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Abstract 

Artemisia umbelliformis Lam. (syn. A. mutellina Vill., A. laxa (L.) Fritsch) is an herbaceous 

alpine plant belonging to the Asteraceae family, and most commonly growing in the wild at 

altitudes between 2,000 and 3,700 m a.s.l. Its flowers are used for the production of an alcohol-

based infusion called genepì in Italian and génépi in French. Uncontrolled picking of natural 

populations has endangered the species’ survival, despite bans in Switzerland and Italy and 

strict regulation in France. Limited quantities are produced under cultivation, but these are 

insufficient to meet market needs, so the selection of productive genotypes is a present priority. 

We report here an AFLP-based assessment of the genetic diversity represented in five ecotypes 

(Valle Gesso, Marmora, Gran Paradiso, Val Chisone and Elva), one selection (RAC12) and a 

wild population. The four ecotypes Valle Gesso, Gran Paradiso, Val Chisone and Elva together 

captured a broad coverage of the genetic variability present. A sample of ten plants was selected 

from each of these ecotypes for a more detailed analysis of genetic, phenological and 

morphological variation. The assays confirmed the distinctness of the four ecotypes, and were 

used to identify set of mother plants of clonal populations suitable for cultivation. 
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Introduction 

The alpine wormwoods (Artemisia genipi Weber, A. glacialis L. and A. umbelliformis Lam.), 

commonly referred to as genepì in Italian and génépi in French, are herbaceous species 

belonging to the Asteraceae family, which grow in the wild at high altitudes, where the 

environment is characterized by low temperatures, heavy precipitation and long winters 

(Erschbamer and Retter 2004). In Italy and France, the flowers are dried to make an infusion in 

either alcohol or hot water, which is said to have anti-inflammatory properties and to aid 

digestion (Rey and Slacanin 1997; Dragland et al. 2003; Blagojević et al. 2006; Wang et al. 

2006; Govindaraj et al. 2008; Lopes-Lutz et al. 2008). Genepì liqueur is produced in the EU 

according to the Reg. (EC) No 1334/2008, which modified the Reg. (EC) No 110/2008. In 

addition, the Piedmont genepì bitter liqueur is under application program to the European 

Community for the Geographical Indication certification. The indiscriminate picking of these 

plants, although banned in Switzerland and Italy and strict regulated in France, is threatening 

their long term survival in the wild. 

A. umbelliformis Lam. (syn. A. mutellina Vill., A. laxa (L.) Fritsch) is the only alpine 

wormwood species as yet being cultivated (Rey and Slacanin 1997; Rey et al. 2002). The plant 

does not throve below an altitude of 1,600 m a.s.l., and requires high irradiation and good 

drainage. Propagation is generally by seed. Its yielding capacity is limited by a number of 

constraints, primarily a low germination rate, inadequate longevity and disease susceptibility. 

Its germination rate is governed by genotype, seed quality and dormancy (Bewley 1997). 

Cultivated materials is typically cultivated for 2-3 years, since after the third season, the plants 

seldom produce sufficient inflorescences. The most damaging pathogens of the living plant 

belong to the fungal species Puccinia absinthii, Peronospora spp. and Rhizoctonia spp., while 

those which downgrade postharvest quality are various Fusarium spp. and Alternaria spp. A 

number of insects can cause damage to the inflorescence (e.g., Melolontha melolontha and 

Tortrix spp.) (Rey and Slacanin 1997; Cavallo et al. 2006; Appendino et al. 2010).  

The bitter taste and digestive properties associated with genepì infusions are due to the 

presence of various secondary metabolites, in particular thujone (Appendino et al. 1982; Milhau 

et al. 1997; Bamoniri et al. 2010). High concentrations of thujone are considered to be toxic to 

the central nervous system (Lachenmeier et al. 2008; Rubiolo et al. 2009), so its concentration 

in foods and beverages is regulated by Reg. (EC) No 1334/2008, which updated the Council 

Directive 88/388/EEC (Jerkovic et al. 2003; Blagojević et al. 2006; Rubiolo et al. 2009). It has 

been possible by breeding and selection to lower the thujone content of A. umbelliformis 

(RAC12) (Rey and Slacanin 1997; Rubiolo et al. 2009), and to show that the essential oil 



composition of alpine wormwoods is affected both by genetic and environmental component 

(Menon and Padmakumari 2005; Wogiatzi et al. 2011). 

DNA marker-based characterization of genetic variability in alpine wormwood has thus 

far been limited to the use of the ribosomal DNA internal transcribed spacer for taxonomic 

purposes (D’Andrea et al. 2003) and PCR-RFLP analysis to discriminate between varieties 

(Rubiolo et al. 2009). Here, we report an AFLP-based characterization of A. umbelliformis 

ecotypes from NW Italy, coupled with an assessment of phenological and morphological 

variation. The data were subsequently used to construct a set of germplasm which was both 

productive and fully representative of the available (AFLP-based) genetic variation.  

 

Materials and methods 

 

Plant material and site research 

The five A. umbelliformis ecotypes (Valle Gesso, Marmora, Gran Paradiso, Val Chisone and 

Elva), the Swiss selection (RAC12) and the wild population used are detailed in Table 1. The 

plants were grown in experimental fields at various alpine locations in Piedmont, Italy (Fig.1), 

namely Castelmagno (44°24'13.10"N, 7°9'53.98"E for the Valle Gesso ecotype), Marmora 

(44°26'33.30"N, 7°6'18.10"E, Marmora ecotype), Campiglia (45°32'27.00"N, 7°32'17.78"E, 

Gran Paradiso ecotype), Pragelato (45°0'36.41"N, 6°56'14.56"E, Val Chisone ecotype) and 

Stroppo (44°30'47.35"N, 7°8'18.01"E, Elva ecotype and RAC12). The wild population was 

sampled at Colle del Mulo (2,000 m a.s.l.). Raised beds were mulched with a white/black 

(upper/lower site) plastic film and plants spaced 0.20 m × 0.20 m.  

In summer 2011, DNA was extracted from twelve randomly chosen plants (excluding 

the plants of the flowerbeds verge to avoid edge effect) from each of the five ecotypes, RAC12 

and the wild population, generating a set of 84 DNA samples. After 2010-2011 growing seasons, 

on the basis of the obtained results, the most representative ecotypes of the genetic variability 

in cultivation were chosen and subjected to further morphological and molecular 

characterizations as below described. 

 

Genomic DNA extraction and AFLP genotyping 

A 100 mg sample of fresh young leaves was snap-frozen in liquid nitrogen and ground to a 

powder, from which genomic DNA was extracted using an E.Z.N.A.® Plant Kit (Omega Bio-

Tek, Norcross, GA, USA), following the manufacturer’s instructions. The quantity and quality 

of the resulting DNA were assessed by both spectrophotometry and 1% (w/v) agarose gel 



electrophoresis. The AFLP fingerprinting method was based on the protocol devised by Vos et 

al. (1995), as modified by Lanteri et al. (2004). The plant DNA was digested with EcoRI/TaqI 

and ligated to the appropriate adapters, and a pre-amplification reaction was carried out using 

the primer combination (PC) EcoRI+A/TaqI+T. The subsequent selective amplification 

reactions used one of four PCs (a combination of IRD-700 labeled EcoRI+ACA or IRD-800 

labeled EcoRI+ACC with either TaqI+TCC or TaqI+TCG). The amplicons were 

electrophoresed through a 6.5% polyacrylamide gel using a LICOR Gene ReadIR 4200 device, 

as described by Jackson and Matthews (2000). Each scored fragment, which ranged in size from 

60 to 650 nt, was assumed to represent a single biallelic locus, allowing the data to be scored 

in binary form (1 = presence and 0 = absence). 

  

Production, phenological and morphological parameters 

Harvest took place when the inflorescences were present and fresh weight production (hereafter 

called FWP) per plant was measured. After drying at 105 °C per 4 h and cooling to constant 

weight, dry matter (hereafter called DM) percentage was calculated according to European 

Pharmacopoeia (EC 1994). The phenological and morphological parameters were measured 

during the inflorescences blossoming. The phenological parameters measured were: (a) 

diameter of the basal rosette (mm); (b) height of the basal rosette (mm); (c) height of the 

inflorescences (mm). The morphological parameters measured were: (d) basal leaves length 

(mm); (e) cauline leaves length (mm); (f; g; h) floral peduncles length at (f) first, (g) second 

and (h) third internode (mm). 

 

Statistical analysis 

From AFLP data obtained by analyzing each sample (ecotype, selection or population), the 

frequency of a given fragment (Fb) was equated to the allele frequency at an AFLP locus, 

adopting a derived form of the Hardy-Weinberg equilibrium equation: pi = 1-(1-Fb)
1/2, where 

1-Fb = q2 (the proportion of individuals which lacked the fragment). These allelic frequencies 

were then used to quantify the genetic diversity within and between ecotypes/populations, and 

for the estimation of other population statistics, using Microsoft Excel software. The following 

measures were calculated: mean number of alleles per locus (no), effective number of alleles 

per locus (ne) and genetic diversity within a population (Nei’s unbiased expected heterozygosity 

H’) (Nei 1987). Pearson correlation coefficients between fragment sizes and fragment 

frequencies were calculated on the overall sample using AFLP-SURV v1.0 (Vekemans et al. 

2002). A similarity index (JSI) (Jaccard 1908) was calculated for all possible pairwise 



comparisons to estimate the genetic similarity (GS) between each pair of individuals. A 

principal co-ordinate (PCO) analysis was performed, based on the GS matrix. All the above 

calculations and analyses were conducted using appropriate routines within NTSYS-pc v2.1 

(Rohlf 2000). Nei’s genetic diversity statistics (Nei 1973) were computed using the AFLP-

SURV and the PHYLIP (Felsenstein 1993) packages to evaluate the proportion of the genetic 

diversity distributed among populations (GST). The significance of genetic differentiation 

between groups was tested with 10,000 random permutations, and comparing the observed GST 

with a distribution of GST expected to arise in the absence of any genetic structure. A neighbor-

joining (NJ) tree was constructed based on 1,000 permutated trees, with bootstrapping across 

loci.  

From the AFLP fingerprinting data of the selected genotypes, at first, the polymorphic 

information content (PIC) of the various PCs was calculated by setting the expected 

heterozygosity to 2f(1-f), following Anderson et al. (1993) (f represents the proportion of 

individuals carrying a particular AFLP locus). Resolving Power (Rp) for each primer or primer 

combination, according to Prevost and Wilkinson (1999) and Fernández et al. (2002), was 

calculated as follows: Rp = ΣIb, where Ib (band informativeness) takes the value of: 1 – (2 x 

|0.5-p|), where p is the proportion of the analysed genotypes containing the band. The effective 

multiplex ratio (EMR) of each PC was determined as described by Milbourne et al. (1997) and 

a marker index (MI) was calculated by multiplying the PIC by the EMR (Powell et al. 1996). 

The binary matrix was imported into NTSYS-pc software to perform a standard cluster analysis. 

The GS between each pair of individuals was estimated from the JSI, and an UPGMA-based 

dendrogram (Sneath and Sokal 1973) was constructed. A co-phenetic matrix was produced 

using the hierarchical cluster system, by means of the COPH (cophenetic values) routine within 

NTSYS-pc, and correlated with the original distance matrix, in order to test for associations 

between clusters and the similarity matrix. 

The phenological and morphological characterization was performed on ten plants of 

each ecotype per three replicates. The data were tested for homoscedasticity using a Bartlett’s 

test, then subjected to an analysis of variance (ANOVA) (Snedecor and Cochran 1989). Means 

were separated using Tukey’s HSD test, with a minimum level of acceptance of P ≤ 0.05. 

Percentage data were Bliss-transformed before the ANOVA. Z-transformation was applied to 

mean values to meet the requirements of independence and normal distribution with a zero 

mean (Sneath and Sokal 1973). A dissimilarity matrix based on a Euclidean distance coefficient 

was then generated to assess the level of dissimilarity between accessions. All calculations and 



analyses were made using the appropriate routines within SPSS v19.0 (SPSS Inc., Chicago, IL, 

USA) and NTSYS-pc v2.1 (Rohlf 2000). 

 

 

Results and discussion 

 

AFLP genetic characterization of genepì samples 

 

This is the first study reporting on the genetic variability on A. umbelliformis plants. In 

the past, Rubiolo et al. (2009) were able to discriminate between an Italian population and the 

improved Swiss population RAC12 using a combination of biochemical assays (essential oil 

and sesquiterpene lactones) and an analysis of polymorphisms in the 5S-rRNA gene spacer 

region, but did not investigate the genetic variability present within each population. 

In the first phase of this research, an appropriate statistical index was designed to 

quantify the genetic diversity present in materials cultivated in various experimental fields in 

Piedmont. Table 2 summarizes the statistical parameters associated with each sample. The four 

PCs amplified 73 polymorphic fragments, of which 23 were generated by Eco+ACA/Taq+TCC 

(Table 3). The most variable of the ecotypes was Elva (48 polymorphic fragments, no 1.66). 

Both the ne and the He values were higher for the Elva and Val Chisone ecotypes than for the 

others. Each of the 84 individuals was genotypically distinct when all four PC-derived 

fingerprints were combined. The Marmora and Elva ecotypes and the RAC12 population were 

the least heterogeneous, as assessed from the JSI. A negative correlation (-0.047, P < 0.1) 

between fragment size and fragment frequency was present, suggesting the possibility of 

homoplasy (Vekemans et al. 2002; Portis et al. 2005). When the analysis was repeated 

excluding all fragments under 150 nt in size (62 of the 73 fragments were retained), the 

correlation was weakened (-0.008, P = 0.1), but the differentiation between samples was no 

different from what had been obtained using the complete data set (results not shown). Thus 

the presence of homoplasy was unlikely to have led to any bias in the estimates of genetic 

diversity. 

The first three PCO components (based on the full set of 73 polymorphic fragments) 

accounted for 66.5% of the total variance, with the first three axes contributing, respectively, 

32.5%, 21.4% and 12.6%; the PCO plot (Fig. 2) suggested the presence of three distinct genetic 

groups. The first and the second axes separated the Val Chisone ecotype from the other samples, 



while a distinction between Elva/RAC12 and Marmora/Gran Paradiso/Valle Gesso was 

achieved by the second axis. There was some overlap of provenance within each of the clusters, 

reflecting the greater contribution to the overall variance of the within provenance component.  

The Nei statistics confirmed that 57% of the AFLP variation was present within, rather 

than between provenances (Table 3). Nevertheless, the value was non-zero (0.43, P < 0.0001, 

Table 3). The most efficient PC for the detection of between-sample variation was 

Eco+ACC/Taq+TCC (GST = 0.57), while the most efficient for within-sample variation was 

Eco+ACA/Taq+TCC (GST = 0.35). 

The phylogeny of the 84 individual plants is illustrated in Fig. 3. In addition to the 

distinctiveness of the Val Chisone ecotype, two major clades (with bootstrap support values of 

at least 82%) were recognizable; one grouped the Elva ecotype with the RAC12 population, 

and the second grouped the Gran Paradiso, Valle Gesso and Marmora ecotypes with the wild 

population. Within the latter cluster, Gran Paradiso was clearly separated (bootstrap support of 

74%) from the others, with the Valle Gesso and Marmora ecotypes appearing to be rather 

similar to one another. 

As a result, it was possible to determine which combination of ecotypes harbored the 

bulk of the genetic variation present, and subsequently to identify those individuals within each 

ecotype which were best adapted and most productive. The PCO revealed that the within 

ecotype component of genetic variation was much smaller than the between ecotype one, and 

that four of the five ecotypes (Valle Gesso, Gran Paradiso, Val Chisone and Elva) were 

representative of the genetic variability present in the cultivated germplasm. This group of four 

ecotypes provided the components of the “Occitan” set. There was a measure of overlap 

between the RAC12 population and the Elva ecotype, perhaps because of gene flow arising 

from the fact that they had been grown together at the same location (Stroppo - Cuneo) over 

many years.  

A random choice of ten individuals per constituent ecotype (excluding plants growing at 

the ends of the rows) was made for further phenological, morphological and genetic 

characterization. Indeed, ecotypes are considered to be the phenotypical expression of a 

genotype which is adapted to specific environmental conditions. This means that, according to 

environmental conditions, different genotypes may respond to the same environmental pressure 

with the same phenotype, or, conversely, that the same genotype may express different 

phenotypical expression. In this context, molecular genetic methods (AFLP markers), focused 

on genotype rather than phenotype, have been applied in combination with phenological and 

http://en.wikipedia.org/wiki/Adaptation


morphological markers  to allow a very effective characterization of the A. umbelliformis 

ecotypes currently cultivated in Piedmont. 

 

Production, phenological and morphological parameters of the “Occitan” ecotypes 

Ecotype significantly influenced the FWP per plant and DM measured at the blossoming 

stage of “Occitan” ecotypes (Table 4). Elva had the highest FWP (42.50±3.69 g) resulting 

statistically different from Gran Paradiso (-47%) but not from Valle Gesso and Val Chisone, 

which were not statistically different from the other ecotypes. Valle Gesso had the highest DM 

(51.00±1.03%) resulting statistically different from Gran Paradiso (-23%), Elva (-36%) and Val 

Chisone (-43%). Elva was not statistically different from Gran Paradiso and Val Chisone. 

Difference in FWP and DM of genepì inflorescences can be due to the different ecotypes 

monitored, which have developed because different altitude, environmental, weather and 

agronomic conditions, all affecting the morphological growth. 

Ecotype significantly influenced the phenological and morphological parameters 

measured at the blossoming stage of “Occitan” ecotypes (Table 4). Valle Gesso, Val Chisone 

and Elva had the highest basal rosette diameter and inflorescences height (mean value 

112.93±8.18 mm and 125.09±7.97 mm, respectively) resulting statistically different from Gran 

Paradiso (-48% and -42%, respectively). Val Chisone and Elva had the highest basal rosette 

height (68.93±3.37 mm) resulting statistically different from Valle Gesso and Gran Paradiso (-

32%). The highest basal leaves length was found in Val Chisone (49.03±2.39 mm) resulting 

statistically different from Valle Gesso and Elva (-23%) but not from Gran Paradiso, which was 

not statistically different from the other ecotypes. Gran Paradiso had the highest cauline leaves 

length (30.80±2.87 mm) resulting statistically different from Elva (-30%) and Valle Gesso and 

Val Chisone (-53%). Val Chisone had the highest peduncles length at 1st, 2nd and 3th internode 

(35.15±3.15 mm, 37.26±3.07 mm and 33.03±3.02 mm, respectively) resulting statistically 

different from Valle Gesso and Gran Paradiso (-60%, -69% and -66%, respectively) but not 

from Elva, which was not statistically different from the other ecotypes. High variability of 

phenological and morphological parameters related to the place of origin of “Occitan” ecotypes 

is in agreement with the results obtained by Rey and Slacanin (1997). The author underlined 

that the different genepì proveniences have shown different plant sizes and inflorescences 

characteristics. 

The calculated UPGMA-based dendrogram of “Occitan” ecotypes is shown in Fig. 4. For 

phenological and morphological parameters, Val Chisone and Elva clustered together showing 

a similarity of about 70%, and with a similarity of about 50% with Valle Gesso. Gran Paradiso 



results to be the ecotype with the higher differentiation than other “Occitan” ecotypes 

considered, characterized by the reduced general plant growth. 

 

Genetic characterization of the “Occitan” ecotypes 

Analyses performed with AFLP markers were carried out using the same 4 PCs described in 

the previous section. Four distinct electrophoretic patterns allowed to find values (Table 5) for 

(i) the total number of bands detected, (ii) number of polymorphic bands, (iii) the proportion of 

polymorphisms of total bands and (iv) the values of the informative index (PIC, Rp and MI). 

The 4 primer combinations generated a total of 241 bands on the 40 analyzed plants (average 

60.25 fragments/combinations). Of these, 77 bands showed polymorphism (32% of the total, 

an average of 19.25 polymorphisms/PCs) and were subjected to statistical analysis. 

The most polymorphic fragments (23) were obtained using the PC Eco+ACA/Taq+TCG, 

and the least (13) using Eco+ACC/Taq+TCG. Mean PIC, Rp and MI values were then 

calculated (Table 5). The highest PIC and Rp values were returned by the PCs 

Eco+ACA/Taq+TCC and Eco+ACC/Taq+TCG, while the Eco+ACA/Taq+TCC and 

Eco+ACA/Taq+TCG PCs produced the highest MI values.  

Unique/distinctive fragments were amplified in these selected plants by two of the four 

PCs. The PC most effective for detecting unique fragments (4) was Eco+ACA/Taq+TCG. 

Unique fragments are of particular value as they can in principle be converted into a simple 

diagnostic sequence tagged site assay. 

A dendrogram based on the GS is shown as Fig. 5. The co-phenetic correlation coefficient 

between the dendrogram and the JSI matrix clusters was 0.93, indicating a very good fit 

between these alternative representations of genetic relatedness. The dendrogram resolved the 

“Occitan” material into four clusters (bootstrap probability > 84%, results not shown); one 

captured all the Elva plants, the second all the Gran Paradiso plants, the third eight of the ten 

Val Chisone plants, along with a single plant of the Valle Gesso ecotype and the fourth nine of 

the ten Valle Gesso plants and two Val Chisone plants. Each cluster was further separated into 

two or three sub-clusters with bootstrap probabilities above 75% (Fig. 5). Each plant was 

genotypically distinct. 

In the final phase of the research, a selection was made of one individual per sub-cluster 

(Table 6) in order to capture the maximum amount of the overall genetic diversity present in 

the cultivated material. The choice of individual within each sub-cluster was made on the basis 

of inflorescence productivity (Table 6). These plants are intended to represent a set of mother 



plants, which can be multiplied by clonal propagation to allow for more extensive phenotyping 

across time and space. 

 

Conclusions 

Cultivation of officinal plants represents a small portion of the European and Italian agriculture 

(Nicola et al. 2003; Tibaldi et al. 2010). In Italy one of the largest areas cultivated with officinal 

plants is in Piedmont along the Po Valley, where many species are grown for obtaining famous 

vermouth liqueurs, although in the same Region crops are present in mountain areas (Nicola et 

al. 2003). The long tradition of alpine liqueur production present in the Region explains the 

increasing interest in the domestication and cultivation of genepì plants. A. umbelliformis is the 

only alpine Artemisia species which has been successfully cultivated, but until now there has 

been no attempt to identify the genetic diversity which exists within or between cultivated 

ecotypes. Here, we have AFLP fingerprinted within population samples of five ecotypes, the 

RAC12 selection and a wild population to reveal that there is considerable genetic variation 

present in cultivated A. umbelliformis. These genotypic data have allowed for the selection of a 

restricted set of ecotypes (the “Occitan” set) as representative of the genetic variability present 

in cultivation. This was followed by a further round of selection within the “Occitan” set to 

generate a small set of morphologically superior plants harbouring the range of genetic variation 

present. This now represents a set of mother plants which can be used for in vitro propagation 

to obtain a uniform and homogeneous genetic material, useful for cultivation purposes. 

Moreover, some of the AFLP markers developed here may be exploited as effective diagnostics 

of provenance, contributing to the valorization of products that are applying to have granted 

with the Geographical Indication certification. 
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Tables 

 

Tab. 1 Provenance of the A. umbelliformis ecotypes, selection and populations  

Sample Cultivation locations Altitude 

Ecotypes Valle Gesso Castelmagno (Cuneo)  1,900 m a.s.l. 

 Marmora Marmora (Cuneo)  2,000 m a.s.l. 

 Gran Paradiso 

 

Campiglia (Torino)  1,400 m a.s.l. 

 Val Chisone Pragelato (Torino)  1,500 m a.s.l. 

 Elva Stroppo (Cuneo)  1,600 m a.s.l. 

Selection RAC 12 Stroppo (Cuneo)  1,600 m a.s.l. 

Population Wild Colle del Mulo (Cuneo) 2,000 m a.s.l. 

 

 

 

 

 

 

 

Tab. 2 Genetic diversity statistics, based on AFLP fingerprinting  

Sample NPB % no ne He JSI 

Valle Gesso 26 35.62 1.36 1.20 0.12 0.73 

Marmora 44 60.27 1.60 1.28 0.16 0.61 

Gran Paradiso 42 57.53 1.58 1.29 0.17 0.76 

Val Chisone 41 56.16 1.56 1.32 0.19 0.74 

Elva 48 65.75 1.66 1.32 0.19 0.60 

RAC 12 46 63.01 1.63 1.28 0.17 0.75 

Wild 35 47.95 1.48 1.23 0.14 0.65 

Total 73 100.0 2.00 1.47 0.29  

NPB number of polymorphic bands; % percentage of polymorphic bands; no mean number of observed alleles; ne 

mean number of effective alleles; He expected heterozygosity; JSI Jaccard’s similarity index. 

 

 

 

 

 

 

 



Tab. 3 Nei’s statistics for each of the AFLP PCs  

Primer combinations TNB NPB % HT HS GST 

Eco+ACC/Taq+TCC 68 20 29,4 0,32 0,13 0,57 

Eco+ACA/Taq+TCG 56 16 28,6 0,28 0,18 0,37 

Eco+ACC/Taq+TCG 49 14 28,6 0,28 0,17 0,39 

Eco+ACA/Taq+TCC 65 23 35,4 0,28 0,19 0,35 

Total 238 73     

Average 59,5 18,25 30,7 0,29 0,17 0,43 

TNB total number of bands amplified; NPB number of polymorphic bands amplified; % percentage of 

polymorphic bands; HT index of total genetic diversity; HS partial genetic diversity index; GST degree of genetic 

differentiation. 

 

 

 

 

 

 

Tab. 4 Phenological and morphological variation in the “Occitan” ecotypes studied (data given in the form 

mean ± standard error (n=3). RAC12 performance is shown for reference Different letters within a row 

indicate significant differences, according the Tukey HSD test (P < 0.05) 

Ecotype Valle Gesso Gran Paradiso Val Chisone Elva RAC12 

FWP (g) 30.55 ± 4.18 ab 22.54 ± 2.60 b 29.94 ± 3.21 ab 42.50 ± 3.69 a 31.67 ± 3.33 ab 

DM (%) 51.00 ± 1.03 a 39.06 ± 1.82 b 29.30 ± 1.67 c 32.48 ± 2.97 bc 34.87 ± 0.22 b 

Basal rosette diameter (mm) 113.00 ± 13.00 a 59.20 ± 4.93 b 106.68 ± 4.19 a 119.10 ± 7.35 a 116.00 ± 7.36 a 

Basal rosette height (mm) 46.00 ± 4.00 b 47.20 ± 3.13 b 71.70 ± 2.91 a 66.15 ± 3.82 a 67.20 ± 2.37 a 

Inflorescences height (mm) 111.33 ± 12.72 a 72.10 ± 3.83 b 134.48 ± 5.24 a 129.45 ± 5.95 a 136.90 ± 4.23 a 

Basal leaves length (mm) 37.50 ± 2.50 b 45.10 ± 3.07 ab 49.03 ± 2.39 a 37.60 ± 1.66 b 41.90 ± 1.43 ab 

Cauline leaves length (mm) 12.33 ± 4.84 c 30.80 ± 2.87 a 16.63 ± 0.70 c 21.55 ± 0.98 b 16.90 ± 1.15 c 

Peduncles length at 1st 

internode (mm) 
12.00 ± 0.00 b 16.20 ± 2.83 b 35.15 ± 3.15 a 27.90 ± 2.32 ab 24.70 ± 4.10 ab 

Peduncles length at 2nd 

internode (mm) 
11.50 ± 1.50 b 11.60 ± 1.38 b 37.26 ± 3.07 a 23.33 ± 2.47 ab 20.70 ± 3.50 ab 

Peduncles length at 3th 

internode (mm) 
12.50 ± 2.50 b 10.11 ± 1.20 b 33.03 ± 3.02 a 24.65 ± 3.14 ab 20.40 ± 5.16 ab 

 

 

 

 

 



Tab. 5 The relative informativeness of the four AFLP PCs  

Primer combinations TNB NPB % PIC  Rp  MI UDB  

Eco+ACC/Taq+TCC  68 20 29.4 0.17 0.31 0.97 1 

Eco+ACA/Taq+TCG  58 23 39.7 0.17 0.27 1.59 4 

Eco+ACC/Taq+TCG 49 13 26.5 0.25 0.50 0.85 0 

Eco+ACA/Taq+TCC 66 21 31.8 0.26 0.45 1.74 0 

Total 241 77    5.16 5 

Average 60.25 19.25 32.0 0.21 1.76 1.29 1.25 

TNB total number of bands amplified; NPB number of polymorphic bands amplified; % percentage of 

polymorphic fragments; PIC polymorphism information content; Rp resolving power; MI marker index; UBD 

number of unique/distinctive band. 

 

 

 

 

Tab. 6 The eleven selected founder plants, chosen to capture the maximum extent of the genetic diversity in 

the “Occitan” ecotypes as well as being highly productive in terms of  the number of flowers produced 

Cluster Selected genotypes N. of flowers 

I Elva 4  59 

II Elva 8  65 

III Elva 7  53 

IV Gran Paradiso 3  89 

V Gran Paradiso 2  103 

VI Gran Paradiso 1  135 

VII Val Chisone 7  46 

VIII Val Chisone 2  73 

IX Val Chisone 8  48 

X Valle Gesso 4  58 

XI Valle Gesso 5  68 

 



Captions to figure 

 

Fig. 1 Location of the experimental fields in Piedmont (Italy) with indication of A. 

umbelliformis Lam. ecotypes, Swiss selection and wild population used in this study 

 

Fig. 2 Principal co-ordinate (PCO) analysis based on AFLP fingerprinting-derived genetic 

relatedness between 84 plants belonging to five genepì ecotypes, RAC12 selection and the wild 

population in the study  

 

Fig. 3 Neighbour-joining similarity tree with bootstrap support values (based on 1,000 

bootstraps) at forks, derived from AFLP fingerprints 

 

Fig. 4 UPGMA dendrogram based on phenological and morphological traits of “Occitan” 

ecotypes, together with the RAC12 population 

 

Fig. 5 UPGMA dendrogram based on AFLP data. The eleven sub-clusters are indicated by 

Roman numerals (I through XI) 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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