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Summary 

 

Thlaspi caerulescens (Tc; 2n=14) is a natural zinc (Zn), cadmium (Cd) 

and nickel (Ni) hyperaccumulator species belonging to the Brassicaceae 

family. It shares 88% DNA identity in the coding regions with 

Arabidopsis thaliana (At) (Rigola et al., 2006). It occurs both on 

metalliferous and non-metalliferous soils. Although the physiology of 

heavy metal (hyper)accumulation has been intensively studied, the 

molecular genetics are still largely unexplored. In Chapter 2, we address 

this topic by constructing a genetic map based on AFLP® markers and 

Expressed Sequence Tags (ESTs). To establish a genetic map, an F2 

population of 129 individuals was generated from a cross between a 

plant from a Pb/Cd/Zn-contaminated site near La Calamine (LC), 

Belgium, and a plant from a comparable site near Ganges (GA), France. 

These two accessions show different degrees of Zn, Ni and particularly 

Cd accumulation. We analyzed 205 AFLP® markers (of which 4 co-

dominant) and 12 co-dominant EST sequences-based markers and 

mapped them to seven linkage groups (LGs), presumably corresponding 

to the seven chromosomes of T. caerulescens. The total length of the 

genetic map is 516 cM with an average density of one marker every 2.5 

cM. This map was used for Quantitative Trait Locus (QTL) mapping in 

the F2. For both metal concentration in shoot and in root we mapped two 

QTLs for Cd and Zn each. These QTLs explain 22 to 42% of the 

variance of the traits measured. We found only one common locus (LG3) 

for Cd and Zn (concentration in root). For all QTLs GA increased the 

trait value except one for Zn accumulation in shoot (LG1).  
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In Chapter 3, we constructed another genetic map based on AFLP® 

markers and ESTs and we compared the Thlaspi caerulescens map with 

the unified comparative genomic framework of the Brassicaceae. To 

establish a genetic map, an F3 population of 145 individuals was 

generated from the F2 of Chapter 2. We analyzed 170 AFLP markers 

and 44 co-dominant EST sequences-based markers and mapped them to 

seven linkage groups (LGs). The total length of the genetic map was 521 

cM with an average density of one marker every 2.45 cM. The transition 

from eight chromosomes of the AK map to seven chromosomes in the 

Thlaspi caerulescens map can be explained by nine main chromosomal 

rearrangements (four translocations, two fusions and three inversions). 

For all traits except for Zn concentration in the shoot of plants under Cd 

exposure at least one QTL was detected. The 11 QTLs with significant 

effects were distributed over four LGs. Individual QTLs accounted for 

8.5-40% of the phenotypic variation in this population. 

Identifying the genes involved in heavy metal hyperaccumulation traits 

and evidencing the footprints of the natural selection acting on them are 

essential to understand the evolution of the trait. In Chapter 4, we 

observed a considerable variation in the degree of heavy metal 

hyperaccumulation in shoot and in root between Thlaspi caerulescens 

accessions for three metals (Cd, Zn and Ni). Contrasting with the strong 

differences in quantitative traits (Cd, Zn and Ni hyperaccumulation in 

shoot and in root, respectively), we barely found differentiation for 

metal-related and non-metal-related molecular markers. Phylogeny 

analysis identified two major geographic groups, i.e. the accessions from 

northwestern Europe which were all strongly related to each other and 
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the accessions from southern France which were less related among each 

other. Two isolated serpentine accessions from northern Italy and 

northern Spain were more distant from these groups as well as from each 

other. Genetic distances between accessions varied between markers but 

were overall too low to infer any conclusions on selection. Non-

synonymous and synonymous distances to Arabidopsis varied between 

markers but were not significantly different from each other, except for 

ZNT1, MRP4, NRAMP3 and NAS4, which showed an excess of 

synonymous substitutions, suggesting predominantly neutral genetic 

change and purifying selection on the latter markers, respectively. The 

patterns of genetic variation among accessions were not correlated with 

their metal accumulation behavior, nor with the degree and kind of soil 

metal enrichment at the site of origin. Adaptation to metaliferous soils 

appears to have occurred repeatedly at a local scale. 


