
Introduction

The genus Nierembergia, a member of the family
Solanaceae, comprises about 20 species native to
South America, and 1 native to Mexico. Argentina
is its center of diversity, with 15 species (Cocucci
1995). Although many species of this genus are
well known for their toxic properties, it is note-
worthy that N. linariaefolia and N. repens Ruiz
et Pav. are used as ornamental plants, mainly in
gardens in the northern hemisphere. Nierembergia

is a hardy and tender, perennial plant. In mild cli-
mates, they may be grown outdoors year round as
perennials. In the fall, the plants can be lifted from
the soil, pruned back, potted, and kept in a cold
frame or greenhouse during the winter. Ornamen-
tal characteristics of Nierembergia species include
their purple or white flowers, a long flowering pe-
riod, and easy cultivation and propagation by cut-
tings. In particular, N. linariaefolia (cupflower)
constitutes an interesting group of herbaceous

plants, showing a high polymorphism among
various populations in Argentina: in flower color
(violet, yellow or white), plant shape, or leaf size,
for example. In the context of an ornamental na-
tive germplasm development program
(INTA-JICA project), 6 clones of this species
were selected for their ornamental traits. These
new clones are currently in the registration pro-
cess, and, according to the Argentinean legisla-
tion, germplasm identification based on genomic
analysis by molecular markers would be useful to
complement the classical description data required
for variety registration.

Traditionally morphological traits are used for
varietal identification; however, they have been
shown to be relatively restricted due to the influ-
ence of physiological and environmental condi-
tions. On the other hand, neutral molecular
markers have become powerful tools for DNA fin-
gerprinting diagnosis in plant breeding
and germplasm management (for reviews, see

J Appl Genet 48(2), 2007, pp. 115–123

Original article

Molecular identification of new varieties of Nierembergia

linariaefolia (Graham), a native Argentinean ornamental plant

Alejandro S. Escandón1, Noga Zelener2, Mariana Pérez de la Torre1, Silvina Soto1

1Instituto de Floricultura, INTA-Castelar, Argentina
2Instituto de Recursos Biológicos, INTA-Castelar, Argentina

Abstract. Six Nierembergia linariaefolia clones were selected for ornamental traits during a native germplasm
development program. For fingerprinting diagnosis, 13 anchored inter-simple sequence repeat (ISSR) primers
and 6 amplified fragment length polymorphism (AFLP) primer-enzyme combinations were used. Both markers
revealed high levels of polymorphism, enabling genetic discrimination of the accessions analyzed by using 443
informative ISSRs and 541 AFLP markers. Both molecular techniques are suitable for monitoring genetic diver-
sity in Nierembergia linariaefolia and, under our experimental conditions, they showed correlation coefficients of
0.629 for similarity matrices and of 0.649 in the cophenetic matrices. These results suggest that ISSRs are a good
choice for DNA analysis in N. linariaefolia when simple manipulation and a low budget are required.

Keywords: AFLP, DNA-fingerprinting, genetic relationship, genetic resources, genetic variability, ISSR, native
germplasm, Nierembergia linariaefolia.

Received: November 2, 2006. Accepted: February 15, 2007.
Correspondence: A.S. Escandón, Las Caba�as y De los Reseros s/n. (1712), Hurlingham, Buenos Aires, Argentina; e-mail:
aescandon@cnia.inta.gov.ar



Gupta and Varshney 2000; Nybon 2004). Among
dominant multilocus DNA fingerprinting meth-
ods, the inter simple sequence repeats (ISSRs,
Zietkiewicz et al. 1994) and amplified fragment
length polymorphism (AFLP, Vos et al. 1995) rep-
resent molecular markers widely applied for ge-
netic diversity assessment, genetic relationship
estimation, and establishing of genomic patterns
of identification.

The motif primer used in the ISSR markers is
a microsatellite (SSR) consisting of tandemly re-
peated short sequence motifs (1–6 bp) which are
ubiquitous in eukaryotic genomes, and have the
potential to provide extremely polymorphic
codominat marker systems in plants (Jain et al.
1999). This technique was successfully applied for
cultivar identification in main crops, such as maize
(Pejic et al. 1998), soybean (Rongwen et al. 1995),
potatoes (Prevost and Wilkinson 1999; McGregor
et al. 2000), rice (Blair et al. 1999), barley
(Fernández et al. 2002), as well as in horticulture
and ornamental plants, i.e., carrot (Briard et al.
2000), Pandorea (Jain et al. 1999), Chrysantemum

(Wolff et al. 1995), and Cucurbita pepo (Paris et
al. 2003). Recently, applying ISSR, Sica et al.
(2005) showed differences among Italian popula-
tions of Asparagus acutifolius and Escandón et al.
(2005a) studied the genetic diversity in the genus
Jacaranda. On the other hand, the extensive ge-
nome coverage reached by the AFLP procedure,
allows an efficient genetic identification, since
many different DNA regions randomly distributed
throughout the genome can be screened simulta-
neously. The efficacy of these markers is well
known in a wide range of species (Schut et al.
1997; Lombard et al. 1999; McGregor et al. 2000;
Manifesto et al. 2001; Marcucci Poltri et al. 2003;
Zelener et al. 2005). These markers were also use-
ful in ornamental plants, such as Alstroemeria

(Han et al. 1999), Caladium (Loh et al. 1999),
Rose (Zhang et al. 2000a) Cephalotaxus (Zhang et
al. 2000b), Dahlia (Debener, 2002), and Rhodo-

dendron spp. (Dendauw et al. 2002). For the genus
Nierembergia, no previous reports about its ge-
netic variability assessed by molecular markers
have been found, with the exception of the work
carried out on our N. linariaefolia collection
(Escandón et al. 2005b).

In the present study, ISSR and AFLP markers
were used: (1) to fingerprint commercial varieties
of the ornamental N. linariaefolia; (2) to estimate
genetic diversity across the 6 varieties analyzed;
and (3) to establish a molecular identification pro-
file (MIP) to add to the classical variety

descriptors as complementary information for
cultivar registration. Finally, both procedures,
ISSR and AFLP, are compared here as tools for
application in genetic studies on the genus
Nierembergia.

Materials and methods

Plant material and DNA isolation

Lyophilized young leaves of INTA-JICA varieties
Bruma, Cielo, Estrella, Luna, Nieve, and Nube of
N. linariaefolia (Soto et al. 2005) were used for to-
tal DNA extraction, following the CTAB (cetyl-
trimethylammonium bromide) procedure
according to Hoisington et al. (1994). Qualitative
and quantitative measures of DNA were deter-
mined by electrophoresis in 0.8% agarose TAE
gels, by using λ Hind III (PB-L, UNQ, Quilmes,
Argentina) as a molecular weight marker.

ISSR analysis

We used 13 ISSR primers (Table 1) described by
the University of British Columbia
(http://www.michaelsmith.ubc.ca/services/NAPS
/PrimerSets/) by Jain et al. (1999), Blair et al.
(1999) and Pérez de la Torre et al. (2003).
The PCR reactions were carried out in a final vol-
ume of 25 µL, containing 30 ng of genomic DNA;
0.5 U Taq polymerase (InBio-Highway, Tandil,
Argentina); 2.5 µL of 10 × reaction buffer
(InBio-Highway, Tandil, Argentina); 0.2 mM of
each dATP, dCTP, dGTP and dTTP; 0.8 µM prim-
ers and 3.0 mM MgCl2. DNA amplifications were
performed in an Eppendorf thermocycler
(Mastercycler personal). For the primers 3’AC
and 3’GGG, after a preliminary step of 10 min
at 94oC, a touch down from 47°C to 42oC was
done, 45 s at 47oC, 90 s at 72oC, and 40 s at 94oC,
followed by 40 cycles of 40 s at 94oC, 45 s at 42oC,
90 s at 72oC, and a final 10-min extension at 72oC.
For the primers 3’CAC; 3’CAG; 3’AG and
5’GACA, the conditions were: an initial step of
10 min at 94oC, touch down from 57°C to 52oC,
45 s at 57oC, 90 s at 72oC and 40 s at 94oC, fol-
lowed by 40 cycles with the following conditions:
40 s at 94oC, 45 s at 52oC, 90 s at 72oC, and a final
10-min extension at 72oC. For the primers 3’TG
and 3’TC, the conditions were: an initial step of
10 min at 94oC, and 40 cycles of 40 s at 94oC, 45 s
at 47oC, 90 s at 72oC, and a final 10-min extension
at 72oC. For the other primers (5’GA; 5’CT; 5’GT;
5’CA; and 3’GA), the PCR conditions were:
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an initial step of 10 min at 94oC, and 40 cycles
with 40 s at 94oC, 45 s at 57oC, 90 s at 72oC, and
a final 10-min extension at 72oC.

Samples of 10 µL of PCR products were ana-
lyzed on 2.5% agarose gels in TAE buffer (60 V
for 4 h). The gels were stained by using ethidium
bromide (0.05% v/v) and the bands obtained were
sized (in base pairs) by comparison with standard
markers (100-bp and 50-bp ladders, PB-L, UNQ,
Quilmes, Argentina).

In order to assess the consistency of band pro-
files, DNA isolation and PCR reactions were car-
ried out 3 times, and only well-defined
and reproducible bands were scored. Bands with
the same migration were considered homologous
fragments, independently of their intensity.
The analysis was made twice.

AFLP generation

Nierembergia cultivars were screened with 6
AFLP primer-enzyme combinations (PCs).
The AFLP protocol was performed according to
Khan et al. (2000). EcoRI and MseI were used for
DNA digestion and selective amplification was
done by using as PCs the following combinations:
EcoRI-AAC/MseI-AAC [E32 M32 (PC1)],
EcoRI-AAC/MseI-AGC [E32 M40 (PC2)],
EcoRI-ACG/MseI-AAG [E37 M33 (PC3)],
EcoRI-AGA/MseI-ATC [E39 M44 (PC4)],
EcoRI-AGT/MseI-ATA [E42 M43 (PC5)], and
EcoRI-ATT/MseI-ATT [E46 M46 (PC6)].
The PCR amplification products were separated in
6% (w/v) denaturing polyacrylamide gels.
Banding profiles were revealed by using sil-
ver-nitrate staining (Promega Sequencing Silver

staining kit, Promega, Madison, WI) and bands
were sized (in base pairs) by comparison with
a 10-bp DNA ladder standard (Life Technol-
ogies-Gibco BRL-EUA, Rockville, MD).

Data analysis

Taking into account the molecular behavior
of both ISSR and AFLP markers as dominant loci,
each amplification fragment was considered
as a dominant allele for a given locus. Accord-
ingly, the presence of a band was scored as 1,
while the absence of the band was scored as 0, rep-
resenting null-alleles. The data sets derived from
the respective banding patterns were used to gen-
erate a molecular identification profile (MIP) for
each accession.

The degree of similarity between genotypes
was estimated for both kinds of molecular markers
by applying the Jaccard (1908) similarity coeffi-
cient: Sij = a/(a+b+c), where: Sij is the similarity
between two individuals i and j, a is the number of
bands present in both i and j, b is the number of
bands present in i and absent in j, c is number
of bands present in j and absent in i. Negative
matches between individuals i and j are ignored in
counting agreements and in counting the compari-
sons used in the divisor of the equation.

Cluster analyses were implemented on the ba-
sis of similarity matrices by using the unweighted
pair group method with arithmetic averages
(UPGMA) and the corresponding dendrograms
were constructed. In order to estimate magnitudes
of differences among dendrograms, cophenetic
matrices were computed for each dendrogram.
The cophenetic matrices were compared with each

Molecular identification of new varieties of N. linariaefolia 117

Table 1. Description of primer sequences, references and scored data of ISSR: total number of bands (TB), number
of polymorphic bands (PB), percentage of polymorphic bands (%P), the resolving power (Rp) of each primer,
and the number of different genotypes identified per primer (IG). UBC = University of British Columbia.

Primer Sequence References TB PB P% Rp IG

5’CT CCGGATCC(CT)9 P. de la Torre et al. 2003 25 25 100.00 5.67 6

5’GT CCCGGATCC(GT)9 Blair et al. 1999 44 44 100.00 12.67 6

3’GA (GA)9T Blair et al. 1999 34 33 97.06 5.67 6

5’CA CCCGGATCC(CA)9 Blair et al. 1999 57 56 98.25 13.67 6

3’AC (AC)8G UBC 47 46 97.87 7.83 6

3’GGG GGG(TGGGG)2TG UBC 29 27 93.10 4.83 6

5’GA CCCGGATCC(GA)9 Blair et al. 1999 15 15 100.00 4.33 4

3’CAC (CAC)5GT Jain et al. 1999 36 33 91.67 6.00 6

3’CAG (CAG)5AT Jain et al. 1999 44 40 90.91 6.67 6

3’AG (AG)8C UBC 50 48 96.00 6.00 6

5’GACA TC(GACA)4 Jain et al. 1999 28 28 100.00 7.33 6

3’TG (TG)8A UBC 26 24 92.31 2.67 4

3’TC (TC)8A UBC 8 8 100.00 2.00 2

All primers 443 427 96.39 – –
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Figure 2. Dendrograms of 6 new varieties of N. linariaefolia, obtained by UPGMA cluster analyses based on (a) ISSR
markers and (b) AFLP markers
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Figure 1. Agarose gel electrophoresis patterns obtained with: 5’CA (lanes: 1–6), 3’AC (lanes: 8–13) and 3’GGG (lanes:
15–20) ISSR primers for 6 Nierembergia varieties: N = Nube, L = Luna, C = Cielo, E = Estrella, Ni = Nieve, and

B = Bruma. M1 = 100-bp ladder; M2 = 50-bp ladder.



other and with the respective similarity matrices
by using the Mantel matrix-correspondence test
according to Powell et al. (1996), with the NTSYS
PC version 2.02 g software (NTSYS-PC. Numeri-
cal taxonomy and multivariate analysis system,
version 2.00. Exter Software, Setauket, NY).

The capacity of each ISSR primer to distin-
guish among the studied genotypes was evaluated
as resolving power (Rp) (Prevost and Wilkinson,
1999). It is defined per primer as: Rp= Ib,
where: Ib = band informativeness, that takes the
values of: 1–(2 × [0.5–p]), where p = proportion of
the 6 Nierembergia varieties containing the band.

Results

ISSR markers

The profiles of the new varieties of Nierembergia

obtained with the primers 5’CA, 3’AC and
3’GGG, are shown as examples in Figure 1, re-
vealing an interesting degree of polymorphism.

Table 1 describes the ISSRs primers used,
and summarizes the observed data: total number
of bands (TB), number of polymorphic bands
(PB), percentage of polymorphic bands (%P),
number of different genotypes identified (IG),
and the resolving power (Rp) of each primer.
The 13 ISSRs used revealed a total of 443 loci,
427 of them polymorphic, with an average
of 71.16 loci per genotype and an average of
32.8 polymorphic loci per primer. The percentage
of bands revealing polymorphic loci per primer
varied between 90.91 and 100%. For this geno-
type-primer combination, the primers 5’GT and

5’CA showed the highest Rp value, while the 3’TC
and 3’TG primers showed the lowest values (Ta-
ble 1).

The dendrogram derived from an UPGMA
cluster analysis of the ISSR results is shown in
Figure 2a. The 6 genotypes are separated into
2 clusters: (1) Nube, Luna, Estrella, Bruma
and Nieve; and (2) Cielo alone. The coefficient of
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Figure 3. Polyacrylamide gel electrophoresis patterns obtained with AFLP by using PC2 as a primer-enzyme
combination. Lanes: 1–2 = Bruma; 3–4 = Nube; 5–6 = Estrella; 7–8 = Luna; 9–10 = Cielo; 11–12 = Nieve. M1 = 25-bp

ladder; M2 = 10-bp ladder.



cophenetic correlation (ccc) was rISSR = 0.76
(P [random Z ≥ observed Z] = 0.0050).

AFLP markers

Figure 3 shows, as an example, the amplification
products obtained with the combination
EcoRI-ACG/MseI-AAG (PC3). Table 2 summa-
rizes the data generated by the 6 AFLPs. A total of
650 loci among the 6 genotypes analyzed were de-
tected, where 83.2% of the AFLP bands (541 puta-
tive loci) displayed polymorphism (average of 184
loci per genotype). The number of polymorphic
loci per PC varied from 64 to 136 (PC4 and PC1,
respectively) (see Table 2a). Numbers of loci iden-
tified in individual cultivars by the applied AFLPs
were as follows: 158 in Bruma, 187 in Cielo,
199 in Estrella, 181 in Luna, 218 in Nieve, and 160
in Nube. The correlations between different PCs
(assessed by the Mantel test) are shown in Ta-
ble 2b, where the average value correlation coeffi-
cient was 0.87 (standard deviation = 0.058,
variation coefficient = 6.7%).

Cluster analysis derived from the AFLP data
set is shown in Figure 2b. The 6 genotypes are sep-
arated into 2 main clusters: (1) Bruma, Nube,

Estrella and Luna; and (2) Cielo and Nieve.
The coefficient of cophenetic correlation (ccc)
was rAFLP = 0.90 (P = 0.0180).

Comparison of matrices

The coefficient of correlation between similarity
matrices of ISSRs and AFLPs reached r = 0.62973
(P = 0.9921) and for cophenetic matrices it was
r = 0.64994 (P = 0.9942).

Discussion

PCR-based molecular markers techniques play an
important role in the analysis of genetic diversity,
especially for ornamental crops, where most of
the species involved are almost unknown at the ge-
netic level. In this context, DNA profiles have
been suggested as a complementary key strategy
to determine cultivar purity and hence as leading
to improve property rights protection (De Riek
2001). In the present report, ISSR and AFLP tech-
niques were chosen to generate fingerprints in se-
lected clones of N. linariaefolia, on the basis of the
better reproducibility described for both tech-
niques, compared with those observed for RAPD.
This difference can be explained, because ISSR
and AFLP employ larger primers and higher an-
nealing temperatures than RAPD markers (Nybon
2004).

In ornamental crops, molecular markers are
mostly applied for genetic differentiation of vari-
eties and genetic analysis of phylogenetic and ge-
netic relatedness between species and varieties
(Debener 2002). In the present work, 13 ISSR
primers and 6 AFLPs primer-enzyme combina-
tions were used to generate fingerprints in selected
clones of N. linariaefolia. The sequences of prim-
ers used here to generate ISSR markers have been
applied in several plant species (Blair et al. 1999).
Also, Fernández et al. (2002) reported that 16 bar-
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Table 2. Genetic diversity parameters for AFLP loci. (b) Matrix of correlation between AFLP primer-enzyme
combinations used

Combinations E32 M32 E32 M40 E37 M33 E39 M44 E42 M43 E46 M46

E32 M32 (PC1) 0.94 0.89 0.90 0.76 0.87

E32 M40 (PC2) 0.94 0.89 0.87 0.93

E37 M33 (PC3) 0.88 0.77 0.94

E39 M44 (PC4) 0.87 0.85

E42 M43 (PC5) 0.80

Table 2. Genetic diversity parameters for AFLP loci.
(a) Number and percentage of polymorphic and
monomorphic loci

Primer-
enzyme

combination

Polymorphic
loci

Monomorphic
loci

Total
loci

PC1 136 (86.6%) 21 (13.4%) 157

PC2 95 (87.9%) 13 (12.1%) 108

PC3 70 (81.4%) 16 (18.6%) 86

PC4 64 (74.4%) 22 (25.6%) 86

PC5 74 (79.6%) 19 (20.4%) 93

PC6 102 (85%) 18 (15%) 120

All combi-
nations 541(83.2%) 109 (16.8%) 650



ley cultivars were distinguished by applying this
technique. Jain et al. (1999) evaluated the genetic
diversity and generated genome fingerprinting of
the genus Pandorea. Similarly, Escandón et al.
(2005a) could discriminate between 21 accessions
of J. mimosifolia.

The resolving power was described by Prevost
and Wilkinson (1999) as an interesting tool to as-
sess the capacity of a given primer to distinguish
among various genotypes. Fernández et al. (2002)
found Rp values ranging from 3.74 to 20.632,
where their barley genotypes could be discrimi-
nated by using primers with an Rp value higher
than 8.88. Pérez de la Torre et al. (2003) were able
to distinguish among 6 genotypes of
J. mimosifolia, with Rp values up to 5.7. In our
work, ISSR primers with Rp values higher than
5.67 were able to discriminate all the varieties of
N. linariaefolia analyzed (see Table 2).

In a previous study using some of the primers
described here (5’GT; 3’GA; 5’CA; 3’CAC;
3’CAG and 3’AG), with other related
N. linariaefolia genotypes, we found that the Rp

varied from 5.50 to 12.0. In that case the 4 geno-
types involved were distinguished by the 6 prim-
ers used (Escandón et al. 2005b). In the present
study, the same ISSR primers showed different
values when compared with those reported by
Escandón et al. (2005b), e.g. 5’CA showed the
highest Rp value in the present work, but the low-
est in the previous study. This fact would indicate
that the Rp, as a measure of the capacity of a par-
ticular primer to discriminate among different ac-
cessions, must be circumscribed to the set of
genotypes involved in each study.

In agreement with Jeung et al. (2005), who de-
scribed – in terms of fingerprinting – the relative
efficiency of 3 marker systems (RAPD, ISSR
and AFLP) working on Japanese rice cultivars,
we observed that AFLPs showed to be highly sen-
sitive in comparison with ISSRs. A total of
650 loci with 83.2% of polymorphism were re-
vealed by using 6 primer-enzyme combinations
applied to 6 new varieties of Nierembergia.
In fact, in previous experiments, using 7 ISSR
primers with the same Nierembergia genotypes,
a total of 251 loci were generated. It was necessary
to double the number of ISSR primers used to
achieve a number of loci comparable with that ob-
tained with the AFLP markers (data not shown).

Even though PC1 seems to be a better choice
for future analyses, the Mantel test showed that all
primer-enzyme combinations described in
the present report are adequate for AFLP finger-

print diagnosis and/or genetic variability studies
in the genus Nierembergia.

In spite of the different nature of the techniques
applied here, their dendrograms showed similar
clusters. In fact, in both trees the pair Luna and
Estrella presented the highest level of similarity,
followed by Bruma and Nube. The main differ-
ence between the 2 dendrograms is that Cielo is an
outgroup in the ISSR tree (Figure 2a), while
the same variety forms a cluster with Nieve in the
AFLP dendrogram (Figure 2b).

In relation to the ccc value, although the num-
ber of individuals here was smaller than Lapointe
and Legendre (1992) suggested for matrix correla-
tion, a correlation value greater than 0.5 is statisti-
cally significant at P ≥ 0.01. It could be an
acceptable value, taking into account the differ-
ences between both procedures.

Conclusion

In N. linariaefolia, ISSRs showed a high level
of confidence. Furthermore, they could be applied
in phylogenetic analysis as well, mainly for
the crops where no other PCR molecular markers
have been developed.

A fingerprint and a MIP for each of the 6 new
Nierembergia varieties were generated, and their
genetic diversity was assessed. Finally, it is impor-
tant to remark that together with our previous
study (Escandón et al. 2005b), this is the first re-
port on molecular markers in N. linariaefolia,

a native Argentinean species with ornamental
value.
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