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ABSTRACT 

The aim of this study was to saturate the narrow-

leafed lupin genetic map with sequence-defined 

markers. This approach facilitates comparative 

mapping of the Lupinus angustifolius genome with 

those of other legume species. The task has been 

carried out within the framework of the GRAIN 

LEGUMES Integrated Project of the 6 EU 

Framework Program (GLIP). Sequence-defined 

molecular markers were designed for conserved 

genomic regions of model legumes (Medicago 

truncatula, Lotus japonicus) as well as crop legume 

species. New methods applied in marker generation 

(CAPS/dCAPS, Cel I, SNaPshot) facilitated faster 

and more reliable analyses. Testing of the 466 

primer pairs provided by GLIP and collaborative 

Scientific Institutions (University of Aarhus, 

Denmark; Montana State University, USA; 

Murdoch University, Australia) resulted in 

successful mapping of 63 markers. Moreover, 

preliminary results of the synteny between the 

narrow-leafed lupin and M. truncatula genomes were 

considered. Localisation of orthologs from 

M. truncatula chromosomes was found for markers 

with known genomic annotation.  
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INTRODUCTION 

 Narrow-leafed lupin (L. angustifolius) was selected 

as a representative species of the Lupinus genus for 

comparative mapping studies due to its relatively low 

chromosome number and a moderate genome size 

(Naganowska et al. 2003). Among all the lupin crops 

the range of its cultivation is the widest and covers not 

only the area of its Mediterranean origin, but also 

Northern Europe and Australia.  

 The aim of this study was to compare the narrow-

leafed lupin and model legume M. truncatula genomes 

to assess their synteny level. This task was carried out 

within the framework of the GRAIN LEGUMES 

Integrated Project, 6 EU Framework Program (GLIP). 

MATERIALS AND METHODS 

 The mapping population, consisting of 89 F8 

recombinant inbred lines developed by the single seed 

descent method from the cross combination 83A:476 x 

P27255, was provided within the framework of official 

cooperation with Dr Hua’an Yang (DAFWA). The 

genomic DNA from leaf tissue of mapping population 

plants was isolated using a DNeasy Plant Mini Kit 

(Qiagen), according to the protocol provided by the 

manufacturer. Four sets of primer pairs were tested in 

lupin. The first group, designed to amplify single or low 

copy genes on the basis of M. truncatula and P. sativum 

conserved sequences, was provided by GLIP. The 

second set consisted of PriFi primer pairs (degenerated 

primers) designed in collaboration with Prof. Jens 

Stougaard, (University of Aarhus, Denmark) to develop 

legume family anchor markers (Fredslund et al. 2006). 

The next group of primer pairs from M. truncatula, 

L. albus and soybean conserved regions (MLG primers) 

was designed and provided in collaboration with Prof. 

Richard Oliver (Murdoch University, Australia). The 

forth set of primer pairs tested in lupin concerned the 

gene-specific, cross-legume sequences and was tested in 

collaboration with Prof. Norman Weeden (Montana 

State University, USA).  

 Digestion with restriction enzymes (CAPS/dCAPS 

markers) as well as the CELI enzyme (Oleykowski et al. 

1998) and the SNaPshot genotyping method (Applied 

Biosystems) were used to facilitate scoring of marker 

allele segregations within the mapping population. 

Sequencing of PCR products (AbiPrism3130XL 

Genetic Analyser, Applied Biosystems) was performed 

to detect single nucleotide polymorphisms (SNPs). STS 

markers were localised on the existing narrow-leafed 

lupin genetic map based on the MFLP markers 

(Boersma et al. 2005). Linkage studies were 

accomplished using computer program MapManager, 

vs. QTXb20 and MapChart v. 2.2 (Voorrips 2002). 

RESULTS AND DISCUSSION 

 From the total number of 315 primer pairs provided 

by GLIP (IGABC, Hungary) segregation of 47 markers 

was analysed in the mapping population (DxW) 

(polymorphism level 15%). Amplified products differed 

in size (24 markers) or represented the present/absent 

segregation type (9 markers). 
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Fig. 1. GLIP and MGL markers and their homologous loci in Medicago truncatula. 

Marker name  

in lupin 
LG lupin Genomic 

EST or 

CDNA 

Medicago 

chromosome 

Genetic map 

marker name 

Physical map 

bac 

mtmt_GEN_00258 1 AC126019 TC101046 4 002H07 mth2_22P22 

mtmt_GEN_00447 1 AC135233 TC94522 4 004A07 mth2_14C14 

psat_EST_00171 gr19 At3g22200.1 CD858669 4   mth2-161l14 

LG80 gr19   TC219033 4   mth2-16c13 

mtmt_GEN_00024_04_1 gr34 AC124214 TC90673 4 SQEX mth2-36a23 

mtmt_GEN_00361_01_1 gr34 AC146651 TC98210 4   mth2-113d3 

mtmt_GEN_00092_01_1 6 AC146572 TC79484 5 h2_104c10b mth2-104c10 

mt_DEG_3530 6 CR931733 TC104778 5 h2_10g3e  mth2-10g3 

mtmt_EST_03188_06-08 gr25 CT033769 TC104830 5   mth2-133o10 

mt_EST_03217 gr25 CR931731 TC110410 5 h2_83l19b mth2-83l19 

 

 In the case of 14 markers, polymorphism was 

detected at the single nucleotide level. Finally 42 

markers were mapped on the MFLP linkage map and 5 

of them remained unlinked.  

 Forty seven primers generated by the PriFi program 

and previously analysed in common bean and groundnut 

were also tested in lupin. PCR products were sequenced 

to assess homology to the expected gene region in A. 

thaliana or M. truncatula as well as to detect 

polymorphism at the sequence level. The marker 

sequence analyses made it possible to detect 18 SNPs. 

As a result, 16 PriFi markers were localised on the 

MFLP map and 2 markers remained unlinked.  

 From a set of 110 MLG primer pairs tested in lupin 

11 markers showed single nucleotide polymorphisms 

(SNPs) and 3 had already been localised on the lupin 

map. Furthermore, the analysis of 52 gene-specific, 

cross-legume primers was carried out, which resulted in 

mapping of two additional markers. 

 In the analyses of single nucleotide polymorphisms 

the CEL I method, SNaPShot genotyping assay as well 

as restriction enzyme digestions were applied. The CEL 

I method was rejected due to its low throughput. The 

application of degenerate primers gave the best results 

in term of the successful amplification and 

polymorphism rates (38% of the polymorphic markers). 

The total number of markers localised through our 

efforts on the narrow-leafed lupin genetic map is now 

63 (Fig. 2). The map is currently composed of 679 

markers connected into 21 main groups and 5 

additional, minor groups. The total map length is 1994 

cM and the average distance between adjacent markers 

is 2.94 cM. Genetic length of the 21 main linkage 

groups is now approximately 200 cM longer than the 

published map (Boersma et al. 2005). Localisation of 

the new markers on the existing lupin MFLP map 

increased its length, whereas it decreased the average 

distance between markers (642 markers versus 454 

markers in the published map, and 2.94 cM versus 

3.4 cM for the published map). 

 Newly mapped markers facilitate comparative 

mapping studies within legumes. It needs to be stressed 

that while synteny between closely related species is 

high, its degree declines with an increasing phylogenetic 

distance (Choi et al. 2004). In our study the narrow-

leafed lupin genetic map was compared with 

M. truncatula chromosomes (www.medicago.org). 

Localisation of the homologous loci on the 

M. truncatula chromosomes was found for the markers 

with known genomic annotation, provided by GLIP and 

Murdoch University. 

 Using this approach an approximate position in 

M. truncatula was established for 43 out of 45 lupin 

markers. Comparative study results indicated that lupin 

linkage group 1 (LG1) as well as 2 additional groups 19 

and 34, have syntenic regions to M. truncatula 

Chromosome 4. Furthermore, Medicago Chromosome 5 

shared two homologous markers both with group LG6 

and 25 (Fig. 1). On the other hand, it was observed in 

our study that loci originating from different LGs of the 

L. angustifolius map were syntenic with a single 

M. truncatula chromosome. This might support a 

hypothesis of polyploidisation followed by 

chromosomal rearrangements in the L. angustifolius 

genome (Phan et al. 2007).  

 Comparative mapping studies between the narrow-

leafed lupin and M. truncatula were already undertaken 

by Nelson et al. (2006). Nelson’s gene-based map 

contained a total of 382 loci. Those authors considered 

regions to have conserved synteny when at least 3 

homologous markers were mapped in both species. In 

our research we found a maximum of two loci shared 

between the lupin and model plant genomes as a result 

of a lower marker number used in comparisons. 

Utilisation of the remaining available markers in 

comparative studies as well as further genetic mapping 

of new sequence-defined markers should support these 

results in the future. At this time it is also difficult to 

confront the comparative mapping results obtained by 

Nelson and his co-workers with our results, as both 

lupin maps are based on different markers. However, we  
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observed that marker UNK7 located in our study in 

LG14 on the MFLP map is also present on the gene-

based map in LG12 (Nelson et al. 2006). Both teams 

also found its homologous locus on Medicago 

Chromosome 5. Furthermore, the other marker PRAT is 

shared between both lupin maps. It was mapped in LG2 

on the MFLP map and in LG6 on the gene-based map, 

but we could not find its homologous locus in the 

Medicago map. Both markers might serve as reference 

markers in the integration of both versions of the lupin 

maps. 

 Although it is too early to draw a conclusion about 

syntenic blocks in the lupin and Medicago genomes, our 

data complement previous studies on L. angustifolius 

(Nelson et al. 2006). Integration of the maps as well as 

the development of new STS markers to be used in 

synteny studies are desirable. Further studies on 

conserved genome synteny in the future may facilitate 

transfer of knowledge among related species of the 

legume family.  

CONCLUSIONS 

1. Most of the primer pairs amplified a monomorphic 

product. The application of restriction enzymes as 

well as the SNaPshot method may be a valuable tool 

for faster and more reliable analyses. 

2. Legume family anchor markers showed the highest 

amplification efficiency and polymorphism levels 

(38% of polymorphic markers). This might be due to 

the degenerated character of primers, which 

facilitated their efficient DNA binding. These 

markers should be included in further comparative 

mapping studies. 

3. The number of reference markers located so far on 

the lupin genetic map makes possible preliminary 

comparative mapping between the L. angustifolius 

and M. truncatula genomes; however, a higher 

number of shared loci would be desirable. 

LITERATURE CITED 

Boersma, J.G., M. Pallotta, C. Li., B.J. Buirchell, 

K. Sivasithamparam and H. Yang. 2005. Construction of a 

genetic linkage map using MFLP and identification of 

molecular markers linked to domestication genes in 

narrow-leafed lupin (Lupinus angustifolius L.). Cellular 

and Molecular Biology Letters 10: 331-44. 

Choi, H.K., J.H. Mun, D.J. Kim, H. Zhu, J.M. Baek, J. Mudge, 

B. Roe, N. Ellis, J. Doyle, G.B. Kiss, N.D. Young, 

D.R. Cook and S.R. Wessler. 2004. Estimating genome 

conservation between crop and model legume species. 

Proc National Academy of Sciences USA 

101: 15289-15294. 

 Fredslund, J., L.H. Madsen, B.K. Hougaard, A.M. Nielsen, 

D. Bertioli, N. Sandal, J. Stougaard and L. Schauser. 2006. 

A general pipeline for the development of anchor markers 

for comparative genomics in plants. BMC Genomics 

7: 207. 

Manly, K.F., R.H. Cudmore Jr and J.M. Meer. 2001. Map 

Manager QTX, cross-platform software for genetic 

mapping. Mammalian Genome 12: 930-932. 

Naganowska, B., B. Wolko, E. Sliwinska and Z. Kaczmarek. 

2003. Nuclear DNA Content Variation and Species 

Relationship in the Genus Lupinus (Fabaceae). Annales of 

Botany 92: 349-355. 

Nelson, M.N., H.T. Phan, S.R. Ellwood, P.M. Moolhuijzen, 

J. Hane, A. Williams, C.E. O'Lone, J. Fosu-Nyarko, 

M. Scobie, M. Cakir, M.G. Jones, M. Bellgard, 

M. Ksiazkiewicz, B. Wolko, S.J. Barker, R.P. Oliver and 

W.A. Cowling. 2006. The first gene-based map of Lupinus 

angustifolius L. − location of domestication genes and 

conserved synteny with Medicago truncatula. Theoretical 

and Applied Genetics 113: 225-38. 

Oleykowski, C.A., C.R. Bronson Mullins, A.K. Godwin and 

A.T. Yeung. 1998. Mutation detection using a novel plant 

endonuclease. Nucleic Acids Research 26: 4597-4602. 

Phan, H.T., S.R. Ellwood, K. Adhikari, M.N. Nelson and 

R.P. Oliver. 2007. The First Genetic and Comparative 

Map of White Lupin (Lupinus albus L.): Identification of 

QTLs for Anthracnose Resistance and Flowering Time, 

and a Locus for Alkaloid Content. DNA Research 

14: 59-70. 

Voorrips, R.E. 2002. MapChart: Software for the graphical 

presentation of linkage maps and QTLs. The Journal of 

Heredity 93(1): 77-78. 

 



 PROCEEDINGS 12
TH

 INTERNATIONAL LUPIN CONFERENCE 335 

 

Fig. 2. Genetic linkage map of Lupinus angustifolius completed with the STS markers. 
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* 

* 

** 

*

* 

LEG2 0, DAWA529.4 DAWA750.4 12, DAWA972.1 16, DAWA1050. DAWA1055. 17, DAWA1046. 23, DAWA572.2 24, DAWA205. 28, DAWA365. 33, DAWA778. 34, DAWA434.0 39, DAWA718.1 39, 4G 40, DAWA724. 43, DAWA494.5 43, DAWA141. 47, Pis_GEN_12 61, DAWA513.4 66, DAWA354. 70, LEG1 73, DAWA292. 75, DAWA645. 76, DAWA832. 76, DAWA253.1 80, mtmt_GEN_0 82, DAWA551. DAWA258. 83, DAWA505. 88, DAWA736. 88, DAWA441. 89, DAWA436. 90, DAWA311. 90, DAWA132. DAWA294. 91, DAWA176. DAWA234. 93, 17MG 95, DAWA408. DAWA409. DAWA225. DAWA123. DAWA163. DAWA222. DAWA347. DAWA1007. 
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LG
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* 
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*
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mtmt_GEN_0 0, DAWA603.4 5, DAWA509.3 22, DAWA1080. 27, DAWA814. 36, DAWA1087. 37, DAWA795. 39, DAWA268. 41, mtmt_GEN_0 48, DAWA267. 56, Pis_GEN_5 68, DAWA94. 80, DAWA419.49 80, DAWA282. 81, DAWA474. 81, DAWA1010. 83, DAWA890. 86, DAWA882. DAWA1 DAWA20. 87, DAWA381. 90, DAWA99.2 91, PTD 95, DAWA375.0 98, DAWA178. 99, DAWA42.3 100, DAWA591. 100, DAWA726. DAWA7 101, DAWA785.1 113, Pis_PR_ 138, DAWA670.4 154, DAWA537. 160, DAWA762. 160, DAWA663. 162, DAWA671. 162, DAWA393. 170, DAWA852. 171, 
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DAWA918. 0, DAWA63. 7, DAWA102. 8, DAWA213. 11, DAWA851.1 12, DAWA216. 14, DAWA471. 20, DAWA973.2 24, DAWA383.1 24, DAWA470. 25, DAWA660. 32, DAWA936. DAWA845. 35, DAWA606. 38, DAWA219. 40, DAWA256. 45, DAWA605. 50, mtmt_GEN_ 55, DAWA314.3 60, DAWA149. 65, mtmt_GEN_0 67, DAWA515. DAWA522. 72, Pis_GEN_12 82, DAWA848. DAWA858. 97, DAWA542. DAWA568.1 99, DAWA565. 99, DAWA993. 102, DAWA787. 119, DAWA159.2 122, DAWA790. 125, 

LG
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DAWA825.3 0, DAWA316. 22, DAWA781.2 37, Leg 38, DAWA1076. DAWA17.2 47, DAWA433. 47, DAWA201. DAWA576. DAWA629. DAWA590. 48, DAWA977. DAWA378. 50, DAWA39. 51, DAWA35.2 DAWA1009. 53, DAWA465. 65, DAWA959.1 72, DAWA967. 72, DAWA949.1 81, DAWA896.3 DAWA744. 88, DAWA850.1 89, 

LG

*

DAWA700.1 0, T 26, DAWA169. DAWA978. 28, DAWA1097. 29, DAWA758. 46, DAWA809. 48, DAWA930.1 50, DAWA377. 50, DAWA324.6 DAWA80. 55, DAWA289.6 55, DAWA821. 57, DAWA983. DAWA109.2 DAWA940. DAWA956. 59, DAWA749. 61, DAWA532. 62, DAWA765. 73, DAWA523. 75, DAWA516. 76, psat_EST00 80, DAWA498. 81, DAWA400.3 DAWA1063. 82, DAWA394.0 82, DAWA478. DAWA709.5 85, DAWA91. 91, mtmt_GEN_0 93, mtmt_GEN_0 93, DAWA545. 98, DAWA808. 99, DAWA793. 102, DAWA796.4 DAWA682. 102, DAWA792. 103, DAWA114. DAWA180. 104, DAWA181. 104, DAWA261. 105, DAWA392. DAWA125. 107, DAWA30. 108, DAWA1078. 114, DAWA299. 118, DAWA612. 122, mtmt_GEN_00 128, LEG17 130, DAWA631. 148, DAWA919.0 158, DAWA789. 161, DAWA486. 161, DAWA339. 162, DAWA194. 166, DAWA627. 168, DAWA1036. PPE_F3/ 173, DAWA101.2 DAWA941.2 174, DAWA391. 175, DAWA772.3 DAWA818.3 178, DAWA894. 181, DAWA403. 181, DAWA1065. 183, 
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