1999. Ingecific
for embryo rescue. Hybrids will be evaluated furtfoe crossability of the Andean lupinLipinus mutabilis

evidence of introgression of traits such as higiesed Sweet). IN: Proceedings of the"8International Lupin
protein or oil. Conference, Asilomar, California, USA 357-360.
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Fig. 4. Chromosomes of parental species and
interspecific hybrid.

D N \ 4
Hybrid similar to "" - \d )
female species (’ ¥ “ L O e
WTS 277,29 WT 9‘1 g |-

\'m o? g.

Sglee “XRT

i) L.albus (vavilovi) x L. mutabilis LM-34 L. mutabilis LN

Fig. 3. The hybrids similar to female species. WTS —
weight of thousand seeds.



